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Introduction:  

 Definition and Scope of Periodontology 

Definition   Periodontology: is the scientific study of periodontium in health and 

disease 

Scope   Periodontology has experienced many exciting scientific developments 

related to inflammation and systemic health demonstrating that inflammation 

may link periodontal diseases to other chronic conditions (eg, heart disease, 

diabetes). In addition, periodontology continues to bring clinical advancements in 

reconstruction of oral hard and soft tissue as well as continued development of 

dental implants to the profession 

The periodontium (in Greek "peri" means "around" and "odontos" means "tooth") 

is a dynamic structure composed of the tissues supporting and investing the 

teeth. It comprises of four principal components which have been divided into 

two parts: 

• gingiva whose main function is protection of the underlying tissues 

• periodontal ligament, cementum and alveolar bone which comprises the 

attachment apparatus  

 

 Each of these periodontal components is distinct in its location, tissue 

architecture, biochemical composition, and chemical composition, but all of these 

components function together as a single unit. Recent research has revealed that 

the extracellular matrix components of one periodontal compartment can 

influence the cellular activities of adjacent structures. Therefore, the pathologic 
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changes that occur in one periodontal component may have significant 

ramifications for the maintenance, repair, or regeneration of other components 

of the periodontium. This section first discusses the structural components of the 

normal periodontium; it then describes their development, vascularization, 

innervation, and functions 

Oral Mucosa 

The oral mucosa consists of the following three zones: 

 1. The gingiva and the covering of the hard palate, termed the masticatory 

mucosa  

2. The dorsum of the tongue, covered by specialized mucosa  

3. The oral mucous membrane lining the remainder of the oral cavity 

 

Gingiva  

The gingiva is the part of the oral mucosa that covers the alveolar processes of 

the jaws and surrounds the necks of the teeth. 
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I. Influence of Systemic Conditions 

Many systemic diseases, disorders, and conditions have been implicated as risk 

indicators or risk factors in periodontal disease. Individual host immune response 

to periodontal pathogens is very important and likely explains many of the 

differences in disease severity observed from one individual to the next. 

Furthermore, systemic diseases, disorders, and conditions alter host tissues and 

physiology, which may impair the host's barrier function and immune defense 

against periodontal pathogens, thereby creating the opportunity for destructive 

periodontal disease to progress. The interrelationships between periodontal 

infections and host defense are complex. A number of environmental, physical, 

and psychosocial factors have the potential to alter periodontal tissues and the 

host immune response, thereby resulting in more severe periodontal disease 

expression. It is important to recognize that the systemic diseases, disorders, or 

conditions themselves do not cause penodontitis; rather, they may predispose, 

accelerate, or otherwise increase the disease's progression. 

1. Endocrine Disorders and Hormonal Changes  

Endocrine diseases such as diabetes and hormonal fluctuations that are 

associated with puberty and pregnancy are wellknown examples of systemic 

conditions that adversely affect the condition of the periodontium. Endocrine 

disturbances and hormone fluctuations affect the periodontal tissues directly, 
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modify the tissue response to local factors, and produce anatomic changes in the 

gingiva that may favor plaque accumulation and disease progression.  

 

1.1  The effect of diabetes mellitus on periodontal tissues Diabetes mellitus (DM)  

is a chronic metabolic disease characterized by hyperglycemia secondary to 

dysregulated insulin activity. It is a major cause of blindness, kidney failure, 

heart attack, stroke and lower limb amputation. Periodontal disease or 

periodontitis is a chronic oral infection that results in loss of periodontal 

attachment, bone destruction and eventually the loss of teeth. Features of 

periodontal disease may include swollen and bleeding gum, gum recession, 

gum pocket formation, bad breath and loose teeth. DM is widely accepted as a 

major risk factor for periodontal disease. One study showed that patients with 

DM had approximately three-fold increased risk in developing periodontal 

disease . Another study showed a significantly higher prevalence of 

periodontal disease in patients with type 2 DM when compared with non-DM 

controls (50% versus 36%) . Besides prevalence, DM also affects the severity 

and progression of periodontal disease . Patients with poorly controlled DM 

may have higher risk of developing severe periodontal disease when compared 

with non-DM controls .  They also have more severe gingival bleeding and 

higher level of gingival inflammation than those with well controlled DM or 

non-DM controls .  Poorly controlled DM patients also have more advanced 

alveolar bone loss .  and periodontal destruction ,.  worse outcome following 

periodontal treatment . more recurrent periodontal infection and less 

favorable long term prognosis .Periodontal disease is therefore regarded as 
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the sixth complication of DM .  Conversely, periodontal disease may worsen 

the glucose control in DM patients. There is growing evidence to suggest that 

the relationship between DM and periodontal disease is bidirectional .  

Periodontal disease has been shown to adversely affect glucose control in DM 

patients and also increase the risk of developing DM complications .  DM 

patients with severe periodontal disease are more prone to other DM 

complications and have a higher mortality rate than those DM patients 

without severe periodontal disease .  Moreover, effective periodontal 

treatment appears to improve DM control. Patients with type 2 DM receiving 

comprehensive dental treatment is associated with improvement in their 

glucose control with reduction of 0.9% in HbA1c level when compared with 

those DM patients without dental treatment .  Provided that the HbA1c 

reduction could be sustained, it would translate into a reduction of DM 

complications and mortality .  Both DM and periodontal disease are prevalent. 

The World Health Organization reported that in 2014, globally 8.5% of adults 

aged 18 years and above had DM [21] while 10–15% of the world populations 

suffered from severe periodontitis [22]. In Hong Kong, the prevalence of both 

diseases was even higher. Locally, the prevalence of type 2 DM was about 10% 

[23]. According to the Oral Health Survey 2011 in Hong Kong, about 40% adults 

and 60% of non-institutionalized elderly had some degree of periodontal 

disease .  A large proportion of DM patients in Hong Kong are managed in 

General Out-Patient Clinics (GOPCs) which belong to the public sector. 

According to Hospital Authority (HA) internal statistics 2016, about 35% of all 

DM patients in Hong Kong are managed in GOPCs and Kowloon West Cluster 

(KWC) GOPCs are responsible for ¼ of them. Dental service in Hong Kong is 



16 | P a g e  
 

mainly provided by private dentists and hence majority of patients with 

periodontal disease are managed in the private sector. It is expected that if 

doctors know that two conditions are associated, when treating either one 

condition, they would look for the other condition and hence leading to better 

practice. However this may not be always true. Literature showed that better 

awareness might or might not be associated with better practice. In a study on 

primary care physicians in Spain, better knowledge of the physicians on 

antibiotics use was shown to be associated with more appropriate prescription 

of antibiotics [26]. Conversely in another study on residents of various 

specialties in an Iranian hospital, though the residents’ knowledge and 

awareness on hand hygiene was satisfactory, they had poor hand hygiene 

practice [27]. This study aimed to answer the two research questions: 1) were 

our public primary care doctors aware of the bidirectional relationship 

between DM and periodontal disease? 2) if they were aware of the 

relationship, did this influence their daily practice? Doctors working in the 

Department of Family Medicine and Primary Health Care in KWC of HA were 

chosen for the study. At the time of the study, this department was the largest 

among the 7 Family Medicine departments in HA. It had the largest number of 

doctors and clinics and was responsible for the management of ¼ of all DM 

patients attending GOPCs in Hong Kong. [1,2] 

1.2 Female Sex Hormones 

Gingival alterations during puberty, pregnancy, and menopause are associated 

with physiologic hormonal changes in the  female patient. During puberty and 

pregnancy, these changes are characterized by nonspecific inflammatory 

reactions with a predominant vascular component, which leads clinically to a 
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marked hemorrhagic tendency. Oral changes during menopause may include 

thinning of the oral mucosa, gingival recession, xerostomia, altered taste, and 

burning mouth. [3] 

 

 

Figure 1 Periodontal condition in patients with diabetes 

 

2.  The effect of cardiovascular disease and hypertension on periodontal 

tissues Periodontitis is linked to an increased risk of cardiovascular diseases 

(CVD). The chronic inflammatory process of periodontitis and the host 

response provide the basis for the hypothetical association between 

periodontitis and CVD [28, 29]. Hypertension increases the risk of various 

adverse cardiovascular events such as atherosclerosis, stroke, and coronary 

heart disease. Oxidative stress and endothelial dysfunction have been 

hypothesized to be involved in the pathogenesis of hypertension. It is well 

known that hypertension and periodontitis share common risk factors, 

namely, smoking, stress, increased age, and socioeconomic factors. These 

risk factors may confound the association between hypertension and 



18 | P a g e  
 

periodontitis. Nevertheless, according to the scientific statement issued by 

the American Heart Association (AHA) published in Circulation, 

observational studies support an association between periodontal disease 

and cardiovascular disease, independent of shared risk factors [30]. 

Although current epidemiological data are yet to provide sufficient 

evidence to prove a causal relationship between these two diseases, 

researchers have identified chronic inflammation as an independent link of 

periodontal disease in the development and progression of CVD in some 

patients [31]. Both AHA and the American Academy of Periodontology 

(AAP) were in agreement that more thorough and long-term interventional 

studies should be carried out in order to gain an in-depth knowledge of the 

diseases’ mechanism 

 

Figure 2 Periapical radiograph of a brown tumor in a patient with hyperparathyroidism 

3. Hematologic Disorders and Immune Deficiencies 

All blood cells play an essential role in the maintenance of a healthy 

periodontium. White blood cells (WBCs) are involved in inflammatory reactions, 

and they are responsible for cellular defense against microorganisms as well as 

for proinflammatory cytokine release. Red blood cells (RBCs) are responsible for 
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gas exchange and nutrient supply to the periodontal tissues and platelets, and 

they are necessary for normal hemostasis as well as for the recruitment of cells 

during inflammation and wound healing. Consequently, disorders of any blood 

cells or blood-forming organs can have a profound effect on the periodontium. 

Certain oral changes (eg, hemorrhage) may suggest the existence of a blood 

dyscrasia. However, a specific diagnosis requires a complete physical examination 

and a thorough hematologic study. Comparable oral changes occur in more than 

one form of blood dyscrasia, and secondary inflammatory changes produce a 

wide range of variation in the oral signs. Hemorrhagic tendencies occur when the 

normal hemostatic mechanisms are disturbed. Abnormal bleeding from the 

gingiva or other areas of the oral mucosa that is difficult to control is an important 

clinical sign that suggests a hematologic disorder. Petechiae and ecchymosis (Fig. 

12.4) observed most often in the soft palate area are signs of an underlying 

bleeding disorder. It is essential to diagnose the specific etiology to appropriately 

address any bleeding or immunological disorder. Deficiencies in the host immune 

response may lead to severely destructive periodontal lesions. These deficiencies 

may be primary (inherited) or secondary (acquired) and caused by either 

immunosuppressive drug therapy or the pathologic destruction of the lymphoid 

system. Leukemia, Hodgkin disease, lymphomas, and multiple myeloma may 

result in secondary immunodeficiency disorders.  

3.1  Leukocyte (Neutrophil) Disorders 

Disorders that affect the production or function of leukocytes may result in severe 

periodontal destruction. PMNs (neutrophils) in particular play a critical role in 

bacterial infections, because PMNs are the first line of defense. A quantitative 
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deficiency of leukocytes (eg, neutropenia, agranulocytosis) is typically associated 

with a more generalized periodontal destruction that affects all teeth. 

 

 

 

3.1.1 Neutropenia 

Neutropenia is a blood disorder that results in low levels of circulating 

neutrophils. It is a serious condition that may be caused by diseases, medications, 

chemicals, infections, idiopathic conditions, or hereditary disorders. It may be 

chronic or cyclic and severe or benign. It affects as many as one in three patients 

who are receiving chemotherapy for cancer. An absolute neutrophil count (ANC) 

of 1000-1500 cells/µL is diagnostic for mild neutropenia. An ANC of 500-1000 

cells/µL is considered moderate neutropenia, and an ANC of less than 500 cells/µL 

indicates a severe neutropenia. Infections are sometimes difficult to manage and 

may be life threatening, particularly with severe neutropenia. 

3.1.2 Agranulocytosis 

 Agranulocytosis is a more severe neutropenia that involves not only neutrophils 

but also basophils and eosinophils. It is defined as an ANC of less than 100 

cells/µL. It is characterized by a reduction in the number of circulating 

granulocytes, and it results in severe infections, including ulcerative necrotizing 

lesions of the oral mucosa, the skin, and the gastrointestinal and genitourinary 

tracts. Less severe forms of the disease are called neutropenia or 

granulocytopenia. Drug idiosyncrasy is the most common cause of 

agranulocytosis, but, in some cases, its cause cannot be explained. 
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Agranulocytosis has been reported after the administration of drugs such as 

aminopyrine, barbiturates and their derivatives, benzene ring derivatives, 

sulfonamides, gold salts, and arsenical agents. It generally occurs as an acute 

disease. It may be chronic or periodic, with recurring neutropenic cycles (eg, cyclic 

neutropenia). The onset of disease is accompanied by fever, malaise, general 

weakness, and sore throat. Ulceration in the oral cavity, the oropharynx, and the 

throat is characteristic. The mucosa exhibits isolated necrotic patches that are 

black and gray and that are sharply demarcated from the adjacent uninvolved 

areas. The absence of a notable inflammatory reaction caused by a lack of 

granulocytes is a striking feature. The gingival margin may or may not be involved. 

Gingival hemorrhage, necrosis, increased salivation, and fetid odor are 

accompanying clinical features. With cyclic neutropenia, the gingival changes 

recur with recurrent exacerbation of the disease. The occurrence of generalized 

aggressive periodontitis has been described in patients with cyclic neutropenia. 

Since infection is a common feature of agranulocytosis, the differential diagnosis 

involves consideration of such conditions as necrotizing ulcerative gingivitis, 

noma, acute necrotizing inflammation of the tonsils, and diphtheria. Definitive 

diagnosis depends on the hematologic findings of pronounced leukopenia and the 

almost complete absence of neutrophils. 

3.1.3 Leukemia 

 Leukemia is an important disease to understand and appreciate because of its 

seriousness and its periodontal manifestations. The leukemias are malignant 

neoplasias of WBC precursors that are characterized by the following: (1) the 

diffuse replacement of the bone marrow with proliferating leukemic cells; (2) 
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abnormal numbers and forms of immature WBCs in the circulating blood; and (3) 

widespread infiltrates in the liver, spleen, lymph nodes, and other body sites. 

According to the cell type involved, leukemias are classified as lymphocytic or 

myelogenous. A subgroup of the myelogenous leukemias are the monocytic 

leukemias. The term lymphocytic indicates that the malignant change occurs in 

cells that normally form lymphocytes. The term myelogenous indicates that the 

malignant change occurs in cells that normally form RBCs, some types of WBCs, 

and platelets. [4] According to their evolution, leukemias can be acute (which is 

rapidly fatal), subacute, or chronic. In acute leukemia, the primitive "blast" cells 

released into the peripheral circulation are immature and nonfunctional; in 

chronic leukemia, the abnormal cells tend to be more mature and have normal 

morphologic characteristics and functions when released into the circulation. All 

leukemias tend to displace normal components of the bone marrow elements 

with leukemic cells, thereby resulting in the reduced production of normal RBCs, 

WBCs, and platelets, which leads to anemia, leukopenia (a reduction in the 

number of nonmalignant WBCs), and thrombocytopenia. Anemia results in poor 

tissue oxygenation, thereby making tissues more friable and susceptible to 

breakdown. A reduction of normal WBCs in the circulation leads to a poor cellular 

defense and an increased susceptibility to infections. Thrombocytopenia leads to 

bleeding tendency, which can occur in any tissue but which in particular affects 

the oral cavity, especially the gingival sulcus. Some patients may have normal 

blood counts while leukemic cells reside primarily in the bone marrow. This type 

of disease is called aleukemic leukemia. Fig4   
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Figure 3 Adult male with acute myelocytic leukemia. 

3.2 Anemia 

Anemia is a deficiency in the quantity or quality of the blood as manifested by a 

reduction in the number of erythrocytes and in the amount of hemoglobin. 

Anemia may be the result of blood loss, defective blood formation, or increased 

RBC destruction. Anemias are classified according to cellular morphology and 

hemoglobin content as follows: (1) macrocytic hyperchromic anemia (pernicious 

anemia); (2) microcytic hypochromic anemia (iron deficiency anemia); (3) sickle 

cell anemia; and ( 4) normocytic-normochromic anemia (hemolytic or aplastic 

anemia). Pernicious anemia results in tongue changes in 75% of patients. The 

tongue appears red, smooth, and shiny as a result of atrophy of the papillae (Fig. 

12 8) There is also marked pallor of the gingiva . Iron deficiency anemia induces 

similar tongue and gingival changes. A syndrome that consists of glossitis and 

ulceration of the oral mucosa and oropharynx and that induces dysphagia 

(Plummer-Vinson syndrome) has been described in patients with iron deficiency 

anemia. Sickle cell anemia is a hereditary form of chronic. [5] 

3.3 Thrombocytopenia 
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Thrombocytopenia is a term that is used to describe the condition of a reduced 

platelet count that results from either a lack of platelet production or an 

increased loss of platelets. Purpura refers to the purplish appearance of the skin 

or mucous membranes where bleeding has occurred as a result of decreased 

platelets. Thrombocytopenic purpura may be idiopathic (ie, o unknown etiology, 

as with Werlhof disease), or it may occur secondary to some known etiologic 

factor that is responsible for a reduced amount of functioning marrow and a 

resultant reduction in the number of circulating platelets.[6]  Such etiologic 

factors include aplasia of the marrow; displacement of the megakaryocytes in the 

marrow as with leukemia; replacement of the marrow by tumor; and destruction 

of the marrow by irradiation or radium or by drugs such as benzene, aminopyrine, 

and arsenical agents. Thrombocytopenic purpura is characterized by a low 

platelet count, a prolonged clot retraction and bleeding time, and a normal or 

slightly prolonged clotting time. There is spontaneous bleeding into the skin or 

from the mucous membranes. Petechiae and hemorrhagic vesicles occur in the 

oral cavity, particularly in the palate, the tonsillar pillars, and the buccal mucosa. 

The gingivae are swollen, soft, and friable. Bleeding occurs spontaneously or with 

the slightest provocation, and it is difficult to control. Gingival changes represent 

an abnormal response to local irritation. The severity of the gingival condition is 

dramatically alleviated by removal of the local factors . fig5  
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Figure 4 Ecchymosis that is evident on the lateral aspects of the soft palate and tonsillar 
pillars of a patient with chemotherapyinduced thrombocytopenia 

4. Genetic Disorders 

Many systemic conditions associated with or that predispose an individual to 

periodontal destruction include genetic disorders that result in an inadequate 

number or reduced function of circulating neutrophils. This underscores the 

importance of the neutrophil in the protection of the periodontium against 

infection. Severe periodontitis has been observed in individuals with primary 

neutrophil disorders such as neutropenia, agranulocytosis, Chediak-Higashi 

syndrome, and lazy leukocyte syndrome. In addition, severe periodontitis has also 

been observed in individuals who exhibit secondary neutrophil impairment, which 

is seen in those with Down syndrome, PapilIon-Lefevre syndrome, and 

inflammatory bowel disease. 

4.1 Chedlak-Higashl Syndrome 

Chediak-Higashi syndrome is a rare disease that affects the production of 

organelles found in almost every cell. It affects mostly the melanocytes, platelets, 

and phagocytes. It causes partial albinism, mild bleeding disorders, and recurrent 

bacterial infections. Neutrophils contain abnormal, giant lysosomes that can fuse 
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with the phagosome, but their ability to release their contents is impaired. As a 

result, the killing of ingested microorganisms is delayed. Patients with Chediak-

Higashi syndrome are susceptible to repeated infections that can be serious and 

life threatening. Aggressive periodontitis has been described in these patients.[7] 

4.2 Lazy Leukocyte Syndrome  

Lazy leukocyte syndrome is characterized by an individual's susceptibility to 

severe microbial infections, neutropenia, defective chemotactic response by 

neutrophils, and an abnormal inflammatory response. Those who are diagnosed 

with lazy leukocyte syndrome are susceptible to aggressive periodontitis, with the 

destruction of bone and early tooth loss.[8] 

4.3  Leukocyte Adhesion Deficiency 

 Leukocyte adhesion deficiency (LAD) is a very rare genetic disorder; only a few 

hundred cases have been diagnosed. Since LAD is an inherited disease, it is 

categorized as a primary immunodeficiency that is most often diagnosed at birth. 

Many children with LAD do not survive. LAD results from an inability to produce 

or a failure to normally express an important cell surface integrin ( CD 18), which 

is necessary for leukocytes to adhere to the vessel wall at the site of infection. 

When leukocytes cannot effectively adhere to the vessel wall near the site of 

infection, they cannot migrate to the infection. As a result, bacterial infections are 

able to continue to destroy host tissues unimpeded by the normal host immune 

response. Infections act similarly to those observed in neutropenic patients, 

because phagocytes are unable to reach the site of infection. Cases of periodontal 

disease that are attributed to LAD are rare. They begin during or immediately 

after the eruption of the primary teeth. Extremely acute inflammation and 
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proliferation of the gingival tissues with the rapid destruction of bone are found. 

Profound defects in peripheral blood neutrophils and monocytes and an absence 

of neutrophils in the gingival tissues have been noted in patients with LAD. These 

patients also have frequent respiratory tract infections and sometimes otitis 

media. Both the primary and permanent teeth are affected, often resulting in 

early tooth loss.[8] 

4.4 Papillon-Lefevre Syndrome 

 Papillon-Lefevre syndrome is a very rare inherited condition that appears to 

follow an autosomal-recessive pattern. Parents are not affected, and both must 

carry the autosomal genes for the syndrome to appear in their offspring. It may 

occur in siblings, and it has no gender predilection. The syndrome is characterized 

by hyperkeratotic skin lesions, severe destruction of the periodontium, and, in 

some cases, calcification of the dura. The cutaneous and periodontal changes 

usually appear together when the patient is between the ages of 2 and 4 years. 

The skin lesions consist of hyperkeratosis and ichthyosis of localized areas on the 

palms, soles, knees, and elbows. Periodontal involvement consists of early 

inflammatory changes that lead to bone loss and exfoliation of teeth. The primary 

teeth are lost by 5 or 6 years of age. The permanent dentition then erupts 

normally, but, within a few years, the permanent teeth are also lost as a result of 

destructive periodontal disease (Fig. 6). At a very early age (usually 15-20 years), 

patients are often edentulous except for the third molars. These may be lost as 

well a few years after eruption. The microscopic changes reported include marked 

chronic inflammation of the lateral wall of the pocket with a predominantly 

plasma cell infiltrate, considerable osteoclastic activity with an apparent lack of 
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osteoblastic activity, and an extremely thin cementum. Bacterial flora studies of 

plaque in a patient with Papillon-Lefevre syndrome revealed a similarity to 

bacterial flora in patients with chronic periodontitis. Spirochete-rich zones in the 

apical portion of the pockets as well as spirochete adherence to the cementum 

and microcolony formation of Mycoplasma species have been reported with 

Papillon-Lefevre syndrome. Gram-negative cocci and rods appear at the apical 

border of the plaque. This syndrome may be associated with neutrophil defects as 

a contributing factor. [8] 

 

Figure 5 Papillon-Lefevre syndrome shows early tooth loss and severe bone loss around the 
remaining teeth as evidenced by gingival recession. The missing teeth were exfoliated. 

4.5 Down Syndrome  

 Down syndrome (mongolism, trisomy 21) is a congenital disease caused by a 

chromosomal abnormality and characterized by mental deficiency and growth 

retardation. The prevalence of periodontal disease in patients with Down 

syndrome is high, occurring in almost 100% of patients who are less than 30 years 

old. Although plaque, calculus, and local irritants (eg, diastemata, crowding of 

teeth, high frenum attachments, malocclusion) are present and oral hygiene is 

poor, the severity of periodontal destruction exceeds that explainable by local 

factors alone. Periodontal disease in those with Down syndrome is characterized 
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by the formation of deep periodontal pockets associated with substantial plaque 

accumulation and moderate gingivitis (Fig 7). These findings are usually 

generalized although they tend to be more severe in the lower anterior region. 

Moderate recession is sometimes seen in this region as well. The disease 

progresses rapidly. The high prevalence and increased severity of periodontal 

destruction associated with Down syndrome is most likely explained by poor PMN 

chemotaxis, phagocytosis, and intracellular killing.  

 

Figure 6 Severe periodontal destruction in patient with Down syndrome 

5. Stress and Psychosomatic Disorders 

 Psychologic conditions, particularly psychosocial stress, have been implicated as 

risk indicators for periodontal disease. The most notable example is the 

documented relationship between stress (eg, experienced by soldiers at war or by 

students during examinations) and acute necrotizing ulcerative gingivitis (see 

Chapter 16). The presence of necrotizing ulcerative gingivitis among soldiers 

stressed by wartime conditions in the trenches led to one of the early diagnostic 

terms used to describe this condition: "trench mouth. 

5.1 Psychosocial Stress, Depression, and Coping  
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Recently, several clinical studies and a systematic review of the subject have 

documented a positive relationship between psychosocial stress and chronic 

forms of periodontal disease. All individuals experience stress, but these events 

do not invariably result in destructive periodontitis. The types of stress that lead 

to periodontal destruction appear to be more chronic or long term and less likely 

to be controlled by the individual. Life events such as the loss of a loved one (eg, 

spouse, family member), a failed relationship, loss of employment, and financial 

difficulties are examples of stressful life events that are typically not controllable 

by the individual or not perceived by the individual as being under his or her 

control, thereby rendering the person with a feeling of "helplessness." The 

duration of the stressful life event will also have an influence on the total impact 

of the stress-induced disease destruction. One of the most important aspects 

related to the influence of stress on periodontal disease destruction is the manner 

in which the individual copes with the stress. Emotional coping methods appear 

to render the host more susceptible to the destructive effects of periodontal 

disease than do practical coping methods. Furthermore, emotional coping is more 

common in situations that must be accepted and among individuals who feel 

helpless in the situation. 

5.2 Stress-Induced lmmunosuppression 

 Stress and psychosomatic disorders most likely impact periodontal health via 

changes in the individual's behavior and through complex interactions among the 

nervous, endocrine, and immune systems. Individuals under stress may have 

poorer oral hygiene, they may start or increase the clenching and grinding of their 

teeth, and they may smoke more frequently. All of these behavioral changes 
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increase their susceptibility to periodontal disease destruction. Likewise, 

individuals who are under stress may be less likely to seek professional care. In 

addition to the many behavioral changes that may influence periodontal disease 

destruction, psychosocial stress may also impact the disease through alterations 

in the immune system. The influence of stress on the immune system and 

systemic health conditions (eg, cardiovascular disease) is well known. Stress-

related immune system changes clearly have the potential to affect the 

pathogenesis of periodontal disease as well. One possible mechanism involves the 

production of cortisol. Stress increases cortisol production from the adrenal 

cortex by stimulating an increase in the release of adrenocorticotropic hormone 

from the pituitary gland. Increased cortisol suppresses the immune response 

directly through the suppression of neutrophil activity, immunoglobulin G 

production, and salivary immunoglobulin A secretion. All of these immune 

responses are critical for the normal immunoinflammatory response to 

periodontal pathogens (see Chapter 7). The resulting "stress-induced" 

immunosuppression increases the potential for destruction by periodontal 

pathogens. Stress may also affect the cellular  immune response directly through 

an increased release of neurotransmitters, including epinephrine, norepinephrine, 

neurokinin, and substance P, which interact directly with lymphocytes, 

neutrophils, monocytes, and macrophages via receptors that cause an increase in 

their tissue-destructive function. Thus, in a manner similar to cortisol production, 

the "stress-induced" release of these neurotransmitters results in an upregulated 

immune response that increases the potential for destruction by the cellular 

response to periodontal pathogens. It is important to remember that, although 

stress may predispose an individual to more destruction from periodontitis, the 
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presence of periodontal pathogens remains as the essential etiologic factor. In 

other words, stress alone does not cause or lead to periodontitis in the absence of 

periodontal pathogens 

5.3 Influence of Stress on Periodontal Therapy Outcomes 

 Psychologic conditions such as stress and depression may also influence the 

outcome of periodontal therapy. Depression might have a negative effect on 

periodontal treatment outcomes. Stress impairs the inflammatory response and 

matrix degradation. Greater psychologic stress was significantly associated with 

lower levels of interleukin-1 and matrix metalloproteinase-9 as well as with a 

significantly more painful, poorer, and slower recovery. Both stressful life events 

and the individual's personality and coping skills are factors to consider when 

assessing the risk of periodontal disease destruction and the potential for 

successful periodontal therapy. If patients with emotional or defensive coping 

skills are identified, care should be taken to ensure that they receive information 

in a manner that does not elicit a "defensive" reaction.[9] 

5.4  Psychiatric Influence of Self-Inflicted Injury  

Psychosomatic disorders may result in harmful effects to the health of tissues in 

the oral cavity through the development of habits that are injurious to the 

periodontium. Neurotic habits such as grinding or clenching the teeth, nibbling on 

foreign objects (eg, pencils, pipes), nail biting, and excessive use of tobacco are all 

potentially injurious to the teeth and the periodontium. Self-inflicted gingival 

injuries, such as gingival recession, have been described in both children and 

adults. However, these types of self-inflicted, factitious injuries do not appear to 

be common among psychiatric patients.  
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6. Nutritional Influences 

 Some clinicians enthusiastically adhere to the theory in periodontal disease that 

assigns a key role to nutritional deficiencies and imbalances. Previous research did 

not support this view, but numerous problems in experimental design and data 

interpretation could be responsible for making these research findings 

inadequate. The majority of opinions and research findings regarding the effects 

of nutrition on oral and periodontal tissues point to the following: 

1. There are no nutritional deficiencies that by themselves can cause gingivitis or 

periodontitis. However, nutritional deficiencies can affect the condition of the 

periodontium and thereby may accentuate the deleterious effects of plaque-

induced inflammation in susceptible individuals. Theoretically, one may presume 

that an individual with a nutritional deficiency is less able to defend against a 

bacterial challenge as compared with a nutritionally competent individual. 

 2. There are nutritional deficiencies that produce changes in the oral cavity. 

These changes include alterations of the tissues of the lips, oral mucosa, gingiva, 

and bone. These alterations are considered to be the periodontal and oral 

manifestations of nutritional disease. The role of nutrition in periodontal disease 

may be related to the effect of nutrition on inflammation. A recent review of the 

literature evaluating the effect of nutritional factors on inflammation 

demonstrated that subtle shifts in nutritional status are associated with the 

prevalence of periodontitis. More specifically, they reported that the results of 

contemporary animal and human studies have demonstrated the role of specific 

micronutrients in the modulation of the host's inflammatory response by 

reducing inflammatory biomarkers, which may in turn be responsible for 
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periodontal destruction. The evidence for the effect of nutrition on inflammation 

is significant. Data suggest that diets that contain foods rich in antioxidants are 

beneficial, whereas foods that contain high levels of refined carbohydrates are 

detrimental to the inflammatory process. 

6.1  Fat-Soluble Vitamin Deficiency 

Vitamins A, D, and E are fat-soluble vitamins that are required in the human diet 

 

6.1.1  Vitamin A Deficiency 

 A maJor function of vitamin A is to maintain the health of the epithelial cells of 

the skin and mucous membranes. A deficiency of vitamin A results in 

dermatologic, mucosal, and ocular manifestations. In the absence of vitamin A, 

degenerative changes occur in epithelial tissues, thereby resulting in a keratinizing 

metaplasia. Since epithelial tissues provide a primary barrier function to protect 

against invading microorganisms, vitamin A may play an important role in 

protecting against microbial invasion by maintaining epithelial integrity. Little 

information is available regarding the effects of vitamin A deficiency on the oral 

structures in humans. Several epidemiologic studies have failed to demonstrate 

any relationship between this vitamin and periodontal disease in humans.  

6.1.2 Vitamin D Deficiency  

Vitamin D or calciferol is essential for the absorption of calcium from the 

gastrointestinal tract and the maintenance of the calcium-phosphorus balance. A 

deficiency of vitamin D and an imbalance in calcium-phosphorus intake result in 
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rickets in young children and osteomalacia in adults. No studies have 

demonstrated a relationship between vitamin D deficiency and periodontal 

disease.[10] 

6.1.3 Vitamin E Deficiency  

Vitamin E serves as an antioxidant to limit free-radical reactions and to protect 

cells from lipid peroxidation. Cell membranes, which are high in polyunsaturated 

lipids, are the major site of damage in patients with vitamin E deficiency. No 

relationship has been demonstrated between deficiencies in vitamin E and oral 

disease, but systemic vitamin E appears to accelerate gingival wound healing in 

the rat 

6.2 Water-Soluble Vitamin Deficiency  

Vitamins B and C are water-soluble vitamins that are required in the human diet.  

6.2.1 B-Complex Deficiency 

 The vitamin B complex includes thiamin, riboflavin, niacin, pyridoxine (B6 ), 

biotin, folic acid, and cobalamin (B12 ). Oral disease is rarely caused by a 

deficiency in just one component of the B-complex group; the deficiency is 

generally multiple. Oral changes that are common to B-complex deficiencies are 

gingivitis, glossitis, glossodynia, angular cheilitis, and inflammation of the entire 

oral mucosa. The gingivitis in individuals with vitamin B deficiencies is nonspecific 

because it is caused by bacterial plaque rather than by the deficiency; however, 

gingivitis is subject to the deficiency's modifying effect. The human manifestations 

of thiamin deficiency, called beriberi, are characterized by paralysis; 

cardiovascular symptoms, including edema; and loss of appetite. Frank beriberi is 
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rare in the United States. Oral disturbances that have been attributed to thiamin 

deficiency include hypersensitivity of the oral mucosa; minute vesicles (simulating 

herpes) on the buccal mucosa, under the tongue, or on the palate; and erosion of 

the oral mucosa. The symptoms of riboflavin deficiency (ariboflavinosis) include 

glossitis, angular cheilitis, seborrheic dermatitis, and a superficial vascularizing 

keratitis. The glossitis is characterized by a magenta discoloration and atrophy of 

the papillae. In mild to moderate cases, the dorsum exhibits a patchy atrophy of 

the lingual papillae and engorged fungiform papillae, which project as pebblelike 

elevations. With severe deficiency, the entire dorsum is flat, with a dry and often 

fissured surface. Changes observed in riboflavin-deficient monkeys include severe 

lesions of the gingiva, the periodontal tissues, and the oral mucosa, including 

noma. Angular cheilitis begins as an inflammation of the commissure of the lips, 

and this is followed by erosion, ulceration, and fissuring. Riboflavin deficiency is 

not the only cause of angular cheilitis. A loss of vertical dimension, together with 

the drooling of saliva into the angles of the lips, may produce a condition similar 

to angular cheilitis. Candidiasis may develop in the commissures of debilitated 

persons; this lesion has been termed perleche. Supplemental riboflavin is 

ineffective to resolve cases of glossitis and angular cheilitis that are not caused by 

vitamin deficiency. Niacin deficiency results in pellagra, which is characterized by 

symptoms of dermatitis, gastrointestinal disturbances, neurologic and mental 

disturbances (dermatitis, diarrhea, or dementia), glossitis, gingivitis, and 

generalized stornatitis. This condition is rare, but it may occasionally result from 

malabsorption or alcoholism. Glossitis and stomatitis may be the earliest clinical 

signs of niacin deficiency. The gingiva may be involved in aniacinosis with or 

without tongue changes. The most common finding is necrotizing ulcerative 
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gingivitis, usually in areas of local irritation. Oral manifestations of vitamin B-

complex and niacin deficiency in experimental animals include black tongue and 

gingival inflammation, with destruction of the gingiva, the periodontal ligament, 

and the alveolar bone. Necrosis of the gingiva and other oral tissues as well as 

leukopenia are terminal features of niacin deficiency in experimental animals. 

Folic acid deficiency results in macrocytic anemia with megaloblastic 

erythropoiesis accompanied by oral changes, gastrointestinal lesions, diarrhea, 

and intestinal malabsorption. In humans with sprue and other folic acid deficiency 

states, generalized stomatitis occurs, which may be accompanied by ulcerated 

glossitis and cheilitis. Ulcerative stomatitis is an early indication of the toxic effect 

of the folic acid antagonists (eg, methotrexate) used for the treatment of 

leukemia. A significant reduction of gingival inflammation occurs after the 

systemic or local use of folic acid as compared with placebo. This reduction 

occurred with no change in plaque accumulation. Gingival changes associated 

with pregnancy and oral contraceptives may be partly related to suboptimal levels 

of folic acid in the gingiva 

6.2.2 Vitamin C (Ascorbic Acid) Deficiency 

 Severe vitamin C deficiency in humans results in scurvy, a disease that is 

characterized by hemorrhagic diathesis and delayed wound healing. Vitamin C is 

required in the human diet as well as in other primates, guinea pigs, and some 

rare flying mammals. Since vitamin C is abundant in fruits and vegetables, scurvy 

is uncommon in developed countries. It may occur in infants during their first year 

of life if formulas are not fortified with vitamins and in older persons, especially 

those living alone and with restricted diets. Malnutrition associated with 
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alcoholism may predispose an individual to scurvy. Scurvy results in the defective 

formation and maintenance of collagen, the impairment or cessation of osteoid 

formation, and impaired osteoblastic function. Vitamin C deficiency is also 

characterized by increased capillary permeability, susceptibility to traumatic 

hemorrhages, hyporeactivity of the contractile elements of the peripheral blood 

vessels, and sluggishness of blood flow. Clinical manifestations of scurvy include 

hemorrhagic lesions into the muscles of the extremities, the joints, and 

sometimes the nailbeds; petechial hemorrhages, often around the hair follicles; 

increased susceptibility to infections; and impaired wound healing. Bleeding, 

swollen gingiva, and loosened teeth are common features of scurvy. Possible 

Etiologic Factors. Ascorbic acid may play a role in periodontal disease through one 

or more of the following suggested mechanisms:  

1. Low levels of ascorbic acid influence the metabolism of collagen within the 

periodontium, thereby affecting the ability of the tissue to regenerate and repair.  

2. Ascorbic acid deficiency interferes with bone formation and leads to the loss of 

periodontal bone. Changes that do occur in alveolar bone and other bones as a 

result of failure of the osteoblasts to form osteoid take place very late in the 

deficiency state 

3. Suboptimal levels of vitamin C would lead to failure to maintain the 

epithelium's barrier function to bacterial products. 

4. Decreasing levels of ascorbic acid may affect both the chemotactic and 

migratory actions of leukocytes without influencing their phagocytic activity.  
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5. An optimal level of ascorbic acid is apparently required to maintain the 

integrity of the periodontal microvasculature as well as the vascular response to 

bacterial plaque and wound healing.  

6. The depletion of vitamin C may interfere with the ecologic equilibrium of 

bacteria in plaque and thus increase its pathogenicity. However, no evidence 

demonstrates this effect. 

 However patients with acute or chronic vitamin (-deficient states and no plaque 

accumulation demonstrate minimal (if any) changes in their gingival health status 

7. Medications 

7.1  Bisphosphonates 

Bisphosphonates are a class of medications widely prescribed for the treatment of 

osteoporosis and various types of cancer. They have recently been implicated in 

osteonecrosis of the jaw (ONJ), a serious condition that is characterized by 

nonhealing, often painful exposure of nonvital and often sequestrating bone in 

the jaws. Corticosteroids have long been prescribed to suppress the immune 

system for the control and management of autoimmune disease, during cancer 

treatment, and as an antirejection medication for transplant patients. The use of 

bisphosphonates in cancer treatment is aimed at preventing the often lethal 

imbalance of osteoclastic activity. During the treatment of osteoporosis, the goal 

is simply to harness osteoclastic activity to minimize or prevent bone loss and, in 

many cases, to increase bone mass by creating an advantage for osteoblastic 

activity.[11] 

6.1.1 Bisphosphonates and Periodontal Bone Loss  
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The bone-preserving action of bisphosphonates has been studied and advocated 

for use in the prevention of bone loss from periodontal disease. Interestingly, 

alendronate was found to significantly reduce bone loss in cases with less bone 

mass or less bone density. Alendronate was shown to have a significant positive 

(bone-preserving) effect on bone density in jaws. 

 

7.2 Corticosteroids 

 In humans, the systemic administration of cortisone an adrenocorticotropic 

hormone appears to have no effect on the incidence or severity of gingival and 

periodontal disease. However, renal transplant patients receiving 

immunosuppressive therapy (prednisone or methylprednisolone, azathioprine, or 

cyclophosphamide) have significantly less gingival inflammation than control 

subjects with similar amounts of plaque.[12] 

II. Other Systemic Conditions 

1. Osteoporosis 

 Osteoporosis is a disease that is characterized by low bone mass and structural 

deterioration that leads to an increased risk of bone fracture. The condition has a 

higher predilection for females (80%) as compared to males (20%). The loss of 

bone mass and the incidence of osteoporosis increases with age for both men and 

women, with women being affected earlier than men. The rate of bone loss is 

greatest for women during the perimenopausal years, when estrogen levels 

decrease. A bone mineral density (BMD) test is used to measure an individual's 

bone mass. BMD is measured with the use of a dual-energy X-ray absorptiometry 
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scan. The dual-energy Xray absorptiometry value or I-score is a comparison of the 

patient's BMD to that of a healthy 30-year-old adult with peak bone mass. The 

World Health Organization defines osteoporosis and osteopenia by measures of 

"standard deviations" as compared with that of a normal, healthy, young adult. 

Thus, a I-score between +l and -1 is considered normal, whereas a I-score 

between -1 and -2.5 indicates low bone density or osteopenia and a I-score of less 

than -2.5 (ie, more than 2.5 standard deviations below normal) is diagnostic for 

osteoporosis (Table 12 1) One of the most significant consequences of 

osteoporosis is the increased risk of bone fracture. All bones affected by 

osteoporosis are susceptible to fracture. Although it is logical to surmise a 

relationship between osteoporosis and periodontitis, it has been a challenging 

hypothesis to prove. One of the difficulties is the fact that both osteoporosis and 

periodontitis are chronic, multifactorial diseases that result in bone loss, and bone 

loss in each condition is exacerbated by local and systemic factors. Gender, 

genetic predisposition, inactivity, deficient diets (eg, deficient in calcium or 

vitamin D), alcohol, smoking, hormones, and medications put individuals at risk 

for osteoporosis, with some of these factors putting them at risk for the 

progression of periodontitis as well. Estrogen deficiency and osteopenia or 

osteoporosis together are risk factors for alveolar bone loss in postmenopausal 

women with a history of periodontitis. Estrogen deficiency may play a significant 

role in the progression of periodontitis in osteopenic or osteoporotic women. In 

patients with periodontal disease and concomitant postmenopausal osteoporosis, 

the possibility exists that the lack of estrogen influences the activities of bone 

cells and immune cells in such a way that the progression of alveolar bone loss 

will be enhanced. It was found that there is less risk for tooth loss and improved 
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oral health among postmenopausal women receiving hormone replacement 

therapy.[13]  

 

 

Table 1 Ranges of T-scores are based on standard deviations outside of normal, which is based on the 
bone mineral density . (Adapted from World Health Organization Definitions) 

2.  Congenital Heart Disease 

 Congenital heart disease occurs in about 1 % of live births. Approximately 40% of 

individuals born with heart defects would die without treatment. However, the 

prognosis has been dramatically improved with advances in cardiac surgery. 

Cardiac defects can involve the heart, the adjacent vessels, or a combination of 

both. The most striking feature of congenital heart disease is cyanosis caused by 

the shunting of deoxygenated blood from the right to the left, thereby resulting in 

the return of poorly oxygenated blood to the systemic circulation. In severe cases, 

cyanosis is obvious at birth, particularly in the presence of tetralogy of Fallot. 

Chronic hypoxia causes impaired development, compensatory polycythemia (ie , 

an increase in RBCs and hemoglobin), and clubbing edema of toes and fingers. 

Polycythemia is significant because it can result in hemorrhagic or thrombotic 

tendencies. Patients with congenital heart defects are often at risk for infective 

endocarditis as a result of turbulent blood flow in the heart and the associated 
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cardiovascular defects. The need for prophylactic antibiotics should be evaluated 

before dental therapy. In addition to the obvious cyanosis of the lips and the oral 

mucosa, oral abnormalities associated with cyanotic congenital heart disease 

include the delayed eruption of both the primary and permanent dentitions, 

increased positional abnormalities, and enamel hypoplasia. The teeth often have 

a bluish-white appearance with an increased pulp vascular volume. Gingival 

disease and other oral symptoms have been reported in children with congenital 

heart disease. Reports seem to indicate more severe caries and periodontal 

disease in patients with cyanotic congenital heart defects. However, the apparent 

increase in dental disease may be attributed to poor oral hygiene and a general 

lack of dental care rather than a disease-related etiology.[14]  
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ABSTRACT 

 

                  Crossbites are the result of a malocclusion in the transverse plane of the 

maxilla and are defined as alterations of the correct alignment of the palatal cusps of 

the upper molars and premolars with the pits of the lower molars and premolars. 

Transverse alterations are frequently seen in general dental practices and it is 

necessary to establish a good differential diagnosis in order to adopt the treatment 

that will achieve the greatest efficiency and the most stable results possible. Skeletal 

constriction, dentoalveolar constriction and dental constriction must therefore be 

differentiated, as each requires different treatment with different orthodontic 

appliances. 
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1. Introduction 

 

             Crossbite is a discrepancy in the buccolingual relationship (posteriorly) or 

labiolingual relationship (anteriorly) of the upper and lower teeth. Under normal 

circumstances the maxillary arch overlaps the mandibular arch both labially and 

buccally. But when the mandibular teeth, single tooth or a segment of teeth, overlap 

the opposing maxillary teeth labially or buccally, a crossbite is said to exist (Michill, 

2001).  

           The frequency of crossbites seen in dental clinics varies between 1% and 

23%, according to different studies. The most frequent is single-tooth crossbite, at 

around 6-7%, followed by unilateral crossbites, around 4-5%, and lastly, bilateral 

crossbites, which make up 1.5% - 3.5% (Bartzela, 2004).  

           The frequency of crossbites is not influenced by either age or sex. In 1899 

Angle proposed the first classification of malocclusions, but although this is the 

classification that has gained the greatest acceptance world-wide, it only takes the 

anterior-posterior plane into account (Angle, 1899). As a result, in 1921 Hellman 

stated that it is as important for the mesio-buccal cusp to be in Angle’s class I as it 

is for the mesio-palatal cusp to be positioned in the central pit of the lower molar. 

However, Paul W. Simon, in 1926, provided a classification on the three spatial 

planes: anterior-posterior, transverse and vertical.  

          The classification proposed by Schwarz contained sixteen groups and their 

respective sub-groups. Hence forward, a more global vision of malocclusions could 

be obtained. Many classifications have subsequently been proposed, but it was not 

until 2002 that Lorente presented the first classification of transverse alterations that 

takes dentoalveolar compensations into account and relates them to mandible size.  
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           After classifying the posterior crossbite, the most suitable expansion 

treatment must be chosen. Maxillary expansion to treat bone/tooth discrepancy has 

been a perpetual concern since the early days of orthodontics (Lorente, 2002). In 

1881 W.H. Coffin designed an appliance with a central spring made of piano wire 

that expanded the maxilla, but he was E. H. Angell, in 1860, who designed the first 

appliance that opened the mid-palatal suture. However, early 20th century studies 

asserted that expansions only caused changes at a dentoalveolar level rather than at 

a skeletal level. Figure 1 shows the coffin spring appliance. 

 

Figure 1: Coffin Spring 

           In 1987, Haas studied both the dental and skeletal effects of rapid maxillary 

expansion and observed opening of the mid-palatal suture, downward and forward 

displacement of the maxilla and mandibular posterior rotation as shown in (Figure 

2).  Subsequently, studies have been conducted to forestall the undesirable effects of 

rapid expansion and mandibular posterior rotation is avoided by using a high chin 

support. In 1975, Rickets described the Quad-Helix appliance as an ideal treatment 

to achieve dental constriction through prolonged gentle pressure as shown in (Figure 

3).  
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Figure 2: Haas Expender Appliance 

 

Figure 3: Quad-Helix Appliance 

           In 1982, Greenbaun and Zachrisson studied the effects of expansion on the 

periodontal tissues for the first time. A study by Giron de Velasco in 2005 showed 

that the effect of Quad-Helix expansion was above all dental and produced extrusion 

of the upper molars, but that if expansion was carried out by rapid maxillary 

expansion after having corrected the dental compensations, the expansion was 

skeletal and intrusion of the upper molar took place. Based on the classification of 
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transverse malocclusions proposed by Lorente in 2002, these can be divided into 

unilateral crossbites and bilateral crossbites (Castañer Peiró, 2006). 

2. Classification of Crossbite 

          Two methods were detected in classifying the crossbite. Method 1 includes; 

Anterior Crossbite, and Posterior Crossbite. While Method 2 includes; Dental, 

Skeletal, and Functional crossbite (Premkumar, 2020). 

2.1 . Method 1 

2.1.1 Anterior Crossbite 

            Anterior crossbite is a condition in which one or more primary or permanent 

maxillary incisors are lingual to the mandibular incisor (Premkumar, 2020). Anterior 

crossbite is a major esthetic and functional concern to the parents during the 

developmental stage of a child (about six years of age). It is one of the major 

responsibilities of pediatric dentist or orthodontist to guide the developing dentition 

to a state of normal in line with the stage of oral-facial growth and development. The 

period of mixed dentition offers the greatest opportunity for occlusal guidance and 

interception of malocclusion. If delayed to a later stage of maturity, treatment may 

become more complicated and in  certain  cases,  to  have  it  eliminated (Tanaka, O. 

M. et al. 2010; Prashanth Prakash, 2011).  

Anterior crossbite can be classified into (Premkumar, 2020): 

a) Single tooth 
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Figure 4: Anterior Single Tooth Crossbite 

b) Multiple teeth or segmental.  

 

Figure 5: Anterior Multiple Teeth Crossbite 

Treatment 

          Various appliances have been devised for early treatment of a pseudo Class 

III; these include removable plates, fixed or removable inclined planes, functional 

appliances, face mask, and simple fixed appliances. Each device has its specific 

indication, its advantages and disadvantages. 
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1. Removable appliances 

          Hawley appliance with auxiliary springs is one of the earliest appliances 

introduced to produce proclination of upper incisors. The plate stabilization is 

provided by Adams clasp and the heightening of occlusion is strongly required to 

resolve an anterior crossbite (Figure 6 and 7) (Alami, S. et al. 2015). 

 

Figure 6: Correction of Anterior Crossbite by Hawley Appliance with Auxiliary Springs.  

 

Figure 7: Illustrating Components of Hawley Appliance with Springs.  

         A modified Hawley appliance with inverted labial bow is a simple way to 

manage pseudo Class III. The appliance is easy to construct and require transferring 
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the bite by guiding the mandible distally in an edge to edge (Figure 8) (Alami, S. et 

al. 2015). 

 

Figure 8: Correction of Anterior Crossbite, in Deciduous Dentition, by Hawley Appliance with 

Inverted Labial Bow. 

2. A modified quad helix appliance 

This is one of the earliest appliances introduced for posterior expansion, it is made 

of 0.036 Blue Elgiloy and soldered to the bands on the first permanent maxillary 

molars. It can be modified by addition of an anterior extension arm. The appliance 

is expanded and cemented. The occlusion must be relieved by posterior bite-blocks 

to permit crossbite correction. The gradually activation of both arms allows 

proclination maxillary incisors. The major indication of such device is the 

combination of anterior and posterior crossbites (Figure 9) (Alami, S. et al. 2015). 



8 

 

 

Figure 9: Illustrating activation of modified quad helix  

3. Inclined plane 

           Some modalities for anterior crossbite correction include fixed or removable 

acrylic inclined planes (Croll, 1984), bonded resin-composite slopes (Bayrak, S., & 

Tunc, 2008). 

           These are simple functional appliances placed on the lower arch; they allow 

quicker results. One of the identified advantages of removable appliance is that it 

can also be used as retention appliance after active treatment as well as it is possible 

to add acrylic teeth if necessary (Figure 10) (Bayrak, S., & Tunc, 2008). 

 

Figure 10: Correction of Anterior Crossbite by Bonded Resin-Composite Plane on Mandibular 

Incisors. The Ramps should be Progressively Reduced  
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4. Fixed appliance 

            The earlier treatment of pseudo-prognathism was feasible from a simple 

fixed appliance (partial bonding of brackets) simultaneously with elastics. 

The most common pattern is to bond the brackets on the labial surfaces of the lower 

incisors and the labial surfaces of the upper incisors. Intermaxillary elastics are then 

used to create an earlier proclination maxillary incisors and retroclination 

mandibular incisors. 

This can also be composed of bands or tubes on the first permanent maxillary molars, 

brackets on the maxillary, and a wire with open coil springs. Brackets are also 

bonded on the mandibular incisors and the anterior cross-bite is simultaneously 

managed with Class III elastics (Figure 11) (Alami, S. et al. 2015). 

 

Figure 11: The Components of Standard Edgewise Appliance to Resolve an Anterior Crossbite  

         This kind of malocclusion is usually treated with fixed or removable appliances 

in order to correct the occlusal impingement of one or more teeth. In the case of 

patients allergic to Nickel, the use of traditional appliances is not recommended 

because the alloy could contain a percentage of Nickel. The use of preformed Essix 
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appliances (Figure 12) could be an alternative to traditional removable and fixed 

orthodontic devices in allergic patients as well as in every patient. The Essix 

appliance is an esthetic removable device, retained by the anatomy of the teeth, it is 

made of plastic copolyester material, in which one sheet of plastic material of 1 mm 

thickness is thermically molded on the cast reducing the thickness to 0.65 mm. It is 

manufactured when the orthodontic setup of the teeth to be moved has been 

completed through a progressive correction aiming at the ideal alignment. The 

thermoforming process guarantees the posterior stability of the appliance, providing 

flexibility for ease of insertion and removal and it does not interfere with speech.  

Therefore, it is comfortable, aesthetic and well accepted by the patient who can 

easily wear the appliance full-time (Premkumar, 2020).      

 

Figure 12: Essix Appliance 

2.1.2 Posterior Crossbite 

       Posterior crossbite is defined as a malocclusion in the canine, premolar and 

molar region, in which the maxillary buccal cusps occlude lingually to the buccal 
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cusps of the corresponding mandibular teeth. One or more teeth may be involved as 

shown in (Figure 13). The condition may be unilateral or bilateral, but unilateral 

crossbites predominate (Petrén, 2011). 

      The condition may be of skeletal or dento-alveolar origin: skeletal crossbites 

usually result from a narrow maxilla, whereas dento-alveolar crossbites are caused 

by palatal tipping of the upper teeth. Unilateral posterior crossbite of dento-alveolar 

origin is most often associated with forced guidance of the lower arch, causing a 

midline deviation to the crossbite side. The prevalence of posterior crossbite is 

reported to be 8.5-17%; this implies that posterior crossbite is one of the most 

common malocclusions in the primary and mixed dentitions. The wide range of 

prevalence can be attributed to lack of uniformity in the different studies with respect 

to subject age, population, sample size and definitions (Petrén, 2011).  

 

Figure 13: Posterior Crossbite 

         Based on the classification of transverse malocclusions proposed by (Lorente, 

2002), these can be divided into unilateral crossbites and bilateral crossbites (Table 

1).  
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Table 1. Classification of posterior crossbites  

TRANSVERSE ANOMALIES 

UNILATERAL CROSSBITES (UCB) UCB with normal maxilla and constricted 

dentoalveolar process 

UCB with normal maxilla and 

asymmetrically-constricted 

dentoalveolar process 

UCB with constricted maxilla 

BILATERAL CROSSBITES (BCB) BCB with constricted maxilla 

BCB with constricted maxilla and 

buccoversion of dentoalveolar processes 

BCB with constricted maxilla and 

mandibular excess 

 

Etiology 

       Environmental and hereditary factors are implicated, but there are also unknown 

causative factors. The correlation between sucking habits and posterior crossbite has 

been extensively investigated. These studies suggest that during digit (thumb or 

finger) and pacifier sucking, the tongue is forced into a lower position in the mouth, 

thereby reducing the pressure of the tongue against the palatal surfaces of the 

maxillary canines and molars: such pressure normally counteracts the pressure of 

the cheeks. Thus, pressure from muscular activity of the cheeks, in the absence of 

counter-pressure from the tongue against the palatal surfaces of the maxillary teeth, 
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will result in a narrower upper arch. These changes create a transverse disharmony 

that will increase the tendency for development of crossbite (Mitchell, 2001). 

          Similar changes of the tongue position are reported in patients with impaired 

nasal breathing, caused -for example- by obstruction of the oropharynx, by enlarged 

tonsils, or chronic respiratory obstruction in children with allergies. The role of 

heredity in the etiology of crossbite is unclear. The relatively high heritability of 

craniofacial dimensions and low heritability of dental arch variations are recognized, 

but the relative influence of these factors in the development of malocclusions which 

have both skeletal and dental components is unclear. Non-skeletal crossbites are 

often attributed to alterations in function (Mitchell, 2001). 

Treatment 

             It is important to consider the etiology of this feature before embarking on 

treatment. For example, is the crossbite due to displacement of one tooth from the 

arch, in which case correction will involve aligning this tooth, or is reciprocal 

movement of two or more opposing teeth required? Also, if there is a skeletal 

component, will it be possible to compensate for this by tooth movement? The 

inclination of the affected teeth should also be evaluated. Upper arch expansion is 

more likely to be stable if the teeth to be moved were tilted palatally initially. As 

expansion will create additional space, it may be advisable to defer a decision 

regarding extractions until after the expansion phase has been completed (Mitchell, 

2001). 

             Even when fixed appliances are used, expansion of the upper buccal segment 

teeth will result in some tipping down of the palatal cusps (Figure 14). This has the 

effect of hinging the mandible downwards leading to an increase in lower face 
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height, which may be undesirable in patients who already have an increased lower 

facial height and/or reduced overbite. If expansion is indicated in these patients, 

fixed appliances are required to apply buccal root torque to the buccal segment teeth 

in order to try and resist this tendency, perhaps with high-pull headgear as well 

(Mitchell, 2001). 

 

Figure 14: Expansion of the Upper Arch Results in the Palatal Cusps of the Buccal Segment 

Teeth Swinging Down Occlusally  

2.1.2.1 Unilateral Crossbite 

         In the primary dentition, unilateral posterior crossbite commonly arises as a 

result of a narrow maxilla, which forces the mandible to displace laterally into an 

abnormal position due to the presence of tooth interferences. Functional asymmetry 

in unilateral posterior crossbite can contribute to mandibular skeletal asymmetry as 

during the growth period continuous condylar displacement in the glenoid fossa 

induces differential growth of the condyles (Primožič, Richmond, Kau, Zhurov, & 

Ovsenik, 2013). Unilateral crossbites can be subdivided as follows (Castañer Peiró, 

2006): 
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a) Unilateral buccal crossbite with normal maxilla and constricted dentoalveolar 

process 

            There is no maxillary alteration, as the maxilla is not constricted, but 

constriction is found at dentoalveolar process level in the posterior sector. If the 

patient is observed occlusally it will be found that although his or her dentoalveolar 

processes are constricted, the crossbite is confined to one side, as a result of lateral 

displacement of the mandible on occlusion, and the dental midlines are off-center. 

Clinically, the dentoalveolar processes are symmetrically constricted, although 

intra-orally the patient presents unilateral crossbite (Castañer Peiró, 2006). 

Treatment 

          The treatment is designed to expand the dentoalveolar processes 

symmetrically during the first stage of mixed dentition in order to reposition the 

mandible, as its functional deviation can be perpetuated unless corrected at an early 

stage. The appliances of choice are:  

A. Removable appliance: Hawley appliance with midline expansion screw 

Activate a ¼ turn twice a week.  

B. Fixed appliance: Quad-Helix fixed appliance attached to the upper molars by 

two bands. It is activated in the clinic with a three-prong plier.  

These two appliances only perform dentoalveolar expansions. As the expansion is 

performed symmetrically, the mandible is repositioned to centric occlusion (Figure 

15) (Castañer Peiró, 2006). 
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Figure 15: Unilateral Buccal Crossbite with Normal Maxilla and Constricted Dentoalveolar 

Process  

b) Unilateral buccal crossbite with normal maxilla and asymmetrically-

constricted dentoalveolar process 

           In this case there is no skeletal alteration of the maxilla but one of the 

posterior dentoalveolar processes is constricted, leading to unilateral crossbite on the 

constricted side. The diagnostic difference between this and the former case is that 

the unilateral crossbite persists when the mandible is corrected to a centric relation. 

The treatment is designed to produce asymmetric expansion of the constricted 

dentoalveolar process. The appliances of choice are:  

A. Removable appliance: Hawley appliance with a lingual shield on the side that 

is not to be expanded, providing the necessary anchorage to expand the 

opposite side.  

B. Fixed appliance: Quad-Helix; for asymmetric expansion the design needs to 

be modified by leaving the inner wire bordering the palatal faces of the upper 

premolars and canine on the side that is not to be expanded, to serve as 

anchorage, and removing the inner wire on the side to be expanded (Figure 

16) (Castañer Peiró, 2006). 
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Figure 16: Unilateral Buccal Crossbite with Normal Maxilla and Asymmetrically-Constricted 

Dentoalveolar Process  

c) Unilateral buccal crossbite with constricted maxilla 

           In this case the patient presents skeletal alteration of the upper jaw expressed 

as maxillary constriction and the dentoalveolar processes are in an unequal relation 

to the basal bone: one presents a harmonious relationship, so a crossbite is found on 

this side, thus presenting normal occlusion on the other side. The treatment is 

designed to produce (Castañer Peiró, 2006):  

• Unilateral palatal displacement of the displaced dentoalveolar process, using 

a Quad-Helix to apply asymmetric constriction. This converts the unilateral 

crossbite into bilateral crossbite with maxillary constriction and harmonises 

the dentoalveolar processes with their basal bones. Subsequently, symmetrical 

expansion of the bony bases of the maxilla should be performed as early as 

possible, when the first upper molars erupt, as orthopaedic treatment is 

indicated. The appliance of choice is the Haas expander, a four-band fixed 

appliance with a central expansion screw that opens the mid-palatal suture 

when activated.  Intraorally, the presence of an inter-incisor diastema will be 

observed (Figure 17). (Castañer Peiró, 2006). 
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Figure 17: Unilateral Buccal Crossbite with Constricted Maxilla 

2.1.2.2 Bilateral Crossbite 

            In patients with bilateral posterior crossbites, the buccal cusps of the 

maxillary teeth occlude to the lingual of the buccal cusps of the corresponding 

mandibular teeth on both sides. Both dental and skeletal factors contribute to 

development of posterior crossbite (Kiki, A., Kılıç, N., & Oktay, 2007). Bilateral 

posterior crossbites can be subdivided as follows (Castañer Peiró, 2006): 

a) Bilateral Crossbite with constricted maxilla 

              The maxilla presents skeletal constriction and if the relationship between 

the alveolar processes and the basal bones is harmonious, bilateral posterior crossbite 

of skeletal origin will be found intraorally. The orthodontic treatment is designed to 

achieve symmetrical maxillary skeletal expansion. The preferred appliance is the 

Haas expander, to open the mid-palatal suture, carrying out early orthopaedic 

treatment to correct the maxillary bone constriction. Later, if the patient presents 

bone/tooth discrepancy, a 2nd stage of treatment will be conducted with a fixed 

orthodontic appliance (Figure 18) (Castañer Peiró, 2006). 
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Figure 18: Bilateral Crossbite with Constricted Maxilla  

b) Bilateral Crossbite with constricted maxilla and buccoversion of 

dentoalveolar processes 

Skeletal constriction of the maxilla is present but the maxillary dentoalveolar 

processes present buccoversion, attempting to compensate for the bone deficit. Intra-

orally the patient will not present bilateral crossbite, but observation of the maxilla 

will show a development deficiency, presenting a triangular shape which, it is 

sensed, should be expanded. Great care should be taken with the differential 

diagnosis in this case, as the molars are very close to the cortical bone and alveolar 

resorption could take place if the maxilla is expanded without having previously 

decompensated the dentoalveolar processes. The treatment criteria will be as follows 

(Castañer Peiró, 2006): 

• Palatal displacement of the buccoversion dentoalveolar processes to 

coordinate these with their basal bones and create bilateral crossbite, using a 

Quad-Helix to apply constriction. 

• Early orthopaedic treatment, expanding the bony base of the maxilla with the 

Haas expander and opening the mid-palatal suture when the first upper molars 

erupt (Figure 19). 
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Figure 19: Bilateral Crossbite with Constricted Maxilla and Buccoversion of Dentoalveolar 

Processes  

c) Bilateral Crossbite with constricted maxilla and mandibular excess 

           In this case the bilateral crossbite is caused more by the excessive 

development of the mandible, which is very difficult to treat, than by maxillary bone 

deficiency. Although a high percentage of these cases require surgical intervention, 

orthopaedic treatment of the maxilla is possible at an early age. The treatment criteria 

are as follows (Castañer Peiró, 2006): 

• Dentoalveolar decompensation in the posterior maxillary area if necessary, 

using a Quad-Helix to apply constriction. 

• Orthopaedic treatment to expand the maxilla, using the Haas expander to open 

the mid-palatal suture at as early an age as possible, during the first stage of 

mixed dentition, in order to achieve as stable a result as possible. 

• Dental alignment with a fixed appliance if necessary. 

• Reassessment of the case for guidance as to future surgery. 
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2.2 Method 2 

2.2.1 Dental 

           Dental crossbite occurs when there is a change in the inclination of one or 

more anterior teeth with the upper incisor(s) positioned palatally in relation to the 

lingual surface of the lower teeth. Studies evaluating these changes reported the 

possibility of periodontal problems in the lower incisors, the presence of discomfort, 

alteration in the anteroposterior position of the mandible, and problems with the 

temporomandibular joint (TMJ), when the problem is not treated early. Interceptive 

orthodontic intervention in the mixed dentition allows the orthodontist to correct the 

anterior crossbite earlier in a way that promotes the harmonious growth of the bone 

bases, mitigating the chances of severe disorders in the permanent dentition 

(Miamoto C. B., et al. 2018).     

          Dental crossbite has a reported incidence of 4-5% got other etiological factors 

include trauma to the primary maxillary incisors resulting in lingual displacement of 

the permanent tooth buds; presence of supernumerary anterior teeth; crowding in the 

incisor region; a habit of biting the upper lip; an over retained, necrotic or pulpless 

deciduous tooth or root; delayed exfoliation of the primary incisors; and odontomas 

(Ulusoy & Bodrumlu, 2013). 

         The main goal in treating dental crossbite is to tip the affected maxillary tooth 

or teeth labially to a point where a stable overbite relationship prevents relapse. 

Treatment may involve lingual movement of a mandibular tooth, labial movement 

of a maxillary tooth, or both. Various techniques have been used to achieve this goal, 

such as tongue blades, composite inclined planes, reversed stainless steel crowns, 

removable acrylic appliances with lingual springs and fixed appliances. In addition 
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to being inexpensive and not causing damage to associated soft-tissue, given the 

young ages of patients, removable appliances should also be easy to place and 

remove, comfortable and easily tolerated (Ulusoy & Bodrumlu, 2013).   

Treatment 

1) Tongue blade therapy:  

Used to treat the developing anterior crossbite by placing a wooden tongue blade 

behind the tooth erupting in crossbite and biting on it using the lower teeth as a 

fulcrum for a period of 5-10 minutes. Usually the tooth will erupt into normal 

position over a period of time. 

 

Figure 20: Tongue Blade Therapy 

2) Removable orthodontic appliance:  

Can be used with: 
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a. Z-spring to correct single tooth in crossbite. 

 

Figure 21: Z-spring 

b. Recurved Z-spring to correct more than single tooth in crossbite. 

 

Figure 22: Recurved Z-spring 

c. Screw to correct single tooth or segmental crossbite. 
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Figure 23: Screws for Correction of Single Tooth and Segmental Anterior Crossbite.  

Removable appliances should incorporate posterior bite plane to open the bite 

anteriorly during correction of anterior crossbite. For treatment to be successful there 

must be some overbite present to retain the corrected incisor position. 

3) Fixed orthodontic appliance:  

Indicated when bodily or apical movement is Required (Manoharan M., et al. 2016). 

2.2.2 Skeletal 

              A prognathic mandible is known to have relation to genetic inheritance. 

Retro-gnathic maxilla is more frequent in the Asian population for example and 

might also have some inheritance factor. A habit of constant protrusion of the 

mandibular condyle from the fossa or inhibited growth of the maxilla, due for 

example to a persisting functional anterior shift, may stimulate growth of the 

mandible (Wiedel, 2015). 

            A large tongue might also be a growth stimulus for the mandible. Clefts in 

the maxilla between the premaxillary and lateral segment and the early surgery 

related to these patients can also lead to anterior crossbites, presenting as dentally 
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retroclined and palatally dislocated maxillary incisors only or skeletal Class III 

malocclusions, often with a retrognathic maxilla, depending on cleft type. Finally, 

skeletal Class III malocclusion is also associated with various syndromes (Wiedel, 

2015). 

            Studies indicate that about two-thirds of children with anterior crossbites 

have skeletal Class III malocclusions.  Of the skeletal malocclusions, about one-third 

has mandibular protrusion, one third maxillary retrusion and one-third a combination 

of both. Thus, in patients with skeletal Class III malocclusions, the prevalence of 

mandibular skeletal protrusion and maxillary skeletal retrusion seems to be similar 

(Wiedel, 2015). 

            Patients with severe malocclusions, including those with skeletal Class III 

malocclusion, referred for combined orthodontic and surgical treatment have 

reported impaired aesthetics and chewing capacity as well as symptoms from the 

masticatory muscles, TMJ and headaches. Clinical signs, such as pain on palpation 

of the TMJ and related muscles are also reported by these patients (Wiedel, 2015). 

Treatment Methods  

           A recent systematic review disclosed various orthodontic treatment 

modalities for Class III malocclusion. Different kinds of extraoral pull have been 

used to inhibit mandibular anterior growth and/or to enhance maxillary anterior 

growth. If the patient has a retrognathic maxilla, a protraction facemask also called 

reverse head-gear (Delaire or Petit mask, (Figure 24)) can be used in the early mixed 

dentition. The reverse headgear is applied to a fixed appliance in the maxilla by 

elastics pulling the maxilla forward; pillows in the masks are applied to the forehead 
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and chin, exerting a retrusive pull on the mandible at the same time. It is often 

combined with lateral expansion (Wiedel, 2015). 

 

Figure 24: Petit Facemask Wear with Elastics having a Force of 300 gms per Side and 15° to the 

Occlusal Plane  

             Another appliance is the extraoral high pull in combination with a chin cup, 

to force the chin and mandible backward and upwards. This appliance is sometimes 

used for mild mandibular prognathism in the early mixed dentition but often requires 

lengthy treatment and is reported to have little effect (Wiedel, 2015).  
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            Recently, bone-anchored maxillary protraction (BAMP) has been used to 

treat Angle Class III malocclusion with maxillary hypoplasia. The maxillary 

miniplate is fixed by three monocortical screws at the infrazygomatic crest, and the 

mandibular miniplate with two screws between the lateral incisor and the canine. 

Elastics pulls between the upper and lower miniplate 24 h a day, will apply 

protrusive force to the maxilla and retrusive force to the mandible (Wiedel, 2015). 

 

Figure 25: Bone-anchored Maxillary Protraction (BAMP)  

               Finally, in cases of severe skeletal Class III discrepancies in the permanent 

dentition, the most recommended treatment method is a combination of bimaxillary 

fixed appliance and orthognathic surgery  in the maxilla and/or mandible. The most 

common orthognathic surgery procedure in the maxilla for Class III discrepancy is 

forward movement with Le Fort 1 osteotomy.  In the mandible, both sagittal split 

and ramus osteotomy are common surgical methods to set back the mandible 

(Wiedel, 2015).  
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Figure 26: Procedure for Sagittal Splitting and Mandibular Angle Ostectomy  

               As shown in (Figure 26) the procedure for sagittal splitting and mandibular 

angle ostectomy. (A) A straight chisel defines the osteotomy cuts from the anterior 

to posterior positions along the sagittal osteotomy. (B) The posterior mandibular 

border is split along the mylohyoid groove. (C) The buccal side of the mandible is 

split. (D) The split is completed with a wide osteotome. (E) The proximal segment 

is retracted laterally to expose the surgical site. (F) Marked holes are connected with 

a Lindeman bur. (G) The ostectomy is completed with a reciprocating saw. (H) The 

mandibular angle ostectomy is completed (Chen S., et al. 2018). 
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2.2.3 Functional Crossbite 

          Functional Class III has long-term effects on the growth and development of 

the teeth. This widely justifies the need for early treatment to normalize the occlusion 

and create conditions for normal jaws development. An accurate diagnosis is 

required for successful treatment and stability (Alami S. et al., 2015). 

The functional mandibular prognathism referred as mandibular pseudo-

prognathism, or pseudo-Class III, is a mandibular abnormal function belonging to 

the class III malocclusion according to the terminology of Angle. So, it is an anomaly 

of occlusal origin, which develops into a skeletal anomaly (true Class III) (Alami, S. 

et al. 2015). 

Functional factors can be: 

(1) Tongue position anomalies. 

(2) Naso-respiratory problems.  

           Functional mandibular prognathism in the early mixed dentition can have 

long-term effects on the growth and development of the teeth and jaws. Anterior 

crossbite may lead to abnormal enamel abrasion or proclination of the mandibular 

incisors, which, in turn, leads to gingival recession. Abnormal mandibular shift 

caused by lack of incisal guide may have adverse effects on the temporo-mandibular 

joints and masticatory system (Alami, S. et al. 2015). 

           Several diagnostic methods for identifying and evaluating premature contact 

have been reported, including the use of cephalometric radiography, the wax bite 

method, and bite taking. For the treatment of such cases, the labial movement of the 
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upper incisors with premature contact has been thought to result not only in dental 

change but also in mandibular backward rotation with the improvement of anterior 

crossbite. However, very few reports have used cephalometric radiographs taken 

immediately after the correction of anterior crossbite to evaluate the results of 

treatment. This may be because functional anterior crossbite often improves within 

a short time period and because repeated radiography at brief intervals is not 

recommended in order to limit the patient’s radiation exposure. Dental casts allow 

for the effectiveness of the removable and fixed appliances that are used in the 

correction of anterior crossbite to be assessed (Jogaki, C. et al 2017). 
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الصةالخ  

  لمستعرض للفك العلوي ويتم تعريفه على أنه نتيجة لسوء إطباق على المستوى ا  والمتصالب ه طباق  اال

تغييرات في المحاذاة الصحيحة ألطراف الحنك لألضراس العلوية والضواحك مع حفر األضراس السفلية  

طب   ممارسات  في  المستعرضة  التعديالت  تُرى  ما  كثيًرا  األمامية.  ومن  واألضراس  العامة  األسنان 

الضروري إنشاء تشخيص تفاضلي جيد من أجل اعتماد العالج الذي يحقق أكبر قدر من الكفاءة وأفضل 

النتائج الممكنة. لذلك يجب التمييز بين انقباض الهيكل العظمي وانقباض األسنان السنخية وانقباض األسنان  

 قويم األسنان المختلفة. ، حيث يتطلب كل منها معالجة مختلفة باستخدام أجهزة ت 
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Abstract 

 
Anaphylaxis is a severe, systemic hypersensitivity reaction that is rapid 

in onset and characterized by life-threatening airway, breathing, and/or 

circulatory problems, and that is usually associated with skin and 

mucosal changes. Because it can be triggered in some people by minute 

amounts of antigen (e.g. certain foods or single insect stings), 

anaphylaxis can be considered the most aberrant example of an 

imbalance between the cost and benefit of an immune response. 
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1. Introduction 

Anaphylaxis means "against protection" and is used in a clinical sense to  

describe a syndrome of clinical features of which the most common is  shock 

secondary to hypotension. The other lifethreatening features are bronchospasm, 

swelling of the airway and pulmonary edema. In immunological terminology 

anaphylaxis is used to describe this symtom complex when produced by an IgE 

or IgG mediated mechanism. The symptom complex can, however, be produced 

by a number of clinically indistinguishable mechanisms. This review deals in 

particular with the pathophysiology and treatment of the cardiovascular 

mechanisms of anaphylaxis. ( Simons et al., 2011). 

Anaphylaxis is a life-threatening, generalised or systemic hypersensitivity 

reaction, involving the release of mediators from mast cells, basophils and 

recruited inflammatory cells, and is characterised by rapidly developing life-

threatening airway and/or circulation problems with associated skin and mucosal 

changes. (Sampson et al., 2006). 

Often the result of an allergic response that can be immunologically mediated, 

non-immunologically mediated or idiopathic, it is estimated that around 1 in 

1,333 people in England has experienced anaphylaxis at some point in their 

lives. Although there are around 20 anaphylaxis deaths reported each year in the 

UK, this may be an under-estimate. (Sheehan et al., 2009). 
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Aim of Study 

This review will describe current understanding of the immunopathogenesis and 

pathophysiology of anaphylaxis, Covid19 vaccine reactions, sign and symptom 

and common features, etiology, epidemiology and treatment of certain degrees of 

anaphylactic shock. 

Finally, we will discuss the education on avoidance measures and mention the 

deferential diagnosis when it possible. 
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2.Defention 

Anaphylaxis is a common medical emergency and a life-threatening acute 

hypersensitivity reaction. It can be defined as a rapidly-evolving, generalized, 

multi-system, allergic reaction. Without treatment, anaphylaxis is often fatal due 

to its rapid progression to respiratory collapse. anaphylactic reactions were 

categorized as IgE-mediated responses, while anaphylactoid reactions were 

categorized as IgE-independent events. Recently, these terms have been 

consolidated to a single diagnosis of anaphylaxis. Regardless of causation, the 

resultant clinical state and treatment for each reaction are identical; therefore, 

this unified terminology is currently the accepted vernacular (Castilano et al., 

2018). 

The prevalence of anaphylaxis is estimated to be as high as 2%,and appears to be 

rising, particularly in the younger age group (Lieberman et al., 2015) See Fig.1 

.The more rapidly anaphylaxis develops, the more likely the reaction is to be 

severe and life-threatening . Therefore, prompt recognition and management 

ofthe condition are imperative. However, anaphylaxis is often under-recognized 

and treated inadequately. 
 

 

 

 

 

 

 

 

 

Fig. 1 Anaphylactic shock appears on young child skin. 
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Diagnosis and management are challenging since reactionsare often immediate 

and unexpected. Furthermore,there is no single test to diagnose ana phylaxis in 

routine clinical practice(Lieberman et al., 2014) . 

Anaphylaxis can occur within seconds of antigen exposure.Physical 

presentations of anaphylaxis range from mild skin flushing and pruritis to severe 

respiratory symptoms, With fatal reactions, the respiratory and cardiovascular 

systems are often affected initially. Respiratory manifestations include stridor, 

difficulty in breathing, cyanosis and even pulmonary oedema. Severe upper 

airway obstruction by angioedema can lead to asphyxia while lower airway 

obstruction with wheezing and chest tightness is caused by bronchospasm. 

Laryngeal oedema may be experienced as lump in throat. The commonest 

cardiovascular manifestation is severe hypotension, usually caused by a massive 

shift of fluid from the intravascular to the extrayascular space. Arrhythmias are 

not uncommon. Profound losses of intravascular volume can occur quickly as a 

result of increased vascular permeability. Patients compensate through maximal 

vasoconstriction initiated by the release of catecholamines and angiotensin. 

(Okubo et al., 2019) 

Patients with asthma and cardiovascular disease are more likely to experience a 

poor outcome from anaphylaxis. Concurrent administration of beta-blockers can 

interfere with the patient‘s ability to respond to epinephrine, the first-line of 

treatment for anaphylaxis. 

Additionally, the use of angiotensin-converting enzyme (ACE) inhibitors may 

impact a patient‘s compensatory physiologic response to anaphylaxis, leading to  

more severe reactions, although evidence is conflicting (Simons ,. 2015) 



5  

3. Etiology 

The interaction of allergen and immunoglobulin E (IgE) antibody triggers 

mediator release, resulting in the reaction affecting multiple target organs. The 

release of mediators such as histamine and many others, from the mast cells and 

basophils is responsible for the immediate clinical manifestations of anaphylaxis. 

A late-phase response caused by the recruitment of other inflammatory cells, 

including eosinophils, can occur hours after the initial reaction. 

Anaphylaxis is usually thought of as an IgE-mediated allergic reaction to such 

things as foods, insect venoms, drugs, and latex. The Mast cell, however, can be 

induced to react by other non-immunologic means, including (Okubo et al., 

2019). Direct activation by exercise, opiates, and possibly radiocontrast agents, 

disturbances of arachidonic acid metabolism by cyclo-oxygenase inhibitors such 

as aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs), and complement 

activation by immune complexes, caused by reactions to blood products and 

resulting in production of complement C3a and C5a (Castilano et al., 2018). 

This is the mechanism for anaphylactoid reactions where the term 

‗anaphylactoid‘ is used to designate reactions that are indistinguishable from 

anaphylaxis but lack a demonstrable IgE allergic mechanism. Some 

anaphylactoid reactions are triggered by an identifiable agent, such as a drug 

that possesses the pharmacologic property of causing direct, nonimmunologic 

release of mast cell mediators. Certain intravenous anaesthetic agents, muscle 

relaxants, protamine, aspirin and nonsteroidal antiinflammatory drugs, opiates, 

and iodinated contrast media used in radiography are the most common agents 

with this property. 

In other cases, the reaction is triggered by a physical activity such as exercise, 

and a few patients have recurrent idiopathic ―anaphylaxis‖. (Akenroye., et al., 

2018). Some patients have repeated anaphylactic episodes without the cause 

being determined. In a recent study of 266 patients referred for evaluation when 

obvious causes (eg, insect stings, immunotherapy) had been eliminated, 37% 

were determined to have idiopathic disease (Akenroye  et al., 2018). In patients 

in whom a cause was identified, common triggers included foods (eg, peanuts, 

fish, nuts, eggs), drugs (NSAIDs, aspirin, penicillin, cephalosporins, insulin, 

sulfonamides, blood products, vaccines, and enzymes such as trypsin, 

chymopapain, and 
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streptokinase), exercise, and latex. 
 

3.1 Covid_19 vaccine and anaphylaxis: 

The day after the world watched the first person receiving the coronavirus 

disease 2019 (COVID-19) vaccine on December 8, 2020, reports of three cases 

of suspected allergic reactions in connection with the vaccine emerged from the 

UK. Two were reports of anaphylaxis in healthcare workers, with onset within 

minutes of vaccination, responding well to treatment with epinephrine. Both 

recovered fully and were reported to have severe allergies to foods and drugs, 

respectively. The third case was less severe and did not require epinephrine. 

 

Immediate-type life-threatening reactions to vaccines are exceedingly rare; they 

are reported to occur in 1.3 cases per million doses.(Su et al., 1990_2016) 

Therefore, two cases of anaphylaxis on the second day of a vaccination 

campaign with a new vaccine require further scrutiny. The first important task is 

to confirm that these cases were indeed anaphylaxis. If anaphylaxis is proved 

likely, the cause of the reaction should be identified. 

The active ingredient is rarely the cause, and the focus should be directed at the 

many excipients usually present in vaccines.(Centers for Disease Control and 

Prevention.,2020) A recent review of the literature showed that rare cases of 

immediate hypersensitivity reactions to excipients have been described for 

adjuvants/preservatives; antimicrobials; and a single case of a reaction to 

polysorbate 80, a polymer with structural similarities to polyethylene glycol 

(PEG).(Stone et al., 2012) 

Hypersensitivity reactions to vaccines containing gelatin and egg had only been 

described in patients with previous known hypersensitivity to gelatin and egg. In 

fact, large studies have shown a very low risk of immediate reactions to 

ovalbumin in influenza vaccines in patients with allergy to eggs,(Greenhawt et 

al., 2017) and the recommendation to these patients is that the risk of 

anaphylaxis is no higher than for non-allergics. 
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The COVID-19 vaccine from Pfizer–BioNTech recently introduced in the UK, 

USA, and other countries is a messenger RNA (mRNA)-based vaccine 

(tozinameran, BNT-162b2) using lipid nanoparticles to facilitate the transport of 

mRNA into cells. (Nat Nanotechnol. 2020) The vaccine contains a number of 

excipients and lipids, one of them based on PEG-2000. This is currently the only 

excipient in the vaccine with recognised allergenic potential. The severity and 

rapid onset of the two reported reactions to the vaccine further increase suspicion 

towards PEG. 

 

Allergy to excipients is often overlooked because of a lack of knowledge about 

their allergenic potential. However, allergy to PEG, also often called macrogol, 

has been reported with increasing frequency over recent years, Patients have 

usually had repeated systemic allergic reactions/anaphylaxis before diagnosis. A 

typical history is of severe allergic reactions to several classes of drugs, for 

example, penicillin, laxatives, injected corticosteroids, or antacids, all containing 

PEG. Symptoms are of rapid onset, usually within minutes, and typically result 

in severe generalised pruritus, urticaria, angioedema, hypotension, or difficulty 

in breathing. Reactions are more severe with higher doses and with higher-

molecular-weight PEGs. ,(Wenande., 2020) 

 

Polyethylene glycol is an ingredient in many laxatives, in about 30% of tablets 

and is used as a surfactant in many injectable formulations, where a prolonged 

effect is needed, such as in depot steroids. More recently, the technology of 

PEGylation has been introduced to enhance drug delivery in many areas of 

medicine. No reactions to PEG in vaccines have been reported, but PEG has not 

been a commonly used excipient in vaccines until now. 
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The potential benefit of an effective COVID-19 vaccine is far reaching and a 

potential solution to a substantial threat to global health. The risk of 

hypersensitivity and ultimately anaphylaxis is present for all drugs, including 

vaccines, although usually low and is offset by the benefits of the drug. 

Randomised clinical trials of the Pfizer–BioNTech COVID-19 vaccine in >22 

000 individuals receiving the active treatment were independently reviewed by 

the US Food and Drug Administration (FDA) and presented at an advisory 

committee meeting for emergency approval of the vaccine on December 10, 

2020. 

The FDA found a small signal towards more hypersensitivity cases in the 

vaccine group, but none of the reactions were immediate, severe, or requiring 

epinephrine. Exclusion criteria for the clinical trials of the vaccine included 

individuals with known hypersensitivity to vaccines, or with a history of 

allergy, hypersensitivity, or intolerance to the COVID-19 vaccine or its 

excipients according to the registration of the trials on ClinicalTrials.gov. 

(Mahase., 2020) 

At the FDA advisory committee meeting, the cases of anaphylaxis in the UK 

were discussed at length. The advisory committee voted 17 to 4 in favour of 

granting Pfizer emergency approval for the vaccine, which was granted on 

December 11, 2020. The FDA requested that a warning be added to the product 

information that medication to treat immediate-type hypersensitivity reactions 

should be available where vaccinations take place. Also, the FDA advised that 

the vaccine should be contraindicated in patients with a severe allergic reaction 

to the first dose of vaccine, or with known hypersensitivity to any 

ingredient/component of the vaccine. Finally, a stringent surveillance system is 

to be initiated to monitor adverse effects of the vaccine with monthly reporting. 

In the UK, based on the anaphylactic reactions reported, the present advice 

from the UK Medicines and Healthcare products Regulatory Agency (MHRA) is 

that ‗any person with a history of anaphylaxis to a vaccine, medicine or food 

should not receive the Pfizer/BioNTech COVID-19 vaccine‘.(Mahase., 2020).  
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Likely to be overly cautious, but understandable, to maintain public 

confidence in the vaccine until more detailed information about the reactions is 

available. The individuals who have had allergic reactions to the vaccine in the 

UK should be urgently investigated to determine the mechanisms behind the 

reactions and the potential involvement of PEG. 

The reported history of previous severe allergies should be scrutinised and their 

causes determined. Once details are available, it is very likely that more specific  

recommendations about at-risk groups can be made to modify the rather broad 

current MHRA (Medicines and Healthcare Products Regulatory Agency) 

recommendations. As a rule, allergy to foods, single drugs, or insect venom 

does not predispose to allergy to other drugs or vaccines. 

Tryptase measurement taken 0.5–2 h after the reaction should help determine 

if this was indeed anaphylaxis.(Garvey., 2019)As in all allergic reactions 

occurring in a hospital setting, other potential allergens, such as disinfectants 

(e.g. chlorhexidine) and latex, should be excluded (Rose., 2019). 

Investigations for allergy to PEG currently include skin testing,(Wenande., 

2016); (Sellaturay., 2020) , but in vitro tests may be in the pipeline, As systemic 

allergic reactions have been reported in connection with skin prick testing in 

PEG-allergic patients, the development of a reliable in vitro test is  urgently 

needed. 

The fact that these severe reactions have appeared early in the implementation 

of the vaccine should remind us all that anaphylaxis is a rare risk of drug 

administration, including vaccines. Anaphylaxis has a good prognosis when 

diagnosed and treated promptly and correctly.10 Vaccination centres should be 

made aware of the risk of anaphylaxis and have such precautionary measures are 

taken, combined with continued close surveillance of potential hypersensitivity 

reactions, then the benefits of the COVID-19 vaccine clearly outweigh the risks, 

and we can finally start hoping for an end to the COVID-19 pandemic. 
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4. Epidemiology 

Studies have estimated that the incidence of anaphylaxis is between 0.05 and 

2.0% of the population, although the actual incidence is not clear because 

variations in definitions, under reporting of anaphylaxis, and unclear use of 

incidence and prevalence of disease. (Lieberman  et al., 2006) 

Although the actual incidence is not clear, there have been multiple studies 

showing that the incidence of anaphylaxis in : 

 the United States has increased in recent years, although the case fatality 

rate has decreased. Similar findings are reported in other countries. 

 with UK reporting increasing rates of anaphylaxis, but no increase in the 

incidence of fatal anaphylaxis. 

 In Australia the incidence of anaphylaxis and fatal anaphylaxis has increased 

as well. (Borish et al. 2014). 

 
 

One study on the incidence of anaphylaxis with: 

 circulatory symptoms found a rate of approximately 8–9 cases per 100,000 

persons per year. 

 Severe anaphylaxis, including respiratory or circulatory symptoms, occurs 

more frequently at a rate of about 1–3 per 10,000 people. 

Factors that may affect the incidence of anaphylaxis include geography, seasonal 

variations, age, and gender. 

 Demographic factors associated with higher incidence include living in 

northern areas of US. (Yu, and Lin, 2018) 
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5. Pathophysiology 

Anaphylaxis is typically an IgE-mediated (type 1) hypersensitivity reaction that 

involves the release of numerous chemical mediators from the degranulation of 

basophils and mast cells after re-exposure to a specific antigen. IgE crosslinking 

and resultant aggregation of high-affinity receptors induce the rapid release of 

stored chemical mediators. These chemical mediators include histamine, 

tryptase, carboxypeptidase A, and proteoglycans. (Brown., 2007) 

Via activation of phospholipase A cyclooxygenases, and lipoxygenases they then 

form arachidonic acid metabolites including leukotrienes, prostaglandins, and 

platelet-activating factors The inflammatory response is then mediated by TNF- 

alpha (tumor necrosis factor), both as a preformed and late-phase reactant. 

Detailed physiology of these chemical mediators is as follows: 

 Histamine increases vascular permeability and vasodilation leading to 

hypoperfusion of tissues. The body responds to these changes by increasing 

heart rate and cardiac contraction. 

 Prostaglandin D functions as a bronchoconstrictor, with simultaneous cardiac 

and pulmonary vascular constriction. It also potentiates peripheral 

vasodilation thus contributing to the hypo-perfusion of vital organs. 

 Leukotrienes add to the bronchoconstriction, vascular permeability, and 

induce airway remodeling. 

 The platelet activation factor also acts as a bronchoconstrictor and 

increases vascular permeability. 

• TNF-alpha activates neutrophils (as part of stress response leukocytosis) and 

increases chemokine synthesis.(Kounis., 2006) 
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6. Anaphylaxis and anaphylactic reactions 

Anaphylactic reactions in the peri-operative period are often serious and 

potentially life-threatening conditions, involving multiple organ systems in 

which the clinical manifestations are the consequence of the release of preformed 

mediators from mast cellsand basophils. Anaphylaxis is an immune mediated 

type I allergic reaction following the massive release of mediators from mast cells 

and basophils as a response to an allergen. Anaphylactoid reactions are defined 

as those reactions that produce the same clinical picture with anaphylaxis but are 

not IgE mediated, occur through a direct nonimmune-mediated release of 

mediators from mast cells and/or basophils or result from direct complement 

activation. 

The occurrence of these reactions during anesthesia , although quite rare, 

remains a major concern for the anesthesiologists. Thus, the need for systematic 

screening before surgery and the awareness andexpert advice tanaesthesiologists 

seems to be very critical. 

The clinical symptoms of these reactions are similar and indistinguishable from 

anaphylaxis , and sometimes severe, leading to cardiovascular collapse and death 

(Brown., 1995) 

 

 

7. Signs and Symptoms 

   There is a set of criteria will not identify all anaphylactic reactions. Also there 

is a range of signs and symptoms, none of which are entirely specific for an 

anaphylactic reaction; however, certain combinations of signs make the 

diagnosis of an anaphylactic reaction more likely. (Fisher., 1986). 

 Anaphylaxis is likely when all of the following 3 criteria are met: 

• Sudden onset and rapid progression of symptoms. 

• Life-threatening Airway and/or Breathing and/or Circulation problems. 

• Skin and/or mucosal changes (flushing, urticaria, angioedema). 
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• Skin and mucosal changes can be subtle or absent in up to 20% of reactions  

(some patients can have only a decrease in blood pressure, i.e., a Circulation 

problem) 

• There can also be gastrointestinal symptoms (e.g. vomiting, abdominal pain, 

incontinence). 

• Most reactions occur overseveral minutes. Rarely, reactions may be slower in 

onset. 

• The time of onset of an anaphylactic reaction depends on the type of trigger.  

    Confusion arises because some patients have systemic allergic reactions that 

are less severe. For example, generalised urticaria, angioedema, and rhinitis 

would not be described as an anaphylactic reaction, because the life-threatening 

features –- an airway problem, respiratory difficulty (breathing problem) and 

hypotension (circulation problem) –- are not present. (Berry., 2019) 

7.1. Intravenous trigger 

  Intravenous trigger will cause a more rapid onset of reaction than stings which, 

in turn, tend to cause a more rapid onset than orally ingested triggers, then the 

patient is anxious and can experience a ―sense of impending doom.  (Wood et 

al., 2014). 

7.2. Airway problems: 

 Airway swelling, e.g., throat and tongue swelling (pharyngeal/laryngeal 

oedema). The patient has difficulty in breathing and swallowing and feels that 

the throat is closing up. 

 Hoarse voice. 
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 Stridor – this is a high-pitched inspiratory (on inhaling) noise caused by upper 

airway obstruction. 

7.3. Breathing problems:  

 Shortness of breath – increased respiratory rate, more than 20 breaths per 

minute (adult). 

• Wheeze. 

• Patient becoming tired. 

• Confusion caused by hypoxia (lack of circulating oxygen). 

• Cyanosis (appears blue) – this is usually a late sign. 

• Respiratory arrest. 

7.4. Circulation problems: 

 • Signs of shock – pale, clammy. 

• Increased pulse rate (tachycardia). 

• Low blood pressure (hypotension) – feeling faint (dizziness), collapse. 

• Decreased conscious level or loss of consciousness.  

• Anaphylaxis can cause myocardial ischaemia and electrocardiograph (ECG) 

changes even in individuals with normal coronary arteries. (Wood., 2014). 
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7.5. Cardiac arrest. 

Circulation problems (often referred to as anaphylactic shock) can be caused by 

direct myocardial depression, vasodilation and capillary leak, and loss of fluid 

from the circulation. Bradycardia (a slow pulse) is usually a late feature, often 

preceding cardiac arrest. 

The circulatory effects do not respond, or respond only transiently, to simple 

measures such as lying the patient down and raising the legs. Patients with 

anaphylaxis can deteriorate if made to sit up or stand up . ( Johansson., 2001). 

7.6. Cardiovascular changes 

Anaphylaxis effects on Cardiovascular due to direct and indirect effects of 

mediators on the vasculature and heart. Increased vascular permeability causes 

rapid fluid extravasation, with up to 35% of plasma volume shift occurring in a 

matter of minutes. Vascular smooth muscle relaxation causes vasodila-tion and a 

rapid decrease in SVR.  

7.7. Skin and/or mucosal changes 

• They are often the first feature and present in over 80% of anaphylactic 

reactions. 

• They can be subtle or dramatic. 

• There may be just skin, just mucosal, or both skin and mucosal changes.  

• There may be erythema – a patchy, or generalised, red rash. 

• There may be urticaria (also called hives, nettle rash, weals or welts), which 

can appear anywhere on the body. The weals may be pale, pink or red, and may 

look like nettle stings. They can be different shapes and sizes, and are often 

surrounded by a red flare. They are usually itchy. 



16  

• Angioedema is similar to urticaria but involves swelling of deeper tissues, most 

commonly in the eyelids and lips, and sometimes in the mouth and throat. 

Skin changes without life-threatening airway, breathing or circulation problems 

do not signify an anaphylactic reaction. Most patients who have skin changes 

caused by allergy do not go on to develop an anaphylactic reaction. (Bilo., 2005). 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 
 

 

 

Fig. 2 Anaphylaxis reaction and common signs and symptoms. 
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Fig. 3 Skin signs and symptoms. 

 

 

 
8. Allergens and triggers 

The most frequent triggers of severe anaphylactic reactions are drugs, insect 

venoms and foods. The ranking of the triggers depends on age and 

circumstances. In children, foods are very frequent triggers, whereas for adults 

insect stings or drugs [including preparations for allergen-specific 

immunotherapy and chemotherapeutic agents] are more often mentioned. See 

Fig .5 
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Fig. 4 Common anaphylaxis triggers. 

 

 
The contact with the anaphylaxis trigger most frequently occurs via the oral or 

parenteral/hematogenous route. In strongly sensitized persons, anaphylaxis can 

also be triggered by air-borne allergens or by application to the skin surface 

(Lieberman et al., 2005 ) 

Anaphylactic symptoms can also occur depending on the combination of various 

factors, e.g. allergen exposure together with physical exertion (Smith et al., 

1980); (Dewachter et al., 2005) alcohol, mental stress or emotional stress, 

acute infections or simultaneous exposure to other allergens as well as concurrent 

intake of anaphylaxis-enhancing drugs. 

This phenomenon is called―augmentation― or ―summation― anaphylaxis. A more 

common form is food-dependent exercise-induced anaphylaxis (FDEIA), which 

is most frequently triggered by wheat flour (Brown., 2006). 
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Diagnosing is often difficult to recognize anaphylaxis, and many cases go 

undiagnosed (Sclar and Lieberman ,2018); (Aun et al , 2018). Early intervention 

in acute anaphylaxis reduces risk of severe reaction and need for hospitalization 

(Fleming et al., 2015). In order to aid in diagnosis of anaphylaxis ,In the clinic or 

emergency department, it may be unclear if the patient had been exposed to an 

allergen. 

In the ICU or operating room, rapid development of symptoms after administering 

medication makes recog-nizing anaphylaxis easier. Following the acute phase of 

anaphylaxis, serum tryptase and histamine should be measured to aid 

immunologist in confirming the diagnosis of anaphylaxis during follow-up care. 

Plasma tryptase remains elevated for 6□h following the onset of symptoms, but 

histamine levels remain elevated for just 1□h ; Urinary histamine metabolites 

remain elevated for a longer period and may therefore be more useful than plasma 

histamine for confirming anaphylaxis ( Lieberman et al.,2010). 

 
 

9. Treatment 

9.1 Acute management 

The acute treatment of anaphylaxis begins with rapid assessment of the airway, 
breathing and circulation. Epinephrine is the drug of choice for anaphylaxis and 

should be given immediately to any patient with a suspected anaphylactic episode. 

Treatment should be provided even if the diagnosis is uncertain since there here are 

no contraindications to the use of epinephrine (Waserman et al., 2010). 

 
The recommended dosing of epinephrine for the acute treatment of anaphylaxis is 

0.01 mg/kg up to a maximum of 0.5 mg administered intramuscularly every 5–20 
min as necessary (Waserman et al., 2010). Intramuscular administration into the 

lateral thigh is recommended as it allows for more rapid absorption and higher 

plasma epinephrine levels compared to subcutaneous administration. (Simon et al., 
2006). Glucagon should also be considered in patients using beta-blockers. 

 
All patients receiving emergency epinephrine must be transported to hospital 
immediately (ideally by ambulance) for evaluation and observation. Patients 
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should also be placed in a recumbent (supine) position with the lower extremities 

elevated, unless this is precluded by shortness of breath or vomiting. (Waserman  

et al., 2010); (Sicherer et al., 2010). 

 

patients with asthma, particularly those with poorly controlled asthma, are at 

increased risk of a fatal reaction. In these patients, anaphylaxis may be mistaken 
for an asthma exacerbation and inappropriately treated solely with asthma inhalers. 

Therefore, if there are ongoing asthma symptoms in an individual with known 

anaphylaxis, epinephrine should be given. (Waserman et al., 2010). 

 
Oxygen therapy should also be considered in any patient with symptoms of 

anaphylaxis, particularly for those with prolonged reactions. Intravenous fluids 

(crystalloid solutions or colloid volume expanders) should also be provided since 

massive fluid shifts can occur rapidly in anaphylaxis due to increased vascular 

permeability. Volume replacement is particularly important for patients whose 

hypotension persists despite epinephrine injections. Supportive therapy such as 

inhaled beta2-agonists (for patients experiencing bronchospasm) and antihistamines 
(for control of cutaneous symptoms) can also be helpful, but should never replace 

epinephrine as first-line therapy. 

 
Vasopressors, such as dopamine, can also be considered if epinephrine injections 

and volume expansion with intravenous fluids fail to alleviate hypotension. 

Glucocorticosteroids have a slow onset of action and, therefore, these agents have 

not been shown to be effective for the acute treatment of anaphylaxis. 

Theoretically, however, they may prevent biphasic or protracted reactions and, 

hence, are often given on an empirical basis. To date, there is no conclusive 

evidence that the administration of glucocorticosteroids prevents a biphasic 

response (Lieberman et al., 2010). 

 
If intramuscular epinephrine and intravenous fluids fail to improve anaphylactic 

symptoms, intravenous infusions of epinephrine may be required; however, these 
infusions should be given by a physician who is trained and experienced in its use 

and has the capacity for continuous blood pressure and cardiac monitoring. 

Figure 1 provides a simplified algorithm for the acute management of anaphylaxis. 
 

Following acute treatment, patients should be observed for a period of time due to 
the risk of a biphasic response or possible recurrence of the reaction as epinephrine 

wears off. The observation period should be individualized based on the severity of 

the initial reaction and access to care. Experts have recommended observing 
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patients for 4 to 6 hours following an anaphylactic reaction, with prolonged 

observation times for patients with severe or refractory symptoms. (Chad et al., 

2010) 

 

9.2 Long-term management 

Which includes: specialist assessment, a prescription for an epinephrine auto- 
injector, patient and caregiver education on avoidance measures, and the 

provision of an individualized anaphylaxis action plan 
 
 

9.3 Specialist assessment 

After acute anaphylaxis, patients should be assessed for their future risk of 
anaphylaxis, ideally by an allergist. These specialists are experienced in 

identifying and confirming the cause of anaphylaxis, educating patients on 

appropriate avoidance strategies, drafting an anaphylaxis action plan, and 
advising whether immunotherapy is appropriate. (Lieberman et al., 2010); 

(Waserman et al., 2010). 

 

9.4 Prescription for an epinephrine auto-injector 

A prescription for an epinephrine auto-injector should be provided to all patients 

who have experienced anaphylaxis   previously,   including   those   who   have 
had any rapid-onset systemic allergic reaction (gastrointestinal, respiratory; 

cardiac); diffuse hives to any food or insect stings; or any rapid-onset (i.e., 

minutes to hours) reaction of any severity to the highest risk foods such as 
peanut, tree nuts, fish, and shellfish (Waserman et al., 2010). 

 

9.5 Education on avoidance measures 

Patients and their caregivers should be educated about agents or exposures 
that may place them at risk for future reactions, and should be counselled on 
avoidance measures that may be used to reduce the risk for such exposures. 

Avoidance strategies should be individualized, taking into consideration factors 

such as relevant triggers, age, activity, occupation, hobbies, residential 
conditions, access to medical care, and the patient‘s level of personal anxiety. 

Individuals who have had anaphylactic reactions to foods should be instructed to 

read food labels carefully, watching for hidden ingredients such as ―natural 
flavour‖ or ―spices‖ that may indicate the presence of allergens (e.g., peanut, tree 

nuts, milk, egg, shellfish, fish, sesame, soy and wheat), as well as ―may 
contain‖ warnings 
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(Lieberman et al., 2010); (Waserman et al., 2010). Recent evidence suggests 
that peanut allergic children can be desensitized to peanut by feeding them 

increasing amounts of peanut under close supervision (Burks et al., 2008). 

 

Patients with anaphylaxis to medications should be informed about all cross- 
reacting medications that should be avoided. Should there be a future essential 

indication for use of the medication causing anaphylactic reactions, it may be 
helpful to educate patients about possible management options, such as 

medication pretreatment and use of low osmolarity agents in patients with a 

history of reactions to radiographic contrast media, or induction of drug 
tolerance procedures (also known as drug desensitization) warnings (Lieberman 

et al., 2010). 

 
Induction of drug tolerance procedures temporarily modify a patient‘s 

immunologic or non-immunologic response to a drug through the administration 
of incremental doses of the drug. However, drug tolerance is usually maintained 

only as long as the drug is administered; therefore, the procedure needs to be 

repeated in the future if the patient requires the drug again after finishing a prior 
therapeutic course. 

 
Patients who have had an anaphylactic reaction to an insect sting should be 

advised about avoidance measures to reduce the risk of future stings. Such 
measures include: being alert when eating outdoors (as wasps are attracted to 

food), wearing shoes and long pants when in fields, and having nests or hives 

near the patient‘s home removed (Ellis et al., 2003). 

 
Patients who have previously experienced venom-induced anaphylaxis are often 
candidates for venom immunotherapy, which is successful in preventing 

anaphylaxis in up to 98% of patients 

 
Subjects at high risk of a reaction to latex include: healthcare workers, children 

with spina bifida and genitourinary abnormalities; and workers with occupational 

exposure to latex. Patients with spina bifida (regardless of a history of latex 
allergy) and patients with a positive history of latex allergy should have all 

medical-surgical-dental procedures performed in a latex-safe environment. This 

is an environment in which no natural rubber latex gloves are used in the room or 
surgical suite and in which there are limited latex-based accessories (catheters, 

adhesives, tourniquets, anesthesia equipment or devices) which come in contact 

with the patient (Lieberman et al., 2010). 
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9.6 Anaphylaxis action plan 

A comprehensive, individualized anaphylaxis action plan should be prepared 
which defines roles and responsibilities and emergency protocols. 

 

 
 

10. Differential diagnosis 
 

There are several conditions which may mimic certain characteristics of 
anaphylaxis. Acute anxiety can present as dyspnea and near syncope with 

hyperventilation. 

Hypoglycemia can precipitate an altered sensorium and syncope. Vasovagal 
episodes can involve nausea with vomiting, hypotension, pallor, bradycardia, 

diaphoresis and syncope. Additional considerations include severe reactive 

airway disease, vocal cord dysfunction and non-allergy mediated angioedema. 
Vasovagal episodes can involve nausea with vomiting, hypotension, pallor, 

bradycardia, diaphoresis and syncope (Bock et al., 2001); (Lee et al., 2011) 

 

 

 
 

Conclusion 
 

Anaphylaxis represents one of the most urgent of medical emergencies, where 
rapid diagnosis and prompt and appropriate treatment can mean the difference 

between life and death. While there has been steady progress in our 

understanding of the antibodies, effector cells and mediators that can contribute 
to the development and manifestations of anaphylaxis, especially in the context 

of mouse models of the disorder, the basic clinical management of anaphylaxis 
has changed little in decades, It is our hope that further progress in understanding 

the immunopathogenesis and pathophysiology of anaphylaxis in all of its 

various forms will help to guide efforts to devise more effective strategies for 
preventing this disorder and also to provide more effective options for rapidly 

diagnosing and effectively treating anaphylaxis when it occurs. 
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 الخالصة:

الحساسُت المفرطت هٍ تفاعل فرط حساسُت جهازٌ شذَذ و سرَع فٍ البذاَت وَتمُس         

مجري الهىاء والتىفس و / أو الذورة الذمىَت التٍ تهذد الحُاة، وعادة ما    بمشاكل فٍ

الجلذ واألغشُت المخاطبت. َمكه اعتبار الحساسُت المفرطت أكثر  َرتبظ رلك بتغُراث

التىازن بُه تكلفت االستجابت المىاعُت وفىائذها، وظرا   أو عذم علً اوحراف األمثلت

بكمُاث  دقُقت مه المستضذ )مثل بعض    إلمكاوُت تحفُسها عىذ بعض األشخاص

 األطعمت أو لسعاث الحشراث المفردة(.
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Abstract 

    Temporomandibular disorders (TMD) is a collective term for a group 

of musculoskeletal conditions involving pain and/or dysfunction in the 

masticatory muscles, temporomandibular joints (TMJ) and associated 

structures. It is the most common type of non-odontogenic orofacial pain 

and patients can present with pain affecting the face/head, TMJ and or 

teeth, limitations in jaw movement, and sounds in the TMJ during jaw 

movements.  Facial pain associated with temporomandibular joint (TMJ) 

and surrounding structures has been a challenge to clinicians as far as 

diagnosis and management is concerned. Complexity of anatomical 

structures within a small area, function of teeth and surrounding 

periodontal ligament, action of muscles, pathologies, lack of diagnostic 

investigations, all these complicate specific diagnosis of TMJ disorders.  

Many treatment modalities to treat pain arising from muscles around TMJ 

like splints, mouth restriction exercises, injection of sclerosing agents etc. 

have been used with various degrees of success. Botulinum toxin type A 

(BTX-A) is a biologic toxin which inhibits skeletal muscle through 

hindering the production of acetylcholine in the nerve endings. This toxin 

is used for the treatment of hyperactivity of lateral pterygoid muscle and 

TMD symptoms.  
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Introduction 

    Temporomandibular joint (TMJ) is a diarthroidal joint, which is a discontinuous 

articulation of glenoid fossa and mandibular condyle permitting freedom of movement 

that is dictated by associated muscles and limited by associated ligaments.This joint 

serves many functional purposes; chief among them being deglutition and speech 

(Alomar et al., 2007) 

    Temporomandibular joint disorders (TMD) occur in10   % of population and about 

20–25 % of them seek professional care.  The TMJ involves diverse group of disorders 

that are characterized by pain that is specific to and around the joint structures. These 

disorders may be divided into the following primary groups :Those related to the 

muscles acting on the joint and those related to the joint proper (Shaffer et al., 2014). 

    The unique nature of TMD resides in the proximate anatomy of many other facial 

and cranial structures that complicate, interact with, and mimic other sources of head 

and neck pain (Bentsianov et al., 2004). 

    Patients may complain of pain in and around the joint, painful opening and closing, 

difficulty in mastication and speech, chronic headaches or earaches due to radiation of 

pain. Tenderness is usually found over the temporalis, masseter and medial pterygoid 

muscles (Schwartz and Freund, 2002). 

    Pain caused by temporomandibular disorders originates from either muscular or 

articular conditions, or both.Signs and symptoms may be specific or nonspecific. The 

strong relationship between articular and muscular disorders makes accurate diagnosis 

difficult. Patients suffering from muscular disorders will have tenderness to palpation 

of two or more muscle sites. They report of pain or ache in the jaw, temples, face, 

preauricular area, or inside the ear at rest or during function (Manfredini et al., 2011). 

    It has been reported that approximately 50 % of all TMDs are masticatory myalgias 

or painful masticatory muscle disorders. They are more frequently induced by stress-

related parafunctional habits (i.e. clenching and grinding) and rarely by mechanical 

causes such as occlusal prematurities or high dental restorations. Muscular disorders 
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are thought to possibly play a causative role in degenerative disease of the TMJ (Herb 

et al., 2006).  

    Current treatment options include medications such as systemic narcotics, anti-

inflammatory agents and muscle relaxants; physical treatments such as orthotic 

appliance, physical or massage therapy and acupuncture and surgical interventions 

such as arthrocentesis, arthroscopy, and open arthrotomy (Kaur et al., 2015). 

    Botulinum toxin is a neurotoxin, produced by Clostridium botulinum, an anaerobic, 

spore forming, gram positive, and rod bacterium. The effect of botulinum toxin 

depends on blocking the release of acetylcholine from a presynaptic neuromuscular 

synapse and in the autonomous system, blocking its release from post-ganglionic 

cholinergic neurons. In cases of long-term TMJ disorders, muscle activity increases 

and spastic contractions may even appear (Bogucki and Kownacka, 2016).  

    In recent years, there have been reports describing the use of botulinum toxin for 

TMDs such as bruxism, clenching, masseteric hypertrophy, recurrent dislocation of 

the temporomandibular joint, oromandibular dystonias, and chronic myogenous 

orofacial pain (Schwartz and Freund, 2002). 
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1.1Temporomandibular joint (TMJ) 

   The temporomandibular joint (TMJ) is a bilateral, dynamic, synovial and 

diarthrodial articulation between two common bones; the condylar process of the 

mandible and the temporal bone of the skull. The human TMJ show a unique shape, 

function and structural characteristics. A fibrocartilaginous disc is filling the space 

between those two bones (Palla, 2016); as shown in figure (1.1). 

   The TMJ is a functional part of the masticatory system. It works together with teeth, 

periodontium, jaws, masticatory muscles and the nervous and blood supply of these 

structures as one unit (Soboleva et al., 2005). 

 

Figure (1.1): Surface anatomy of temporomandibular joint. Mouth closed (left) and mouth 

opened (right); (Drake et al., 2005). 

 

   The human used TMJ most frequently than other joints in the body and control the 

bilateral simultaneous movement of the mandible (Ferreira et al, 2016). The TMJ as a 

part of the stomatognathic system play a crucial role in controlling the mandibular 
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movement and disrupting the loading stresses of the daily tasks, such as mastication, 

speaking, yawning, and swallowing (Murphy et al., 2013). 

1.1.1 Development of the temporomandibular joint 

   The TMJ is derived from the first pharyngeal arch. The TMJ develops from two 

mesenchymal condensations, and is composed of the glenoid fossa that originates 

from the otic capsule by intramembranous ossification, the mandibular condyle of the 

temporal bone and a fibrocartilagenous articular disc derived from a secondary 

cartilaginous joint by endochondral ossification (Wenna Liang et al, 2015). It is 

developed in the later stage of the intrauterine life and at birth it’s remain under 

development (Bender et al., 2018). The embryonic development defines by three 

stages: 

1- Blastemic stage: occurs between (7-8) gestational weeks, the glenoid fossa and the 

blasmetas of condyle are formed. 

2- Cavitation stage: occurs between (9-11) weeks, the inferior and superior joint 

space are formed. 

3- Maturation stage: occurs about the 12 weeks of gestation until birth, the joint 

capsule and the cartilage are clearly developed and further maturation of the 

surrounding structures is occurring (Mérida-Valesco et al., 1999). 

  The TMJ is small and loose at birth. The fibrocartilaginous tissue developed over 

time. Two periods of growth are followed, included period between (5-10) years of 

age and period between (10-15) years of age. The condyle and the ramus grow 

posteriorly and the body of the mandible is got longer (Krarup et al., 2005).  

  The final development of the TMJ joint is confined by the mechanical force of the 

teeth and the activity of the masticatory muscles (Bender et al., 2018). The length of 

the mandible is matured and completed earlier in female (late teenage) in comparison 

to male (early twenties) (Smartt et al., 2005); figure (1.2). 
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Figure (1.2): Growth development and ossification of Mandibule and TMJ (Beyza Karadede et 

al, 2018) 

1.1.2 Anatomy of Temporomandibular Joint 

   The TMJ is a complex joint. It is located anterior to the tragus of the ear and external 

auditory meatus (Shaffer et al., 2013). The TMJ primary components are: 

1.1.2.1 Hard Tissues 

1.1.2.1.1Mandibular Condyle 

   The condylar process is the mandibular component of the TMJ. It is described as 

ovoid, convex, flat and elliptical. Under normal circumstances can have variable 

shapes (Shaffer et al., 2014). Condyle in adult human is wider mediolaterally (about 

15 to 20 mm) than anteroposteriorly (about 8-10 mm) and the long axes is located at 

the right angles to the planes of the ramus of the mandible (Alomar et al., 2007). The 

shape of the condyle differs clearly among variable age groups and individuals 

(Shaffer et al., 2014). 

1.1.2.1.2 Glenoid fossa and articular eminence 

   The glenoid fossa and articular eminence are the cranial components of the TMJ. 

Glenoid fossa, articular fossa, and mandibular fossa are the most widely terms used for 
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the referral to the concavity presented within the temporal bone that articulated with 

the mandibular condylar process (Laskin et al., 2006). 

    The glenoid fossa is provided the attachment to the posterior capsule and limits the 

borders of the joint cavity superioposteriorly (David & Elavarasi, 2016). 

   The articular eminence is a transverse ridge of dense bone forming the anterior wall 

of the glenoid fossa and consists of two slopes (David & Elavarasi, 2016). The 

articular eminence is covered by thick, quite firm and fibrous tissue (a stress- bearing 

areas within the TMJ) in comparisons to the thin layer of the fibrous tissue that lined 

the glenoid fossa. There is a small bony projection that located lateral to the articular 

eminence considered as a non- articulating surfaces (Laskin et al., 2006). 

1.1.2.2 Soft Tissues 

1.1.2.2.1 Articular Disc 

   Avascular Biconcave disc is filling the space between the cranial and mandibular 

components of the TMJ. It is consisting of three segments- anterior and posterior 

bands and in between there is intermediate zone (David &Elavarasi, 2016). 

   The articular disc as shown in figure (1.3), it is the most important anatomical 

component of the TMJ. Its fibrocartilaginous structure helps to accommodate the 

hinging and gliding movement of the mandible. The disc divided the joint into upper 

compartment where the hinging movement occurs and into lower compartment where 

the gliding movement occurs (Alomar et al., 2007). 

   The anterior and the posterior bands of the disc are thicker (about 2-3 mm thickness) 

than the intermediate zone (about 1 mm thickness). Posteriorly, there is retrodiscal 

tissue or the bilaminar zone. Anteriorly, there is the insertion of the lateral pterygoid 

muscle in-between the superior and inferior extensions of the articular disc. The 

anterior and posterior bands have predominantly transversal oriented fibers, while the 

intermediate zone has anteroposteriorly oriented fibers. In normal TMJ the position of 

disc, posterior band - 12’o clock, and intermediate zone - 1’o clock (Williams, 1999; 

David & Elavarasi, 2016). 
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Figure (1.3): The articular disc divides the joint cavity into two compartments; an upper and a 

lower compartment. E eminence, C condyle, D disc, L lower joint compartment, U upper joint 

compartment (Huddleston Slater et al., 2017). 

 

   Histologically, the anterior part of the disc is avascular and consisted of woven 

fibrous tissue, whereas the posterior part is composed of a looser, elastic, and highly 

vascularized tissue (Tanaka andVan Eijden, 2003). In adults, there is a reduction in 

cellular content and an increase in collagen fibers (Wierusz et al., 2004).  

   The biomechanical properties of the disc allowing it to act as a stress distributer and 

stress absorber to withstand the routine daily loading (shear, compressive, tensile 

loading) which occurs during the static and dynamic movements of the condyle. 

(David & Elavarasi, 2016). 

 

1.1.2.2.2 Retrodiscal tissue 

   The Retrodiscal tissue or the bilaminar zone located posterior to the articular disc as 

shown in figure (1.4). It is consisting of two layers, superior and inferior stratums. The 

superior stratum composed of fibro elastin and confined the joint posteriorly and 

prevent the slipping of the disc posteriorly during the maximum opening of the mouth 

(yawning). While, the inferior fibrous stratum help preventing the excessive rotation 
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of the articular disc over the condyle (Harms and Wilk, 1987; David and Elavarasi, 

2016). 

 

Figure (1.4): Sagittal plane cross section of the right temporomandibular joint 

highlighting the articular disc and the retrodiscal area (Neumann, 2010). 

 

  Loose connective tissue fill with blood vessels and nerves located in between the 

bilaminar zone. The disc has no attached ligaments with the joint capsule laterally or 

medially. It is stated that the lateral pterygoid muscle pulls the disc anteromedially or 

limit posterolateral retraction movements of the disc (Meyenberg et al., 1986; 

Wilkinson, 1988). 

   

1.1.2.2.3 Joint Capsule 

  The joint capsule is a fibroelastic dense connective tissue completely surrounding the 

joint, highly vascular and highly innervated. Laterally, the capsule extends to the 

lateral rim of the glenoid fossa. Medially, the capsule extends to the medial rim of the 

glenoid fossa. Posteriorly, the capsule extends to the petrotympanic fissure and fuses 
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with the superior stratum of the posterior bilaminar zone. Inferiorly, to the periosteum 

of the neck of the condyle (Alomar et al., 2007; David and Elavarasi, 2016). 

  The joint capsule and its ligament help to limit the mandibular movements. It has 

been stated that the anterior part of the capsule with its anterolateral part of 

temporomandibular ligament may confine the amount of the rotation of the 

mandibular condyle during mouth opening, although most of this limitation is imposed 

by the stretched jaw-closing muscles (Koolstra et al.,2001).  

   Synovial membrane is lined the capsule and the non – articulating surface of the disc 

ligaments. It is a highly vascularized connective tissue filled the joint cavities. The 

folds of the synovial membrane are formed posteriorly when the condyle presented in 

the glenoid fossa. When the condyle translated to the articular eminence, the synovial 

membrane stretches and the folds disappear (Bumann et al., 2002; David and 

Elavarasi, 2016). 

   In the upper joint compartment, the amount of the synovial fluid is about 1.2 ml, 

whereas the amount of the synovial fluid in the lower joint compartment is about 0.9 

ml. During the condylar movement, the negative pressure of the intra – articular areas 

allows the fluid to spread over the articular surfaces and lubricate the joint. The 

synovial fluid consists of glycoprotein (lubricin), which reduce the friction between 

the articular surfaces (Bumann et al., 2002). 

1.1.2.2.4 Temporomandibular Joint Ligaments 

  The ligaments of TMJ serve important functions: strengthen the joint, limit, 

stabilized and guided the mandibular movements. Several ligaments manage the TMJ 

forces and send multiple proprioceptive afferents. The proprioception of the joint is 

provided by various components, such as the capsule, masticatory muscles, skin 

receptors and receptors within the periodontal ligaments. The tension perceived by the 

articular ligaments plays an important role in the function of TMJ (Cuccia et al., 

2011); Figure (1.5). 

  There are two collateral ligaments serve to stabilize the articular disc medially and 

laterally to the head of the condyle. These short but strong ligaments help keeping the 
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disc and condyle together during protraction and retraction movements. Also, 

reinforced the joint capsule laterally. The collateral ligament consists of 2 bundles of 

symmetrical fibers that originate at the level of the intermediate fascia of the articular 

disc and insert at the medial and lateral poles of the mandibular condyle. It serves to 

support the disc to the condyle (Bravetti et al., 2004). 

     There are two accessory TMJ ligaments are: the sphenomandibular and the 

stylomandibular ligaments. The sphenomandibular ligament is derived from Meckel’s 

cartilage. It is extending medially and separate from the capsule. It is a flat, thin layer 

of connective tissue arising from the spine of the sphenoid bone and widening with 

downward and outward direction to insert on the mandible at the mandibular linglua. 

Superolaterally, there are the lateral pterygoid muscle and auriculotemporal nerve. The 

inferior alveolar vessels and nerve are passing through the mandibular foramen, so 

there is suggestion that this ligament protects these blood vessels and nerves in this 

area from the tensile stress during opening and closing the mouth. It has no action on 

mandibular movement. (Williams et al., 1989;  Laskin et al., 2006; Hiatt and Gartner, 

2010). 

  The stylomandibular ligament is a reinforced sheet of the deep cervical fascia. It 

extends from the apex of the styloid process of the temporal bone to the posterior 

border of the mandibular angle. It has been suggested that the sphenomandibular 

ligament can limit the lateral movement of the mandible, whereas the stylomandibular 

ligament apparently can limit excessive protrusive movements (Williams et al., 1989; 

Hiatt and Gartner, 2010). 

   The pterygomandibular ligament or raphe (PTML) is a thickening of the 

buccopharyngeal fascia. It arises from the apex of the hamulus of the internal 

pterygoid plane of the skull up to the posterior area of the retromolar trigone of the 

mandibular bone. Some muscles are in contact with PTML: the buccinators muscle 

(anterior) and the pharyngeal constrictor muscle (posteriorly). (Bordoni and Varacallo, 

2019). 
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Figure (1.5): TMJ ligaments and capsule (Cleland and Koppenhaver, 2007) 

 

1.1.2.2.5 Blood and Nerve Supply of the Temporomandibular Joint 

  The main vascular supply of the TMJ is the external carotid artery which gives two 

branches: the lingual and the facial artery to this area. At the level of the neck of the 

mandibular condyle, the external carotid artery bifurcates into the internal maxillary 

artery and the superficial temporal artery which supply the masticatory muscles and 

the TMJ (Alomar et al., 2007; David and Elavarasi,2016); figure (1.6). 

  The TMJ innervate primarily from auriculotemporal nerve branch of the third branch 

of the trigeminal nerve which is the mandibular nerve.    

  Masseteric and deep temporal nerve also innervates the joint. The joint components 

including: the capsule, the synovial membrane and the ligaments of the disc are 

innervated except the disc; the fibrous coverage of articulated surfaces and the 
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cartilages of the condyle is not innervated (Alomar et al., 2007; Hiatt and Gartner, 

2010; David and Elavarasi, 2016). 

   Golgi tendon organs, Ruffini receptors and Pacinian corpuscles are types of 

mechanoceptors present in the TMJ. The mechanoreceptors are always containing at 

least one sensory neuron to send signaling about the mechanical stimuli presented 

within the internal and external environments and in turn these signaling show a great 

influence on jaw position (French and Torkkeli, 2009; David and Elavarasi, 2016). 

 

Figure (1.6): (Blood supply and innervation (Bhaumik Thakkar, 2017). 

 

1.1.2.2.6 Muscles of Mastication 

   The muscles of mastication are a set of four powerful bilateral muscles: the 

temporalis, the masseter, the medial pterygoid, and the lateral pterygoid. The muscles 

involve within the masticatory system are work in harmony with the other components 

of the TMJ unit (Laskin et al., 2006; Alomar et al., 2007). 
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   As shown in figure (1.7), the fan-shaped temporalis muscle is arising from bones of 

the lateral surface of the skull (the broad temporal fossa).     

  The muscle is primarily elevating the mandible; however, because of the muscle fan 

shaped, it also can retract the mandible by its’ posterior and middle portions. And the 

posterior fibers can retrude the mandible after the condyle translated anteriorly and put 

the mandible in protruded position (Laskin et al., 2006; Alomar et al., 2007). 

 

Figure (1.7) The left masseter (A) and left temporalis (B) muscles (Drake et al., 2005). 

 

 

Figure (1.8) The medial pterygoid (A) and lateral pterygoid (B) muscles. (Drake et al.,2005). 

 

  The temporalis muscle is innervated by deep temporal nerves (the anterior and the 

posterior) which is a branch from the anterior trunk of the mandibular division of the 
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trigeminal nerve. The blood supply of the temporalis muscle is via branches of the 

maxillary and superficial temporal arteries (Laskin et al., 2006). 

  Quadrangular masseter muscle covering the angle and ramus of the mandible and this 

give the shape of the jaw posteriorly. The masseter muscle originates from the 

zygomatic arch and inserts into the mandible laterally. This muscle is divided from its 

origin into a superficial portion and a deep portion (Meyenberg et al., 1986; Laskin et 

al., 2006). 

   The masseter muscle considers a powerful elevator of the mandible. The superficial 

fibers function to protract the mandibular condyle and stabilize it on the articular 

eminence, so the powerful force direct on the molars. The deep fibers are directed 

more vertically produce a retractive action during the jaw closing especially. The 

innervation of the masseteric muscle is by the masseteric nerve branch from the 

mandibular division of the trigeminal nerve. Vascular supply is via the masseteric 

branch of the maxillary artery. The nervous and blood supply accompany together in 

their path to the muscle (Laskin et al., 2006). 

  As shown in figure (1.8), the medial pterygoid muscle is a powerful rectangular 

muscle; it is counterpart the masseter muscle. The medial pterygoid muscle acts 

mainly as an elevator of the mandible. Motor innervation of the muscle is from medial 

pterygoid nerve branch of the mandibular division of the trigeminal nerve. The 

muscular blood supply is via a branch of the maxillary artery (Laskin et al., 2006). 

  The lateral pterygoid muscle is filling the infratemporal fossa with the medial 

pterygoid muscle. The muscle is short and has two heads of origin. The inferior head 

is larger than the superior head in about three time (Laskin et al., 2006). The lateral 

pterygoid muscle is a jaw opener (depressor). Also, it is function in mandible 

protrusion and lateral shifting (lateral excursion) of the mandible (from side to side).  

The smaller (superior) head which attached to the articular capsule and disc plays very 

important role in stabilizing the condyle, whereas the larger (inferior) head is 

documented to function in pulling the disc and the mandibular condyle anteriorly 

(forward) and downward during jaw opening. These fibers stabilize the condyle over 
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the articular eminence during chewing and biting (Laskin et al., 2006). The 

innervation of the lateral pterygoid muscle is by a branch of the buccal nerve from the 

mandibular division of the trigeminal nerve. Blood supply is via a branch from the 

maxillary artery (Hiatt and Gartner, 2010). 

  The Digastric Muscle, functions in retrusive and opening movements of the 

mandible. The mylohyoid muscle forms the floor for most of the oral cavity. This 

muscle can depress the mandible when the hyoid bone pulled down, and it can pull the 

hyoid bone forward and stabilized the mandible, it can also raise the tongue and the 

floor of the mouth. Superficial to the mylohyoid muscle there is the geniohyiod 

muscle, a strap- shaped muscle. It can depress the mandible when the hyoid bone 

pulled downward. The stylohyoid muscle is a thin muscle runs between the styloid 

process and body of the hyoid bone. It can stabilize, retract, and elevate the hyoid 

bone, but it is unlikely to have much influence on movements of the mandible. The 

infrahyiod muscles, are contributing to the ventral body wall of the neck. They are 

working together with the suprahyoid muscle group (the mylohyoid, stylohyoid, 

geniohyiod, and digastric muscles) to control the hyoid, the tongue, and the positions 

of the mandible (Laskin et al., 2006). 

 

1.2 Temporomandibular joint disorder 

   The "Temporomandibular joint disorder "indicates a cluster of conditions 

characterized by pain in the TMJ or its surrounding tissues, functional restrictions of 

the mandibular movement, or clicking in the TMJ during movement.. In 

epidemiologic studies, up to 75% of adults showed at least one sign of joint 

dysfunction on examination and as much as one third have at least one symptom 

(Rutkiewicz  et al., 2006).  

     Patients can often present with a combination of specific and non-specific signs and 

symptoms, such as pain in and around the jaw on movement, neck pain, reduced jaw 
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excursion, crepitus, trismus, tinnitus, ear ache, periorbital pain and headache (Thambar 

et al, 2020). 

1.2.1 Aetiology 

   The TMJ is a synovial joint, which embraces an articular disc that allows for hinge 

and sliding movements. That complex mixture of movements, allows for painless and 

efficient chewing, swallowing, and speaking. The articulating surfaces of the TMJ 

covered by a fibrous connective tissue; this avascular and non-innervated structure, 

had a greater capacity to resist degenerative osseous change and regenerate itself than 

the "hyaline cartilage" of other synovial joints. The "synovial joint capsule and 

surrounding musculature" innervated, and thought to be the principal source of pain in 

TMJ disorders (Young, 2015).  

   The etiology of "mandibular joint disorder" was multifactorial and includes 

environmental, biologic, social, emotional, and cognitive triggers (ROBERT and 

MICHAEL, 2015). 

    Capsule inflammation or damage and muscle pain or spasm may be caused by 

atypical occlusion, parafunctional habits (e.g., bruxism, teeth clenching, lip biting), 

stress, anxiety, or abnormalities of the intra-articular disc. The "Abnormal dental 

occlusion" appears to be common in persons with and without TMJ symptoms, and 

occlusal correction did not reliably improve the symptoms or signs of Joint disorders 

(Türp and Schindler, 2012). 

   Parafunctional habits thought to cause TMJ micro-trauma or masticatory muscle 

hyperactivity; nevertheless, these habits were also present in asymptomatic patients. 

Though parafunctional habits might play a role in beginning or perpetuating symptoms 

in some patients, the "cause-and-effect" relationship remains undefined (Atili et al, 

2012). 

   According to Okeson in 2003, there was substantial evidence to suggest that anxiety, 

stress, and other emotional turbulences may exacerbate TMJ disorders, particularly in 
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patients, who experience chronic pain. As many as 75% of patients with TMJ 

disorders have a significant "psychological problem". 

   Acknowledgement and treatment of accompanying mental illness was important in 

the overall approach to controlling chronic pain, including pain caused by "TMJ 

disorders" (Okeson, 2003) 

1.2.2 Temporomandibular disorders classification 

   Similar to many aspect of medicine, TMD overwhelmed, by inconsistent diagnostic 

categories and criteria. In an attempt to develop the TMD diagnostic terminology, a 

validation study followed by several sponsored international consensus workshops 

provided the worldwide-accepted validated diagnostic criteria (Schiffman et al., 2013). 

    These diagnostic categories and criteria are part of the "American Academy of 

Orofacial Pain" (AAOP) guidelines. It was expected that these diagnostic terminology, 

to become universally accepted and used internationally, in all future communications 

(De Leeuw and Klasser, (2013).  

   The diagnostic categories principally separated into TMJ disorders and masticatory 

muscle disorders, but they also have two minor categories for "headache disorders" 

and "associated structures" (Table 1.1).  

   The recommended diagnostic criteria provide clinical diagnosis, based on 

information that could obtained from a patient’s history and clinical examination 

(Edward Wright, 2014). 

 

 

Table (1.1) Research Diagnostic Criteria for the Temporomandibular Disorders RDC/TMD 

Group                                                                                     Criteria 

 

I       Muscle Disorders 

    1.  Reported pain in masticatory muscles  

I.a  Myofacial pain:                             2.  Pain on palpation in at least 3 sites, one of them at least in the same 

Key: Painful muscles                                      side of the reported pain 
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I.b   Myofacial pain with limited             1.  Myofacial pain 

opening:                                                 2.  Pain-free unassisted  opening< 40 mm and Passive  stretch ≥ 5 mm 

Key: Painful muscles +limited movement 

 II     Disk Displacements 

     1.  No pain in the joint 

II.a Disc displacement with                     2.  Reproducible click on excursion with either opening or closing click 

reduction:                                         3.  With click on opening and closing (unless excursive click confirmed): 

Key: Reproducible clicking                      Click on opening occurs at ≥ 5 mm interincisal distance than on closing 

 Clicks eliminated by protrusive opening 

II.b   Disc displacement without             1.  History of locking or catching that interfered with eating 

reduction with limited opening:     2.  Absence of TMJ clicking 

        3.  Unassisted opening (even painful) ≤ 35mm and passive stretch ≤ 4mm 

Key: Limited opening with no clicking        4.  Contralateral excursion < 7mm or Uncorrected ipsilateral deviation on 

opening 

II.c    Disc displacement without                1.  History of locking or catching that interfered with eating 

reduction without limited                  2.  The presence of TMJ sounds excluding DDR clicking 

opening:                                                 3.  Unassisted opening (even painful)  > 35mm and passive stretch  > 4mm 

Key: History of previously limited              4.  Contralateral excursion ≥ 7mm 

Opening imaging needed to confirm DD       5.  Optional imaging (Arthrography or MRI) to confirm DD 

 

 

 III   Other common joint diseases 

III.a Arthralgia: 

Key: Painful TMJ / 

 1.  Pain on TMJ palpation either laterally or intra auricular 

No crepitus                 2.  Self-reported joint pain with or without jaw movement 

3.  Absence of crepitus, and Possibility of clicking III.b   

Osteoarthritis  

Key: Painful TMJ + 

Crepitus 

                                       1.  Pain as for Arthralgia 

                                    2.  Crepitus on any movement or radiographic evidence of joint changes 

III.c  Osteoarthrosis:                               1.  Crepitus on any movement or radiographic evidence of joint changes  

Key: Non painful TMJ + crepitus                   2.  No reported joint pain nor pain on any movement 
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    Functional disorders of the TMJ were probably the most common findings observed 

in examining a patient for masticatory dysfunction. These findings were due to the 

high prevalence of signs and not necessarily symptoms. Many of the signs, such as 

joint sounds, are not painful; therefore, the patient might not seek treatment. However, 

"functional disorders" generally divided into three broad categories: the derangements 

of the condyle-disc complex, the structural incompatibility of the articular surfaces, 

and the inflammatory joint disorders. The first two categories had collectively referred 

to as disc-interference disorders. (Ferreira et al, 2016). 

   The Pain in any joint structure (involving the TMJs) called "arthralgia". It wouldn’t 

originate from articular joint surfaces, since there is no innervation of the articular 

surfaces. Hence, "Arthralgia" could therefore, originate only from the nociceptors, 

located in the soft tissues surrounding the joint .Three periarticular tissues, involve 

such nociceptors: the "discal ligaments", "capsular ligaments", and "retrodiscal 

tissues". When ligaments elongated or the retrodiscal tissues compacted, the 

nociceptors send out signals and pain perceived. Which will creates "inhibitory action" 

in the muscles that move the mandible. Therefore, when pain unexpectedly felt, 

mandibular movement immediately ceases. 

    "Arthralgia", in healthy structures of the joint was a sharp, sudden, 

extreme pain closely associated with joint motion. When the joint rested, the pain 

resolves rapidly. If the joint structures begun to break down, the inflammation can 

produce a constant pain, that accentuated by joint movement (Fikácková et al, 2006). 

   The dysfunction was common with disorders of the TMJ. Usually it presents as a 

disruption of the normal condyle-disc movement, with the production of joint sounds. 

The joint sounds might a single event of short duration known as "clicks". If such a 

click was loud, it referred to as "pop". Crepitation of joint a multiple, rough, gravel-

like sound described as grating and complicated (Guler et al., 2003). 

  The "Muscle and TMJ disorders" make up together group of conditions known as 

temporomandibular disorders (TMDs). 
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1.2.3 Muscles Disorders 

   Like any disorder, there are two main symptoms that could be detected: pain and 

dysfunction. Certainly, the major complaint of patients with "masticatory muscle 

disorders," was muscle pain, which may range from minor tenderness to extensive 

discomfort. Pain sensed in muscle tissue called myalgia, which can arise from 

increased intensities of muscular use. The symptoms related with a feeling of muscle 

tightness and fatigue. Although, the exact origin of this type of muscle pain unclear, 

some suggest, ―it was associated to vasoconstriction of the relevant nutrient arteries 

and the accumulation of metabolic waste products in the tissues of muscle (e.g., 

bradykinins, prostaglandins) were released, causing the muscle pain ( Simons, 2008). 

     The severity of "muscle pain" straightly related to the functional activity of the 

muscle involved. Therefore, patients often stated that the pain, influence their 

"functional activity". When the patient reports pain during chewing or speaking, these 

functional activities were not the cause of this disorder. Instead they intensify the 

patient's awareness of it. Thus, treatment directed toward the functional activity will 

not be appropriate or successful; rather, treatment must directed towards diminishing 

the muscle hyperactivity (Romero and Uyanik, 2014). 

   Another very common symptom, associated with "masticatory muscle pain" was 

headache attributed to TMJ. The Dysfunction was a regular clinical symptom 

associated with "masticatory muscle disorders". Frequently it perceived, as a decrease 

in the range of mandibular motion. When muscle tissues, have compromised by the 

overuse, any contraction or stretching will increases the pain. Therefore, to maintain 

comfort, the patient restricts his movement. Clinically this was seen as an inability to 

open the mouth widely. The restriction may be at any degree of opening depending on 

where discomfort felt (Wright and North, 2009). 

  "Myalgia" recognized when pain aggravated by mandibular motion, function, and 

parafunction. Myalgia further subdivided; into "local myalgia" when pain and 

palpation tenderness localized to area within muscle and "myofacial pain with 
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spreading" when palpation cause spreading to other part of muscle and myofacial pain 

with referral occurred when palpation, cause pain in areas beyond the muscle like ear 

and eye (Jerrold and Manfredini, 2015). 

   Other muscle disorder involves "tendonitis" when the pain aggravated by 

mandibular motion, function, and parafunction, an example was temporalis tendon. 

While "myositis" was similar to myalgia with infection characteristic, like increase 

temperature, edema and erythema and directly related to trauma and infection of 

muscle. "Spasm" on other hand met the criteria of myalgia and the pain and limited 

motion had immediate onset, "inferior lateral pterygoid spasm" most common in 

masticatory muscle in which, there was increased pain when mandible translated 

forward or retruded to the maximum intercuspation (Kijak et al, 2015). 

 

1.2.4 Internal derangements of the temporomandibular joint: 

 1.2.4.1 Disc displacement with reduction 

    In disc displacement with reduction, the articular disc has displaced anterior to the 

condylar head. It may also be displaced medially or laterally. The posterior most 

border of the disc is anterior to the 11:30 position of the condylar head. The disc 

remains in this position as long as the mouth is closed. When the mouth is opened, the 

disc is re-situated on the condylar head. The movement of the disc onto and off the 

condylar head may result in a clicking, snapping, and/or popping sound. This sound 

does not occur with every mandibular movement. Rather, it should be heard by the 

patient at least once in the last 30 days and by the examining dentist during at least a 

third of the mandibular movements. 

   Because the disc reduces during condylar translation, range of motion is not limited. 

However, movements may not be as smooth as a normal TMJ because of the 

momentary sliding of the condyle on and off of the disc (Schiffman et al, 2014). 
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1.2.4.2Disc displacement with reduction with intermittent locking 

  This condition is identical to disc displacement with reduction, with the additional 

feature of intermittent limited mandibular opening on the occasions that the disc does 

not reduce (Santos et al, 2013). 

1.2.4.3 Disc displacement without reduction with limited opening 

   This diagnosis is given when the articular disc consistently does not reduce, 

resulting in limiting opening. Limited opening is defined as <40 mm between 

maxillary and mandibular incisor incisal edges with opening assisted by the dentist. 

This maximum assisted opening range must have factored in the vertical incisal 

overlap at maximum intercuspal position. The percentage of displaced discs that 

reduce on opening is roughly similar to the percentage that does not reduce (Okochi et 

al, 2008). 

1.2.4.4 Disc displacement without reduction without limited opening 

   This condition is identical to the previous condition with the exception that 

mandibular movement is not limited. However, such limitation must have occurred in 

the past to the extent that eating was hindered. This condition typically follows the 

previous condition (Santos et al, 2013). 

1.2.4.5 Disc displacement with reduction 

    Disc displacements often involve neither pain nor dysfunction, and, therefore, do 

not require treatment. For patients with these non-painful joint noises, an explanation 

and monitoring are appropriate. However, the suddenness of onset of pops and clicks, 

the relative loudness of these noises (apparently louder to the patient because of their 

close proximity to the ear), the perception of instability within the TMJ capsule and 

with mandibular movement, and the lack of any signs and symptoms like this before, 

can cause patient anxiety, even in the complete absence of pain and dysfunction 

(Poluha et al, 2019). 

   Such fears can be alleviated by discussing several points with the patient: (1) the 

anatomy behind the joint noises. This provides a context for subsequent discussion of 

their joint. It also clarifies the unknown for the patient, which alone can lessen their 
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anxiety; (2) this condition is common. Patients often are relieved to know that rather 

than being alone with a rare condition, many people experience the same signs and 

symptoms without any negative outcomes; (3) no treatment is required. Displaced 

discs that are painful do require management. Recall that the two aspects of TMD that 

require management are pain and dysfunction. The pain in this particular TMD is due 

to inflammation within the joint (Craane et al, 2012) 

1.2.4.6 Disc displacement with reduction with intermittent locking 

Management of this condition will depend on how often locking occurs. If locking is 

rare, and not a significant bothers to the patient, it may be managed in the same way as 

disc displacement with reduction without intermittent locking. If the lock is frequent 

enough to be bothersome, the patient may wish to increase lubrication of the articular 

surfaces, in an effort to decrease the frequency of locking. This can be done by 

moving the mandible fully through all directions of movement (open, protrusive, 

retrusive, and laterotrusive) after capturing the disc. Usually, the disc can initially be 

reduced with lateral movements. The patient should then perform these mobilization 

exercises without allowing the disc to re-displace (Yoda et al, 2003). 

1.2.4.7 Disc displacement without reduction with limited opening 

   This condition requires management because dysfunction is present. In the acute 

stage, disc mobility may be restored by manual manipulation of the mandible by the 

healthcare provider. Okeson recommends grasping the mandibular molars both sides, 

with the thumbs bimanually. The unaffected side should be stabilized firmly, and the 

affected side pressed inferiorly to clear the height of the disc, and then brought 

anteriorly to seat the condyle on the disc. With the disc now reduced, the mandible is 

slid anteriorly and posteriorly to re-lubricate the surfaces (Okeson, 2003). 

   Limited joint movement results in limited synovial fluid cycling, allowing the 

accumulation of inflammatory agents, which can cause damage if present during a 

prolonged period of limited mobility (Santos et al, 2013). 
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1.2.4.8 Disc displacement without reduction without limited opening 

    Non reducing displaced TMJ discs usually return to a satisfactory range of motion. 

In such cases, the displaced disc is found in a position where it does not obstruct 

condylar translation. It may be displaced far anteriorly, allowing a generous condylar 

slide before contact is made. The disc may also have become folded, making it more 

compact and less obtrusive (Okochi et al, 2008). 

 

1.2.5 Joint Inflammatory disorder: 

   Inflammatory joint disorders were a group of disorders in which various tissues that 

made up the joint structure become "inflamed", because of insult or breakdown. Some 

or all of the joint structures might be involved. Disorders of this category و were 

capsulitis, synovitis, Retrodiscitis, and the Arthritides. 

Dissimilar to disc derangement disorders, in which the pain often momentary and 

associated with joint motion, "inflammatory disorders" were characterized by a 

constant dull, aching pain that is intensified by joint motion (Dimitroulis, 2013).   

1.2.5.1 Synovitis 

   When the synovial tissues of the joint become inflamed, the condition called 

"synovitis". This disorder characterized by constant intracapsular pain that intensified 

by joint movement. "Synovitis" commonly caused by irritating condition within the 

joint. It may result from unusual function or trauma. It was difficult clinically to 

differentiate "inflammatory disorders" from each other because the clinical 

presentations very similar. For example, synovitis and capsulitis are nearly impossible 

to separate clinically (Ibi, 2019).   

1.2.5.2 Capsulitis 

   Once the "capsular ligament" becomes inflamed, the condition called 

"capsulitis". It typically presented clinically as tenderness when the lateral pole of the 

condyle palpated. Capsulitis produced pain even in the static joint position but the 

pain, exacerbated by protrusion or lateral excursion of the mandible and mouth 
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opening. Though a number of etiologic factors can contribute to capsulitis, the most 

common is macrotrauma (especially an open-mouth injury). Thus, whenever the 

capsular ligament sharply elongated and an inflammatory response detected, it 

expected that trauma would found in the patient's history. "Capsulitis" also developed 

secondary to nearby tissue breakdown and inflammation (Bouloux, 2009).   

1.2.5.3 Retrodiscitis 

   The "Retrodiscal tissues" were highly vascularized and innervated. Thus they were 

unable to tolerate much loading force. If the condyle impinges on these tissues, 

breakdown and inflammation were expected. 

   As with other inflammatory disorders, inflammation of the "retrodiscal tissues" 

characterized by constant dull, aching pain that was often augmented by clenching. If 

the inflammation becomes great, swelling might occur and force the condyle 

somewhat forward down the posterior slope of the "articular eminence".   This shift 

caused "an acute malocclusion". Clinically such " an acute malocclusion" perceived 

as, disengagement of the ipsilateral posterior teeth and substantial contact of the 

contralateral canines (Machoň et al, 2012).  

   Trauma was the major "etiologic factor" with "Retrodiscitis". Open-mouth 

macrotrauma (a blow to the chin) can force the condyle onto the retrodiscal tissues. 

Microtrauma can also be a factor and was associated with discal displacement. As the 

disc thinned, and the ligaments become elongated, the condyle begins to intrude on the 

retrodiscal tissues. The first area of breakdown was the "inferior retrodiscal lamina", 

which allows more discal displacement. With continued breakdown, disc dislocation 

arises and forces the entire condyle, to articulate on the "retrodiscal tissues". If the 

loading great for the retrodiscal tissue, collapse continues and perforation can occur. 

By perforation of the "retrodiscal tissues", the condyle may ultimately move through 

tissues, and articulate with the fossa (Maini and Dua, 2020). 

1.2.5.4 Arthritides 

    The "Joint Arthritides" represent a group of disorders in which destructive bony 

changes encountered. One of the common types of TMJ Arthritides called 
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osteoarthritis (degenerative joint disease). "Osteoarthritis" represents a destructive 

procedure by which the bony articular surfaces of the condyle and fossa became 

altered. It considered to be, the body's response to increased loading of a joint. As 

loading forces remain, the articular surface becomes softened (the chondromalacia), 

and the subarticular bone begins to resorb, finally results in loss of the subchondral 

cortical layer, bone erosion, and consequent radiographic evidence of "osteoarthritis" 

(Wang et al, 2015). 

    The "Osteoarthritis" occasionally painful, and the jaw movement heightens the 

symptoms. Crepitation (multiple grating joint sounds) was a common finding with this 

disorder. "Osteoarthritis" could occur anytime the joint overloaded, but mostly 

associated with disc dislocation or perforation (Abrahamsson et al, 2017). 

    When the disc dislocated, and the retrodiscal tissues break down, the condyle begun 

to articulate directly with the fossa, thus accelerating the destructive process. In time, 

the dense fibrous articular surfaces destroyed, and bony changes occur. 

Radiographically, the surfaces seem to be eroded and flattened, however these 

findings, may not reflect the clinical signs and symptoms; "Asymptomatic joints" 

might existing with radiographic changes, and few of the "symptomatic joints" might 

fail to show radiographic changes (Verma et al., 2017).If patients met, the criteria for 

diagnosis of degenerative joint disease without tenderness to palpation 

"osteoarthrosis" had been used, as noninflammatory form of "osteoarthritis" (Wright 

and Klasser, 2019).  

1.3 Botulinum toxin    

     Botulinum toxin (BTX) is a neurotoxic protein produced by 

the bacterium Clostridium botulinum and related species (Montecucco and Molgó, 

2005). It prevents the release of the neurotransmitter acetylcholine from axon endings 

at the neuromuscular junction (NMJ), thus causing flaccid paralysis (Figgitt  and 

Noble ,2002) .  
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   Following the injection of BTX, its heavy chain attaches to presynaptic cholinergic 

motor nerve terminals in the NMJ, and subsequently enters the neuron by endocytosis. 

The light chain, which is released from the endosome into the cell cytoplasm, cleaves 

synaptosome-associated protein of 25 k Da (SNAP-25) involved in the exocytosis of 

acetylcholine.  Consequently, BTX causes muscular relaxation by blocking 

acetylcholine release from presynaptic nerve fibers in the NMJ and inhibiting the 

depolarization of postsynaptic nerve terminals (Park et al, 2016). 

    BTX does not inhibit the production of acetylcholine and therefore, motor function 

is recovered by subsequent motor axon outgrowth step, which involves the sprouting 

of axons in the motor end plate after a certain time has elapsed after toxin injection 

(Bogucki and Kownacka, 2016).     

   The toxin causes the disease botulism. The toxin is also used commercially for 

medical and cosmetic purposes.   Seven serotypes exist, designated as A, B, C 1, D, E, 

F, and G. Each one of them is a protease with a light chain linked to a heavy chain by 

a disulfide bond. Each is antigenically distinct. However, botulinum toxin A (BTX-A), 

B (BTX-B), and F are the only serotypes currently available for Clinical use (Zeina et 

al, 2011). 

1.3.1 Botulinum toxin injection dose  

    We typically use a concentration of 2.5–5.0 units per 0.1 mL of BTX with a starting 

dose of 10–25 units for each temporalis muscle, 25–50 units to the masseter muscles 

and 7.5–10 units to the lateral pterygoids. Subsequent doses are individualized and are 

based on the patients’ response. BTX diffuses to about 1 cm at each injection site, and 

affected areas may be left untreated if an inadequate number of sites are infiltrated 

within a single muscle group. To avoid an incomplete response, we advocate using 

lower concentrations at multiple sites with larger injection volumes. (Singh et al, 

2018). 
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1.3.2 Frequency of injections  

   In three of the experimental studies (Emara et al, 2013), (Karacalar  et al, 2005) and 

( Arinci  et al, 2009) a single injection was administered; and in one study, (von 

Lindern, 2001) 17% of patients received a second injection. Generally in these studies, 

the impact of single dose normally last until the end of the follow-up period. In all 

investigated cases, the first dose yielded relatively favorable outcomes and repeated 

doses after 2-6 months were performed to strengthen the effect of previous injection. 

 

1.3.3 Therapeutic effects of Botulinum Toxin 

    Approximately 3-4 weeks after the initial injection, patients will return for 

reevaluation and documentation any adverse effects and/or suboptimal responses. 

Some patients may require a booster injection at that time. Additional BTX injections 

are directed by the patients’ history and clinical examination, and pain diaries are a 

useful guide to help in patient directed therapy. It may take several weeks before 

patients experience the maximum pain relief from BTX. Although the typical duration 

of efficacy is 12 weeks, tremendous variability was noted among patients with respect 

to optimal dosing frequency. Some patients experience relief well beyond the 

predicted pharmacokinetic duration of the drug supporting the possibility that BTX 

does not strictly act at the periphery and may be involved in neuromodulation at the 

level of the central nervous system. It is important to note that an individual patient’s 

response to toxin may change over time, which further support the importance of 

patient directed dosing (Mathew and Kaup, 2002) 

 

1.3.4 Botulinum Toxin for Temporomandibular Joint Disorder 

    Botulinum toxin is one of the most dangerous poisons known to man. It is 40 

million times more toxic than cyanide. This powerful toxin has a potent biological 

effect: it is able to block the release of vesicular acetylcholine and consequently 
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inhibits the muscles fibers activation. This inhibition is however transient, which 

makes it clinically relevant.  

    The action of botulinum toxin is reversible; occurs within 1–14 days, peaks at 

approximately 4 weeks, and begins wearing off after 10–12 weeks; which makes it 

safer to use for therapeutic purposes (Dutt et al, 2015).  

    Preventing acetylcholine release affects both the neuromuscular junctions and other 

types of synapses. Depending on the target tissue, the toxin may block cholinergic 

innervation of skeletal muscles, but it also may block cholinergic innervation of the 

exocrine glands (Wenzel, 2004), (Frevert, 2015).  

    Since the 1980s, many medical indications of the toxin have emerged. The principle 

is to utilize the paralytic properties of the toxin so as to eliminate excessive or even 

painful muscle contractions. Botulinum toxin, primarily known for its use in cosmetic 

surgery, is also used for therapeutic purposes in many medical fields. It works as a 

muscle relaxant and inhibits glandular secretions.  In the orofacial sphere, the use of 

this toxin is proposed in particular for disabling myofacial pain and aberrant salivary 

disorders (Bayet et al, 2018). 

    The use of botulinum toxin, in fact, offers an attractive therapeutic alternative in 

managing myofacial pains such as bruxism and masseter hypertrophy. The toxin may 

be used in the treatment of hypertonicity of the superior labial muscles, mouth opening 

limitation (MOL), aberrant salivary disorders, sialo-oral fistulas, and Frey syndrome ( 

Soares et al, 2012).     

    Botulinum toxin intramuscular injections cause weakness in the muscle by partial 

paralysis of the muscle with an onset of  days2-14; there are numerous short‐term 

reports of it providing significant reduction in TMD symptom (Baker  and Nolan, 

2007),( Abboud et al, 2017) .These injections are relatively expensive, its benefits 

generally only last approximately three months (similar to its duration in the 
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intervention of facial wrinkles)  and have associated risks (e.g. facial deformity at 

injection site (Khalifeh et al, 2016), (La Touche et al,2009), (Laskin, D.M.,2012).  

1.3.4.1 Botulinum Toxin Injection Technique 

     A thorough knowledge of underlying anatomy of muscles that may be involved in 

TMD is essential for both diagnosis and treatment. The technique was first described 

by Schwartz and Freund in 2002. 

    The most commonly affected muscles are the temporalis muscle, masseter muscle 

and lateral pterygoid muscles. The temporalis muscle and masseter muscle are almost 

always involved and usually manifest as direct muscle pain. Lateral pterygoids 

involvement usually manifests as buccal pain, lateral jaw deviation or bruxism 

(Tintner and Jankovic, 2002).   Although Botox (onabotulinum toxin A), Dysport 

(abobotulinum toxin A), Xeomin (incobotulinum toxin A) or Myobloc (rimabotulinum 

toxin B) have been approved for use by the U.S. Food and Drug Administration 

(FDA) for various other conditions including bladder dysfunction, chronic migraine, 

upper limb spasticity, cervical dystonia and primary axillary hyperhidrosis, no product 

is currently approved by the FDA to treat TMD (Song et al, 2007) . 

  Furthermore, there is no established method to calculate equivalent doses between 

different BTX products. The potency per unit of one product is not interchangeable 

with other preparations and each may have different safety and efficacy 

characteristics. It is therefore important that clinicians be familiar with the various 

formulations prior to their use (Brodsky et al, 2012). 

    Injections are preferable to be done under the guidance of electromyography (EMG) 

using a 27-gauge monopolar electrode injection needle. The temporalis and masseter 

muscles are injected transcutaneously Figure (1.9). 

    In this fashion injection is achieved along the length of the muscle, and 

confirmation of intramuscular injection is obtained by robust EMG signaling with 

lateral jaw movements. 
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   The temporalis is a large fan-shaped muscle that covers the lateral aspect of the 

cranium, originating from the temporal line and inserting to the coronoid process of 

the mandible. Two types of injections—superficial and deep are used to adequately 

weaken this muscle. Superficial injections are performed into the thinner upper 

regions of the muscle in a fan shape. Deeper injection requires special anatomic 

consideration. Superficial temporal fascia is split approx. 1.5 cm superior to the 

zygomatic arch. In this area there are two superficial fascia layers with fat in between, 

whereas muscle is deeper. If the operator uses the tactile sensation of the needle 

through fascia as guide, two penetrations are necessary. Under EMG guidance, the 

muscle is located below the fascia and toxin is injected. This technique is useful as the 

muscle is thickest before insertion on the coronoid process of mandible (Kumar, 2017) 

figure (1.9). 

 

Figure (1.9): Lateral facial diagram of transcutaneous needle placement for injection of 

botulinum toxin to the temporalis and masseter muscles (Bentsianov et al, 2004). 

 

     The masseter muscle originates from the inferior border of the zygomatic arch and 

inserts into the lateral surface of the ramus and the coronoid process. Approximately 5 

diffuse injections are recommended; preferably targeted to areas of highest activity on 
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(EMG), greatest muscle bulk and greatest discomfort. Care must be taken because 

injection of the masseter muscles may cause diffusion of toxin into the nearby 

zygomaticus major, resulting in an asymmetric smile noted by inability to raise the 

corner of the mouth. Depending upon the severity, 25–50 units of botulinum toxin is 

injected into the masseter and temporalis muscles in cases of bruxism, clenching, 

muscle hypertrophy, muscle hyperactivity and oromandibular dystonia (Dutt et al, 

2015). 

    The lateral pterygoid muscle injection requires EMG guidance because of its size 

and location. Extraoral approach involves establishing the location of condyle head by 

palpation as the patient demonstrates a full range of mandibular motion. Figure (1.10) 

    The needle is advanced at 45_ posteriorly to gently engage the condylar head. The 

needle is then withdrawn slightly and advanced more anteriorly and slightly deeper. 

The patient is then asked to mobilize the mandible from side to side and aspiration and 

injection performed once proper position is ascertained (Lee et al, 2010) Figure(1.11). 

 

 

Figure (1.10): Injection into lateral pterygoid under EMG guidance (song et al, 2007) 
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    The intraoral approach involves access posterior to the maxillary tuberosity in a 

lateral direction. Once the needle is inserted through mucosa, it is helpful to visualize 

the patient’s ear to guide the needle laterally and posteriorly. Care must be taken not to 

inject into infratemporal fossa area. It is also important to note that the muscle is 

surrounded by pterygoid plexus of veins. The lateral pterygoid muscle has been 

injected in patients suffering from TMJ dislocation, anterior disc displacement, 

clicking, muscular hyperactivity and myofacial pain. (Dutt et al, 2015). (Figure 1.12) 

 

Figure (1.11): Injection into lateral pterygoid under EMG guidance (Lee et al, 2010) 

 

Figure (1.12):  Photograph of intraoral EMG guided injection of botulinum toxin to the lateral 

Pterygoid muscle (EMG electromyography). (D’Elia and Blitzer, 2012). 
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    The efficacy of injecting medial pterygoid muscle in most cases is questionable 

because, adequate relaxation of masseter and temporalis muscles appears to provide 

enough clinical effect to relieve pain and reduce joint loading. The medial pterygoid 

muscle can be injected extraorally via submandibular route. However, the angulation 

does not lend itself to good visibility or easy access to the superior aspect of the 

muscle. The intraoral approach allows palpation of the muscle before injection. The 

needle is targeted by inserting the EMG electrode medial to the jaw and lateral to the 

pterygomandiular raphe; piercing through the buccinator muscle. (Mor et al, 2015) 

     In either technique, care must be taken to stay within the muscle because supero-

medial injection can slip into infratemporal fossa and its contents. Branches of 

trigeminal nerve, external carotid artery and muscles of pharynx can be adversely 

affected. Inferior medial injection outside the medial pterygoid muscle can affect the 

submandibular gland as well as muscles of floor of the mouth (Sinclair et al, 2013). 

 

1.3.4.2 Adverse Effects of Botulinum Toxin 

    BTX injection for TMD is administered in relatively small doses and way below the 

estimated lethal dose of approximately 3000 units. Because of the relative low dosing 

profile, adverse effects are uncommon and often mild. Difficulty chewing is the most 

common adverse effect, which results from local muscle weakness and is usually dose 

dependent. Muscle atrophy may result in cosmetic alterations and is another risk of the 

procedure. Higher volume of BTX increased the risk of diffusion of toxin to nearby 

areas which may cause brow ptosis, blepharoptosis or diplopia if the temporalis 

muscle is injected too close to the orbit. Facial asymmetry may result if the masseter 

muscle is injected too close to the zygomaticus major (D’Elia and Blitzer, 2012), 

(Pomprasit and Chintrakarn, 2007), (Shilpa et al, 2014) and (Nixdorf et al, 2002). We 

therefore recommend directing the needle laterally when injecting to minimize this 

diffusion effect. Dry mouth may occur if BTX is injected into the parotid gland. Flu-

like syndromes rarely occur and are usually of brief duration. In addition, with any 
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injection there is an inherent risk associated with a needle puncture, such as bruising 

and local tenderness. (Mor et al, 2015). 

 

1.3.4.3 Contraindications to Botulinum Toxin 

    Contraindications to BTX use include a known allergy to BTX, active inflammation 

or infection at the proposed injection site, pregnancy, breast-feeding, or chronic 

degenerative neuromuscular disorders like amyotrophic lateral sclerosis, myasthenia 

gravis, Lambert-Eaton syndrome, muscular dystrophy or multiple sclerosis. Patients 

taking aminoglycoside antibiotics should not receive BTX injections because this class 

of antibiotics may interfere with the neuromuscular transmission of toxin and 

potentiate the effect of BTX. (Polo, 2005). 

 

1.3.5 Botulinum Toxin Outcomes 

    Numerous studies have shown that BTX provides long-term relief of myofacial 

TMD by decreasing the intensity, frequency, and duration of recurrent episodes. 

Freund et al, 2000 reported on 46 patients with TMD treated with 150 units of BTX-A 

to the masseters and temporalis muscles. They found significant reductions in their 

subjective and objective pain scores, and all patients with restricted mouth opening 

had some degree of improved range of motion.  They also reported successful 

treatment various conditions that fall under the general category of TMD such as 

bruxism and clenching, oromandibular dystonias, trismus, masseter and temporalis 

hypertrophy, and headaches (Freund, et al, 2000). In an open-label study of roughly 

100 patients with TMD the senior author found a 70% response rate to BTX-A 

injections to the masseter, temporalis and lateral pterygoid muscles. Response was 

defined as a 50% or greater reduction of subjective pain and/or frequency of pain 

(Bentsianov et al, 2004) In a multicenter randomized double-blind, placebo controlled 

fixed dose study (50 units Botox to each masseter muscle and 25 units Botox to each 

temporalis muscle), reduction of subjective pain and tenderness to palpation was 
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greatest at eight weeks following injections (Silberstein et al, 2006) The authors of this 

study also noted a decrease in the average daily use of pain medication over the 16 

week duration of this study. 
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Conclusion 

    In the last decades dramatic advances have been made in understanding the causes 

of facial pain related to TMD. Because of the multifactorial nature of the disease, the 

treatment methodology varies greatly among clinicians but had the same aim of 

control of pain and discomfort. BTX.A is safe, well tolerated and can be used for 

management of TMD disorders. Injection of BTX-A in LP muscle, considering the 

different methods, frequencies and injection dosages used in different studies, would 

decrease the clicks and other TMJ-related disorders such as pain, hyperactivity, and 

dysfunction. 
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 انخـالصـت

( هً يصطهر خًاعً نًدًىعت يٍ انساالث انعضهٍت انهٍكهٍت TMDاضطشاباث انفك انصذغً )    

( وانتشكٍباث TMJانتً تُطىي عهى أنى و / أو خهم فً عضالث انًضغ ، ويفاصم انفك انصذغً )

غٍش انسًُ انًُشأ وًٌكٍ نهًشضى أٌ  انًشتبطت بها.  إَه انُىع األكثش شٍىًعا يٍ األنى انفًىي انفًىي

و / أو األسُاٌ ، وانمٍىد فً زشكت انفك ، واألصىاث  TMJٌصابىا بأنى ٌؤثش عهى انىخه / انشأس و 

( TMJفً انًفصم انفكً انصذغً أثُاء زشكت انفك.  كاٌ أنى انىخه انًشتبظ بانًفصم انصذغً انفكً )

بانتشخٍص واإلداسة.  تعمٍذ انهٍاكم انتششٌسٍت داخم يُطمت  وانهٍاكم انًسٍطت تسذًٌا نألطباء فًٍا ٌتعهك

صغٍشة ، ووظٍفت األسُاٌ واألسبطت انًسٍطت باألسُاٌ ، وعًم انعضالث ، واأليشاض ، وَمص 

انتسمٍماث انتشخٍصٍت ، كم هزا ٌعمذ انتشخٍص انًسذد الضطشاباث انًفصم انفكً انصذغً.  تى 

األنى انُاتح عٍ انعضالث زىل انًفصم انفكً انصذغً يثم  استخذاو انعذٌذ يٍ طشق انعالج نعالج

اندبائش وتًاسٌٍ تمٍٍذ انفى وزمٍ عىايم انتصهب ويا إنى رنك بذسخاث يختهفت يٍ انُداذ.  تىكسٍٍ 

( هى سى بٍىنىخً ٌثبظ عضالث انهٍكم انعظًً يٍ خالل إعالت BTX-Aانبىتىنٍُىو يٍ انُىع أ )

ٌاث انعصبٍت.  ٌستخذو هزا انسى نعالج فشط َشاط انعضهت اندُازٍت إَتاج األسٍتٍم كىنٍٍ فً انُها

 انداَبٍت وأعشاض اضطشاباث انًفصم انفكً انصذغً.
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Abstract  

 

Evidence suggest that CAD CAM was in use in the ancient times. In dentistry, CAD 

CAM was introduced in 1970s. Since then, its use in dentistry has been increasing 

day by day. Many companies are developing new CAD CAM systems. With CAD 

CAM, dentists can get high quality inlays, onlays, implant abutments, cast partial 

dentures, crowns, bridges etc. Maxillo-facial prosthesis and orthodontic clear 

aligners are also being produced by CAD CAM. Apart from quality and quick 

production of restorations, cost and difficult usage of CAD CAM are the reasons 

which are causing hurdles in mass production of these restorations. 

Dentists and laboratories have a wide variety of ways in which they can work with 

the new technology. For example, dentists can take a digital impression and send it 

to a laboratory for fabrication of the restorations or they can do their own computer-

aided design and milling in-house.. Alternatively, the laboratory can do all of the 

design work directly on the computer based on the images received.  

We will discusses the history of CAD/CAM in dentistry and gives an overview of 

how it works. Will  also provide information on the advantages and disadvantages, 

discusses how to incorporate the new technology into our practice, and addresses 

future applications. 
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1.1 introduction  

 

  Modern dental practice implies an increased application of information and 

communication technologies. There are numerous advantages to facilitate the work 

of the dentist, but also users of dental services that are becoming more demanding 

in terms of aesthetics, with the clearly expressed desire for the minimum of staying 

and delaying in the dental office. The computer, as a means of interactive 

communication, have a greater role in prosthodontics in terms of practice  in  dental  

office,  but also in dental technical laboratories . 

  Namely, when it is necessary to substitute the removed pathologically-altered 

tissue ،  and producing a fixed prosthetic inlays, onlays, crowns and  veneers are 

indicated, or when  it is necessary to make up missing teeth, and therefore  bridges 

are produced, it comes to the fore the application of  CAD / CAM technology.  In 

the early 90s, over 70% of  private dental practices in the  United States used PCs. 

Undoubtedly the advantage of such a work organization is to increase the speed of 

work, communication with patients and reducing the space for data storage. 

  An important role is also to reduce the possibilities of entering wrong, illogical or 

incomplete data. This computer application today represents far the most common 

form of using in our profession.  The  use  of  computers  in  therapy  is  a  challenge  

for  enthusiast  and visionaries who developed a whole new field: computerized 

dentistry. CAD / CAM systems represent the pinnacle of computer technology with 

lots of realized and potential applications in dentistry. (Mantri, S, Bhasin ,2010) 

 

1.2 What is CAD CAM? 

 

  Computer Aided Design and Computer Aided Manufacturing It is essentially an 

integration of a software to help design a certain concept, prototype or product and 

a program which converts that electronic image into a numeric controlled 

programming language which generates instructions to the machine which makes 

it. The manufacturing process could be subtractive (Milling) or additive (Printing) 

. ( Davidowitz G., et al ,2011) 
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1.3 CAD CAM technology in dentistry  

 

Year 1985 is the key to the introduction of CAD / CAM technology in dentistry. In 

fact, this year, with the help  of  triangular cameras it is executed multidimensional 

measurement,  enabling  the  transfer of information on the measurement  to the 

computer screen. 

  With  the  help  of  a  PC,  software for image processing and connections with 

CNC milling machine, it is obtained the first silicate inlay restoration at the 

University  of  Zurich. 

Then it  was  almost unimaginable technology and practical creation of a new 

concept in dentistry. In Germany, the CAD / CAM technology is introduced in the 

dental practice in 1988 .  

  Modern software provides such a possibility where the minimum thickness of the 

restoration is less than the recommended, it alerts  the dentist to the existing 

problem. Also, on the virtual model is marked and clearly identifiable critical areas 

that can be corrected with the offered tools. 

  The  development  of  technology  went  from  the  machine  copy  milling   through 

to fully  computer-controlled system, with a large base form of the tooth, which 

allowed the automatic production of crowns and bridges. Today, there is several of 

these systems (Cerec, Cercon Celaya, Lava, Everest) and  they are considered to be 

the ones in the future to have a much greater use in producing fixed restoration. 

  Thanks  to  the  CAD-CAM  technology  and  numerous  studies,  it  resulted  in  

formula  for  making extremely  faithful  restoration,  which  not  only  possess  

outstanding  aesthetic  characteristics,  but  also extremely biocompatible. (Mantri, 

S, Bhasin ,2010) 

 

2.1 Evolution of CAD CAM systems : 
 

  Computer-aided design and manufacturing were developed in the 1960s for the 

use in the aircraft and automotive industries. Dr. Francosis Duret was the first 

person to develop CAD/CAM device, making crowns based on an optical 

impression of the abutment tooth and using a numerically controlled milling 

machine in 1971. He produced the first CAD/CAM dental restoration in 1983 . 

  Dr. Andersson developed the Procera Method of manufacturing high-precision 

dental crowns in 1983. Dr. Duret later developed the Sopha system in 1984. 
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  Dr. Andersson was the first person to use CAD/CAM for composite veneered 

restorations. In 1987, Mörmann and Brandestini discovered CEREC system, 

which was the first dental system to combine digital scanning with the milling 

unit . The E4D Dentist system, which was introduced in 2008 permits same-day 

in–office restorations along with CEREC system. ( Davidowitz G., et al ,2011) 

 

  Although CAD/CAM dentistry was used in the mid-1980s, early efforts were 

considered a cumbersome novelty, requiring an inordinate amount of time to 

produce a viable product. This inefficiency prevented its use within dental 

offices and limited it to labside use (that is, used within dental laboratories. 

As adjunctive techniques, software, and materials improved, the chairside use 

of CAD/CAM (use within dental offices/surgeries) increased, For example, 

the commercialization of Cerec by Sirona made CAD/CAM available to dentists 

who formerly would not have had avenues for using it. (F. Beuer Et al , 2008) 

 

2.2 Evolution of CAD CAM in prosthodontics : 
 

  The fabrication of complete dentures using a computer-aided design/computer-

aided manufacturing (CAD/CAM) system has the potential to simplify the above 

process and resolve the associated problems. In recent years, CAD/CAM systems 

have been successfully introduced into restorative dentistry and maxillofacial 

technology. Moreover, they have been applied to removable prostheses . 

 Regarding the removable partial denture, the framework design is drawn on the 

working cast and then scanned using a laboratory scanner. The framework is 

always fabricated by printing a photo polymeric framework and then cast with 

chromium cobalt, or the framework can be printed directly from chromium cobalt 

through Direct Metal Laser Sintering (Alghazzawi T.,2016) 

 

Figure 1 (CAD CAM in prosthodontics)  
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  Furthermore , CAD/CAM technology in implant prosthodontics which 

CAD/CAM allows simplified production of precise and durable implant 

components. The precision of fit has been proven in several laboratory 

experiments and has been attributed to the design of implants. Milling also 

facilitates component fabrication from durable and aesthetic materials. The CAD 

component virtually designs the 3D contour of the final implant component. The 

CAM system produces the actual implant component according to the virtual 

design. In implant dentistry, the implant abutments and frameworks are produced 

by milling at a central production facility. Examples of these systems are Procera 

(Nobel Biocare), Etkon (Straumann), CAM Structure (Biomet 3i), and Atlantis 

(Astra Tech). Custom CAD/CAM abutments combine most of the advantages of 

stock and cast custom abutments (Abduo J, Lyons K,2013) 

 

  

3. CAD CAM Components 
 

A. Scanners 

 

Currently, the data acquisition is either performed directly in the patient’s mouth 

(intraoral) or indirectly after taking an impression and fabricating a master cast 

(extraoral) .  

 

 

Figure 2 (CAD CAM Scanner) 
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Basically there are two different scanning possibilities: 

 

A.1. Optical scanners : The basis of this type of scanner is the collection of 

three- dimensional structures in a so-called ‘triangulation procedure’. Here, the 

source of light (e.g.: laser) and the receptor unit are in a definite angle in their 

relationship to one another. Through this angle the computer can calculate a three-

dimensional data set from the image on the receptor unit. Either white light 

projections or a laser beam can serve as a source of illumination.( Edelhoff D et 

al ,2008). 

 

A.1. Mechanical scanners : In this scanner variant, the master cast is read 

mechanically line-by-line by means of a ruby ball and the three-dimensional 

structure measured. This type of scanner is distinguished by a high scanning 

accuracy, whereby the diameter of the ruby ball is set to the smallest grinder in 

the milling system, with the result that all data collected by the system can also 

be milled. The drawbacks of this data measurement technique are to be seen in 

the inordinately complicated mechanics, which make the apparatus very 

expensive with long processing times compared to optical systems .( Mangano F 

et al , 2017) 

 

B. Design software 

 
Software that can turn the captured images into a digital model to produce and 

design the prosthesis. Special software is provided by the manufacturers for the 

design of various kinds of dental restorations. The software of CAD/CAM 

systems presently available on the market is being continuously improved. The 

latest construction possibilities are continuously available to the user by means 

of updates. The data of the construction can be stored in various data formats. 

The basis therefore is often standard transformation language (STL) data.9 Many 

manufacturers, however, use their own data formats, specific to that particular 

manufacturer, with the result that data of the construction programs are not 

compatible with each other .( Edelhoff D et al ,2008) 

 

C. Digital fabrication process tools 

 
The last phase of the dental CAD/CAM process involves developing a restoration 

from a CAD model into a physical part that undergoes processing, finishing, and 

polishing before being inserted into the patient’s mouth. 
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 The two primary methods used to fabricate these restorations may be subtractive 

(milling and grinding) or additive manufacturing (Rapid Prototype, RP or 3D 

printing). Milling/machining technology is a type of restoration fabrication that 

utilizes subtraction manufacturing technology from large solid blocks.  

 

 The milling units are categorized into two classifications:  

(A) dry/wet/milling and grinding in which some milling materials need dry 

milling and others need wet milling  

(B) number of axes (3 axes or 4 axes or 5 axes) in which both the 4 axes and 5 

axes move linearly up and down through different axes (X, Y, Z).  

Additive manufacturing is defined as the process of joining materials to make 

objects from 3D model data, usually layer upon layer. Once the CAD design is 

finalized, it is segmented into multislice images. For each millimeter of material, 

there are 5–20 layers in which the machine lays down successive layers of liquid 

or powder material that are fused to create the final shape. This is followed by 

further refinement to remove the excess material and supporting frame. The main 

problem with this type of manufacturing is that it can cause differences in the 

final model production because of shrinkage during building, postcuring, and 

minimal thickness of the layers. There are several techniques that can be involved 

in the additive technology including Direct Metal Laser Sintering (DMLS), 

Stereo Lithogr Aphy (SLA), Scan, Spin and Selectively Photo curing (3SP), Poly 

Jet, and Direct Light Projection (DLP). The primary difference is related to 

developing the z-plane, which represents the vertical components of the 

restorations. (Alghazzawi T.,2016) 

  

4. Materials for CAD CAM:- 

Almost all types of fixed (crowns, bridges, implant abutments, inlays and  onlays) 

and removable (removable partial dentures) dental restorations in addition to  

orthodontic appliances can be constructed using CAD CAM technology  .                

  Different CAD CAM systems are compatible with different types of materials  

(Table 1). Silica-based ceramics, infiltrated ceramics and oxide high performance  

ceramics (Aluminum Oxide and Yttrium stabilized Zirconium Oxide) are the most 

widely used materials with CAD CAM technology The materials are available in  

blocks and are either mono-chromatic or poly chromatic. In addition to ceramics  

metals (titanium, titanium alloys and chrome cobalt alloys), waxes and  resin 

materials may be used with dental CAD CAM systems. ( Davidowitz G,2011) 
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1-Materials for processing by CAD/CAM devices depends on the respective 

production system. 

2-Some milling devices are specifically designed for the production ZrO2 frames, 

while others cover the complete palette of materials from resin to glass ceramics 

and high performance ceramics. 

3-The materials normally processed by CAD/CAM systems include: 

A. Metals 

B. Resin materials 

C. Silica based ceramics 

4. Infiltrated ceramics. 

 

 

5.1 CAD CAM System:- 

 

1-Chair side production/office-Based devices. 

2-Laboratory Production. 

3- Centralized fabrication in a production center. 

 

A. Laboratory Production:- 

 

This variant of production is the equivalent to the traditional working sequence 

production between the dentist and the laboratory. The dentist sends the impression 

to laboratory where a master cast is fabricated first. The remaining CAD/CAM 

production steps are carried out completely in the laboratory. With the assistance of 

a scanner, three dimensional data are processed by means of dental design software. 

After the CAD-process the data will be sent to a special milling device that produces 

the real geometry in the dental laboratory. Finally the exact fit of the framework 

can be evaluated and, if necessary, corrected. 

 

B. Centralized Production:- 

 

The third option of computer-assisted production of dental prostheses is centralized 

production in milling center. In this variation, it is possible for ‘satellite scanner’ in 

the dental laboratory to be connected with a production centre via the internet. Data 

sets produced in the dental laboratory are sent to the production center for the 

restorations to be produced with a CAD/CAM device.  

 



8 
 

 

 

  Finally, the production centre sends the prosthesis to the responsible laboratory. 

Thus production steps 1 and 2 take place in the centre. This production model 

minimizes the cost to the laboratory and has the potential to improve fabrication 

efficiencies. (Beuer F, Schweiger J,2008) 

 

Recent Advances:- 

 

Initially , when CAD/CAM was introduced in dentistry, dental CAD/CAM system 

were restricted only to fabricated inlays, onlays, and single unit crowns but over the 

past few years, CAD/CAM have shown and proved their utility in restorative, 

prosthetic and pre-surgery dentistry. Dental CAD/CAM system allows the 

application of newer high strength biomaterials with adequate esthetics. .( Liu P-

R,2005) 

 

5.2 Most Common CAD CAM Systems: 

1. Cercon:  

It does not have a CAD component. In this system, a wax pattern (coping and 

pontic) with a minimum thickness of 0.4 mm is made. The system scans the 

wax pattern and mills a zirconia bridge coping from presintered zirconia blanks. 

The coping is then sintered in the Cercon heat furnace (1,350C) for 6 to 8 hours 

 

 

 

Figure 3 Cercon Art 
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2. Everest: 

 The Everest system consists of scan, engine, and therm components (In the 

scanning unit, areflection free gypsum cast is fixed to the turntable and scanned  

by a CCD camera in a 1:1 ratio with an accuracy of measurement of 20 μm. Its  

machining unit has 5-axis movement that is capable of producing detailed  

morphology and precise margins from a variety of materials. Examples: leucite 

reinforced glass ceramics, partially and fully sintered zirconia, and titanium . 

(Oen, Kay T; Veitz-Keenan,2014) 

 

3. Lava:  

This system uses yttria stabilized tetragonal zirconia poly crystals (Y-TZP)  

which have greater fracture resistance than conventional ceramics.Lava system 

uses a laser optical system to digitize The Lava CAD software automatically  

finds the margin and suggests a pontic. The framework is designed to be 20% 

larger  to compensate for sintering shrinkage. (Liu P-R ,2005) 

 

 

 

 

 

 

Figure 4 Everest system 

Figure 5 Lava system 
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4. Procera:  

This system has combined pantographic reproduction with electrical  discharge 

(spark erosion) machining. It uses an innovative concept for generating its  

alumina and zirconia copings(10) . First, a scanning stylus acquires 3D images 

of the master dies that are sent to  the processing center via modem. The 

processing center then generates enlarged dies  designed to compensate for the 

shrinkage of the ceramic material. Copings are  manufactured by dry pressing 

high-purity alumina powder (> 99.9%) against the enlarged dies. These densely 

packed copings are then milled to the desired thickness.  The Procera 

restorations have excellent clinical longevity and strength. (Mehl A, Hickel 

R,2009) 

 

 

 

 

 

 

 

5. E4D Dentist System: 

  Presently it is the only system besides CEREC that permits same day in-office  

restorations. This system includes a laser scanner (Intraoral digitizer), a design 

center  and a milling unit. The scanner is placed near the target tooth, and has 2 

rubber feet  that hold it to specific distance from the area being scanned. As 

each picture is taken, the software gradually creates a 3D image. The design  

system automatically detects the finish lines and marks them on the screen. (Liu 

P-R ,2005) 

 

Figure 6 Procera system 
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As soon  as the restoration is approved, the data are transmitted to either the in-

house milling  machine or a dental laboratory. The office milling machine will 

then manufacture the  restoration from the chosen blocks of ceramic or 

composite. 

 

 

 

 

 

 

 

 

CAD CAM in Dentistry 

 

6.1. CAD CAM in implant  

The optimal positioning of an implant in mesiodistal, corono-apical, and orofacial 

direction is essential for facilitating treatment success with implant-supported 

prostheses. Especially in indications with multiple missing teeth, in which 

landmarks from adjacent or contralateral teeth are missing, the use of a surgical 

guide, which is based on a prosthodontic plan and mock-up, is of most 

importance.  

 

 

 

 

 

 

 

 

 

Figure 7 E4D Dentist System  

Figure 8  utilizing CAD CAM in implant field 
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The mock-up is tried in the patient to assess critical esthetic and functional 

parameters and will serve as the basis for the diagnostic guide, in which the 

planned tooth positions are visualized with the use of radiopaque material .   

Using implant planning software, digital implant selection and positioning can 

subsequently be performed, allowing to determine the best possible compromise 

between desirable implant position from a prosthodontic view and the surgical 

feasibility given by the anatomy and condition of the underlying alveolar 

structures. Thus, digital technology indeed enables prosthodontically driven 

implant placement in its best possible way and needs to be an integral part of 

computer-guided surgery. 

 

6.2. CAD CAM in surgical and prosthetic field 

The concept of computer-guided surgery and immediate loading are usually 

presented in combination as a surgical and prosthetic treatment that is easy, safe, 

and predictable. Unfortunately, this is not true, as several complications both 

during the surgical procedure and during the prosthesis connection can occur. 

According to the literature, surgical complications are more likely to happen. 

Hultin et al. (2012) indicated that the surgical complications are almost 70% and 

that the fracture of the surgical guide is the most common one. Instead, the most 

common complication associated with the immediate connection of the 

prosthesis, which represents the 39% of the total, is its misfit. Implant and 

prosthesis failures are late complications. 

Implant survival after 1 year ranged between 89% and 100% (mean 97%) and the 

corresponding prosthesis survival between 62% and 100% (study mean 95%). It 

sounds interesting to compare implant and prosthesis survival of implants placed 

with a conventional technique and those installed in conjunction with guided 

surgery. 

In conclusion, the most common complications are fracture of the surgical guide 

and misfit of the prosthesis. When conventional implant surgical techniques are 

used, however, these kinds of events are not referred to as complication . ( Radi 

Masri et al ,2015) 

 

 

 



13 
 

 

 

6.3. CAD/CAM in Removable Denture 

For removable dentures, CAD/CAM fabrication represents a novelty. The 

denture base is milled from preformed acrylic resin blocks that were previously 

polymerized under great heat and pressure, resulting in a highly condensed resin 

that is assumed to release less monomer and to have fewer micro porosities . 

Porosities are among the factors for the microbial colonization of the denture 

base, which is often high, particularly among older or dependent patients. 

All dentures require manual refinement of the non-mucosal side denture surfaces, 

another task involving the dental technician. The mucosa-side denture surfaces, 

on the other hand, are finished by milling in most CAD/CAM denture systems, 

and appear to be smoother than conventional dentures and might therefore be 

easier to clean. Whole You Next teeth dentures are additionally dip coated, a 

strategy that supposedly further enhances the surface properties. 

The prepolymerized acrylic resin used for the fabrication of the denture base 

provides a superior fit and strength when compared to conventionally processed 

bases. 

Research at the University of Buffalo describes some favorable properties for 

prepolymerized acrylic resin. The material appears to contain less residual 

monomer and to be more hydrophobic than the conventionally processed acrylic 

resin which will result in a more bio-hygienic denture. 

Microorganisms such as C. albicans adhered less to the denture base, which 

reduces the potential for infections.. 

The hypothesis that fit and retention are enhanced in CAD/CAM-fabricated 

dentures because of the avoided polymerization shrinkage of the denture base has 

been supported by recent literature and clinical evidence. Regarding other 

material and production-specific properties, scientific evidence is scarce so far. ( 

Patricia - Anca Steinmassl et al. 2017) 
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6.4.1. CAD/CAM in complete dentures 

Currently, two commercial manufacturers are available for the fabrication of 

CAD/CAM dentures. Both manufacturers allow the fabrication of dentures in 2 

appointments. The first appointment consists of data gathering (impressions, jaw 

relations, occlusal plane orientation, tooth mold,and shade selection) and the 

second appointment consists of denture placement and adjustments. 

 

1.AvaDent™ Digital Dentures (Global Dental Science LLC., 

Scottsdale, AZ) 

 

 

 

 

 

 

 

 

 

 

 

it uses subtractive manufacturing for the fabrication of their dentures. The 

dentures are milled from a prepolymerized block of acrylic resin and the denture 

teeth are bonded to the base. Recently, they have developed the process of milling 

their own teeth, thereby creating a prosthesis where the teeth and base are a single 

unit (a monolithic prosthesis). Their current system offers the following products: 

(i) complete over complete dentures; (ii) single-arch complete dentures; (iii) 

implant-supported overdentures;(iv) immediate complete dentures; (v) 

provisional dentures; (vi) record bases; (vii) scanning guides; (viii) verification 

jigs; (ix) bone reduction guides; (x) conversion dentures; and (xi)definitive fixed 

complete dentures (fixed-detachable or hybrid prostheses).  

 

Figure 9 AvaDent™ Digital Dentures 
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2. Dentca™ (Dentca Inc., Los Angeles, CA)  

 

 

 

 

 

 

 

 

 

 

 

uses additive manufacturing (such as RP or 3D printing) to fabricate trial dentures 

and then the definitive denture(s) is/are processed conventionally using 3D 

printed flasks. The system allows for the fabrication of complete over complete 

dentures and single-arch dentures. (  Radi Masri et al .2015) 

 

6.4.2.Techniques for Manufacturing CAD/CAM Complete 

Dentures 

1. AvaDent® Digital Dentures  

AvaDent® (Global Dental Science LLC, Scottsdale, AZ) uses CAE and 

subtractive manufacturing for the fabrication of their definitive complete 

dentures while offering both milled and printed trial dentures. There are two types 

of definitive complete dentures: a milled denture base with bonded individual 

teeth from different manufacturer’s or a monolithic AvaDent® XCL (extreme 

cross-linked) where the milled teeth and the base are a single unit. The AvaDent® 

XCL monolithic dentures are available in XCL-1 where the teeth are 

monochromatic or in XCL-2 where the teeth are polychromatic and provide a 

more natural morphology and anatomy with translucent enamel-like acrylic resin 

overlying a dentin-colored core. AvaDent dentures can be typically fabricated to 

completion in 3 appointments. 

Figure 10 Dentca™ Digital Dentures 
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First appointment : 

Different methods can be used to obtain the clinical records required to order 

AvaDent complete dentures. The most popular methods include : 

• Reference denture technique. Duplicates of the patient’s dentures can be 

border molded using polyvinyl siloxane material followed by a thin layer 

(wash) of a light-body polyvinyl siloxane impression material along with an 

interocclusal record at the desired occlusal vertical dimension. 

 

• The AvaDent-Wagner EZ guide protocol. These AvaDent-Wagner EZ 

guides are made of printed bases with printed maxillary and mandibular 

anterior teeth set in rims formed of a special material that resembles pink 

baseplate wax for the Wagner Try-In (WTI).  

The special pink wax provides better adherence to the denture teeth that allows 

the teeth to be moved without being readily displaced from the rim. The 

maxillary guide resembles a record  

base with milled posterior teeth incorporated into the record base. The 

mandibular guide resembles a traditional record base with the six anterior 

teeth set in wax and a posterior wax occlusion rim. The bases and teeth can be 

either milled or printed from a Standard Tessellation Language file (also 

known as Standard Triangle Language) (STL file) provided by the 

manufacturer. The teeth are positioned in accordance with known averages 

and principles followed in complete denture prosthodontics. Intraoral 

scanning. The edentulous jaws can be scanned with an intraoral scanner and 

the resulting data used to fabricate Wagner EZ Guides for the trial placement 

appointment. 

 

Second appointment : 

There are multiple types of trial dentures that can be used to assess phonetics, 

esthetics and function at this appointment. One option is the previously described 

Wagner EZ Guides. The second option is a white milled trial denture where the 

base and teeth are formed from one of the Vita shades of resin. A third option is 

a milled base with denture teeth set in a thin layer of wax in slightly oversized 

milled recesses that permit a limited amount of tooth movement (advanced try-

in denture, ATI) to fulfill the esthetic modifications. More comprehensive 

corrections could be equally performed but would require removal of the wax 

layer and enlarging of the resin recesses. Following any performed change to the 

trial denture; the manufacturer will rescan the dentures to incorporate the 

performed changes in the definitive milled complete denture.  
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Third appointment : 

The placement of a CAD/CAM complete denture is exactly the same as a 

conventional complete denture. Fit CheckerTM (GC America, Alsip, IL) or 

pressure indicator paste can be used to adjust the fit of the intaglio surface to the 

intraoral mucosa. Occlusal contacts are verified and adjustments are made 

intraorally, if deemed necessary. Substantial disparity in occlusal contacts 

between the dentures can be adjusted by using a clinical remount procedure. As 

with conventional dentures, slightly enhanced adaptation of the prostheses to the 

denture bearing tissues should have taken place before the final remounting for 

occlusal adjustments. 

 

2. DENTCA™ CAD/CAM dentures 

Dentca™ (Dentca Inc., Los Angeles, CA) uses additive manufacturing (3D 

printing) to fabricate a printed base with recesses into which the requested 

denture teeth are bonded. The Dentca™ teeth are bonded to the base before the 

post-curing treatment of the printed resin using the same resin material. The 

system allows for the fabrication of complete dentures, partial dentures, single 

arch dentures, and immediate dentures. 

First appointment 

System-specific two-piece maxillary and mandibular impression trays supplied 

by the manufacturer are used to make the definitive impressions and record the 

maxilla-mandibular relationship. Border molding using polyvinyl siloxane 

material followed by a thin layer of alight-body wash polyvinyl siloxane 

impression material is performed in the traditional way. Prior to making the 

records for the OVD and CR, a #15C surgical blade is used to slice through the 

impression material on both the maxillary and mandibular impressions following 

the demarcating borderline between the posterior and anterior parts of the trays 

to separate the anterior and posterior segments of the tray using firm intermittent 

wiggling and pulling motions. The anterior sections of the trays are repositioned 

in the mouth for jaw relation records. 

Contrary to traditional Gothic arch tracing devices (also called central bearing 

tracing), the tracing table is incorporated into the maxillary tray and the contact 

point that serves as the central bearing pin for a Gothic arch tracing is located in 

the mandibular tray. 
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An adhesively retained tracing material supplied by the manufacturer (EZ-

Tracer™) is secured to the flat maxillary tracing table. The contact point is 

adjusted up or down to obtain the desired OVD in the customary manner using 

the provided Dentca Jaw Gauge. The mandibular movements (protrusive and 

laterotrusive) are recorded. The pattern obtained resembles an arrow with the 

apex of the arrow denoting CR. The maxillary and mandibular anterior sextants 

of the trays are removed from the patient’s mouth and a dimple created at the 

bottom of the arrow with a round acrylic resin bur. For recording the CR position, 

the trays are placed back in the mouth and the mandible guided until the central 

bearing pin fits into the dimple. Interocclusal registration material is injected 

between the maxillary and mandibular trays to secure them together in CR and at 

the selected OVD. 

A lip ruler provided by the manufacturer is used to determine the length of the 

maxillary lip and position of the maxillary incisor incisal edge. The two-piece 

tray with the definitive impressions and maxilla-mandibular record along with 

the maxillary lip length are sent to the company to be scanned. A virtual design 

of the dentures is then sent to the clinician to evaluate and approve the designs 

prior to printing the trial dentures. 

 

Second appointment 

Maxillary and mandibular trial dentures are printed and trial seated to assess 

phonetics, esthetics and function. The intaglio surface, the teeth and the occlusal 

contacts of the printed trial dentures can be adjusted by selective grinding if 

needed. If corrections are made to the intaglio surface or the occlusion, it is 

recommended that a light-body wash polyvinyl siloxane impression and 

interocclusal record be made and sent to the laboratory for rescanning and 

adjustments. 

The definitive complete dentures can be printed using any 3D printer. The pink 

bases with recesses are printed first, the teeth are printed second and both are 

bonded together with the use of a PMMA. The dentures are polished and ready 

for placement. 

 

Third appointment 

The denture placement is exactly the same as a conventional complete denture. 

Fit Checker TM (GC America, Alsip, IL) or pressure indicating paste can be used 

to adjust the fit. 
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7. Shade Matching : 

Whereas digital shade taking can be accomplished using a variety of 

photospectrometers, current CAD/CAM developments are enabling shade 

taking and matching with a single system (e.g., Trios, 3Shape). Early shade 

taking technology used digitally acquired scans to map the colors of teeth 

Moving forward, rather than relying on human interpretation of shade, which is 

wrought with errors resulting from the influence of daylight, artificial light, 

clothing color, and individual optical perceptions, CAD/CAM shade taking will 

eliminate color discrepancies and save time. With CAD/CAM shade taking, the 

scanner automatically detects the shades of adjacent teeth as it captures images 

of the affected teeth and/or preparations. Then, the identified shades can be 

indicated in the digital impression files and/or restoration design files. ( Jonthan 

L et al, 2018) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 Shade Matching in CAD CAM 
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8. Advantages and disadvantages of CAD CAM in dentistry 

 

 If we compare the advantages of CAD CAM restorations over the  

conventional one, we will definitely place CAD CAM restorations on top.  

They provide us quality restorations with quick and easy fabrication. 

 

Advantages of CAD CAM systems : 

 
1. Chair-side restoration was produced and  finished within one visit in office 

system.  

 

2. High precision and accuracy for making possible restorations and  appliances 

created on digital models.  

 

3. Restorations were finished with high quality, well design, and easily  

insertion process.  

 

4. No need for the laboratory conventional lost wax method.  

 

5. Reduce the use of traditional impression  methods through designing and 

machining different restorations with the  help of computer.  

 

6. Opportunity to view occlusion.  

 

7. Cross-infection control in the dental / lab fields. 

 

Disadvantages of CAD CAM technique:  

 
1. High cost of the technique.  

 

2. Time consuming from start to finish the steps of  the technique.  

 

3. It is somewhat difficult to incorporate esthetic veneers with strong cores and 

frameworks. 

 

4.Using chair side CAD CAM technique needs more time by the dentist within 

the clinic and the cost is at least twice than for conventional restoration using 

lab services.  

 

5. Dentists without large enough volume of restoration will have a difficult time 

making their investment to provide refunds. (Abdulla MA. et al, 2020) 
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9. Incorporating CAD CAM into our practice  

 

 The age of CAD/CAM in dentistry has clearly arrived. Some dentists wish to 

have the latest technology and are willing to spend the money to have it. 

However, another point to consider is patient population. Dentists with younger, 

more affluent patients may be able to charge a premium for the convenience of 

same-day restorations. On the other hand, those whose practices consist 

primarily of direct restorations, removable prosthodontics, and periodontal 

treatments may not be able to recoup their investment. Using a digital scanner 

improves patient comfort because impressions can be uncomfortable. Using a 

complete system has the potential to reduce costs related to impression material, 

provisional crowns, time in the office, and laboratory bills. Dr Parag Kachalia 

estimated that dentists who switch to office CAD/CAM systems can reduce 

their laboratory bill by 60% to 70%.  

 

 

10. The Future of CAD/CAM  

 

  Over the next decade, as prices come down and dentists become more 

comfortable with the new technology, we can expect to see increased use of 

CAD/CAM in dentistry. Same-day restorations will become more popular and 

will likely expand to fixed partial and removable dentures. One area for 

improvement would be representation of jaw movement using CAD/CAM; 

current design software only captures shapes. Scanning, designing, and milling 

devices are expected to become increasingly simple and convenient to use.  

Improvements in technology should avoid some of the back-and-forth data 

information between the dentist, the manufacturer, and the dental laboratory. 

Another potential use of dental CAD/CAM could be in third-world countries 

where laboratories and skilled ceramists might not be readily available. 

CAD/CAM technology could allow technicians to do much of the work and 

restorations could be created on the spot. (Davidowitz et al, 2011) 
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Conclusion 

 

Using CAD/CAM technology in the dental office and laboratory may have 

seemed like science fiction 20 years ago, but today it is reality. We now have 

the ability to create inlays, onlays, veneers, crowns, fixed partial dentures, 

implant abutments, and full-mouth reconstruction using CAD/CAM.  

In this reviewed article, we explained the development, stages, and application 

of dental CAD-CAM systems. Dental CAD-CAM systems were applied in the 

production of crowns, bridges, inlays, onlays, veneers, implant, maxillofacial 

prosthesis, RPDs and others. The success of the restoration is more influenced 

by the results of the scanning procedure, data processing, and successful milling 

rather than the increase in the processing axes numbers of milling devices. 
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 الخالصة :

 

 ظهرتكان قيد االستخدام في العصور القديمة. في طب األسنان ،  CAD CAMتشير الدالئل إلى أن 

CAD CAM  في السبعينيات. منذ ذلك الحين ، يتزايد استخدامه في طب األسنان يوًما بعد يوم. تقوم العديد

 جديدة.  CAD CAMمن الشركات بتطوير أنظمة 

، يمكن ألطباء األسنان الحصول على حشوات عالية الجودة ، وحشوات داخلية ،  CAD CAMباستخدام 

، وأطقم أسنان جزئية ، والتيجان ، والجسور إلخ. بصرف النظر عن الجودة واإلنتاج السريع زرعاتو

لواسع هي التي تسبب عقبات في اإلنتاج ا CAD CAMلـ صعوبة االستخدام ، فإن التكلفة و للتعويضات

 .التعويضات لهذه

لدى أطباء األسنان والمختبرات مجموعة متنوعة من الطرق التي يمكنهم من خاللها العمل مع التكنولوجيا 

 التعويض الجديدة. على سبيل المثال ، يمكن ألطباء األسنان أخذ طبعة رقمية وإرسالها إلى المختبر لتصنيع 

.. أو بدالً من ذلك ، يمكن  موقعيا  معاملتهاوتر وأو يمكنهم القيام بالتصميم الخاص بهم بمساعدة الكمبي

 للمختبر القيام بكل أعمال التصميم مباشرة على الكمبيوتر بناًء على الصور المستلمة.

وفر أيًضا معلومات نفي طب األسنان ونقدم لمحة عامة عن كيفية عملها. س CAD / CAMسنناقش تاريخ 

 التطبيقات المستقبلية نتناول، ومجال عملناالتكنولوجيا الجديدة في ناقش كيفية دمج نحول المزايا والعيوب ، و

 .لهذه التكنولوجيا
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Abstract 

The outbreak of coronavirus disease 2019 (COVID19) is rapidly changing our 

habits .The disease affecting large number of people and can causing death. 

Maxillofacial surgery represents an example of a specialty that has had to adapt to 

this outbreak, because of the subspecialties of oncology and traumatology. Oral 

and maxillofacial surgery is correlated with high risk of COVID19 transmission, 

however many patients with confirmed or suspected COVID-19 infection will 

require elective surgery, surgery that cannot be postponed, or emergency surgical 

treatment. In these situations, special measures need to be adopted in order to 

minimize the possibility of transmission between patients, exposure of health care 

personnel and the development of postoperative complications. So the aim of the 

review is to discuss the rate of COVID-19 infection in oral surgery. 

 

Introduction 

Evidence suggests that the dental profession poses a greater risk for transmitting 

illnesses due to aerosol‐producing procedures.(Araujo-2002) As such, dental 

professionals pose unique epidemiological risks during a pandemic such as 

coronavirus disease 2019 (COVID‐19); the disease is caused by the virus severe 

acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2). (j Med virol-2020) At 

the same time, dental providers take on moral and ethical responsibilities that 

require balancing individual patient needs with these epidemiological 

considerations. In the case of the COVID‐19 outbreak, social distancing (maybe 

more aptly described as “spatial” or “physical” distancing) has been recommended 

by the Centers for Disease Control (CDC) to “flatten” the epidemiological curve. 

Social distancing requires individuals to restrict group sizes to 10 or less and 

maintain a physical distance of 6 feet or greater. This widely adopted protocol was 

designed to achieve a manageable ratio of COVID‐19 cases to available 

healthcare resources (i.e., “flatten the curve”). (kamvar_2019)  Several countries 

that have implemented social distancing demonstrate its potential for success. 

Evidence from Singapore, China, and South Korea suggests decreased rates of 

transmission with the implementation of social distancing. (Lewnard_2020) 

Social distancing is particularly important for COVID‐19. Inoculated individuals 

are reported to have up to 14 days of asymptomatic viral shedding resulting in 

rapid viral spread. (Lauer SA_2020) 

 As a result, some health experts recommend self‐quarantining for 2 weeks after 

possible virus exposure. Observing these protocols in the healthcare field are 
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nearly impossible challenges, especially for healthcare providers that likely create 

vectors from biological aerosols during routine procedures. (jones_2015) 

In dental clinics, high‐speed handpiece and ultrasonic scalers are the primary 

aerosol producers; however, other less invasive dental treatments such as oral 

exams and intraoral radiographs may produce infectious droplets through gagging 

and coughing. (peng x_2020) Literature shows that up to 97% of these aerosols 

may be removed from the field with use of high volume evacuation (HVE) 

suction; however, HVE is not always routinely used during these procedures. 

(Harrel_1999). During a pandemic with a contagion such as SARS‐CoV‐2, dental 

providers must implement greater precautions to mitigate the risk of viral spread 

via biological aerosols. 

Unfortunately, social distancing has no effect on reducing rates of dental disease 

in the population. Therefore, it is reasonable to expect the incidence of dental 

emergencies to persist at known or greater levels throughout the pandemic period. 

(Rozier_2017). However, reduced access to dental care suggests an expected 

increase in dental‐related hospital emergency department visits, meaning 

otherwise healthy dental patients may be subjected to greater risk of COVID‐19. 

(Meng L_2020). Specific methods and protocols unique to dental providers are 

needed in order to provide necessary dental treatment to patients, observe 

recommended guidelines, reduce hospital emergency visits, and protect dentists 

and staff. 

 

Discussion  
 

1.1 Importance of oral health and oral surgical operations 
Oral and maxillofacial surgery is used to treat a wide range of conditions and so 

defined as being diagnostic/therapeutic, dentoalveolar (involving the teeth, gum, 

jawbone, and mouth), reconstructive, or cosmetic and can be scheduled, elective, 

or emergency procedures. 

 As with all surgeries, oral and maxillofacial surgery has risks. Even relatively 

common procedures like tooth extractions pose a risk of potentially serious 

complications. And during this pandemic the risks have gotten even higher than 

ever, yet some of procedures are emergent and lifesaving and would still be 

performed despite of the risks. (David et al, 2015) 
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1.2 Triage and prioritizing of procedures in oral and maxillofacial 

surgery  
The pandemic changed the practice of OMS, and until recently, elective surgeries 

were postponed to conserve medical resources. Use of telemedicine exponentially 

increased for triaging and following up with patients. 

 

During this pandemic most of the outpatients have restricted their procedures to 

only emergent conditions 

 So, Patient selection has to be done very carefully, and only emergencies like oral 

and maxillofacial trauma, maxillofacial infections and essential elective oral 

cancer surgeries need to be performed during this pandemic. These surgeries 

cannot be postponed and need special attention as time plays a very important 

factor in healing and final outcome. (Abhay et al, 2020). 

 

1.3 Covid-19 & oral health disparities in access to care 
Access to oral health care is especially limited for populations at high risk for 

COVID-19. Patients with symptoms of COVID-19 are advised “to avoid non-

emergent dental care”. Providers are advised, “if possible, to delay dental care 

until the patient has recovered”  

In addition to the lack of widespread COVID-19 testing, point-of-care testing in 

dental offices also was not available. Because of the inability to test all patients 

and the fact that asymptomatic or presymptomatic patients could be infectious, 

ADA guidance shifted in mid-April 2020 as state and local government policies 

varied regarding criteria for reopening different types of services, including dental 

services. Questions remain about how soon patients will prioritize and resume 

nonemergency dental care amid other delayed health care services. The full extent 

of pandemic-related financial strain and loss of dental insurance is not yet clear 

and will dramatically affect dental care utilization. 

1.4 focus on prevention and promote non-aerosol- generating dental 

procedures 

Prevention is a cornerstone of public health. The COVID-19 pandemic presents an 

opportunity for the dental profession to shift from an approach focused on surgical 

intervention to one emphasizing prevention. Embracing nonsurgical prevention and 

management will be critical in this endeavor. 

Oral health professionals are among those occupations at the highest risk for COVID-

19, as reported by The New York Times. Dental care personnel face challenges 

because of their proximity to infected patients. These patients’ mouths are open and 

unmasked during treatment, significantly increasing the potential for direct and 
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indirect exposure to infectious materials. The Occupational Safety and Health 

Administration designates the performance of aerosol-generating procedures on 

known or suspected COVID-19 patients as “very high risk”. 

 Two of the highest aerosol-creating procedures involve inventions that have been 

considered major advances in dental practice, because they are faster and less 

painful for the patient: the high-speed handpiece with its water spray coolant and 

the ultrasonic scaler used by hygienists to remove hard deposits on teeth. These 

dental procedures have become problematic during the pandemic, providing an 

opportunity to shift to non-aerosolizing procedures and a greater focus on 

prevention. (Zachary et al, 2020). 

1.5 Precautions in the OR 
Negative room pressure is an isolation technique used in hospitals and medical 

centers to prevent cross-contamination from room to room. It includes a 

ventilation that generates negative pressure (pressure lower than of the 

surroundings) to allow air to flow into the isolation room but not escape from the 

room, as air will naturally flow from areas with higher pressure to areas with 

lower pressure, thereby preventing contaminated air from escaping the room. 

Airway compromise is always a risk in maxillofacial trauma, and as emergency 

procedure, tracheostomy might be required. Cook et al. suggested a deep tracheal 

swab to be taken and sent for COVID testing. They also suggested insertion of 

nasogastric tube at the time of tracheostomy to prevent aerosolization in ward. 

(Long et al, 2020). 

 

Conclusion 

COVID-19 does not have a defined treatment. Dentistry professionals are 

considered to be at high risk for contracting COVID-19. This is strongly due to 

COVID-19 transmission through saliva. In light of the high risk of contamination 

during dental care, only emergency treatment should be performed and PPE such 

as N95 /FFP2 or FFP3 masks, disposable cloaks, visors, goggles, disposable caps, 

and gloves should be used. Guidance should be given to patients on maintaining 

good oral hygiene during the pandemic Dental care personnel face challenges 

because of their proximity to infected patients. These patients’ mouths are open 

and unmasked during treatment, significantly increasing the potential for direct 

and indirect exposure to infectious materials, making the Dental profession one 

of the most dangerous occupations during this pandemic. 
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Abstract:

Since its emergence in December 2019, corona virus disease 2019 (COVID-19) 

has impacted several countries, affecting more than 90 thousand patients and 

making it a global public threat [16]. The incubation is 1-14 days.

The clinical symptoms of COvID-19 are fever, dry cough and fatigue [17]. The 

routes of transmission are direct contact, and droplet and possible aerosol 

transmissions. Due to the unique nature of dentistry, most dental procedures 

generate significant amounts of droplets and aerosols, posing potential risks of 

infection transmission. Understanding the significance of aerosol transmission and 

its implications in dentistry can facilitate the identification and correction of 

negligence in daily dental practice [16].
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INTRODUCTION

A coronavirus gets its name from the way it looks under a microscope. 

The word corona means "crown," and when examined nearly, the round 

virus has a "crown" of proteins called peplomers jutting out from its 

center in every direction. These proteins help the virus identify whether it 

can infect its host. The condition known as severe acute respiratory 

syndrome (SARS) [1].

COVID-19 is the result of infection with severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) that was first isolated and 

identified in patients who were exposed at a seafood market in Wuhan 

City, Hubei Province, China on December 2019[4]. Similar to findings 

related to SARS-CoV[5] .and Middle East respiratory syndrome 

coronavirus (MERS- CoV)[6][2].fatality rate of COVID-19 (estimated at 

2% 3%) is lower than those of SARS (approximately 10%) and MERS 

(approximately 40%), the pandemic associated with COVID-19 has been 

far more severe.[2]

It is primarily spread between people via respiratory droplets from coughs 

and sneezes [7]. Lungs are the organs most affected by COVID-19 

because the virus accesses host cells via the enzyme ACE2, which is the 

most abundant in the type lI alveolar cells of the lungs. The virus uses a 

special surface glycoprotein, called "spike", to connect to ACE2 and 

intrude the hosting cell, [8] the density of ACE2 in each tissue correlates 

with the severity of the disease in that tissue and it has been suggested that 

decreasing ACE2 activity might be protective [9] though another view is 

that increasing ACE2 using Angiotensin II receptor blocker drugs could 

be protective and that these hypotheses need to be tested by determining 

the clinical patient records [10]. As the alveolar disease progresses 
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respiratory failure might develop and death might ensue. ACE2 might also 

be the path for the virus to assault the heart causing acute cardiac injury. 

People with existing cardiovascular conditions have the worst prognosis. 

The virus is thought to have an animal origin. It was first transmitted to 

humans in Wuhan, China, in November or December 2019, and the 

primary source of infection became human-to- human transmission by 

early January 2020. [1]

Coronavirus transmission risk during dental procedures, due to the 

relatively closed environment of dental clinics and the unique nature of 

dental procedures, both dental personnel and patients are easy to get 

infection through currently known respiratory droplet transmission, 

aerosol transmission, close contact transmission and other ways, inducing 

mutual cross infection,Aerosols and droplets can be produced from saliva 

and blood during many dental procedures such as ultrasonic teeth cleaning 

by ultrasonic scalar, root canal ultrasonic oscillating irrigation, the 

removal of decayed dental hard tissue by high- speed headpiece and air- 

water syringe and when infected people in clinics cough, sneeze, talk or 

exhale. These droplets can land on the skin or mucous membranes of 

people who are nearby, can possibly be inhaled into the lungs, can deposit 

on the surface of dental instruments or tables and chairs. People could get 

infected when they touch their mucous membranes with their hands after 

touching the contaminated surfaces Aerosols and droplets could even 

contaminate the pipeline water and result in a serious infection. [3]
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Literature of review

The current event in Italy indicates that local transmission may have 

resulted in several clusters for which an epidemiological link to areas where 

ongoing transmission is presumed was not apparent. The accumulated 

evidence from clusters reported in the (The European Economic Area 

/European Union) EU/EEA and the (United Kingdom) UK indicates that 

once imported, the virus causing COVID19 can transmit rapidly. This may 

emanate from cases with mild symptoms that do not provoke healthcare-

seeking behavior. The increases in cases and the number of countries 

outside China reporting those cases increases the potential routes of 

importation of the infection into the (The European Economic Area 

/European Union)EU/EEA and the (United Kingdom)UK. If a significant 

increase in COVID-19 cases were to coincide with a high level of influenza 

activity, the potential impact on healthcare systems would be moderate to 

high. The increased number of cases would require additional resources for 

testing, case management, surveillance, and contact tracing. Increased 

transmission could result in further pressure on healthcare systems. This 

situation would be exacerbated should a substantial number of healthcare 

workers become infected (WHO 2020; Alinia-Ahandani et al., 2020). [11]

The local government of Wuhan did not immediately recognise the 

significance of the new SARS-like disease reported by Dr Li Wenliang, but 

after some initial delay, the central government of China engaged in a rapid 

draconian response that worked and slowed down the explosion of COVID-

19 cases. [12]

Measures included lockdowns and forced quarantines on an extraordinary 

scale. Collection of mobile phone location data and use of facial 

recognition technology to track people's movements cannot readily be 
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replicated in other countries, and many would priorities individual rights 

over this level of surveillance. China also advised that all healthcare 

workers use personal protective equipment (PPE), similar to that 

previously reserved for extremely infectious pathogens such as plague and 

cholera. Routine dental care was suspended in January 2020 and three 

months later is starting to get back to normal. [13]

Emergency dental care was provided with advice on strict personal 

protection and measures to reduce and avoid production of droplets and 

aerosols, use of high-volume aspiration, and others, as had been 

recommended during the earlier SARS outbreak. [14]

In the US, the multiagency bureaucratic system has been blamed for their 

slow response. The US Centers for Disease Control (CDC) designed its first 

test, but then had to wait for FDA approval, only to find that it did not work. 

Leadership at the White House has also been criticized for lack of early 

prioritization of the COVID-19 threat. Messaging and policy have been 

inconsistent. There is also anxiety that individuals will be put off presenting 

for care until their health has deteriorated significantly because of the cost of 

care in the huge private sector. [15]

Unlike the US, the UK has a national healthcare system that is free at the 

point of delivery for medical, although not for dental, care. However, 

reforms over time have resulted in a national system that is fragmented 

and bureaucratic. Dental professionals therefore looked to the NHS for 

national guidance, but also to the regions of the UK as dental services are 

treated differently. In doing so, they found some discrepancies. Data have 

been rapidly analyzed to inform our understanding of the disease and 

develop policy, and it is therefore inevitable that policy will continuously 

change and might not be published at the time in a desperate system. Each 
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country of the world has been rapidly developing policy to manage the 

COVID-19 epidemic, taking into account guidance from the WHO but 

interpreting in different way.[15]
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Methodology & Material 

A self-administered online questionnaire between dentists and dental 

students. This questionnaire collected information on population of 

Baghdad.

Sampling 

A sample size of at least 60 participants is selected, although this will 

depend on suitability to the research question and the variables being 

measured. For the period of a 21 days.

Research Design 

Cross-sectional study design, the investigator measures the outcome and 

the exposures in the study participants at the same time. The participants 

in this type of study are selected based on variables of interest.

Instrument for data collection 

Self-ad mistered online Questionnaire distributed for the participants and 

the response documented and arranged in tables and figures.

Method of data analysis

The data collected from the field were analyzed statistically was used in 

answering the research questions. The response options in the instrument.
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SAMPLE OF THE POPULATION

SAMPLING TECHNIQUES

A stratified random sampling procedure was used for selecting the 

participants in this study. This technique was employed to ensure an equal 

representation of the variables for the study.
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Results

In general, 46 workers among the dental staff in Baghdad were enrolled in 

this study.

Systematic data revealed that about 91.1% of the study population was 

dental students and 8.9% were dentists.  

Figure (1) response of dentists and dental student.

Figure (2) the frequency distribution of the response according to the 

gender of the participants.

Over half of the respondents (53.3%) were males,46,7% were females.
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From February 21, 2020, About 8.9% keep working as usual but 57.8% 

limit their activity to emergencies and 33.3% stop all activities.

Figure (3) Response about their activity.

The educating patients about preventive measures is very important to 

reduce the transmission of covid-19, as 68.2% of the respondents 

answered that they did them and 31.8% did not.

Figure (4) Display the response of educating patient about preventive 

measures.
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From this research, Dentists were asked if Corona poses a danger to them, 

and the answer was that very likely 55.6% , likely 33.3% , unlikely 11.1%, 

No percentage was noticed about its unlikely.

 Figure (5) Response of their belief about the severity of the disease.

As for the question about the symptoms of covid-19, it was found that the 

most common symptom is fever by percentage 57.8%, and 53.3% of those 

who have a fatigue, headache 48.9%, muscle pain 46.7%, dry couch 

37.8% , short breath 26.7% , sore throat and diarrhea 20% , no signs/ 

symptoms but the result of covid -19 is positive 17.8%, vomiting 13.3%.

Figure (6) Showing the response according to symptoms.
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As for the question of the preventive measures taken by dentists if they 

continued to work after February 21, and the result was handle 

disinfection several times a day (45.9%), Washing operator's hand before 

and after each procedure(32.4%), While elements that did not take any 

action (29.7%), Spaced appointments so to not saturate the waiting 

room(27%), Space of at least one meter between patients (24.3%), 

Removal of all disposable protective devices and disinfection of non-

disposable devices(24.3%), Ventilation of the operating area for at least 

10min after each patient(18.9), Detecting the patient's body temperature 

(16.2%), Frequent ventilation of waiting room(16.2%), Detecting the body 

temperature of all co_workers and ask to leave to those with a temperature 

above 37.5c(13.5%).

Figure (7) The response of most used protective equipment.
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Regarding the most used equipment for prevention in the dentist's office, it 

was found that it was the surgical mask (77.8%),followed by the 

disposable gloves(66.7%),as for disposable gown(48.9%) and safety 

glasses or visor(42.2%) ,disposable headset (35.6%),rotating instrument 

with anti-retraction valve (11.1%).

Figure (8) The response around the measures after 21 February.

Some dental doctors have identified their work on emergency from 21 

February to 23 February 2020, at rate of (27.9%),the Equivalent 

percentage between(from 24 February to 1 March 2020)and (after 14th 

March 2020) is [23.3%],between 2-6 March 2020 [16.3%],between 7-

14March 2020 [9.3%].

Figure (9) the response exhibit history of limiting professional activity on 

emergencies.
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The last part of the questionnaire focused on cases of dental clinic 

closures, which occurred on the increase in the period of 24 February and 

1March 2020 [30%] followed by from 21-23 February 2020 [25%], 

between 2-6March 2020 [20%]while after 14th March 2020 [17.5%], the 

lowest percentage was from 7-14 March 2020 [7.5%].

Figure (10) the response concerning history of stopping professional 

activity.



14

Discussion 

The questioner shows a set of results include  91.1% of studies population 

were dental students because the study become online and use social 

media more than due pandemic condition where as 8.9% are dentist 

because we population online so dental student use internet more than 

dentist that not have a lot of free time.

The male 53.3% response more than female 46.7% because they have 

more free time.

Most of dental team 57.8 % limited our activity to emergencies because 

February.21.2020 is the bagging of COVID-19 pandemic so they dentist 

afraid from infection because the direct contact to the patient and some of 

them stopped all activity 33.3%.

But some dentist 8.9%kept working as usual because the duty in the 

hospital.

The education of the patient about preventing measure is very important to 

reduce the transmission of the infection as 68.2% of dentist do these by 

talk to the patient or informative posts in hospital or clinic but 31.8% not 

do.

We ask the dentists if corona poses a danger to them .the answer were that 

very likely 55.6%, likely 33.3%, unlikely 11.15, no percentage was 

noticed about its very unlikely .these percentages show us how committed 

the dentist to preventive measures and how important they are The most 

common symptoms show in the questioner and have high percentage is 

fever about 57.8% because the immunity defiance that attack the virus.
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And  53.3% is fatigue ,48.9% headache , 46.7% muscle pain ,37.8% dry 

couch ,26.7% short breath ,20% sore throat  and diarrhea ,no signs 

/symptoms but the result of COVID-19 is positive 17.8%,13.3%vomiting, 

these result will affect the most patient special if have systemic disease 

and well harm them  and these symptom different from patient to another 

As  for question of preventive measures taken by dentists if  continued to 

work after February 21,and result was handle disinfection several time a 

day (45.9%)it well important to do to decrease the possibility of infection, 

washing operator's hand before and after procedure 32.4% well very 

important to prevent infection from patient to another .while elements that 

didn't take any action 29.7%.space appointment should take seriously 

because if well follow these protocol it low the percentage of infection 

some clinic  do these instruction approximate 27%. And if we have same 

patient in waiting room the space between them at least one mater .some 

clinic operates strict preventive measures such as ventilation of operating 

area for least 10 min after each patient 18.9%. Frequent ventilation of 

waiting room16.2%. Detecting the body temperature of all co-workers and 

ask to leave to those with temperature   above 37.5c (13.5%) . and another 

thing and the important one is get rid of  all disposable protective device 

and disinfection of non-disposable devices .

Regarding the most  used equipment for prevention in dentist's office ,it 

was found that it was surgical mask 77.8% ,followed by the disposable 

gloves  66.7% as for disposable gown 49.9% and safety glasses  visor   

42.2% , disposable headset 35.6% rotating instrument with anti-retraction 

valve 11.1%,these equipment protect the dentists from infection and save 

them live .some dentists have identified work on emergency from 21 

February to 23 February 2020 at rate 27.9% because is the start of spread 

of the epidemic . The equivalent percentage between (from 24 February to 
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1 march 2020) and (after 14th march 2020) 16.3%. Between 7-14th march 

2020(9.3%) because of block down.

The last part of the questionnaire focused on cases of dental clinic 

closures, which occurred on the increase in the period of 24 February and 

1March 2020 [30%] followed by from 21-23 February 2020 [25%], 

between 2-6March 2020 [20%] while after 14th March 2020 [17.5%], the 

lowest percentage was from 7-14 March 2020 [7.5%], these decrease the 

number of  case due to  only the emergency case on hospital .

CONCLUSION 

In summary, 2019-nCoV infection is a serious disease that requires public 

health attention. Dental institutions around the globe need to take a firm 

action to ensure safety and control transmission within dental facilities.  

While literature about association and cross-transmission of COVID-19 

within the dental office is not yet reported; however, the current epidemic 

of the emerging infection rings the alarm bell. 

Reinforcing strict infection control measures and reducing person-to-

person contact is a key step in fighting the spread of this highly 

transmissible disease. 

Minimizing aerosol-generating procedures and limiting treatment to dental 

emergency is advised. Lastly, it is the responsibility of the dental care 

workers to keep themselves alert and well-informed. This systematic 

review provided insights on risks and precautions to control cross-

transmission within the dental setting. Further investigations and clinical 

trials are urgently needed.
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الخالصة :

منذ ظهوره في ديسمبر 2019 ، أثر مرض فيروس كورونا 2019 (COVID-19) على عدة 
دول ، حيث أصاب أكثر من 90 ألف مريض واصبح تهديدًا عامًا عالميًا [16]. فترة حضانة 

فايروس كورونا من 1-14 يومًا.

األعراض السريرية لمرض COvID-19 هي  الحمى ،السعال الجاف والتعب [17].   طرق 
انتقاله هي  عن طريق مالمسه الشخص المصاب أو عن طريق

القطيرات وناقالت الهباء الجوي .نظرًا للطبيعة الفريدة لطب األسنان ، فإن اكثر المخاطر في 
طب األسنان هو تولد كميات كبيرة من القطرات والهباء الجوي ، مما يشكل مخاطر محتملة 

النتقال العدوى.

 لذلك فإن فهم اآلثار المترتبة في طب األسنان يمكن أن تسهل تحديد وتصحيح اإلهمال في 
ممارسة طب األسنان اليومية [16]
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Abstract 

Orthodontic treatment of malocclusion and craniofacial abnormalities contributes to 

the proper positioning of the teeth and provides better occlusion and a better relation 

of the jaws. Orthodontic treatment also facilitates better maintenance of oral hygiene 

in patients. In addition, better mastication, phonation and aesthetics on the face of the 

patient are also provided with orthodontic treatment contributing to the general and 

oral health of the patient, affecting self-confidence or improving the quality of his life. 

Like any other medical intervention, besides the benefits of orthodontic treatment, 

there are certain risks, adverse effects. However, these adverse effects associated 

with the orthodontic treatment themselves are significantly lower compared to other 

surgical and non-surgical interventions. The most common adverse effects of 

orthodontic treatment may be local that is, intraoral and extraoral, as well as systemic. 

Local adverse effects include: discoloration of the teeth, root resorption, 

decalcification, attrition (worn off) of the enamel surfaces, dental caries, periodontal 

complications of which the most common is gingival inflammation, then changes in 

the soft tissues in the oral and maxillofacial regions, and temporomandibular 

disorders. As a result of orthodontic treatment, some systemic side effects may also 

occur: gastrointestinal complications, allergic reactions, infective endocarditis, and 

chronic fatigue. 

Orthodontic treatment has a double effect, sometimes it is very important in terms of 

increasing the status of periodontal health, but sometimes some of the above 

adverse effects can occur. One of the challenges of most orthodontists is to 

complete orthodontic treatment with the least effects on the roots of the teeth and 

periodontium. Orthodontic treatment is usually contraindicated in patients with active 

periodontal disease or poor periodontal health, as in such a case the chance of 

further worsening of the condition is higher. Therefore, before starting the orthodontic 

treatment, a thorough assessment of the periodontal health and the level of the 

attached gingiva is recommended, it is particularly important to emphasize the need 

to maintain good oral hygiene in order to achieve the best treatment. In general, the 

subsequent benefits of orthodontic treatment must overcome any potential damage. 

The patient as a participant in decision-making regarding treatment has the right to be 

informed about the benefits and possible risks that may arise. 

The patient, as a participant in treatment decision-making, has the right to be 

informed about the benefits and possible risks that may occur. [1] 

 

 

 

 

 

 

 

 

 

 



8 
 

 
 
 

List content  
Supervisor Certification  4 

Acknowledgement  5 
Dedication  6 
Abstract 7 
List of contents  8 

1. introduction 10 

2.Deleterious effects of orthodontic treatment 10 

2.1 Root resorption 11 

2.1.1 Mechanism of root resorption  12 
2.1.2. Types  of root resorption  13 
2.1.2.1 moderate Generalized 
Resorption 

 

2.1.2.2 Severe Localized Resorption  13 

2.1..2.3 . severe Generalized Resorption 14 
2.1.3. DEGREES OF SEVERITY OF ROOT RESORPTION 15 

2.1.4 RISK FACTORS FOR ROOT RESORPTION 16 

2.2. Mobility and Pain Related to Orthodontic Treatment 16 

2.2.1. Management of orthodontic pain 19 

2.3. Effects of Treatment on the Height of Alveolar Bone 22 

2.4. pulp change during orthodontic treatment 23 

2.4.1 THE INFLUENCE OF ORTHODONTIC FORCES ON THE DENTAL PULP 24 

2.4.2. Recommendations can be made for patients who will have orthodontic 

treatment, with relation to pulpal necrosis 

26 

2.5.TMD and orthodontic treatment 27 

2.5.1. Orthodontic treatment as a contributory factor in  TMD 27 

2.5.2. The role of orthodontic treatment in the prevention and management of TMD 27 



9 
 

2.5.3. WHAT ARE THE SIGNS AND SYMPTOMS? 28 

2.6. Periodontal disease and orthodontic treatment 28 

2.6.1. Periodontal Complication 

 

29 

2.6.2 Pathophysiology 30 

2.6.3. Preventive Program for Orthodontic Patients with Fixed 

Appliances Before Orthodontic Treatment 

 

30 

2.6.3.1.During Orthodontic Treatment 30 

2.6.3.2.After Orthodontic Treatment 31 

2.7. Decalcification and Caries associated with 

orthodontic treatment 

31 

2.7.1.Orthodontic treatment and increased risk of caries 32 

2.7.2.Prevention of caries risk in orthodontics 34 

2.7.3.During orthodontic treatment 36 

Conclusions 40 

3.Referance 41 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



10 
 

 

 

1.INTRODUCTION 

Orthodontic treatment has its shortcomings. These perceived shortcomings are 

not restricted to a lack of ability to treat certain malocclusions but to the 

possibility of actual tissue damage during the actual course of treatment, an 

increased susceptibility to dental disease and dysfunction following completion 

of treatment, and partial or complete failure to accomplish the goals of 

treatment. The detrimental effects of orthodontic treatment cannot be 

segregated from the shortcomings in the implementation of the treatment per se. 

Only part of the treatment is in the hands of the clinician. From the perspective 

of an ideal treatment plan the patient’s cooperation (Table 1) is paramount for 

achieving ideal result.[2] 
 

 

 

 

 

 

 

 

 

2.Deleterious effects of orthodontic treatment are: 
 

1. Root resorption  

2. Mobility and Pain Related to Orthodontic Treatment 

3. Effect on alveolar Hight  

4. pulp change during orthodontic treatment 

5. TMD with orthodontic treatment 

6. Periodontal disease  

7. Enamel decalcification and caries  
 

 

Table 1: Patient’s cooperation for an ideal treatment 
During orthodontic treatment the patient is supposed to 
• Maintain proper oral hygiene 

 

• Not damage or break parts of the appliance, this will involve abstaining from certain 
hard and sticky foodstuffs like, chocolates, toffees, etc. 

 
• Wear the advised elastics/headgears and retainers for the required duration 

 
• Report for appointments regularly 

 

• Meet his/her financial obligations towards the treatment 
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2.1. ROOT RESORPTION 
 

Root resorption is a frequent occurrence during orthodontic procedures. It is usually 

small in amount, irreversible and difficult to predict. It has been often associated with the 

excessive use of force, or tipping (Fig. 1) or when the roots are moved beyond the 

cancellous bone, closer to the cortical bone (as during anchorage preparation in the 

edgewise technique). The amount of root resorption is considerably more for teeth that 

have undergone root canal treatment, are non-vital or have been subjected to previous 

trauma  

(Fig. 2).[3] 

Fig.2 excessive root resorption 
following orthodontic treatment 

indicated by blunting of root apices, 
in teeth with a previous history of 

trauma 

Fig.1 Extreme bone loss and mobility 
following excessive use of force and tipping 
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2.1.1. MECHANISM OF ROOT RESORPTION 
 

Mechanism of root resorption is not completely explored. According to Brudvik and Rygh, 

inflammatory root resorption induced by orthodontic treatment is a part of process of 

elimination of hyaline zone. It is considered that occurrence of root resorption can be 

induced by the strong force through orthodontic treatment and hyalinisation of periodontal 

ligaments induced by increased activity of cementoclasts and osteoclasts. During tooth 

movement, areas of compression (where osteoclasts are in action inducing bone resorption) 

and areas of tension (where osteoblasts are active inducing bone deposition) are formed. 

 

Thus, a tooth moves towards the side of bone resorption. An imbalance between bone 

resorption and deposition, losing protective characteristics of cementum may contribute to 

the cementoclasts/osteoclasts resorbing areas of the root. When hyaline zone forms, tooth 

movement will stop. Upon regeneration of periodontal ligament, hyaline zone is removed 

by mononucleus cells similar to macrophages and by multinucleus gigantic cells and a 

tooth starts to move again. During removal of hyaline zone an outer tooth root surface 

consisting of the layer of cementoblasts may be damaged, exposing the underlying highly 

dense mineralized cementum. It is possible that a force occurring during orthodontic 

treatment may directly damage outer root surface. Tooth root surface under the hyaline 

zone resorbed just after a few days, when a repair process is already happening in the 

periphery. On the grounds of the literature data, it can be stated that the resorption process 

is completed after removal of the hyaline zone, and/or when orthodontic force decreases 

[4]. 

 

Repair of the damaged root restores its original contours, unless the attack on the root 

surface produces large defects at the apex that eventually become separated from the root 

surface (Figure 9-23). Once an island of cementum or dentin has been cut totally free from 

the root surface, it will be resorbed and will not be replaced. On the other hand, even deep 

defects in the form of craters into the root surface will be filled in again with cementum 

once orthodontic movement stops. Therefore, permanent loss of root structure related to 

orthodontic treatment occurs primarily at the apex. Sometimes there is a reduction in the 

lateral aspect of the root in the apical region.[5] 
 
 
 
 



13 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shortening of tooth roots during orthodontic treatment occurs in three distinct forms that must be 

distinguished when the etiology of resorption is considered. 

 2.1.2.Types of  Root resorption  
 

2.1.2.1 Moderate Generalized Resorption 
 

Despite the potential for repair, careful radiographic examination of individuals who have 

undergone comprehensive orthodontic treatment shows that most of the teeth show some 

loss of root length, and this is greater in patients whose treatment duration was longer The 

average shortening of root length of maxillary incisors is somewhat greater than for other 

teeth, but all teeth included in the 

typical fixed orthodontic appliance shows slight average shortening. In the Seattle study 

from which the data of Table 9-4 were derived, all teeth except upper second molars were 

banded. Note that these were the only unaffected teeth. Although 90% of maxillary incisors 

and over half of all teeth show some loss of root length during treatment, for the great 

majority of the patients, this modest shortening is almost imperceptible and is clinically 

insignificant. Occasionally, however, loss of one-third or one-half or more of the root 

structure is observed in patients who received what seemed to be only routine orthodontic 

therapy (Figure 4). Again, it is important to distinguish between two forms of severe 

resorption: 
 

 
2.1.2.2. Severe Localized Resorption 

 
Severe root resorption of all the teeth, fortunately, is rare. Some individuals are prone to 

root resorption, even without orthodontic treatment—severe generalized resorption has 

been observed many times in individuals who never were orthodontic patients. If there is 

Fig.3 
 During tooth movement, clast cells attack cementum as well as bone, creating defects in surface of the roots. 
During the repair phase. these defects fill back in with Cementum. Shortening of the root Occurs when cavities 
coalesce 
at the apex. SO that peninsulas of root Structure are Cut off as islands. Then the repair process smooths over the 
new root surface, and a net loss of root length occurs. This is why although both the sides and the apex of the root 
experience resorption. roots become shorter but not thinner as a result of orthodontic tooth movement.  
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evidence of root resorption before orthodontic treatment, the patient is at considerable risk 

of further resorption during orthodontic treatment, much more so than a patient with no 

pretreatment resorption. Although hormonal imbalances and other metabolic derangements 

have been suspected in these susceptible patients, little evidence supports these theories. It 

was reported in the 1940s that a deficiency of thyroid hormone could lead to generalized 

root resorption, and occasionally thyroid supplements for orthodontic patients are 

suggested as a way to prevent this, but almost all patients with generalized resorption have 

no endocrine problems. At this point the etiology of severe generalized resorption must be 

considered entirely unknown. 

Orthodontic treatment is not the major etiologic factor. Various reports have suggested that 

above-average resorption can be anticipated if the teeth have conical roots with pointed 

apices, distorted tooth form (dilaceration), or a history of trauma (whether or not 

endodontic treatment was required). These characteristics, however, are best considered 

indicators of somewhat more extensive moderate resorption than as risk factors for severe 

resorption [5] 

 
 

2.1.2.3. Severe  Generalized Resorption 
 

In contrast to severe generalized resorption, severe localized resorption (i.e., severe 

resorption of a few teeth) probably is caused by orthodontic treatment in many 

instances. It has been known for many years that excessive force during orthodontic 

treatment increases the risk of root resorption, particularly if heavy continuous forces 

are used. Prolonged duration of orthodontic treatment also increases the amount of 

resorption. The risk of severe resorption is much greater for maxillary incisors (3% 

affected vs. <1 % for all other teeth) 

. Kaley and Phillips reported a twenty-fold increase in the risk of severe resorption for 

maxillary incisors if their roots were forced against the lingual cortical plate during 

treatment 

This is likely to occur during camouflage treatment for skeletal problems, when the 

maxillary incisors are torqued (as in Class II patients) or tipped (as in Class II I 

treatment) so that the root apices are thrust against the lingual cortical plate. Contact 

with the cortical plates also can explain other patterns of localized root resorption, such 

as resorption of lower molar roots when buccal root torque is used in an effort to 

augment anchorage for Class II elastics.[5] 
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2.1.3. DEGREES OF SEVERITY OF ROOT RESORPTION 

 

There are three degrees of severity of root resorption distinguished: 

1) Cementum or surface resorption, occurring together with remodeling, when 

only outer cementum layer is resorbed, which regenerates or remodels later. 

This process is similar to trabecular bone remodeling. 

2)   Dentin resorption with repair (deep resorption), when cementum and outer dentin 

layer are resorbed; resorption is irreversible because only cementum regenerates. 

Tooth root form after this resorption and remodeling may stay the same or altered. 

3) Surrounding apical root resorption, when hard apical root tissues fully resorbed 

and root shortening is observed. Root apical tissues under cementum are lost, root 

tissues do not regenerate. Repair of outer surface occurs in the cementum layer. 

Later sharp tooth edges may be gradually leveled [4] 

 

 

Fig4.  
Root resorption accompanying orthodontic treatment can be placed into three categories as illustrated here 
for maxillary central and lateral incisors 
A, Category 1, slight blunting; B, Category 2, moderate resorption, up to 7 4 of root length; 
 C, Category 3, severe resorption, greater than 74 of root length. See Table 9-5 for date for prevalence of these 
levels of resorption. 
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A. Irregular root contour 

B. Apical root resorption is less than 2mm 

C. Apical root resorption is from 2mm to 1/3 of the initial root length 

D. Apical root resorption is more than 1/3 of the initial root length [4] 

 

 

 

2.1.4. Recognized risk factors for root resorption during 
orthodontic treatment 

 
1. Shortened roots with evidence of previous root resorption 

2. Pipette-shaped or blunted roots 

3. Teeth which have suffered a previous episode of trauma 

4. Iatrogenic – use of excessive forces; intrusion; prolonged treatment time [2] 
 
 
 
 

2.2. Mobility and Pain Related to Orthodontic Treatment 
 

Orthodontic tooth movement requires not only a remodeling of bone adjacent to the teeth, 

but also a reorganization of the PDL itself. Fibers become detached from the bone and 

cementum, then reattach at a later time. Radiographically, it can be observed that the PDL 

space widens during orthodontic tooth movement. The combination of a wider ligament 

space and a somewhat disorganized ligament means that some increase in mobility will be 

observed in every patient. 

Fig. 5. The degree of root resorption 
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moderate increase in mobility is an expected response to orthodontic treatment. The heavier 

the force, however, the greater the amount of undermining resorption expected, and the 

greater the mobility that will develop. Excessive mobility is an indication that excessive 

forces are being encountered. This may occur because the patient is clenching or grinding 

against a tooth that has moved into a position of traumatic occlusion. If a tooth becomes 

extremely mobile during orthodontic treatment, it should be taken out of occlusion and all 

force should be discontinued until the mobility decreases to moderate levels. Unlike root 

resorption, excessive mobility will usually correct itself without permanent damage. If heavy 

pressure is applied to a tooth, pain develops almost immediately as the PDL is literally 

crushed. There is no excuse for using force levels for orthodontic tooth movement that 

produce immediate pain of this type. If appropriate orthodontic force is applied, the patient 

feels little or nothing immediately. Several hours later, however, pain usually appears. The 

patient feels a mild aching sensation, and the teeth are quite sensitive to pressure, so that 

biting a hard object hurt. The pain typically lasts for 2 to 4 days, then disappears until the 

orthodontic appliance is reactivated. At that point, a similar cycle may recur, but for almost 

all patients, the pain associated with the initial activation of the appliance is the most severe. 

It is commonly noted that there is a great deal of individual variation in any pain experience, 

and this is certainly true of orthodontic pain. 

Some patients report little or no pain even with relatively heavy forces, whereas others 

experience considerable discomfort with quite light forces. The pain associated with 

orthodontic treatment is related to the development of ischemic areas in the PDL that will 

undergo sterile necrosis (hyalinization). The increased tenderness to pressure suggests 

inflammation at the apex, and the mild pulpitis that usually appears soon after orthodontic 

force is applied probably also contributes to the pain. There does seem to be a relationship 

between the amount of force used and the amount of pain: the greater the force, the greater 

the pain, all other factors being equal. This is consistent with the concept that ischemic 

areas in the PDL are the major pain source, since greater force would produce larger areas 

of ischemia. If the source of pain is the development of ischemic areas, strategies to 

temporarily relieve pressure and allow blood flow through compressed areas should help. 

In fact, if light forces are used, the amount of pain experienced by patients can be decreased 

by having them engage in repetitive chewing (of sugarless gum, a plastic wafer placed 

between the teeth, or whatever) during the first 8 hours after the orthodontic appliance is 

activated. 

Presumably this works by temporarily displacing the teeth enough to allow some blood 

flow through compressed areas, thereby preventing build-up of metabolic products that 

stimulate pain receptors. 
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Light forces, however, are the key to minimizing pain as a concomitant of orthodontic 

treatment. 

also, many drugs used to control pain have the potential to affect tooth movement because 

of their effects on prostaglandins. Chronic use of prostaglandin inhibitors, as in patients 

using high doses of these agents to control the pain of arthritis, is a different story. This can 

inhibit tooth movement. 

It is rare but not impossible for orthodontic patients to develop pain and inflammation of 

soft tissues, not because of the orthodontic force, but because of an allergic reaction. 

There are two major culprits when this occurs: a reaction to the latex in gloves or elastics 

and a reaction to the nickel in stainless steel bands, brackets and wires. Latex allergies can 

become so severe as to be life threatening. Extreme care should be taken to avoid using 

latex products in patients reporting a latex allergy. Nickel is allergenic, and nearly 20% of 

the U.S. population show some skin reaction to nickel containing materials (cheap jewelry 

and earrings). Fortunately, most children with a skin allergy to nickel have no mucosal 

response to orthodontic appliances and tolerate treatment perfectly well, but some do 

not.21

fig 6. Nickel allergy 
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The typical symptoms of nickel allergy in an orthodontic patient are widespread erythema 

and swelling of oral tissues, developing 1-2 days after treatment is started. For such 

patients, titanium brackets and tubes can be substituted for stainless steel [5] 

Pain associated with traumatic ulcerations or abrasions are the most common complaints 

reported following the placement of fixed appliances. A study conducted by us found the 

incidence to be as high as 56 percent over all; with females complaining more as compared 

to males. 

The patients treated with the Begg appliance had more problems, mainly because of the 

sharp ends of the lock-pins used. Such problems can be relieved by adjusting the appliance, 

using good quality lock pins/brackets or using relief silicone, or relief wax. The relief 

silicon is preferred over relief wax as it does not melt or freeze or dry out with change in 

storing temperature.[3] 

 

 

2.2.1. Management of orthodontic pain 
 

Apart from being a negative effect of orthodontic treatment, orthodontic pain cannot be 

avoided. Until now, several procedures such as pharmacological approaches(as we have 

noted above), laser irradiation therapy, mechanical and behavioral approaches have been 

used to improve orthodontic pain in clinical practice. In addition, the use of gene therapy 

for relieving pain is becoming widely accepted and may hopefully be used for pain relief by 

orthodontic patients in the future. 

 
 

2.2.1.1. Pharmacological approach 
 

Non-steroidal anti-inflammatory drugs (NSAIDs) are still the most preferred method for 

pain control during orthodontics for decades. They are useful in relieving orthodontic pain, 

but on 

the other hand, they can reduce the rate of tooth movement— which is still being debated, 

for that reason, NSAIDs are not consistently used to control pain in orthodontic practice  

Painful sensations are initiated by prostaglandins when they bind to sensory endings and 

aid tooth movement through bone remodeling stimulation . Studies have shown that the 

production of prostaglandin is made possible by COX enzymes and that the activity of 

COX enzymes is inhibited by NSAIDs. By hampering the release of prostaglandin, 

orthodontic pain is alleviated by NSAIDs. Consequently, bone remodeling and local 
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inflammation are promoted by prostaglandin, and reduced levels of prostaglandin resulting 

from NSAID intake could hinder osteoclasts activity and reduce the rate of tooth 

movement. Different types of NASIDs are available like Acetaminophen, Ibuprofen, 

Celecoxib, Misoprostol and Naproxen sodium. The effectiveness of the use of NASIDs in 

avoiding impeding tooth movement is different among various studies [9]. It has been 

suggested that acetaminophen (Tylenol) should be a better analgesic for orthodontic 

patients than aspirin, ibuprofen, naproxen and similar prostaglandin inhibitors, because it 

acts centrally rather than as a prostaglandin inhibitor More importantly, in patients who are 

not taking prostaglandin inhibitors chronically, there is no effect on initial tooth movement 

from modest doses over 3-4 days after beginning treatment [5] 

Mechanical approach Different mechanical ways have been suggested for pain reduction 

during orthodontic treatment and these include vibration, chewing gums, biting wafers and 

acupuncture. he management of orthodontic pain through vibratory stimulation involves 

the application of vibration to patients’ teeth by placing a vibrating device in their mouths. 

Orthodontic pain can be alleviated by directing patients to use chewing gums and bite 

wafers. Acupuncture involves the use of systemic needles which are normally inserted at 

Hegu (LI-4). 

The mode of action of vibration, chewing gums and biting wafers can be related to the fact 

that mechanical stimuli initiate mechanoreceptors that transmit tactile signals while 

suppressing the transmission of painful signals. Besides that, orthodontic forces squeeze 

periodontal vascular vessels and cause local ischemia and ensuing local inflammation. 

Vibrations re-establish normal circulation and hence decrease pain in spite of controversies 

present for the effectiveness of vibration in relieving orthodontic pain. Due to a lack of 

evidence, there is need for proof of the effective use of chewing gum and biting. 

Acupuncture has been found to be effective in relieving orthodontic pain their mechanisms 

of action for the relieve of orthodontic pain remain unknown.[6] 

 

 

 

2.2.1.2. Low-level laser therapy 
 

Low-level laser therapy has been widely used for pain alleviation in both medical 
and dental practice. Pain relief during orthodontic treatment has been achieved by 
using it. Low-level laser therapy involves the application of laser irradiation to the 
entire dental arch. Evidence exists to confirm the effective use of low-level laser 
therapy in orthodontic pain relief; however, other study had disproved its 
effectiveness. Different irradiation dosages and durations may be responsible for 
these disagreements. As a result, the protocols of irradiation should be explained 
and further verification of their influence is required. [6] 
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2.2.1.3. Behavioral approach 

 
Different behavioral approaches are used to reduce orthodontic pain. They include: 
physical activity, cognitive behavioral therapy (CBT) and music therapy. 
Reassurance and attention confusion are the common features shared by these 
procedures. Anxiety and stress have been reported to accompany orthodontic pain, 
and a quick follow-up could decrease the levels of orthodontic pain significantly. 
This means that by reassuring orthodontic patients, orthodontic pain may be 
controlled. One pattern of psychotherapy is CBT using numerous treatment 
sessions to correct the negative attitudes of the patients and reduce their anxiety. 
Increased anxiety aggravates pain sensations in patients via the limbic system-
mediated neural pathways. 
It has been shown in clinical practice that lowering of patients’ anxiety through 
CBT is an effective way of reducing orthodontic pain. Other modalities such as 
music therapy and physical activity can relieve orthodontic pain in clinical practice 
throughout distracting the patients’ attention via the insular cortex mediated 
neural pathways [6]. 

 
 

2.2.1.4. Gene therapy 
 
Gene therapy refers to a method of moving DNA sequences or genes to target cells with a 

view to alter the biological functions of the target cells. When endogenous opioid genes are 

moved into neurons, the alleviation of pain could be achieved. In a clinical trial of humans, 

gene therapy was used to alleviate cancer pain and satisfactory results were obtained. 

Different types of viral vectors have been employed for conveying concerned genes into 

target cells, including herpes simplex virus. Neurotropism of herpes simplex virus makes it 

to be useful in gene therapy for disorders of the nervous system including pain. 

Furthermore, endogenous opioid genes or RNA interference sequences can be transferred 

into the trigeminal ganglia against pro-inflammatory genes like Calcitonin gene-related 

peptide (CGRP) by using herpes simplex virus to alleviate orthodontic pain. Nowadays, in 

clinical practice, gene therapy usage is restricted due to biosafety reasons. However, gene 

therapy may become an applicable treatment method for the alleviation of orthodontic pain 

if its biosafety complicity is looked into in the near future. [6] 
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2.3. Effects of Treatment on the Height of Alveolar Bone 

 
At the root apex, if the balance between apposition and resorption of the root surface moves 

too far toward resorption, irreversible shortening of the root may occur. It seems logical to 

suspect that this might also happen at the alveolar bone crest, and that another effect of 

orthodontic treatment might be loss of alveolar bone height. Since the presence of 

orthodontic appliances increases the amount of gingival inflammation, even with good 

hygiene, this potential side effect of treatment might seem even more likely. 

Fortunately, excessive loss of crestal bone height is almost never seen as a complication of 

orthodontic treatment. Loss of alveolar crest height in one large series of patients averaged 

less than 0.5 mm and almost never exceeded 1 mm, with the greatest changes at extraction 

sites. 

Minimal effects on crestal alveolar bone levels also are observed on long-term 

follow-up of orthodontic patients. The reason is that the position of the teeth determines the 

position of the alveolar bone. When teeth erupt or are moved, they bring alveolar bone with 

them. The only exception is tooth movement in the presence of active periodontal disease, 

and even adults who have had bone loss from periodontal disease can have orthodontic 

treatment with good bone responses, if the periodontal disease is well controlled 

The relationship between the position of a tooth and alveolar bone height can be seen 

clearly when teeth erupt too much or too little. In the absence of pathologic factors, a 

tooth that erupts too much simply carries alveolar bone with it, often for considerable 

distances. It does not erupt out of the bone. On the other hand, unless a tooth erupts into an 

area of the dental arch, alveolar bone will not form there. If a tooth is congenitally absent or 

extracted at an early age, a permanent defect in the alveolar bone will occur unless another 

tooth is moved into the area relatively rapidly. This is an argument against very early 

extraction, as for instance, the enucleation of an unerupted premolar. Early removal of teeth 

poses a risk of creating an alveolar bone defect that cannot be overcome by later orthodontic 

treatment. 

 

Because an erupting tooth brings alveolar bone with it, orthodontic tooth movement can be 

used to create the alveolar bone needed to support an implant to replace a congenitally 

missing tooth. For instance, if a maxillary lateral incisor is missing and a prosthetic 

replacement is planned, it is advantageous to have the permanent canine erupt mesially, 

into the area of the missing lateral incisor, and then to move it back into its proper position 

toward the end of the growth period. 

This stimulates the formation of alveolar bone in the lateral incisor region that otherwise 
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would have not formed. 

The same effects on alveolar bone height are seen with orthodontic extrusion as with 

eruption: as long as the orthodontic treatment is carried out with reasonable force levels 

and reasonable speed of tooth movement, a tooth brought into the dental arch by extrusive 

orthodontic forces will bring alveolar bone with it. The height of the bone attachment 

along the root will be about the same at the conclusion of movement as at the beginning. In 

some circumstances it is possible to induce bone formation where an implant will be 

required, by extruding the root of an otherwise hopelessly damaged tooth, so that new hard 

and soft tissue forms in the area. 

If a tooth is intruded, bone height tends to be lost at the alveolar crest, so that about the 

same percentage of the root remains embedded in bone as before, even if the intrusion was 

over a considerable distance. 

In most circumstances, this tendency for alveolar bone height to stay at the same level 

along the root is a therapeutic plus. Occasionally, it would be desirable to change the 

amount of tooth embedded in bone. For instance, the bone support around periodontally 

involved teeth could be improved by intruding the teeth and forcing the roots deeper into 

the bone, if the alveolar bone did not follow the intruding tooth. There are reports of 

therapeutic benefit from intruding periodontally involved teeth, but the reduced pocketing 

relates to the formation of a long junctional epithelium, not to reattachment of the PDL or 

more extensive bony support. On occasion, it is desirable to elongate the root of a fractured 

tooth, to enable its use as a prosthetic abutment without crown-lengthening surgery. If 

heavy forces are used to extrude a tooth quickly, a relative loss of attachment may occur, 

but this deliberately non physiologic extrusion is at best traumatic and at worst can lead to 

ankylosis and/or resorption. Physiologic extrusion or intrusion that brings the alveolar bone 

along with the tooth, followed by surgical recontouring of gingiva and bone, is 

preferable.[5] 
 

 
 

2.4. pulpal changes 
 

Orthodontic tooth movement occurs by remodeling changes in the periodontium, including 

periodontal ligament (PDL), cementum and alveolar bone. The force applied within the 

periodontium will also produce mechanical damage and inflammatory over the pulp 

dentine complex. Dental pulp is composed of fibroblasts, odontoblast, undifferentiated 

mesenchymal cells, capillaries and sensory nerve fibers. The primary function of the dental 

pulp is to form dentin. Other functions, such as nutrition, sensory and protection are also 

important. Pulp tissue may also regulate pulp blood flow and dentinal fluid dynamics. 

These mechanisms provide reflexes to preserve dental tissues and promote wound healing 

(29) Orthodontic tooth movement seems to be relatively safe on pulpal health during regular 
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treatment, but pulp tissue may turn necrotic occasionally. This particularly happened on 

pulpal-compromised teeth, e.g., teeth with previous trauma history or large restorations etc. 

It is very difficult to have proper diagnosis and prevention in advance, so, therefore, we 

hope to provide an overall understanding on the pulpal response to the orthodontic 

treatment. This article will also address the reactions of pulpal-compromised teeth during 

orthodontic movement and the dental movement of previous endodontic-treated teeth. 
 
 
 

 

 

 

 
 
 

2.4.1. THE INFLUENCE OF ORTHODONTIC FORCES ON THE 
DENTAL PULP 

 
Orthodontic teeth movement is based on application force to the teeth in a certain period of 

time which may vary between months and years. This movement inevitably causes 

biological reactions in periodontal ligament and pulp. The clinical importance of pulpal 

alterations after orthodontic force depends on whether or not it will endanger the long-term 

vitality of the teeth. 

 

Orthodontic force, which is called as controlled trauma,[7] can damage the pulp because the 

lack of collateral circulation in the pulp makes pulp one of the most sensitive tissues of the 

body. The symptoms, which can be diagnosed earlier in the pulp tissues, after orthodontic 

Fig 7. Dental pulp response to 
orthodontic treatment  



25 
 

force is applied are hemodynamic changes with the increase in the volume of blood vessels 

[8] and circulatory disorders within the 1st h [9] When an orthodontic force is applied, pulp 

tissue reacts with pulp hyperemia at first, and degranulation of mast cells is characterized 

with cell damage and biochemical reactions. These are the features of classical acute 

inflammation in which acute inflammatory mediators such as vasodilatation, bradykinin, 

neuropeptides, prostaglandins and growth factors, vascular permeability, and histamine, 

which causes a rise in blood flow with edema, are released. An increasing neural activity 

and an increasing response threshold to electrical stimulation of pulp develop after a few 

days.[10] Then, because of the alteration in the metabolism of pulp, which is stated with 

increased enzymatic activity, apoptosis, and necrosis of pulp cells increase.[14] The 

changes in the tissue respiration and possible hypoxia, which develop during orthodontic 

treatment, cause increase in aspartate aminotransferase (AST) activity levels and affect 

dental pulp tissue by changing pulpal neural response.[11] The presence of macrophages, 

the change of odontoblast layer, edema of connective tissue, and increase of progenitor 

cells and fibroblasts are the reports, which represent an adaptive process and inflammation 

of pulp tissue to the mechanic aggression caused by orthodontic force.[12] Long-term 

studies show the decrease of some protein expressions which block the regeneration and 

restoration of pulp structure.[13] 

 

The studies which use of radiorespirometric methods report respiratory depression of pulps 

in teeth which are exposed to orthodontic teeth movement.[14] Hamersky et al.[15] 

observed a significant correlation between the amount of decrease in pulp tissue 

respiration rate and the age of the patients. They represented that age is more relative to 

pulp tissue respiration than orthodontic force. While there is a negative relation between 

age and respiration rate, a positive correlation between apical openness amount and 

respiration rate was stated.[16] 

 

Transforming growth factor beta-1 (TGF-β1) and TGF-β3, which released during 

inflammatory process in the pulp, is responsible for not only the stimulation of reactionary 

dentin but also stimulation of reparative dentin after orthodontic force was applied.[18] 

Normally, increased blood flow recovers damaged tissues by removing inflammatory 

mediators but as dental pulp is limited in a narrow area (i.e., dentin walls), active dilatation 

of arterioles cause increase into pulp pressure and compression of venous return.[16]  

 

The possibility of controlled trauma which is inducted with orthodontic force prevents 

removing inflammatory mediators and healing of damaged cells spontaneously, which is 

resulted in tertiary dentin deposition.[16] Later changes of pulpal cell metabolism and 

pulpal vessel changes generally result in an increased deposition of repair dentin of both 

coronal and radicular sections of the pulp with a simultaneous increase in dystrophic 
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mineralization.[16] However, it is asserted [16] that most of the changes in pulpal blood 

flow are reversible by orthodontic forces unless the pulp which was previously irritated with 

restorations, decays, or traumas, it is also stated [7] that orthodontic force creates a minor 

pulpal damage risk for the patient. Literature also puts forward that teeth which fully 

developed with mature apices are sensitive to irreversible pulp inflammation and immature 

teeth are not sensitive. 

 

Angiogenic changes were found after orthodontic force, and there has been an increase in 

the number of micro vessels expressing the rise in angiogenic growth factor in dental 

pulp.[20] Epithelial growth factor which is released after orthodontic force is applied has a 

significant role on angiogenic response of the pulp. After orthodontic loading of the teeth, 

expression of angiogenic growth factors within pulp tissues were defined by pulp 

fibroblasts such as vascular endothelial growth factor, fibroblast growth factor-2, platelet-

derived growth factor, and TGF-β.[21] Progression of inflammatory process is related to 

stimulation of neuropeptides and production of inflammatory cytokines such as interleukin-

1 (IL-1), IL-3, and tumor necrosis factor-alfa. 

 

 

Pulp calcifications commonly occur in the population. They are generally related to age, and 

the number and size of pulpal calcifications increase within the patients who are 

orthodontically treated for a long time. Large nodules of root canal space and total 

calcification are among dystrophic calcification findings related to orthodontic forces.[17] 

Popp et al.[7] radiographically evaluated pulp sizes of orthodontically treated and untreated 

teeth and found a decrease in pulp cavity volume in both groups. 

However, obliteration of pulp cavity can be determined radiographically during and after 

teeth movement, the insufficiency of the detail in the dentin prevents the dentist to realize it 

until the findings are clinically clear. It cannot be diagnosed by the dentist unless they 

cause a radiological radiolucency, narrowing of pulp cavity by irritation dentin when 

compared to the adjacent teeth, discoloration in teeth crown, and signs and symptoms of the 

patient. Therefore, necrosis in the tooth may take place. 

 
 

2.4.2.the following recommendations can be made for patients 
who will have orthodontic treatment, with relation to pulpal 
necrosis: 

 
A detailed history of the dentition should be taken, with specific attention given to any 

history of dental trauma. 

On radiographic examination, teeth should be examined for evidence of pulpal obliteration 
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as these teeth are at a higher risk of irreversible pulpal changes during orthodontic 

treatment. 

Patients who have risk factors for pulpal necrosis with orthodontic treatment (impacted 

teeth, teeth with a history of trauma, caries or restorations, teeth with periodontal bone loss, 

teeth with evidence of pulpal obliteration) should be informed about the risk of pulpal 

damage during treatment. 

Orthodontic forces should be light and continuous, respecting physiologic boundaries. 

Care should be taken to ensure that the intended orthodontic tooth movement does not 

challenge the apical blood supply (e.g., compressing the root apex against the cortical 

plate). 
 
 
 

2.5.TMD and orthodontic treatment 
 

Temporomandibular disorders (TMD) are a broad group of clinical problems involving the 

masticatory musculature, the temporomandibular joint, surrounding bony and soft tissue 

components, and combinations of these problems.[22]Symptoms of TMD include 

decreased mandibular range of motion, pain in the muscles of mastication, temporo- 

mandibular joint (TMJ) pain, associated joint noise with function, generalized myofascial 

pain, and a functional limitation or deviation of the jaw opening.[22]The prevalence of TMD 

is thought to be greater than 5% of the population.[23] Lipton and colleagues[24] showed 

that about 6% to 12% of the population experience clinical symptoms of TMD. Patients 

with TMD symptoms present over a broad age range; however, there is a peak occurrence 

between 20 and 40 years of age.[25] 

 
 

2.5.1Orthodontic treatment as a contributory factor in TMD 
 

A survey of the literature reveals that those articles claiming that orthodontic treatment 

(with or without extractions) can contribute to the development of TMD are predominantly 

of the 

viewpoint (based on the authors’ opinion) and case report type. In contrast, controlled 

longitudinal studies have indicated a trend towards a lower incidence of the symptoms of 

TMD among post-orthodontic patients compared with matched groups of untreated patients. 

The consensus view is that orthodontic treatment, either alone or in combination with 

extractions, does not cause TMD. 
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The role of orthodontic treatment in the prevention and management of TMD 

Some authors maintain that minor occlusal imperfections lead to abnormal paths of closure 

and/or bruxism, which then result in the development of TMD. If this were the case, then 

given 

the high incidence of malocclusion in the population (50–75 per cent), one would expect a 

higher prevalence of TMD. A number of carefully controlled longitudinal studies have 

been carried out in North America, and these have found no relationship between the signs 

and symptoms of TMD and the presence of non-functional occlusal contacts or mandibular 

displacements. However, other studies have found a weak association between TMD and 

some types of malocclusion including Class II skeletal pattern (especially associated with a 

retrusive mandible); Class III; anterior open bite; crossbite and asymmetry. 

current evidence indicates that orthodontic treatment is not a contributory factor and also 

does not cure the TMD, it is advisable to carry out a TMD screen for all potential 

orthodontic patients. At the very least this should include questioning patients about 

symptoms; an examination of the temporomandibular joint and associated muscles and 

recording the range of opening and movement, if signs or symptoms of TMD are found then 

it may be wise to refer the patient for a comprehensive assessment and specialist 

management before embarking on orthodontic treatment. (26) 

 

 

2.5.2. WHAT ARE THE SIGNS AND SYMPTOMS? (25) 

 

A variety of symptoms may be linked to TMJ disorders. Pain, particularly in the chewing 

muscles and/or jaw joint, is the most common symptom. Other likely symptoms include: 

 

• radiating pain in the face, jaw, or neck, 

• jaw muscle stiffness, 

• limited movement or locking of the jaw, 

• painful clicking, popping or grating in the jaw joint when opening or closing the mouth, 

• change in the way the upper and lower teeth fit together. 

 

 
 

2.6. Periodontal disease and orthodontic treatment 

 
The most commonly reported adverse effects of orthodontic treatment can be both local and 

systemic. This includes, tooth discolorations, decalcification, root resorption, periodontal 

complications, psychological disturbances, gastrointestinal complications, allergic reactions, 

infective endocarditis, and chronic fatigue syndrome [26–27]. It has been shown that 
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orthodontic forces represent a physical agent capable of inducing an inflammatory reaction in 

the periodontium [28]. This reaction is necessary for orthodontic tooth movement [29]. One 

of the challenges of orthodontics is to finish the orthodontic treatment with the least effects on 

the root and periodontium. 

 

2.6.1. Periodontal Complication 

Periodontal health is an important factor that may be used to evaluate the success of orthodontic therapy. 

Periodontal complications are reported to be one of the most common side effects linked to orthodontics 

[30]. Also, properly aligned teeth are easier to clean, and perhaps correct occlusion may promote healthier 

periodontium. The periodontal complications associated with orthodontic therapy mainly include gingivitis, 

periodontitis, gingival recession or hypertrophy, alveolar bone loss, dehiscences, fenestrations, interdental 

fold, and dark triangles [31, 32]. Presence of microbial plaque is reported to be the most important factor in 

the initiation, progression and recurrence of periodontal disease in reduced periodontium [33]. The reasons 

behind these periodontal complications involve patient factors and the technique used in the treatment [34]. 

Patient factors include past periodontal condition, increased susceptibility, and poor oral hygiene. Smoking 

is also a known factor that affects the periodontal support [35, 36]. Orthodontic treatment and the procedures 

are known to induce both positive and negative local soft-tissue reactions in the gingiva. The negative 

reaction is mainly associated with gingivitis. 

The presence of plaque is the considered as one of the main factors in the development of gingivitis. 

Orthodontic brackets and elastics might interfere with effective removal of dental plaque, thereby increasing 

the risk of gingivitis. Few clinical studies also reported poor periodontal health and greater loss of clinical 

attachment level distally in the dental arches. This could be a result of poor oral hygiene in molar regions 

and the presence of molar bands, which favors food lodgment [37]. However, as a result of the orthodontic 

treatment a shift in the composition and type of bacteria can be expected [38]. Orthodontic treatment is 

known to affect the equilibrium of oral microflora by increasing bacteria retention. In a study done by Ristic 

et al. [39] an increase in the value of periodontal indices and growth of periodontopathogenic bacteria were 

observed in adolescent patients undergoing fixed orthodontic treatment. In the majority of the patients, 

following placement of a fixed appliance, small amount gingival inflammation is visible, which could be 

transient in nature and does not lead to attachment loss [40]. Some reports support the fact that the fixed 

orthodontic treatment may result in localized gingivitis, which rarely progresses to periodontitis [41]. 

Figure:8 
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Gingival inflammation around orthodontic bands leads to pseudo- pockets, which usually disappear with 

debanding of the brackets. However, this is usually resolved within weeks of debanding. However, some of 

the published researches have reported reduced risk of gingivitis in the absence of plaque, orthodontic forces, 

and tooth movements [42, 43].  

2.6.2 Pathophysiology 

The periodontal ligament mainly consists of type I collagen, although type III collagen fibres are also 

present. The main function of PDL is sending proprioceptive signals to the brain and withstanding 

compressive forces during chewing movements. Various studies have reported significant recruitment of 

mononucleated cells, macrophages, dendritic cells, and MHC class II Ia-expressing cells in the pressure 

zone incident to orthodontic tooth movement [44, 45]. In the tension zone, however, minimal changes in the 

number and distribution of immune cells have been reported [46]. Under stress from the orthodontic 

treatment, there would be changes to the blood flow [47]. 

 

 

2.6.3. Preventive Program for Orthodontic Patients with Fixed Appliances 

Before Orthodontic Treatment 
 

1. Initial diagnosis and referral for treatment to control active periodontal disease and caries 

2. Informed consent of the risks during orthodontic treatment and responsibilities of the patients and 

clinician 

3. All general dental and periodontal treatment completed before orthodontic treatment 
 
2.6.3.1.During Orthodontic Treatment 

1. Provide the patient with initial brushing instruction with orthodontic tooth brush when the appliances 

are first placed. The patient should use fluoride toothpaste with that also has an antigingivitis effect. 

2. Record plaque removal effectiveness in the patient's chart. 

3. Use a positive reinforcement approach (praise) and avoid criticism. 

4. Introduce additional methods to improve oral hygiene 

such as flossing only when success is established with simple brushing. 

 

 

 

Fig. 9   

 
 Fig.10 
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If poor compliance persists (more often in adolescents), the following steps may be considered: 

A. Schedule more frequent orthodontic visits (every 3 to 4 weeks) when the 

assistant can spend more time with the patient 

B. Schedule the patient with an auxiliary who has the best motivational skills. 

C. Send a letter describing the problems to the patient or parents as well as the general dentist. 

D. If all this fails, consider the use of a chlorhexidine (Fig. 11) rinse treatment for 12 weeks 

 
 

Fig. 11 Mouthwash 

 

 

2.6.3.2.After Orthodontic Treatment: At the completion of orthodontic treatment the clinician 

should encourage the patient to maintain proper oral hygiene habits. 

 

1. Make sure all children and adolescents are using fluoride toothpaste with an ADA seal of 

approval at least twice daily to promote remineralization. 

2. Make sure that the patient has resumed routine dental care with the general dentist. 

3. Send a post treatment report to the patient and to the general dentist. Outline future 

responsibilities and how well the goals of treatment have been achieved. [48 , 49] 
 

 

 

 

 

2.7.Decalcification and Caries associated with 
orthodontic treatment 

 
 
Decalcification of enamel (white spots) is a common adverse effect of orthodontic 

treatment. Decalcification is considered to be the first step toward cavitation. 

Decalcification of enamel occurs in 50% of orthodontic patients and the most affected teeth 

are the maxillary incisors. Additionally, these lesions can develop within four weeks, which 

is the typical time span for orthodontic follow-up. 
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The prevention protocol for decalcification includes plaque control through brushing of the 

teeth with fluoridated tooth paste. Daily rinsing with a 0.02% or 0.05% sodium fluoride 

solution can also minimize decalcification of enamel. Additionally, fluoridated solutions 

may delay the progression of lesions. Application of fluoride varnish twice a year or a 

combination of antibacterial and fluoride varnish may reduce the incidence of 

decalcification (51). 

If decalcification is observed after removal of the orthodontic appliances, the practitioner 

should not rush into the management of these lesions. Time should be given for possible re-

mineralization of these white spots. In these cases the patient should be instructed to 

continue with the plaque control protocol, which includes daily rinsing with fluoridated 

solutions. No fluoride varnish should be applied to the lesion at this stage, because it will 

arrest the lesion and the chance for re-mineralization will be diminished. 
 

 

 

 

2.7.1.Orthodontic treatment and increased risk of caries 
 
Orthodontic treatments are a non-negligible risk factor (52, 53, 54). 

Introducing a fixed appliance in the mouth favours the build-up of dental plaque, makes oral 

hygiene very difficult, restricts salivary self-cleaning and so creates an environment that 

favours the onset of caries (55, 54, 56). 

The fitting of orthodontic appliances causes a modification of the oral ecosystem, with an 

increase in the numbers of cariogenic bacteria (57, 58). This change upsets the balance 

between the processes of demineralization and remineralization, thereby increasing the 

patient’s individual risk of caries (Fig.12). 

Fig. 12. Increased individual risk of caries in a patient due to 

imbalance between the processes of demineralization and remineralization 
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In addition, orthodontic treatment is most often applied during adolescence, when the 

permanent teeth have recently erupted and so are more vulnerable to caries because of their 

young enamel. This greatly compounds the risk of caries, and so orthodontic treatment at 

this age will favour the formation of carious lesions. These can be caries in pits and grooves, 

which make up more than 60% of lesions diagnosed according to Chaussain (59). However, 

the carious lesions can also be localized on smooth surfaces, giving the amelar 

demineralization lesions known as “white spots” (60, 61). According to Kamp, these “white 

spots”, or initial lesions of the enamel, are present in 25–30% of patients who are following 

an orthodontic treatment (62). 

The teeth most vulnerable to demineralization are the maxillary incisors and the first 

permanent molars. The three locations most at risk of demineralization are: the cervical 

areas, the areas located under the bands and the enamel adjacent to cemented brackets (63, 

64). 

This initial lesion that occurs during orthodontic treatment appears clinically as an opaque 

whitish or greyish halo at the junction between the cement and the enamel, and generally at 

the gum level at the base of the half-moon bracket. If the mineral loss continues, then an 

irreversible cavity formation ensues (Fig. 13.14.15.). 
 

 

Fig.13.14.15 

 Patient who had been 

wearing a brace for 7 

years presented for 

consultation with this 

buccodental state. 
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2.7.2.Prevention of caries risk in orthodontics 

 
Patients wearing orthodontic appliances should be considered as patients at risk, for whom 

a preventive, prophylactic approach should be implemented before, during and after the 

orthodontic treatment (65). 

 

 

 

 

2.7.2.1.Before orthodontic treatment 
 
Clinical interview 

 
First of all, a clinical interview of the patient should be conducted to determine his or her 

patterns of behavior, eating habits, dental hygiene and, if possible, the history of any fluoride 

treatments undergone (66, 67, 60). 

In the case of children, this interview can also assess the degree to which their families are 

ready, willing and able to help the treatment succeed, an essential factor in ensuring a good 

quality follow-up of the different treatments proposed (68, 66). This interview is followed 

by a full clinical and radiological dental examination. 

 
Clinical examination 

Right at the start the buccodental state should meet certain criteria to facilitate orthodontic 

treatment and not be likely to cause any local complications that could be wrongly 

interpreted as being directly due to the orthodontic treatment itself, and so be blamed on it 

(66).  

 

 
Radiological examination 

In addition to the dental examination, an accurate, systematic radiological examination 

should be performed (66). 

 

 
Dental care treatment 

After this examination, an appropriate treatment plan should be drawn up to carry out the 

different dental care treatments needed before the orthodontic treatment can in turn be 

initiated. This pre-orthodontic buccodental preparation is an essential step (66). The 

orthodontist should be personally involved at this stage and ensure that all preventive 
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precautions are taken and all necessary treatment is carried out, jointly with the pedodontist 

or general practitioner. 

 

 

 

Education and motivation 

Before undertaking curative and preventive treatment, prime importance should be given to 

dietary recommendations: the patients should be informed and made aware of the cariogenic 

potential of foods and bad eating habits such as snacking, and be taught to eat sensibly (69, 

70). 

In addition, motivation and awareness of buccodental hygiene should be emphasized in the 

treatment plan. The patient should display a satisfactory level of oral hygiene before the 

orthodontic treatment is started, and be expected to maintain this level of hygiene 

throughout the treatment (71, 58). The rules of hygiene should become a routine habit, 

which should even so be reinforced at intervals. 

 

 
 

Fig.16. Patient with dental crowding; preparation before orthodontic treatment 
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Fig. 17. Maintenance of buccodental hygiene during treatment 

 

 

 

 
Fig. 18. End of orthodontic treatment with a satisfactory aesthetic outcome and healthy enamel. 

 

 

 

2.7.3.During orthodontic treatment 

Special attention should be paid to the choice of bonding material and to fluoride-based 

prevention. 

 

Fitting of the orthodontic appliance 

The close fitting of bands on teeth is recommended, but this is sometimes insufficient to 

maintain the protection of the cement if pressure and chewing impact are high (68). Glass 

ionomer cement has been used for some years and offers a good solution to this problem. It 

is less friable than oxyphosphate, bonds equally to metal and enamel, and releases fluoride, 

thus helping to protect the teeth. Cementing of brackets should always be preceded by 
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treatment of amelar surfaces with prophylactic brushing to remove plaque and other debris. 

Satisfactory bonding is obtained using phosphoric acid combined with composite resin. The 

choice of cementing material should take into account both bonding strength and cariostatic 

power. Composite resins are generally most often used, but studies have shown that 

bacterial plaque builds up more readily on these resins than on enamel, which can cause 

demineralization around the brackets. 

Glass ionomer cements can also be used to cement brackets: the teeth need no prior acid 

etching and there is no change in amelar surfaces after removal.  

 

 

Fluoridated bonding resins have anticariogenic power, reducing the occurrence of 

demineralization adjacent to orthodontic devices by releasing fluoride at specific sites (72, 

73). 

When braces are removed, excess composite remaining on the teeth must be eliminated: if 

left in place it will retain bacterial plaque and favour caries formation. Likewise, the 

peripheral joint should be well chamfered to facilitate saliva flow and tooth brushing. 

 

 

 

 

 

Buccodental hygiene 

Clinical maintenance is essential throughout any orthodontic treatment. Elimination of 

plaque and food debris is a foremost requirement for buccodental hygiene (66, 74). Concern 

for oral hygiene should be constant, not only among all practitioners, but also among 

patients: throughout the treatment period the patient should successfully maintain a 

satisfactory level of oral hygiene despite the hindrance of the appliance. Teaching the patient 

to achieve good oral hygiene, plus follow-up by the orthodontist, is certainly the easiest 

preventive therapy that can be set in place (75, 67). A method of brushing teeth should be 

taught that takes into account the patient’s age (young child or adult), socio-cultural level, 

dexterity and any disabilities (67, 76, 77, 78). Electrically operated brushes may be preferred 

if the patient is unable to ensure correct oral hygiene by simple mechanical brushing (79,80); 

an electric toothbrush reduces dental plaque more completely than a mechanical toothbrush 

(81) 
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Fig. 20. Good oral hygiene before fitting of brackets 

Fig. 19. Photograph at the 

start of treatment; 

presence of bacterial plaque 

due to poor hygiene 
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Fig. 21. Regular maintenance of oral hygiene 

throughout the orthodontic treatment. 

 

 

 

 

 

 

Maintenance and follow-up during orthodontic treatment 

The odontologist should remain fully involved throughout the orthodontic treatment, and 

draw up a follow-up schedule jointly with the orthodontist and the patient to keep the risk 

of caries at a low level. Thus, regular maintenance consultations with the odontologist must 

be planned. This follow-up schedule should be adapted to each patient’s individual risk of 

caries. For children at very low risk, two or three annual visits are recommended. For 

children at higher risk, a visit every 2 months will be necessary. 

 
2.7.4.After orthodontic treatment 

The treatment ends when the planned result has been achieved (66). After the brackets have 

been removed, residues of cement remain on the teeth, requiring a thorough polishing of the 

dental surfaces (82). 

The paedodontist or general practitioner should then carry out a careful examination of the 

entire mouth to diagnose and treat: 
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- any proximal caries; 

- any caries that have formed under the molar bands and in areas where brushing between 

the brackets and the gingival festoon has been deficient. 

Traces of demineralization, which cannot be foreseen, are often discovered at the end of 

treatment, requiring continued preventive fluoride treatment (68). In this case it is important 

to make topical applications of fluorides in a solution, gel or varnish to facilitate surface 

remineralization of incipient carious lesions. If there are no lesions, in the most favourable 

cases these applications are the only precautions that need to be taken at the end of the 

orthodontic treatment (66, 83). O'Reilly and Featherstone (84) have shown that 

demineralization around the brackets can be completely eliminated by a combination of 

fluoride toothpaste and daily rinsing with 0.05% NaF solution. 
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    CONCLUSIONS  
 

This review has considered some of the main risks of orthodontic 
treatment by way of an overview of relevant literature. It has been shown 
that the risks of orthodontic treatment vary between individuals and 
treatment plans. Clinicians should develop treatment plans in light of an 
assessment of their patients’ susceptibility to these risks and patients 
should be duly informed of these risks as part of informed consent. Doing 
so inevitably requires a degree of experience and skill on the part of the 
clinician. In light of this, a one-size-fits-all treatment philosophy is liable to 
expose patients to a higher risk of adverse outcomes. 

Individual susceptibility is the main risk factor 

for root resorption in orthodontic patients during orthodontic treatment; but 
not patients, Microscopic root resorption is characteristic 

to all permanent teeth during orthodontic treatment. 

It is clinically insignificant and radiologically invisible, 

orthodontic teeth movement couldn’t occur without this resorption. 

in case of such susceptibility root resorption can start already in the early 
stage of orthodontic treatment.  It is possible to avoid severe root 
resorption 

by doing control x-ray images to all orthodontic patients after 6-9 months 
of orthodontic treatment. Minor root resorption or an irregular tooth root 
contour 

detected during this period show that there is a high risk for further root 
resorption.  Optimal force for orthodontic tooth movement but not causing 

root resorption should be 7-26 g/cm2 on root surface area. 

And other risk factor on pulp tissue, Temporary reduction of PBF after intrusive 
force application is a reversible effect, and it tends to return to baseline values in 
about 3 weeks. 

Although there is a lack of high-quality scientific evidence to prove that 
orthodontic forces affect in irreversible alterations of human dental pulp 

 

Orthodontic treatment is usually contraindicated in patients with active 
periodontal disease or poor periodontal health as the chance of further 
periodontal deterioration is high in such case. Therefore, a thorough assessment 
of the periodontal health and level of attached gingival is recommended prior to 
the orthodontic treatment 
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 الخالصة 

والوجه في تحديد الموضع الصحيح لألسنان ويوفر إطباق أفضل وعالقة   منطقة القحف يساهم عالج تقويم االسنان ا لسوء اإلطباق وتشوهات    

في تحسين    نتائج العالج أفضل بين الفكين. كما يسهل عالج تقويم األسنان تحسين الحفاظ على نظافة الفم لدى المرضى. وباإلضافة إلى ذلك، وتظهر  

 عمليه                       

يؤثر على الثقة بالنفس أو يحسن من  يساهم في الصحة العامة وصحة الفم للمريض، مما    المريض وذلك   الجمالية لوجه وتعطي    الطعام والكالم مضغ    

، إلى جانب فوائد عالج تقويم األسنان، هناك مخاطر معينة، وآثار ضارة. ومع ذلك، فإن هذه اآلثار السلبية  طريقة حياته. مثل أي تدخل طبي آخر 

اآلثار الجانبية األكثر شيوعا لعالج تقويم    المرتبطة بعالج تقويم األسنان نفسها أقل بكثير مقارنة بالتدخالت الجراحية وغير الجراحية األخرى. 

الجسم. اجهزة    أحد األسنان قد تكون موضعية، أي داخل الفم وخارجه، او عامه تؤثر على    

المينا، تسوس األسنان، مضاعفات دواعم األسنان    تآكل أسطح رتشاف الجذور، إزالة التألق،  ا   األسنان، تغير لون    الموضعية: وتشمل اآلثار الضارة    

الج  تي هي األكثر شيوعا التهاب اللثة، ثم التغيرات في األنسجة الرخوة في مناطق الفم والوجه والفكين، واضطرابات الصدغ والفك. نتيجة للع ال 

ب  التقويمي، قد تحدث بعض اآلثار الجانبية الجهازية أيضا: مضاعفات الجهاز الهضمي، والتفاعالت التحسسية، والتهاب الشغاف المعدي، والتع 

 المزمن. 

 

كن  عالج تقويم األسنان له تأثير مزدوج، في بعض األحيان يكون من المهم جدا من حيث زيادة حالة صحة لثة األسنان، ولكن في بعض األحيان يم   

آلثار على جذور  أن تحدث بعض اآلثار السلبية المذكورة أعاله. أحد التحديات لمعظم أخصائيي تقويم األسنان هو إكمال عالج تقويم األسنان بأقل ا 

ففي مثل هذه الحالة تكون فرصة زيادة    لثة، سوء صحة    اللثة أو األسنان واللثة. عادة ما يمنع عالج األسنان في المرضى الذين يعانون من أمراض  

تدهور الحالة أعلى. لذلك، قبل البدء في عالج األسنان، يوصى بتقييم شامل لصحة اللثة األسنان ومستوى اللثة   

من المهم بشكل خاص التأكيد على الحاجة إلى الحفاظ على نظافة الفم الجيدة من أجل تحقيق أفضل عالج. بشكل عام، يجب أن تتغلب    المرتبطة، 

في أن يكون على  ج، الحق  الفوائد الالحقة لعالج تقويم األسنان على أي ضرر محتمل. وللمريض، بوصفه مشاركاً في اتخاذ القرارات المتعلقة بالعال 

المنافع والمخاطر المحتملة التي قد تنشأ علم ب   
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Abstract 

Orthodontic treatment of malocclusion and craniofacial abnormalities contributes to 

the proper positioning of the teeth and provides better occlusion and a better relation 

of the jaws. Orthodontic treatment also facilitates better maintenance of oral hygiene 

in patients. In addition, better mastication, phonation and aesthetics on the face of the 

patient are also provided with orthodontic treatment contributing to the general and 

oral health of the patient, affecting self-confidence or improving the quality of his life. 

Like any other medical intervention, besides the benefits of orthodontic treatment, 

there are certain risks, adverse effects. However, these adverse effects associated 

with the orthodontic treatment themselves are significantly lower compared to other 

surgical and non-surgical interventions. The most common adverse effects of 

orthodontic treatment may be local that is, intraoral and extraoral, as well as systemic. 

Local adverse effects include: discoloration of the teeth, root resorption, 

decalcification, attrition (worn off) of the enamel surfaces, dental caries, periodontal 

complications of which the most common is gingival inflammation, then changes in 

the soft tissues in the oral and maxillofacial regions, and temporomandibular 

disorders. As a result of orthodontic treatment, some systemic side effects may also 

occur: gastrointestinal complications, allergic reactions, infective endocarditis, and 

chronic fatigue. 

Orthodontic treatment has a double effect, sometimes it is very important in terms of 

increasing the status of periodontal health, but sometimes some of the above 

adverse effects can occur. One of the challenges of most orthodontists is to 

complete orthodontic treatment with the least effects on the roots of the teeth and 

periodontium. Orthodontic treatment is usually contraindicated in patients with active 

periodontal disease or poor periodontal health, as in such a case the chance of 

further worsening of the condition is higher. Therefore, before starting the orthodontic 

treatment, a thorough assessment of the periodontal health and the level of the 

attached gingiva is recommended, it is particularly important to emphasize the need 

to maintain good oral hygiene in order to achieve the best treatment. In general, the 

subsequent benefits of orthodontic treatment must overcome any potential damage. 

The patient as a participant in decision-making regarding treatment has the right to be 

informed about the benefits and possible risks that may arise. 

The patient, as a participant in treatment decision-making, has the right to be 

informed about the benefits and possible risks that may occur. [1] 
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1.INTRODUCTION 

Orthodontic treatment has its shortcomings. These perceived shortcomings are 

not restricted to a lack of ability to treat certain malocclusions but to the 

possibility of actual tissue damage during the actual course of treatment, an 

increased susceptibility to dental disease and dysfunction following completion 

of treatment, and partial or complete failure to accomplish the goals of 

treatment. The detrimental effects of orthodontic treatment cannot be 

segregated from the shortcomings in the implementation of the treatment per se. 

Only part of the treatment is in the hands of the clinician. From the perspective 

of an ideal treatment plan the patient’s cooperation (Table 1) is paramount for 

achieving ideal result.[2] 
 

 

 

 

 

 

 

 

 

2.Deleterious effects of orthodontic treatment are: 
 

1. Root resorption  

2. Mobility and Pain Related to Orthodontic Treatment 

3. Effect on alveolar Hight  

4. pulp change during orthodontic treatment 

5. TMD with orthodontic treatment 

6. Periodontal disease  

7. Enamel decalcification and caries  
 

 

Table 1: Patient’s cooperation for an ideal treatment 
During orthodontic treatment the patient is supposed to 
• Maintain proper oral hygiene 

 

• Not damage or break parts of the appliance, this will involve abstaining from certain 
hard and sticky foodstuffs like, chocolates, toffees, etc. 

 
• Wear the advised elastics/headgears and retainers for the required duration 

 
• Report for appointments regularly 

 

• Meet his/her financial obligations towards the treatment 
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2.1. ROOT RESORPTION 
 

Root resorption is a frequent occurrence during orthodontic procedures. It is usually 

small in amount, irreversible and difficult to predict. It has been often associated with the 

excessive use of force, or tipping (Fig. 1) or when the roots are moved beyond the 

cancellous bone, closer to the cortical bone (as during anchorage preparation in the 

edgewise technique). The amount of root resorption is considerably more for teeth that 

have undergone root canal treatment, are non-vital or have been subjected to previous 

trauma  

(Fig. 2).[3] 

Fig.2 excessive root resorption 
following orthodontic treatment 

indicated by blunting of root apices, 
in teeth with a previous history of 

trauma 

Fig.1 Extreme bone loss and mobility 
following excessive use of force and tipping 
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2.1.1. MECHANISM OF ROOT RESORPTION 
 

Mechanism of root resorption is not completely explored. According to Brudvik and Rygh, 

inflammatory root resorption induced by orthodontic treatment is a part of process of 

elimination of hyaline zone. It is considered that occurrence of root resorption can be 

induced by the strong force through orthodontic treatment and hyalinisation of periodontal 

ligaments induced by increased activity of cementoclasts and osteoclasts. During tooth 

movement, areas of compression (where osteoclasts are in action inducing bone resorption) 

and areas of tension (where osteoblasts are active inducing bone deposition) are formed. 

 

Thus, a tooth moves towards the side of bone resorption. An imbalance between bone 

resorption and deposition, losing protective characteristics of cementum may contribute to 

the cementoclasts/osteoclasts resorbing areas of the root. When hyaline zone forms, tooth 

movement will stop. Upon regeneration of periodontal ligament, hyaline zone is removed 

by mononucleus cells similar to macrophages and by multinucleus gigantic cells and a 

tooth starts to move again. During removal of hyaline zone an outer tooth root surface 

consisting of the layer of cementoblasts may be damaged, exposing the underlying highly 

dense mineralized cementum. It is possible that a force occurring during orthodontic 

treatment may directly damage outer root surface. Tooth root surface under the hyaline 

zone resorbed just after a few days, when a repair process is already happening in the 

periphery. On the grounds of the literature data, it can be stated that the resorption process 

is completed after removal of the hyaline zone, and/or when orthodontic force decreases 

[4]. 

 

Repair of the damaged root restores its original contours, unless the attack on the root 

surface produces large defects at the apex that eventually become separated from the root 

surface (Figure 9-23). Once an island of cementum or dentin has been cut totally free from 

the root surface, it will be resorbed and will not be replaced. On the other hand, even deep 

defects in the form of craters into the root surface will be filled in again with cementum 

once orthodontic movement stops. Therefore, permanent loss of root structure related to 

orthodontic treatment occurs primarily at the apex. Sometimes there is a reduction in the 

lateral aspect of the root in the apical region.[5] 
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Shortening of tooth roots during orthodontic treatment occurs in three distinct forms that must be 

distinguished when the etiology of resorption is considered. 

 2.1.2.Types of  Root resorption  
 

2.1.2.1 Moderate Generalized Resorption 
 

Despite the potential for repair, careful radiographic examination of individuals who have 

undergone comprehensive orthodontic treatment shows that most of the teeth show some 

loss of root length, and this is greater in patients whose treatment duration was longer The 

average shortening of root length of maxillary incisors is somewhat greater than for other 

teeth, but all teeth included in the 

typical fixed orthodontic appliance shows slight average shortening. In the Seattle study 

from which the data of Table 9-4 were derived, all teeth except upper second molars were 

banded. Note that these were the only unaffected teeth. Although 90% of maxillary incisors 

and over half of all teeth show some loss of root length during treatment, for the great 

majority of the patients, this modest shortening is almost imperceptible and is clinically 

insignificant. Occasionally, however, loss of one-third or one-half or more of the root 

structure is observed in patients who received what seemed to be only routine orthodontic 

therapy (Figure 4). Again, it is important to distinguish between two forms of severe 

resorption: 
 

 
2.1.2.2. Severe Localized Resorption 

 
Severe root resorption of all the teeth, fortunately, is rare. Some individuals are prone to 

root resorption, even without orthodontic treatment—severe generalized resorption has 

been observed many times in individuals who never were orthodontic patients. If there is 

Fig.3 
 During tooth movement, clast cells attack cementum as well as bone, creating defects in surface of the roots. 
During the repair phase. these defects fill back in with Cementum. Shortening of the root Occurs when cavities 
coalesce 
at the apex. SO that peninsulas of root Structure are Cut off as islands. Then the repair process smooths over the 
new root surface, and a net loss of root length occurs. This is why although both the sides and the apex of the root 
experience resorption. roots become shorter but not thinner as a result of orthodontic tooth movement.  
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evidence of root resorption before orthodontic treatment, the patient is at considerable risk 

of further resorption during orthodontic treatment, much more so than a patient with no 

pretreatment resorption. Although hormonal imbalances and other metabolic derangements 

have been suspected in these susceptible patients, little evidence supports these theories. It 

was reported in the 1940s that a deficiency of thyroid hormone could lead to generalized 

root resorption, and occasionally thyroid supplements for orthodontic patients are 

suggested as a way to prevent this, but almost all patients with generalized resorption have 

no endocrine problems. At this point the etiology of severe generalized resorption must be 

considered entirely unknown. 

Orthodontic treatment is not the major etiologic factor. Various reports have suggested that 

above-average resorption can be anticipated if the teeth have conical roots with pointed 

apices, distorted tooth form (dilaceration), or a history of trauma (whether or not 

endodontic treatment was required). These characteristics, however, are best considered 

indicators of somewhat more extensive moderate resorption than as risk factors for severe 

resorption [5] 

 
 

2.1.2.3. Severe  Generalized Resorption 
 

In contrast to severe generalized resorption, severe localized resorption (i.e., severe 

resorption of a few teeth) probably is caused by orthodontic treatment in many 

instances. It has been known for many years that excessive force during orthodontic 

treatment increases the risk of root resorption, particularly if heavy continuous forces 

are used. Prolonged duration of orthodontic treatment also increases the amount of 

resorption. The risk of severe resorption is much greater for maxillary incisors (3% 

affected vs. <1 % for all other teeth) 

. Kaley and Phillips reported a twenty-fold increase in the risk of severe resorption for 

maxillary incisors if their roots were forced against the lingual cortical plate during 

treatment 

This is likely to occur during camouflage treatment for skeletal problems, when the 

maxillary incisors are torqued (as in Class II patients) or tipped (as in Class II I 

treatment) so that the root apices are thrust against the lingual cortical plate. Contact 

with the cortical plates also can explain other patterns of localized root resorption, such 

as resorption of lower molar roots when buccal root torque is used in an effort to 

augment anchorage for Class II elastics.[5] 
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2.1.3. DEGREES OF SEVERITY OF ROOT RESORPTION 

 

There are three degrees of severity of root resorption distinguished: 

1) Cementum or surface resorption, occurring together with remodeling, when 

only outer cementum layer is resorbed, which regenerates or remodels later. 

This process is similar to trabecular bone remodeling. 

2)   Dentin resorption with repair (deep resorption), when cementum and outer dentin 

layer are resorbed; resorption is irreversible because only cementum regenerates. 

Tooth root form after this resorption and remodeling may stay the same or altered. 

3) Surrounding apical root resorption, when hard apical root tissues fully resorbed 

and root shortening is observed. Root apical tissues under cementum are lost, root 

tissues do not regenerate. Repair of outer surface occurs in the cementum layer. 

Later sharp tooth edges may be gradually leveled [4] 

 

 

Fig4.  
Root resorption accompanying orthodontic treatment can be placed into three categories as illustrated here 
for maxillary central and lateral incisors 
A, Category 1, slight blunting; B, Category 2, moderate resorption, up to 7 4 of root length; 
 C, Category 3, severe resorption, greater than 74 of root length. See Table 9-5 for date for prevalence of these 
levels of resorption. 
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A. Irregular root contour 

B. Apical root resorption is less than 2mm 

C. Apical root resorption is from 2mm to 1/3 of the initial root length 

D. Apical root resorption is more than 1/3 of the initial root length [4] 

 

 

 

2.1.4. Recognized risk factors for root resorption during 
orthodontic treatment 

 
1. Shortened roots with evidence of previous root resorption 

2. Pipette-shaped or blunted roots 

3. Teeth which have suffered a previous episode of trauma 

4. Iatrogenic – use of excessive forces; intrusion; prolonged treatment time [2] 
 
 
 
 

2.2. Mobility and Pain Related to Orthodontic Treatment 
 

Orthodontic tooth movement requires not only a remodeling of bone adjacent to the teeth, 

but also a reorganization of the PDL itself. Fibers become detached from the bone and 

cementum, then reattach at a later time. Radiographically, it can be observed that the PDL 

space widens during orthodontic tooth movement. The combination of a wider ligament 

space and a somewhat disorganized ligament means that some increase in mobility will be 

observed in every patient. 

Fig. 5. The degree of root resorption 
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moderate increase in mobility is an expected response to orthodontic treatment. The heavier 

the force, however, the greater the amount of undermining resorption expected, and the 

greater the mobility that will develop. Excessive mobility is an indication that excessive 

forces are being encountered. This may occur because the patient is clenching or grinding 

against a tooth that has moved into a position of traumatic occlusion. If a tooth becomes 

extremely mobile during orthodontic treatment, it should be taken out of occlusion and all 

force should be discontinued until the mobility decreases to moderate levels. Unlike root 

resorption, excessive mobility will usually correct itself without permanent damage. If heavy 

pressure is applied to a tooth, pain develops almost immediately as the PDL is literally 

crushed. There is no excuse for using force levels for orthodontic tooth movement that 

produce immediate pain of this type. If appropriate orthodontic force is applied, the patient 

feels little or nothing immediately. Several hours later, however, pain usually appears. The 

patient feels a mild aching sensation, and the teeth are quite sensitive to pressure, so that 

biting a hard object hurt. The pain typically lasts for 2 to 4 days, then disappears until the 

orthodontic appliance is reactivated. At that point, a similar cycle may recur, but for almost 

all patients, the pain associated with the initial activation of the appliance is the most severe. 

It is commonly noted that there is a great deal of individual variation in any pain experience, 

and this is certainly true of orthodontic pain. 

Some patients report little or no pain even with relatively heavy forces, whereas others 

experience considerable discomfort with quite light forces. The pain associated with 

orthodontic treatment is related to the development of ischemic areas in the PDL that will 

undergo sterile necrosis (hyalinization). The increased tenderness to pressure suggests 

inflammation at the apex, and the mild pulpitis that usually appears soon after orthodontic 

force is applied probably also contributes to the pain. There does seem to be a relationship 

between the amount of force used and the amount of pain: the greater the force, the greater 

the pain, all other factors being equal. This is consistent with the concept that ischemic 

areas in the PDL are the major pain source, since greater force would produce larger areas 

of ischemia. If the source of pain is the development of ischemic areas, strategies to 

temporarily relieve pressure and allow blood flow through compressed areas should help. 

In fact, if light forces are used, the amount of pain experienced by patients can be decreased 

by having them engage in repetitive chewing (of sugarless gum, a plastic wafer placed 

between the teeth, or whatever) during the first 8 hours after the orthodontic appliance is 

activated. 

Presumably this works by temporarily displacing the teeth enough to allow some blood 

flow through compressed areas, thereby preventing build-up of metabolic products that 

stimulate pain receptors. 
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Light forces, however, are the key to minimizing pain as a concomitant of orthodontic 

treatment. 

also, many drugs used to control pain have the potential to affect tooth movement because 

of their effects on prostaglandins. Chronic use of prostaglandin inhibitors, as in patients 

using high doses of these agents to control the pain of arthritis, is a different story. This can 

inhibit tooth movement. 

It is rare but not impossible for orthodontic patients to develop pain and inflammation of 

soft tissues, not because of the orthodontic force, but because of an allergic reaction. 

There are two major culprits when this occurs: a reaction to the latex in gloves or elastics 

and a reaction to the nickel in stainless steel bands, brackets and wires. Latex allergies can 

become so severe as to be life threatening. Extreme care should be taken to avoid using 

latex products in patients reporting a latex allergy. Nickel is allergenic, and nearly 20% of 

the U.S. population show some skin reaction to nickel containing materials (cheap jewelry 

and earrings). Fortunately, most children with a skin allergy to nickel have no mucosal 

response to orthodontic appliances and tolerate treatment perfectly well, but some do 

not.21

fig 6. Nickel allergy 
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The typical symptoms of nickel allergy in an orthodontic patient are widespread erythema 

and swelling of oral tissues, developing 1-2 days after treatment is started. For such 

patients, titanium brackets and tubes can be substituted for stainless steel [5] 

Pain associated with traumatic ulcerations or abrasions are the most common complaints 

reported following the placement of fixed appliances. A study conducted by us found the 

incidence to be as high as 56 percent over all; with females complaining more as compared 

to males. 

The patients treated with the Begg appliance had more problems, mainly because of the 

sharp ends of the lock-pins used. Such problems can be relieved by adjusting the appliance, 

using good quality lock pins/brackets or using relief silicone, or relief wax. The relief 

silicon is preferred over relief wax as it does not melt or freeze or dry out with change in 

storing temperature.[3] 

 

 

2.2.1. Management of orthodontic pain 
 

Apart from being a negative effect of orthodontic treatment, orthodontic pain cannot be 

avoided. Until now, several procedures such as pharmacological approaches(as we have 

noted above), laser irradiation therapy, mechanical and behavioral approaches have been 

used to improve orthodontic pain in clinical practice. In addition, the use of gene therapy 

for relieving pain is becoming widely accepted and may hopefully be used for pain relief by 

orthodontic patients in the future. 

 
 

2.2.1.1. Pharmacological approach 
 

Non-steroidal anti-inflammatory drugs (NSAIDs) are still the most preferred method for 

pain control during orthodontics for decades. They are useful in relieving orthodontic pain, 

but on 

the other hand, they can reduce the rate of tooth movement— which is still being debated, 

for that reason, NSAIDs are not consistently used to control pain in orthodontic practice  

Painful sensations are initiated by prostaglandins when they bind to sensory endings and 

aid tooth movement through bone remodeling stimulation . Studies have shown that the 

production of prostaglandin is made possible by COX enzymes and that the activity of 

COX enzymes is inhibited by NSAIDs. By hampering the release of prostaglandin, 

orthodontic pain is alleviated by NSAIDs. Consequently, bone remodeling and local 
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inflammation are promoted by prostaglandin, and reduced levels of prostaglandin resulting 

from NSAID intake could hinder osteoclasts activity and reduce the rate of tooth 

movement. Different types of NASIDs are available like Acetaminophen, Ibuprofen, 

Celecoxib, Misoprostol and Naproxen sodium. The effectiveness of the use of NASIDs in 

avoiding impeding tooth movement is different among various studies [9]. It has been 

suggested that acetaminophen (Tylenol) should be a better analgesic for orthodontic 

patients than aspirin, ibuprofen, naproxen and similar prostaglandin inhibitors, because it 

acts centrally rather than as a prostaglandin inhibitor More importantly, in patients who are 

not taking prostaglandin inhibitors chronically, there is no effect on initial tooth movement 

from modest doses over 3-4 days after beginning treatment [5] 

Mechanical approach Different mechanical ways have been suggested for pain reduction 

during orthodontic treatment and these include vibration, chewing gums, biting wafers and 

acupuncture. he management of orthodontic pain through vibratory stimulation involves 

the application of vibration to patients’ teeth by placing a vibrating device in their mouths. 

Orthodontic pain can be alleviated by directing patients to use chewing gums and bite 

wafers. Acupuncture involves the use of systemic needles which are normally inserted at 

Hegu (LI-4). 

The mode of action of vibration, chewing gums and biting wafers can be related to the fact 

that mechanical stimuli initiate mechanoreceptors that transmit tactile signals while 

suppressing the transmission of painful signals. Besides that, orthodontic forces squeeze 

periodontal vascular vessels and cause local ischemia and ensuing local inflammation. 

Vibrations re-establish normal circulation and hence decrease pain in spite of controversies 

present for the effectiveness of vibration in relieving orthodontic pain. Due to a lack of 

evidence, there is need for proof of the effective use of chewing gum and biting. 

Acupuncture has been found to be effective in relieving orthodontic pain their mechanisms 

of action for the relieve of orthodontic pain remain unknown.[6] 

 

 

 

2.2.1.2. Low-level laser therapy 
 

Low-level laser therapy has been widely used for pain alleviation in both medical 
and dental practice. Pain relief during orthodontic treatment has been achieved by 
using it. Low-level laser therapy involves the application of laser irradiation to the 
entire dental arch. Evidence exists to confirm the effective use of low-level laser 
therapy in orthodontic pain relief; however, other study had disproved its 
effectiveness. Different irradiation dosages and durations may be responsible for 
these disagreements. As a result, the protocols of irradiation should be explained 
and further verification of their influence is required. [6] 
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2.2.1.3. Behavioral approach 

 
Different behavioral approaches are used to reduce orthodontic pain. They include: 
physical activity, cognitive behavioral therapy (CBT) and music therapy. 
Reassurance and attention confusion are the common features shared by these 
procedures. Anxiety and stress have been reported to accompany orthodontic pain, 
and a quick follow-up could decrease the levels of orthodontic pain significantly. 
This means that by reassuring orthodontic patients, orthodontic pain may be 
controlled. One pattern of psychotherapy is CBT using numerous treatment 
sessions to correct the negative attitudes of the patients and reduce their anxiety. 
Increased anxiety aggravates pain sensations in patients via the limbic system-
mediated neural pathways. 
It has been shown in clinical practice that lowering of patients’ anxiety through 
CBT is an effective way of reducing orthodontic pain. Other modalities such as 
music therapy and physical activity can relieve orthodontic pain in clinical practice 
throughout distracting the patients’ attention via the insular cortex mediated 
neural pathways [6]. 

 
 

2.2.1.4. Gene therapy 
 
Gene therapy refers to a method of moving DNA sequences or genes to target cells with a 

view to alter the biological functions of the target cells. When endogenous opioid genes are 

moved into neurons, the alleviation of pain could be achieved. In a clinical trial of humans, 

gene therapy was used to alleviate cancer pain and satisfactory results were obtained. 

Different types of viral vectors have been employed for conveying concerned genes into 

target cells, including herpes simplex virus. Neurotropism of herpes simplex virus makes it 

to be useful in gene therapy for disorders of the nervous system including pain. 

Furthermore, endogenous opioid genes or RNA interference sequences can be transferred 

into the trigeminal ganglia against pro-inflammatory genes like Calcitonin gene-related 

peptide (CGRP) by using herpes simplex virus to alleviate orthodontic pain. Nowadays, in 

clinical practice, gene therapy usage is restricted due to biosafety reasons. However, gene 

therapy may become an applicable treatment method for the alleviation of orthodontic pain 

if its biosafety complicity is looked into in the near future. [6] 
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2.3. Effects of Treatment on the Height of Alveolar Bone 

 
At the root apex, if the balance between apposition and resorption of the root surface moves 

too far toward resorption, irreversible shortening of the root may occur. It seems logical to 

suspect that this might also happen at the alveolar bone crest, and that another effect of 

orthodontic treatment might be loss of alveolar bone height. Since the presence of 

orthodontic appliances increases the amount of gingival inflammation, even with good 

hygiene, this potential side effect of treatment might seem even more likely. 

Fortunately, excessive loss of crestal bone height is almost never seen as a complication of 

orthodontic treatment. Loss of alveolar crest height in one large series of patients averaged 

less than 0.5 mm and almost never exceeded 1 mm, with the greatest changes at extraction 

sites. 

Minimal effects on crestal alveolar bone levels also are observed on long-term 

follow-up of orthodontic patients. The reason is that the position of the teeth determines the 

position of the alveolar bone. When teeth erupt or are moved, they bring alveolar bone with 

them. The only exception is tooth movement in the presence of active periodontal disease, 

and even adults who have had bone loss from periodontal disease can have orthodontic 

treatment with good bone responses, if the periodontal disease is well controlled 

The relationship between the position of a tooth and alveolar bone height can be seen 

clearly when teeth erupt too much or too little. In the absence of pathologic factors, a 

tooth that erupts too much simply carries alveolar bone with it, often for considerable 

distances. It does not erupt out of the bone. On the other hand, unless a tooth erupts into an 

area of the dental arch, alveolar bone will not form there. If a tooth is congenitally absent or 

extracted at an early age, a permanent defect in the alveolar bone will occur unless another 

tooth is moved into the area relatively rapidly. This is an argument against very early 

extraction, as for instance, the enucleation of an unerupted premolar. Early removal of teeth 

poses a risk of creating an alveolar bone defect that cannot be overcome by later orthodontic 

treatment. 

 

Because an erupting tooth brings alveolar bone with it, orthodontic tooth movement can be 

used to create the alveolar bone needed to support an implant to replace a congenitally 

missing tooth. For instance, if a maxillary lateral incisor is missing and a prosthetic 

replacement is planned, it is advantageous to have the permanent canine erupt mesially, 

into the area of the missing lateral incisor, and then to move it back into its proper position 

toward the end of the growth period. 

This stimulates the formation of alveolar bone in the lateral incisor region that otherwise 



23 
 

would have not formed. 

The same effects on alveolar bone height are seen with orthodontic extrusion as with 

eruption: as long as the orthodontic treatment is carried out with reasonable force levels 

and reasonable speed of tooth movement, a tooth brought into the dental arch by extrusive 

orthodontic forces will bring alveolar bone with it. The height of the bone attachment 

along the root will be about the same at the conclusion of movement as at the beginning. In 

some circumstances it is possible to induce bone formation where an implant will be 

required, by extruding the root of an otherwise hopelessly damaged tooth, so that new hard 

and soft tissue forms in the area. 

If a tooth is intruded, bone height tends to be lost at the alveolar crest, so that about the 

same percentage of the root remains embedded in bone as before, even if the intrusion was 

over a considerable distance. 

In most circumstances, this tendency for alveolar bone height to stay at the same level 

along the root is a therapeutic plus. Occasionally, it would be desirable to change the 

amount of tooth embedded in bone. For instance, the bone support around periodontally 

involved teeth could be improved by intruding the teeth and forcing the roots deeper into 

the bone, if the alveolar bone did not follow the intruding tooth. There are reports of 

therapeutic benefit from intruding periodontally involved teeth, but the reduced pocketing 

relates to the formation of a long junctional epithelium, not to reattachment of the PDL or 

more extensive bony support. On occasion, it is desirable to elongate the root of a fractured 

tooth, to enable its use as a prosthetic abutment without crown-lengthening surgery. If 

heavy forces are used to extrude a tooth quickly, a relative loss of attachment may occur, 

but this deliberately non physiologic extrusion is at best traumatic and at worst can lead to 

ankylosis and/or resorption. Physiologic extrusion or intrusion that brings the alveolar bone 

along with the tooth, followed by surgical recontouring of gingiva and bone, is 

preferable.[5] 
 

 
 

2.4. pulpal changes 
 

Orthodontic tooth movement occurs by remodeling changes in the periodontium, including 

periodontal ligament (PDL), cementum and alveolar bone. The force applied within the 

periodontium will also produce mechanical damage and inflammatory over the pulp 

dentine complex. Dental pulp is composed of fibroblasts, odontoblast, undifferentiated 

mesenchymal cells, capillaries and sensory nerve fibers. The primary function of the dental 

pulp is to form dentin. Other functions, such as nutrition, sensory and protection are also 

important. Pulp tissue may also regulate pulp blood flow and dentinal fluid dynamics. 

These mechanisms provide reflexes to preserve dental tissues and promote wound healing 

(29) Orthodontic tooth movement seems to be relatively safe on pulpal health during regular 
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treatment, but pulp tissue may turn necrotic occasionally. This particularly happened on 

pulpal-compromised teeth, e.g., teeth with previous trauma history or large restorations etc. 

It is very difficult to have proper diagnosis and prevention in advance, so, therefore, we 

hope to provide an overall understanding on the pulpal response to the orthodontic 

treatment. This article will also address the reactions of pulpal-compromised teeth during 

orthodontic movement and the dental movement of previous endodontic-treated teeth. 
 
 
 

 

 

 

 
 
 

2.4.1. THE INFLUENCE OF ORTHODONTIC FORCES ON THE 
DENTAL PULP 

 
Orthodontic teeth movement is based on application force to the teeth in a certain period of 

time which may vary between months and years. This movement inevitably causes 

biological reactions in periodontal ligament and pulp. The clinical importance of pulpal 

alterations after orthodontic force depends on whether or not it will endanger the long-term 

vitality of the teeth. 

 

Orthodontic force, which is called as controlled trauma,[7] can damage the pulp because the 

lack of collateral circulation in the pulp makes pulp one of the most sensitive tissues of the 

body. The symptoms, which can be diagnosed earlier in the pulp tissues, after orthodontic 

Fig 7. Dental pulp response to 
orthodontic treatment  
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force is applied are hemodynamic changes with the increase in the volume of blood vessels 

[8] and circulatory disorders within the 1st h [9] When an orthodontic force is applied, pulp 

tissue reacts with pulp hyperemia at first, and degranulation of mast cells is characterized 

with cell damage and biochemical reactions. These are the features of classical acute 

inflammation in which acute inflammatory mediators such as vasodilatation, bradykinin, 

neuropeptides, prostaglandins and growth factors, vascular permeability, and histamine, 

which causes a rise in blood flow with edema, are released. An increasing neural activity 

and an increasing response threshold to electrical stimulation of pulp develop after a few 

days.[10] Then, because of the alteration in the metabolism of pulp, which is stated with 

increased enzymatic activity, apoptosis, and necrosis of pulp cells increase.[14] The 

changes in the tissue respiration and possible hypoxia, which develop during orthodontic 

treatment, cause increase in aspartate aminotransferase (AST) activity levels and affect 

dental pulp tissue by changing pulpal neural response.[11] The presence of macrophages, 

the change of odontoblast layer, edema of connective tissue, and increase of progenitor 

cells and fibroblasts are the reports, which represent an adaptive process and inflammation 

of pulp tissue to the mechanic aggression caused by orthodontic force.[12] Long-term 

studies show the decrease of some protein expressions which block the regeneration and 

restoration of pulp structure.[13] 

 

The studies which use of radiorespirometric methods report respiratory depression of pulps 

in teeth which are exposed to orthodontic teeth movement.[14] Hamersky et al.[15] 

observed a significant correlation between the amount of decrease in pulp tissue 

respiration rate and the age of the patients. They represented that age is more relative to 

pulp tissue respiration than orthodontic force. While there is a negative relation between 

age and respiration rate, a positive correlation between apical openness amount and 

respiration rate was stated.[16] 

 

Transforming growth factor beta-1 (TGF-β1) and TGF-β3, which released during 

inflammatory process in the pulp, is responsible for not only the stimulation of reactionary 

dentin but also stimulation of reparative dentin after orthodontic force was applied.[18] 

Normally, increased blood flow recovers damaged tissues by removing inflammatory 

mediators but as dental pulp is limited in a narrow area (i.e., dentin walls), active dilatation 

of arterioles cause increase into pulp pressure and compression of venous return.[16]  

 

The possibility of controlled trauma which is inducted with orthodontic force prevents 

removing inflammatory mediators and healing of damaged cells spontaneously, which is 

resulted in tertiary dentin deposition.[16] Later changes of pulpal cell metabolism and 

pulpal vessel changes generally result in an increased deposition of repair dentin of both 

coronal and radicular sections of the pulp with a simultaneous increase in dystrophic 
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mineralization.[16] However, it is asserted [16] that most of the changes in pulpal blood 

flow are reversible by orthodontic forces unless the pulp which was previously irritated with 

restorations, decays, or traumas, it is also stated [7] that orthodontic force creates a minor 

pulpal damage risk for the patient. Literature also puts forward that teeth which fully 

developed with mature apices are sensitive to irreversible pulp inflammation and immature 

teeth are not sensitive. 

 

Angiogenic changes were found after orthodontic force, and there has been an increase in 

the number of micro vessels expressing the rise in angiogenic growth factor in dental 

pulp.[20] Epithelial growth factor which is released after orthodontic force is applied has a 

significant role on angiogenic response of the pulp. After orthodontic loading of the teeth, 

expression of angiogenic growth factors within pulp tissues were defined by pulp 

fibroblasts such as vascular endothelial growth factor, fibroblast growth factor-2, platelet-

derived growth factor, and TGF-β.[21] Progression of inflammatory process is related to 

stimulation of neuropeptides and production of inflammatory cytokines such as interleukin-

1 (IL-1), IL-3, and tumor necrosis factor-alfa. 

 

 

Pulp calcifications commonly occur in the population. They are generally related to age, and 

the number and size of pulpal calcifications increase within the patients who are 

orthodontically treated for a long time. Large nodules of root canal space and total 

calcification are among dystrophic calcification findings related to orthodontic forces.[17] 

Popp et al.[7] radiographically evaluated pulp sizes of orthodontically treated and untreated 

teeth and found a decrease in pulp cavity volume in both groups. 

However, obliteration of pulp cavity can be determined radiographically during and after 

teeth movement, the insufficiency of the detail in the dentin prevents the dentist to realize it 

until the findings are clinically clear. It cannot be diagnosed by the dentist unless they 

cause a radiological radiolucency, narrowing of pulp cavity by irritation dentin when 

compared to the adjacent teeth, discoloration in teeth crown, and signs and symptoms of the 

patient. Therefore, necrosis in the tooth may take place. 

 
 

2.4.2.the following recommendations can be made for patients 
who will have orthodontic treatment, with relation to pulpal 
necrosis: 

 
A detailed history of the dentition should be taken, with specific attention given to any 

history of dental trauma. 

On radiographic examination, teeth should be examined for evidence of pulpal obliteration 



27 
 

as these teeth are at a higher risk of irreversible pulpal changes during orthodontic 

treatment. 

Patients who have risk factors for pulpal necrosis with orthodontic treatment (impacted 

teeth, teeth with a history of trauma, caries or restorations, teeth with periodontal bone loss, 

teeth with evidence of pulpal obliteration) should be informed about the risk of pulpal 

damage during treatment. 

Orthodontic forces should be light and continuous, respecting physiologic boundaries. 

Care should be taken to ensure that the intended orthodontic tooth movement does not 

challenge the apical blood supply (e.g., compressing the root apex against the cortical 

plate). 
 
 
 

2.5.TMD and orthodontic treatment 
 

Temporomandibular disorders (TMD) are a broad group of clinical problems involving the 

masticatory musculature, the temporomandibular joint, surrounding bony and soft tissue 

components, and combinations of these problems.[22]Symptoms of TMD include 

decreased mandibular range of motion, pain in the muscles of mastication, temporo- 

mandibular joint (TMJ) pain, associated joint noise with function, generalized myofascial 

pain, and a functional limitation or deviation of the jaw opening.[22]The prevalence of TMD 

is thought to be greater than 5% of the population.[23] Lipton and colleagues[24] showed 

that about 6% to 12% of the population experience clinical symptoms of TMD. Patients 

with TMD symptoms present over a broad age range; however, there is a peak occurrence 

between 20 and 40 years of age.[25] 

 
 

2.5.1Orthodontic treatment as a contributory factor in TMD 
 

A survey of the literature reveals that those articles claiming that orthodontic treatment 

(with or without extractions) can contribute to the development of TMD are predominantly 

of the 

viewpoint (based on the authors’ opinion) and case report type. In contrast, controlled 

longitudinal studies have indicated a trend towards a lower incidence of the symptoms of 

TMD among post-orthodontic patients compared with matched groups of untreated patients. 

The consensus view is that orthodontic treatment, either alone or in combination with 

extractions, does not cause TMD. 
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The role of orthodontic treatment in the prevention and management of TMD 

Some authors maintain that minor occlusal imperfections lead to abnormal paths of closure 

and/or bruxism, which then result in the development of TMD. If this were the case, then 

given 

the high incidence of malocclusion in the population (50–75 per cent), one would expect a 

higher prevalence of TMD. A number of carefully controlled longitudinal studies have 

been carried out in North America, and these have found no relationship between the signs 

and symptoms of TMD and the presence of non-functional occlusal contacts or mandibular 

displacements. However, other studies have found a weak association between TMD and 

some types of malocclusion including Class II skeletal pattern (especially associated with a 

retrusive mandible); Class III; anterior open bite; crossbite and asymmetry. 

current evidence indicates that orthodontic treatment is not a contributory factor and also 

does not cure the TMD, it is advisable to carry out a TMD screen for all potential 

orthodontic patients. At the very least this should include questioning patients about 

symptoms; an examination of the temporomandibular joint and associated muscles and 

recording the range of opening and movement, if signs or symptoms of TMD are found then 

it may be wise to refer the patient for a comprehensive assessment and specialist 

management before embarking on orthodontic treatment. (26) 

 

 

2.5.2. WHAT ARE THE SIGNS AND SYMPTOMS? (25) 

 

A variety of symptoms may be linked to TMJ disorders. Pain, particularly in the chewing 

muscles and/or jaw joint, is the most common symptom. Other likely symptoms include: 

 

• radiating pain in the face, jaw, or neck, 

• jaw muscle stiffness, 

• limited movement or locking of the jaw, 

• painful clicking, popping or grating in the jaw joint when opening or closing the mouth, 

• change in the way the upper and lower teeth fit together. 

 

 
 

2.6. Periodontal disease and orthodontic treatment 

 
The most commonly reported adverse effects of orthodontic treatment can be both local and 

systemic. This includes, tooth discolorations, decalcification, root resorption, periodontal 

complications, psychological disturbances, gastrointestinal complications, allergic reactions, 

infective endocarditis, and chronic fatigue syndrome [26–27]. It has been shown that 



29 
 

orthodontic forces represent a physical agent capable of inducing an inflammatory reaction in 

the periodontium [28]. This reaction is necessary for orthodontic tooth movement [29]. One 

of the challenges of orthodontics is to finish the orthodontic treatment with the least effects on 

the root and periodontium. 

 

2.6.1. Periodontal Complication 

Periodontal health is an important factor that may be used to evaluate the success of orthodontic therapy. 

Periodontal complications are reported to be one of the most common side effects linked to orthodontics 

[30]. Also, properly aligned teeth are easier to clean, and perhaps correct occlusion may promote healthier 

periodontium. The periodontal complications associated with orthodontic therapy mainly include gingivitis, 

periodontitis, gingival recession or hypertrophy, alveolar bone loss, dehiscences, fenestrations, interdental 

fold, and dark triangles [31, 32]. Presence of microbial plaque is reported to be the most important factor in 

the initiation, progression and recurrence of periodontal disease in reduced periodontium [33]. The reasons 

behind these periodontal complications involve patient factors and the technique used in the treatment [34]. 

Patient factors include past periodontal condition, increased susceptibility, and poor oral hygiene. Smoking 

is also a known factor that affects the periodontal support [35, 36]. Orthodontic treatment and the procedures 

are known to induce both positive and negative local soft-tissue reactions in the gingiva. The negative 

reaction is mainly associated with gingivitis. 

The presence of plaque is the considered as one of the main factors in the development of gingivitis. 

Orthodontic brackets and elastics might interfere with effective removal of dental plaque, thereby increasing 

the risk of gingivitis. Few clinical studies also reported poor periodontal health and greater loss of clinical 

attachment level distally in the dental arches. This could be a result of poor oral hygiene in molar regions 

and the presence of molar bands, which favors food lodgment [37]. However, as a result of the orthodontic 

treatment a shift in the composition and type of bacteria can be expected [38]. Orthodontic treatment is 

known to affect the equilibrium of oral microflora by increasing bacteria retention. In a study done by Ristic 

et al. [39] an increase in the value of periodontal indices and growth of periodontopathogenic bacteria were 

observed in adolescent patients undergoing fixed orthodontic treatment. In the majority of the patients, 

following placement of a fixed appliance, small amount gingival inflammation is visible, which could be 

transient in nature and does not lead to attachment loss [40]. Some reports support the fact that the fixed 

orthodontic treatment may result in localized gingivitis, which rarely progresses to periodontitis [41]. 

Figure:8 
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Gingival inflammation around orthodontic bands leads to pseudo- pockets, which usually disappear with 

debanding of the brackets. However, this is usually resolved within weeks of debanding. However, some of 

the published researches have reported reduced risk of gingivitis in the absence of plaque, orthodontic forces, 

and tooth movements [42, 43].  

2.6.2 Pathophysiology 

The periodontal ligament mainly consists of type I collagen, although type III collagen fibres are also 

present. The main function of PDL is sending proprioceptive signals to the brain and withstanding 

compressive forces during chewing movements. Various studies have reported significant recruitment of 

mononucleated cells, macrophages, dendritic cells, and MHC class II Ia-expressing cells in the pressure 

zone incident to orthodontic tooth movement [44, 45]. In the tension zone, however, minimal changes in the 

number and distribution of immune cells have been reported [46]. Under stress from the orthodontic 

treatment, there would be changes to the blood flow [47]. 

 

 

2.6.3. Preventive Program for Orthodontic Patients with Fixed Appliances 

Before Orthodontic Treatment 
 

1. Initial diagnosis and referral for treatment to control active periodontal disease and caries 

2. Informed consent of the risks during orthodontic treatment and responsibilities of the patients and 

clinician 

3. All general dental and periodontal treatment completed before orthodontic treatment 
 
2.6.3.1.During Orthodontic Treatment 

1. Provide the patient with initial brushing instruction with orthodontic tooth brush when the appliances 

are first placed. The patient should use fluoride toothpaste with that also has an antigingivitis effect. 

2. Record plaque removal effectiveness in the patient's chart. 

3. Use a positive reinforcement approach (praise) and avoid criticism. 

4. Introduce additional methods to improve oral hygiene 

such as flossing only when success is established with simple brushing. 

 

 

 

Fig. 9   

 
 Fig.10 
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If poor compliance persists (more often in adolescents), the following steps may be considered: 

A. Schedule more frequent orthodontic visits (every 3 to 4 weeks) when the 

assistant can spend more time with the patient 

B. Schedule the patient with an auxiliary who has the best motivational skills. 

C. Send a letter describing the problems to the patient or parents as well as the general dentist. 

D. If all this fails, consider the use of a chlorhexidine (Fig. 11) rinse treatment for 12 weeks 

 
 

Fig. 11 Mouthwash 

 

 

2.6.3.2.After Orthodontic Treatment: At the completion of orthodontic treatment the clinician 

should encourage the patient to maintain proper oral hygiene habits. 

 

1. Make sure all children and adolescents are using fluoride toothpaste with an ADA seal of 

approval at least twice daily to promote remineralization. 

2. Make sure that the patient has resumed routine dental care with the general dentist. 

3. Send a post treatment report to the patient and to the general dentist. Outline future 

responsibilities and how well the goals of treatment have been achieved. [48 , 49] 
 

 

 

 

 

2.7.Decalcification and Caries associated with 
orthodontic treatment 

 
 
Decalcification of enamel (white spots) is a common adverse effect of orthodontic 

treatment. Decalcification is considered to be the first step toward cavitation. 

Decalcification of enamel occurs in 50% of orthodontic patients and the most affected teeth 

are the maxillary incisors. Additionally, these lesions can develop within four weeks, which 

is the typical time span for orthodontic follow-up. 
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The prevention protocol for decalcification includes plaque control through brushing of the 

teeth with fluoridated tooth paste. Daily rinsing with a 0.02% or 0.05% sodium fluoride 

solution can also minimize decalcification of enamel. Additionally, fluoridated solutions 

may delay the progression of lesions. Application of fluoride varnish twice a year or a 

combination of antibacterial and fluoride varnish may reduce the incidence of 

decalcification (51). 

If decalcification is observed after removal of the orthodontic appliances, the practitioner 

should not rush into the management of these lesions. Time should be given for possible re-

mineralization of these white spots. In these cases the patient should be instructed to 

continue with the plaque control protocol, which includes daily rinsing with fluoridated 

solutions. No fluoride varnish should be applied to the lesion at this stage, because it will 

arrest the lesion and the chance for re-mineralization will be diminished. 
 

 

 

 

2.7.1.Orthodontic treatment and increased risk of caries 
 
Orthodontic treatments are a non-negligible risk factor (52, 53, 54). 

Introducing a fixed appliance in the mouth favours the build-up of dental plaque, makes oral 

hygiene very difficult, restricts salivary self-cleaning and so creates an environment that 

favours the onset of caries (55, 54, 56). 

The fitting of orthodontic appliances causes a modification of the oral ecosystem, with an 

increase in the numbers of cariogenic bacteria (57, 58). This change upsets the balance 

between the processes of demineralization and remineralization, thereby increasing the 

patient’s individual risk of caries (Fig.12). 

Fig. 12. Increased individual risk of caries in a patient due to 

imbalance between the processes of demineralization and remineralization 
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In addition, orthodontic treatment is most often applied during adolescence, when the 

permanent teeth have recently erupted and so are more vulnerable to caries because of their 

young enamel. This greatly compounds the risk of caries, and so orthodontic treatment at 

this age will favour the formation of carious lesions. These can be caries in pits and grooves, 

which make up more than 60% of lesions diagnosed according to Chaussain (59). However, 

the carious lesions can also be localized on smooth surfaces, giving the amelar 

demineralization lesions known as “white spots” (60, 61). According to Kamp, these “white 

spots”, or initial lesions of the enamel, are present in 25–30% of patients who are following 

an orthodontic treatment (62). 

The teeth most vulnerable to demineralization are the maxillary incisors and the first 

permanent molars. The three locations most at risk of demineralization are: the cervical 

areas, the areas located under the bands and the enamel adjacent to cemented brackets (63, 

64). 

This initial lesion that occurs during orthodontic treatment appears clinically as an opaque 

whitish or greyish halo at the junction between the cement and the enamel, and generally at 

the gum level at the base of the half-moon bracket. If the mineral loss continues, then an 

irreversible cavity formation ensues (Fig. 13.14.15.). 
 

 

Fig.13.14.15 

 Patient who had been 

wearing a brace for 7 

years presented for 

consultation with this 

buccodental state. 
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2.7.2.Prevention of caries risk in orthodontics 

 
Patients wearing orthodontic appliances should be considered as patients at risk, for whom 

a preventive, prophylactic approach should be implemented before, during and after the 

orthodontic treatment (65). 

 

 

 

 

2.7.2.1.Before orthodontic treatment 
 
Clinical interview 

 
First of all, a clinical interview of the patient should be conducted to determine his or her 

patterns of behavior, eating habits, dental hygiene and, if possible, the history of any fluoride 

treatments undergone (66, 67, 60). 

In the case of children, this interview can also assess the degree to which their families are 

ready, willing and able to help the treatment succeed, an essential factor in ensuring a good 

quality follow-up of the different treatments proposed (68, 66). This interview is followed 

by a full clinical and radiological dental examination. 

 
Clinical examination 

Right at the start the buccodental state should meet certain criteria to facilitate orthodontic 

treatment and not be likely to cause any local complications that could be wrongly 

interpreted as being directly due to the orthodontic treatment itself, and so be blamed on it 

(66).  

 

 
Radiological examination 

In addition to the dental examination, an accurate, systematic radiological examination 

should be performed (66). 

 

 
Dental care treatment 

After this examination, an appropriate treatment plan should be drawn up to carry out the 

different dental care treatments needed before the orthodontic treatment can in turn be 

initiated. This pre-orthodontic buccodental preparation is an essential step (66). The 

orthodontist should be personally involved at this stage and ensure that all preventive 
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precautions are taken and all necessary treatment is carried out, jointly with the pedodontist 

or general practitioner. 

 

 

 

Education and motivation 

Before undertaking curative and preventive treatment, prime importance should be given to 

dietary recommendations: the patients should be informed and made aware of the cariogenic 

potential of foods and bad eating habits such as snacking, and be taught to eat sensibly (69, 

70). 

In addition, motivation and awareness of buccodental hygiene should be emphasized in the 

treatment plan. The patient should display a satisfactory level of oral hygiene before the 

orthodontic treatment is started, and be expected to maintain this level of hygiene 

throughout the treatment (71, 58). The rules of hygiene should become a routine habit, 

which should even so be reinforced at intervals. 

 

 
 

Fig.16. Patient with dental crowding; preparation before orthodontic treatment 
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Fig. 17. Maintenance of buccodental hygiene during treatment 

 

 

 

 
Fig. 18. End of orthodontic treatment with a satisfactory aesthetic outcome and healthy enamel. 

 

 

 

2.7.3.During orthodontic treatment 

Special attention should be paid to the choice of bonding material and to fluoride-based 

prevention. 

 

Fitting of the orthodontic appliance 

The close fitting of bands on teeth is recommended, but this is sometimes insufficient to 

maintain the protection of the cement if pressure and chewing impact are high (68). Glass 

ionomer cement has been used for some years and offers a good solution to this problem. It 

is less friable than oxyphosphate, bonds equally to metal and enamel, and releases fluoride, 

thus helping to protect the teeth. Cementing of brackets should always be preceded by 
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treatment of amelar surfaces with prophylactic brushing to remove plaque and other debris. 

Satisfactory bonding is obtained using phosphoric acid combined with composite resin. The 

choice of cementing material should take into account both bonding strength and cariostatic 

power. Composite resins are generally most often used, but studies have shown that 

bacterial plaque builds up more readily on these resins than on enamel, which can cause 

demineralization around the brackets. 

Glass ionomer cements can also be used to cement brackets: the teeth need no prior acid 

etching and there is no change in amelar surfaces after removal.  

 

 

Fluoridated bonding resins have anticariogenic power, reducing the occurrence of 

demineralization adjacent to orthodontic devices by releasing fluoride at specific sites (72, 

73). 

When braces are removed, excess composite remaining on the teeth must be eliminated: if 

left in place it will retain bacterial plaque and favour caries formation. Likewise, the 

peripheral joint should be well chamfered to facilitate saliva flow and tooth brushing. 

 

 

 

 

 

Buccodental hygiene 

Clinical maintenance is essential throughout any orthodontic treatment. Elimination of 

plaque and food debris is a foremost requirement for buccodental hygiene (66, 74). Concern 

for oral hygiene should be constant, not only among all practitioners, but also among 

patients: throughout the treatment period the patient should successfully maintain a 

satisfactory level of oral hygiene despite the hindrance of the appliance. Teaching the patient 

to achieve good oral hygiene, plus follow-up by the orthodontist, is certainly the easiest 

preventive therapy that can be set in place (75, 67). A method of brushing teeth should be 

taught that takes into account the patient’s age (young child or adult), socio-cultural level, 

dexterity and any disabilities (67, 76, 77, 78). Electrically operated brushes may be preferred 

if the patient is unable to ensure correct oral hygiene by simple mechanical brushing (79,80); 

an electric toothbrush reduces dental plaque more completely than a mechanical toothbrush 

(81) 
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Fig. 20. Good oral hygiene before fitting of brackets 

Fig. 19. Photograph at the 

start of treatment; 

presence of bacterial plaque 

due to poor hygiene 
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Fig. 21. Regular maintenance of oral hygiene 

throughout the orthodontic treatment. 

 

 

 

 

 

 

Maintenance and follow-up during orthodontic treatment 

The odontologist should remain fully involved throughout the orthodontic treatment, and 

draw up a follow-up schedule jointly with the orthodontist and the patient to keep the risk 

of caries at a low level. Thus, regular maintenance consultations with the odontologist must 

be planned. This follow-up schedule should be adapted to each patient’s individual risk of 

caries. For children at very low risk, two or three annual visits are recommended. For 

children at higher risk, a visit every 2 months will be necessary. 

 
2.7.4.After orthodontic treatment 

The treatment ends when the planned result has been achieved (66). After the brackets have 

been removed, residues of cement remain on the teeth, requiring a thorough polishing of the 

dental surfaces (82). 

The paedodontist or general practitioner should then carry out a careful examination of the 

entire mouth to diagnose and treat: 
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- any proximal caries; 

- any caries that have formed under the molar bands and in areas where brushing between 

the brackets and the gingival festoon has been deficient. 

Traces of demineralization, which cannot be foreseen, are often discovered at the end of 

treatment, requiring continued preventive fluoride treatment (68). In this case it is important 

to make topical applications of fluorides in a solution, gel or varnish to facilitate surface 

remineralization of incipient carious lesions. If there are no lesions, in the most favourable 

cases these applications are the only precautions that need to be taken at the end of the 

orthodontic treatment (66, 83). O'Reilly and Featherstone (84) have shown that 

demineralization around the brackets can be completely eliminated by a combination of 

fluoride toothpaste and daily rinsing with 0.05% NaF solution. 
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    CONCLUSIONS  
 

This review has considered some of the main risks of orthodontic 
treatment by way of an overview of relevant literature. It has been shown 
that the risks of orthodontic treatment vary between individuals and 
treatment plans. Clinicians should develop treatment plans in light of an 
assessment of their patients’ susceptibility to these risks and patients 
should be duly informed of these risks as part of informed consent. Doing 
so inevitably requires a degree of experience and skill on the part of the 
clinician. In light of this, a one-size-fits-all treatment philosophy is liable to 
expose patients to a higher risk of adverse outcomes. 

Individual susceptibility is the main risk factor 

for root resorption in orthodontic patients during orthodontic treatment; but 
not patients, Microscopic root resorption is characteristic 

to all permanent teeth during orthodontic treatment. 

It is clinically insignificant and radiologically invisible, 

orthodontic teeth movement couldn’t occur without this resorption. 

in case of such susceptibility root resorption can start already in the early 
stage of orthodontic treatment.  It is possible to avoid severe root 
resorption 

by doing control x-ray images to all orthodontic patients after 6-9 months 
of orthodontic treatment. Minor root resorption or an irregular tooth root 
contour 

detected during this period show that there is a high risk for further root 
resorption.  Optimal force for orthodontic tooth movement but not causing 

root resorption should be 7-26 g/cm2 on root surface area. 

And other risk factor on pulp tissue, Temporary reduction of PBF after intrusive 
force application is a reversible effect, and it tends to return to baseline values in 
about 3 weeks. 

Although there is a lack of high-quality scientific evidence to prove that 
orthodontic forces affect in irreversible alterations of human dental pulp 

 

Orthodontic treatment is usually contraindicated in patients with active 
periodontal disease or poor periodontal health as the chance of further 
periodontal deterioration is high in such case. Therefore, a thorough assessment 
of the periodontal health and level of attached gingival is recommended prior to 
the orthodontic treatment 
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 الخالصة 

والوجه في تحديد الموضع الصحيح لألسنان ويوفر إطباق أفضل وعالقة   منطقة القحف يساهم عالج تقويم االسنان ا لسوء اإلطباق وتشوهات    

في تحسين    نتائج العالج أفضل بين الفكين. كما يسهل عالج تقويم األسنان تحسين الحفاظ على نظافة الفم لدى المرضى. وباإلضافة إلى ذلك، وتظهر  

 عمليه                       

يؤثر على الثقة بالنفس أو يحسن من  يساهم في الصحة العامة وصحة الفم للمريض، مما    المريض وذلك   الجمالية لوجه وتعطي    الطعام والكالم مضغ    

، إلى جانب فوائد عالج تقويم األسنان، هناك مخاطر معينة، وآثار ضارة. ومع ذلك، فإن هذه اآلثار السلبية  طريقة حياته. مثل أي تدخل طبي آخر 

اآلثار الجانبية األكثر شيوعا لعالج تقويم    المرتبطة بعالج تقويم األسنان نفسها أقل بكثير مقارنة بالتدخالت الجراحية وغير الجراحية األخرى. 

الجسم. اجهزة    أحد األسنان قد تكون موضعية، أي داخل الفم وخارجه، او عامه تؤثر على    

المينا، تسوس األسنان، مضاعفات دواعم األسنان    تآكل أسطح رتشاف الجذور، إزالة التألق،  ا   األسنان، تغير لون    الموضعية: وتشمل اآلثار الضارة    

الج  تي هي األكثر شيوعا التهاب اللثة، ثم التغيرات في األنسجة الرخوة في مناطق الفم والوجه والفكين، واضطرابات الصدغ والفك. نتيجة للع ال 

ب  التقويمي، قد تحدث بعض اآلثار الجانبية الجهازية أيضا: مضاعفات الجهاز الهضمي، والتفاعالت التحسسية، والتهاب الشغاف المعدي، والتع 

 المزمن. 

 

كن  عالج تقويم األسنان له تأثير مزدوج، في بعض األحيان يكون من المهم جدا من حيث زيادة حالة صحة لثة األسنان، ولكن في بعض األحيان يم   

آلثار على جذور  أن تحدث بعض اآلثار السلبية المذكورة أعاله. أحد التحديات لمعظم أخصائيي تقويم األسنان هو إكمال عالج تقويم األسنان بأقل ا 

ففي مثل هذه الحالة تكون فرصة زيادة    لثة، سوء صحة    اللثة أو األسنان واللثة. عادة ما يمنع عالج األسنان في المرضى الذين يعانون من أمراض  

تدهور الحالة أعلى. لذلك، قبل البدء في عالج األسنان، يوصى بتقييم شامل لصحة اللثة األسنان ومستوى اللثة   

من المهم بشكل خاص التأكيد على الحاجة إلى الحفاظ على نظافة الفم الجيدة من أجل تحقيق أفضل عالج. بشكل عام، يجب أن تتغلب    المرتبطة، 

في أن يكون على  ج، الحق  الفوائد الالحقة لعالج تقويم األسنان على أي ضرر محتمل. وللمريض، بوصفه مشاركاً في اتخاذ القرارات المتعلقة بالعال 

المنافع والمخاطر المحتملة التي قد تنشأ علم ب   
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SUMMARY 

 

Nowadays, using of MATLAB in dental x-ray will increase the quality of the 

image and decrease the time for adjustment by using number of filters which is 

(Median filter, FIR filter and Gaussian filter) to reduce image noises like (Salt 

and Pepper noise, Speckle noise and Poisson noise). After detecting and 

correcting the noisy pixel, the proposed filter is able to suppress noise level. For 

each noise proposed different type of filter and compare these three types of 

filter with their PSNR value and MSE value and SNR value. Then, filtering stag, 

maximum detected noise pixels will be filtered and simulation results show the 

filtered image. Finally, applying of filters on the noised X-ray image by using 

MATLAB we found that the best filter to reduce the noise is the median filter. 
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1. Introduction 

MATLAB is a platform for scientific calculation and high-level programming 

which uses an interactive environment that allows you to conduct complex 

calculation tasks more efficiently than with traditional languages, such as C, C++ 

and FORTRAN. It is the one of the most popular platforms currently used in the 

sciences and engineering. MATLAB is an interactive high-level technical computing 

environment for algorithm development data visualization, data analysis and 

numerical analysis. MATLAB is suitable for salving problems involving technical 

calculations using optimized algorithms that are incorporated into easy to use 

commands.It is possible to use MATLAB for a wide range of applications, including 

calculus, algebra, statistics, econometrics, quality control, time series, signal and 

image processing communications, control system design, testing and measuring 

systems, financial modeling, computational biology, etc. The complementary 

toolsets, called toolboxes (collections of MATLAR functions for special purposes, 

which are available separately), extend the MATLAB environment, allowing you to 

solve special problems in different areas of application. In addition, MATLAB 

contains a number of functions which allow you to document and share your work. 

(1) 

The medical imaging devices particularly X-ray, CT/MRI and ultrasound are 

manufacturing overabundant pictures that are utilized by medical practitioners 

within the method of designation. The most downside visage by them is that the 

noise introduced attributable to the consequence of the coherent nature of the 

wave transmitted. These noises corrupt the image and sometimes cause incorrect 

designation. Every of those medical imaging devices are littered with differing types 

of noise. As an example, the x-ray pictures are typically corrupted by Poisson 

noise, salt and pepper noise, speckle noise. 
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The requirement to get rid of salt-and-pepper noise is very necessary before 

succeeding image process tasks are disbursed as a result of the contamination of 

image by salt-and-pepper noise is caused in great deal and therefore the 

occurrence of noise will severely harm the knowledge or data contained within the 

original image. The only and therefore the traditional thanks to take away salt-and-

pepper noise is by windowing the noisy image with a standard median filter spatial 

filtering is that the commonest technique for speckle noise reduction. The 

averaging technique is that the most well-liked linear filtering methodology among 

the varied spatial filters that with success removes noise from a distorted image 

however it's the impact of probably blurring the image in is conferred FIR filter 

based mostly Genetic mixed noise removal. A window of size 5 * 5 is taken into 

account. If the window is found in no abrupt changes in grey levels i.e. flat area, 

estimation of central pixel is that the average of all the constituents in window 

closes the central constituent. If it's not flat space, abrupt changes in intensity of the 

constituent, estimation of central constituent is that the averages of solely similar 

constituent close the central pixels. So as to avoid conversion between real valued 

and bit string, real valued chromosomes square measure used instead of bit 

strings. 

In bestowed spatially adjustive denoising algorithmic program for one image 

corrupted by Gaussian noise. During this work, local statistics like local weighted 

mean, local weighted activity and native maxima are accustomed observe the 

noise. So as to suppress the additive noise, a spatially additive Gaussian filter is 

employed. as a result of this filter is associate adequate thanks to handle the 

degree of local smoothness since it's pictured as perform of native statistics. During 

this planned methodology, the parameters like process price, over-smoothness, 

detection error, smoothing degree of re-constructed image is taken in to associate 

account to effectively take away the noise elements. (2) 
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2. Types of noise 

1- Salt and Pepper Noise 

2- Speckle Noise 

3-Poisson Noise 

(2) 

3. Image noise in radiography 

Radiographic noise emerges from two main diagnostic imaging techniques. These 

are conventional x-ray and digital radiography techniques. There are several 

different sources of noise that are produced by these imaging techniques. In 

conventional x-ray techniques, there are two main sources of noise. The primary 

source of noise is the secondary radiation which is produced as a result of 

scattered radiation from the x-ray machine and scattered radiation by an object 

which reaches the film. When the useful x-ray beam is intercepted by any object, a 

secondary scattered radiation is produced. During any x-ray examination, the 

source of scattered secondary radiation is the patient as shown in Figure 1. The 

manner in which the film is processed and handled is another way of introducing 

noise into the final image. This leads to film retake and over exposure of patients to 

unnecessary radiation. The use of specially designed grid plates made of lead has 

proven to reduce the scattered secondary x-ray radiation and produce radiographs 

within acceptable noise level. In a situation where the film is under processed, the 

sensitivity and contrast is reduced below specific values. 
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Alternatively, when the film is over processed, the sensitivity is increased which 

increases the contrast up to a point and then decrease. This increases the base 

plus fog density and thereby contributing to a decrease in contrast. In Figure 2 

above, regions a, b and c represent the level of contrast within the radiograph with 

“a” indicating region of low contrast, “b” indicating region of medium contrast and 

“c” indicating a region of high contrast. Within the radiograph, areas with high 

contrast can be suppressed whiles areas with low contrast can be enhanced by the 

application of a filtering kennel. The application of small kennel size may result in 

enhancement of only small structures and the application of large kennel size may 

also result in dynamic range compression with overall impression of increase detail. 

Also, a medium kennel may also lead to only edge enhancement of the radiograph. 

In dealing with radiographs of this nature, it is recommended to use multiscale 

processing. Multiscale processing has the ability to simultaneously enhance 

relative low contrast objects and suppresses high contrast objects within the entire 

radiograph. This compresses the dynamic range of the image with high precision. 

Modern radiography has embraced digital radiography over conventional x-ray 

radiography due to its advantages which include lower diagnostic dose, no 

chemical development and fixation, image processing and enhancement capability 

and image transfer. The sensors used in digital radiography systems usually 

produces large amount of noise in their images. As a result, different digital 

enhancement algorithms such as noise reduction, sharpening, smoothening, and 

edge enhancement are used to improve image quality of digital radiography 

systems. In digital radiography, the different sources of noise that exist originate  
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from most of the elements of the system. These include CCD camera, imaging 

screen, X-ray source, inspected object, controller circuits and etc. The quality of 

images depends heavily on these elements. In order to reduce the noise level, 

different techniques that have been employed in improving the imaging elements 

and image processing are; the use of collimator, shielding CCD camera from X-ray 

radiation and summing of the frames. These are accepted techniques that are 

usually used to reduce random noise and they have been proven to be effective. 

The common types of noise that are present in x-ray images (Figure 3A & 3B) are 

Poisson noise, salt and pepper noise, and speckle noise. The salt and pepper is 

seen in the image as white and black pixels respectively. Poison noise is as a 

result of uneven distribution of x-rays over the receptor surface. Speckle noise on 

the other hand occurs as a granular appearance in an image which is produced as 

a result of random fluctuations in the return signal from an object which is not found 

to be bigger than a single image processing element. Within a specific area, 

speckle noise is able to increase the mean grey level. Their appearance is visible in 

coherent imaging systems such as laser, radar and acoustics. Due to the process 

involved in the acquisition of digital images, some individual pixels in the 

radiograph vary abruptly in the intensity from neighboring pixels. These pixels 

contain random noise. Low pass (smoothing) filters are applied to the images to 

remove the noise in them. These filters which are applied in either spatial or 

frequency domain have the ability to reduce contrast among neighboring pixels and 

thereby reducing the amount of noise in the image. (3) 

  

 

 

 

 



 

6 
 

 

 

4. IMAGE NOISE 

Image noise is the random variation of brightness or color information in images 

produced by the sensor and circuitry of a scanner or digital camera. Image noise 

can also originate in film grain and in the unavoidable shot noise of an ideal photon 

detector .Image noise is generally regarded as an undesirable by-product of image 

capture. Although these unwanted fluctuations became known as "noise" by 

analogy with unwanted sound they are inaudible and such as dithering. The types 

of Noise are following :-  

 •Amplifier noise (Gaussian noise) 

 •Salt-and-pepper noise 

 •Shot noise(Poisson noise( 

 •Speckle noise (4)  

 

4.1 Amplifier noise (Gaussian noise( 

The standard model of amplifier noise is additive, Gaussian, independent at each 

pixel and independent of the signal intensity. In color cameras where more   

amplification is used in the blue color channel than in the green or red channel, 

there can be more noise in the blue channel .Amplifier noise is a major part of the 

"read noise" of an image sensor, that is, of the constant noise level in dark areas of 

the image. 
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4.2 Salt-and-pepper noise 

 

An image containing salt-and-pepper noise will have dark pixels in bright regions 

and bright pixels in dark regions. This type of noise can be caused by dead pixels, 

analog-to-digital converter errors, bit errors in transmission, etc. This can be 

eliminated in large part by using dark frame subtraction and by interpolating around 

dark/bright pixels. 

 

 

 

 

 

                                         Fig.4. Salt and Pepper Noise 

4.3 Poisson noise 

Poisson noise or shot noise is a type of electronic noise that occurs when the finite 

number of particles that carry energy, such as electrons in an electronic circuit or 

photons in an optical device, is small enough to give rise to detectable statistical 

fluctuations in a measurement. 

 

 

 

 

 

Fig.5. Poisson Noise 
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4.4 Speckle noise 

Speckle noise is a granular noise that inherently exists in and degrades the quality 

of the active radar and synthetic aperture radar (SAR) images. Speckle noise in 

conventional radar results from random fluctuations in the return signal from an 

object that is no bigger than a single image-processing element. It increases the 

mean grey level of a local area. Speckle noise in SAR is generally more serious, 

causing difficulties for image interpretation. It is caused by coherent processing of 

backscattered signals from multiple distributed targets. In SAR oceanography, for 

example, speckle noise is caused by signals from elementary scatters, the gravity-

capillary ripples, and manifests as a pedestal image, beneath the image of the sea 

waves.(4) 

 

 

 

 

 

                                                  Fig.6. Speckle Noise 

 

 

 

5. Filter Types  

1- Median Filter 

2- FIR Filter 

3- Gaussian Filter 
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5.1 Median Filter 

Filtering is a part of image enhancement it is used to enhance certain details such 

as edges in the image that are relevant to the application. Additionally thereto, 

filtering can even be used to eliminate unwanted components of noise. Medical 

images typically contain salt and pepper noise and Poisson noise. This noise 

appears owing to the presence of minute grey scale variations within the image. 

Median filtering could be a widespread technique of the image improvement for 

removing noise without effectively reducing the image sharpness.  

Median filter is kind of common as a result of it provides excellent noise-reduction 

talents, with primarily less blurring than similar size linear smoothing filters. Here, 

the median method was performed by simply a 3×3 windowing operator over the 

image. It considers each pixel and its neighbors in pictures to search out whether 

or not it’s an illustration of the environment. It replaces the value of component with 

the median of the neighboring pixel components. Tend to calculate the median by 

sorting the whole component values from the neighborhood into numeral sort then 

replaced the component being studied with the middle component worth. If the 

neighborhood below condition constitutes a good pixel worth, the common of the 2 

middle component values is that the median. 

5.2 FIR Filter 

As we know, linear system parameterization is Associate in an important category 

of system modeling with a large space of applications. The foremost standard 

among the category of linear model is that the finite impulse response (FIR). It’s 

obligatory in order to modify the estimation task and to scale back the 

computational load in time period application. Let u(i,j) be the input of a linear 

2DFIR model, defined over a regularly spaced lattice (i, j) € [l1, l2], where l1, l2 

specify the order of the input data.  
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The output of the 2D finite impulse response (FIR) digital filter, y(i,j) is given by 2D 

finite impulse response (FIR) digital filter, y(i,j)  , is given by      

y* (i, j) = summation (w(t, l)u(i-t, j-1)) 

Where the value of t =0 to N1 -1, l =0 to N2 -1 and u(i,j) is the input signal , w(t,l) is 

the model coefficients and N1,N2 specify the order of the FIR filter. Usually, the 2D 

signal is presented as a matrix. Therefore, the weight matrix w(i,j) and then input 

matrix (i,j). 

 

 

 

5.3 Gaussian Filter 

Among all linear filters, Gaussian filter perhaps plays the most important role in 

both theory and applications. Gaussian filtering is a commonly used image filtering 

technique which is a WAP with weights defined as Wij  α( -‖x1-x2 ‖), i ≠ j 

 Wij = 0 

Where  ‖. ‖2 is the L2 norm. Because of the rapid decay of Wij as a function of 

distance, Gaussian smoothing is effectively a local filtering method. As an image 

denoising algorithm Gaussian filter is well known to over smooth images, resulting 

in the loss of significant detail, especially edge sharpness.(2) 

 

6. Experiment result 

This section discusses the experimental results that obtained by applying the 

previously described median filter, fir filter, Gaussian filter to the salt and pepper 

noise, speckle noise, Poisson noise . 
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Original Image  

 

Fig.7. Normal OPG 

 

 

After adding Noises to image: 

 

 

 

Fig.8. Adding noises 
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After adding filters to remove noises: 

 

 

Fig.9. Adding filters  

 

6.1 PSNR  

PSNR is the Peak Signal-to-Noise ratio in decibels (dB). The PSNR is only 

meaningful for data encoded in terms of bits per sample, or bits per pixel. 

6.2 MSE 

MSE is defined as mean square error. 

Where Error is difference between the absolute value of A and B Where A is the 

filtered image and B is the Denoised image. 

6.3 SNR 

SNR is defined as Signal to Noise Ratio. 

The following tables will show the result of adding filters to the image: 
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Table 1 Salt & Pepper Noise Filter 

Filter MSE SNR PSNR 
Median 1.6819 74.1287 1.0042 

FIR 15.5484 41.4085 55.946 

Gaussian 3.8003 66.2602 84.1235 

 

 

Table 2 Speckle Noise Filter 

Filter MSE SNR PSNR 
Median 8.3549 58.4888 68.3682 

FIR 15.856 33.9217 55.5542 

Gaussian 8.0234 58.3321 69.1779 

 

 

Table 3 Poisson Noise Filter 

Filter MSE SNR PSNR 
Median 4.91399 63.2673 78.9835 

FIR 15.8611 21.3465 55.5477 

Gaussian 4.5588 63.9673 80.4838 

 

To evaluate the filter effectively, three main statistical measures are used. They are 

PSNR, MSE, and SNR. To compare these output values and find out the better 

filtering result of denoised X-ray images. 
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7. DISCUSSION AND CONCLUSION 

As per discussed in x-ray dental. After finding the salt and pepper noise in X-ray 

image various filtering techniques have been applied and it is found that the 

median filter works better for the noisy image. PSNR value is 1.0042 and MSE 

value is 1.6819 and SNR value is 74.1287. 

After finding the speckle noise in X-ray image various filtering techniques have 

been applied and it is found that the median filter works better for the noisy image. 

PSNR value for this 68.3682 and MSE value 8.3549 and SNR value 58.4888. 

After finding the Poisson Noise in X-ray image various filtering techniques have 

been applied and it is found that the median filter works better for the noisy image. 

PSNR value 78.9835 and MSE value 4.9139 and SNR value 63.2673. 

In this work we have taken medical images X-ray dental image for detecting noises. 

We have detected Salt & Pepper noises and speckle noise and Poisson noise also 

removed these noises from the above medical images by applying the various 

filtering techniques like Median Filtering, FIR filtering, Gaussian filtering. The 

results are analyzed and compared with standard pattern of noises and also 

evaluated through the quality metrics like MSE, SNR, and PSNR. Through this 

work we have observed that the choice of filters for de-noising the medical images 

depends on the type of noise and type of filtering technique, which are used. It is 

remarkable that this saves the processing time. And also compare three types of 

filter and observe median filter gave the best accuracy. This experimental analysis 

will improve the accuracy of X-ray dental image. The results, which we have 

achieved, are more useful and they prove to be helpful for general medical 

practitioners to analyze the symptoms of the patients. 
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Abstract 
 
 

During the past two decades, digital radiography has supplanted screen-film 

radiography in many radiology departments. Today, manufacturers provide a 

variety of digital imaging solutions based on various detector and readout 

technologies. Digital detectors allow implementation of a fully digital picture 

archiving and communication system, in which images are stored digitally and 

are available anytime. Image distribution in hospitals can now be achieved 

electronically by means of web-based technology with no risk of losing images. 

Other advantages of digital radiography include higher patient throughput, 

increased dose efficiency, and the greater dynamic range of digital detectors with 

possible reduction of radiation exposure to the patient. The future of radiography 

will be digital, and it behooves radiologists to be familiar with the technical 

principles, image quality criteria, and radiation exposure issues associated with 

the various digital radiography systems that are currently available. 
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1.Introduction  

 

Digital radiography is a type of X-ray imaging that uses digital X-ray sensors to replace 

traditional photographic X-ray film, producing enhanced computer images of teeth, 

gums, and other oral structures and conditions. 

Digital dental images are acquired through three methods: the direct method, indirect 

method and semi-indirect method. The direct method uses an electronic sensor placed in 

the mouth to record images. The indirect technique uses an X-ray film scanner to view 

traditional dental X-rays as digital images. The semi-indirect digital technique combines 

a sensor and scanner to convert dental X-rays into digital film. (Yaffe 1997, M. J. 1997 

, & Rowlands, J. A. (1997)) 

Digital radiography offers the potential of improved image quality as well as providing 

opportunities for advances in medical image management, computer-aided diagnosis 

and teleradiology. Image quality is intimately linked to the precise and accurate 

acquisition of information from the x-ray beam transmitted by the patient, ie to the 

performance of the x-ray detector. Detectors for digital radiography must meet the 

needs of the specific radiological procedure where they will be used. Key parameters 

are spatial resolution, uniformity of response, contrast sensitivity, dynamic range, 

acquisition speed and frame rate. The underlying physical considerations defining the 

performance of x-ray detectors for radiography will be reviewed. Some of the more 

promising existing and experimental detector technologies which may be suitable for 

digital radiography will be considered. Devices that can be employed in full-area 

detectors and also those more appropriate for scanning x-ray systems will be discussed. 

These include various approaches based on phosphor x-ray converters, where light 

quanta are produced as an intermediate stage, as well as direct x-ray-to-charge 

conversion materials such as zinc cadmium telluride, amorphous selenium and 

crystalline silicon. (Parks 2002, E. T. 2002, & Williamson, G. F. (2002)) 
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2.Historical Background 

 

X-rays were discovered in 1895 by Wilhelm Roentgen. Digital radiology has overtaken 

conventional screen-film radiography since it was introduced in the mid-1980s. Bansal 

2006, G J (1 July 2006)) 

In 1987, Phosphor stimulated radiography systems first brought into clinical use by 

Fujifilm medical system.(Bansal 2006, G J (1 July 2006)) 

In 1995, Digital radiography in dentistry first introduced as "RadioVisioGraphy". 

French company Signet introduce the first dental digital panoramic system. (Frommer, 

et al. (2014)) 

In 2001, First amorphous silicon and amorphous selenium detectors introduced. 

(Berman, et al. (2010)) 

 Digital imaging uses sensor of solid-state, and information is presented and stored as an 

image using a computer. The dawn of the digital era in dental radiography came in 1987 

with the first digital radiography system called radio visio graphy (RVG), launched by 

Dr. Francis Mouyen. A physicist and charge-coupled device (CCD) image sensor 

design engineer Paul Suni created the CCD image sensor technology that made the 

RVG digital radiography system a reality. Main factor distinguishing digital systems 

from conventional is their response to incident radiation. An imaging system operates 

between the range of a completely bright and a completely dark image. The dynamic 

range of digital detectors is about 400-fold compared to film-screen. (van der Stelt 

PF.(2005)) 
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3.Component of Digital Radiograph : 

The essential components of a direct imaging system include : 

A. X-radiation source . 

B. Intraoral sensor . 

C. Digital image display.  

X-radiation source: Most digital radiography systems .use a conventional X-ray unit as 

the radiation source The X-ray unit timer has to be adapted to allow exposures of a 

second. A standard 1/100
th

  in a time frame of  X-ray unit that is adapted for digital 

radiography can .still be functional for conventional radiography. 

INTRAORAL SENSOR: Is used instead of the intraoral film is a small detector that is 

placed in the mouth of the patient and used to capture the radiographic image. (Freny R 

2006. Karjodka  2006) 

 

 

Fig(1) Intraoral sensor (CCD)
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4.Digital Detector Characteristics: 

3.1 Contrast resolution: is the ability to distinguish different densities in a 

radiographic image. This is the function of the interaction of the attenuation 

characteristics of the tissues that are being imaged, the capacity of the image 

receptors to distinguish differences in the numbers of X-ray photons coming 

from different areas of the subject, the ability of the computer to display or 

other output to portray differences in density, and the ability of the observer to 

recognize those differences 

4.2 Spatial resolution: is the capacity for distinguishing fine detail. The 

theoretical limit of resolution is a function of picture element (pixel) size for the 

digital imaging systems. Resolution is often measured and reported in 

associated units of line pairs per millimeter. A line and it space are called a line 

pair (lp). At least two pixels are required to resolve a line pair, one for the line 

and one for the space. (Freny R 2006. Karjodka  2006) 

 

4.3 Detector latitude: is the ability of an imaging receptor to .capture a range 

of X-ray exposures is termed latitude. The latitude of CCD and CMOS 

detectors is similar to film and can be extended with digital enhancement of 

contrast and brightness. Photostimulable phosphor receptors enjoy larger 

latitudes and have a linear response to five orders of magnitude of X-ray 

exposure. (Freny R. Karjodka  2006) 

 

4.4 Detector sensitivity: is the ability to respond to small amounts of radiation. 

Useful sensitivity of digital receptors is affected by a number of factors 

including detector efficiency, pixel size and system noise. High resolution CCD 

and CMOS systems achieve less dose reduction than lower resolution PSP 

systems. (Freny R. Karjodka  2006) 
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5.The Different Type of Sensors or Digital 

Detectors : 

5.1 Charged Couple Device (CCD): This is a solid state detector that contains a 

thin wafer of silicon chip with an electronic circuit embedded in it. The silicon chip 

is sensitive to X-rays or light. The silicon matrix and its  

associated readout and amplifying electronics are enclosed with a plastic housing 

to protect them from the oral environment. 

5.2 Complementary Metal Oxide Semiconductors (CMOS): These are silicon 

based semiconductors where the pixel is isolated from its neighboring pixels and is 

directly -connected to the transistor. Like in the CCD the electron hole pairs are 

generated within the pixel in proportion to the amount of X-ray energy absorbed. 

This charge is transferred to the transistor as a small voltage. The voltage in each 

transistor can be read separately by a frame grabber, and then stored and displayed 

as a digital gray value. 

5.3 Charge Injection Device (CID) :Is another sensor technology , structurally it 

is very much like the CCD but in this case no computer is required to process the 

,images. This system consists of a CID X-ray sensor Source cord and plug that can 

be inserted into the light source on the camera platform, digital images are seen on 

the system monitor within seconds. The CID sensor uses the same docking 

platform as the intraoral camera. The Save image can be printed with a color video 

printer and saved as a computer file or onto a video desk recorder. 

5.4 Photostimulable Phosphor Plates (PSP): flexible phosphor ―An alternative 

digital radiography technology is phosphor storage plate (PSP) technology, which 

is increasingly being referred to as • indirect in that they do not connect directly to 

a computer. —digital sensors indirect―technology. Flexible phosphor sensors are 

wireless, non-rigid, ‖sensor  

Rather, as with film, the radiographic image is stored on the PSP in the form of a 

latent image. The PSP is then placed into a digital processor attached to a  

computer; the processor scans the PSP, digitizes the image, stores it on the 

computer, and displays it on the monitor, all in a matter of seconds. While this  

interim step means that image processing is not quite as immediate as it is with 

rigid, or direct, sensors, the process is significantly faster than with film.  
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Flexible phosphor sensors do offer several advantages over direct sensors. For 

example, flexible phosphor sensors are available in the exact same sizes as • Also, 

flexible phosphor sensors offer simpler and more convenient sensor placement. 

film, unlike direct sensors, which have a smaller usable image area. phosphor 

sensors, practices are more likely to be able to capture 100% need radiographs 

position with patients who are unable to open their mouths wide or who have small 

mouths, gag reflexes, large tori, or shallow palatal vaults. (Watson JA, 2011). 

Regarding patient comfort, flexible phosphor sensors are very close to 

conventional radiographic film size(s) and are, of course, flexible. They are 

smaller,  softer, and thinner than rigid sensors, making them generally better able 

to conform to anatomical situations. Additionally, there are no cumber some .wires 

to be concerned about. As a result, the patient experience can be more pleasant, 

especially for pediatric and elderly patients .( Benjamin S, 2010). 

Flexible phosphor sensors generally offer a larger image area than direct sensors 

therefore, the clinician can more accurately see and measure the complete  coronal-

to-apical length and obtain more mesial-distal information. In addition, the practice 

is less likely to miss a distal cusp or a root tip, which will save time by decreasing 

the number of retakes needed. Fewer retakes also translates to less overall radiation 

exposure. (Cederberg RA, Jaquith P. 3 April 2014). 

 

 

 Fig (2)IMAGE CAPTURE BY PSP SENSOR 

 

5.5.Flat panel detectors: These provide a relatively large microns. This100 

matrix areas with pixel sizes less than  ,allows direct digital imaging of larger areas 

of the body including the head. These are of two types: 
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 Indirect detectors that are sensitive to visible light, and an intensifying screen is 

used to convert X-ray photons to light. 

 Direct detectors which used a photoconductor material (selenium) with properties 

similar to silicon and a higher atomic number that permits more efficient 

absorption of X-rays. 

5.6 COMPARISON OF PHYSICAL PROPERTIES 

OF FILM,CCD,CMOS AND PSP : 
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6.Digital image display : 

1. Cathode Ray Tube (CRT) which are used in conventional computer monitors.  

2. Thin Film Transistor (TFT) is used in laptop and flat panel computer displays.  

The computer digitizes, processes and stores information received from the sensor. 

The computer monitor allows for immediate viewing of this exposure. The speed 

of image recording is extremely useful during certain dental procedures, such as 

placement of surgical implants or during root canal therapy instrumentation. 

The image may be: 

1. Stored permanently in the computer  

2. Printed on a hard copy for patient record  

 Film printer  

  Paper printer  

3. Transmitted electronically to insurance companies or referring dental specialists.  

(Freny R 2006. Karjodka  2006) 

 

 

6.1.The computer offers various features for 

viewing the Image : 
 

1. Split screen technology: which allows the operator to view and compare 

multiple images on the same screen. This helps in the comparison and evaluation 

of disease progression and treatment results.  

2. Magnification, this allows better viewing and linear and angular measurements 

can also be obtained, e.g. for measuring root length.  

3. Image restoration: defects in the raw data received are corrected before the 

image becomes visible on screen. 
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4. Image enhancement: most image enhancement operations are applied to make 

the image visually more appealing.  

This is done by adjusting the:  

 Brightness and contrast; this can be achieved by changing the display of the 

image without changing the image.  

 Sharpening and smoothening.  

  Color  

  Digital Subtraction Radiography (DSR): enhances visualization of the 

mineral changes that have occurred over time against a homgenous back- 

ground of unchanged anatomy. 

  Image analysis: these operations are designed to extract non-pictorial 

information from image that is diagnostically relevant.  

 Segmentation: the aim is to simplify the image and reduce it to its basic 

components. Image is separated foreground from background.  

 Image Compression: here the image is compressed by reducing the number of 

digital image files for storage or transmission. Lossless (reversible) or lossy 

(irreversible) (Freny R 2006 , Karjodka,  2006). 
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7.Direct Digital Imaging : 

A number of components are required for direct digital image production. These 

components include an X-ray source, an electronic sensor, a digital interface card, 

a computer with an analogto-digital converter (ADC), a screen monitor, software, 

and a printer. Typically, systems are PC based with a 486 or higher processor, 640 

KB internal memory equipped with an SVGA graphics card, and a high-resolution 

monitor (1024 X 768 pixels). Direct digital sensors are either a charge-coupled 

device (CCD) or complementary metal oxide semiconductor active pixel sensor 

(CMOS-APS).( Sanderink GC 2000 , Miles DA 2000 april) 

The CCD is a solid-state detector composed of an array of X-ray or light sensitive 

pixels on a pure silicon chip. A pixel or picture element consists of a small electron 

well into which the X-ray or light energy is deposited upon exposure. The 

individual CCD pixel size is approximately 40µ with the latest versions in the 20µ 

range.8 The rows of pixels are arranged in a matrix of 512 x 512 pixels. Charge 

coupling is a process whereby the number of electrons deposited in each pixel are 

transferred from one well to the next in a sequential manner to a read-out amplifier 

for image display on the monitor.11 There are two types of digital sensor array 

designs: area and linear. 5 Area arrays are used for intraoral radiography, while 

linear arrays are used in extraoral imaging. Area arrays are available in sizes 

comparable to size 0, size 1, and size 2 film, but the sensors are rigid and thicker 

than radiographic film and have a smaller sensitive area for image capture. The 

sensor communicates with the computer through an electrical cable. Area array 

CCDs have two primary formats: fiber optically coupled sensors and direct 

sensors.5 Fiber optically coupled sensors utilize a scintillation screen coupled to a 

CCD. When X-rays interact with the screen material, light photons are generated, 

detected, and stored by CCD. Direct sensor CCD arrays capture the image directly 

(  Paurazas SB 2000, Geist JR 2000,  Fossum ER 2000). 

The complementary metal oxide semiconductor active pixel sensor (CMOS-APS) 

is the latest development in direct digital sensor technology. Externally, CMOS 

sensors appear identical to CCD detectors but they use an active pixel technology 

and are less expensive to manufacture. The APS technology reduces by a factor of 

100 the system power required to process the image compared with the CCD.12 In 
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addition, the APS system eliminates the need for charge transfer and may improve 

the reliability and lifespan of the sensor.13 In summary, CMOS sensors have 

several advantages including design integration, low power requirements, 

manufacturability, and low cost. However, CMOS sensors have more fi xed pattern 

noise and a smaller active area for image acquisition.(  Paurazas SB 2000, Geist JR 

2000 , Pink FE ,et. al| 2000,) 

 

8.Indirect or Scanned Digital Imaging : 

Direct digital imaging indicates the original image is captured in a digital format, 

i.e., the image is made up of discrete packets of information called pixels (picture 

elements). On the other hand, indirect digital imaging implies the image is 

captured in an analog or continuous format and then converted into a digital 

format. As with any data conversion, this analog to digital conversion (ADC) 

results in the loss and alteration of information. demonstrates the most common 

data alteration that occurs in an analog to digital conversion. Instead of capturing 

the border that traverses a particular pixel, the pixel value is averaged. This is 

called partial volume averaging. Consequently, many edges are lost or distorted in 

an analog to digital conversion. The original indirect digital imaging technique was 

to optically scan a conventional film image (analog) and generate a digital image. 

Obviously, this technique required an optical scanner capable of processing 

transparent images as well as the appropriate software to produce the digital image. 

As imaging systems became more sophisticated, other techniques for capturing the 

digital image from an analog original were developed. Many intraoral video 

cameras (IOVC) allow the clinician to capture an analog conventional radiograph 

with a push of the foot pedal. The image is grabbed as a frame of a video image. 

One of the shortcomings of this technique is that a gray scale image is captured in 

a color image format. Many of these images appear blue and the fi le size may be 

three times the size of the same image captured in a gray scale format (  Fossum 

ER 2000 , Sanderink GC 2000 , Miles DA  2000). 
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9.Indirect Photostimuable Phosphor Plates : 

Imaging using a photostimulable phosphor (PSP) can also be described as an 

indirect digital imaging technique. The image is captured on a phosphor plate as 

analog information and is converted into a digital format when the plate is 

processed. (Figure 5) Photostimulable phosphor radiographic systems were first 

introduced in 1981 by the Fuji Corporation (Tokyo, Japan). 24 The PSP consists of 

a polyester base coated with a crystalline halide emulsion that converts X-radiation 

into stored energy. The crystalline emulsion is made up of a europium-activated 

barium fluorohalide compound (BaFBrEu 2+ ).25,26 The energy stored in these 

crystals is released as blue fluorescent light when the PSP is scanned with a 

helium-neon laser beam. The emitted light is captured and intensified by a 

photomultiplier tube and then converted into digital data. Not all of the energy 

stored in the PSP is released during scanning and consequently, the imaging plates 

must be treated to remove any residual energy. PSP technology is used for intraoral 

as well as extraoral imaging.27 Several PSP systems are currently available. 

Numerous studies have evaluated the diagnostic utility of the PSP systems. 

28,29,30 Most studies report comparable utility when evaluating conventional fi 

lm images with PSP images. Svanaes and associates reported no difference in 

proximal caries detection between PSP and Ektaspeed fi lm.28 Cederberg and 

associates found that PSP images performed better than conventional Ektaspeed 

film images for the determination of endodontic working lengths.29 PSP images 

appear to have a limiting resolution of approximately 6 lp/mm (line pairs per 

millimeter). This resolution is significantly less than can be achieved with 

conventional film (~20 lp/mm) but not much different from what can be perceived 

with the naked eye (8-10 lp/mm). A major advantage of the PSP image receptor is 

that it is cordless. This significantly impacts the ease of receptor placement. The 

receptor is approximately the same size as conventional film and is somewhat 

flexible. However, the impact of this flexibility on receptor longevity has not been 

determined. Additionally, it should be kept in mind that numerous image receptors 

are needed in a busy practice (e.g., 20 receptors for a full mouth series of 

radiographs). These sensors must also be kept in an infection control barrier 
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because the imaging plate cannot be sterilized. Finally, the receptors must be 

erased by exposure to white light before reuse. 

01. INDIRECT VERSUS DIRECT 

CONVERSION : 

DR refers to devices for direct digital acquisition of projection radiographs in 

which the digitization of the x-ray signal takes place within the detector. Digital 

radiography devices, also called flat-panel detectors, include two types, indirect 

conversion devices in which light is first generated using a scintillator or phosphor 

and then detected by a CCD or a thin-film-transistor (TFT) array in conjunction 

with photodiodes; and DDR devices, which consist of a top electrode, dielectric 

layer, selenium x-ray photoconductor, and thin-film pixel array. Figure 11.8 shows 

a comparison of the direct and indirect energy conversion steps in the production 

of a digital x-ray image. DDR devices offer direct energy conversion of x-ray for 

immediate readout without the intermediate light conversion step. The basis of DR 

devices is the large area TFT active matrix array, or flat panel, in which each pixel 

consists of a signal collection area or charge collection electrode, a storage 

capacitor, and an amorphous silicon field effect transistor (FET) switch that allows 

the active readout of the charge stored in the capacitor. Arrays of individual 

detector areas are addressed by orthogonally arranged gate switches and data lines 

to read the signal generated by the absorption of x-rays in the detector. The TFT 

arrays are used in conjunction with a direct x-ray photoconductor layer or an 

indirect x-ray sensitive phosphor-coated light-sensitive detector or photodiode 

array. An example DDR device, diagrammed in cross section in Figure 11.9, uses a 

multilayer detector in a cassette design, in which the x-ray energy is converted 

directly to electron-hole pairs in an amorphous selenium (Se) photoconductive 

conversion layer. Charge pairs are separated in a bias field such that the holes are 

collected in the storage capacitors and the electrons drift toward the Se-dielectric 

interface. At the end of exposure, the image resides in the pixel matrix in the form 

of charges, with the charge proportional to the absorbed radiation. At the end of 

readout, the charges are erased to prepare for another detection cycle. An example 

indirect DR device uses an x-ray-sensitive phosphor coating on top of a light-

sensitive flat panel amorphous silicon (Am-Si) detector TFT array. The x-rays are 
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first converted to light and then to a proportional charge in the photodiode 

(typically a cesium iodide [CsI] scintillator), which is then stored in the TFT array 

where the image signal is recorded (Kodak, Seibert 1992, JA , Vuylsteke P 1992, 

Dewaele P 1992 , Schoeters E, 1992 ). 

 

 

The image production steps involved in direct and indirect digital radiograph 

detectors Fig(3) 

 

00.SYSTEM CHARACTERISTICS:  

DR detectors have high efficiency, low noise, and good spatial resolution; wide 

latitude; and all the benefits of digital or filmless imaging. Similarly, DR has a 

very wide dynamic range of quantization to thousands of gray levels. These 

devices are becoming more widely used clinically and are available in table 

buckeys as well as chest units. Digital radiography units have superior workflow 

and increased patient throughput due to the elimination of cassette handling. The 
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short imaging cycle time of DR may lend itself to combined static radiographic and 

dynamic fluoroscopic uses in future applications. This is true especially for the 

indirect devices. The direct Se detector, for example, has a ghosting problem due 

to charge trapping, which introduces a lag time at the end of each cycle, 

lengthening the time to readiness for the next exposure. The cost of sensor 

production is still high so that the overall price of devices has not dropped 

appreciably. Digital radiography is sometimes referred to as a one-room-at-a-time 

technology since the detectors are built into the room and matched to the x-ray 

source. Detector fragility and poor PACS: A Guide to the Digital Revolution 214 + 

Power Supply -- Top Electrode Dielectric Layer X-ray Photoconductor Selenium 

Electron Blocking Layer Charge Collection Electrode Glass Substrate Storage 

Capacitor Thin-Film Transistor X-rays + – – + – – + – + + Active Pixel Array 

(TFTs) Cross-sectional view of an example of a direct digital radiography (DDR) 

detector panel. DRE11 11/16/2005 9:43 AM Page 214 portability make DR 

difficult to use in the bedside x-ray environment, but some portable devices are 

now being introduced.( Vuylsteke P 1997, Dewaele P 1997 , Schoeters E, 1997). 

 

Fig(4)Cross-scetional of an example of a direct digital radiography (DDR) detector 

panel 
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01.Digital  radiograph  theory : 

Film-based imaging consists of X-ray interaction with electrons in the film 

emulsion, production of a latent image, and chemical processing that transforms 

the latent image into a visible one. As such, radiographic film provides a medium 

for recording, displaying, and storing diagnostic information . Film-based images 

are described as analog images. Analog images are characterized by continuous 

shades of gray from one area to the next between the extremes of black and white. 

Each shade of gray has an optical density (darkness) related to the amount of light 

that can pass through the image at a specific site (Razmus TF. 1996). Film displays 

higher resolution  than digital receptors with a resolving power of about 16 lp/mm 

(Miles, DA. 1993). However, film is a relatively inefficient radiation detector and, 

thus, requires relatively high radiation exposure . The use of rectangular 

collimation and the highest speed film are methods that reduce radiation exposure, 

but these techniques are not practiced commonly in private dental offices (Nakfoor 

CA, 1992). Chemicals are needed to process the image and are often the source of 

errors and retakes. The final result is a fixed image that is difficult to manipulate 

once captured (Frederiksen NL. 2000). 

 

Fig (5) digital radiography 
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Digital imaging is the result of X-ray interaction with electrons in electronic sensor 

pixels (picture elements), conversion of analog data to digital data, computer 

processing, and display of the visible image on a computer screen. Data acquired 

by the sensor is communicated to the computer in analog form. Computers operate 

on the binary number system in which two digits (0 and 1) are used to represent 

data. These two characters are called bits (binary digit), and they form words eight 

or more bits in length called bytes. The total number of possible bytes for 8-bit 

language is 2
8
 = 256. The analog-to-digital converter transforms analog data into 

numerical data based on the binary number system. The voltage of the output 

signal is measured and assigned a number from 0 (black) to 255 (white) according 

to the intensity of the voltage. These numerical assignments translate into 256 

shades of gray. 

 

  
 

Fig (6) digital radiography 
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Fig (7) digital radiography 

 

The human eye is able to detect approximately 32 gray levels (Bushong SC. 2001). 

Some digital systems sample the raw data at a resolution of more than 256 gray 

values such as 10 bit or 12 bit values (van der Stelt PF. 2000). The large number of 

gray values is reduced to 256 shades of gray with the advantage of controlling 

under or overexposed images. Direct digital imaging systems produce a dynamic 

image that permits immediate display, image enhancement, storage, retrieval, and 

transmission. Digital sensors are more sensitive than film and require significantly 

lower radiation exposure. Dynamic range or latitude is the range of exposures that 

will produce images within the useful density range (Razmus TF. 1996) This 

corresponds to the straight line portion of the Hurter and Driffield (H & D) curve 

or the characteristic curve.  This curve demonstrates the relationship between 

exposure (number of X-rays) and optical density (darkness) of an image receptor. 

The scale of useful densities ranges from 0.6 (low density – light) to 3.0 (high 

density – dark).10 Beyond these parameters, the image is not diagnostic. Typically, 

the H & D curve for film has a stretched letter S appearance with the top curve 

known as the shoulder and the bottom curve the toe. Exposure changes in the 

shoulder (high exposure) and toe (low exposure) have little effect on density, but 

small changes in the straight-line portion between them significantly affect density. 
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The more vertical the straight-line portion of the curve is, the smaller the range and 

the narrower the fi lm latitude. In comparison, the dynamic range of charged 

coupled devices (CCDs) is linear with no shoulder or toe and is much wider than 

film.   

 

Fig (8) dynamic range exposure curve 

 

Fig (9) digital radiography 
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Fig (10) digital radiography 

 

02.Methods To Secure Medical Digital 

Images : 

Most systems for digital radiography have a (built-in) software verification 

mechanism to guarantee the authenticity of original radiographs. Some software 

manufacturers do not allow the original radiograph to be opened or modified 

directly from within other ―common‖ imaging software programs by encrypting 

the images or generating an uncommon image format. This renders the image 

incompatible with other software, allowing it to be processed only in the program 

in which it is generated. With certain systems, the original radiographic image may 

look blurry and can only be better examined after image enhancement in the 

associated software with which the radiograph has been made. To distribute the 

original picture or to examine it on another computer, the same software is 

necessary, or the image can be stored with an attached viewer tool (eg, Trophy 

Radiology, Marne-la-Vallée, France, now Eastman Kodak, Rochester, NY). Other 

dental software programs allow direct opening and modification of the original 

radiograph in photographic software but add an error mark on the image to indicate 
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that the original picture has been modified (eg, Schick TechnologiesInc, 

LongIsland City, NY)  or themodified image is no longer recognized by or cannot 

be reopened in the radiographic software in which it was generated  

or by the patient file to which it was linked (eg, Sidexis; Sirona, Bensheim, 

Germany). These incompatibilities between different dental software programs are 

rather to protect the manufacturer’s software than to protect the digital 

radiographic data. The best approach to distributing original images is to export the 

image using dental software in its original software format. The image may then be 

opened and viewed on other computers but only using a software program from the 

same manufacturer. This ensures transparency so that the end user can be assured 

that only non malicious modifications have been made for the purpose of image 

enhancement. However, if the appropriate software is not available to the end user, 

the radiograph must be exported in another compatible file format, which may be 

compatible with popular imaging software. In this case, there are several ways to 

protect the exported picture before it is distributed. Digital radiographs can be 

exported to many formats. Some formats, like the Exif-JPEG and the digital 

imaging and communication in medicine (DICOM) format, export not only the 

image data but also incorporate metadata. Metadata describe other data, in this case 

the digital image data. Exif is an acronym for ―exchangeable image file‖ and is 

used for digital camera photos. It records what is commonly called the ―shooting 

data‖ (ie, the camera settings in use; in this case, the digital radiography captor) 

when the image was taken, and it specifies the way the image should be formatted 

so that it can be used by Exif compliant devices such as printers.  
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Fig (11) digital radiography 

 

 

Fig(12) Digital radiograph show severly curved root 

One approach to steganography, the spatial domain approach, is to embed 

checksums into the LSBs of the image (Walton S. 1995). A secret numeric key, 

known by both the sender and the recipient, protects the 32-bit checksum, which is 

obtained by summing the seven most significant bits of every pixel in the image. 

Every single bit of the 32-bit checksum is inserted in binary form in the 32 LSBs 

determined by the key. Thus, a maximum of 32 pixels in the image (invisibly) 

change in color intensity. The image can then be saved and distributed. To check 
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for authenticity, using the secret key, the recipient extracts the checksum and 

constructs a second checksum out of the seven most significant bits of each pixel. 

If the two checksums are different, the image has been tampered with. This simple 

technique has some disadvantages: it can detect tampering, but it cannot locate the 

manipulated pixels and exchanging the pixels in terms of location in the image will 

not always affect the resulting checksum and would not be detected. To overcome 

this, the image can be broken up into multiple small subblocks, each embedded 

with a checksum . (Baldoza A 1999). The smaller the subblock size, the more 

precise the algorithm can pinpoint manipulated areas in an image. Because at least 

32 pixels are needed to embed a 32-bit checksum, subblocks of at least 6× 6 = 36 

pixels are needed. To prevent exchanging subblocks, multiple checksums can be 

calculated by multiplying the pixel values by a function of their positions and then 

summing them. This way, exchanging subblocks will not go unnoticed, and every 

change in pixel value can be located within the range of the modified subblock . 

Another solution is to divide the image into overlapping subblocks, which 

introduces an inter block relationship (Ho ATS, Zhu X, Woon WM. 2005). New 

anti-tampering techniques have been described that not only indicate which pixels 

or blocks have been tampered with but also retrieve the original content of the 

image (Fridrich J, Goljan M. 1999). A highly compressed version of the original 

image is, to a certain level, embedded as a watermark in images with ―self-

correcting‖ capabilities. Therefore, two (instead of one) LSBs are used to 

incorporate information. These techniques have not yet been validated for practical 

applications, but practical self-embedding methods may be available in the near 

future. Spatial domain authentication algorithms based on modifying LSBs can be 

effective but cannot distinguish between malicious and non malicious manipulation 

of a digital radiograph. The adjustment of brightness and contrast is a very 
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common non malicious procedure in digital radiograph enhancement but will not 

be tolerated by the previously described verification techniques.  

03.Advantges and disadvantges of digital 

radiography : 

Although film has been an inexpensive and reliable image receptor in dental 

radiography for a long time, the advantages of digital dental radiography over film 

include a lower radiation dose, a swift availability of radiographs, the possibility of 

image enhancement and no need for film processing chemicals. Many of those 

advantages are possibilities not found in conventional film-based imaging, which 

makes the comparison of digital imaging with film-based imaging complicated. 

 

03.1.Advantges: 

 
03.1.1  DOSE CONSIDERATIONS: 
Radiation safety is an important issue in dental radiography. The desired amount of 

information must be obtained with the smallest possible amount of radiation. The 

dose reduction obtained by digital radiography as compared with film-based 

radiography has been emphasized since the introduction of digital imaging in 

dental radiography in the 1980s. It is questionable, however, if the dose reduction 

is as large as has been suggested by manufacturers and some users. At first, the 

dose should be compared with E-speed or even F-speed film. The use of D-speed 

film as the reference as used in many publications overrates the dose reduction. 

Yet, compared to E-speed film in laboratory conditions, digital intraoral 

radiography requires a dose per exposure that is generally lower than that for 

conventional film-based radiography (Visser H 2000, Hermann KP 2000, Köhler 

B, 2000) . A survey on the use of digital radiography in general dental practice in 

Norway showed that the mean reduction in exposure time was 55%. The 

expectation that users with small size digital sensors would collimate their 

radiation field could not be confirmed. 
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Moreover, the patient dose is determined not only by the amount of radiation per 

exposure, but also by the number of radiographs taken. A recent study shows that 

the total number of radiographs taken by dentists using digital radiography was 

significantly larger than the number of radiographs taken by film-users.80 The 

number of radiographs taken by dentists using solid-state systems compared to 

film-users increased by nearly 50%. Phosphor plate users took 32% more 

radiographs. Several factors do explain this increase. According to the answers of 

the dentists in the survey, better diagnostics was the main reason when taking more 

radiographs. However, a study by Versteeg et al. also showed that positioning 

errors occurred more often in digital radiography than in film based radiography. 

Because of the stiffness of the digital sensors the positioning in the mouth of the 

patient is significantly more difficult than positioning film, and more 

uncomfortable for the patient (Berkhout WER 2003, Sanderink GCH 2003, van der 

Stelt PF 2003)  . This also is an important factor of extra radiographs to be taken. 

Another reason for retakes might be the relatively narrow dynamic range of solid-

state systems. Blooming effects will deteriorate images from solid-state systems at 

lower doses than burn-out effects deteriorated conventional radiographs or images 

from a phosphor plate system. (Borg E, Gröndahl HG, 1996) . 

 

 

14.1.2  NO CHEMICAL HAZARDS: 

Hazards to health from exposure to chemicals in automatic processing of 

photographic film is well documented by ILO and others. In the early 1980s 

increasing reports of miscellaneous health problems including respiratory and skin 

effects in radiographers processing X-ray films were published. In some cases 

asthmatic type responses were reported to be so severe as to exclude the 

radiographer from further work. It has been suggested that the increased number of 

such cases coincided with process changes, in particular the increased addition of 

glutaraldehyde as a hardening agent in the developer to offset the softening of the 

film especially those of low silver content. Attention must also be focused however 

on other miscellaneous chemicals present and of the possibility of synergistic 

reactions. The major problems appear to be associated with heavy workloads, 

poorly designed and ill-ventilated darkrooms or processing rooms, and lack of 

appropriate safe handling techniques for the chemicals used. Several studies 
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illustrate improvements by attention to good occupational hygiene practice. The 

necessity for a holistic approach to control of such a complex micro-environment 

is stressed. It is unlikely that a single causal agent can be identified. (Hewitt PJ 

1993 Jun). 

14.1.3 EASY STORAGE: 

Storage can be classified as online, nearline, and offline. online storage refers to 

data storage on magnetic discs , and redundant array of inexpensive discs (RAID) 

systems. It provides access to the data in a few milliseconds. As this type of 

storage is expensive, images that do not require , immediate access are stored in 

nearline storage. Devices such as magnetic tapes and optical jukeboxes are used for 

this form of storage. Offline storage media include magnetic tapes and optical discs 

that are stored elsewhere. This type of storage is typically used for long-term 

storage and for storing back-up data. ( Colang JE, Johnston JN 2006). 

 

 

 

14.1.4  TELERADIOLOGY:  

Teleradiology can be shown to be cost effective in many situations, particularly if 

the alternatives are to transport the X-ray film to a radiologist or to use the services 

of a visiting radiologist circuit riding'. A teleradiology system consists of an image 

acquisition section and an image-display section, connected by a communications 

network. Considerable technical and clinical standardization work has been carried 

out e.g. by the American College of Radiology and commercial teleradiology 

systems are now available from a number of manufacturers. Up to 1994, more than 

7000 teleradiology systems had been sold by the two largest manufacturers. 

Technology trends suggest that it will soon be common for clinicians to view 

digital radiographs from outside radiology departments and probably from outside 

a hospital environment as well. Finally it's easy and reliable. (Ruggiero, Carmelina 

1998). 

 

 



27 

 
 

 

14.1.5  IMAGE ENHANCMENT: 

1 - Superior gray-scale resolution: A primary advantage of digital imaging is the 

superior gray-scale resolution that results.  Digital imaging uses up to 256 shades 

of gray compared with  the 16 to 25 shades of gray differentiated on conventional. 

This advantage is critical because diagnosis is often based on contrast 

discrimination. The ability to manipulate the density and contrast of the digital 

image without additional exposure of the patient to x-radiation is also an important 

advantage . In addition, studies have investigated the diagnostic capability of the 

intraoral sensor used in digital imaging. Digital imaging enables the dental 

professional to identify dental disease just as with traditional methods. One of  the 

ways to measure the diagnostic value of digital imaging is through its ability to 

capture detail, or resolution. Line  pairs/millimeter (lp/mm) is a measurement of 

the ability of the digital system to capture the detail in an image. Most digital 

imaging manufacturers maintain a range of 6 to 22 lp/mm. The human eye can 

only recognize approximately 8 lp/mm. All the current digital systems produce a 

diagnostically acceptable image with high denition. (Haring, Joen Iannucci 2000, 

and Laura Jansen , 2000). 

 
FIG (13)     Magnication of a periapical image from a full mouth  series, which 

allows the dental professional to take a closer  look at teeth #18 and #19. (Courtesy 

Sirona USA, Charlotte,  NC.) 

 

 

2- Enhancement of diagnostic image: Features such as colorization and zooming 

allow users to highlight conditions such as bone resorption caused by periodontal 

disease or to help detect small areas of decay. Additional features commonly 

available in image software include brightness, contrast, sharpness, image 
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orientation, and pseudo-color alteration. Another feature that can be used to 

enhance a diagnostic image is digital subtraction. With digital subtraction, the 

gray-scale is reversed so that radiolucent images (normally black) appear white and 

radiopaque images (normally white) appear black . Digital subtraction also 

eliminates distracting background information. For example, this feature permits 

the operator to remove all anatomic structures that have not changed between 

imaging examinations to facilitate identication of changes in diagnostic 

information (FIGURE 14) . (Haring, Joen Iannucci, and Laura Jansen 2000). 

 

 

FIG (14)   An example of digital subtraction of a bite-wing image. 

 

14.1.6  LOWER EQIUPMENT AND COST :  

Long-term digital imaging eliminates the need to purchase conventional, 

costly processing equipment, and processing solutions. With digital imaging, 

darkroom and processing solutions and maintenance are unnecessary. Also, 

environmental costs are reduced because the disposal hazards of processing 

chemicals, silver salts in emulsion, and lead foil sheets are avoided. The 

elimination of darkroom processing errors is also an advantage. (Haring, Joen 

Iannucci 2000, and Laura Jansen , 2000). 

 

14.1.7  INCREASED EFFICIENCY : 

Dental professionals can be more productive because digital imaging does not 

interrupt routine patient treatment or care. Dental practices that also use electronic 

charting have the advantage that the operator can access both patient data and 

digital images simultaneously. Both image storage and communication are easier 
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with digital networking. The digital image can be incorporated into the electronic 

record of the patient, and the image can be printed out whenever needed. Digital 

images can also be electronically transmitted to referring dentists and specialists, 

insurance companies, or consultant. (Haring, Joen Iannucci 2000, and Laura Jansen 

, 2000). 

14.1.8  EFFICTIVE PATIENT EDUCATION TOOL: 

 Digital images can be an effective tool in patient education and interaction.       

Patients can view digital images along with the operator, which facilitates   

dialogue and rapport and increases a patient’s understanding of the disease process 

and acceptance of treatment modalities. In addition, the size of the digitized image 

on the 15-inch or 17-inch computer screen (compared with a 2-inch piece film) 

makes the digital image an attractive patient education tool ( FIGURE 15). 

(Haring, Joen Iannucci, and Laura Jansen 2000).  

 

 

FIG (15) Patient education is made easier with larger dental 

Images. 
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14.2 DISADVANTAGES: 

 
14.2.1 COST:  
 the initial costs associated with digital equipment is one major disadvantage 

with dental practices. To purchase the computer hardware and software, and the 

digital imaging sensors can be costly. And just like dental equipment there is 

maintenance, repairs, software updates, and equipment replacement that must 

be considered when changing from radiographic film to digital imaging. Just as 

it is with radiographic film, digital imaging will require providers to think about 

asepsis or infection control when they’re taking images. The practice will need 

to purchase disposable barriers to be placed over phosphor plates and hard 

sensors, as the sensors cannot be sterilized. Phosphor plates can be reused a 

number of times before they need to be replaced. However, damage will require 

phosphor plates be replaced more often. Damaged phosphor plates can obscure 

the image not allowing the dentist to make a thorough diagnoses. (Iannucci JM, 

2017 ,Howerton LJ, 2017). 

 

14.2.2 PATIENT COMFORT  : 

 direct sensors are hard and not flexible like film. They can be rather thick, 

depending on the manufacturer. However, some of the hard sensors on the 

market have excellent contrast and density, allowing for enhanced diagnoses of 

incipient lesions. In fact, just in the last few years the diagnostic value has 

increased considerably due to increased technology of hard sensors. However, 

patient comfort and limited positioning of the sensor intraorally due to patient 

anatomy, is one disadvantage that prohibits some dental practices from 

considering purchasing hard sensors. With all types of digital sensors, training 

will be needed to show dental providers how to place sensors to allow for the 

most coverage of anatomy. (Iannucci JM, 2017 ,Howerton LJ, 2017). 

 

 

 



31 

 
 

 

14.2.3 MEDICO-LEGAL:  concerns regarding manipulating images 

has been addressed by manufacturers. Dental software has warning features if 

the enhanced image does not match the original image. It is recommended 

copies of the original images be stored on the computer or network server. 

Researchers in the area of fraudulent digital dental records recommend digital 

content have attached metadata. In forensic dentistry metadata and 

watermarking be added to discourage tampering documents. ( Chowdhry A, 

2014, Sircar K 2014 , Popli DB 2014 , et al) 

 

14.2.4  WEAR AND TEAR: The receptors used in the PSP system 

are vulnerable to wear and tear and may have a limited lifespan. The PSP 

plates are not designed to have the edges bent or softened to accommodate 

individual patient anatomy. If bending or scratching of the plates occurs, 

permanent defects will appear on all images exposed, which may obscure 

diagnostic information. (Iannucci JM, 2017 ,Howerton LJ, 2017). 

14.2.5 INFECTION CONTROL: Digital sensors cannot 

withstand heat sterilization. Therefore, these sensors require complete coverage 

with disposable plastic barrier sleeves that must be changed between patients to 

prevent cross-contamination. (Iannucci JM, 2017 ,Howerton LJ, 2017). 

   

14.2.6 SENSOR SIZE AND THICKNESS : Some digital 

sensors are thicker and less flexible than intraoral film. Patients may complain 

about the bulkiness of the sensor, which may cause discomfort or elicit the gag 

re ex. However, with increasing experience and familiarity with the use of these 

rigid sensors, sensor placement becomes less of an issue. In addition, 

manufacturers have produced many varieties of sensor holders to stabilize 

sensor placement (Figure 16). (Iannucci JM, 2017 ,Howerton LJ, 2017). 
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FIG (16) A, B, Examples of anterior and posterior receptor holders with 

direct digital sensor. C, A direct digital sensor fitted with an adhesive bite-

wing tab. 
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  الخالصة
ي 
ن
ن ، حلت التصوير الشعاعي الرقمي محل التصوير الشعاعي لفيلم الشاشة ف خالل العقدين الماضيي 

كات المصنعة مجموعة  متنوعة من حلول التصوير الرقمي العديد من أقسام األشعة. اليوم ، توفر الشر

بناًء عىل تقنيات الكشف والقراءات المختلفة. تسمح أجهزة الكشف الرقمية بتنفيذ نظام أرشفة 

ي أي وقت. يمكن اآلن 
ن
واتصال رقمي كامل للصور ، حيث يتم تخزين الصور رقمًيا وتكون متاحة ف

ونًيا عن طريق التكنولوجي ي المستشفيات إلكتر
ن
ا القائمة عىل الويب دون التعرض لخطر توزي    ع الصور ف

فقدان الصور. تشمل المزايا األخرى للتصوير الشعاعي الرقمي زيادة إنتاجية المريض وزيادة كفاءة 

الجرعة والنطاق الديناميكي األكتر ألجهزة الكشف الرقمية مع إمكانية تقليل تعرض المريض لإلشعاع. 

ويجب أن يكون اختصاصيو األشعة عىل دراية بالمبادئ سيكون مستقبل التصوير الشعاعي رقمًيا ، 

التقنية ومعايت  جودة الصورة وقضايا التعرض لإلشعاع المرتبطة بأنظمة التصوير الشعاعي الرقمية 

 .المختلفة المتوفرة حالًيا
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Abstract 

Nanotechnology refers to the science that manipulates matter at 

molecular and atomic levels, and studies matter at the nanoscale level to 

detect and exploit the useful properties that can be derived from these 

dimensions. Nanotechnology is applied in many fields, such as agriculture, 

industry, medicine (nanomedicine) and dentistry (nano-dentistry). The 

purpose of these innovations and research in the fields of medicine and 

dentistry is to improve human life and their health. This research project 

aims to summarize and give a brief overview about the different known 

innovations of nanotechnology in dentistry. 
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1. Introduction and Literature Review 

1.1 Introduction 

Nanotechnology is the art and science of material engineering in a 

scale of less than 100 nm. It revolutionized the medical and dental fields by 

improving mechanical and physical properties of materials, helped introduce 

new diagnostic modalities and nano-delivery systems. {1} 

The ongoing research in the realm of nano is due to the unique 

properties nanoparticles offer. Atoms are the building blocks in biological 

tissue, and these atoms are measured using the nanoscale. Introducing nano-

sized particles allows for an interaction on a molecular level, by that 

increasing the overall efficacy and affinity in comparison to biological 

molecules interacting with micro or macro sized particles. {2} 

In comparison to the same material in bulk (macro or micro), nano 

particles can be easily arranged in a number of packing configurations due to 

their high surface to core ratio, making them easily manipulated and utilised 

in various applications. {3} 

A new branch called nano-dentistry has become more famous in 

recent years, and it involves the effort of different researchers and clinicians 

for the development of new materials. Nano-dentistry can be described as 

the science that uses nanostructured materials and technologies to diagnose, 

treat and prevent oral and dental disease. {4} A common interest is to 
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improve patients‟ oral health, decreasing the invasiveness of treatments and 

increasing compliance with doctors. {5} 

Conservative, endodontic, anesthesiology, aesthetics and orthodontics 

are the branches mainly involved. In recent years, much attention has been 

paid to dentistry nanorobots and tissue engineering, but also to studies 

regarding stem cells for bone augmentation and cartilage regeneration. 

However, some applications of nanotechnology in dentistry have already 

been tested and are now used in various sectors; others need further studies 

and scientific research. {6} 

Aim of this study 

This research project aims to summarize and give a brief 

overview about the different known innovations of nanotechnology 

in dentistry. 
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1.2 Literature Review 

1.2.1 Nanotechnology 

According to the definition of the National Nanotechnology Initiative, 

nanotechnology is the direct manipulation of materials at the nanoscale. This 

term defines a technology that enables almost complete control of the 

structure of matter at nanoscale dimensions. {7} 

The word “nano” which is derived from the Greek word (nannos) 

meaning “dwarf,” is a prefix that refers to 1 billionth of a physical size. One 

nanometer (nm) is a unit of length that equals 1 billionth of a meter. The size 

of atoms is approximately 0.1 nm. Considering that the size of a usable 

nanostructure is 1 to 100 nm, it is clearly seen that the area of 

nanotechnology works at the level of atoms and molecules. {8} 

The aims of nanotechnology are to enable the analysis of structures at 

the nanoscale, to understand the physical properties of structures at the 

nanoscale dimension, to manufacture nanoscale structures, to develop 

devices with nano-precision, and to establish a link between nanoscopic and 

macroscopic universes by inventing adequate methods. What makes nano-

particles interesting and bestows unique features upon them is the fact that 

their size is smaller than the critical lengths defining many physical events. 

{9} However, in addition to creating small structures, nano-technology 

involves inventing materials, devices, and systems with physical, chemical, 

and biologic properties that differ from those of large-scale structures. {7} 
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The use of this technology will allow many developments in the 

health sciences as well as in materials science, bio-technology, electronic 

and computer technology, and environment science. With developments in 

materials science and biotechnology, nanotechnology is especially 

anticipated to provide advances in dentistry and innovations in oral health-

related diagnostic and therapeutic methods. {10} 

1.2.2 Environmental applications of nanotechnology 

Research is needed using nanoscale science and technology to identify 

opportunities and applications to environmental problems, and to evaluate 

the potential environmental impacts of nanotechnology. Also, approaches 

are needed to offer new capabilities for preventing or treating highly toxic or 

persistent pollutants, which would result in the more effective monitoring of 

pollutants or their impact in the ways not currently possible. {11} 

Early application of nanotechnology is remediation using nanoscale 

iron particles. Zero-valent iron nanoparticles are deployed in situ to 

remediate soil and water contaminated with chlorinated compounds and 

heavy metals. Among the many applications of nanotechnology that have 

environmental implications, remediation of contaminated groundwater using 

nanoparticles containing zero-valent iron is one of the most prominent 

examples of a rapidly emerging technology with considerable potential 

benefits. {12} 

As freshwater sources become increasingly scarce due to 

overconsumption and contamination, scientists have begun to consider 
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seawater as another source for drinking water. The majority of the world‟s 

water supply has too much salt for human consumption and desalination is 

an option but expensive method for removing the salt to create new sources 

of drinking water. Carbon nanotube membranes have the potential to reduce 

desalination costs. Similarly, nanofilters could be used to remediate or clean 

up ground water or surface water contaminated with chemicals and 

hazardous substances. Finally, nanosensors could be developed to detect 

waterborne contaminants. {13} 

Air pollution is another potential area where nanotechnology has great 

promise. Filtration techniques similar to the water purification methods 

described above could be used in buildings to purify indoor air volumes. 

Nanofilters could be applied to automobile tailpipes and factory smokestacks 

to separate out contaminants and prevent them from entering the 

atmosphere. Finally, nanosensors could be developed to detect toxic gas 

leaks at extremely low concentrations. {14} 

1.2.3 Applications of nanotechnology in agriculture 

Excess use of chemical fertilizers and pesticides has shown negative 

impacts on soil health and environment. Chemical residues destroy the soil 

ecosystem by affecting the non-targeted organisms and decrease soil fertility 

simultaneously. To prevent such adversity in soil and environment, 

researchers have applied nanotechnology in agriculture. {15} 

The application of nanoherbicides and nanopesticides for the 

management of weed and pests has significantly increased crop productivity. 
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Different types of nanoparticles such as polymeric nanoparticles and 

inorganic nanoparticles are utilized for the nanoherbicide formulations. {16} 

Nanofertilizers are another application of nanotechnology. Scientists 

have used nanotechnology to design a smart delivery system that would 

release nutrients in a slow and controlled manner to the targeted site to 

tackle nutrient deficiency in plants. {17} 

1.2.4 Applications of nanotechnology in industry 

Nowadays, nanotechnology is providing new products in all industrial 

sectors. Nanomaterials such as calcium oxide and magnesium oxide 

nanoparticles have been used as biocatalyst carriers in oil transesterification 

to biodiesel. {18} 

Nanotubes have been used to create lighter, stronger and more 

corrosion-resistant structural materials in the oil industry. Nanotechnology 

could help improve oil and gas production by making it easier to separate oil 

and gas in the reservoir for instance, through improved understanding of 

processes at the molecular level. {19} 

Nanotechnology could be used to enhance the possibilities of 

developing unconventional gas resources. Near-term challenges focus on 

liquefied natural gas infrastructure, efficiency, quality and developing gas-

to-liquids technology. Midterm challenges include developing super 

pipelines; constructing floating gas-to-liquids platforms; production, 

regasification and storage issues; and compressed natural gas transport. 



Chapter One…………………………. Introduction and Literature Review 

 

 

7 

Nanotechnology can address the problems associated with accessing 

stranded natural gas resources by developing nanocatalysts and nanoscale 

membranes for gas-to-liquids production and creating nanostructured 

materials for compressed natural gas transport or long distance electricity 

transmission. {20} 

Nanotechnology is applied in textile industry due to the increased 

durability of fabrics, comfort, hygienic properties and reduced production 

cost. The use of nanotechnology allows textiles to become multi-functional 

and produce fabrics with special functions, including antibacterial, UV 

protection, easy clean, water and stain repellent and anti-odor. {21} 

Other industrial applications of nanotechnology include: 

Renewable Energy: This includes inexpensive solar cells, devices for 

capturing, storage, and use of energy optimally. {22} 

Electronics: This includes development of nanotransistors, nanogates, 

nanodevice based integrated circuits, nanoemmissive display panels, 

nanomemories, nanowires, nanophotonic devices, Nano-optical computers 

etc. {23} 

Batteries and Fuel Cells: This include nanostructure fuel cells, hydrogen 

nanofuel cells, nanotech alternative fuel cells, long life high storage capacity 

fast rechargeable nanotech batteries etc. {24} 
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1.2.5 Applications of nanotechnology in medicine 

Nanotechnologies are new areas of research focusing on affecting 

matter at the atomic and molecular levels. It is beyond doubt that modern 

medicine can benefit greatly from it; thus nanomedicine has become one of 

the main branches of nanotechnological research. Currently it focuses on 

developing new methods of preventing, diagnosing and treating various 

diseases. {25} 

Nanomaterials show very high efficiency in destroying cancer cells 

and are already undergoing clinical trials. The results are so promising that 

nanomaterials might become an alternative to traditional cancer therapy, 

mostly due to the fact that they allow cancer cells to be targeted specifically 

and enable detailed imaging of tissues, making planning further therapy 

much easier.  {26} 

Nanobiotechnogy has brought a tremendous advancement in the 

molecular diagnostic era for the early detection of cancer through the 

development of nano-biosensors and nanoimaging diagnostic techniques. 

These strategies are referred to as nano diagnostic techniques. {27} 

Nanotechnology has applications in cardiology and various vascular 

processes which can be both diagnostic and therapeutic. Nanoscience might 

be a source of the needed breakthrough in the fight against atherosclerosis, 

since nanostructures may be used in both preventing and increasing the 

stability of atherosclerotic lesions. One area of interest is creating 

nanomaterials that are not only efficient, but also well tolerated by the 
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human body. Genes associated with coronary artery diseases (CAD) can be 

detected by employing biosensors composed of carbon nanotubes which can 

interact with the DNA. {28} 

Other potential applications of nanotechnology in medicine include: 

nanoadjuvants with immunomodulatory properties used to deliver vaccine 

antigens; the nano-knife, an almost non-invasive method of destroying 

cancer cells with high voltage electricity; and carbon nanotubes, which are 

already a popular way of repairing damaged tissues and might be used to 

regenerate nerves in the future. {29} 

1.2.6 Applications of nanotechnology in dentistry 

1.2.6.1 Dental diagnostics 

In an attempt to improve upon medical diagnostics, the concept of 

nano-biosensing was introduced. A biosensor is „„an analytical device which 

incorporates a biologically active element with an appropriate physical 

transducer to generate a measurable signal proportional to the concentration 

of chemical species in any type of sample”. {30} 

In an effort to improve the biorecognition process and overall 

bioreceptor performance, nanobioreceptors were introduced, incorporating 

nanotubes, nanowires, and nano-dots in the sensing assembly. {31} 

Metallic nanoparticles such as gold, silver, platinum, and palladium 

are commonly incorporated in nanobiosensor transduction / bioreception 
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systems as they are able to rapidly react with most biological molecules 

without affecting their activity. {32} 

Additionally, carbon nanotubes were utilized for the detection of 

circulating cancer cells in the body. The carbon nanotubes were arranged by 

the layer-by-layer assembly technique and then linked chemically to 

antibodies of specific carcinogenic marker which specifically binds to cancer 

cells, thus, providing an effective and useful diagnostic tool. {33} 

1.2.6.2 Preventive dentistry 

The prevention of tooth decay and the treatment of lesions and 

cavities are ongoing challenges in dentistry. In recent years, biomimetic 

approaches have been used to develop nanomaterials for inclusion in a 

variety of oral health-care products. Examples include liquids and pastes that 

contain nano-apatites for biofilm management at the tooth surface, and 

products that contain nanomaterials for the remineralization of early 

submicrometre-sized enamel lesions. However, the treatment of larger 

visible cavities with nanomaterials is still at the research stage. {34} 

Researchers developed a nano-toothbrush, by incorporating nano-gold 

or nano-silver colloidal particles between toothbrush bristles. In addition to 

its ability to improve upon mechanical plaque removal, researchers reported 

an antibacterial effect of the added gold or silver which could ultimately lead 

to a significant reduction in periodontal disease. {35} 
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Oral hygiene products such as toothpastes and mouthwash solutions 

were also nano-modified according to recent reports. Nano-calcium fluoride, 

for instance, was added to mouthwash products to reduce caries activity, 

reduce dentine permeability, and increase labile fluoride concentration in 

oral fluid. {36} 

1.2.6.3 Nanotechnology in operative dentistry 

1.2.6.3.1 Nanocomposite 

The development in the use of nanocomposites patented in response to 

the persistent and discouraging issues of polymerization shrinkage, strength, 

microhardness, and wears resistance essential in posterior occlusal 

applications. {37} 

Nanocomposites are composed of two or more materials that include a 

matrix material and nanoscale particles. The matrix should be a 

biocompatible polymeric, metallic, or ceramic material. In nanocomposites, 

it is possible to operate the mechanical properties by incorporating 

secondary nanoparticles to obtain the same characteristic features of natural 

bone. {38} 

1.2.6.3.2 Endodontics 

Endodontic disease is a biofilm facilitated infection, and the 

fundamental objective in its treatment is the removal of these biofilms from 

the endodontic canals. {39} Applications of nanotechnology in endodontics 
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include the incorporation of bio-ceramic nanoparticles such as bioglass, 

zirconia, and glass ceramics in endodontic sealers. It has been found that the 

use of nano-particles enhances the adaptation of the adhesive to nano-

irregularities, in addition to its fast setting time in comparison to 

conventional sealers, its dimensional stability, insolubility in tissue fluid, 

chemical bond to tooth tissue, and osseoconductivity. {40} 

Graphene, an allotrope of carbon is the thinnest material which forms an 

even crystal lattice exclusive of any structural dislocations. These 

nanoparticles (NPs) are used for diagnosis and detection of disease and 

formation of anti-bacterial surfaces. {41} 

Chitosan has shown brilliant antimicrobial, antifungal and antiviral 

characteristics. The mechanism of action of Chitosan NPs is based on the 

principle of electrostatic interaction leading to cell membrane disruption. 

This results in increased permeability of cell wall, eventually causing cell 

death and microleakage of its intracellular components. {42} 

Poly (lactic) co-glycolic acid Nanoparticles incorporated with 

photoactive drugs are used as an essential adjunct in the eradication of 

microorganisms from endodontic canals. The combination of these 

methylene blue filled NPs and light are used to reduce microbial counts 

adhered to the root dentin and canals. It is one of the most important NPs 

used in the application of endodontics. {43} 

Mesoporous calcium silicates are NPs with size ranging from 80 to 

100 nm having high specific surface area and pore volume ratio. These NPs 
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find its use in filling of apical third of the root canals due to its property of 

being highly viscous in nature. {44} 

Hydroxyapatite (HAP) nanoparticles  are present in various dentrifices 

and mouthrinsing solutions which help to remineralize the demineralized 

enamel surface. HAP is a highly biocompatible material capable of binding 

to bone thus reducing any local or systemic inflammatory reaction. Thus, it 

can be used as a periapical healing agent. {45} 

1.2.6.3.3 Applications of Nanoparticles in Periodontics, 

Implantology, and regenerative dentistry 

Scientists were able to create a novel drug delivery system for the 

treatment of periodontal disease, through triclosan or tetracycline loaded 

nanoparticles. These nanoparticles are uniformly dispersed within a matrix, 

which gradually biodegrades, releasing loaded drugs in increments to 

provide longer contact duration with the diseased site. {46} Niosomes, for 

instance, are chemically stable non-ionic vesicles, which offer a controlled 

and targeted drug delivery with enhanced penetration through biological 

tissue especially when the particles are less than 100 nm in size.  {47} 

Furthermore, fullerenes have been heavily studied for their many 

potential applications, one of which is its effectiveness in drug delivery. 

Fullerenes are hollow carbon molecules which come in different shapes 

(spheres, tubes, and ellipsoids). {48} 
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It has been theorised that the osseointegration of implants within the 

jaw bone would be maximised if the implant surface was mimicking the 

surface topography of the extracellular matrix within natural tissue, which is 

typically between 10 and 100 nm in size. {49} Published data proved this 

theory, as not only surface coatings such as hydroxyapatite, gold, silver, and 

titanium oxide nanoparticles have the ability to improve the adhesion of the 

fibrin clot which serves as a bridge for osteogenic cells and the overall 

osseointegration of implants, the presence of mechanical nano-features such 

as nano-grooves or nano pillars have been proved effective as well, with 

particular emphasis on the distribution and order of such features on the 

implant surface. {50} 

1.2.6.3.4 Nanotechnology in Oral and Maxillofacial Surgery 

In oral and maxillofacial surgical practice nanotechnology has 

influenced the development of tissue engineering, imaging, delivery of 

drugs, and has improved implants. {51} 

Natural bone is made up of a nanocomposite architecture of collagen 

fibrils, hydroxyapatite, and proteoglycans. New bio-compatible 

nanomaterials, which mimic the natural structure of bone and 

nanofabrication techniques are now being used in clinical practice. Among 

the nanomaterials used to reconstruct bone are: derivatives of 

polyhydroxyacids, such as polylactide (PLA), polyglycolide (PGA), poly (-

caprolactone) (PCL), and their copolymers poly (lactide-co-glycolide) 

(PLGA), poly (lactide-co-caprolactone) (PLC), poly (glycolide-
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cocaprolactone) (PGC), and poly (L-lactic acid) (PLLA), and these have 

been studied extensively. PLLA has been approved by the FDA for use in 

the reconstructive surgery of bone. {52} 

More recently, nanocomposite (DBSint
®
), made up of biomimetic 

nanostructured magnesium-hydroxyapatite (HAP) and human demineralised 

bone matrix was approved for clinical use. Nanophase HAP has been shown 

to have improved osteointegrative properties, and 3-dimensional porous 

nano-HAP scaffolds seeded with bone marrow showed adherence, 

proliferation, and differentiation of cells, which is promising for the 

reconstruction of bony defects. {53} 

Current imaging techniques for the diagnosis and staging of cancer 

have their limitations. Fluorescent semiconductor nanocrystals, also called 

quantum dots (QD), have narrow and size-tunable emission spectra that span 

from ultraviolet to near-infrared. This, together with their prolonged 

photostability, good photoluminescence, and high signal: noise ratio, make 

QD particularly suitable for non-invasive imaging, and they can be used for 

identification and long-term in vivo monitoring of disease in vivo. {54} 

QD can be used in the biopsy of sentinel lymph nodes. Current 

methods of detection based on lymphoscintigraphy and vital dyes can be 

confounded by the autofluorescence of back-ground tissue. QD that emit at 

the near-infrared region are associated with a reduction in the 

autofluorescence of tissue and can be used in deep tissue imaging, making 

localization accurate and sensitive, and subsequent excision of foci of cancer 

possible. {55} 
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Suture needles made of nanosized stainless-steel crystals with 

nanosized particles of 1-10 nm size were also developed. Ideal suture 

needles for plastic surgery should have characteristics of good ductility, 

strength and resist corrosion. Current research is being conducted for the 

development of nanotweezers that would make cell surgery possible in the 

near future. {56} 
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Conclusion 

The science and applications of nanotechnology are constantly 

evolving as we witness new products being introduced into the market. This 

comes with great responsibility to insure the safety, efficiency, and 

applicability of such new technologies. Nanotechnology may have a wide 

range of applications in all fields of dentistry that would improve the dental 

care given at clinics or even at home with nano toothbrushes and 

toothpastes.  

Although the science behind nanotechnology is intriguing, the lack of 

long term clinical evidence addressing their clinical performance restricts 

their wide clinical use. More research needs to be conducted on the safety of 

this technology and how these nanomaterial would interact with the human 

body and what possible future side effects they may cause. 
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 الخالصة

تشٕز تقىٕت انىبوُ إنّ انعهم انذْ ٔعبنج انمبدة عهّ انمستُٕٔه انجزٔئٓ َانذرْ ، 

انتٓ ٔمكه َٔذرس انمبدة عهّ انمستُِ انىبوُْ الكتشبف َاستغالل انخصبئص انمفٕذة 

مه ٌذي األبعبد. ٔتم تطبٕق تقىٕت انىبوُ فٓ انعذٔذ مه انمجبالث ، مثم انزراعت  اشتقبقٍب

َانصىبعت َانطب )طب انىبوُ( َطب األسىبن )طب األسىبن ببنىبوُ(. انغزض مه ٌذي 

االبتكبراث َاألبحبث فٓ مجبالث انطب َطب األسىبن ٌُ تحسٕه حٕبة اإلوسبن 

خٕص َإعطبء نمحت مُجزة عه مختهف َصحتً. ٍٔذف ٌذا انمشزَع انبحثٓ إنّ ته

 .االبتكبراث انمعزَفت نتقىٕت انىبوُ فٓ طب األسىبن
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Introduction 

 

An impression is defined as, “an imprint or negative likeness of the teeth and/or 

edentulous areas where the teeth have been removed, made in a plastic material 

which becomes relatively hard or set while in contact with these tissues. 

Impressions may be made of full complements of teeth, of areas where some teeth 

have been removed ,or in mouth from which all teeth have been removed  A 

complete denture impression is a negative registration of the entire denture 

bearing ,stabilizing and border seal areas present in the edentulous mouth . 

Impression making is the primary step in the process of complete denture (CD) 

fabrication .Impressions are made to produce a negative replica of the patient's 

mouth into which plaster or stone can be poured to form the positive replica—the 

cast .The cast acts as a template over which the CD is fabricated. Errors in 

impression making can lead to treatment failure. A primary impression is made 

after the pre prosthetic  surgery is complete. It is used to prepare a special tray. If 

the patient did not require pre prosthetic  surgery, then the diagnostic cast made 

from the diagnostic impression can be used directly to fabricate the special tray . 

(1)   
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1. The principle of impression  making :  

The concepts to be followed to get a successful impression are : 

1. The oral tissues must be healthy. 

2. Impression should include all of the basal seat within the limits of health and 

function of the supporting and limiting tissues. 

3. The borders must be in harmony with the anatomical and physiological 

limitations of the oral structures. 

4. Physiological type of border molding should be performed. 

5. Sufficient space should be provided within the impression tray for the selected 

impression material. 

6. Impression must be removed from the mouth without damaging the mucosa. 

7. Selective pressure should be applied on the basal seat during impression 

making. 

8. A guiding mechanism should be provided for correct positioning of the tray 

within the mouth. 

9. The tray and impression material should be made of dimensionally stable 

materials. 

10. The external shape of the impression should be similar to the external form of 

complete denture . (2)  
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2. Impression technique in C.D. :-  

Classification of  impression technique.. can be classified into :-  

1. Depending on the theories of impression making :  

• Muco_static or passive impression  

• Muco_ compressive or functional impression  

• Selective impression  

2. Depending on the impression technique :  

• Open mouth impression technique  

• Closed mouth impression technique  

3. Depending on the purpose of impression making :  

• Diagnostic impression  

• Primary impression  

• Secondary or final impression  

4. Depending on the type of try :  

• Stock try impression  

• Special try impression  

 

2.1. Depending on the theories of impression making : 

  

2.1.1. Muco_ static or passive impression :  

Muco_static or Passive Impression It was first proposed by Richardson and later 

popularised by Henry Page. In this muco_static technique, the impression is made 

with the oral mucous membrane and the jaws in a normal, relaxed condition. 

Border moulding is not done here. The impression is made with an oversized tray. 

Impression material of choice is impression plaster. Retention is mainly due to 

interfacial surface tension. The muco_static technique results in a denture, which 

is closely adapted to the mucosa of the denture-bearing area but has poor 

peripheral seal. Thus, these dentures will have good stability but poor retention . 

(4)  
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2.1.2. Mucocompressive Impression (Carole Jones)  

The mucocompressive technique records the oral tissues in a functional and 

displaced form. The materials used for this technique include impression 

compound, waxes and soft liners. The oral soft tissues are resilient and thus tend 

to return to their anatomical position once the forces are relieved. Dentures made 

by this technique tend to get displaced due to the tissue rebound at rest. During 

function, the constant pressure exerted onto the soft tissues limit the blood 

circulation leading to residual ridge resorption . (3) 

 

 

Fig.(1) : mucostatic impression  

Fig(2) : mucocompressive impression  
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2.1.3. Selective Pressure Impression (Boucher)  

In this technique, the impression is made to extend over as much denture-bearing 

area as possible without interfering with the limiting structures at function and rest. 

The selective pressure technique makes it possible to confine the forces acting on 

the denture to the stress-bearing areas. This is achieved through the design of the 

special tray in which the nonstress-bearing areas are relieved and the stress-

bearing areas are allowed to come in contact with the tray Relief is given using wax 

in the special tray, which should be removed before impression making.(4) 

 

 

2.2. Depending on the impression technique:  

 

2.2.1. Open-mouth Impression  

The open mouth method includes the impression techniques, which record the 

tissues in un displaced position. Pressure or pressure less impressions can be made 

using this technique (4) 

2.2.2. Closed-mouth Impression 

This method records the tissues in the functional position. In this technique, record 

blocks (trays with occlusal rims) are used instead of impression trays. Both upper 

Fig(3) : selective pressure impression technique  
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and lower record blocks are lined with impression material and placed inside the 

patient’s mouth at the same time. The patient is asked to close his mouth exerting 

pressure on the occlusal rims and perform functional movements such as 

swallowing, grinning and pursing of the lips. The impression materials used are 

impression compound, waxes and soft liners (3)  

 

   

 

2.2.2.1. Disadvantages of closed technique :  

• As the tissues are recorded in the functional compressed form, they will 

rebound at rest due to resiliency leading to denture displacement.  

• The denture base exerts constant pressure over the tissues. Hence the blood 

supply is decreased leading to ridge resorption.  

2.3. Depending on the purpose of impression making : 

 

2.3.1. Diagnostic Impression  

It is made to prepare diagnostic cast, which is used for the following purposes:  

• To survey undercuts. 

• To estimate the amount of preprosthetic surgery required and to perform mock 

surgeries.  

• Articulate the casts in a tentative jaw relation and evaluate the interarch space.  

Fig(4) : opened-mouth and closed - mouth impressions 
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• To determine the ability to establish occlusal balance  

 

 

2.3.2. Primary Impressions or Preliminary Impression  

Primary impression is defined as, “ An impression made for the purpose of 

diagnosis or for the construction of a tray”. This is the first step in fabrication of a 

CD. The preliminary impression is made with a stock tray. The following points 

should be considered during tray selection: There should be at least 5 mm 

clearance between the stock tray and the ridge. With the stock tray in position, 

the handle of the tray is tilted downwards and the posterior border of the tray is 

observed. The tray should extend over the tuberosity and the hamular notch. 

Similarly, the mandibular tray should be raised anteriorly to check for posterior 

extension upto the retromolar pad. If the tray is deficient, utility wax can be 

added along the posterior border of the tray. The preliminary impression can be 

made using impression compound, alginate or impression plaster. (4)  

 

 

 

2.3.3. Secondary Impressions or Wash Impression 

This is a clinical procedure in complete denture fabrication done to prepare a 

master cast. This is done after mouth preparation is complete. It is a very 

important step as it should record the denture-bearing area in great detail and 

also record the muscular peripheral tissues in function. This method makes use of 

Fig(5) : primary impression  



12 | P a g e  
 

a custom tray or special tray prepared from the primary cast. The borders of the 

tray should end 2 mm short of the peripheral structures. The tray can be made of 

auto-polymerizing resin or reinforced shellac base plate. Once the tray is ready, 

the peripheral structures are recorded by a procedure called Border moulding or 

Peripheral tracing. Tracing compound or elastomers can be used. The movements 

of the lips, cheeks and other muscles are simulated passively by the dentist to 

record the length and width of the vestibule. The impression material chosen for 

the secondary impression should be of low viscosity to record the structures 

accurately. The amount of material loaded onto the tray should be able to form a 

uniform, thin layer. Loading excess material onto the tray may lead to an 

overextended impression. The materials of choice for a secondary impression are 

Zinc oxide Eugenol impression paste and medium-bodied elastomeric impression 

materials. (3)(4) 

 

 

 

 

 

 

Fig(6) : secondary impression  
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2.3.3.1. Border Moulding or Peripheral Tracing :  

Border moulding is defined as “The shaping of an impression material by the 

manipulation or action of the tissues adjacent to the borders of the 

impression”(5) 

Border moulding can be performed using two techniques namely:  

• Single step or simultaneous border moulding.  

• Incremental or sectional border moulding.   

A) Single step or simultaneous border moulding :  It is a procedure by which the 

entire periphery of the tray is refined in a single step. Polyether impression 

material is the material of choice because it fulfils all the requisites. (5) 

 

B) Incremental or sectional border moulding :  It is a procedure in which portions 

of the periphery of the tray are refined individually. The material of choice for 

this procedure is green stick compound. In this case the spacer is generally 

removed just before impression making. (5) 

 

2.3.3.2.  Procedure for border molding with modeling compound:  

1. Try the custom tray in the mouth - it should be comfortable and provide 2-3 mm 

of space  to the height of the vestibule - trim with an acrylic bur if indicated   

2. Dry the periphery of tray (otherwise compound will not stick to the tray)   

3. Heat the modeling compound over a Bunsen burner until it starts to droop   

4. Do not overheat – if the compound catches fire or boils, it will not mold as easily, 

and  may have to be removed to complete the border molding procedure   

5. Apply compound over the periphery of the tray, in a thickness just slightly 

narrower than  the compound stick   

6. Flame with a hand torch until all seams or sharp contours have disappeared   
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7. Do not burn or blister, do not melt wax spacer inside tray   

8. While heating, it may help to hold the tray upside down so that the softened 

compound  droops toward, rather than away from, the depth of the vestibule   

9. Temper the compound in a water bath (135-140°F) for several seconds to 

prevent burning  the patient. The hot water bath is set at a temperature that will 

keep the compound soft  for an extended period, so it will not harden in the hot 

water bath   

10. Try to keep the wax spacer out of the hot water bath as much as possible or it 

will melt,  and make it difficult to replace the tray intraorally in the same position 

between intraoral  insertions. This will result in uneven border molding.   

11. The patient should be seated with head against the headrest, with mouth open 

and relaxed  prior to removal from the hot water bath. When the patient ‘opens 

wide”, the  

commisures  constrict, limiting access to the oral cavity and making it more difficult 

to place the tray  

12. Place the tray intraorally by rotating it into place and mold the material by 

pulling on the  cheeks and lips and having the patient make functional movements   

13. Chill in cold water  

14. Trim excess compound that has overlapped the wax spacer or external material 

that is  thicker than 4-5 mm before moving to another area of the tray. Clean debris 

from the tray   

15. If the border is sharp after trimming or has seams, re-flame with a torch, temper 

and  readapt intraorally   

16. Repeat until the periphery is completed   

17. Some textbooks suggest reducing the border molding material by 12 mm prior 

to making  a final impression. This is not necessary if any of the modern, low-

viscosity impression  materials are used and sufficient relief from hydraulic 

pressure is provided during the  impression procedure (spacer and holes in tray). 
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Only a thin layer of impression material  (0.5-1 mm) is desired over the surface of 

the border molding in the final impression.  However, once the wax spacer is 

removed, if the operator uses too much pressure during  stabilization of the tray, 

compound borders may overextend the impression. If this  happens reduce the 

compound showing through the impression material, remove the set  material and 

remake the impression.(6)   

   

Maxilla   

1. Seat the tray firmly in the mid-palatal area during border molding procedures   

2. Border mold the posterior buccal areas by pulling the cheek down and forward 

with  slight circular movement. Have the patient move the mandible side to side 

and open  wide. This will mold the retrozygomal area to allow movement of the 

coronoid  process and relief for the pterygomandibular raphe, to prevent 

impingement    

3. Border mold the anterior labial frenum by pulling the lip outward and straight  

downward in an exaggerated fashion (do not pull the frenum to one side)   

4. The labial frenum should be narrow and distinct, while the buccal frena are 

usually  broader and somewhat “V-shaped”  . (5) 

 

Post palatal area:    

1. Add compound from hamular notch to hamular notch across the top of the tray  

(not at the edge) of the posterior border of the tray   

2. Check that the posterior extension of the denture terminates at the vibrating 

line  and hamular notches by using an indelible stick. Insert the tray and check  

visually that the compound terminates at the indelible line.  (5) 
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Mandible   

Border molding in the mandible is generally more challenging due to the changing  

position of the floor of the mouth - the position of the lingual periphery can differ  

greatly between positions at rest and activity   

Posterior buccal areas:    

1. Pull the cheek upward while holding tray in place. Have patient suck their cheeks  

inward while holding tray in place.   

2. The retromolar pad should be covered (at least partially) to provide a seal and  

comfort.   

3. Border molding should not normally extend beyond the external oblique ridge.  

Palpate the cheek at the angle of the mandible to feel for a smooth transition 

between  the mandible and the border molding. Palpation of a prominent ledge of 

compound  indicates overextension of the compound lateral to the retromolar pads 

and posterior  ridge   

4. The distal buccal extension of denture often needs to converge medially to allow  

movement of the masseter muscle. This portion can be molded by having the 

patient  try to close with some pressure against your support of the mandibular 

tray. This  activates the masseter, which will displace thecompound on the 

distobuccal area of  the flange, if the tray itself is not over extended.   

5. The labial frenum is narrow and distinct; the buccal frena are broad and “V-

shaped”.  To mold the labial frenum, pull the lip straight up, but not in as 

exaggerated manner  as is used for the maxilla.  (5) 

 

Posterior lingual areas   

1. Have the patient touch their tongue to the corners of the mouth, to the palate 

and  stick their tongue out of their mouth  

2. An “S” shaped lingual flange commonly results in the posterior lingual area   
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3. Compound should extend into the retromylohyoid space. The distolingual border  

can present a squarish rolled border, extending straight down from the retromolar  

pads, or it may curve anteriorly to varying degrees, depending on the lateral throat  

form. The distolingual border almost never angles posteriorly from the retromolar  

pads.  

4. The lower border should be at or slightly below the mylohyoid ridge but not 

deeply  into the undercut below the ridge, particularly if it is sharp. (This minimizes,  

abrasion and discomfort around the mylohyoid ridge)    

5. The denture should not lift with normal tongue movements . (6)   

 

Anterior lingual   

1. Have patient lift tongue to palate, to corners of mouth and stick tongue out 

while  holding tray in place – denture should not lift by normal tongue 

movements   

2. Do not cover sublingual gland orifices   

 

3. Impression materials :  

 

Many impression materials are available to the profession today with definite 

characteristics and physical qualities for making impressions of edentulous 

foundations. 

Material should be selected on the basis of requirements of procedure and the 

objectives of an impression. The objectives of the impression are retention, 

stability, support, esthetics and preservation of residual alveolar ridge and soft 

tissues. 

The materials used for preliminary impression are medium fusing impression 

compound, reversible and irreversible hydrocolloid. 



18 | P a g e  
 

 Impression compound is however, the favorable material because it is reversible 

and can be modified to obtain the finer details. 

The medium fusing impression compound/compound tracing sticks are used for 

the purpose of border molding.  

Zinc oxide eugenol impression paste, non-eugenol impression paste, mouth 

temperature waxes and rubber base impression material are used for final 

impression.. (7)(9)  

 

4. THE OBJECTIVES OF IMPRESSION MAKING 

 

An impression should be made with the purpose of obtaining the following five 

characteristics in the dentures to be fabricated: 

4.1. Retention  

It is defined as “That quality inherent in the prosthesis which resists the force of 

gravity, adhesiveness of foods, and the forces associated with the opening of the 

jaws”. Retention is the ability of the denture to withstand displacement against its 

path of insertion. 

4.2. Stability 

It is defined as, “The quality of a denture to be firm, steady, or constant, to resist 

displacement by functional stresses and not to be subject to change of position 

when forces are applied”. Stability is the ability of the denture to withstand 

horizontal forces. 

4.3. Support 

It is defined as, “The resistance to vertical forces of mastication, occlusal forces 

and other forces applied in a direction towards the denture-bearing area”. In 

order to provide good support, the denture base should cover as much denture-

bearing area as possible. This helps to distribute forces over a wide area. 
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4.4. Aesthetics 

It is one of the prime concerns of the patient in the complete denture treatment. 

The thickness of the denture flanges is one of the important factors that govern 

aesthetics. Impression should perfectly reproduce the width and height of the 

entire sulcus for the proper fabrication of the flanges. 

4.5. Preservation of remaining structures 

Impressions should record the details of the basal seat and the peripheral 

structures in an appropriate form to prevent injury to the oral tissues. (10) 
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 الخالصة

فُت ُ "بصمةُأوُتشابهُسلبيُلألسنانُوُ/ُأوُالمناطقُذاتُاألسنانُالتيُتمتُُاُبأنهُُالطبعةعرَّ

إزالتهاُ،ُالمصنوعةُمنُمادةُبالستيكيةُتصبحُصلبةُنسبًياُأوُتتماسكُأثناءُمالمستهاُلهذهُُ

عنُمكمالتُاألسنانُالكاملةُ،ُأوُالمناطقُالتيُتمتُإزالةُُالطبعاتاألنسجة.ُقدُيتمُعملُ

لفمُالتيُتمتُإزالةُجميعُاألسنانُمنها.ُالفمُاللدود.ُصنعُاالنطباعُُبعضُاألسنانُمنهاُ،ُأوُفيُا

إلنتاجُُُُالطبعاتيتمُعملُ .(CD) هوُالخطوةُاألساسيةُفيُعمليةُتصنيعُطقمُاألسنانُالكامل

نسخةُطبقُاألصلُسلبيةُمنُفمُالمريضُحيثُيمكنُسكبُالجبسُأوُالحجرُلتشكيلُالنسخةُُ

لفقُعليهُالقرصُالمضغوط.ُيمكنُأنُتؤديُاألخطاءُفيُُالصب.ُقالبُمُ-المتماثلةُاإليجابيةُ

تكوينُاالنطباعُإلىُفشلُالعالج.ُيتمُتكوينُاالنطباعُاألوليُبعدُاكتمالُالجراحةُالتعويضية.ُُ

يتمُاستخدامهُلتحضيرُصينيةُخاصة.ُإذاُلمُيكنُالمريضُبحاجةُإلىُجراحةُماُقبلُالجراحةُُ

يُالمصنوعُمنُاالنطباعُالتشخيصيُمباشرةًُالتعويضيةُ،ُفيمكنُاستخدامُالقالبُالتشخيص

ُُُ.لتصنيعُالدرجُالخاص

ُ

ُ  
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Abstract 

 

Diet plays an important role in preventing oral diseases including dental caries, 

dental erosion, developmental defects, oral mucosal diseases and, to a lesser extent, 

periodontal disease. This revew is intended to provide an overview of the evidence 

for an association between diet, nutrition and oral diseases and to clarify areas of 

uncertainty. Undernutrition increases the severity of oral mucosal and periodontal 

diseases and is a contributing factor to life-threatening noma. Undernutrition is 

associated with developmental defects of the enamel which increase susceptibility 

to dental caries. Dental erosion is perceived to be increasing. Evidence suggests 

that soft drinks, a major source of acids in the diet in developed countries, are a 

significant causative factor. Convincing evidence from experimental, animal, 

human observational and human intervention studies shows that sugars are the 

main dietary factor associated with dental caries. Despite the indisputable role of 

fluoride in the prevention of caries, it has not eliminated dental caries and many 

communities are not exposed to optimal quantities of fluoride. Controlling the 

intake of sugars therefore remains important for caries prevention. Research has 

consistently shown that when the intake of free sugars is < 15 kg/person/year, the 

level of dental caries is low. Despite experimental and animal studies suggesting 

that some starch-containing foods and fruits are cariogenic, this is not supported by 

epidemiological data, which show that high intakes of starchy staple foods, fruits 

and vegetables are associated with low levels of dental caries. Following global 

recommendations that encourage a diet high in starchy staple foods, fruit and 

vegetables and low in free sugars and fat will protect both oral and general health. 
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1.introduction 

dental caries stands out as a highly prevalent oral condition that affects oral health-

related quality of life in different age groups and socioeconomic strata ( Glick M et 

al  2016 ) 

Dietary practices, especially the consumption of free sugars, are recognised as a 

common risk factor for the occurrence of non-communicable diseases (feldens CA 

et al   2016 )There is increasing concern that intake of free sugars-particularly in 

the form of sugar sweetened beverages—increases overall energy intake and may 

reduce the intake of foods containing more nutritionally adequate calories, leading 

to an unhealthy diet weight gain and increased risk of various diseases and 

conditions, such as cardiovascular disease, diabetes, obesity and dental caries 

(chaffee BW et al :2017 ). The World Health Organization considers the promotion 

of healthy food practices to be one of the most important challenges required to 

ensure the health of children throughout the world. This chapter addresses various 

aspects involved in the relationship betweer( Kassebaum NJ et al  :1990-2015) 

Diet plays a major in development of dental caries 

Diet affects the integrity of the teeth; quantity, pH, and composition of the saliva; 

and plaque pH. 

Sugars and other fermentable carbohydrates, after being hydrolyzed by salivary 

amylase, provide substrate for the actions of oral bacteria, which in turn lower 

plaque and salivary pH 

The resultant action is the beginning of tooth demineralization(Gevenaet al  :2015 ) 

 

 

 

 

 



 

2 
 

2.Mechanism of dental caries : 

dental caries is damage to a tooth that can happen when decay-causing bacteria in 

your mouth make acids that attack the tooth's surface, or enamel. This can lead to a 

small hole in a tooth, called a cavity.Dental caries is caused by acids generated by the 

dental plaque adhering to the tooth surface. This paper gives the definition of dental 

caries, its importance, and introductory remarks on enamel structure and composition. 

Four different approaches on the mechanisms of the acid interaction with dental 

enamel are discussed: a) the semipermeable membrane mechanism, in which a pH 

drop in the enamel is thought to be due to large positively charged mucine cations and 

small penetrable anions in the enamel. In this mechanism the acid is acting indirectly 

through salivary mucins on the enamel. The practical importance is most likely minor; 

b) dissolution mechanism, based on a direct attack of H+ and undissociated acid (HA) 

on the enamel. (Slot D ,et al 2015 )This mechanism, giving a reasonable empirical 

description of experimentally obtained data, assumes that caries is mainly determined 

by the kinetics of the acid-enamel interaction and that second phases (DCPD) make 

the enamel crystallites partly insoluble; c) dissolution-precipitation mechanism(s). In 

these mechanism(s) the surface layer covering the lesion is crucial. During lesion 

formation (assuming quasi equilibrium), the rate of dissolution and rate of 

precipitation of the surface layer are equal (or nearly equal). Lesion depth 

progresses(seida Y et al  2013) proportional to the square root of time; the apparent 

diffusion constant ≈ 10-12 cm2.sec-1; and d) inhibitor controlled mechanism. In this 

approach, caries is considered (as in b) a kinetic phenomenon in which mainly the 

inhibitor penetration determines the process. Lesion depth progresses with t1/3 and 

the apparent diffusion constants are ≈ 10-5 cm2.sec-1. 

 

FIG (1) MECHANISM OF DENTAL CARIES 
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3.ROLE OF CARBOHYDRATE : 

The carbohydrate rapidly diffuse in the plaque and fermented to form acids ( chen 

Z et al  2014) . So, pH at the surface of tooth falls below critical level causing rapid 

demineralization of enamel.(  feldens CA  et al 2018) The plaque remains acidic 

for some time, taking 30-60 min to return to its normal pH in the region of 7. starch 

and caries (james wp  et al 2015 ) Cannot directly serve as substrate Two varieties 

of Starch- Cooked Starches and Uncooked Starche . Cooked Starches Ex : Rice, 

Potatoes and Bread -cariogenic.( ventura Ak et al  2013) Uncooked Starches - 

Virtually non cariogenic Untreated Starchy foods - Lower caries promoting 

potential Addition of sugars- Increases cariogenicity Less refined Starchy foods - 

Protect teeth Raw starch (e.g., raw vegetables) is of low cariogenicity However, 

cooked and highly refined starch (e.g., crisps) can cause decay.( zhao w.Liw  et al 

2014) And a combinations of cooked starch and sucrose (e.g., cakes, biscuits, 

sugared breakfast cereals) can be highly cariogenic Amount of acid is reduced if a 

fermentable carbohydrate food is eaten before or between other non cariogenic 

foods Dairy products, (seow KW  et al 2010 ) such as cheese, reduce 

demineralization of the tooth and help buffer acids produced by the bacteria 

Sialagogues, like sugar-free chewing gum, stimulate the saliva and promote 

buffering of acids produced by bacteria and aid in oral clearance of the food( 

marquezan M et al  2011) Coffee with sugar after a meal decreases pH which 

increases cariogenicity 

They are necessary to the human diet yet also promote the growth of pathogens 

that reside in the mouth. While carbohy-drates in the right proportion will benefit a 

patient by providing necessary energy, and the oral cavity has means by which to 

keep the oral flora in check, an excess of most types of carbohydrates will tilt the 

balance toward the bacteria that use carbohydrates for energy production. When 

microorganisms metabolize carbohydrates, they create acidic metabolites at the 

dentition; as the metabolites accumulate, they collectively lower the salivary pH to 

less than 5.5. In the presence of an acidic pH at the tooth surfaces, demineralization 

occurs, first of the enamel and then of the dentin, ultimately resulting in rapid 

destruction of the tooth if left unchecked.   
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FIG (2) MAJOR DIETARY CARBOHYDRATES. 

 

4.protein and Dental cares : 

Gross protein deficiencies are rare Adding of Casein . Casein phosphopeptide–

amorphous calcium ( tham R  et  al  2015 ) phosphate complexes (CPP–ACP) 

CPP–ACP is a milk product which helps in remineralization and prevents dental 

caries. Casein phosphopeptide can deliver amorphous calcium phosphate and can 

also help the ACP to bind with the dental enamel Amount and quality of protein - 

Important factors Proteins are considered as building blocks of amino 

acids(toumba et al 2012)  Nemezio M A ) They support growth of cells, produce 

antibodies and resist infections . These amino acids are further classifi ed as 

essential and nonessential aminoacids. The amino acid lysine reduces rate of 

decalcifi cation.However, in case of protein defi ciency the caries susceptibility 

increases as it reduces salivary fl ow rate, alters IgA levels and decreases 

antibacterial efficacy .  
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FIG (3)  PROTEIN AND DENTAL CARES 

 

 

 

: Mechanism of action casein 5. 

Casein phosphopeptide forms nanoclusters with amorphous calcium phosphate  

(Tanaka K 2013 )  thus providing a pool of calcium and phosphate which can 

maintain the super saturation of saliva. Since CPP–ACP can stabilize calcium and 

phosphate in the solution, it can also help in the buffering of plaque pH and so 

calcium ( ventura AK 2013 ) and phosphate level in plaque is increased. Therefore 

calcium and phosphate concentration within the subsurface lesions is kept high 

which results in remineralization. 
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Fig (4) Grapois representing the process of dental demineralization / 

remineralization . 1 ) Oral pH < 5.5 induces loss of hydrpatite minerals . 2 ) 

Saturation of the oral environment and biofilm with Ca² + and PO i ions , promot 

ing the dental remineralization process .  

 

6.Sugar and Dental Caries : 

Of the many factors that contribute to the development of dental caries, diet plays 

an important role. Fifty years ago dietary issues relevant to dental caries were 

largely concerned with dietary sugars. (Gibsous et  2010 )Although sugars are 

undoubtedly the most important dietary factors in the etiology of dental caries, 

today‘s diet contains an increasing range of fermentable carbohydrates, including 

highly processed starch-containing foods and foods that contain novel synthetic 

carbohydrates (Holick m et 2007 )such as oligofructose, sucralose, and glucose 

polymers. Cou- pled with this, there now exists a wide range of noncariogenic 

sweeteners that have an important role to play in caries control. Research continues 

to identify foods and factors that protect against dental caries and those that have a 
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practical dietary application and can help to make dietary advice more positive, 

which aids compliance. 

 

FIG (5) THE PROCESS OF TOOTH DECAY FORMATION 

7.Frequency, amount and type of sugar : 

The importance of frequency of consumption of sugars as opposed to the total 

amount of sugars consumed is difficult to evaluate, as the two variables are hard to 

assess separately.(grobler sr et 2013) However, data from both animal studies and 

studies in humans indicate that both factors are associated with levels of 

caries.There is no clear evidence that, with the exception of lactose (which is less 

cariogenic the cariogenicity of dif- ferent sugars varies: for example, the above-

mentioned Turku study found no significant difference in caries develop- ment 

between those consuming sucrose and those consum- ing fructose. In view of this 

finding, the term ―free sugars‖ is used to refer to all monosaccharides and 

disaccharides (septier D et al 2005 )added to foods by the manufacturer, cook or 

consumer, plus those naturally present in honey, fruit juices and syrups . The term 

free sugars excludes sugars naturally present in whole fruits, vegetables and milk, 

as evidence suggests that these pose little or no threat to dental or general health 

(minni E et al 2011) . Glucose polymers and non-digestible oligosaccharides are 

increasingly being used in foods. Limited evidence suggests that glucose polymers 

are potentially cariogenic, isomalto- oligosaccharides and glucooligosaccharides 
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may be less acidogenic than sucrose, but fructooligosaccharides may be as 

acidogenic as sucrose(miyazakiH et al 2013 ) 

8.Cariogenicity of Different Sugars : 

Sucrose for years was billed as the ―archcriminal‖ of den- tal caries because it was 

considered to be so much more cariogenic than other sugars . However, later 

research has suggested that the differences between sucrose and the various 

monosaccharides in terms of cariogenic potential are less than originally believed 

(chaussain-miller et al 2012) This is a difficult issue to study in humans because of 

the variability of the human diet, so views are based principally on extrapolations 

from animal studies and laboratory research. One study in Sweden involving a 

small number of preschool children found that those consuming invert sugar (a 

mixture of glucose and fructose) in place of sucrose had a lower caries increment 

in 2 years, although the differences did not reach statisti- cal significance (schroth 

RJ et al 2005) However, one could speculate whether reduced consumption of 

sucrose in the developed countries has been a factor in the sharp reduction in 

approximal and smooth surface caries relative to the overall caries decline. This 

speculation is based on the fact that the production of extracellular polysaccharides 

in plaque depends on sucrose and that smooth surface caries will only develop with 

plaque that adheres by means of extracellular polysaccharides (Rugg-gunn  AJ et al 

2010)Sugars can be readily metabolized by many bacteria involved in dental 

biofilm formation, generating acid byprod- ucts that can lead to demineralization 

of the tooth structure. Lactose (milk sugar) has been shown to be less acidogenic 

than other sugars and less cariogenic, based on animal studies (Toumba et al 2009). 

Sucrose has been given special consideration as a cariogenic substrate owing to its 

unique ability to support the synthesis of extracellular (water-soluble and water-

insoluble) glucans by mutans streptococci, enhancing its accumulation in the 

plaque. Some animal studies on rats superinfected with Streptococcus miutans 

have reported increased cariogenicity of sucrose compared to other sugars; 

however, this effect appears to be bacterial strain-specific and not consistent across 

different animal models(gibsous et al 2010). More recent clinical studies have 

indicated that the caries-associated virulence of glucan may have more to do with 

an alteration in plaque ecology by increasing the porosity of plaque, permitting 
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deeper penetration of dietary sugars and greater acid production adjacent to the 

tooth surface . 

8.1Does the cariogenicity of different types of sugar differ? 

Nowadays diets contain many different sugars including sucrose, glucose, lactose, 

fructose, glucose syrups, high fructose corn syrups, and other carbohydrates 

including synthetic oligosaccharides and highly processed starches that are 

fermentable in the mouth.(septier D et al 2008) The oral bacteria can metabolise 

mono- and disaccharides to produce acid, and salivary amylase can break down 

other refined starches to glucose and maltose, which can subsequently be 

metabolized to produce acids. All mono- and disaccharides are cariogenic, and 

some evidence suggests that sucrose in particular is cariogenic. Sucrose is the 

substrate for extracellular glucan synthesis, and clinical studies show that glucan 

formation increases the poro- sity of plaque, which permits deeper penetration of 

dietary sugars and increased acid production adjacent to the tooth surface (Zero 

2004). Evidence also shows that lactose is less cariogenic compared with other 

mono and disaccharides (Jenkins and Ferguson 1966). However, the 

aforementioned Turku study (Scheinin et al. 1976) showed no difference in caries 

development between subjects on diets sweetened with sucrose compared with 

fructose. Substituting one mono- or disaccharide for another is unlikely to have a 

marked effect on dental caries levels. 

There is less information available on the relative cariogenicity of other 

fermentable carbohydrates. Invert sugar when substituted for sucrose has been 

shown to cause approximately 20% fewer caries to develop (Frostell et al. 1991). 

Glucose polymers (maltodextrins and glucose syrups) are increasing being used in 

diets, and therefore, it is important to consider the cariogenic potential of these 

carbohydrates. Glucose polymers comprise a mixture of short-chain saccharides 

and alpha-limit dextrins. The limited available data from animal studies, plaque pH 

studies, and studies in vitro indicate glucose polymers are cariogenic. The use of 

synthetic non-digestible oligosaccharides (prebiotics) is also increasing. Plaque pH 

studies and experiments in vitro suggest that isomaltooligosaccharides and 

glucooligosaccharides are not as cariogenic as sugars such as sucrose (Roberts et 

al. 1980; Koga et al. 1988; Ooshima et al. 1998), but fructooligosaccharides, which 
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are more widely available in foods, are as cariogenic as sucrose (Hartmink et al.  

1995). 

9.Safe levels of consumption of free sugars : 

When consumption of sugars is less than 10 kg/person/year the level of dental 

caries is low ( Holick m,schroth RJ ,toumba et al 2014) Research has consistently 

shown that when consumption of sugars exceeds 15 kg/person/year dental caries 

increases and intensifies (i.e. occurs earlier post-eruptively and progresses more 

rapidly), although exposure to fluoride may increase the safe level of consumption 

of sugars to approximately 20 kg/year (miyazkih et al 2010 ). WHO has 

recommended that countries with a low intake of free sugars do not increase intake 

and those with higher intakes (>15–20 kg/year) aim to reduce intake of free sugars 

to less than 10% of energy intake (which equates to < 15–20 kg/year). It is also 

recommended that the frequency of intake of free sug- ars is limited to four times 

or less per day, because above this frequency the amounts of sugars consumed 

tends to exceed 15 kg/year and higher levels of caries occur. 

 

10.Starch-rich staple foods, fruit and dental caries : 

Epidemiological evidence shows that starch-rich staple foods pose a low risk to 

dental health (Holickm et al 2014). People who consume high-starch/low-sugars 

diets generally have low levels of caries, whereas people who consume low-

starch/high-sugars diets have high levels of caries (toumaba,gibsous,septier et al 

2011). In Norway and Japan the intake of starch increased during the Second 

World War, yet the occurrence of caries was reduced (olivera KMH ,et al 2010). 

Animal experiments have shown that raw starch is of low cariogenicity (peres K G 

et al 2006), cooked starch is about one-third to one-half as cariogenic as sucrose 

(chaffee BW et al 2011), but mixtures of starch and sucrose are poten- tially more 

cariogenic than sugars alone (Tham R et al 2010) Studies that have monitored 

changes in acid production in plaque on consuming foods (plaque pH studies) have 

shown starch-containing foods to reduce plaque pH below the levels associated 

with enamel demineralization, but to a much lesser extent than sucrose. Plaque pH 

studies measure acid production rather than caries development and take no 

account of the protective factors found in some starchy foods or the effect of foods 
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on stimu- lation of salivary flow. Some studies have used hypersensitive electrodes 

that give an all-or-nothing response to all carbohy- drates (ventura AK et al 2015). 

The results of such experimental studies should not be interpreted in isolation from 

epidemiological data.Epidemiological evidence suggests that intake of fruits is not 

significant in the development of dental caries (feldens CA, peres MA et al 2009). 

However, one study did find an association between high fruit consumption (e.g. 

three bunches of grapes per day) and the number of missing teeth (chen Z et al 

2013). Some plaque pH studies have found fruit to be acidogenic, although less so 

than sucrose . Animal studies have shown that when fruit is consumed very 

frequently (e.g. 17 times a day) it may induce caries , but less so than sucrose. 

10.1Does fruit cause dental caries? 

There is little evidence to show that fruit consumption is an important factor in the 

development of dental caries when consumed as part of the mixed human diet. 

Some plaque pH studies have found fruit to be acidogenic (though less so than 

sucrose) (Ludwig and Bibby 1957; Hussein et al. 1996), and in the study of Pollard 

(1995), although fruit consumption depressed plaque pH it did not fall below the 

critical pH in any of the participants. Fruits also contain factors that protect against 

dental decay including many polyphenolic compounds, and plaque pH studies do 

not account for this nor the fact of the stimulating effect that fruit consumption has 

on salivary flow. 

 Animal studies have shown that fruit causes caries, but in these studies fruit 

consumption was at high frequencies (for example, 17 times a day) (Imfeld et al. 

1991; Stephan 1966), but nonetheless, the caries caused by fruit con- sumption was 

significantly less than that caused by sucrose. Epidemiological studies of human 

populations have shown that fruit is of low cariogenicity. In a study of Finnish 

children aged 5, 9, and 13 years, no differences in vitamin C intake (as an index of 

fruit consumption) were found between children with high compared with low 

caries (Kleemola-Kujala and Rasanen 1979). Studies of longitudinal design 

(Clancy et al. 1977; Rugg-Gunn et al. 1984) have reported a negative association 

between fruit consumption and caries development . 

One study that did find an association between consumption of fruit and levels of 

dental caries was that of Grobler and Blignaut (1989) in which the dental caries 



 

12 
 

experience of workers on apple and grape farms was found to be higher than that 

of workers on grain farms. The level of fruit consumption by the fruit farm workers 

averaged eight apples per day or three bunches of grapes per day. The high DMFT 

levels were largely due to missing teeth, the cause of which was unknown. 

Theoretically dried fruit may potentially be more cariogenic since the drying 

process breaks down the cellular structure of the fruit, releasing free sugars. Dried 

fruits tend to have a longer oral clearance. However research has shown that dried 

fruits contain many factors that protect against decay in addition to being a good 

source of dietary fiber and micronutrients making them a valuable contribution to 

fruit intake. When limiting intake of sugars, it is preferable to focus on sources of 

sugars that provide little other nourishment.Based on current evidence it can be 

concluded that increasing consumption of fresh fruit in order to replace free sugars 

in the diet is likely to decrease the level of dental caries in a population. 

 

 

11.FAT AND DENTAL CARIES : 

Williams et al 1982- Certain fatty acids , antimicrobial action. Deficiency of 

essential fatty acids in man- rare. Oleic and lenolic fatty acids- bactericidal 

activity.(chaffee Bw et al  2014) 

Oleic acid - protection against decalcification. Cheese- Remineralization and 

Neutralizes acids( pitiphat W et al  2016) 

The mechanisms whereby fats act to reduce dental caries: Coating of tooth surface 

with a oily substance  Prevent fermentable sugar; from being reduced to acids( 

Tham R  et al 2015 ) 

 May interfere with the growth of cariogenic bacteria; ( Oliveira KMH et al  2017 ) 

Increased dietary fat- Decrease the amount of dietary  fermentable carbohydrate  
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Minerals for Healthy Teeth : 12. 

Certain minerals arenecessary in the diet to help in the formation of strong teeth 

and bones.Calcium,the mainmineral for this(Tanaka Ket al  2013 ) function,isfound 

mostly in the milk group food such as milk,butter milk,cheese, younger .Adults 

need two or more servings daily from this food group.Phosphorus works with 

calciumin making strong teeth and bones. (  peres MA  et al 2016 ) Phosphorus is 

abundant in the Americandiet,especially in the meat group foods.Eat a variety of 

foods daily with there commended servings frome ach group.Fluorine is also an 

important mineral for strong bones and teeth because it helps prevent cavities.It is 

found in sea food and in some plants.InmanyTexascities fluoride is added to the 

drink in gwater.In addition,many dentist are adding fluoride directly to the teeth or 

recommending the use of tooth paste containin  floride"DietaryFactorsinDental 

Decay."Nutritionandthe )٨ M.D.Vol.2,No.) 

13.Nutrition and tooth development : 
As in other aspects of human growth and development, nutrition has an effect on 

the developing tooth. Essential nutrients for a healthy tooth include calcium, 

phosphorus, and vitamins A, C, and D.[ Matt Crespin,et al  2011] Calcium and 

phosphorus are needed to properly form the hydroxyapatite crystals, and their 

levels in the blood are maintained by Vitamin D. Vitamin A is necessary for the 

formation of keratin, as Vitamin C is for collagen. Fluoride, although not a 

nutrient, is incorporated into the hydroxyapatite crystal of a developing tooth and 

bones. The dental theory is the low levels of fluoride incorporation and very mild 

fluorosis makes the tooth more resistant to demineralization and subsequent 

decay.[ Ross, Kaye, and Pawlina  et al ,1995]  

Deficiencies of nutrients can have a wide range of effects on tooth 

development.(chen Z et al 2010 ) In situations where calcium, phosphorus, and 

vitamin D are deficient, the hard structures of a tooth may be less mineralized. A 

lack of vitamin A can cause a reduction in the amount of enamel formation.  

Fluoride ingestion has been noted to delay eruption of teeth for as much as a year 

or more from the accepted eruption dates since the initial 1940s fluoridation trials. 

Researchers theorize that the delay is a manifestation of fluoride's depressing 

impact on thyroid hormones. The delay in eruption has been suggested as the 

reason for the apparent difference in decay among the youngest children. Fluoride 

ingestion during tooth development can lead to a permanent condition known as 

fluorosis with varying levels of severity, the result of fluoride's interference with 

the normal osteoblast development.[ Reuben Feltman,et al 1995][ Philip Sutton,et 
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al 1960][ Philip RN Sutton,1960][ Kanchana Waidyasekera et al,2010][ 

McDonagh Marian S,etal,2000]  

 

13.1Protein-Energy Malnutrition and Vitamin A :  
Both protein-energy malnutrition (PEM) and vitamin A deficiency can cause 

salivary gland atrophy, which can result in a reduced defence capacity against oral 

infections. PEM can cause hypofunctioning of the salivary glands [Psoter WJ,et al 

2008]. A study investigating moderate to severe PEM in children from India found 

a reduced salivary flow rate, a decreased buffering capacity, which resulted in 

lower calcium levels and a lower protein secretion in stimulated saliva. Overall this 

led to reduced salivary defence capacity leading to a reduced saliva flow, 

weakened tooth integrity, and an increased risk of caries {Johansson I,et al,1994}{ 

Mandel ID,2008}. This is further supported by a retrospective cohort  

study that reported early childhood PEM resulted in continuing diminished salivary 

gland function into adolescence [Psoter WJ,et al 2008]. Deficiencies in 

micronutrients such as vitamins, zinc and iron can also dampen the protective 

mechanisms in the oral cavity. 

13.2Vitamin C :  
It is required for the synthesis of collagen, Which are necessary for the creation of 

dentin, pulp, cementum, periodontal fibers, blood vessels, gingival nerves, 

connective tissues, and periodontal ligaments.Inadequate intake of vitamin C will 

eventually manifest as scurvy. Initial symptoms of scurvy include inflammation of 

the gingiva. As the deficiency progresses, collagen synthesis is impaired and 

connective tissues are weakened, causing poor wound healing; inflamed, bleeding 

gingiva; and loosening of teeth as a result of tissue and capillary fragility (matthew 

pflipsen,yevgeniy zenchenko et al ,2017)  

Vitamin C has been known to be associated with periodontal disease since the 18th 

century when sailors suffering from scurvy (a vitamin C deficiency disease) 

reported bleeding gums and loosening teeth. In 1747 James Lind conducted an 

experiment whereby he treated 2 sailors with citrus fruits, a source of vitamin C, 

who mostly recovered. Despite his efforts, it was only in 1795 that the Royal Navy 

adopted citrus fruit as part of the sailors‘ diet to eliminate scurvy [Sutton 

G,etal,2003]. Scurvy affects hydroxylation of proline leading to impaired collagen 

turnover and repair which results in periodontal destruction, poor wound healing, 

and tooth loss.  

Although these are relatively small numbers, subclinical levels of vitamin C 

deficiency are more commonly occurring. The risk of developing scurvy occurs 

when ascorbate serum concentration is<2mg/L. . Scorbutic gingivitis is reported to 
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be at levels <10mg/day [Baker EM,etal,1971]. This is characterised by ulcerative 

gingivitis and rapid periodontal pocket development with tooth exfoliation and can 

be difficult to distinguish from acute necrotising ulcerative gingivitis, which can 

pose a diagnostic challenge to clinicians. Histological studies have also deter- 

mined that fibroblasts, osteoblasts, and odontoblasts that form the dentin of teeth 

are readily affected by a lack of vitamin C. When too little vitamin C is available, 

these vital cells exhibit a decrease in their orderly arrangement and little or no 

dentin is formed .( Fontana M,et al 1994)( Stegeman CA,etal,2010)( DePaola 

DP,etal,2005)  

 
Fig (6) ORALMANIFESTATIONS 

 

13.3Vitamin D and Tooth Development :  
vitamin D plays an important role in the absorption of calcium, phosphorus, and 

magnesium from the gut, allowing the proper mineralization of bones and teeth. A 

deficiency in vitamin D is associated with enamel and dentin hypoplasia. 

Inadequate levels of vitamin D during tooth formation may result in delayed 

eruption as well as lamina dura and cementum loss that leads to tooth loss 

(matthew pflipsen,yevgeniy zenchenko,et al 1027)  

Vitamin D deficiency, also known as rickets, is a disease which presents in 

childhood and is characterised by inadequate skeletal mineralisation. In severe 

cases, defects in dental calcified tissues such as enamel hypoplasia can occur. 

Rickets is further categorised into several types based on their aetiology: 

nutritional rickets, vitamin D-dependent rickets and hypophosphatemia rickets 

(HR) [Holick M,et al 2007]. The most common symptoms are weak hypotonic 

muscles, hypocalcaemia, bone deformations, bone pain and lethargy. Excess 

formation of osteoid matrix causes a ―rachitic rosary‖ (swellings at the 

costochondral junctions). Vitamin D deficiency during pregnancy affects 

deciduous teeth, whereas a deficiency during early childhood affects the permanent 

dentition.  

Hypophosphatemic rickets is a group of congenital diseases caused by changes in 

either the vitamin D receptive system or in phosphate and calcium metabolism. 
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The different forms of hypophosphatemic rickets are classified into somal-

dominant HR, autosomal-recessive HR, and X-linked hypophosphatemia dominant 

form. X-linked hypophosphatemia is the most common form of infantile rickets 

and of vitamin-D resistant rickets. An X-linked recessive form is caused by 

mutation in the CLCN5 gene; and an X-linked HR dominant form due to mutation 

in the PHEX gene. The PHEX gene is expressed in osteocytes, osteoblasts, 

odontoblasts and parathyroid glands, resulting in abnormal osteogenesis and 

odontogenesis [Baroncelli GI,etal,2006]. Radiographs of those affected can display 

thin bony trabeculations, absence of lamina dura, thin dentine, large pulp 

chambers, and short roots in all permanent teeth [Resnick D ,1998][ Murayama T, 

etal,2000][ Chaussain-Miller C,etal,2007]. The histological features of such 

dentine are large tubular clefts or lacunae reaching the enamel-dentine junction. 

The lack of fusion of calcospherites in the circumpulpal dentine forms large 

interglobular spaces which consist of a non-mineralised organic matrix. The mantle 

dentine is usually unaffected [Boukpessi T,etal,2006]. These features enable 

bacterial invasion into the pulp without destruction of the tubular matrix, leading to 

spontaneous periapical infections. Dental abscesses in non-carious teeth and in the 

absence of trauma can commonly occur in Xlinked HR [Beltes C, Zachou E,2012]. 

In hypophosphatemic rickets wide skull sutures and frontal bossing can also be 

present.  

 

 

 

 
FIG (7) PRODUCTION AND METABOLISM 
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13.4Enamel hypoplasia or hypomineralization  

 is a defect of the teeth caused by a disturbance in the formation of the organic 

enamel matrix, clinically visible as enamel defects.[ Kanchan T,etal,2015] It may 

be caused by nutritional factors,[ [ Kanchan T,etal,2015] some diseases (such as 

undiagnosed and untreated celiac disease,[ A Ventura, S Martelossi.,2016][ Ferraz 

EG,,etal,2012][ Giuca MR,,etal,2010] chicken pox, congenital syphilis[[ Kanchan 

T,etal,2015]), hypocalcemia, fluoride ingestion, birth injury, preterm birth, 

infection or trauma from a deciduous tooth.[ [ Kanchan T,etal,2015] In some 

circumstances enamel hypoplasia can be so severe that last sections of enamel is 

missing, exposing the underlying dentin.[ Ian Towle,etal,2019]. 

 

 

 

 

 

FIG (8) HYPOPLASIA 

13.5Calcium and phosphor :  

 
Inadequate intake of calcium during pregnancy may result in bone deformities, 

incomplete tooth calcification, tooth malformation, and increased susceptibility to 

caries after tooth eruption (matthew pflipsen,yevgeniy zenchenkoet al ,2017) 

.When a person does not consume enough calcium, phosphorus, and vitamin D, 

they can develop weaker, less-dense bones and teeth. This can lead to osteoporosis 

and other health complications, such as tooth decay and tooth loss.  

females living with osteoporosis tend to have fewer teeth than those of a similar 

age not living with the condition. They also note that if the jawbone weakens or 

thins, it may no longer support the teeth properly, leading to tooth loss.Calcium 

deficiency can cause bones throughout the body to become less dense and more 

fragile. When this occurs, it can make a person more susceptible to losing teeth 

(jenna fletcher,et al 2021)  

When the body lacks calcium, it pulls it from sources such as the teeth. This can 

lead to dental problems, including tooth decay ,brittle teeth ,irritated gums and  
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weak tooth roots (lana barhum et al ,2020)  

 

13.6Carbohydrate :  
They are necessary to the human diet yet also promote the growth of pathogens 

that reside in the mouth. While carbohy-drates in the right proportion will benefit a 

patient by providing necessary energy, and the oral cavity has means by which to 

keep the oral flora in check, an excess of most types of carbohydrates will tilt the 

balance toward the bacteria that use carbohydrates for energy production. When 

microorganisms metabolize carbohydrates, they create acidic metabolites at the 

dentition; as the metabolites accumulate, they collectively lower the salivary pH to 

less than 5.5. In the presence of an acidic pH at the tooth surfaces, demineralization 

occurs, first of the enamel and then of the dentin, ultimately resulting in rapid 

destruction of the tooth if left unchecked. Bacterial biofilms may also form at the 

gingiva, predisposing sites to destruction of the gingival tissue, known as plaque-

induced gingivitis.(matthew pflipsen,yevgeniy zenchenko,et al 2017) 

 

TABLE (1) THE EFFECTS OF MICRONUTRIENT DEFICIENCY ON 

ORAL  HEALTH. 
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14.Caries-Protective Foods and Nutrients : 

Some components of foods are protective against dental caries . Protein, fat, 

phosphorus, and calcium inhibit caries in rats. Aged natural cheeses have been 

shown to be cariostatic. When cheese is eaten after a sucrose rinse, the plaque pH 

remains higher and enamel demineralization is lower than when no cheese follows 

a sucrose rinse. (toumba et al 2012)The protective effect of cheeses is attributed to 

their texture, which stimulates salivary flow, and their protein, calcium, and 

phosphate content, which neutralizes plaque acids. Many dairy products(gibsous et 

al 2010) 

such as some yogurts are now fortified with live probiotic Lactobacillus rhamnosus 

GG, which also has been shown to have an inhibitory affect on a wide range of 

bacteria includ- ing Streptococcus species.Studies have demonstrated a 37% to 

56% reduction in caries risk with short- and long-term 60,61 exposure, 

respectively, to these probiotic dairy products(septier et al 2009). Fluoride found in 

drinking water, foods, and dentifrices increase a tooth's resistance to 

demineralization and enhance remineralization of carious lesions. Lipids seem to 

accelerate oral clearance of food particles. Some fatty acids, linoleic and oleic, in 

low concentration inhibit growth of mutans streptococcus(schroth RJ et al 2011). 

Lectins, proteins found in plants, appear to interfere with microbial colonization 

and might affect salivary function . 

15.Factors that protect against dental caries : 

Plaque pH studies have shown that consuming cheese following a sugary snack 

virtually abolishes the usual fall in pH that is associated with sugars 

consumption157. Cheese stimulates salivary secretion and increases plaque 

calcium concentration157. The calcium concentration of dental plaque strongly 

influences the balance between de- and remineralisation of enamel.(Rugg-gunnAJ 

et al 2010) In an epidemiological study, cheese intake was higher in children who 

remained caries-free over a 2-year period than in those who developed caries95. 

Furthermore, Gedalia and col- leagues158, in a controlled clinical trial in children, 

demonstrated that eating a 5g piece of hard cheese daily, following breakfast, for a 

period of 2 years, resulted in the development of significantly less caries.Cows‘ 

milk contains lactose and also calcium, phos- phorus and casein all of which are 
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thought to inhibit caries. Several studies have shown that the fall in plaque pH 

following cows‘ milk consumption is negligible159,160. There is some evidence 

from animal studies that the addition of cows‘ milk to a cariogenic diet reduced the 

caries incidence161. Bowen162 showed that desalivated rats (i.e. caries prone) 

remained more or less caries-free when fed cows‘ milk compared to those fed 

sucrose or lactose in water, and concluded that cows‘ milk can be used safely by 

patients with low salivary flow as a saliva substitute. Rugg-Gunn et al.95 found an 

inverse relationship between the consumption of cows‘ milk and caries increment 

in a study of English adolescents.In line with the overall positive health effects of 

breastfeeding, epidemiological studies have associated breastfeeding with low 

levels of dental caries104,163. A few specific case studies have linked prolonged 

ad libitum and nocturnal breastfeeding to early childhood caries. Breast- feeding 

has the advantage that it does not necessitate the use of a feeder bottle, which has 

been associated with early childhood caries. A breastfed infant will also receive 

milk of a controlled composition to which additional free sugars may not be added. 

There are no benefits to dental health of feeding using a formula feed. 

 The effects on caries of factors in foods of plant origin including organic 

phosphates, inorganic phosphates, and phytate have been investigated. Both 

organic and inorganic phosphates have been found to be effective in animal 

studies, but studies in humans have produced inconclusive results138,164. When 

isolated from foods, phytate is an effective anti-caries factor but as an intrinsic 

food component is not effective79. The main reason that fibrous foods protect the 

teeth is because they mechani- cally stimulate salivary flow. Other foods that are 

good gustatory and/or mechanical stimulants to salivary flow are peanuts, hard 

cheeses and chewing gum.Black tea contains fluoride, polyphenols and flavanoids. 

Both animal studies and experimental investigations in humans show that black tea 

extract increases plaque fluoride concentration and reduces the cariogenicity of a 

sugars-rich diet165,166 
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16.Review of Evidence: Milk and Dental Caries:  

Eighty per cent of the carbohydrate in milk is lac- tose. Various other components 

of milk have been considered to be protective against dental caries, namely 

minerals, casein and other pro- teins, and lipids. Cow‘s milk contains about 4.8 g 

lactose per 100 g milk. This amount could be suf- ficient to classify milk as 

cariogenic, but there is much evidence that lactose is the least cariogenic of the 

common dietary sugars [minni E et al 2010). In addition, the high concentrations of 

calcium and phosphorus in milk will help to prevent dissolution of enamel and 

other components, principally casein, are likely to be protective as well. Thus, it is 

possible that milk could be caries-promoting (due to the lactose content), caries- 

preventing, or some- where between these two. This chapter considers these 

aspects. 

 The evidence of the effect of milk on dental caries experience comes from several 

types of study. These can be broadly divided into clinical human studies and other 

studies. Clinical human studies relate milk consumption to caries preva- lence, 

experience or increment and provide the most valid evidence. Such studies can be 

observa- tional epidemiological studies or interventional trials. The other (non-

clinical) studies include an- imal experiments, and studies of plaque pH and 

enamel dissolution, both in the mouth (in vivo) and in laboratory settings (in vitro). 

Their advan- tage is that the experiments can be tightly con- trolled but, since only 

surrogates of dental caries development are recorded, results should be con- 

sidered lower grade evidence compared to clinical studies 

16.1Milk and Dental Caries: Epidemiological Studies : 

There appears to have been just one intervention study and about 23 observational 

studies into the relationship between milk consumption and dental caries. While 

the majority of studies iden- tify bovine milk as such, in a few studies ―dairy 

products‖ are listed: these studies have been in- cluded where it is clear that the 

majority of the ―dairy products‖ was bovine milk. As elsewhere in this review, 

formula milks are not included or considered. 

The one intervention study was conducted a long time ago – in 1929 – and 

involved 319 4- to 16-year-old children, living with their parents in New York, 

USA . The 3 intervention groups received supplements of milk, fresh fruit and vi- 
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tamin D, and caries development over 13 months was compared with that of a 

control group. To quote the author: ―With the cooperation of the parents and the 

supplementation of the diets with milk and fruit, we have proved that an 

adjustment of the diets and the arrest of caries are possible even under the poorest 

conditions.‖ ―Our good diets which contained a minimum of 2 or 3 pieces of fruit 

daily gave similar results to the diets which contained 1 quart (∼1.14 L) of milk 

without the additional fruit. 

 Two large-scale observational studies were conducted many years ago – one in the 

UK by Read and Knowles  and the other in New Zea- land by Hewat [schroth RJ 

2005) The UK study involved 2,894 6- to 13-year-old children, while the New 

Zealand study involved over 2,000 children aged 7–16 years. In both studies, no 

relationship was found between milk consumption and caries experi- ence, 

although a positive relation was recorded between consumption of sweets (sugar 

confec- tionery) and caries experience in the UK study. Read and Knowles [grobler 

et al 1999) stated that ―The value of milk in preventing caries does not appear to be 

supported.‖ Lacto-vegetarian children in Australia were reported by Gillman and 

Lennon  to have lower caries experience than other children although, in their 

Finnish study, Linko- salo and Markkanen [miyazakiH 2013) reported no 

difference in caries experience. 

In observational studies of diet and disease, the potential for confounding factors to 

influ-ence relationships between them is substantial and should be taken into 

account in study design and data analysis. There have been 4 observa- tional 

studies where the analyses of relationships between milk consumption and dental 

caries ex- perience or increment were not controlled for possible confounding 

factors. Of these studies, Rugg-Gunn et al. [septier D et al 2006) recorded a 

positive, but not statistically significant, relation between consumption of cow‘s 

milk and dental caries in- crement: the difference between the daily milk 

consumption in the high caries children (269 mL) and the caries-free children (242 

mL) was small. Mattos-Graner et al. [gibsous et al 2008) reported that, in young 

Brazilian children, milk in bottles was not associated with dental caries unless 

sugar, or sugar and cereal, was added to the milk, when the relationship became 

positive. Zita et al. [holick m et al 2011)] reported a weak negative correlation (–

0.08) be- tween milk intake and caries experience, in con- trast to a positive 

correlation of 0.77 between meal sugar intake and caries experience, while 
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Potgieter et al. [septier et al 2010)] reported ―a marked and con- sistent drop in 

DMF (caries) rate with increase in the number of cups of milk consumed,‖ in 864 

10- to 16-year-old children in Connecticut, USA 

17.Groups at particular risk of caries in relation to diet : 

including  :  

 Infants and toddlers with prolonged breast-feeding on demand (carmo CDS et al  

2010)) 

and .Infants and toddlers provided with a feeding bottle at bedtime, or bottle 

suspended in the cot for use during the night, with sugar containing liquid  ،  

People with increased frequency of eating because of a medical problem, e.g., 

gastrointestinal disease, eating disorders, uncontrolled diabetes.( james wp et al  

2015).,Those with an increased carbohydrate intake due to a medical problem e.g., 

Crohn's disease, chronic renal failure, or other chronic illness, malnutrition or 

failure to thrive ،Those with reduced salivary secretion.( chaffeeBW et al 2009 ) 

،Sjogren syndrome irradiation in the region of the salivary glands,.Athletes taking 

sugar-containing sport supplement drinks ,.Workers subject to occupational 

hazards such as food sampling and those on d monotonous job such as a night 

shift . Glick M  et al 2016 )Drug abusers who have a craving for sugar and a 

prolonged clearance rate as a result of reduced salivary secretion 
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18.Dietary Assessment : 

There are two principal techniques for determining food intake.( pitiphat w et al 

2016) 

One is to record the dietary intake during the preceding 24 hours, the so called 

24hour recall.The other method is to obtain a 3-4 day written diet record  

Participants completed a 24-hour dietary recall interview by trained personnel. 

Participants were asked about their intake of all the foods and beverages consumed 

during the previous day, the time and place of consumption of each meal, quantity 

of each ingredient, preparation or brands, and use of seasonings, dressings, sauces, 

butter and sugar. For estimation of portion sizes, we used a booklet with black and 

white drawings of actual serving portions [Friedman et al., 2012]. Data was 

analyzed using the Windows-based dietary analysis program ―Nutrition Data 

System for Research software‖ (version 2011, Nutrition Coordinating Center, 

University of Minnesota, MN). We here report the following :– Total 

carbohydrates, which is approximately equal to the sum of available carbohydrates 

(starch and sugars) and dietary fiber.– Total sugars, which included sugars 

naturally present in foods as well as ―Added sugars‖.– Added sugars, which 

includes those sugars and syrups added to foods during food preparation or 

commercial food processing, such as sucrose, brown sugar, powdered sugar, 

honey, molasses, pancake syrup, corn syrup, high fructose corn syrup (HFCS, a 

sweetener made by industry from corn starch added to sweetened beverages and 

other sweetened foods), invert sugar, invert syrup, malt extract, malt syrup, 

fructose, glucose, galactose and lactose– Starch, which includes dextrin and 

glycogen.– Total dietary fiber, which includes unavailable carbohydrates 

(cellulose, hemi-cellulose, pectins, gums, and muscilages) and lignin.– Artificial 

sweeteners.– Monosaccharides: glucose, fructose, and galactose– Disaccharides: 

sucrose, lactose, and maltose– Sugar alcohols, which are less sweet than sugar; 

some occur naturally in foods and others are added as sweeteners to food products. 

These are: erythritol, inositol, isomalt, lactitol, maltitol, mannitol, pinitol, sorbitol 

and xylitol . 
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19.Caries prevention : 

1. Reduce the pathogenic potential of dental plaque ( Tanaka K 2013 ):  

 Mechanical plaque control 

 Chemotherapeutic method 

 Food intake restriction 

 Replacement sweetener 

 Sugar frequency reduction 

2. Increase the resistance of tooth structure to caries attack : 

 Community fluoride program 

 Brofessional fluoride 

 Self application fluoride 

 Sealant 

 Enamel treatment 

   3. Augment salivary factors : 

 Sugar free chewing gum 

 Supportive life style  and Elevate salivary quality 

 increase saliva mineralization 

 Enhance F in saliva 
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 الولخص

ا فٍ انىقاَح يٍ أيشاض انفى تًا فٍ رنك تسىط األسُاٌ ، وتآكم  ًً انًهخص َهؼة انُظاو انغزائٍ دوًسا يه

األسُاٌ ، وػُىب انًُى ، وأيشاض انغشاء انًخاغٍ نهفى ، وتذسجح أقم ، أيشاض انهثح.  َهذف هزا انتجذَذ 

ٍ انُظاو انغزائٍ وانتغزَح وأيشاض انفى وتىظُح إنً تقذَى نًحح ػايح ػٍ انذنُم ػهً وجىد استثاغ تُ

يجاالخ ػذو انُقٍُ.  َضَذ َقص انتغزَح يٍ شذج أيشاض انغشاء انًخاغٍ نهفى وأيشاض انهثح ، كًا أَه ػايم 

يساهى فٍ اإلصاتح تآكهح انفى انتٍ تهذد انحُاج.  َشتثػ َقص انتغزَح تؼُىب ًَى فٍ انًُُا يًا َضَذ يٍ قاتهُح 

تسىط األسُاٌ.  يٍ انًتىقغ أٌ َتضاَذ تآكم األسُاٌ.  تشُش انذالئم إنً أٌ انًششوتاخ انغاصَح ، اإلصاتح ت

وهٍ يصذس سئُسٍ نألحًاض فٍ انُظاو انغزائٍ فٍ انثهذاٌ انًتقذيح ، هٍ ػايم يسثة يهى.  تشُش انذالئم 

وانتذخم انثششٌ إنً أٌ  انًقُؼح يٍ انذساساخ انتجشَثُح وانحُىاَُح وانثششَح انقائًح ػهً انًالحظح

انسكشَاخ هٍ انؼايم انغزائٍ انشئُسٍ انًشتثػ تتسىط األسُاٌ.  ػهً انشغى يٍ انذوس انزٌ ال جذال فُه 

نهفهىساَذ فٍ انىقاَح يٍ تسىط األسُاٌ ، إال أَه نى َقعٍ ػهً تسىط األسُاٌ وانؼذَذ يٍ انًجتًؼاخ ال 

ا نهىقاَح يٍ تسىط تتؼشض نهكًُاخ انًثهً يٍ انفهىساَذ.  نزنك َ ًً ظم انتحكى فٍ تُاول انسكشَاخ أيًشا يه

كجى / فشد / سُح ،  51األسُاٌ.  أظهشخ األتحاث تاستًشاس أَه ػُذيا َكىٌ تُاول انسكشَاخ انحشج أقم يٍ 

َكىٌ يستىي تسىط األسُاٌ يُخفًعا.  ػهً انشغى يٍ انذساساخ انتجشَثُح وانحُىاَُح انتٍ تشُش إنً أٌ 

ًح وانفىاكه انًحتىَح ػهً انُشا هٍ يسثثح نهسشغاٌ ، فإٌ هزا ال تذػًه انثُاَاخ انىتائُح ، انتٍ تؼط األغؼ

تظهش أٌ تُاول كًُاخ كثُشج يٍ األغؼًح األساسُح انُشىَح وانفىاكه وانخعشواخ َشتثػ تًستىَاخ يُخفعح 

ائٍ غٍُ تاألغزَح األساسُح يٍ تسىط األسُاٌ.  اتثاع انتىصُاخ انؼانًُح انتٍ تشجغ ػهً اتثاع َظاو غز

 .انُشىَح وانفىاكه وانخعشواخ وقهُهح انسكشَاخ وانذهىٌ انحشج سىف َحًٍ صحح انفى وانصحح انؼايح
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Abstract 

 

            Nowadays, there is an increased tendency for researches to focus on 

accelerating methods for tooth movement due to the increased demand for adults 

for a shorter orthodontic treatment time. Unfortunately, long orthodontic 

treatment time poses several disadvantages like higher predisposition to caries, 

gingival recession, and root resorption. This increases the demand to find the best 

method to increase tooth movement with the least possible disadvantages. The 

purpose of this study is to view the successful approaches in tooth movement and 

to highlight the newest technique in tooth movement. Prostaglandins, PTH, 

vitamin D and osteocalin, show promising results; on the other hand, relaxin does 

not accelerate tooth movement, but reducing the tendency for post orthodontics 

tooth relapse. Low-level laser therapy has shown positive outcome, but further 

investigation should be done for the best energy and duration to achieve the 

highest success rate. Surgical approach has the most predictable outcomes but 

with limited application due to its aggressiveness. Piezocision technique is 

considered one of the best surgical approaches because it poses good periodontal 

tissue response and excellent aesthetic outcome.                                                                                                              
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Introduction 

           The term tooth movements based on the principle that if prolong pressure 

is applied to the tooth, tooth movement will occur as the bone around tooth 

remodels that it means bone is selectively removed in some areas and added in 

others. 

So, when force is applied to the crown of tooth it is transmitted through the root 

of the tooth to the periodontal ligament (PDL) and alveolar bone and will lead to 

tooth movement (Van schepdael et.al., 2012) 

           Orthodontic tooth movement is typically divided into three phases by 

clinical observation: the initial phase, the lag phase, and the post lag phase. The 

initial phase occurs in 24–48 hours after force application. The lag phase lasts 

multiple days with little tooth movement. The post lag phase is when clinically 

noticeable tooth movement is observed. 

           The alveolar bone, periodontal ligament (PDL) and cementum are 

intimately related structures in development and functions. Collectively, they 

form the periodontium that is of critical relevance not only to orthodontic tooth 

movement, but also periodontal disease (Krishnan V and Davidovitch Z., 2006( 

           The PDL connects the cementum to the alveolar bone by bundles of type 

I collagen named Sharpey’s fibers. The width of a periodontal ligament in 

homeostasis is approximately 0.15–0.38 mm, depending on the tooth type. The 

PDL has two primary functions: 

1. To transmit and absorb mechanical stress 

2. To provide vascular supply and nutrients to the cementum, alveolar bone 

and the PDL itself (Storey E.,1973( 
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    Alveolar bone is a mineralized connective tissue and consists of mineral tissue, 

organic matrix and water (Moss-Salentijn L and Melvin L,1997). Orthodontic 

tooth movement is achieved by remodeling processes of the alveolar bone, which 

are triggered by changes in the stress/strain distribution in the periodontium (PM 

Cattaneo et.al.,2009( 

             Acceleration of orthodontic tooth movement can reduce treatment 

duration and risk of side effects. The acceleration of the orthodontic tooth 

movement by surgical techniques has been shown to be effective for decades. 

While the Non-invasive and non-surgical methods have always been preferred by 

both the clinicians and the patients. These techniques have ranged from 

application of biological molecules to innovative technologies such as resonance 

vibration, cyclic forces, light electrical currents, magnetic field forces, low-

intensity laser irradiation and low-level light therapy. Endogenously produced 

biological has been tested based on their roles in the turnover of alveolar bone in 

response to orthodontic tooth movement as well as during wound healing. All 

these approaches have shown favorable outcomes with varying success (Almpani 

and Kantarci.,2016( 

            

.1 Surgical Methods for the Acceleration of the Orthodontic Tooth 

Movement. 

             Surgical techniques for the acceleration of the orthodontic tooth 

movement have been tested for more than 100 years in clinical practice. Since 

original methods have been extremely invasive and have been associated with 

increased tooth morbidity and various other gaps, the research in this field has 

always followed an episodic trend. Modern approaches represent a well-refined 

strategy where the concept of the bony block has been abandoned and only a 

cortical plate around the orthodontic tooth movement has been desired. Selective 
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alveolar decortication has been a reproducible gold standard to this end. Its 

proposed mechanism has been the induction of rapid orthodontic tooth movement 

through the involvement of the periodontal ligament. More recent techniques 

included further refinement of this procedure through less invasive techniques 

such as the use of piezoelectricity and corticision. Orthodontic tooth movement, 

in these cases, can synchronize with tissue-engineering principles of periodontal 

regenerative surgery in order to create rapid orthodontic movement and overcome 

its side effect (Almpani and Kantarci ,2016( 

1.1. Alveolar Osteotomy-Assisted Tooth Movement 

           Osteotomy is a surgical cut through both the cortical and trabecular bones. 

This term is frequently used when describing the creation of bone segments 

(Murphy NC et.al., 2014). In orthodontics, osteotomies have been used to 

enhance and accelerate tooth movement.       

           In 1893, Cunningham presented ‘Luxation, or the immediate method in 

the treatment of irregular teeth’ at the International Dental Congress in Chicago. 

He used mesial and distal inter-septal osteotomies to reposition palatally inclined 

maxillary teeth and stabilized them in correct occlusion with wire ligatures or 

metal splints. The most important feature was the fact that this combined active 

surgical-orthodontic treatment reduced the procedure time to one third that of 

conventional treatment and allowed more predictable treatment in older patients 

(Cano J. et al., 2012(. 

                In the 1950s, kole introduced his ‘bony block’ technique, the surgical 

procedure involving both osteotomy and corticotomy to accelerate orthodontic 

tooth movement, based on the concept that teeth move faster when the resistance 

exerted by the surrounding cortical bone is reduced via a surgical procedure. 

Kole’s procedure involves the reflection of full thickness flaps to expose buccal 
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and lingual alveolar bone, followed by interdental cuts through the cortical bone, 

barely penetrating the medullary bone (Amit G. et al., 2012(. 

            These initial approaches included some types of alveolar osteotomy alone 

or combined with corticotomy. Traditionally, vertical and horizontal osteotomies 

have had an increased risk of postoperative tooth devitalization or even bone 

necrosis, depending on the severity of injury to the trabecular bone (Cano J. et 

al., 2012). There is also an increased risk of periodontal damage, mainly in cases 

in which the interradicular space is less than 2 mm (Merrill and Pedersen, 1976). 

 

1.2. Alveolar Corticotomy-Assisted Tooth Movement 

             The conventional corticotomy procedure involves elevation of full 

thickness mucoperiosteal flaps, bucally and/or lingually, followed by placing the 

corticotomy cuts using either micromotor under irrigation, or piezo surgical 

instruments. This can be followed by placement of a graft material, wherever 

required, to augment thickness of bone. In 2001, Wilcko et. al. reported that a 

surface computed tomographic evaluation of corticotomized patients clearly 

showed a transient localized demineralization-remineralization process 

consistent with the accelerated wound healing pattern of the regional acceleratory 

phenomenon. This technique is highly invasive, and its routine application in 

dental clinics appears challenging for both the patient and the clinician (Kole H 

.1959(. 

Advantages (Shenava, et al., 2013): 

a) It has been proven successfully by many authors, to accelerate tooth 

movement. 

b) Bone can be augmented, thereby preventing periodontal defects, which 

might arise, as a result of thin alveolar bone. 
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Disadvantages (Shenava, et al., 2013( 

a) High morbidity associated with the procedure. 

b) Invasive procedure 

c) Chances of damage to adjacent vital structures. 

d) Post-operative pain, swelling, chances of infection, avascular necrosis. 

e) Low acceptance by the patient. 

 

1.3. Distraction Ontogenesis 

              Distraction osteogenesis is a method for generating new bone by 

progressively distracting healing surfaces, following the complete osteotomy of 

a bone. Essentially it is a bone modeling produce that produces perivascular 

woven bone, which then condenses and remodels to mature lamellar bone 

(Roberts WE, et.al,2004). It is suggested that formation of new bone with a 

width of approximately 1 mm/day can be achieved by this method (Annino Dj. 

et.al, 1994). 

           In 1998, Liou and Huang were the first to apply this concept to 

orthodontic tooth movement in order to perform rapid canine retraction through 

distraction osteogenesis of the periodontal ligament. They considered the 

periodontal ligament as a ‘suture’ between alveolar bone and tooth and 

investigated the accelerated orthodontic tooth movement into newly distracted 

bone after mandibular distraction osteogenesis in a canine model in humans. 

Their results showed that rapid orthodontic tooth movement can be achieved with 

this technique. 

           According to their studies, the dentoalveolar distraction technique reduces 

orthodontic treatment duration by 6–9 months in patients who need extraction, 

with no need for extraoral or intraoral anchorage devices and with not 
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unfavorable short-term effects in the periodontal tissues and surrounding 

structures (Kișnișci RS. et.al,2002) (Ișeri H. et.al, 2005). 

           No evidence of complications such as root fracture, root resorption, 

ankylosis or serious soft tissue dehiscence was reported at the end of 

dentoalveolar distraction, at least in the short term. However, a number of other 

complications have been associated with the distraction osteogenesis techniques, 

such as increase in gingival sulcus depth, anchorage loss, tipping of the anchorage 

and retracted teeth and, more frequently, loss of pulpal vitality (Lious EJ. And 

Huang CS., 1998). 

1.4. Orthognathic ‘Surgery-First’ Treatment. 

           Surgery-first orthodontics is a strategy that significantly shortens 

treatment duration for patients who need orthognathic surgery, by taking 

advantage of the generalized regional acceleratory phenomenon (RAP) 

phenomen effect stimulated by the wound healing of the surgical areas (Liou EJ. 

et.al, 2011) (Aaij R. et.al, 2013). In addition, the quality of treatment, based on 

facial esthetics, dental occlusion and stability of the results, is equally 

satisfactory.  

             Moreover, dental occlusion and facial esthetics usually show immediate 

improvement after surgery, which is very positive for the patient’s psychology 

and cooperation. This is a fact that has to be seriously considered in the treatment 

planning of orthognathic surgery cases. Nevertheless, careful patient selection, 

precise treatment planning and clinical experience by both the surgeon and the 

orthodontist in the field of orthognathic surgery are required (Liou EJ. et.al, 

2011) (Hernandez-Alfaro F. et.al, 2011).  The total treatment time is about 24–

30 months. 
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1.5. Fiberotomy 

          Fiberotomy is the surgical detachment of the marginal gingivae from the 

root surface and therefore separation of the mucoperiosteum from the alveolar 

bone. According to past and more recent studies in animals, fiberotomy alone 

may also accelerate orthodontic tooth movement to a certain degree (Yaffe A. 

et.al:1994) (Kaynak D., 2003) (Lee W, et.al, 2008) (Binderman L. et.al, 2010). 

             This kind of incision seems to cause an abrupt drop of cellular strains of 

gingival fibroblasts, activating a chain of signals that propagate osteoclastogenic 

alveolar bone resorption on its periodontal ligament surfaces of the alveolar bone 

(Binderman L. et.al, 2010). Detachment of the mucoperiosteum from bone 

surfaces also yields a direct mild burst of local bone remodeling on its outer 

surfaces which has been characterized as RAP effect (Frost HM., 1989) 

(Binderman L. et.al, 2010). 

              Consequently, increased local bone turnover has as a result the 

acceleration of orthodontic tooth movement of the adjacent teeth. Fiberotomy 

surgery is a minimally invasive procedure where the fibers are cut and allowed to 

heal with lower amounts of tension on the newly-positioned teeth. The fibers are 

located just below the base of the sulcus or the gap found between the gum and 

the base of the tooth. The fibers are also found above the alveolar bone which is 

the bony ridge that holds the teeth. The dentist administers a local anesthesia pitot 

to inserting the scalpel blade or laser into the sulcus of the teeth and cuts across 

the fibers which hold each tooth in place. There is not a flap, rip or change within 

the outer position of the gums. Stitches are also not required and most patients 

only experience minor discomfort following the procedure. A fiberotomy is 

typically performed prior to the removal of a patient's braces. It can also be 

completed following the removal of braces or removal of any retainers which are 

in place. (Binderman L. et.al, 2010). 
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1.6. Piezocision. 

      Piezocision assisted orthodontics is an innovative, minimally invasive 

surgical procedure designed to help achieve rapid orthodontic tooth movement 

while correcting/preventing mucogingival defects by adding bone and/or soft 

tissues. Microsurgical interproximal openings are done in the buccal gingiva to 

let the piezoelectric knife create the bone injury that will lead to transient 

demineralization and subsequent accelerated tooth movement. This technique can 

be used for the whole mouth, the cuts being simultaneously performed at the 

maxilla and the mandible (generalized Piezocision) or for segments of the 

dentition (localized Piezocision) to achieve specific localized results (intrusion, 

extrusion, distalization of teeth, etc. (Karger And Basel, 2016). 

            This approach combining a corticotomy facilitated orthodontic treatment 

and periodontal alveolar augmentation has been named the accelerated osteogenic 

orthodontic procedure. It requires the elevation of buccal and lingual full 

thickness flaps, with extensive decortications of the buccal and lingual alveolar 

bone. This physical injury is responsible for the initiation of a temporary 

demineralization process coupled with an increased regional bone turnover that 

characterizes the regional acceleratory phenomenon (RAP) (Forst HA., 1983) 

(Forst HA., 1989). The authors reported that this transient osteopenia 

(diminished bone density, same bone volume) is responsible for the rapid tooth 

movement, as the teeth move in a more ‘pliable’ environment.  

              In 2007, Vercelotti and Podesta introduced the use of piezosurgery in 

conjunction with the conventional flap elevations to create an environment 

conducive to rapid tooth movement. Although quite effective, these techniques 

are also quite invasive in nature as they require extensive flap elevations and 

osseous surgery. They have the potential to generate postsurgical discomfort as 

well as postoperative complications. Because of these shortcomings they have 
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not been widely embraced by the patient or dental communities (Park YG. et.al, 

2006).  

Indications 

1) Class I malocclusions with moderate-to- severe crowding (non-extraction( 

2) Correction of deep bite 

3) Selected class II malocclusions 

4) Rapid adult orthodontics 

5) Rapid intrusion/extrusion of teeth 

6) Simultaneous correction of osseous and mucogingival defects 

7) Prevention of mucogingival defects that may occur during or after 

orthodontic treatment 

8) Multidisciplinary comprehensive treatments) incorporating generalized or 

localized Piezocision( 

Contraindications 

1) Active periodontal disease 

2) Ankylosed teeth 

3) Systemic conditions affecting bone metabolism 

4) Medications affecting bone metabolism  

5) Noncompliant patient 

Description of technique  

           In this technique, the surgery was performed 1 week after placement of 

orthodontic appliance, under local anaesthesia. Gingival vertical incisions, only 

bucally, were made below the interdental papilla, as far as possible, in the 

attached gingiva using a No.15 scalpel. These incisions need to be deep enough 

so as to pass through the periosteum, and contact the cortical bone. Next, using 

ultrasonic instrumentation (they used a BS1 insert Piezotome), to perform the 

corticotomy cuts to a depth of 3 mm through the previously made incisions. At 
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the areas requiring bone augmentation, tunneling is performed using an elevator 

inserted between the incisions, to create sufficient space to accept a graft material. 

No suturing is required, except for the areas, where the graft material needs to be 

stabilized. Patient is placed on an antibiotic, mouthwash regimen (Dibart S. et.al, 

2011). 

Follow-Up Visits. 

          There is a 1-week follow-up visit by the surgeon to assess proper healing. 

As of the second week after surgery, it is the orthodontist who will need to see 

the patient every 2 weeks for the next 4–6 months. This is critical as we need to 

maximize tooth movement during this period of time. 

Sequential Piezocision 

            In some cases, Piezocision can be used twice in the course of a single 

treatment, usually toward the end of the orthodontic treatment, once the RAP 

effect has long subsided and the orthodontist needs a ‘booster’ to finish the case. 

This is done in some areas of the dentition where specific and localized 

corrections are required (sequential Piezocision). 

 

1.7. Corticision 

           In 2009, Kim et al. introduced the ‘corticision’ technique as a minimally 

invasive alternative to corticotomy, creating a surgical injury to the bone without 

flap reflection. In this technique, a reinforced scalpel and a mallet were used in 

order to access the cortical bone, without raising flaps. This surgical injury was 

evaluated as adequate to induce the RAP effect and make the teeth move more 

rapidly during orthodontic treatment. This technique, although innovative, has a 

few major drawbacks. the inability to graft soft or hard tissues during the 

procedure to correct osseous and soft tissue deficiencies and reinforce the 
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periodontium, and, in some cases, transient postsurgical dizziness from the 

repeated malleting during the surgery.  

Technical Procedure. 

          The armamentarium involves a reinforced scalpel and an ordinary scalpel 

holder as well as a surgical mallet, as shown in (fig.1) 

 

Fig.1 Armamentarium for the Corticision. 

Panoramic X-rays or serial periapical radiograms are mandatory to check the 

available interradicular room for carrying out the procedure. A preoperative 

antiseptic mouth rinse is recommended for prevention of potential infection. After 

infiltration anesthesia, position the scalpel on the interradicular attached gingiva 

at an inclination of 45–60° to the long axis of the tooth to be moved (fig. 2), and 

insert it gradually into the bone marrow by tapping the scalpel holder with the 

surgical mallet, passing through the overlying gingiva and cortical bone, and into 

the cancellous bone.(fig3) 

 

Fig2. Place the blade at a right angle to the gingival surface, then turn obliquely at 4S- 600 

down towards the apex, which helps the longer cut into the medullary bone with minimal soft 

tissue (gingival) injury. 
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The vertical cut leaves 5 mm of the papillary gingiva to avoid bone loss of the 

alveolar crest and consequent development of the ‘black triangle’and damage of 

the adjacent dental root (fig.3) 

 

Fig.3 The scalpel penetrates about 10 mm in depth to obtain a cortical bone as well as a 

cancellous bone cut. The Corticision begins 5 mm downwards to the papillary gingiva to 

keep the papillary gingiva intact. 

             

           The depth of alveolar penetration with the scalpel is about 10 mm for the 

sake of beneficial cancellous bone osteotomy, which is expected to generate new 

blood vessels and enhance trabecular bone remodeling. Since the length of the 

vertical cut in the interradicular attached gingiva is not necessarily the entire root 

length, 2/3 of the root length is sufficient to evoke rapid tooth movement. After 

the Corticision receives its sufficient vertical cut, pull out the scalpel with a gentle 

swing motion. 

The Figure 4, describes that there is no conspicuous bleeding or troubled soft 

tissue left, thereby not requiring any postoperative dressing such as suture or 

periodontal pack. As the final step, mild irrigation with normal saline for a couple 

of minutes is required until the cessation of bleeding or oozing. When the 

‘Corticision’ is planned at the beginning of the treatment, the procedure is 
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preferred to be accomplished immediately after bonding in order to avoid a 

moistened enamel surface. Upon finishing, place the initial arch wire with 

comfort. 

 

Fig.4. Immediately after the Corticision. Note there is no conspicuous postoperative bleeding. 

 

Fig5. Intraoral photos before and after the Corticision. (a): Mild crowding was completely 

relieved in 3 weeks. (b): while moderate crowding took 9 weeks for complete alleviation. 

 

             The overall effect from the Corticision reaches at its peak at 2 months 

and drops at 3 months when the procedure is carried out. During the 3 months of 

this effective period, the patients are advised to visit every other week in order to 

keep the Corticision gap by the woven bone open, otherwise the woven bone 
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transforms into mature lamellar bone at 3 weeks after gap formation, leading to a 

sharp decline of the effects. 

Risk Management. 

                The Corticision is classified as the high-risk level of infection 

according to the ‘Consensus document on the use of antibiotic prophylaxis in 

dental surgery and procedure’ by the Center for Disease Control and Prevention 

(US) in 2006. This denotes that the prescription of prophylactic, broad spectrum 

antibiotics such as amoxicillin with the appropriate analgesics is mandatory. 

Special consideration in choice of pain killer is imperative since nonsteroidal anti-

inflammatory drugs (NSAIDs) are consequently known to inhibit bone resorption 

and retard tooth movement, whereas acetaminophen has been proven to not affect 

the rate of tooth movement. The best choice of drug to control postoperative 

pain/discomfort is Tylenol TM. There is hardly an opportunity to observe any 

scarring in the oral mucosa or to follow any detrimental sequelae due to fibrous 

scar banding. 

2. Nonsurgical Methods for the Acceleration of the Orthodontic 

Tooth Movement 

2.1 Systemic/Local Administration of Chemical Substances 

2.1.1 Epidermal Growth Factor 

               It has long been demonstrated that epidermal growth factor (EGF) has 

catabolic effects on bone. In an organ culture study, high concentrations of EGF 

stimulated bone resorption in fetal rat long bone (Raisz LG. et. al., 1980). 

Administration of EGF at high doses to rats caused an elevation of osteoclastic 

cell density on the trabecular bone surface. Consistently, in transgenic mice 

overexpressing human EGF, thinner bones were observed (Chan SY, Wong 

RW,2000), suggesting an imbalance in bone modeling or remodeling. In fact, 
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exogenous EGF administration had an additive effect on the rate of osteoclast 

recruitment producing faster bone resorption and tooth movement.  

               Recently, it has been shown that EGF plays a role in mediating the 

ability of human bone marrow stromal cells to induce osteoclast differentiation 

(Normanno N. et. al., 2005). Moreover, the regulatory role of EGF in fibrous 

tissue remodeling in the periodontal ligament (PDL) has also been demonstrated. 

Moreover, EGF has also been identified as a participant in the bone-remodeling 

process during orthodontic movement (Dolce C. et. al., 1994). 

 

2.1.2 Parathyroid Hormone 

           Parathyroid hormone (PTH) is the major hormone regulating bone 

remodeling and calcium homeostasis. By increasing the concentration of calcium 

in the blood, it stimulates bone resorption (Takahashi N. et. al., 1988). Although 

continuous elevation of PTH leads to bone loss, intermittent short elevations of 

the hormone level can be anabolic for bone (Potts JT and Gardella TJ, 2007). 

experimental and clinical data has shown that daily administrations of PTH led 

to increases in bone mass, mineral density and strength (Rodan GA and Martin 

TJ, 2000). 

             In 1999, Soma S. et al. studied the effect of PTH on orthodontic tooth 

movement in rats. A significant stimulation of the rate of orthodontic tooth 

movement by exogenous PTH administration appeared to occur in a dose-

dependent manner. However, this effect was only visible when the hormone was 

more or less continuously applied, either by systemic infusion or frequent local 

delivery. 

             It is well known that chronic elevation of PTH leads to pathological 

changes in multiple organs, especially the kidneys and bones (Soma S. et. al., 

1999). Local injections of PTH in slow-release formulations did not significantly 
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affect the rate of tooth movement in animals. Consequently, the safety and 

efficiency of this systemic factor in orthodontic movement acceleration remain to 

be further investigated. 

   

2.1.3 Dihydroxyvitamin D3 

              Another agent that may affect tooth movement is vitamin D. 1,25-

dihydroxycholecalciferol is the most active metabolite of this vitamin. It mainly 

has an anabolic effect on the bone tissue (to a small extent also catabolic) 

(Kouskoura T. et. al., 2017). Similarly, to PTH, sub-periosteal administration 

of vitamin D enhances the activity and proliferation of osteoblasts (Reichel H. 

et. al., 1989), these properties prompted researchers to design animal experiments 

attempting to modify the course of orthodontic treatment. In 1988, Collins et al. 

used calcitriol dissolved in DMSO (dimethylsulfoxide) − a compound that readily 

penetrates cell membranes, as well as has a high solubility coefficient for vitamin 

D) − administered daily into the periosteum. After 3 weeks, the retraction range 

of the canines was 60% higher compared to the control group. Other researchers 

came to similar conclusions, this time testing the action of this vitamin on rats. 

They noticed an increased number of both osteoclasts and osteoblasts. (Takano-

Yamamoto T, et al, 1992).  

             In 2004, Kawakami and Takano-Yamamoto emphasized the continuation 

of intensified remodeling during the retention period as well; In turn, Kale et al. 

2004 observed that distalization of the maxillary incisors increased by 23%. In 

a few clinical trial, acceleration of orthodontic tooth movement was also 

demonstrated  

              After a daily oral dose of 0.25 μg of vitamin D, the mean difference in 

the retraction movement between the experimental group and the control group 

(who underwent orthodontic therapy without supplementation) was 



  17  

 

1 mm/60 days. However, the use of a very low dose of the supplement in the 

study appears to be questionable (10 IU vs the daily recommendations of 1000–

2000 IU) (Blanco JF. et al, 2001). 

 

2.1.4 L- Thyroxine 

                 Thyroid hormones play an imperative role in the regulation of cellular 

metabolism, proliferation and differentiation (Meng R. et. al., 2011). L -

Thyroxine is a synthetic thyroid hormone that is chemically identical to 

thyroxine,Which is naturally secreted by the thyroid gland and has been used to 

treat thyroid hormone deficiency. Hyperthyroidism or thyroxine medication can 

lead to osteoporosis (Bartzela T, et al , 2009). Because of the ability of thyroid 

hormones to act on the metabolism of nearly every cell in the body and especially 

of their indirect involvement in bone turnover, the possible effect of 80 -thyroxine 

on orthodontic tooth movement has also been examined (Shirazi M. et. al., 1999) 

in a relevant study on rats. The results showed that administration of 20 μg/kg 

i.p./day L -thyroxine significantly increased the amount of orthodontic tooth 

movement. Its use is still on an experimental level in animal models, and no 

human trials have been conducted so far. 

 

2.1.5 Osteocalcin 

              Osteocalcin (OC) is the most abundant non-collagenous matrix protein 

in bone (Hashimoto F. et. al., 2001). Because of its strong capacity to associate 

with Ca2+ and hydroxyapatite, OC is a negative regulator for mineral apposition 

and bone formation (Hauschka PV. et al, 1975). In addition, OC is proposed to 

be a chemoattractant for progenitor/mature osteoclasts (DeFranco DJ. et. al., 

1991). 
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              In studies on rats, it was demonstrated that local injections of purified rat 

OC accelerated the rate and increased the total amount of tooth movement. 

Histological examination revealed that this acceleration of tooth movement was 

caused by an enhanced recruitment of osteoclasts. No other side effects were 

reported, and no apparent macroscopic inflammation could be detected at the 

injection sites. Due to the restricted amount of existing data, no further 

conclusions can be currently formed regarding the effect of OC on the rate of 

tooth movement. 

 

2.1.6 prostaglandins 

                Prostaglandins (PGs) are an interesting group of multifunctional 

regulators during orthodontic tooth movement. These lipids are synthesized by 

arachidonic acid by the sequential actions of cyclooxygenase (COX) and 

respective synthases. The clinical effect of exogenous PGs on orthodontic tooth 

movement has been an object of research for a lot of years. Several animal studies 

have concluded on the fact that local application of PGE 1, PGE 2, analogs of 

PGE 1, PGE 2 or thromboxane A 2 can increase the speed of orthodontic tooth 

movement (Leiker BJ. et. al., 1995). Local submucosal injections of PGE 1 in 

patients were also successful in accelerating orthodontic tooth movement by 1.6-

fold. The main side effect associated with local injection of PGs is hyperalgesia, 

due to the release of noxious agents such as histamine, bradykinin, serotonin, 

acetylcholine and substance P, from nerve endings both peripherally and centrally 

(Yamasaki K. et. al., 1984). This indicates that although PGs enhance the tooth 

movement process, their side effects are still too serious to consider it clinical use 

in orthodontic patients. Recent research trends are directed towards combining 

local anesthetics with PGs, in order to reduce pain while injected locally, but 

research in this regard is still in its preliminary phase. 
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2.2 Gene Transfer Therapy 

            With the aid of gene therapy, it is possible to deliver a gene to a given 

group of target cells, which allows the inserted gene product to be locally 

expressed constitutively. In this way, higher and more constant levels of protein 

expression can be produced in a certain area. Local tooth movement-accelerating 

factors can be ‘administered’ with this technique. The advantages in this case are 

that the local concentration of the active factor remains effective due to its 

continuous production by the treated cells and that systemic side effects are 

avoided at the same time (Blessing M, et al., 1996). The role of cytokines of the 

receptor activator of nuclear factor κ ligand (RANKL)-RANK/osteoprotegerin 

(OPG) system in inducing bone remodeling has already been demonstrated 

(Drugarin D, et al., 2003).  

            A Previous study in rats demonstrated that transfer of the RANKL gene 

to a periodontal tissue activated osteoclastogenesis and accelerated orthodontic 

tooth movement without producing any systemic effects (Kanzaki H, et al., 

2006). 

        In 2011, Iglesias-linares also demonstrated in a more recent study that 

RANKL gene transfer was a more efficient technique for the reduction of total 

treatment duration in comparison to alveolar corticotomy. 

            In conclusion, gene transfer is a new, promising therapeutic modality that 

is currently under rapid development. It offers an alternative method to deliver 

proteins to a given target tissue, which, in turn, can enhance osteoclast 

recruitment and lead to accelerated orthodontic treatment movement. 

2.3 Relaxin 

          Relaxin is a naturally occurring hormone with the primary function of 

widening the pubic symphysis during childbirth and has been proven to be present 

in craniofacial structures, such as calvarial sutures (Nicozisis JL et. al., 2000).  
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Furthermore, relaxin influences many other physiological processes such as 

collagen turnover, angiogenesis and antifibrosis in both males and females 

(Madan MS, et al., 2007). The latter actions suggested that relaxin might 

influence orthodontic tooth movement through alterations of the PDL (Madan 

MS, et al., 2007).  

          In 2005, liu ZJ. et al. in study in rat examined the effect of a local 

administration of human relaxin in orthodontic tooth movement. According to 

their results, relaxin had a positive influence on the orthodontic movement rate. 

Nevertheless, in another rat model study, Madan et al.  in  2007 reported that 

relaxin does not affect either the rate or the amount of tooth movement. 

Regardless, they observed that it can reduce the level of PDL organization, reduce 

PDL mechanical strength and increase tooth mobility at early time points.      

         On the other hand, McGorray et al in 2012 reported in a randomized blinded 

clinical trial in human subjects comparing a group who received relaxin injections 

weekly for 8 weeks with those who received placebo injections that the pattern 

and amount of tooth movement did not differ. However, they also stated that the 

local doses of relaxin might have been too low to affect tooth movement.  

          Based on these results, it is more likely that relaxin would find its most 

significant clinical application in reducing the tendency for post orthodontic tooth 

relapse and not in the enhancement of orthodontic tooth movement. 

2.4 Resonance vibration 

             Resonance vibration is based on a frequency equal to the natural 

frequency of an object, causing the largest amplitude of vibration of this object. 

The initial response of cells to mechanical stress in vitro appears within 30 min 

(Matsuda N. et al., 1998). 

 In a recent study, Nishimura et al. in 2008 attempted to activate these initial 

responses at the cellular level by applying resonance vibrational stimulation to a 
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tooth and its periodontal tissue. They applied resonance vibration (60 Hz) to the 

first molars in rats for 8 min, once a week during orthodontic movement. 

According to their results, resonance vibration increased tooth movement by 15% 

compared with the controls, stimulating more expression of RANKL and 

osteoclast formation in the PDL. Due to the natural frequency of the vibration 

applied, there is no collateral damage to the periodontal tissues or root resorption 

of the treated teeth.   

            Ultrasonic vibration is also a form of vibrational stimulation that is similar 

to resonance vibration. It has been reported that ultrasonic vibration accelerates 

tooth movement too (Ohmae M, et al., 2001). However, ultrasonic vibration of 

teeth might be associated with certain hazards, such as thermal damage to the 

dental pulp (Trenter SC, et al., 2003)   

          Recently, a novel cyclical force device, ‘Accele-Dent’, has been marketed, 

with claims that it may increase the rate of orthodontic movement. However, it 

provides vibration with only one fixed frequency (4 Hz), and there is still no peer-

reviewed or long- term study on the biological or the clinical effects of the 

appliance (Kau CH, 2011). 

2.5 Electrical Currents. 

            Another tool that has been used in order to accelerate orthodontic tooth 

movement is electricity. Since the early observation of Fukada and Yasuda in 

1957 that electric potentials are generated by the application of force to bone, 

many investigators used external electricity to enhance osteogenesis. They were 

demonstrated that when electrodes are placed into bone, osteogenesis will occur 

around the negative electrode when the current level is between 5 and 20 μA, 

while resorption of bone may occur around the positive electrode (anode) 

(Friedenberg ZB. et al, 1970).   
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              In 1980, Davidovitch Z. et al. reported in an animal study that electric 

stimulation may accelerate bone turnover and, therefore, orthodontic tooth 

movement. Based on the results of another animal study by Hashimoto H. in 

1990 concluded that micro pulsed electrical stimulation might play a role in the 

efficient remodeling of alveolar bone and in inducing more rapid tooth 

movement. Specifically, he observed changes in the periodontal tissue, 

accelerated tooth movement, wider areas of bone deposition and larger amounts 

of newly formed bone, increasing over time in amount on the tension side, a larger 

number of osteoblasts on the tension side and more tartrate-resistant acid 

phosphatase-positive mononuclear and multinuclear cells on the compression 

side. 

               In a clinical study with orthodontic patients, Kim et al. in 2008 also 

demonstrated that an electrical current (20 μA for 5 h / daily) was capable of 

accelerating orthodontic tooth movement. Currently, the existing level of 

evidence is not enough to support whether electrical current could be effective in 

accelerating orthodontic tooth movement with safety in humans (Abdallah MN 

and Flores C., 2014). 

 

2.6 Static or pulsed magnetic field 

   Magnetic fields including static magnetic field (Darendeliler MA. et al, 

1995) and pulsed electromagnetic field (Stark and Sinclair, 1987) 

(Darendeliler MA. et al, 1995) Have been proven to increase the speed of 

orthodontic tooth movement in animal studies. Histological analyses have 

suggested that alveolar bone remodeling is activated under the influence of 

magnetic fields as activities of bone cells are elevated and new bone deposition 

is increased on the tension side (Stark and Sinclair, 1987) (Darendeliler MA. 

et al, 1995).  Hyalinization in the PDL was also reduced in the group treated with 
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the static magnetic field, which also contributed to accelerate tooth movement 

(Sakata M. et al, 2008).   

             According to a more recent study in orthodontic patients, exposure of 

canines to a pulsed electromagnetic field (1 Hz) during their retraction to first 

premolar extraction sites, had as a result the acceleration of their movement 

(Showkatbakhsh R. et al, 2010). However, there were also studies that not only 

did not agree with the above results in terms of tooth movement rate, but also 

reported increased root resorption of the treated teeth, prompting concerns about 

the effectiveness and safety of this method (Tengku BS. et al, 2002). Therefore, 

further studies are required to determine the effect of magnetic fields on tooth 

movement. In addition, the source of electricity still poses a problem for the 

clinical use of this method, too. Microfabricated biocatalytic fuel cells (enzyme 

batteries) might resolve this issue in the future (Kolahi J. et al, 2009). 

 

2.7 Photobiomodulation or Low-Level Light Therapy 

             Photobiomodulation is an emerging medical and dental technique in 

which exposure to light or LEDs stimulates cellular function leading to beneficial 

clinical effects. This technique is known as low-level light therapy or (LLLT). 

The light spectrum may vary, but it falls in the infrared range.  

               A Ga-Al-As diode laser produces coherent light, whereas the light 

produced by the LED is incoherent. This technique has been based on the fact 

that cytochrome oxidase C or complex IV – an enzyme which mediates the 

synthesis of ATP in cells, is up regulated by infrared light (Kau CH., 2012).                           

During tooth movement, higher ATP availability boosts cell metabolism, leading 

to an increased remodeling process and accelerated tooth movement (Oron U. et 

al, 2007) (Kau CH. et al, 2013). 
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               LLLT may also be enhancing orthodontic tooth movement due to 

increased vascular activity, which is also promoted by light (Tuby H. et al, 2007) 

and contributes to a more rapid bone turnover (Vinck EM. et al, 2003).   Previous 

studies have shown that the impact of the LLLT is also dependent on the 

wavelength and intensity of the emitted light (Doshi-Mehta G. et al, 2012)    until 

now, there has been a number of studies suggesting an enhanced impact of LLLT 

in the acceleration of orthodontic tooth movement.   

              The results of a large multicenter clinical trial in 90 orthodontic patients, 

aged from 10 to 36 years of age (Kau CH. et al, 2013), however, demonstrated 

that when photobiomodulation was applied (wavelength: 850 nm; power density: 

60 mW/cm 2 for 20/day or 30/day or 60 min/week; total energy densities: 72, 

108 and 216 J/cm 2), the rate of tooth movement significantly increased during 

the initial alignment phase. In particular, the rates of tooth movement in the 

alignment phase were 1.12 mm/week for those in the photobiomodulation 

treatment group compared to 0.49 mm in the control group.  Nevertheless, 

according to the results of Fujita et al. in 2008, infrared LED irradiation 

(wavelength: 850 nm; output power: 75 mW; total energy dose: 54.0 J/cm 2) did 

not stimulate the velocity of tooth movement or osteoclast genesis in rats. In 2003, 

Vinck et al.  also reported (in an in vitro study) that infrared LED irradiation did 

not stimulate the proliferation of fibroblasts obtained from chicken embryos.   

            Conclusively, larger and longer clinical trials are required in order to be 

able to assess the v validity of LLLT, the long-term stability of the produced 

outcomes and any potential adverse effects. Moreover, more research studies on 

a molecular level are also needed that would lead to a deeper understanding of 

the biological mechanisms involved, which would simplify and optimize the 

clinical applications of LLLT. 
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2.8 Low-Intensity Laser Irradiation Therapy (LILT) 

             Various bio-stimulatory effects of LILT have been shown, including 

effects on wound healing, fibroblastic and chondral proliferation, collagen 

synthesis and nerve regeneration in particular, the acceleration of bone 

regeneration by laser treatment has been the focus of many studies (Trelles MA. 

and Mayayo E., 1987). In the field of orthodontics, low-energy laser irradiation 

has been utilized for several types of orthodontic applications, such as the 

reduction of post appliance adjustment pain (Lim HM. et al, 1995) or the 

treatment of traumatic ulcers in the oral mucosa (Rodrigues MTJ. et al, 2002).    

               Aluminum-gallium-arsenide (Ga-Al-As) diode lasers are the ones that 

are currently most used for these interventions and have been proven to have a 

higher depth of tissue penetration in comparison to other modalities, therefore 

providing the clinicians with a suitable penetrative instrument with great 

efficiency (Khadra M. et al, 2004).  

              In 1997, Saito and Shimizu observed that LILT with a Ga-Al-As 

infrared diode laser device (wavelength: 830 nm; continuous wave at 100 mW; 

power density: 35.3 J/s/cm 2) can accelerate bone regeneration in the midpalatal 

suture of rats during rapid palatal expansion and stimulate the synthesis of 

collagen which is the major matrix protein in bone (Kawasaki and Shimizu, 

2000),   also reported that orthodontic movement of low-intensity laser-irradiated 

rat teeth was 30% faster than that of the teeth in a control nonirradiated group of 

rats. They also used a Ga-Al-As infrared diode laser device (wavelength: 830 

nm; output power: 100– 700 mW, variable; total energy corresponding to a 9-

min exposure: 54.0 J). Enhanced bone formation was observed on the pressure 

side and an increased number of osteoclasts on the compression side, logically as 

a result of cellular stimulation promoted by low-energy laser irradiation.  



  26  

 

               On the other hand, Limpanichkul et al.  in 2006 reported that LILT 

with the use of Ga-Al-As (wavelength: 860 nm; continuous wave power output: 

100 mW; power density: 1.11 W/cm 2; energy dose: 2.3 J/point; energy density: 

25 J/cm 2 / site) was too low to express either a stimulatory effect or inhibitory 

effect on the rate of orthodontic tooth movement. 

               In 2004, Cruz et al. were the first to publish research results on the 

effect of LILT on the duration of dental movement in humans. They conducted a 

split-mouth design study with 11 subjects, between 12 and 18 years of age, who 

received mechanical activation for the retraction of their upper canine teeth in the 

space of extracted premolars every 30 days. Each tooth was receiving the same 

mechanical activation, but one of them was also receiving LILT with a diode 

laser emitting light at 780 nm, during 10 s at 20 mW, 5 J/ cm 2, on 4 days of 

each month. According to their results, orthodontic movement of the treated teeth 

was accelerated due to the use of laser radiation. 

               In conclusion, the biostimulant effects of LILT have been indicated in 

many studies. In the case of clinical studies in humans, the subjects were mainly 

adolescents and young adults, between 12 and 23 years of age. No studies in older 

adults have been published. However, more research is still necessary in order to 

establish the most efficient protocol that would enhance the effect and reduce the 

frequency of irradiation sessions, in order to make this treatment more clinically 

applicable.    
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 الخالصة 

 

سبب ركة األسنان بث للتركيز على طرق تسريع حفي الوقت الحاضر ، هناك ميل متزايد للبحو              

البالغين لفترة عالج تقويم األسنان أقصر.  لسوء الحظ ، فإن وقت العالج الطويل لتقويم  منزيادة الطلب 

ذر.  يؤدي الجوتاكل للتسوس ، وانحسار اللثة ،  تعرض األسنان ينطوي على العديد من العيوب مثل زيادة ال

على إيجاد أفضل طريقة لزيادة حركة األسنان بأقل قدر ممكن من العيوب.  الغرض هذا إلى زيادة الطلب 

من هذه الدراسة هو عرض األساليب الناجحة في حركة األسنان وإبراز أحدث التقنيات في حركة األسنان.  

احية ن ، تظهر نتائج واعدة ؛  من سين، فيتامين د ، أوستيوكالهرمون الغدة الدرقية البروستاجالندين ، 

حالتها  الى األسنان رجوعان ، ولكنه يقلل من احتمال ريالكسين على تسريع حركة األسنالأخرى ، ال يعمل 

يجب إجراء  ولكنتقويم األسنان.  أظهر العالج بالليزر منخفض المستوى نتائج إيجابية ،  انتهاء بعد االولى

 اهل ةالجراحي طرقأعلى معدل نجاح.  اللتحقيق  زمنية دةللحصول على أفضل طاقة وم بحوثمزيد من ال

 طرقضل القنية قطع البيزو من أف.  تعتبر تامحدود بسبب عدوانيته هاتطبيقالنتائج المتوقعة ولكن  افضل 

 الجراحية ألنها توفر استجابة جيدة ألنسجة اللثة ونتائج جمالية ممتازة.
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Abstract  

Starting from the importance of the primary teeth and their role in maintaining normal arch 

length and guidance the underlying succedaneous permanent teeth in its normal position in 

the arch in addition to their importance in speech, esthetic, and mastication we exert all the 

efforts to maintain the primary teeth in its normal and healthy condition until the time of their 

own exfoliation are reached. Due to the aforesaid importance, our research investigated and 

explained the most common techniques and material that are utilized, according to the degree 

of infection affecting the tooth and the stage of tooth formation, to preserve the primary teeth 

including pulp capping(direct and indirect ) ,pulpotomy and pulpectomy. All these 

techniques are founded to preserve those primary teeth and take advantages of their presence, 

that otherwise producing bad effects range from loss of local function of single teeth to 

developing malocclusion that affect the entire arch   
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CHAPTER ONE 

1. Introduction                   

 

Dental caries is one of the oldest and most common infections of humans, and  is a 

multifactorial disease, which depends on various factors predominantly on the presence of 

fermentable sugar, host factors, presence of cariogenic microbial flora, and other associated 

environmental factors and  its can be defined as the process of  demineralization of enamel 

and dentine (the hard tissues of the teeth) by  organic acids formed by  bacteria in dental 

plaque  .(Usha C, 2009)

although dental caries largely preventable they remain the most common chronic disease of 

children aged 6 to 11 years and adolescents aged 12 to 19years. Tooth decay is four times 

more common than asthma among adolescents aged 14 to 17 years. Dental caries also affects 

adults, with 9 out of 10 over the age of 20 having some degree of tooth-root decay (Dye BA 

etal , 2007) 

Many factors influence the risk of developing dental caries, including(1) environmental 

agents such as bacterial flora and fluoride exposure;(2) behavioral factors including diet and 

oral hygiene;(3) endogenous features such as tooth position and morphology,(4) enamel 

composition,(5) saliva composition and flow rate; and (6) demographic characteristics such 

as age sex, race, ethnicity, socio-economic status, and access to oral health care .Also other 

predisposing factors including dry mouth, tooth location ,younger or older age, heart burn or 

gastrointestinal reflux diseases(GERD)and bed time infants  (Peterson PE, 2003)

The  wide-fissured  occlusal  surfaces  and  flat contact  areas  of  the  deciduous  teeth  

increases the  decay in  this type of teeth.  Furthermore,  the  fact that  deciduous  teeth  

enamel  and  dentin  thickness  is only  half  that  of  the  permanent  teeth,  the closeness of 

the pulp horns to the  outer  surface  of  the  deciduous teeth,  the  large  width  of  the  dentin  

canals and the  increasing  permeability  of  dentin  as  it  gets  closer to  the  pulp  lead  
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decay  to  progress much  easier  and faster and this often calls for pulp treatments. The  

exploration  to  find  new  material  and techniques  to  increase  success  in  deciduous  teeth 

endodontic  treatments  is  going  on.  (Nabipour, 2013)

Despite  the  decreasing  caries  prevalence  observed  in the  world  population  over  the  

years,  epidemiological  studies shows that  they  still  represent a public  health  problem  

that  affects  children  at  early  ages. Frequently,  primary  teeth  are  affected  by  extensive  

carious lesions for the previously mentioned reasons ,  which  require  procedures  that  

involve  indirect  or direct  pulpal  intervention.  

 The  preservation  rather  than extraction  of  primary  teeth  has  many  benefits,  including  

the (1) maintenanceof  arch  integrity,  (2) space  preservation, (3)  masticatory  function  as  

well  as  the(4) esthetic  (5) psychological  benefit  to  the  growing  child as asociated with 

early tooth loss  (6) serve a pulpally involved primary tooth in the absence of a succedaneous 

tooth,(7) prevent aberrant  tonguehabits ,additional reasons to preserve the integrity of the 

primary dentition are to (8) prevent possible speech problems, and (9) maintain normal 

eruption time of the succedaneous teeth  .(Bolette A, 2016)

 Maintaining arch length and integrity by preserving the pulpally involved tooth, as a natural 

space maintainer is the main aim of primary tooth pulp therapy. Pulpotomy and 

pulpectomy, the two major procedures used to perform pulp therapy in primary teeth, have 

evolved over the years. Although preventive measures have reduced caries, premature loss of 

pulpally involved primary teeth remains a common problem. The resultant mesial drift of the 

permanent teeth  

frequently leads to malocclusion . Retention of the pulpally involved primary tooth to 

preserve arch space is preferable to space maintenance if the tooth can be restored to normal 

function and is free of pathology. 

Because of high failure rate, pulp capping is not recommended for carious exposures in 

primary teeth. Other than mechanical exposure in a healthy tooth, all pulp exposures in 
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primary teeth should be treated with pulpotomy, pulpectomy, or extraction.(Waterhouse Pj, 

 2011)

 

However, this project aims to: 

 Discuss contemporary pediatric endodontic concepts and definitive indications and 

contraindications for primary tooth pulp therapy. 

 Review  the  new  material  and  techniques  that have  become  recently  prominent  in  

the  deciduous teeth root canal treatment. 
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CHAPTER TWO 

2. Diagnosis 

Accurate diagnosis of the pulp status is an important step to achieve success in endodontic 

therapy. Frequently, this is overlooked in pediatric patients by clinicians. This can result in 

incorrect treatment plan. The diagnosis should be based on present clinical symptoms, 

history of symptoms, diagnostic tests and clinical findings. Various tests have been used for a 

variety of different pulpal diagnostic terms in the past1. While doing this procedure, we 

should remember that responses given by patients are subjective as some children may 

exaggerate the symptoms due to fear and anxiety. The indications, objectives, and type of 

pulpal therapy depend on whether the pulp is vital or non-vital, based on the clinical 

diagnosis of normal pulp (symptom free and normally responsive to vitality testing), 

reversible pulpitis (pulp capable of healing), symptomatic or asymptomatic irreversible 

pulpitis (vital inflamed pulp is incapable of healing), or necrotic pulp. (Wilder-Smith, J. 

Ajdaharian, 2009) 

2.1 Diagnosis aids: 

1.History of pain. 

2.Clinical signs and symptoms. 

3. Radiographic interpretation. 

4. Pulp testing. 

5. Physical condition of the patient 

2.1.1 HISTORY OF PAIN: 

Although history of presence or absence of pain may not be as reliable in dental diagnosis 

children as in permanent teeth because of,  

• Children may be unable of communication about pain. 
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• In case of pulpal necrosis, there is pulpal degeneration but no pain still it should be 

considered.( Wilder-Smith, J. Ajdaharian ,2010) 

TYPES OF PAIN : 

Momentary pain: Immediate stresses to hot or cold that disappear on the removal of the 

stimulus indicate that the pathosis is limited to the coronal pulp Spontaneous pain: throbbing, 

constant pain that may keep the patient awake at night. This type of pain indicates pulpal 

(damage-irreversible pulpiti(. 

                                                         

2.1.2 Clinical signs and symptoms: 

Signs: 

 •Occlusal caries extending more than 4mm in depth .Like in figure 1 

Figure 1  

 •Approximal caries where 2/3 of the marginal ridge has been destroyed   .  

A primary molar with more than 2/3 of the marginal ridge broken down. This gives a strong 

indication that pulp therapy is required. 

•Caries involving or very close to the pulp horns on aradiograph   .  

•Mobility or tenderness to percussion . 

•sinus formation . 

•Periradicular bone radiolucency on a radiograph. (Berman LH, Rotstein I 2019) 

Symptoms: 

• pain  
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• transient on thermal stimuli (reversible pulpitis)  

• spontaneous and lasting in nature (irreversible pulpitis)  

• from biting on the affected tooth (periapical or intraradicular infection).( Berman LH, 

Rotstein I 2019) 

2.1.3 Radiographic interpretation: 

Recent pre- operative radiographs are requisites to pulp therapy in primary teeth. It 

demonstrates pathological conditions, position of succedaneous permanent tooth. These will 

dictate the decision on performing pulp therapy for primary tooth.  

One factor that must be remembered is that the lesion must be of sufficient dimensions to 

appear radiographically and must involve cortical bone. (Berman LH, Rotstein I 2019) 

2.1.4 PULP TESTING: 

_Electric pulp testing                                                      

Determination of tooth vitality using electricity dates back to the late 1800s. Electric pulp 

testing (EPT) functions via direct stimulation of the sensory nerves in the  pulp that often 

results in a tingling or painful response from the patient. No patient  response suggests a 

necrotic pulp. The Vitality Scanner as in (figure 2) is a battery-powered EPT system with an 

automatically increasing power output to avoid a full charge on primary application . The 

methods for obtaining accurate results with EPT depend on several factors such as:  

• Isolation  

• Speed of current application  

• Probe placement  

• Presence of restorations  

Initially, EPT should be performed on adjacent teeth to obtain baseline readings.Isolation of 

the teeth being tested using rubber dam or cotton rolls is essential. The teeth are dried 

following isolation, and the probe is placed on the incisal or buccal surface of the suspect 
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tooth with a conducting medium. Toothpaste is a prevalent conducting medium. Due to the 

use of gloves by dentists, the patient is advised to hold the other end of the probe for circuit 

completion. Current application is gradually increased till the patient feels a ‘tingling’ 

sensation. If a maximum current reading is reached without any patient response, the tooth 

being tested is considered to be necrotic.EPT should be considered as an ‘all or none’ test by 

clinicians. Establishing proper contact of the probe with a tooth and not a restoration, 

metallic or other-wise, is mandatory. If the probe makes contact with an amalgam 

restoration, it can result in false values. In patients with high-risk cardiac conditions and 

implanted cardiac pacemakers, consultation with the patient’s physician is advised before 

EPT. Teeth with immature apices have a high current threshold; hence, EPT is unreliable for 

ascertaining tooth vitality till 4–5 years after the teeth are in function. A recent review by 

Lima emphasizes that results may be inconsistent due to the transient paresthesia that may 

occur following dental trauma. While results may provide a baseline, it will be important to 

repeat this and other diagnostic tests at follow-up appointments that can range from a few 

weekds to several months or years. (Berman LH, Rotstein I 2019) 

                               figure 2 

_Thermal tests                                                               

One of the oldest and most prevalent diagnostic tests is the thermal test. Only a symptomatic 

association exists between thermal testing and the pathological condition. It includes the 

application of a cool agent to reduce tooth temperature or heat to elevate tooth temperature to 

evoke a patient response. A thermal test that produces rapid changes is preferred over a test 

that produces gradual changes. Cold tests generate more reliable results than heat tests. 

During thermal testing, the patient is advised to raise a hand immediately if they feel any 

sensation, and keep it raised while the sensation persists. The stimulus is removed, and the 
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duration of sensation is noted.Cold test A cold test to stimulate pulp can be performed using 

ice sticks as in (figure 3),carbon dioxide (CO2)( figure 4) and spray refrigerants in( figure5). 

The factors that affect thermal response to cold tests are: 

• Thickness and type of tooth structure 

• History of trauma 

• Root development 

• Heavily restored teeth 

Ice sticks are made by freezing water in anesthetic cartridges . The tooth should be isolated, 

and the ice should be appliedhe cervical region to avoid rapid melting of the ice. The 

response time should be noted for comparison between the teeth being tested. In suspect 

teeth, the dentist usually seeks an extreme or a delayed, lingering reaction. Refrigerants can 

be used for a cold test. They are available in spray canisters and have a temperature of 

−26 °C. The refrigerant is sprayed on a cotton ball until saturation, which is then placed on 

the teeth to be tested . Endo-Ice is the most efective agent for cold testing of teeth with all-

ceramic, gold and PFM restorations if it is applied for less than 15 s.Carbon dioxide (CO2) is 

a good agent for measuring pulp vitality. The temperature range of CO2 is −56 to −98 °C. A 

CO2 cold test can provide the most reliable results. The CO2 system contains a tube with a 

plunger and a liquid CO2 cylinder that are attached to a tank. Liquid CO2 is converted to an 

ice pencil, which is then applied to the teeth. A single cartridge permits testing of several 

teeth with well-controlled coolant placement. Cold test with CO2 or Endo-Ice is more 

reliable than EPT in young patients. The only issue with a CO2 cold test is the initial cost of 

obtaining a tank and reflling periodically.( Alghaithy RA, Qualtrough AJE. 2017) 

           figure 3                                       figure 5 
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                                              Figure 4 

                                                 

Heat test  

Heat application to a tooth produces a slower reaction than cold application. These tests are 

rarely performed due to the issues with isolation, obtainment of a consistent heat source and 

poor diagnostic accuracy. The available heat sources are heated gutta percha (figure 6) or 

hand instruments, heated water baths, frictional heat application and electrical heat sources. 

Before heated gutta percha application, the teeth should be prepared by drying and light 

lubrication with petroleum jelly.Heat application in this manner should not be for more than 

5 s. Hand instruments, like a ball burnisher, can be heated over a fame and then applied to the 

tooth. A hot water bath can also be used. Heated instruments and hot water baths evoke a 

rapid patient response, but permit very little control over the high temperature. 

Therefore, an electric heat source is the best choice for consistent heat delivery. The heat 

source is set up according to the manufacturer’s instructions. The tooth to be tested is dried 

and lightly lubricated. Heat is applied to the tooth using a proper delivery tip. 150 °F is a safe 

temperature that does not damage hard or soft tissues.( Bierma MM, McClanaham S 2012) 

                                                    Figure 6           
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2.1.5 PHYSICAL CONDITION OF THE PATIENT: 

In the case of seriously ill children, extraction of the involved tooth after proper 

premeditation with antibiotic, rather than pulp therapy, should be the treatment of choice. 

Children with conditions that render them susceptible to subacute bacterial endocarditis, or 

those with nephritis, leukemia, solid tumors, idiopathic cyclic neutropenia, or any condition 

that causes cyclic or chronic depression of granulocyte and polymorphnuclear leukocyte 

counts should not be subjected to the possibility of an acute infection resulting from failed 

pulp therapy.( Bierma MM, McClanaham S 2012 )                                                      

 

2.2 Recent advances in pulp vitality testing 

The assessment of pulp vitality is a crucial diagnostic procedure in the practice of dentistry. 

Current routine methods rely on stimulation of A-delta nerve fibers and give no direct 

indication of blood flow within the pulp. These include thermal stimulation, electrical or 

direct dentine stimulation. These testing methods have the potential to produce an unpleasant 

and occasionally painful sensation and inaccurate results. In addition, each is a subjective test 

that depends on the patient's perceived response to a stimulus as well as the dentist's 

interpretation of that response. Recent studies have shown that blood circulation and not 

innervation is the most accurate determinant in assessing pulp vitality as it provides an 

objective differentiation between necrotic and vital pulp tissue. .( Lima TFR, dos Santos SL 

2019) 

2.2.1 Laser Doppler Flowmetry (LDF) 

Pulp is a highly vascular tissue, and cardiac cycle blood flow in the supplying artery is 

transmitted as pulsations. These pulsations are apparent on laser Doppler monitor of vital 

teeth and are absent in nonvital teeth. The technique on Doppler principle in which a low 

power light from a moncxhromatic laser beam of known wavelength along a fiberoptic cable 
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is directed to the tooth surface, where the light passes along the direction of enamel prisms 

and dentinal tubules to the pulp. .( Lima TFR, dos Santos SL 2019) 

2.2.2 Pulp oximetry 

The pulp oximeter is a non-invasive oxygen saturation monitor in which liquid crystal 

display oxygen saturation and pulse rate. Pulp oximetry is especially helpful in cases of 

traumatic injury to the teeth during which nerve supply of the pulp may be injured, but the 

blood supply stays intact.( Lima TFR, dos Santos SL 2019) 

2.2.3 Dual Wavelength Spectrophotometry This method measures oxygenation changes in 

the capillary bed rather than the supply vessels and hence does not depend on a pulsatile 

blood (. Lima TFR, dos Santos SL 2019) 
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CHAPTER THREE 

3. Pulp capping 

Pulp capping can be defined as the technique used in dental restorations to prevent the dental 

pulp from necrosis, after being exposed, or nearly exposed during a cavity preparation, from 

a traumatic injury, or by a deep cavity that reaches the center of the tooth causing the pulp to 

die . its divided into direct and indirect pulp capping ,( figure 7 ) 

Direct and indirect pulp capping, employing various materials and clinical protocols, has 

been used for many years to preserve the health and vitality of the pulp complex and induce 

pulp cells to form hard tissue (reparative/tertiary dentin).. Indirect pulp capping is generally 

used in deep cavity preparations, with or without caries remaining, that are in close proximity 

to the pulp but with no visible exposure. The ultimate objectives of any pulp capping 

procedure should be to manage bacteria, arrest any residual caries progression, stimulate pulp 

cells to form new dentin, and provide a biocompatible and durable seal that protects the pulp 

complex from bacteria and noxious agents 

It’s important to note that either procedure can be done only if the pulp tissue is healthy and 

shows no signs of infection, and the patient has no symptoms (such as discomfort or 

irritation). If inflammation or infection is present or other negative indications are found, root 

canal treatment will be recommended instead (Stockton lw, 1999)(hargreaues k, 2011 

)(Nagendrabuabu etal , 2019)    

figure 7 
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3.1 Direct pulp capping 

Its defined as the procedure in which the exposed vital pulp is covered with a protective 

dressing or base material placed directly on the site of the exposure in an attempt to preserve 

pulp vitality. (Figure 8) and( figure 9) 

This technique is used when the pulp is visibly exposed (vital pulp exposure) a pulpal 

exposure occurs, either due to caries extending to the pulp chamber, or accidentally, during 

caries removal. It is only feasible if the exposure is made through non infected dentin and 

there is no recent history of spontaneous pain. Direct pulp capping is used due to caries, 

trauma, or iatrogenic insult such as accidental exposure during tooth preparation or caries 

removal. is a one-stage procedure (see figures 10,11,and12 ) (Nagendrababu etal,  2019). 

Figure 8                                                                          figure 9 

 

Indication for Direct Pulp Capping(Fuks .A etal,  2016)  3.1.1 

 Immature/mature permanent teeth with simple restoration needs 

 Recent trauma less than 24hours exposure of pulp / mechanical trauma exposure 

(during restorative procedure) 
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 Minimal or no bleeding at exposure site 

 Normal sensibility test 

 Not tender to percussion 

 No periradicular pathology 

 Young patient 

3.1.2 Materials used in direct pulp capping 

*Zinc oxide eugenol (the use of ZOE is controversial ),* Glass and resin modified glass 

ionomer,* Calcium hydroxide cement,* Mineral trioxide aggregate and* Adhesive system. 

however the Ca(OH)2 and MTA are the preferred material of choice in clinical practice 

due to their favourable outcome.(Hilton Tj, 2009) 

3.1.3The clinical procedure: 

 

Calcium hydroxide technique 

Firstly the bleeding must be controlled. This control may be achieved by washing the area 

with sterile saline and drying it with either paper points or cotton pellets, by using cotton 

pellets soaked with hydrogen peroxide or 5.25% sodium hypochlorite, or, if necessary, by 
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using a hemostatic agent such as Hemodent (Premier Dental Products, Norristown, Pa.). If 

bleeding fails to stop after two or three attempts, then endodontic therapy should be 

considered. Several studies have indicated that the size of the perforation is less important 

than obtaining hemostasis(Stanley Hr, 1989). 

Following hemostasis, a disinfectant (e.g., Cavity Cleanser) should be placed on the cavity 

floor. The area is then air dried, and calcium hydroxide in a formula such as Dycal , or 

Ultradent Calcium Hydroxide is placed directly in contact with pulp tissue. This step is very 

important, for the better the contact of the calcium hydroxide dressing with the pulpal 

wound, the better the healing. The calcium hydroxide should then be covered with a resin-

modified glass ionomer extended onto dentin. Subsequently, a permanent restoration can be 

placed, with a dentin bonding system used to seal the margins of the restoration. An 

alternative is to place a zinc oxide-eugenol (IRM, L.D. Caulk, Dentsply Ltd., Woodbridge, 

Ont.) restoration over the calcium hydroxide cap. Zinc oxide-eugenol provides an excellent 

seal and, with its anti-microbial properties, makes for a very good temporary restoration. 

After three months, assuming pulp vitality and no symptoms, the zinc oxide-eugenol can be 

removed and a more permanent sealed restoration placed .(Cox Cf, 1998)(Stockton Lw, 

1999) 

Total etch technique:  

For the total etch procedure, as with calcium hydroxide, hemostasis must be obtained. The 

exposure site is then covered with a non-setting calcium hydroxide paste (e.g., Pulpdent,) and 

the cavity preparation completed. Following disinfection of the cavity, the enamel and dentin 

are etched with 32% phosphoric acid for 15 seconds. The acid and calcium hydroxide are 

rinsed off and the preparation is lightly dried. The entire preparation , including enamel, 

dentin and pulpal tissue , is treated with a dentin bonding system (a fourth-generation system 

with a separate primer and adhesive is recommended, as little research has been published to 

date on the fifth-generation dentin bonding systems). Following placement of several layers 

of the hydrophilic primer, a thin layer of the adhesive resin is painted onto the enamel, dentin 
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and pulpal tissue and light cured. A second layer of unfilled resin is applied, and a thin layer 

of resin-modified glass ionomer is also applied over and around the exposure site to 

mechanically protect the perforation from intrusion of the restorative material during packing 

or condensation. These layers are also light cured. The restoration is subsequently completed 

in conventional fashion.(Gwinnett Aj etal ,1998)(Cox Cf, 1998)(Heitmann T etal ,1995) 

 

 

 

 

 

 

 

Figure 10                                                                  figure 11  
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Figure 12                                                                           
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3.2 Indirect pulp capping  

Its known as a stepwise caries excavation(SWE) introduced by  Bodecker in 1938 

This technique is used for treatment of teeth with deep caries for preservation of Pulp vitality 

when most of the decay has been removed from a deep cavity, but some thin softened dentin 

and decay remains over the pulp chamber that if removed would expose the pulp and trigger 

irreversible pulpitis , Instead, the dentist intentionally leaves the softened dentin/decay in 

place, and uses a layer of protective temporary material which promotes remineralization of 

the softened dentin over the pulp and the laying down of new layers of tertiary dentin in the 

pulp chamber . it is a stepwise caries removal is a two-stage procedure over about six months 

(Banava etal, 2011) 

about 6 months later, the cavity is re-opened and hopefully there is now enough sound dentin 

over the pulp (a "dentin bridge") that any residual softened dentin can be removed and a 

permanent filling can be placed 

The difficulty with this technique is estimating how rapid the carious process has been, how 

much tertiary dentine has been formed and knowing exactly when to stop excavating to avoid 

pulp exposure see( figure 13,14 ,15and 17)  (Nagendrababu etal,  2019)

. 

                                                   Indirect pulp capping 

 

 

figure 13                                                                                                  figure 14             

 

 

figure 15                                                                            
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3.2.1 Indication of indirect pulp capping 

 Deep carious lesions close to the pulp 

 During excessive  crown preparation the pulp is often visible through  the remaining 

dentin as pinkish or reddish spot or area  

 No history of pulpalgia  

 No signs of irreversible pulpitis  

 No pulp exposure after excavation of carious dentin  

3.2.2 Materials used in indirect pulp capping  

Several materials have been used for indirect pulp treatment in primary teeth, such as 

calcium hydroxide liner,dentin bonding agents,mineral trioxide aggregate, glass ionomer 

cement,and zinc oxide/eugeno,calcium silicate or medical Portland cement(Gwinnett Aj etal 

,1998) 

 

3.2.3 Clinical procedure: 

Indirect Pulp Capping: Two-Stage Approach 

In the case of indirect pulp capping, where the cavity preparation is in close proximity to the 

pulp but with no visible exposure, various one- and two-stage protocols have been 

advocated. With two-stage or stepwise caries removal techniques all carious dentin typically 

is removed from the walls and dentino-enamel junction of the cavity preparation. A layer of 

deep carious dentin, which is usually discolored but firm, may be left on the floor of the 

preparation if its removal might cause a pulp exposure. Typically, a liner such as calcium 

hydroxide [Ca(OH)2] is then placed and overlaid by a provisional restoration such as zinc 

oxide and eugenol or glass ionomer 

 

After several months, and assuming all goes well during the provisional trial period (ie, no 

signs or symptoms of pain or pathology), the patient returns for the second step of the two-

stage indirect pulp capping procedure. While there are variations in materials and technique, 

the provisional is typically removed, remaining caries is removed to hard tissue, and a final 
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restoration is placed. The hope is that some degree of dentin remineralization, along with 

formation of reparative dentin and dentin bridging, occurred during the time interval between 

the first and second appointments allowing for residual caries removal during the second 

appointment without exposing the pulp. 

 

While a number of studies and case reports support or advocate for various two-stage indirect 

pulp capping procedures, many dentists are not comfortable leaving residual caries in their 

cavity preparations and prefer to remove all caries at the initial appointment even at the risk 

of pulp exposure. Indeed, a PEARL (Practitioners Engaged in Applied Research and 

Learning) study conducted in 2007 indicated that most dentists prefer to remove all decay 

initially, while only 20% favored partial caries removal. These findings are corroborated in a 

more recent study that also found the vast majority of surveyed dentists, when restoring deep 

carious lesions, preferred complete carious removal to hard dentin at the initial appointment 

even at the risk of pulp exposure. (Hilton Tj, 2009 )(Thompson V. etal, 2008)(Koopaeei MM 

( see figure16) etal , 2017)

 

Indirect Pulp Capping: One-Step Approach 

With one-stage indirect pulp capping techniques typically all or most of the caries is 

removed at the initial appointment, some type of indirect pulp capping material is 

placed in close approximation to but not in direct contact with the pulp, and the final 

restoration is placed, all in the same appointment. One common technique is to 

remove only the "infected dentin" (dentin that is demineralized with denatured 

collagen, infiltrated with bacteria, and irreparably damaged) while leaving the 

"affected dentin" in place (dentin that is also demineralized but with the collagen 

structure still largely intact, is bacteria free, and still has the potential for 

remineralization). Typically, the affected dentin is then covered with a base and/or 

liner in the hope that over time it will remineralize, forming hard bacteria-free dentin. 

While this seems reasonable in theory, the clinical reality is that it can be extremely 

difficult to differentiate between infected and affected dentin. Caries detecting 
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solutions (typically propylene glycol mixed with various dyes) that in principle stain 

only the denatured collagen of the infected dentin may be useful adjuncts in this 

regard, but their accuracy is questionable and it is doubtful they indicate with certainty 

that all active caries has or has not been removed.(De sou za costa CA etal 

,2007)(Cannon PL etal, 2015)(Alex G, 2012) 

Two stage indirect pulp capping technique 

  

Then filled with provisional restoration 

(Figure 16)                                                        

                                                                            

                        

 

 

 

 

 

 

  

Figure 17 
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CHAPTER FOUR  

4. pulpotomy of primary tooth 

pulpotomy can be defined as the complete removal of coronal portion of the dental pulp , 

followed by placement of suitable dressing or medicament that will promote healing & 

preserve vitality of the tooth (finn,1985 ) 

4.1Indication  

 Cariously exposed primary teeth, when their retention is more advantageous 

than extraction.
 

 Vital tooth with healthy periodontium .
 

 

 Pain, if present not spontaneous nor persists after removal of the stimulus .
 

 

 Tooth which is restorable .
 

 

 Tooth with-2/3rd root length .
 

 

 Hemorrhage from the amputation site is pale red & easy to control .
 

 

 In mixed dentition stage primary tooth is preferable to a space maintaine .
 

 

4.2 Contraindication  

 Evidence of internal resorption .
 

 

 Presence of inter radicular bone loss .
 

 

 Abscess , fistula in relation to teeth .
 

 

 Radiographic sign of calcific globules in pulp chamber .
 

 

 Caries penetrating the floor of pulp chamber
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4.3 Classification  

I. Vital Pulpotomy techniques 

 

1. DEVITALIZATION: (mummification & cauterization) 

 

 Single Sitting
 

 

1. Formocresol 

 

2. Electrosurgery 

 

3. Laser 
 Two sittting

 

 

1. Gysi triopaste 

2. Easlick’s formaldehyde 

 

3. Paraform devitalising paste 

 

2.PRESERVATION : 

1.Glutaraldehyde 2.Ferric sulphate 3.MTA 

 

3.REGENERATION: (inductive & reparative) 

1.Bone morphogenic protein 

 

II. Non-Vital pulpotomy techniques(mortal pulpotomy 

1.Beechwood cresol 2.formocresol 
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4.4  TREATMENT OBJECTIVE 

 Amputate the infected coronal pulp.
 

 Neutralize any residual infectious process .
 

 Preserve the vitality of the radicular pulp.
 

 Avoid breakdown of periradicular area
 

 Treat remaining pulp with medicament
 

 Avoid dystrophic pulpal changes
 

4.5 TECHNIQUE FOR PULPTOMY OF THE PRIMARY TEETH 

1. Profound anaesthesia for tooth and tissue. 

2. Isolate the tooth to be treated with a rubber dam. 

3. Excavate all caries. 

4. Remove the dentin roof of the pulp chamber. 

5. Remove all coronal pulp tissue with a slow-speed No. 

6 or 8 round bur or sharp spoon excavator . 

7. Achieve heamostasis with moist cotton pellets under pressure. 

8. Apply diluted formocresol to pulp on cotton pellet for 3- 5 minutes Pressure on pellet. 

9. Pulp chamber is dried with new cotton pellet 

10.Place a prepared thick paste from ZOE powder and eugenol in addition to one drop of  

formrcresol without tricresol formalin in contact with pulp stumps . 

 11. Place stainless steel crown (or bonded composite) .(figure 18)( Sonmez et al . British 

Dental Journal 2010)
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C                                            D                                    

 

Figure 18 
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4.6 CLINICAL APPOINTMENT 

 

FIRST APPOINTMENT 

 

 Necrotic pulp is removed . 

 Pulp chamber is irrigated with saline & dried with cotton pellet . 

 Radicular pulp is treated with beach wood cersol dipped cotton pellet. 

 Seal the cavity with temp. Cement for 1-2 weeks . 

 

SECOND APPOINTMENT 

 Isolate the tooth . 

 Remove the temporary dressing & pellet containing beechwood cresol . 

 If sign & symptoms persist then repeat the treatment or extract the tooth . 

 If no symptoms pulp chamber is filled with antiseptic paste. 

Then it can b restored with stainless steel crown . 

4.7 PARTIAL PULPOTOMY 

The partial pulpotomy for traumatic exposures is a procedure in which the 

inflamed pulp tissue beneath an exposure is removed to a depth of 1-3 mm to 

reach the deeper healthy tissue . (figure 19) 

 Indicated for a vital , traumatically exposed, young permanent tooth, 

especially one with an incompletely formed apex. 

 Calcium hydroxide or MTA is used . 
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Figure 19 

4.8 NON-VITAL PULPOTOMY 

 Ideally, a non-vital tooth should b treated by pulpectomy or root canal filling 

. 

 However, pulpectomy of a primary molar may sometime be 

impracticable due to non-negotiable root canals and also due to limited 

patient co-operation. 

 Hence, a two-stage pulpotomy technique is advocated . 

 (Loh A.  & Pediar Dent, 2004) 

4.9 ELECTROSURGICAL PULPOYOMY (figure 20) 

 Mack & Dean,1993 . 

 Non-pharmacological technique . 

 Non-chemical devitalisation , hear electrocauter carbonized & heat denatres 

the pulp & bacterial contamination . 

 After amputation of the coronal pulp , the pulp stumps are cauterized 

through this method. After completion ,the pulp chamber is filled with 

ZnOE . 

 The tooth is then restored with stainless steel crown . 

 Disadvantage: contaminated pulp tissue does not promote adequate current 

penetration . It cannot eliminate radicular pulp inflammation . 

(Sheller B, 2014) 
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Figure 20 

 

4.10 LASER PULPOTOMY 

 Non- pharmocologic hemostatic technique. 

(Jeng-fen Liu et al in 1999)- studied the effect of Nd:YAG laser for pulpotomy in 

primary tooth-100% success with no signs or symptoms  (figure 21)( J Endod 

2006) 

 

 

Figure 21  

 

 

4.3 PRESERVATION 

 Chemicals which induce minimal insult to the tissue are used. 

 They help to conserve vitality of the radicular pulp Chemicals used are 

glutaraldehyde (2-5%)and ferric sulphate . 

 Glutaraldehyde : (by Kopel,1979) 

o superior fixation by cross-

linkage  

. o diffusibility is limited . 

o  excellent antimicrobial agent 

o  causes less necrosis of pulpal tissue . 
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IN HIGHER CONC. FOR LONGER EXPOSURE 

GLUTERALDEHYDE SHOWS CYTOTOXIC & MUTAGENIC 

EFFECTS SAME AS FORMOCRESOL . 

 Ferric sulfate : It is a non aldehyde haemostatic compound 

1. astringent . 

2. forms a ferric ion-protein complex that mechanically 

occludes capillaries . 

3. less inflammation than formocresol . 

4. 92.7% radiographic success rate. 

5.  (5)100% clinical success . 

6. root resorption is not accelerated . 

7. internal resorption similar to formocresol ,no 

systemic or local side effects . 

(Ibricevic H et al., 2003) 

REGENERATION 

 An ideal pulpotomy treatment should leave the radicular pulp vital 

healthy and completely enclosed within an odontoblast-line dentin 

chamber.
 

 This involves use of BMP(bone morphogenic protein) which contains a 

factor(oeteogenic proteins) capable of auto induction of reparative dentin 

formation(stimulating induction & differentiation of mesenchymal cells 

with varying degrees of dentinal bridge formation) .
 

PULPOTOMY / SUMMARY AND CONCLUSIONS 
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 The pulpotomy treatment in primary teeth provides the possibility to 

preserve vital primary teeth that had a carious pulp exposure.
 

 Formocresol is still a very popular pulpotomy dressing material.
 

 Ferric sulfate is a good alternative and does not have the possible 

deleterious side effects of formocresol
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Chapter five  

5. Pulpectomy 

It is important to know that it is preserved primary teeth even with infection 

involving the pulpal that has led to abscesses , There are tow  popular  Techniques 

are available .  

A - THE PULPECTOMY TECHNIQUE 

B - THE PULPOTOMY TECHNIQUE 

 

5.1 THE PULPECTOMY TECHNIQUE 

When the inflammation is often found to extend to the radicular tissue and 

uncontrollable haemorrhage even after the application of formocresol .  Worse still, 

the tooth may be completely non-vital and an abscess may develop with or without 

acute cellulitis , a distressing complication. 

 A pulpectomy procedure, which has been described in the paediatric dental literature 

for over 25 years . Pulpectomy is perhaps one of the most misunderstood techniques 

in paediatric dentistry. Many textbooks have described the pulp morphology of 

primary molars as complex, with many fine accessory root canals, which has led to 

the belief that a pulpectomy is difficult to perform . Nothing is further from the truth. 

It is true that some primary teeth do have a complex root morphology, but this does 

not contraindicate pulpectomy. This technique has been used successfully to retain 

non-vital and abscessed primary teeth for over two decades in the USA. 

The aim of this section is to help in the understanding of the rationale, indications 

and limitations of this technique and to present a step-by-step clinical method for 

carrying it out in primary teeth.  

Rationale 
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 for pulpectomy Restorative techniques in paediatric dentistry 72The rationale for 

this technique is to gain access to the root canals, remove as much dead and infected 

material as possible and fill the root canals with a suitable material to maintain the 

primary tooth in a non-infected state.( Martin Dunitz Ltd,  et al  1994, 2002)

 5.2 Indications( Martin Dunitz Ltd,  et al 1994, 2002) 

 

- Irreversible inflammation extending to the radicular pulp (figure22) 

     figure 22 

After removal of the coronal pulp, the haemorrhage from the root canal tissue should 

be pale red and easy to control. Extensive and persistent bleeding even after four 

minute application of formocresol implies irreversible inflammation of the radicular 

tissue, and is an indication for a pulpectomy. 

- Primary teeth with necrotic pulp (figure 23) 

 figure 23 

Sometimes patients present with carious, asymptomatic primary teeth that, on 

accessing the pulp chamber, are found to pulpless with necrotic pulps, as shown in 

the photograph. A pulpectomy should be carried out on such teeth. 
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- Primary teeth with evidence of furcation pathology (figure 24)and (figure 25) 

Figure 24 a figure 25 

 (a) Infection in primary teeth usually manifests in the bi/trifurcation region, as 

opposed to the periapical pathology usually seen in permanent molars. This is 

because many fine channels of communication exist between the pulp chamber and 

the bone in the furcation area, (b) illustrates this point in an extracted primary molar. 

Note granulation tissue from the abscess in the bifurcation. 

 

- Presence of an abscess (figure 26) and (figure 27) 

Figure 27  a  b figure 26 

/ The presence of a chronic, draining sinus (a) or an acute abscess with or without an 

associated cellulitis (b) is also an indication for a pulpectomy. 

5.3 Contraindications( Martin Dunitz Ltd,  et al 1994, 2002  )

 

 Unrestorable crown( figure 28) 
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figure 28 

A large lesion in 65 . After removal of all caries, there will not be enough tooth 

structure left to support a stainless steel crown restoration, which would be required 

after a pulpectomy. 

Advanced pathological root resorption (figure 29) 

figure 29 

Peri-apical  radiograph  showing pathological root resorption due to a chronic abscess 

in 74. Extraction of this tooth rather than restoration is the treatment of choice. 

 

 

5.4 Root canal filling material for pulpectomy in primary teeth 

Any material that is used to fill the root canal of primary teeth must be capable of 

being totally resorbed at the same rate as the roots, when the primary tooth is being 

exfoliated. The most widely accepted and successful root canal filling material used 

for pulpectomies in primary teeth is pure zinc oxide and eugenol mixed as a slurry. 

Only pure zinc oxide and eugenol should be used, since this is entirely resorbable. If 
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some of the paste is extruded through the apex, it will be completely resorbed by the 

periapical tissues (Figure 4.33). Proprietary brands of zinc oxide and eugenol (e.g. 

Kalzinol) may contain other ingredients, which may not be readily resorbable. In this 

case lumps of the filler paste may be left behind within the alveolar bone, causing a 

deviation in the path of eruption of the permanent successor. The use of other root 

canal filling materials such as Maisto’s paste and iodoform paste has been reported. 

However, pure zinc oxide and eugenol is still considered the best root canal filling 

material for primary teeth.(figure 30) and( figure 31)  . (Angus C Cameron  , etal 

2013) 

Figure 31 a  b figure 30 

 (a) Zinc oxide and eugenol is extruded through the apex of 85. (b) Three months 

later there is complete disappearance of the material from the peri-apical tissues. 

5.5 Types of pulpectomy techniques  ( M. Moursi, DDS, PhD , et al 2021)

Pulpectomy can be accomplished in either one or two visits, depending upon the 

clinical  

signs and symptoms present. Two techniques will therefore be described:  

1- one-stage-single-visit pulpectomy.  

2- two-stage-two-visit pulpectomy.  

One-stage-single-visit pulpectomy 

Indications for single-visit pulpectomy 

 • Presence of inflamed but vital radicular pulp as shown in Figure 1 . 
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 • An asymptomatic primary tooth with necrotic pulp tissue (Figure 2) without any 

associated acute symptoms, such as cellulitis.  

• Presence of a chronic buccal lesion without any active discharge or acute 

symptoms, such as shown in Figure 4 a. (M. Moursi, DDS, PhD , et al 2021  )

One-stage pulpectomy: step-by-step technique 

 In the one-stage-single-visit pulpectomy technique the complete restoration of the 

tooth is accomplished in a single visit. The root canals are located, filed, cleansed and 

filled with zinc oxide and eugenol, and the final restoration, usually a stainless steel 

crown, is placed in the same visit  .( M. Moursi, DDS, PhD , et al 2021)

 

Step 1: Give local analgesia and isolate the tooth with rubber dam (figure32) 

 

Figure 32 A  B 

/ (a) This shows 85 isolated with rubber dam. There was a history of occasional pain 

soon after the Ketac silver restoration was placed. A radiograph showed rarefaction 

in the bifurcation area, an indication for a pulpectomy (b). A preoperative radiograph, 

usually a peri-apical, should always be taken. 

 

Step 2: Remove caries and identify exposure site (figure 33) 
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figure 33 

Figure 9 / Following removal of old, failed restoration, showing point of exposure. 

 

Step 3: Remove roof of pulp chamber, and identify opening of root canals(figure 

34) 

 A  B figure 34 

Primary molars usually have the same number of root canals as permanent molars, 

namely three or four for lower molars and three for upper molars, (a) The opening of 

the mesiobuccal, mesiolingual and distal canals in 85. (b) Another lower molar (85) 

with four root canals, a second distal canal being present in this case. In most cases 

the root canals can be identified without much difficulty. 

 

Step 4: Take a diagnostic radiograph with files in the root canals( figure 35) 
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 A  B figure 35 

This step is optional, and a diagnostic radiograph can be taken in a very cooperative 

child. In the authors’ experience it is not usually required, and the rough length of the 

roots can be determined from the pre-operative radiograph, (a) Files in the mesial and 

distal  

 

Step 5: Clean out root canals with Hedstrom files and remove remnants of pulp 

tissue and irrigate canals with saline (figure 36) 

 A  B  C 

figure36  

The root canals are filed to within 1–2 mm of the apex with Hedstrom files (a). Care 

is taken not to go beyond the apex in order to prevent any possible damage to the 

developing permanent successor. The root canals are filed lightly, since the roots of 

primary teeth are fragile and usually curved. Reaming is not advisable for the same 

reason. Any previous haemorrhage (b) should disappear at this stage (c). The root 

canals are filed to no more than size 30.  

 

Step 6: Dry root canals with paper points and place a pledget of formocresol in 

the pulp chamber for four minutes( figure 37) 
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figure 37 

A pledget of formocresol is placed in the pulp chamber, after drying the root canals 

with absorbent paper points. Formocresol is used to ‘fix’ any tissue that may have 

been left behind in the apical 1–2 mm of the root canals and in any accessory canals 

that may be present. 

 

Step 7: Select a spiral root canal filler of appropriate size (figure 38) 

figure 38 

A spiral root canal filler, one size smaller than the last file used in the root canals, 

should be used to fill the root canals. This is to prevent it from engaging and 

fracturing in the root canal. Using sharp scissors, the spiral filler is cut to half its 

length, which makes it easier to handle in a child’s mouth and also prevents the 

filling material from being pushed through the apex. 
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Step 8: Mix zinc oxide and eugenol as a slurry, and spin it into the root canals 

using the spiral root canal filler( figure 39) 

 A    B 

Figure 39 

Pure zinc oxide and eugenol are mixed into a slurry. This is then carried into the root 

canals with the spiral root canal filler (a) and spun into the root canals (b). If the 

clinician is not familiar with the spiral fillers, it is advisable that the zinc oxide and 

eugenol be carried into the root canals with either a Hedstrom file or a fine 

guttapercha point and agitated a few times to ensure adequate filling of the canals. 

Step 9: Fill pulp chamber with cement( figure 40) 

figure 40 

The pulp chamber is filled with one of the proprietary brands of zinc oxide and 

eugenol cements such as Kalzinol. 

Step 10: Restore the tooth with a stainless steel crown( figure 41) 
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figure 41 

The 85 treated with a pulpectomy and restored with a stainless steel crown. 

 

Step 11: Take a postoperative radiograph to check root filling( figure 42) 

 A  B 

Figure 42 

Pre- (a) and post- (b) operative radiographs of the case shown above. Note that the 

root canals are filled adequately and short of the apex. This is desirable, but may not 

always be achieved. 

 

Follow-up  

Teeth that have been treated with the pulpectomy technique should be reviewed both  

clinically and radiographically at follow-up appointments. The pulpectomy is judged 

to  
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be clinically successful if there is alleviation of acute symptoms and the tooth is free 

from  

pain and mobility. Any draining sinus should have disappeared.  

The radiographic schedule that we recommend is one peri-apical radiograph taken 

preoperatively, one immediately post-operative, and then at six months and 1 year 

later. The radiographs should be assessed for furcation pathology. 

 An improvement of the bone condition in the furcation region as shown in Figure 19 

, or no further deterioration in the condition of that region, means that the pulpectomy 

has been successful. Any worsening of the extent of the radiolucency in the furcation 

region is( figure 43 a,b and c) 
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 A

 B

 C 

(Figure 34 a,b and c) 

/ Pre, post and follow-up radiographs of an abscessed 74 successfully treated with a 

pulpectomy technique: (a) pre-operative radiograph showing an abscess on 74 

causing destruction of the bone, typically in the furcation area; (b) post-operative 

radiograph showing root canal filling in place; (c) radiograph six months later 

showing resolution of radiolucent area on 74 shown in (a). 
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Two-stage-two-visit pulpectomy  (M. Moursi, DDS, PhD , et al 2021)

The indications for a two-stage pulpectomy are:  

• presence of an acute abscess with or without associated cellulitis, as shown in 

Figure  

4 (b);  

• presence of active and persistent discharge from the root canals.  

The two-stage pulpectomy technique  

Stage I/Visit I 

 Emergency management of the acute abscess  

When an acute abscess is present, it must be resolved as quickly as possible. This is  

achieved either by gaining drainage through the carious cavity or, if a fistula is 

present,  

by puncturing it to improve drainage (usually a painless procedure). Local analgesia  

should be used if possible because it is a common clinical finding to encounter vital 

pulp  

tissue in an infected pulp chamber (Figure 12 b). Root canals are identified, lightly 

filed  

to drain as much of the abscess as possible, and also irrigated. A pledget of 

formocresol is  

then sealed in the pulp chamber with a suitable cement. Antibiotics should be 

prescribed  

in the presence of an acute infection with associated cellulitis, or other systemic  

symptoms. Our own research has shown that the use of a two-dose regimen of  

amoxycillin allows a pulpectomy to be carried out as early as 48 hours after the 

initial  

drainage.  
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Stage 2/Visit 2 

 Final root canal filling  

The patient is recalled seven to ten days later. At this stage, the tooth should be free 

from  

clinical symptoms, and any abscess should have resolved or be resolving. The tooth  

should be opened under rubber dam, root canals accessed and the pulpectomy 

procedure  

completed as described before.  

 

Reported success rates for primary tooth pulpectomies  

Most investigators have reported high success rates—over 80% for pulpectomies  

performed in primary teeth.( Figure 44) 

 

figure 44 

Histogram showing reported success rates for single-visit pulpectomies with follow-

up periods ranging from 16 months to five years. 
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نخالصت ا         

 األسُبٌ ٔحٕجٍّ انطبٍعً انقٕس طٕل عهى انحفبظ فً ٔدٔسْب انهبٍُت األسُبٌ أًٍْت يٍ اَطالقب

 فئَُب ٔانًضغ جًبنٍتٔان انكالو فً أًٍْخٓب إنى ببإلضبفت انفك فً انطبٍعً ضعٓبيٕ فً تٍانذائً

أ  حقشٍشْب ٔقج حخى ٔانصحٍت انطبٍعٍت حبنخٓب فً انهبٍُت األسُبٌ عهى نهحفبظ انجٕٓد كم َبزل

 شًٍٕعب األكثش ٔانًٕاد انخقٍُبث ٔششحُب بحثُب فقذ ، أعالِ انًزكٕسة نألًٍْت َظًشا. سقٕطٓب 

 عهى نهحفبظ ، األسُبٌ حكٌٍٕ ٔيشحهت انسٍ عهى حؤثش انخً اإلصببت نذسجت ٔفقًب ، انًسخخذيت

 حى.  انهب ٔاسخئصبلبضع انهب  ،( يببشش ٔغٍش يببشش) انهب غطٍتح رنك فً بًب انهبٍُت األسُبٌ

 ٔانخً ، ٔجٕدْب يزاٌب يٍ ٔاالسخفبدة األٔنٍت األسُبٌ حهك عهى نهحفبظ انخقٍُبث ْزِ كم إَشبء

 اإلصببت إنى انًفشدة نألسُبٌ انًٕضعٍت انٕظٍفت فقذاٌ يٍ حخشأح سٍئت آثبًسا حُخج رنك بخالف

  ّبأكًه انقٕس عهى ٌؤثش انزي اإلطببق بسٕء
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Introduction  

Complete dentures are primarily mechanical devices, but since they function in 

the oral cavity, they must be fashioned so that they are in harmony with 

neuromuscular function. All oral functions, such as speech, mastication, 

swallowing, smiling, and laughing, involve the synergistic actions of the tongue, 

lips, cheeks, and floor of the mouth which are very complex and highly 

individual. Failure to recognize the cardinal importance of tooth position and 

flange form and contour often results in dentures which are unstable and 

unsatisfactory, even though they were skillfully designed and expertly 

constructed .The coordination of complete dentures with neuromuscular 

function is the foundation of successful, stable dentures. (1) The “neutral zone” 

was first discribed by Dr.  Wilfred Fish, who indicated that the denture’s 

polished surface should be contoured so that it approximates the moveable 

muscles of the lips, cheek, and tongue . (2) Sir Wilfred Fish in 1931 first 

described the influence of the polished surface on retention and stability. He 

also described how dentures should be constructed in the ‘dead space’, which 

later became as the  Neutral  Zone . Since then many techniques have been 

described in the literature in an attempt to provide a molding of the Neutral 

zone. These techniques involved the use of soft, moldable material being placed 

in the mouth and patients performing actions with their lips, cheeks and tongue 

in order to capture actions with their lips, cheek and tongue. These actions 

determine the tooth position and shape of the polished surfaces. In highly 

atrophic mandible muscular control over the denture is the main retentive and 

stabilizing factor during function. The denture shaped by the Neutral zone 

technique will ensure that the muscular forces are working more efficiently and 

in harmony. The Neutral Zone technique is not a new but a very valuable 

technique, it is an alternative approaches in constructing stable complete denture 

in case of a highly atrophic mandible. The main aim of the Neutral zone 

technique is to construct denture in muscle harmony, so that it does not get 



 
 

displaced during the actions of the muscles surrounding as the actions of 

swallowing, mastication, speech and so on. 

 Other advantages 

 • Improved retention and stability  

• Posterior teeth will be correctly positioned allowing sufficient tongue space. 

 • Reduced food trapping adjacent to the molar teeth  

• Good esthetics due to facial support (3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

1- Definition of Neutral Zone: 

Various terminologies have been given to this concept such as dead zone, 

stable zone, zone of minimal conflict, zone of equilibrium, zone of least 

interference, biometric denture space, denture space, and potential denture 

space.  Neutral zone is defined as that region( possible denture area )in the 

oral cavity where forces produced by the tongue directed outward are 

balanced by inward forces originating from the lips and cheeks during normal 

neuromuscular function (2) (4) (5). The position of neutral zone is specific and 

it varies from individual to individual. The change in position of the neutral 

zone depends upon the duration of edentulism and the residual ridge 

resorption pattern . As the period of edentulism increases, the position of 

neutral zone changes more lingually in the molar region and labially in the 

anterior region, with respect to crest of the residual alveolar .The position of 

neutral zone remains more or less constant in the premolar region with 

respect to the crest of the residual alveolar ridge.(6) There are two factors that 

influence the neutral zone. These are alveolar residual ridges and tongue. The 

position of teeth should be buccolingually on the residual alveolar ridge. The 

position of the teeth must be precisely such that the muscle forces appear to 

balance the denture instead of unseating it. There should be coordination 

between the tongue, teeth, and buccinator for better denture construction.(5) 

The neutral zone technique for denture fabrication has an advantage that it 

stabilizes the denture with the surrounding soft tissues, instead of being 

dislodged by them.The aim of the neutral zone is to design a denture in the 

balance of muscles, as muscular control will be the main retentive and 

stabilizing factor during the function and  to construct a denture that is shaped 

by muscle function and is in harmony with the surrounding . The disadvantage 

of this neutral zone technique involves:   



 
 

1. the laboratory aspect , the laboratory technician must be trained to support 

this clinical procedure 

2. Increased time 

3. Increased cost (4)  

2- The Neutral Zone Philosophy: 

The neutral zone philosophy is based on the concept that for each 

patient there exists within the denture space a specific region where the 

function of the musculature will not unseat the dentures and where the 

forces generated by the tongue are neutralized by the forces generated 

by lips and cheeks.  When the residual alveolar ridges have resorbed 

significantly, denture stability and retention are more dependent on the 

correct position of teeth and contour of the external surfaces of dentures. 

The advantage of this method is that the changes that might occur in 

vertical dimension during recording of the neutral zone can be prevented 

by the vertical occlusal stops.  (6) (7) 

3- Objectives of Neutral zone Techniques: 

1. To rehabilitate the patient with complete denture therapy. 

2. To achieve maximum prosthesis stability, comfort, and function. 

3. To locate the neutral zone and accordingly arrange the denture 

teeth and contour the complete denture polished surfaces. 

4. To minimize the ongoing diminution of the residual alveolar ridges. 

5.Restoration of the lost vertical dimension to about 5 mm (7)   

4- Indications of Neutral zone Techniques: 

 1. In the severely atrophic ridges :- t he neutral zone technique is an alternative 

approach for the construction of stable mandibular complete dentures. It is most 

effective where there are a highly atrophic ridge and a history of denture 

instability.  The retention and stability of complete denture become unfavorable 

when ridge resorption gets more severe, especially in the mandible. In these 



 
 

cases, the stability of mandibular complete denture is a difficult treatment aim to 

achieve because of the continuous reduction of residual ridge size and its 

proximity to limiting structures. Dental implants or overdentures could stabilize 

the mandibular complete dentures in the case of atrophic mandible. However, 

there may be some situations when it is not possible to provide implants. They 

may be medical, surgical, or cost factors. The neutral zone technique can be 

used as an alternative approach for this type of complex cases. This neutral zone 

technique is not new but is one that is valuable and yet not practiced often. The 

neutral zone is more effective for patients who have had numerous unstable, 

unretentive lower complete dentures (4) (8) 

General dental practitioners and prosthodontists alike usually encounter 

problems when making complete dentures for patients with atropic residual 

ridges. This problem is commonly encountered in mandible, and it is difficult to 

achieve retention and stability in mandibular dentures as compared to the 

maxillary ones. Unstability in mandibular complete dentures may be present 

due to a number of reasons. The common ones, as described by Jagger and 

Harrison are as follows: 

 a. Inappropriate extensions of buccal and lingual flanges of a denture;  

b. Poorly adapting denture fitting surface;  

c. Severely atropic mandibular alveolar ridge; 

d. Poorly contoured polished surfaces of a denture;  

e. Abnormal denture teeth positions, inappropriate orientation, and high level of 

the occlusal plane and presence of occlusal errors   

 2. This approach can be also be easily used for limited oral opening cases as it 

offers an alternative technique for patients with partially resected mandible for 

whom the insertion of conventional impression trays is impossible. 

3. patients with partial glossectomy 

4. patients with mandibular resection 



 
 

5. patients with  motor nerve damage to the tongue which have led to either 

atypical movement or an unfavorable denture bearing area (4)  

6. the neutral zone concept is also considered to be an important alternative 

approach to patients complaining of unstable dentures, particularly when 

implant therapy is not feasible (1) 

5-The musculature surrounding the neutral zone:  

The stability of complete dentures is influenced by the surrounding 

neuromuscular system and amount of residual alveolar bone available in the 

oral cavity .(4) It is very important to recognize and use  forces generally 

resulting from muscle function in a way that promotes dental stabilization.  

The neutral zone technique ensures the right position of the tooth to enable 

these muscle forces to balance during activity or function. The neutral zone 

technique can thus enhance the stability of the denture (5)  The musculature 

surrounding the neutral zone is divided into two groups 

1. First being those muscles which dislocate the denture primarily during 

activity.  

(masseter, mentalis , medialus , pterygoid , palatoglossus ) 

2. second one being the muscles that fix the denture on its secondary 

supporting surfaces by muscular pressures.(buccinator,orbicularis oris 

,genioglosses ). (8) 



 
 

 

         Fig. 1 ( Muscles that surrounding the neutral zone ) 

5.1  Muscles of the cheek: 

1) Masseter muscle : the masseter muscle fibers on contraction project the 

jaw upward, promoting contact between dental arches, the chewing efficiency 

is guarded by this muscle. It affect the distobuccal border of the denture. 

(9)(10) 

2) Buccinator:  is a thin flat muscle composed of three bands, the upper and 

lower band continues from side to side, while middle band fibers decussate 

and join into orbicularis oris fibers. Because the muscle fibers form a 

continuous band the size of arch is limited by length of the muscle when they 

are contracted. In function as the Buccinator contracts, the cheek are pressed 

against the teeth, and during mastication the buccinator help to place the food 

over the occlusal surfaces of the teeth in coordination with the tongue, which 

position the food over the teeth from lingual side.(9)(11) 

5.2  Muscles of the lips:      

1) Orbicularis oris: in function it exert force against the teeth and denture 

flanges, which is counteracted by the tongue.(8) 



 
 

2) Caninus muscles: pulls the lower lip up, and in sucking and swallowing 

help to pull the lips forward, thus exertion forces on the teeth and labial 

flanges. (8)   

3) Risorius : retract the corner of the mouth.       

4) Mentalis : turn the lower lip outward, and in contraction makes the lower 

vestibule shallow. 

5) Modiolus: it extremely important in relation to stability of lower denture, 

unless the teeth and external surface of the denture are properly contoured by 

narrowing the premolars area the modiolus may constantly unseat the lower 

denture.(8) 

 

                                        Fig.2 ( muscles of the lip )  

5.3  Tongue muscles:              

1)  intrinsic muscles :not attached to bone, and it affects the shape of the 

tongue. 

 2)  extrinsic muscles :attached to bone and soft palate, which includes 

(styloglossus, palatoglossus, hypoglossus, genioglosses).   

 



 
 

The tongue capable of many shapes and positions, during speech, mastication 

and swallowing, and during these functions is in constant contact with the 

lingual surface of the teeth and denture, because of this contact the tongue is 

dominant factor in establishing the neutral zone and therefore in stability of 

lower denture.(8) 

                                    

 

                                  Fig.3 ( Muscles of the tongue ) 

 

                                                                                            

 6. The procedure for registering the neutral zone: 

This short and simple procedure uses patients’ own physiological action and is 

therefore very repeatable. Use of this technique provides an excellent road 

map for optimally positioning the posterior prosthetic teeth in the mandibular 

denture 

1. A modeling plastic impression compound occlusal rim should be fabricated 

prior to the record appointment   

2. The mandibular record base with the modeling plastic impression compound 

occlusal rim is immersed in a warm water bath set at a temperature of 140°F 



 
 

.  

Fig.4 ( molding compound with record base immersed in water bath ) 

 

3. Once the modeling plastic impression compound is uniformly softened the 

mandibular record base with the occlusal rim is removed from the water bath 

and quickly placed in the patient’s mouth . A maxillary record base is not used 

for this procedure because eliminating the maxillary record base eliminates the 

compressive forces that may arise during the recording of the neutral zone 

a b 

  DFig.5.a,b (Mandibular record base with occlusal rim placed in patient mouth) 

 

4. The patient is given a cup of warm water and is asked to swallow, then sip 

warm water and swallow again . 



 
 

a b 

                                Fig.6 a,b (sipping and swallowing procedure ) 

5. Sipping and swallowing procedures are repeated several times. The 

thermoplastic rim is molded through the action of muscles of cheeks and lips 

moving inward and the muscles of tongue moving outward . As the heated 

material cools and solidifies, the resulting volume of the modeling plastic 

impression compound defines the neutral zone 

 

    

       Fig.7  a ,b ,c ( The thermoplastic material is molded through the action of 

cheek and lips ) 

 

6. The incisal length of the neutral zone record is compared with the patient’s 

relaxed lower lip. The neutral zone record should be maintained at the same 



 
 

height as the relaxed lower lip length when the lips are parted. If the record is 

longer than the relaxed lower lip, a line is scribed at the level of the relaxed 

lower lip cooled and adjusted with a sharp blade 

7. When the modeling plastic impression compound has hardened, the neutral 

zone record is removed from the mouth and evaluated for accuracy 

.If necessary, the procedure is repeated to achieve a proper recording of the 

neutral zone area 

 

8. Excess material may be trimmed with a sharp blade  . The molded 

compound rim can be reinserted in the mouth for verification of contours. 

 

                Fig.8( trimming the excess of material with sharp blade ) 

9. Next the neutral zone record is seated on the mandibular definitive cast and 

indexed lingual and facial matrices are developed around the neutral zone 

record using laboratory putty (2) .  

 

 

 

 

 

 

 



 
 

                

       Fig.9 Registering the neutral zone during impression making   

7. Use of CAD/CAM Technology for Recording and Fabricating Neutral‐Zone 

Dentures:  

7.1   Registering the Neutral Zone during Impression Making 

The neutral zone record can be registered at the time of making definitive 

impressions , using Vinyl Poly Siloxane  impression material, and then it can be 

incorporated in the CAD/ CAM fabrication of complete dentures. Technique 

 1) A conventional clinical impression is made of the edentulous ridges using 

Vinyl poly siloxane impression material in stock edentulous impression trays . 

Note that caution should be exercised to ensure that the thickness of the 

underlying tray and impression is not excessive, or else registration of the 

neutral zone will be distorted. 

2) Excess impression material that extends onto the occlusal surface of the 

impression tray is trimmed away with a scalpel blade ensuring that a minimum 

of 5mm of the recorded borders is retained.  

3) The occlusal surface is coated with a suitable Vinyl poly siloxane adhesive 

and medium‐viscosity Vinyl poly siloxane impression material is applied and 

extended occlusally and posteriorly up to the level of the center of the 



 
 

retromolar pad (recorded in the definitive impression). Limiting the extension 

to this height (center of the retromolar pad) permits recording of the neutral 

zone without having to use an excess amount of Vinyl poly siloxane  material. 

 4) The impression is accurately seated in the mouth and the patient is asked to 

swallow three times consecutively while pressing the lips together and then 

maintaining the  lip and tongue positions until the completion of the 

polymerization of the impression material. Swallowing causes contraction of 

the lip, cheek, and tongue muscles, with the lateral borders of the tongue 

producing a depression in the lingual surface of the impression material. Many 

authors have suggested placing the  occlusal plane at the same level as 

the lateral border of the tongue .  

Thus the occlusal extent of the lingual depression can be used as a guide to 

determine the level of the occlusal plane  

 

                         Fig.10 Registering the neutral zone during impression making  

 

5) A scalpel blade is used to slice through the polymerized impression material 

horizontally up to the occlusal level of the lingual depression, and the neutral 

zone is identified and the record is developed by further sculpting of the VPS 

material  



 
 

 

             Fig.11 Registering neutral zone during impression making  

 6) The impression is scanned to record both the intaglio surface and the 

occlusal surface (neutral zone record). A virtual cast (with defined neutral 

zone) is generated in the software. The opposing arch impression and the 

interocclusal records are also scanned. A mold of teeth is selected and 

incorporated into the virtual neutral zone in the software. After establishing 

the desired occlusion of the prosthetic teeth in the software, trial dentures are 

milled using the desired shade of tooth‐colored resin. After trial placement 

 

Fig.12 Registering neutral zone during impression making 

 and making final revisions, the definitive dentures are milled using either a 

monolithic denture design where the teeth and base are one unit or by 

bonding the manufacturer’s prosthetic teeth into recesses milled in the 

denture base. ُ(2) .  



 
 

7.2   Registering the Neutral Zone during Maxillo‐ Mandibular Records 

 Technique: 

 1) The mandibular record base with a modeling plastic impression compound 

occlusion rim is immersed in a warm water bath set at a temperature of 140 °F 

and uniformly softened. It is removed from the water bath and quickly placed 

in the patient’s mouth carefully, avoiding distortion . 

 2) The patient is given a glass of warm water and is instructed to swallow, then 

sip more warm water and swallow again. The sipping and swallowing 

procedures are repeated several times to mold the compound through the 

action of the cheek and lip muscles moving inward, and the muscles of the 

tongue moving outward . 

 3) Once cooled and solidified, the neutral zone record is removed from the 

mouth, its accuracy is verified, and the excess material is trimmed using a 

sharp blade   

 

 Fig.13 Registering the Neutral Zone during Maxillo‐ Mandibular Records 

 

4) The neutral zone record is placed on the cast and it is scanned along with 

the cast 



 
 

 

Fig 14 Scanning the neutral zone record and mandibular cast (left). Scanned 

image of the neutral zone record (right) 

 The esthetic blueprint (EBP) and the opposing cast with interocclusal record 

are also scanned  

 

Fig .15 ) Scanning the EBP wax rim along with the maxillary cast (left). Scanned 

image of the EBP wax rim (right) 

 

Fig.16 scanning the opposing casts with the interocclusal record 



 
 

 A three‐dimensional electronic image is created of the interarch and neutral 

zone relationships  

 

Fig.17 a three‐dimensional electronic image depicting the interarch 

relationship and neutral zone space of the mandibular arch 

 Using collective data of the scanned images, denture teeth are digitally 

planned and positioned to lie within this established space using the planning 

software program. (2) 

 

Fig .18 Top, neutral zone used to identify prosthetic teeth positions; Bottom, 

maxillary and mandibular teeth digitally arranged 

7.3   Registering the Neutral Zone during the Trial Placement  

The neutral zone record can be registered at the trial placement appointment 

and then be incorporated in the CAD/CAM fabrication of complete dentures.  

 

 



 
 

Technique 

 1) Conventional complete denture impressions are made and beaded and 

boxed appropriately, ensuring that the desired amount of the impression 

borders are visible  

 

Fig.19  Impression boxed to expose the borders 

The boxed impression is then scanned and the scan data is used to print 

multiple record bases, using stereolithography. 

2) A gothic arch tracing device (Massad Jaw Recorder, Nobilium Company, 

Albany, NY), is attached to the printed record bases and maxillo‐mandibular 

relationship records are registered  



 
 

 

Fig.20 Maxillary printed record base with attached tracing plate and completed 

gothic arch tracing (upper left); mandibular printed record base with central 

bearing pin assembly attached (upper right); interocclusal record made with 

gothic arch device (bottom). 

 3) An undercontoured wax occlusal rim is added to another printed maxillary 

record base. Shell teeth (Visionaire Dental Shells, Nobilium Company, Albany, 

NY) are waxed on the rim and their positions are verified clinically so as to 

achieve optimal esthetics.  

4) The casts with the maxillo‐mandibular records and the wax rim with the 

shell teeth (EBP) are scanned. The information obtained from the scanned data 

guides the digital arrangement of the prosthetic teeth. Prosthetic teeth are 

digitally arranged in the software, and virtual trial dentures are generated and 

then printed using stereolithography.  



 
 

5) The trial dentures are used for esthetic evaluation and also to record the 

neutral zone (termed cameo surface impression) using VPS impression material 

on the cameo surface of the printed trial denture   

 

             Fig.14 Registering the Neutral Zone during the Trial Placement 

 

 6) The clinically verified printed trial dentures with cameo surface impressions 

are scanned and used to mill definitive dentures . (2) 



 
 

 

Fig.21  Registering the Neutral Zone during the Trial Placement 
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 المقدمة 

ُا ُتعملُفيُتجويفُالفمُيجبُانُاطقم ُلنها ُوُلكنُنظرا ُمكانيكية لسنانُالكاملةُهيُبالساسُاجهزة

ُ .ُ ُالعضلي ُالعصبي ُالجهاز ُمع ُمتناغمة ُتكون ُبحيث ُمصنوعة ُالكالمُتكون ُمثل ُالفم ُوظائف جميع

ُلللسانُوُالشفتينُوُالخدينُ.ُ ُالبلعُالبتسامُوُالضحكُتنطويُعلىُالجراءاتُالتازرية تمُ,المضغُ,

تحديدُالمنطقةُالمحايدةُلولُمرةُمنُقبلُالدكتورُويلفريدُفيشُالذيُاشارُالىُانُيجبُتحديدُالسطحُ

المصقولُلطقمُالسنانُبحيثُيقتربُمنُعضالتُالشفتينُوُالخدُواللسانُ.ُويلفريدُوصفُكيفُينبغيُ

ُ ُالمحايدة ُاصبحتُالمنطقة ُالتيُلحقا ُو ُالميت" ُالسنانُفيُ"الفضاء ُتضمنتُالتقنياتُتركيبُاطقم .

ُوُ ُخدودهم ُو ُالمرضىُيؤدونُحركاتُبشفاههم ُو ُالفم ُفي ُللتشكيلُتوضع ُقابلة ُناعمة ُمادة استخدام

ُطقمُالسنانُالذيُتمُتشكيلهُ لسانهمُمنُاجلُالتقاطُالحركاتُبشفاههمُووجنتهمُوخدودهمُوُلسانهمُ.

اءةُوُانسجامُ.تقنيةُالمنطقةُالمحايدةُهيُباستخدامُالمنطقةُالمحايدةُتكونُالعضالتُتعملُبشكلُاكثرُكف

ليستُتقنيةُجديدةُوُلكنهاُذاتُقيمةُكبيرةُانهاُطريقةُبديلةُفيُبناءُاسنانُكاملةُمستقرةُفيُحالةُضمورُ

ُمعُالعضالتُ ُاسنانُفيُتناغم ُبناءُطقم ُهو ُالمحايدة ُالمنطقة ُالهدفُالرئيسيُمنُتقنية الفكُالسفليُ.

 التُالمحيطةُبهُ.ُحتىُلُينزاحُاثناءُعملُالعض
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Abstract 

An OPG (Orthopantomagram) is a panoramic scanning dental X-ray of the 

upper and lower jaw. It is also sometimes called by the proprietary name 

Orthopantomagraph or Panorex. It shows a flattened two-dimensional view of a 

half-circle from ear to ear. Panoramic x-rays allow images of multiple angles to 

be taken to make up the composite panoramic image, where the maxilla (upper 

jaw) and mandible (lower jaw) are in the viewed area. The structures that are 

outside the viewed area are blurred.  

An OPG also demonstrates the number, position and growth of all the teeth 

including those that have not yet surfaced or erupted through the gum. It is 

different from the small close up x-rays dentists take of individual teeth. It 

shows less fine detail, but a much broader area of view. This can be particularly 

useful to check hard to see areas like wisdom teeth, or the development of a 

child’s jaw and teeth. It is also often used to check your jaw joint, the TMJ 

(temperomandibular joint), sometimes called the CMA (cranio-mandibular 

articulation), especially if you grind your teeth. 
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1. Introduction 

An orthopantomogram (OPG) is a common radiograph used to identify the hard 

tissues of the oral cavity and surrounding skeletal structures. It is an extra-oral 

radiograph that approximates the focal trough of the mandible. Although resolution 

is not as detailed as intra-oral radiographs for examination of the teeth, gross 

changes in calcification of the dental structures, and changes in ossification of the 

underlying mandible and maxilla can aid in identification of dental disease such as 

caries (decay), periodontal bone loss, and abscess and cyst formation(wood NK 

1999) 

An orthopantomogram (OPG) is a tomographic radiograph that uses a focal trough 

approximating the curve of the mandible to provide a view of the teeth and facial 

skeleton (as seen in Figure 1:orthopantomogram (opg) 

 

 1.1 Purpose and Uses 

 For visualizing the maxilla and the mandible in one film 

 For patient education 

 To evaluate impacted teeth 

 In the evaluation of multiple unerupted supernumerary teeth 

 To evaluate eruption sequence and pattern, growth and development 

 To detect any pathology involving the jaws 

 To examine the extent of a large lesion 

 To evaluate traumatic injuries 
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 For radiographic examination of patients with limited mouth opening 

 To identify diseases of the temporomandibular joint 

 In the evaluation of elongated styloid process. 

  

Fig. 1 Orthopantomogram (opg). 

Dental panoramic tomography has become a very popular radiographic 

technique in dentistry. The main reasons for this include: 

 All the teeth and their supporting structures are shown on one film 

 he technique is reasonably simple  

 The radiation dose is relatively low, particularly with modern DC units 

with rare-earth intensifying screens — the dose is equivalent to about 

three to four perapical radiographs ( Guo Y et al,2016) 

The major drawback to the technique is that the resultant film is a sectional 

radiograph, and like all other forms of tomography only structures within the 

section will be evident and in focus on the final film. In panoramic tomography, 

the section or focal trough is designed to be approximately horseshoe shaped, 

corresponding to the shape of the dental arches. Unfortunately, the image quality is 



3 

 

inferior to that of intraoral (periapical and bitewing) radiographs and interpretation 

is more complicated (Mason-Hing LR.1993) 

Dental panoramic tomography The dental arch, though curved, is not the shape of 

an arc of a circle. To produce the required elliptical, horseshoe-shaped focal 

trough, panoramic tomographic equipment employs the principle of narrow-beam 

rotational tomography, but uses two or more centres of rotation. There are several 

dental panoramic units available; they all work on the same principle but differ in 

how the rotational movement is modified to image the elliptical dental 

arch(McMinn RMH,1999) 

main methods have been used including:  

 Two stationary centres of rotation, using two separate circular arcs 

 Three stationary centres of rotation, using three separate circular arcs  

 A continually moving centre of rotation using multiple circular arcs 

combined to form a final elliptical shape  

 A combination of three stationary centres of rotation and a moving centre 

of rotation. However the focal troughs are produced, it should be 

remembered that they are threedimensional. The focal trough is thus 

sometimes described as a focal corridor(aumann M,2002) 

All structures within the corridor, including the mandibular and maxillary teeth, 

will be in focus on the final radiograph. The vertical height of the corridor is 

determined by the shape and height of the X-ray beam and the size of the film 
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2. OPG Machine   

There are several different dental panoramic tomographic units available. Although 

varying in design, all consist of three main components, namely(as seen in  Figure 

2) 

• An X-ray tubehead, producing a narrow fan-shaped X-ray beam, angled upwards 

at approximately 8° to the horizontal  

• A cassette and cassette carriage assembly  

• Patient-positioning apparatus including light beam markers. Diagrams showing 

the main methods that have been used to produce a focal trough that approximates 

to the elliptical shape of the dental arch using different centres of rotation. Almost 

all modern panoramic machines have a continuous-mode of operation and produce 

a socalled continuous image showing an uninterrupted image of the jaws, as 

described below. However, one machine was developed that produced a socalled 

split-mode image because the radiographic image is split by a broad, vertical, 

white, unexposed zone, with duplication of the midline,.The split-mode equipment 

is now only of historical interest, but split-mode images may still be encountered in 

patients' records (as seen in Figure 3:)  ( Bushong SC,2001). 

 

Fig.2 OPG Machine. 
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Fig. 3 The panoramic dental radiograph. 

2.1 OPG Machine Parts 

As seen in Fig.4  

A. x-ray tube head  

B. head positioner:  

 chin rest  

 notched bite block  

 forehead rest  

 lateral head support  

C. exposure controls. 

 

X-RAY TUBE HEAD:  

 Similar to intraoral x-ray tube head  

 Each has a filament to produce electrons and a target to produce x-rays  
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 Collimator is a lead plate with narrow vertical slit  

 Narrow x-ray beam emerges from collimator minimize patient exposure to 

radiation 

 Tube head is fixed in position and rotates behind the patient head  

 Film positioner is used to align the patients teeth accurately in focal trough 

 

Fig. 4 OPG Machine Parts. 

2.2 Image receptor 

2.2.1 Cassette 

• It is a device used to hold the extra oral film and intensifying screens  

• Light tight to protect the film from exposure  

• Two types Rigid –Flexible. 
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2.2.2 FILM CASSETTES  

A and B, Rigid cassettes. Intensifying screens are attached to the inside cover and 

base of a rigid cassette. When the panoramic film is placed in the cassette, it lies 

between the screens.  

C, FLEXIBLE CASSETTE has an opening at one end, creating a pouch. The 

panoramic film is placed between two removable, flexible intensifying screens, 

which are then slid into the pouch( as seen in Figure 5: film cassettes) 

 

Fig. 5  Film Cassette. 

2.2.3 Panoramic Film  

• Screen film used available in two sizes: 5x12 inch 6x12 inch  

• Placed between two intensifying screen in a cassette holder  

• Sensitive to light emitted from intensifying screens  

• When exposed to x-ray, screen convert x-ray energy into light 
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2.2.4 Intensifying Screens   

Two types: 

• Calcium tungstate –emit blue light  

• Rare earth –emit green light, less x-ray exposure  

 

2.2.5 Other receptor  

• PSP – photo stimulable phosphor plate  

• CCD - charge-coupled device 

 

2.3 Machine preparation  

The radiographer must initially select the appropriate exposure factors, place of 

load a cassette into the machine and adjust the height of the machine to the final 

position. In machines that require the patient to sit, the chine rest and it's 

supporting arm must be moved or opened to allow the patient to enter the seat area, 

finally a sterile bite-pin must be placed into it's receptacle to assist in positioning 

the patient properly. 

3. FOCAL TROUGH ASSESSMENT 

The focal trough is a three-dimensional curved zone, or “image layer,” where the 

structures lying within this zone are reasonably well defined on the final panoramic 

image  The structures seen on a panoramic image are primarily those located 

within the focal trough. Images are most clear in the middle and become less clear 
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further from the central line. Objects outside the focal trough are blurred, 

magnified, or reduced in size and are sometimes distorted to the extent of not being 

recognizable. The shape of the focal trough varies with the brand of equipment 

used as well as with the imaging protocol selected within each unit. The shape and 

width of the focal trough is determined by the path and velocity of the receptor and 

x-ray tube head, alignment of the x-ray beam, and collimator width. The location 

of the focal trough can change with extensive machine use, so recalibration may be 

necessary if consistently suboptimal images are being produced.( (Buckwalter et 

al. , 1997 ؛ Hornak. 1996 ؛ Gould, TTodd.1997Ballinger, Ray. 1999. 

the focal trough set correctly on the interproximal upper 2/3 (or upper 3)This is 

more straightforward than the previous two assessments: look at the anterior  teeth, 

upper and lower 1, 2 and 3. Are these teeth in focus and the edges appearing sharp 

on the image If the answer is  yes, then the focal trough was set correctly.  Having 

looked at 1–3 you also need to look at the  rest of the image to make sure the 

blurring that you see is not due to movement of  the patient during the exposure. 

Also remember that due to the tomographic effect, an OPG image will never look 

as  sharply in focus as a periapical image. If the anterior teeth look blurred, you 

then need to decide whether the patient was too  far out of the machine (focal 

trough to far forward) or was the patient too far into  the machine (focal trough too 

far back). If the patient is too far out, they will have moved away from the film or 

sensor; this has  the effect of magnifying the image and the teeth then look broad 

and spade‐like. If the patient is too far forward in the machine (closer to the film or 

sensor), the teeth  will appear very narrow. Remember with these last two points to 

take into account what the patients’ teeth  actually look like, they may be either 

broad or very narrow. If the teeth look either  broad or narrow but are well defined 

with no blurring, the focal trough is correctly  set and the appearance is anatomical 
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(as seen in figure 6 :Panoramic reconstruction from CBCT). 

 

Fig. 6 Panoramic reconstruction from CBCT. 

4. Panoramic image generation 

Panoramic imaging (also called pantomography) is a technique for producing a 

single image of the facial structures that includes both the maxillary and the 

mandibular dental arches and their supporting structures  This technique produces 

a tomographic image in that it selectively images a specific body layer. In 

panoramic radiography, an x-ray source and an image receptor rotate around the 

patient’s head and create a curved focal trough, a zone in which the included 

objects are displayed clearly. Objects in front of or behind this focal trough are 

blurred and largely not seen. The panoramic machine thus creates a focal trough 

through the dentition and adjacent structures. 

Panoramic images are most useful clinically for diagnostic problems requiring 

broad coverage of the jaws. Common examples include evaluation of trauma 

including jaw fractures, location of third molars, extensive dental or osseous 

disease, known or suspected large lesions, tooth development and eruption 

(especially in the mixed dentition), retained teeth or root tips (in edentulous 

patients), temporomandibular joint (TMJ) pain, and developmental anomalies. 
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Panoramic imaging is often used as the initial evaluation image that can provide 

the required insight or assist in determining the need for other projections. 

Panoramic images are also useful for patients who do not tolerate intraoral 

procedures well(wood NK ,1999) 

 

5.Clinical Indications  

1-As a substitute for full mouth intraoral periapical radiographs.  

2-For evaluation of tooth development for children, the mixed dentition and also 

the aged. (as seen in Figure 7). 

 

Fig.7 Panoramic radiograph showing patient’s dentition in the mixed dentition 

phase with undescended canine teeth and developing posterior tooth roots. 

 

3-To assist and assess the patient for and during orthodontic treatment) as seen in 

Figure 8. 
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Fig. 8 Orthodontic X-rays (OPG). 

4-To establish the site and size of lesions such as cysts, tumors and developmental 

anomalies in the body and rami of the mandible) as seen in Figure 9) 

 

Fig. 9  Panoramic view of the cyst related with carious teeth in maxillary anterior 

region. 

 

5-Prior to any surgical procedures such as extraction of impacted teeth, enucleation 

of a cyst, etc.  
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6-For detection of fractures of the middle third and the mandible after facial 

trauma, as seen in Figure 10. 

 

Fig. 10  Symphysis fracture panoramic radiograph. 

 

7-For follow-up of treatment, progress of pathology or postoperative bony healing.  

8-Investigation of TM joint dysfunction)as seen in Figure 11. 
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Fig. 11  Radiographic assessments of different TMDs. (a---c) Close-up in panoramic 

image showing mandibular condyle hypoplasia(a), horizontal impaction of the third molar (a, b) fracture 

line in the region of gonial angle (b) and elongated styloid process.The transcranial images (d---f) show 

the presence of osteophytes (d), preservation of joint spaces in maximum habitual intercus-pation (MHI) 

(e) and the identification of condylar hyperexcursion (f). The planography techniques (g---j) demonstrate: 

mandibularneck fracture and ankylosis (g) elongated styloid process (h), advanced remodeling process, 

superior-anterior flattening, corticalirregularities, and osteophyte formation (i) in addition to mandibular 

head hyperexcursion, defining TMJ hypermobility (j). 

9-To study the antrum, especially to study the floor, posterior and anterior walls of 

the antrum.  

10-Periodontal disease- as an overall view of the alveolar bone levels, as seen in 

Figure 12. 
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Fig. 12 Maxillary angular bony defect as assessed on the panoramic radiograph. 

 

11-Assessment for underlying bone disease before constructing complete or partial 

dentures(as seen in Figure 13). 

 

Fig. 13 Partial dentures. 

 

12-Evaluation of developmental anomalies 

13. Evaluation of the vertical height of the alveolar bone before(as seen in Figure 

14). 



16 

 

 

 

Fig. 14  Change in alveolar bone height. 

 

6. Patient preparation  

6.1 Technique and positioning : 

The exact positioning techniques vary from one machine to another. However, 

there are some general requirements that are common to all machines and these can 

be summarized as follows:  

• Patients should be asked to remove any earrings, jewellery, hair pins, spectacles, 

dentures or orthodontic appliances.  

• The procedure and equipment movements should be explained, to reassure 

patients. 

A protective lead apron should not be used. The NRPB/RCR Guidelines on 

Radiology Standards in Primary Dental Care (1994) positively discourage the use 

of lead aprons because they can interfere with the final image  
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Patients should be placed accurately within the machines using the various head-

positioning devices and light-beam marker positioning guides (In some units the 

patients face away from the equipment and towards the operator and in others the 

patient faces the other way round(Allan B Reskin.1980)  

Patients should be instructed to place their tongue into the roof of the mouth so that 

it is in contact with the hard palate and not to move throughout the exposure cycle 

(approximately 18 seconds).  

• Appropriate exposure setting should be selected, typically in the range 70-100 kV 

and 4-12mA(as seen in Figure 15 ). 

 

  Fig. 15  Patient preparation.  

 

6.2 Patient Positioning and Head Alignment: 

Proper patient preparation and positioning within the focal trough are essential to 

obtaining diagnostic panoramic radiographs. Dental appliances, earrings, 

necklaces, hairpins, and any other metallic objects in the head and neck region 
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should be removed. It may also be wise to demonstrate the machine to the patient 

by cycling it while explaining the need to remain still during the procedure. This is 

particularly important for children, who may be anxious. Children should be 

instructed to look forward and not to follow the tube head with their eyes(Frommer 

HH,2005) 

The anteroposterior head position is achieved typically by having patients place the 

incisal edges of their maxillary and mandibular incisors into a notched positioning 

device (bite-stick). Patient's midsagittal plane must be centered within the focal 

trough without any lateral shift in the mandible when making this protrusive 

movement. Most panoramic units have laser beams to facilitate alignment of the 

patient's midsagittal plane, Frankfort plane, and anteroposterior position within the 

focal trough. Placement of the patient either too far anterior or too far posterior 

relative to the focal trough results in significant dimensional aberrations in the 

images(Baumann M,2002) 

Too far posterior positioning results in magnified mesiodistal dimensions (“fat” 

teeth) through the anterior sextants Too far anterior positioning results in reduced 

mesiodistal dimensions (“thin” teeth) through the anterior sextants Failure to 

position the midsagittal plane in the rotational midline of the machine results in a 

radiograph showing right and left sides that are unequally magnified in the 

horizontal dimension Poor midline positioning is a common error, causing 

horizontal distortion in the posterior regions; excessive tooth overlap in the 

premolar regions; and occasionally, nondiagnostic, clinically unacceptable images. 

A simple method for evaluating the degree of horizontal distortion of the image is 

to compare the apparent mesiodistal width of the mandibular first molars 

bilaterally. The smaller side is too close to the receptor, and the larger side is too 

close to the center of rotation or rotational center(Dowd SB,1999) 



19 

 

The patient's chin and occlusal plane must be properly positioned to avoid 

distortion. The occlusal plane is aligned so that it is slightly lower anteriorly. A 

general guide for chin positioning is to position the patient so that a line from the 

tragus of the ear to the outer canthus of the eye is parallel with the floor. If the chin 

is tipped too high, the occlusal plane on the radiograph appears flat or inverted, and 

the resultant image of the mandible is distorted In addition, the radiopaque shadow 

of the hard palate is superimposed on the roots of the maxillary teeth. If the chin is 

tipped too low, the occlusal plane shows an exaggerated smile line, the teeth 

become severely overlapped, the symphyseal region of the mandible may be cut 

off the film, and both mandibular condyles may be projected off the superior edge 

of the film  

Patients are positioned with their backs and spines as erect as possible and their 

necks extended. Props such as a cushion for back support, foot support, or to 

straighten the spine minimize the artifact produced by vertebral shadow. Proper 

neck extension is best accomplished by using a gentle upward force on the mastoid 

eminences when positioning the head with a slight lower inclination of the chin. 

Allowing patients to slump their heads and necks forward causes a large opaque 

artifact in the midline created by the superimposition of the cervical vertebrae. This 

shadow obscures the entire symphyseal region of the mandible and may require 

that the radiograph be retaken(as seen in  figure 16) 

Finally, after patients are positioned in the machine, they should be instructed to 

swallow and hold the tongue flat against the roof of the mouth. This raises the 

dorsum of the tongue to the hard palate, eliminating the airspace and providing 

optimal visualization of the apices of the maxillary teethpresents improper tongue 

positioning with the resulting an airspace below the hard palate hindering 

visualization of the apices of the maxillary teeth. 
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Fig. 16 Patient Positioning. 

 

6.3 Patient positioning 

All panoramic machines use a bite-pin to position the patient's anterior teeth in the 

center of the preselected central image layer called the "zone of sharpness". 

Different machines may have different path movements in both the anterior and 

posterior regions of the dental arches. These newer generation machines allow the 

operator to label the name, positioning, exposure , and date information, other 

demographic information. Light guides for demographic anatomic landmarks or 

planes to assist in patient positioning. In general if the patient is positioned in any 

machine with the midsagittal plane perpendicular to the floor, and the anterior teeth 

centered in the focal trough according to the manufacturer's positioning guide lines 

or light-indicating devices.Panoramic image obtained should be of acceptable 

diagnostic quality, free of artifacts and positioning errors. However, lack of proper 
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training in patient positioning that results in the production of poor-quality 

panoramic films with one or more technique errors has led many clinicians to 

believe that the radiographs are inferior to other imaging method. Correct 

panoramic film can provide a significant amount of diagnostic information ( as 

seen in Figure 17), ( Bushong SC,2001). 

 

Fig. 17 The positioning of the patient's head. 

 

6.3.1 The importance of accurate patient positioning  

The positioning of the patient's head within this type of equipment is critical — it 

must be positioned accurately so that the teeth lie within the focal trough. The 

effects of placing the head too far forward, too far back or asymmetrically in 

relation to the focal trough, The parts of the jaws outside the focal trough will be 

out of focus. The fan-shaped X-ray beam causes patient malposition to be 

represented mainly as distortion in the horizontal plane, i.e. teeth appear too wide 
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or too narrow rather than foreshortened or elongated. These and other positioning 

errors are shown later (Dowd SB,1999) 

6.3.2 OPG IMAGE ASSESSMENT 

Area 

With any radiograph the first thing to check would be the following: 

• Has the whole of the area under examination been included on the image The 

required  

parameters are as follows: 

The condyles of the temporomandibular joints, the angles of the mandible and the  

symphysis menti (point of the chin). 

This area is a little larger than would necessarily be required for a most diagnostic  

purposes, but it does give fixed anatomical points of reference. 

On many modern machines the area of exposure can be reduced for children to 

reduce  

the radiation dose delivered. 

An important point to be kept in mind is that if the larger area is exposed, all of the 

anatomy  

visible must be included on the report if the exposure is to be justified under 

IR(ME)R.( rien RC,1982)  
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Projection 

In this section checks will be made on all of the positional parameters that were 

used to the patient for the OPG. 

 

6.4 PROCEDURE 

1. Explain the procedure to the patient. 

2. Make the patient wear a lead apron without a thyroid collar, and remove all 

objects from the head which will interfere with film exposure. Also have the 

patient remove jacket or bulky sweater, this allows more room between the bottom 

of the cassette holder and the patient’s shoulder)(as seen in Figure 18: The 

positioning of the patient's head)  

 

Fig. 18 The positioning of the patient's head. 
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3. Load the panoramic film in the dark room, and cover the bite block with a 

diposable plastic cover slip  

4. Set the exposure factors and adjust the height of the machine to accommodate 

the patient.  

5. Instruct the patient to sit or stand with the back straight and erect, and ask him to 

bite on the plastic bite block. The upper and the lower front teeth must be placed in 

an end-to-end position in the groove of the bite block.  

6. The midsagittal plane should be perpendicular to the floor and aligned with the 

vertical center of the chin rest, and the Frankfurt plane should be parallel to the 

floor, thus obtaining the correct position for the occlusal plane. (the patient’s head 

is tilted downwards so that the tragus ala line is 5° down and forward.) If the 

patient has a low palatal vault, increase the occlusal plane angulation slightly, if the 

patient has a high palatal vault decrease the occlusal plane slightly. The indicator 

lights in the machine help as a guide and the patients head should be immobilized 

by the head band. 

7. Center the lower border of the mandible on the chin rest and is equidistant from 

each side.  

8. Instruct the patient to position the tongue on the palate and ask him to remain 

still while the machine is rotating during exposure. Also explain that the cassette 

holder will not strike him, although it may gently rub his ear and head at the limits 

of the excursion.  

9. After the exposure is complete the film is subjected to routine processing. 
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6.4.1 Technique 

This technique creates a panoramic image that should include the lower limits of 

the mandible, the upper limits of the maxillary sinuses, and the mandibular 

condyles and temporomandibular joints laterally. Panoramic image limitations 

include inherent anatomy distortion, double images, ghost images and that they do 

not provide an accurate spatial relationship between structures. 

6.5 Advantages and Disadvtages. 

 Advantegs 

1. Broad coverage of facial bones and teeth 

2. Low patient radiation dose 

3. Convenience of the examination of the patient 

4. Use in patients unable to open their mouth 

5. Short time required  

6. In patient education and case presentation (P.W., White. , 1982) 

 

 Disadvantages 

1. Image quality are not sharp 

2. Focal trough limitation  

3. Distortion 

4. Expensive equipment cost (VanDis, Jensen. , 1989) 
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6.6 Common artifacts in Panoramic Radiographs and their 

correction: 

1. Ghost images : Ghost image resembles real image Projected on opposite side of 

film and is higher .( Ramos BC , et al , 2016). As seen in figure 19. 

• Correction : Have patient remove all radiodense objects before exposure. 

 

Fig. 19 Ghost image. 

2. Lead apron artifact :  Radiopaque, cone-shaped artifact in center of image.( 

Walz-Flannigan Alisa ,et al , 2018). As seen in figure 20. 

• Correction : Use lead apron without thyroid collar. 
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Fig. 20 Lead apron artifact. 

3. Radiolucent arch through maxilla: Dark radiolucent shadow around anterior 

teeth Patient’s tongue not on roof of mouth. throughout maxilla darkening the 

apices. (Souza PS, et al, 2016). As seen in figure 21. 

• Correction : Instruct patient to close lips, swallow, and suction tongue to roof of 

the mouth. 

 

Fig. 21 Radiolucent arch through maxilla. 

4. Patient chin too high : Condyles may not be visible Maxillary incisors appear 

blurred and magnified Reverse smile line (frown). (Mohan RS, et al, 2012). As 

seen in figure 22. 

• Correction : Keep Frankfort plane parallel with floor. 
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Fig. 22 Patient chin too high. 

5. Patient chin too low : Exaggerated smile line (Joker) Condyles higher on image 

Mandibular incisors appear blurred; roots appear short . (Pereira JL , 2018). As 

seen in figure 23. 

• Correction : Keep Frankfort plane parallel with floor. 

 

Fig. 23 Patient chin too low. 

6. Patient too far forward (anterior to focal trough) : Anterior teeth are narrowed 

Spine is visible on film .( Ekströmer K, et al ,2014 ). As seen in figure 24. 

• Correction : Make sure patient’s teeth are in bite block notches. 
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Fig. 24 Patient too far forward. 

7. Patient too far back (posterior to focal trough): Anterior teeth appear magnified 

Ramus isn’t entirely visible.( Hjalmarsson L ,et al , 2014 ). As seen in figure 25. 

• Correction : Make sure patient’s teeth are in bite block notches. 

 

Fig. 25  Patient too far back. 

8. Patient head not centered : Ramus and posterior teeth appear unequally 

magnified Side farthest from receptor appears magnified Side closest to receptor 

appears smaller Example: Patient turned to right will produce image with 

magnification on left side and overlapping of contacts.(Peretz B,et al, 2012 ). As 

seen in figure 26. 

• Correction : Keep midsagittal plane perpendicular to floor & ensure indicating 

laser is located at center of patient’s nose. 
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Fig. 26 Patient head not centered. 

9. Patient spine isn’t straight : Cervical spine appears as radiopacity in center of 

image. (Gröndahl K, et al, 2012). As seen in figure 27. 

• Correction : Have patient stand as tall as possible. Seat patient if necessary. 

 

Fig. 27 Patient spine isn’t straight. 
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Conclusion 

An OPG (orthopantmography) is an extra-oral radiographic imaging method which 

provides a panoramic or wide view of both jaws and teeth on a single image. 

Digital OPG images provide high contrast with more details of the dentitions. The 

research main objective was to produce sophisticated and effective criteria that can 

be used by any radiographer with sound knowledge to identify common errors of 

digital OPG images and to increase the concern of high frequency of errors to 

minimize them to give an optimum image quality. 
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 خالصة:ال

عبارة عن مسح بانورامي لألشعة السینیة لألسنان للفك     OPG (Orthopantomagram)ان مخطط    

تُظھر صورة  .Panorex أو Orthopantomagraph العلوي والسفلي. یُطلق علیھ أحیانًا اسم الملكیة

بانورامیة بالتقاط صور من مسطحة ثنائیة األبعاد لنصف دائرة من األذن إلى األذن. تسمح األشعة السینیة ال

زوایا متعددة لتكوین الصورة البانورامیة المركبة ، حیث یوجد الفك العلوي (الفك العلوي) والفك السفلي 

  .(الفك السفلي) في منطقة المشاھدة. الھیاكل الموجودة خارج المنطقة المعروضة غیر واضحة

في ذلك تلك التي لم تظھر أو اندلعت بعد من أیًضا عدد جمیع األسنان وموضعھا ونموھا بما  OPGیوضح 

خالل اللثة. وھي تختلف عن صور األشعة السینیة المقربة التي یأخذھا أطباء األسنان لألسنان الفردیة. إنھ 

یظھر تفاصیل أقل دقة ، ولكن مساحة رؤیة أوسع بكثیر. قد یكون ھذا مفیًدا بشكل خاص للتحقق من صعوبة 

قل ، أو نمو فك وأسنان الطفل. غالبًا ما یستخدم أیًضا لفحص مفصل الفك ، رؤیة مناطق مثل ضرس الع

الفك السفلي) ، خاصةً إذا كنت  - (المفصل القحفي  CMAالمفصل الفكي الصدغي ، والذي یُسمى أحیانًا 

 تطحن أسنانك.
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Abstract 

 

Squamous cell carcinoma accounts for 90% of all oral cancers. It may 

affect any anatomical site in the mouth, but most commonly the tongue 

and the floor of the mouth. It usually arises from a pre-existing 

potentially malignant lesion, and occasionally de novo; but in either case 

from within a field of precancerized epithelium. The use of tobacco and 

betel quid, heavy drinking of alcoholic beverages and a diet low in fresh 

fruits and vegetables are well known risk factors for oral squamous cell 

carcinoma. Important risk factors related to the carcinoma itself that are 

associated with a poor prognosis include large size of the tumor at the 

time of diagnosis, the presence of metastases in regional lymph nodes, 

and a deep invasive front of the tumor. Squamous cell carcinoma is 

managed by surgery, radiation, and chemotherapy singularly or in 

combination; but regardless of the treatment modality, the five-year 

survival rate is poor at about 50%. This can be attributed to the fact that 

about two-thirds of persons with oral squamous cell carcinoma already 

have a large lesion at the time of diagnosis. 
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Abstract 

Overdenture is removable prosthesis covers remaining 

natural tooth/ or teeth, the remaning roots of natural teeth, and/or dental 

implants. It is a removable prosthesis that is not fixed to these structures. 

It is main advantage is preservation of alveolar bone and 

delay the process of complete edentulism  thus can be suitably used for 

eldery patients preparing them to receive a complete denture treatment. In 

addition, improvement in sensory aspect since nerves in the roots are still 

present. Therefore, the patient feels as still havinq natural teeth. 

The gingiva around the teeth must be relatively healthy to 

receive an overdenture and avoid any further problems with fewer post 

insertion complications. On the other hand, overdentures withstand more 

occlusal load, as these forces transmitted to oblique fibers and dissipated 

resulting in osteoblastic response. The overdenture therapy can promote 

the long term health service with the continuous successfulness of 

dentures. 

Overdentures might be either tooth supported (conventional 

/ immediate) or implant supported. In tooth supported over denture the 

teeth should be prepared carefully to receive the overdenture. Whereas the 

implant supported overdenture, implants are used in for such treatment in 

which (4) implants most commonly used to stabilize a maxillary denture. 

Whereas, (2) implants are used in mandibular denture. 
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Overdenture is any removable dental prosthesis that covers 

and rests on one or more remaining natural teeth, the roots of natural teeth, 

and/or dental implants. The overdenture is also called overlay denture, 

overlay prosthesis or superimposed prosthesis (Veeraiyan et al, 2003). 

An overdenture is usually used for elderly patients that have 

lost some teeth but not all, rendering them suitable for a set of full 

dentures. The overdenture is not rigid in the mouth; it is removable. 

Overdentures are fitted over retained roots and derive some of their 

support and, if appropriately contoured, some stability from that coverage. 

Special attachments may be fixed to the root faces to provide mechanical 

retention for the denture which will further increase the denture stability. 

If, in due course, the roots have to be extracted, the overdenture can be 

converted into a mucosally supported complete denture. In addition, 

overdentures can be supported and retained by implants. It is found to help 

in the preservation of alveolar bone and delay the process of complete 

edentulism (Samra et al, 2015). 

The gums around the teeth must be relatively healthy for an 

overdenture to not cause any further problems. This treatment is not a new 

concept and practitioners have successfully employed existing tooth 

structures or retained roots to assist with complete denture treatment for 

more than a century (Bansal et al, 2014). 

The simplest way to prevent the bone loss is to avoid 

extraction of all teeth. To keep a few teeth for a tooth or root-supported 

overdenture has been shown to substantially reduce the bone loss. In 

1-INTRODUCTION 
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edentulous mandibles 2-implant overdentures provide excellent long-

term success and survival, including patient satisfaction, improved oral 

functions and oral health related quality of life. To further reduce the 

costs a single midline implant overdenture can be a promising option. 

In the maxilla overdentures need to be supported on more than 2 

implants; 4 to 6 implants splinted with a bar have demonstrated good 

functional results (Carlsson, 2014).   

 

Figure (1) overdenture 

1.1-INDICATION OF OVERDENTURE  

1. Motivated patient with good Oral hygiene. 

2. retention and stability: - If prescribing a removable prosthesis and there 

is limited remaining firm teeth in the dentition an overdenture may aid in 

retention and stability compared to that of a conventional removable 

prosthesis 

3. Complete maxillary denture opposed by retained mandibular anterior 

teeth to prevent combination syndrome. 

4. patient with cleft palate, maxillofacial trauma, hypodontia. 

5. Excessive wear of the teeth with overclosure; the teeth are reduced and 

used to support RPD. 
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6. Overdentures can be useful for patients with a severe ridge defect or 

bone resorption 

7. If the patient has a superficially placed mental nerve, then the 

preferential choice of treatment may be to leave certain teeth in place in 

order to prevent damage to the nerve and prescribe an overdenture for any 

aesthetic needs 

8. An overdenture can be prescribed for a patient who has just had a root 

canal treatment completed to protect the coronal seal of the tooth if they 

are waiting to have fixed prosthodontics carried out on the tooth. 

9. Patients who have unfavourable tongue positions and muscle 

attachment for a conventional removable prosthesis could find that an 

overdenture has increased retention and stability 

10. Support For Interim Prosthesis : When the prognosis of some teeth 

remains in doubt & the construction of a final treatment plan is impossible, 

and the patient needs some type of prosthesis for esthetics or function. A 

possible solution is preparing these teeth as overdenture abutments with 

autopolymerizing acrylic resin (Rahn et al, 2009 and Bansal et al,2014).   

1.2-CONTRAINDICATION OF OVERDENTURE  

1. Uncooperative and under motivated patients who insist on removal of 

their remaining teeth or are considered unable to maintain oral hygiene 

and regular office procedures. 

2. Patients who cannot psychologically accept any type of removable 

denture. 

3. Mentally and physically handicapped patients for whom plaque control 

and good oral hygiene are difficult. 
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4. Economically unsound or patients who cannot afford treatment for 

reasons of financial constraints unaffordable patients (Sarandha et al, 

2008). 

1.3-ADVANTAGES OF OVERDENTURE  

1. It can almost be used universally. 

2. Greatly Enhanced Stability: Anteroposterior and lateral slipping and 

sliding are eliminated, as is the associated ridge trauma. 

3. The aesthetics and phonetics The patients show a high level of 

satisfaction aesthetics and phonetics 

4. Positive Retention: This is facilitated by the greatly reduced crown root 

ratio which lodges into the slot in the tissue surface of denture base. 

5. Improved proprioception leads to better neuromuscular control. This 

helps in regu-lating the biting force over the denture. 

6. Psychological Benefits: As long as the roots are preserved, the patient 

is spared of the emotional trauma associated with the total loss of their 

dentition. 

7. Positive Support and Comfort: The patient is much more comfortable 

than the complete denture wearer because positive support is provided by 

dental structures designed to resist occlusal forces. 

8. Horizontal and torque forces are reduced. 

9. if there is abutment failure, the abutments can be extracted and the over 

denture can be relined and used as a conventional complete denture. 

10. Preservation of Alveolar Bone through tensile stimulation of 

periodontal ligament  (Basker et al, 2011 and Veeraiyan et al, 2003). 

 



 

13 
 

1.4-DISADVANTAGES OF OVERDENTURE  

1. The susceptibility of the overlaid teeth to caries is high and meticulous 

home care together with the need for frequent recall for examination of 

the patient is required. 

2. Periodontal disease of the retained teeth may continue or even be 

stimulated by the presence of an overdenture. Normal stimulation of the 

gingival tissues by the tongue and cheeks is absent and plaque 

accumulation is enhanced. 

3. Bony undercuts of the alveolar ridge are often found adjacent to retained 

teeth, especially where isolated teeth are present. Such undercuts are 

usually situated on the buccal and labial aspects of the arch. The 

possibility of varying the path of insertion of an overdenture is limited and 

consequently where an undercut is present, the cast must be blocked out 

during the processing of the denture or the flange must be foreshortened. 

4. Encroachment beyond the denture space. The presence of a prepared 

tooth, particularly where a precision attachment is to be used to aid 

retention, may produce excessively bulky contours. These may encroach 

on the tongue space and cause possible speech difficulties, or in some 

cases may even encroach on the available freeway space. 

5- Improper maintenance of the over denture may lead to periodontal 

breakdown of the over denture abutments and the patient may lose all his 

remaining teeth  

1.5-PRINCIPLES OF OVERDENTURE TREATMENT  

All unusable teeth are extracted leaving the teeth or roots 

which can be used for overdenture sup- port. These teeth are then reduced 

in length in order to improve the crown-root ratio so that the potential for 
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the effects of high laterally directed forces is substantially reduced. In 

most instances, reduction of the crown length to the extent required - some 

2 mm above the gingival crest - will mean that endodontic treatment must 

be carried out (Grant et al, 1983). 

1.6-TYPES OF OVERDENTURES  

a. Retentive Type 

This type of overdenture involves the use of devices that 

would aid in retention. The procedure needs more of clinical time, 

laboratory time and expense than for the nonretentive type of 

overdenture. 

b. Nonretentive Type 

This method utilizes endodontic therapy and the retained 

teeth are drastically reduced. Overdentures are then constructed to cover 

these reduced teeth. This type of denture gives vertical support to the 

denture. This method is less expensive (Sarandha et al , 2008). 

2-TOOTH SUPPORTED OVERDENTURE 

The concept of conventional tooth-retained over-dentures is 

a simple and cost-effective treatment than implant over-dentures. When 

few firm teeth are present in an otherwise compromised dentition, they 

can be retained and used as abutments for over-denture fabrication. This 

helps improve the retention and stability of the final prosthesis 

significantly. The concept of over-dentures may not be the essence, but it 

is a positive means for delaying the process of complete edentulism and 

helps in the preservation of bone delaying the process of complete 

edentulism and helps in the preservation of bone top it all, it gives the 
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patient the satisfaction of having prosthesis with his natural teeth still 

present Overdenture therapy is essentially a preventive prosthodontic 

concept which attempts to preserve few remaining natural teeth and/or 

teeth roots. Despite advancements in dental implantology, several 

anatomical constraints such as decreased interarch distance can prevent 

their use in some patients. Also, the proprioceptive mechanism of teeth 

cannot be compensated by implant overdentures. Hence, the use of teeth 

supported overdentures can never be obsolete. This case series presents 

various forms of teeth supported overdentures so as to provide pleasing 

aesthetics and improved function (Chauhan et al, 2014). 

2.1-Advantages of tooth supported overdenture over 

complete dentures 

1-Effects upon the edentulous ridge:-Preservation of the alveolar bone 

& the original form of the residual arch was better when overdentures were 

used. When the teeth are retained, the alveolar bone integrity is maintained 

as it supports the abutment teeth, resulting in a decrease in the rate of bone 

resorption. However, when the teeth are removed, the alveolar bone 

resorption process begins. For example, retention of mandibular canines 

for overdentures helped preserve the remaining edentulous ridge with an 

average of 0.6 mm of ridge reduction in the anterior part of the mandible 

compared to cases of patients with complete dentures who lost an average 

of 5mm of the bone 

2-Improved stability and retention of the denture:- Overdentures 

provide better denture support & stability due to preservation of residual 

ridge contours near the abutment teeth. The vertical walls of the remaining 

root provide some additional stabilisation for the overlying prosthesis. The 

greater the vertical space occupied by the root preparation, the greater the 

stabilisation provided. Moreover, overdentures provide better denture 
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retention & greater chewing efficiency, especially when retentive 

attachments are used in a mandibular prosthesis. 

3-Tactile discrimination:- is the ability to differentiate information 

received through the sense of touch. With the preservation of the teeth, 

there is the preservation of the periodontal membrane and this in turn 

preserves the proprioceptive impulses. The extraction of teeth results in 

loss of mechano- receptors from associated periodontal ligaments which 

are responsible for proper masticatory function and accurate jaw 

movements. 

4- Psychological benefits to the patient:- The loss of remaining teeth can 

be a disturbing and emotional experience for many patients as loss of teeth 

is associated with ageing. In addition, upper overdenture can be 

constructed with reduced extension of the denture base on the maxilla as 

the palate needs only to be partially covered when retentive elements are 

utilized, which is important for the patient psychologically. 

5. Fast and inexpensive mode of treatment:- especially for patients with 

congenital defects (cleft palate, partial anodontia, microdontia, 

amelogenesis imperfecta). 

6. Convertibility:- if any problem occurs with the existing overdenture 

abutments, the teeth can be extracted, and the overdenture can be 

converted to a conventional complete denture (Driscoll et al, 2017). 

2.2.PROPOSED TREATMENT SEQUENCE FOR TOOTH 

SUPPORTED OVERDENTURE  

Treatment planning includes:- 

 1. Endodontic consideration. 

 2. Periodontal therapy. 
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3. Caries management. 

4. Location, distribution and preparation of abutment. 

5. Denture fabrication (Samra et al, 2015). 

2.3.Abutments for tooth supported over-denture 

1- submerged roots Abutments roots  

• endodontically treated. 

• Reduced in height to a level below gingival margin. 

2- dome shaped abutment with amalgam plug Abutments 

• reduced to be 1-2 mm above gingival margin to reduce lateral force & 

torque. 

• Endodontic treatment is necessary. 

• The root canal is filled with gutta percha. 

• The opening is sealed with amalgam plug. The abutment is contoured to 

attain dome- shape.  

• Used in patient with low caries index &good oral hygiene. 

3- dome shaped abutments with cast copings Abutment  

• endodontically treated & reduced to 1-2 mm above gingival margin. 

• Metal dome shaped cast coping constructed to cover abutment.  

• The metal coping has a short post cemented into root canal to retain the 

coping. 

4- abutments with telescopic crowns Abutment teeth  
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• either vital or endodontically treated & contoured to tapered 

configuration Tapered metal copings constructed &cemented over 

abutments.  

• Denture constructed with metal crowns having veneered facings. 

5- abutments with slight tooth reduction & cast copings  

• Abutments are minimally reduced. 

• With or without endo treatment. 

• Covered with cast metal coping "long coping abutment". This type is 

rarely followed because it.  

• requires adequate ridge space. 

6- abutments with an added form of attachment  

• Endodontically treated, reduced & covered with metal coping. 

• Coping has a long post to help retention.  

• Attachment added either by soldering or during wax pattern (Driscoll et 

al, 2017). 

2.4.Care of Abutments  

1- The denture must be passively inserted and removed because applying 

force on insertion and removal will affect the abutment teeth. 

2- Tooth brushing of the abutment with a fluoride-containing tooth paste 

and the use of chlorhexidine mouth wash  

3- Denture hygiene including removal of prosthesis at night & denture 

cleaning.  

4- Self-application of topical fluoride to the abutment by the patient 4-

Dietary advice regarding reduction of sugar in diet.  
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5- Frequent recall visits to check status of abutment teeth. The causes of 

failure of overdenture are: Causes of failure are 70% periodontal problems 

of the abutments, 25% caries & 5% endodontic failure (Cicciù et al, 

2009). 

2.5.Abutment Teeth Selection 

As the outcome of the treatment does not depend on the number of teeth 

retained, the dentist must evaluate the cost of treatment. That can preserve 

the ideal teeth and extract the remaining to reduce the cost of the 

prosthesis. The factors to be considered are 

Periodontal Status 

1-Periodontally-compromised teeth with horizontal bone loss have a 

better prognosis than the ones with vertical bone loss. 

2-Afavourable crown-root ratio should be present in cases with slight 

tooth mobility. 

3-A circumferential band of attached gingiva is an absolute necessity for 

an overdenture abutment ( Rahman et al , 2020). 

Abutment Location  

1-Canines and premolars are frequently selected as overdenture abutments 

2-As the anterior alveolar ridge resorbs easily under stress, anterior teeth 

are not usually selected 

3-Maxillary incisors can be used as overdenture abutments, if the 

mandibular arch is intact 

4-At least one tooth should be retained in a quadrant to maintain the health 

of the oral tissues 
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5- The number and location of the abutment teeth and the status of the 

opposing one should be evaluated during treatment planning (Stern , 

1994). 

Endodontic and Prosthodontic Status 

Usually anterior teeth (canines and premolars) are preferred 

as overdenture abutments as they are easier to prepare and economical 

too When there is pulpal recession or calcifications along with extensive 

tooth wear, endodontic therapy can be avoided. 

Basic Principles to be followed 

 The abutment teeth should be surrounded with healthy periodontal 

tissue 

 Maximum reduction of the coronal portion should be done to attain a 

better crown-root ratio and avoid interference during placement of 

artificial teeth. Endodontic therapy may be done if needed. 

 A simple tooth preparation without any internal attachments can be 

done in a single visit. This can be done for elderly patients.  

 Treatment should be accompanied with fluoride gel application and 

other oral hygiene measures 

 Gold copings or crowns and sleeve coping retainers can be given for 

grossly destructed abutments after assessing the patient's susceptibility 

to caries 

 Gold coping can be prepared with posts and retentive pins after 

evaluating on the amount of tooth structure above the gingival 

attachment 

 Attachments may be added to the cast copings for additional retention. 

These attachments may be resilient or non-resilient types 
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 These additional components complicate the design and increase the 

cost of treatment (Winkler,1996 and  Zarb et al, 2001). 

 

Figure (2) reduction of the coronal portion 

2.6.Clinical Procedure for Tooth Supported Conventional 

Complete Overdenture 

An outline of the clinical procedures has been enumerated here 

1. Surgical removal of teeth with hopeless prognosis 

2. Periodontal treatment of the patient 

3. Endodontic treatment of abutment teeth 

4. Crown reduction of the abutment 

5. Fluoride application over the prepared teeth 

6. Copings are fabricated and cemented if needed 

7. Impressions are made and the denture fabrication is similar to a 

conventional complete denture 

• On the tissue surface of the fabricated denture, the areas adjoining the 

gingival margins have to be trimmed/relieved in order to avoid 

impingement. This area is later lined with resilient liner to close the dead 

space between the gingiva and the denture (Veeraiyan et al, 2003) 
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2.7.Clinical Procedure for Tooth Supported Immediate 

Insertion Complete Overdenture  

The procedure is similar to a conventional immediate denture except 

for the following steps:- 

1. The crowns of the teeth to be used as abutments are reduced to the 

desired form in the master cast. 

2. The teeth to be extracted are trimmed up to the gingival margin in the 

master cast 

3. The overdenture is fabricated over this master cast 

4. Endodontic treatment of the abutment teeth is done a few days prior to 

the insertion 

5. The crown reduction of the abutment teeth is done during the insertion 

appointment. 

6. Crown reduction is guided by the preparation done in the master cast 

7. The teeth planned for extraction are removed atraumatically and the 

immediate overdenture is inserted (Zarb et al, 2001). 

3.IMPLANT SUPPORTED OVERDENTURE 

3.1. Definition 

An implant-supported overdenture (ISO) is a removable 

complete denture combined with implants designed to improve stability 

in the oral environment. 
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Depending on their support, we may classify them in:  

a) Implant-retained and mucous-supported overdentures, if the denture  

 is buttressed by tissues and are retained on the implants, and 

b) Implant-retained and supported overdenture, if support and retention 

are due to the implants that behave as a fixed denture but the patient can 

remove it for an adequate oral hygiene. 

 

Figure (3) Photograph showing mandibular overdenture with six 

implants behaving as a fixed denture but with easier hygiene 

ISOs constitute a good management choice when edentulous 

patients are unsatisfied with conventional complete dentures because ISOs 

afford greater retention, support and stability. Also, ISOs seems to be 

indicated in patients who cannot afford a fixed ISO or have anatomic 

limitations to implants or who have phonetic-aesthetic problems as loss of 

lip support, very long clinical crowns, or wide interproximal spaces. 

As ISOs are removable dentures, their hygiene is very easy and although 

they would need often control appointments for maintenance, they have a 

great acceptance by the patients. 

3.2. Selecting an adequate ISO attachment 

Clinicians have selected different attachment systems based 

on factors such as durability, patient demand, cost effectiveness, 
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technical simplicity, and retention (Lee, 2013). Attachments can be 

classified depending on its function as 

 (a) rigid, if they do not allow any denture dislodgements,  

or(b) resilient, when they allow translation, rotation, axial or hinge 

over posterior axes movements or a combination of them because of 

their flexibility.  

With rigid attachments, the implant will receive 100% of 

occlusal load, whilst, with resilient attachments, occlusal load will be 

supported by implant, denture or fibromucous. 

the most used attachments are 

(1) Ball attachment. Ball attachment (figure 4) are considered the 

simplest type of attachments for clinical application with tooth or implant 

supported overdentures. It has a screw-retained male abutment in the 

implant with a spherical shape on its occlusal portion, and a prosthetic 

anchored female part that can be metallic or covered with nylon having a 

different retention range. These attachments do not need a great prosthetic 

space and they allow hinge and rotation dislodgements. However, the 

specific design of the ball attachment may influence the amount of free 

movement thereby limiting its resiliency. However, these attachments 

cannot be used with non-parallel implants (John et al, 2012). 

 

 

 

 

Figure (4) ball attachment 
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(2) Magnetic attachments. (figure 5) Basically, they consist of one 

magnet attached to the denture and another to the implant. They constitute 

a simple and comfortable system for the patient as magnet attraction 

guides the denture insertion. On the other hand, they have a weaker lateral 

stability and retention in comparison with mechanic attachments as ball or 

bar devices. In addition, they are susceptible to corrosion by saliva, 

explaining why they are clinically less often used.However, a new 

generation of rareearth magnetic attachments could improve their 

properties and be clinically more often utilized (Ceruti et al, 2010). 

These new attachments may still be a useful treatment option 

for edentulous patient with weak muscle disease such as Parkinson’s 

disease patients, because they not only keep the denture stable, but also 

need less force to insert and remove the denture (Kim  et al, 2012).  

 

Figure (5) Magnet attachment. The keeper is normally fastened to the 

implant and the magnet will be incorporated in the denture. (a) Magnet, 

(b) keeper, (c) implant, (d) teeth, (e) acrylic flange, (f) alveolar 

(3) Bar attachments. (figure 6) Bar constitute an excellent anchorage 

system that provides greater retention, enabling better force balance by its 

splinting effect and it can also correct severe unparalellisms. The retention 

elements or clips are interchangeable and can be reactivated. The main 
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disadvantages of bar attachments are the need for a large prosthetic space 

and the risk of mucositis due to an inadequate oral hygiene under the bar. 

Bars need to be parallel to the rotation axis, be straight and be positioned 

1-2 mm to the alveolar crest. There are some different bar designs as 

Ackermann Bar (spherical shape), Dolder Bar (ovoid or “U” shape) and 

Hader Bar (keyhole shape). Also, there are implant-supported milled bars 

overdentures. They are bars with precision attachments and rigid 

anchorage, made by casting, electroerosion or CAD-CAM. They need a 

larger prosthetic space because of its volume and necessitate a good 

implant anchorage to support functional forces. They have double 

retention: by wallconvergence of two degrees and by using other 

attachments systems anchored to the bar as Locator® (Zest Anchors Inc., 

Escondido, EEUU) or ball attachments. 

 

Figure (6) bar attachment 

(4) Locator attachments. (figure 7) The male part consists of an implant 

screw-metallic abutment and the female part of a metallic cap lined with 

nylon of different colors depending on their retention capacity, which is 

anchored to the denture. There are two types of nylon: 

a) those with internal and external retention for well-positioned implants 

(from more to less retention: transparent, pink, blue). 

and b) with external retention for parallel implants (from more to less 

retention: green, orange, red). Finally, there is a yellow nylon for 

laboratory use that can also be used as temporary nylon. These 
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attachments do not need a large prosthetic space and they can correct 

unparalellism up to 40 degrees. The attachments allow for rotation 

dislodgement and their utilization is widely endorsed in the current 

literature. 

 

Figure (7) locator attachment 

(5) Other attachments. Ceka Attachment, ERA Attachment, VKS-OC 

RS Attachment, etc. 

3.3.Selecting an adequate retention system 

(1) Depending on upper and lower jaw: in the mandible it will be easier to 

place parallel implants, thus, ball or Locator attachments would be 

indicated. In the maxillary, implants divergent emergency, worse bone 

quality and the use of short implants due to sinus proximity, will mandate 

the use of bar attachments (Figure 8) 

 

Figure (8) Photograph showing mandibular overdenture with six 

implants behaving as a fixed denture but with easier hygiene 
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 (2) Depending on the arch form: bar attachments will be indicated in wide 

arches. On the other hand, in narrow arches using ball or Locator 

attachments would be indicated. 

(3) Depending on bone reabsorption rate and implants’ length: if implant 

is at least 10 mm long, it can be used as unsplinted, but if it less than 10 

mm long , it will be indicated that the implant be splinted with bar 

attachments. According to Jemt and Lekholm , there were more failures 

(24%) in implants less than 10 mm long. 

(4) Depending on implant location: if implants are placed quite far from 

each other, it will not be indicated to use bar attachments due to increase 

of bone stress. 

3.4. Selecting an adequate cantilever 

Finally, it is important to consider cantilevers because their 

presence is associated with a larger overload of distal implant if 

overdenture base does not adjust perfectly to the mucous. A cantilever 

should be shorter than the distance between implants to avoid overloads. 

in a comparative study among structures with or without cantilevers, 

found a higher fracture bar rate in those with cantilevers, and, also, the 

fractures were localized at the cantilever level. In addition, it is advisable 

to avoid the placement of clips on the cantilever as this will increase 

tensions of the adjacent implant (Vercruyssen et al, 2010). 

Semper et al. in 2010 concluded that a cantilever in the 

mandible shorter than 12 mm does not involve a great bone reabsorption, 

whilst, on the other hand, maxillary treatments are more susceptible to fail. 
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3.5. Advantages of implant-supported prosthesis 

Advantages of implant-supported prosthesis over 

conventional removable complete dentures are:- 

1. Preservation of bone: The placement of an implant will ensure that the 

bone level is maintained in that region. 

2. Teeth can be positioned for aesthetics: With an implant, the teeth may 

be positioned where the natural existed rather than in the neutral zones for 

stability as dictated by traditional dentures. 

3. Maintenance of vertical dimension: In patients with conventional 

complete dentures, the loss of vertical dimension decreases due to wear 

and bone resorption. Implant dentures can maintain the vertical 

dimension, as bone resorption is minimal. 

4. Occlusion: Easier to establish proper occlusion and occlusal loads can 

be directed better. 

5.Improved mastication: Enhanced bite force and masticatory efficiency 

6.Increased stability and retention 

7.Reduced size of the prostheses . 

8.Enhanced success rate of prostheses . 

3.6. Disadvantages of implant-supported prosthesis 

1.Expensive 

2. Prolonged treatment duration. 

3.Involves surgical procedure (Rangarajan, et al, 2017). 
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3.7.Implant –bone integration 

Two mechanisms have been put forth for the 

attachment of implant to bone: 

3.7.a. Fibro-osseous integration 

Definition: Tissue to implant contact with interposition of healthy, dense 

collagenous tissue between implant and bone (American Academy of 

Implant Dentistry(AAID), Glossary of Terms [1986]. 

This theory was put forth by Weiss, who proposed the 

presence of collagen fibres at the bone-implant interface. He interpreted it 

as peri-implant membrane with osteogenic effect. 

This fibrous integration was stated to be similar to 

periodontal ligament around natural teeth. The theory was more suited for 

blades, plates and subperiosteal implants, but for root form of implants, 

any evidence of fibrous tissue around the implant, is now deemed as 

implant failure. Hence, this mechanism is not anymore associated with 

contemporary root form of implants. 

3.7.b.Osseointegration (osseous integration)   

Definition: The apparent direct attachment or connection of osseous tissue 

to an inert, alloplastic material without intervening connective tissue 

(GPT8) 

•The word osseointegration consists of ‘os’, which is the Latin word for 

bone and ‘integration’ derived from Latin meaning the state of being 

combined into a whole. 

•The concept was developed and the term was coined by Dr Per- Ingvar 

Branemark (1972). He discovered a direct strong bone anchorage of 
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titanium chamber he was using while studying microcirculation in bone 

repair mechanisms. The titanium chamber was surgically inserted into the 

tibia of a rabbit.          

•This is now proven to be the mechanism of attachment of implants to 

bone (Figure 9). It is similar to ankylosis; there is no intervening 

connective tissue (periodontal ligament) unlike natural teeth 

(Rangarajan, et al, 2017).  

 

Figure (9) Histology of implant-supported region. IP, implant; CT, 

connective tissues; JE, junctional epithelium; A, alveolar bone. 
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لخالصةا   

صناعي قابل لإلزالة يغطي األسنان / أو األسنان الطبيعية  قمعبارة عن ط طقم االسنان المتراكب

قابل قم ط األسنان. وهو عبارة عن غرساتالمتبقية ، وجذور األسنان الطبيعية المتبقية ، و / أو 

 .جزاءذه االلإلزالة غير مثبت في ه

األسنان الكامل وبالتالي  تساقطعملية الحفاظ على العظم السنخي وتأخير وتتمثل الميزة الرئيسية في

. طقم االسنان الكامليمكن استخدامها بشكل مناسب للمرضى المسنين الذين يعدونهم لتلقي عالج 

موجودة. لذلك ،  ال تزال الحسي حيث أن األعصاب في الجذور باإلضافة إلى تحسن في الجانب

 يشعر المريض أنه ال يزال لديه أسنان طبيعية.

وتجنب أي مشاكل  طقم االسنان المتراكبيجب أن تكون اللثة حول األسنان صحية نسبيًا لتلقي 

. من ناحية أخرى ، تتحمل أطقم األسنان الزائدة المزيد من عراقيل اقل بعد االستعمال أخرى مع

وتتشتت مما يؤدي إلى استجابة  في الجذور هذه القوى إلى ألياف مائلة الحمل اإلطباقي ، حيث تنتقل

إلى تعزيز الخدمة الصحية طويلة  طقم االسنان المتراكبالعظم. يمكن أن يؤدي عالج في بناء 

 المدى مع استمرار نجاح أطقم األسنان.

إما مدعومة باألسنان )تقليدية / فورية( أو مدعومة بالزرع. في األسنان  تراكبةماالطقم القد تكون 

. في حين أن االطقم المتراكبةالمدعومة فوق طقم األسنان ، يجب تحضير األسنان بعناية لتلقي 

. علويال للفك غرسات لتثبيت طقم األسنان( 4)يتم استخدام  عادة ، هذه االطقمالغرسات التي تدعم 

 لفك السفلي.لسنان األ( غرسات في طقم 2م )استخدايتم  و
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	 I	

Abstract 
 

In addition to periodontal pocket reduction and access for root planing, one of the 
objectives of periodontal surgery  is the correction  of anatomic defects that may 
favor plaque/biofilm accumulation, pocket recurrence,  and  impair  aesthetics.   
 
The  lack  of  keratinized  attached gingiva around the dentition may make it 
difficult for the patient to practice good plaque/biofilm removal.  
 
The surgical correction of these anatomic defects by gingival augmentation (grafts) 
is an example of utilizing periodontal plastic surgery to alter the gingival anatomy 
that  would have  otherwise predisposed the gingiva  to periodontal disease.  
 
Periodontal plastic surgery can also help improve gingival aesthetics where there is 
excessive gingival margin recession.  
 
The numerous  periodontal  plastic  surgical  techniques  available  today and the 
future of tissue engineering  to allow minimally  invasive surgical  procedures will  
be presented  in this dissertation12 . 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

 
 



	 II	

The	aim	of	the	study	
	

	
Ø To	study	periodontal	plastic	and	esthetic	surgery	and	it	is	techniques	.	
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Introduction 
 
Normal Periodontium 

The word comes from greek terms peri, meaning ‘’around’’ and odons, meaning 
‘’tooth’’ so it means ‘’around the tooth’’. The normal periodontium provides the 
support necessary to maintain teeth in function. It consists of four principal 
components: gingiva, periodontal ligament, cementum, and alveolar bone. all of 
these components function together as a single unit for support, protection and 
nourishmet . Research has revealed that the extracellular matrix components of one 
periodontal compartment can influence the cellular activities of adjacent structures. 
Therefore the pathologic changes that occur in one periodontal component may 
have significant ramifications for the maintenance, repair, or regeneration of other 
components of the periodontium.1 

Gingiva 

gingiva covers the alveolar bone and tooth root to a level just coronal to the 
cementoenamel junction. The gingiva is divided anatomically into marginal, 
attached, and interdental areas. all types are specifically structured to function 
appropriately against mechanical and microbial damage, In other words, the 
specific structure of different types of gingiva reflects each one’s effectiveness as a 
barrier to the penetration by microbes and noxious agents into the deeper tissue.2 

Marginal Gingiva 

 The marginal  gingiva is the terminal edge or border of the gingiva that surrounds 
the teeth, it is demarcated from the adjacent attached gingiva by a shallow linear 
depression called the free gingival groove3. The marginal gingiva is usually about 
1 mm wide, and it forms the soft-tissue wall of the gingival sulcus. It may be 
separated from the tooth surface with a periodontal probe.2, fig(1). 
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Gingival Sulcus 

 The gingival sulcus is the shallow space around the tooth bounded by the surface 
of the tooth on one side and the epithelium lining the free margin of the gingiva on 
the other side. It is V-shaped and barely permits the entrance of a periodontal 
probe. The clinical determination of the depth of the gingival sulcus is an 
important diagnostic parameter. Under normal or ideal conditions, the depth of the 
gingival sulcus is 0 mm or close to 0 mm.4 the clinical evaluation used to determine 
the depth of the sulcus involves the introduction of a metallic instrument (i.e., the 
periodontal probe) and the estimation of the distance it penetrates (i.e., the probing 
depth). The histologic depth of a sulcus does not need to be exactly equal to the 
depth of penetration of the probe. The penetration of the probe depends on several 
factors, such as probe diameter, probing force, and level of inflammation.5 

Attached Gingiva 

The attached gingiva is continuous with the marginal gingiva. It is firm, resilient, 
and tightly bound to the underlying periosteum of alveolar bone. The facial aspect 
of the attached gingiva extends to the relatively loose and movable alveolar 
mucosa; It provides protection to the mucosa during functional use such as 
chewing. Without the attached gingiva, the freely moveable alveolar mucosa 
would experience trauma when eating and during routine cleaning activities like 
brushing the teeth. it is demarcated by the mucogingival junction.2,fig(1). 

	

Interdental Gingiva 

The interdental gingiva occupies the gingival embrasure, which is the 
interproximal space beneath the area of tooth contact. The interdental gingiva can 
be pyramidal, or it can have a “col” shape6.The shape of the gingiva in a given 
interdental space depends on the presence oabsence of a contact point between the 
adjacent teeth, the distance between the contact point and the osseous crest and the 
presence or absence of some degree of recession7. fig(1).  
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Fig(1) Anatomic landmarks of gingiva 

 

 

 

 

Clinical features of healthy gingiva 

1- Color 

The color of the attached and marginal gingiva is generally described as “coral 
pink”; it is produced by the vascular supply, the thickness and degree of 
keratinization of the epithelium, and the presence of pigment-containing 
cells8.,fig(2) 

2-Contour 

scalloped and knife edge margin9,fig(2) 

3-Consistenc 

The gingiva is firm and resilient and tightly bound to the underlying bone,fig(2) 
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4-Texture. The healthy gingiva has ‘’orange peel appearance’’ stippled, fig(2) 

)

 
Fig(2) appearance of healthy gingiva 
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1. Chapter one : Terminology 
  Periodontal Plastic and Aesthetic Surgery 
 
Periodontal plastic surgery is defined as the surgical procedures performed to 
correct or eliminate anatomic, developmental, or traumatic deformities of the 
gingiva or alveolar mucosa. The term originally proposed by Miller in 1993 and 
broadened to include the following areas10: 

• Periodontal-prosthetic corrections 

• Crown lengthening  

• Ridge augmentation 

• Aesthetic surgical corrections  

• Coverage of the exposure root surface 

• Reconstruction of papillae  

• Aesthetic surgical correction around implants  

• Surgical exposure of unerupted teeth for orthodontics. 

	

2. Objectives 

Five objectives of periodontal plastic surgery : 

1. Problems associated with attached gingiva  

2. Problems associated with a shallow vestibule  

3. Problems associated with an aberrant frenum  

4. Aesthetic surgical therapy  

5. Tissue engineering 
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2.1 Problems Associated With Attached Gingiva 

The width of the attached gingiva varies in different individuals and on different 
teeth of the same individual and can be determined by subtracting the depth of the 
sulcus or pocket from the distance between the crest of the gingival margin and the 
mucogingival junction. 

The original rationale for mucogingival surgery was predicated on the assumption 
that a minimal width of attached gingiva was required to maintain optimal gingival 
health. However, several studies have challenged the view that a wide, attached 
gingiva is more protective against the accumulation of biofilm than a narrow one. 

The maxillary anterior area often has extensive gingival recession. In these cases, 
the covering of the exposure root surface widens the zone of attached gingiva and 
improved aesthetic. 

Teeth with subgingival restorations and narrow zones of keratinized gingiva have 
higher gingival inflammation scores than teeth with similar restorations and wide 
zones of attached gingiva11. 

Widening the attached gingiva accomplishes four objectives: 

1. Enhances plaque removal around the gingival margin  

2. Improves aesthetics  

3. Reduces inflammation around restored teeth  

4. Allows gingival margin to bind better around teeth and implants with attached 
gingiva 

2.2 Problems Associated With a Shallow Vestibule 

vestibular depth is measured from the gingival margin to the bottom of the 
vestibule. when Gingival recession occur and displaces the gingival margin 
apically lead to reducing vestibular depth, With minimal vestibular depth, proper 
hygiene procedures are imperil (i.e., The proper position of the toothbrush at the 
gingival margin becomes difficult or impossible without the space created by the 
vestibular depth12. 
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2.3 Problems Associated With an Aberrant Frenum 

The frenal or muscle attachments that may extend coronal to the mucogingival 
junction, affect the gingival health when it is attached too closely to the gingival 
margin, either due to interference in plaque control or due to a muscle pull and 
may cause midline diastema resulting in aesthetic problems. In these cases, surgical 
removal of the frenum is indicated12. 

2.4 Aesthetic Surgical Therapy 

Recession of the facial gingival margin alters the proper gingival symmetry and 
results in an aesthetic problem. The interdental papilla is also important to satisfy 
the aesthetic goals of the patient, A missing papilla creates a space that many call a 
black hole. 

Another condition of concern is  display of excessive amount of gingiva in the 
visible area. This condition is often called as a gummy smile, and it can be 
corrected surgically by crown lengthening12. 

2.5 Tissue Engineering 

The future of periodontal plastic surgery will encompass the use of tissue-
engineered products at the recipient site to reduce donor site morbidity. Results of 
numerous experimental and clinical studies support the clinician’s use of a 
minimally invasive approach to periodontal plastic surgery12. 

3- Cause of Marginal Tissue Recession 

1-The most common cause of gingival recession and the loss of attached gingiva is 
abrasive and traumatic tooth brushing habits. 

2-periodontal disease (chronic periodontitis) . 

3-Frenal and muscle attachments that encroach on the marginal gingiva can distend 
the gingival sulcus, which creates an environment for biofilm accumulation. This 
condition increases the rate of periodontal recession and contributes to the 
recurrence of recession, even after treatment .  

4-Orthodontic tooth movement through a thin buccal osseous plate12. 
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4. Factors That Affect Surgical Outcome 

4.1 rregularity of Teeth 

Abnormal tooth alignment is an important cause of gingival deformities that 
require corrective surgery and an important factor in determining the outcome of 
treatment .Location of the gingival margin, width of the attached gingiva, and 
alveolar bone height and thickness are affected by tooth alignment. 

On teeth that are tilted or rotated labially, the labial bony plate is thinner and 
located further apically than on the adjacent teeth. The gingival margin is recessed 
apically to follow the bone, which leads to the exposure of the root13. On the 
lingual surface of these teeth, the gingiva is bulbous, and the bone margins are 
closer to the CEJ. 

	

4.2 Mucogingival Line (junction) 

Normally, the mucogingival line in the incisor and canine areas is located 
approximately 3 mm apical to the crest of the alveolar bone on the radicular 
surfaces and 5 mm interdentally14.In periodontal disease and on malposed disease 
free teeth, the bone margin is located farther apically and may extend beyond the 
mucogingival line. The distance between the mucogingival line and the CEJ before 
and after periodontal surgery is not necessarily constant. After inflammation is 
eliminated, the tissue tends to contract and draw the mucogingival line in the 
direction of the crown15. 

	

5- Criteria for Selection of Techniques : 

The following criteria are used for selection of mucogingival techniques: 

1. Surgical site free of biofilm, calculus, and inflammation 

Periodontal plastic surgical procedures should be undertaken in a biofilm-free and 
inflammation-free environment to enable the clinician to manage gingival tissue, 
incisions and flap reflection cannot be achieved when tissue is inflamed and 
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edematous. Thorough scaling and root planing and meticulous biofilm removal by 
the patient must be accomplished before any surgical procedure12.  

2.	Adequate	blood	supply	to	the	donor	tissue		

To obtain the maximal amount of blood supply to the donor tissue, gingival 
augmentation apical to the area of recession provides a better blood supply than 
coronal augmentation because the recipient site is entirely periosteal tissue. Root 
coverage procedures involve a portion of the recipient site (i.e., denuded root 
surface) without blood supply. If aesthetics is not a factor, gingival augmentation 
apical to the recession may be more predictable. A pedicle-displaced flap has a 
better blood supply than a free graft, with the base of the flap intact. If the anatomy 
is favorable, the pedicle flap or any of its variants may be the best procedure for 
root coverage. The Langer subepithelial connective tissue graft (SECTG) 
procedure and the pouch and tunnel techniques use a split flap with the connective 
tissue sandwiched between the flaps. This flap design maximizes the blood supply 
to the donor tissue. If large areas require root coverage, these sandwich-type 
recipient sites provide the best flap design for blood supply12 . 

3. Anatomy of the recipient and donor sites 

The presence or absence of vestibular depth is an important anatomic criterion at 
the recipient site for gingival augmentation. If gingival augmentation is indicated 
apical to the area of recession, there must be adequate vestibular depth apical to the 
recessed gingival margin to provide space for a free or pedicle graft. If a vestibule 
is necessary, only a free graft can accomplish this objective apical to the recession. 
Mucogingival techniques, such as free gingival grafts and free connective tissue 
grafts, can be used to create vestibular depth and widen the zone of attached 
gingiva. Other techniques require vestibular depth to exist before the surgery, 
including pedicle grafts (i.e., lateral and coronal), the Langer SECTG, and pouch 
and tunnel procedures. Availability of donor tissue is another anatomic factor that 
must be considered. Pedicle displacement of tissue necessitates an adjacent donor 
site that has gingival thickness and width. Palatal tissue thickness is also necessary 
for the connective tissue donor autograft. Gingival thickness is required at the 
recipient site for techniques using a split-thickness, sandwich-type flap or the 
pouch and tunnel techniques12.  
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4. Stability of the grafted tissue to the recipient site  

Good communication of the blood vessels from the grafted donor tissue to the 
recipient site requires a stable environment. This necessitates sutures that stabilize 
the donor tissue firmly against the recipient site. The least amount of sutures and 
maximal stability should be achieved12.  

 

 

5. Minimal trauma to the surgical site 

As with all surgical procedures, periodontal plastic surgery is based on the 
meticulous, delicate, and precise management of oral tissues. Unnecessary tissue 
trauma caused by poor incisions, flap perforations, tears, or traumatic and 
excessive placement of sutures can lead to tissue necrosis. The proper selection of 
instruments, needles, and sutures is mandatory to minimize tissue trauma12. 
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6. Chapter two: Techniques to Increase Attached Gingiva12 

6.1	Gingival	augmentation	apical	to	the	area	of	recession	

 A graft tissue (i.e., pedicle or free) is placed on a recipient bed apical to the 
recessed gingival margin. No attempt is made to cover the exposed root surface 
where there is gingival and bone recession. 

6.2  Gingival augmentation coronal to the recession(i.e., root coverage) 

A graft tissue (i.e., pedicle or free) is placed covering the exposed root surface. 
Apical and coronal widening of the attached gingiva enhances oral hygiene 
procedures, but only the latter can correct an aesthetic problem. 

Techniques for gingival augmentation apical to the area of recession 
include16:-  

6.1.1   Free Gingival autograft. 

6.1.2  apically positioned flap. 

6.1.3  Other techniques. 

	

6.1.1 Free Gingival Autograft fig(3)  

The Classic Technique 

Step 1: Prepare the recipient site. A firm connective tissue bed is prepared to 
receive the graft by incising at the existing mucogingival junction with a #15 blade 
to the desired depth, blending the incision on both ends with the existing 
mucogingival line. Periosteum should be left covering the bone. 

• The #15 blade is used to incise along the gingival margin to separate a flap 
consisting of epithelium and underlying connective tissue without disturbing the 
periosteum. Extend the flap to the depth of the vertical incisions. Suture the flap 
where the apical portion of the free graft will be located. Three to four independent 
gut sutures are placed. The needle is first passed as a superficial mattress suture 
perpendicular to the incision and then on the periosteum parallel to the incision12. 
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• Grafts can also be placed directly on bone tissue. For this technique, the flap 
should be separated by blunt dissection with a periosteal elevator. The advantages 
of this variant are less postoperative mobility of the graft, less swelling, better 
hemostasis17. and 1.5 to 2 times less shrinkage18. 

.Step 2: Obtain the graft from the donor site. The classic or conventional free 
gingival graft technique consists of transferring a piece of keratinized gingiva 
approximately the size of the recipient site. To avoid the large wound that this 
procedure sometimes leaves in the donor site, some alternative methods have been 
proposed. The original technique is described first, followed by several of the most 
common variants. 

• For the classic technique, a partial-thickness graft is used. The palate is the usual 
site from which the donor tissue is removed. The graft should consist of epithelium 
and a thin layer of underlying connective tissue. Place the template over the donor 
site, and make a shallow incision around it with a #15 blade. Insert the blade to the 
desired thickness at one edge of the graft. Elevate the edge, and hold it with tissue 
forceps. Continue to separate the graft with the blade, lifting it gently. Placing 
sutures at the margins of the graft helps control it during separation and transfer 
and simplifies placement and suturing to the recipient site16. 

• Proper thickness is important for survival of the graft. It should be thin enough to 
permit diffusion of fluid from the recipient site, which is essential in the immediate 
post transplantation period. A graft that is too thin may necrose and expose the 
recipient site19.If the graft is too thick, its peripheral layer is jeopardized because of 
the excessive tissue that separates it from new circulation and nutrients. Thick 
grafts may also create a deeper wound at the donor site, with the possibility of 
injuring major palatal arteries20.The ideal thickness of a graft is between 1.0 and 
1.5 mm19. After the graft is separated, remove the loose tissue tags from the 
undersurface. Thin the edge to avoid bulbous marginal and interdental contours.  

•	A	thick	graft	can	be	thinned	by	holding	it	between	two	wet,	sterile	wooden	
tongue	depressors	and	slicing	it	longitudinally	with	a	sharp	#15	blade.	
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Step 3: Transfer and immobilize the graft. Remove the sponge from the recipient 
site; reapply it with pressure if necessary until bleeding is controlled. Remove the 
excess clot. A thick clot interferes with vascularization of the graft21.and adapt it 
firmly to the recipient site. A space between the graft and the underlying tissue 
(i.e., dead space) impairs vascularization and jeopardizes the graft. 

The graft must be immobilized. Any movement interferes with healing. Avoid 
excessive tension, which can distort the graft from the underlying surface.  

avoid trauma to the graft. Tissue forceps should be used delicately, and a minimal 
number of sutures should be used to avoid unnecessary tissue perforation12.  

	

Step 4: Protect the donor site. Management of the donor site is important for the 
comfort of the patient and to properly handle postsurgical hemorrhage. The free 
gingival donor site is an open wound that cannot be sutured, preventing primary 
closure of the wound. If there is moderate or slight bleeding after pressure has been 
applied over the site at the completion of the surgery, several products can be 
placed over the wound, which can be covered with a periodontal dressing. 

• Hemostasis can be achieved with hemostatic agents such as absorbable gelatin 
sponge (Gelfoam), oxidized cellulose (Oxycel), oxidized regenerated cellulose 
(Surgicel Absorbable Hemostat). 

• A sterile aluminum foil is placed over the wound before the periodontal dressing 
is used to cover the wound for 1 week. 
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Fig(3) Free gingival graft. (A) Before treatment, showing minimal keratinized gingiva. (B) Recipient 
site prepared for a free gingival graft. (C) The palate is the donor site. (D) Free graft. (E) Graft transferred 

to the recipient site. (F) At 6 months, showing widened zone of attached gingiva.. 

	

Variant Techniques 

In the free gingival graft technique the donor site (i.e., palate) is left with an open 
wound that must heal by secondary intention.  

The following variant techniques attempt to minimize the donor site wound by 
removing the donor tissue in a different configuration and altering the shape to 
maximize coverage over the recipient site. 

1-The accordion technique  

2-the strip technique   

3-the combination epithelial-connective tissue strip technique  

All are modifications of the free gingival graft12.  
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The accordion technique 

• described by Rateitschak and col-leagues12 

•attains expansion of the graft by alternate incisions on opposite sides of the graft 

•This technique increases the donor graft by changing the configuration of the 
tissue. 

	

The strip technique  Fig(4) 

•The strip technique, developed by Han and associates. 

•consists of obtaining two or three strips of gingival donor tissue about 3 to 5 mm 
wide and long enough to cover the entire length of the recipient site. 

•These strips are placed side by side to form one donor tissue and sutured on the 
recipient site, The area is then covered with sterile aluminum foil and surgical 
dressing. The aluminum foil prevents the surgical dressing from sticking to the 
suture12. 

 

advantage of this technique:- 

1-rapid healing of the donor site   

2-The epithelial migration of the close wound edges (3 to 5 mm) allows rapid 
epithelialization of the open wound.  

3-The donor site usually does not require suturing and heals in 1 to 2 weeks. 
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 Fig(4) Strip technique for a free gingival graft: (A through D) Mucosal tissue around the implants. (E 
and F) Recipient site is prepared. (G) Donor site with strips of free graft removed. (H) Donor strips of free 

graft. (I and J) Strips placed side by side on the recipient site. (K) Donor area 1 week after graft 
removal.(L) Healing of the recipient site after 3 months. Notice the good keratinized, attached gingiva. 

Combination	technique	

A	deep	strip	graft	is	taken	from	the	palate	and	is	split	into	an	epithelial	donor	
graft	and	the	undersurface	portion	of	a	connective	tissue	donor	graft.	

•The	tissue	is	obtained	by	removing	a	strip	of	tissue	from	the	palate	that	is	about	
3	to	4	mm	thick.	

•	Place	it	between	two	wet	tongue	depressors,	and	split	it	longitudinally	with	a	
sharp	#15	blade.	
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•The	superficial	portion	consists	of	epithelium	and	connective	tissue,	and	the	
deeper	portion	consists	only	of	connective	tissue.	These	donor	tissues	are	placed	
on	the	recipient	site	as	in	the	strip	technique.	

•The	minimal	donor	site	wound	obtained	by	two	donor	tissues	from	one	site	is	
the	advantage	of	this	technique12.  

Alternative Donor Tissue  
Another technique to minimize the use of the palate as a donor site is the use of 
acellular dermal matrix (ADM) as a substitute for palatal donor tissue. The use of 
the palate as a donor site for gingival augmentation has numerous disadvantages. 
Many patients are fearful of palatal surgery for procurement of donor, and there is 
a limitation on the amount of tissue that can be removed. 

This product is commercially available under the name AlloDerm, and it is derived 
from donated human skin.22 Commercial preparation of this tissue includes a 
multistep process that removes the epidermis and the cells that can lead to tissue 
rejection and graft failure without damaging the matrix. The remaining ADM 
consists of a nondenatured, three-dimensional arrangement of intact collagen 
fibers, ground substance, and vascular channels.23 Randomized, controlled clinical 
trials have demonstrated outcomes with ADM that are equivalent to those with 
palatal donor tissue in the treatment of gingival recession.22,23,24,25,26 Equivalent 
root coverage has been demonstrated in four trials,22,25,27 and an increase in 
marginal tissue thickness has been demonstrated at 6 and 12 months 
postoperatively by clinical assessment and by histometric analysis.22,23,26 
Equivalent attachment to the root surface has been found by histologic evaluation 
of human block sections at 6 months postoperatively.23 

Surgical Techniques 
Two surgical techniques are suggested for the use of ADM in treating gingival 
recession. Each is a coronally positioned pouch method. 

(1) Alternate papilla tunnel (APT) method 
(2) papilla retention pouch (PRP) method 
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(1) Alternate papilla tunnel (APT) method 
 

In the APT method, an incision is made in a papilla adjacent to a tooth with 
recession, and the adjacent papilla is tunneled. The next papilla is incised, and the 
following papilla is tunneled. Intrasulcular incisions are made facial to each tooth 
and interproximally at each tunneled papilla. The papilla in the anatomic midline is 
always tunneled to reduce tension and retraction of the recipient pouch. At  
each incised papilla, a V-shaped incision (or inverted V shape in the mandibular 
arch) is made to form a new surgical papilla tip approximately 3 mm from the 
anatomic papilla tip. The portion of the anatomic papilla coronal to the surgical 
papilla is denuded to expose a vascular recipient bed for the surgical papilla when 
coronally advanced. The initial dissection is performed with a microperiosteal  
elevator, extending apically past the mucogingival junction and laterally under the 
facial aspect of the tunneled papillae. The tunneling process is facilitated by the 
access provided at the incised papillae. The tunneled papillae are lifted from the 
interdental crest by blunt reflection with a curette. After blunt reflection, 
supraperiosteal sharp dissection is used to deepen and mobilize the recipient 
pouch. On completion of the recipient site preparation, the length of graft needed is 
measured and trimmed so that the graft will extend 3 mm past the last tooth with 
recession at each end of the prepared site. The vertical dimension of the graft 
should be 6 to 8 mm. The rehydrated and trimmed allograft is then placed into the 
surgical pouch, with the basement membrane surface facing outward, and secured 
coronally with 6-0 sling sutures. The graft should be well adapted to the root 
surface, extending to but not coronal to the CEJ and to the apical margin, but it 
should not be over the papillary recipient beds. The pouch is then coronally 
advanced to completely cover the allograft and secured with 6-0 or 7-0 sling 
sutures. The APT method combines the advantages of surgical access at the incised  
papillae with retraction resistance and wound stability at the tunneled papillae28 

 

(2)papilla retention pouch (PRP) method 

In the PRP method, all papillae are tunneled. Initially, intrasulcular incisions are 
made facial and proximal to all teeth to be treated plus an additional tooth at each 
end. The full-thickness elevation of the margin is initiated with a microperiosteal 
elevator extending apically past the mucogingival junction and laterally under the 
facial aspect of the papillae. The pouch is extended apically and mobilized by  
supraperiosteal sharp dissection, and the papillae are lifted from the interdental 
crest as in the APT method. The allograft is rehydrated, measured, and trimmed. 
Placement of the allograft within the pouch may be accomplished by drawing it in 
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with a suture or placing it through the sulcus with a curette so that it is aligned 
within the pouch over the exposed roots. eFig.5 
The unique feature of the PRP method is suturing of the allograft with a continuous 
subgingival, double-back sling suture. Starting at the anterior end of the graft, the 
needle of a 6-0 suture is passed from the lingual side through the mesial embrasure 
and captured on the facial side. The allograft is engaged at the mesial line angle of 
the tooth; the needle is passed back through the mesial embrasure to the lingual 
side, around the lingual aspect toward the distal side, through the distal embrasure 
back to the facial aspect, and crosses under the papilla to engage the allograft at the 
mesial line angle of the next tooth. This process continues until the needle has 
engaged the graft at the mesial line angle of the most distal tooth. At this point, the 
needle is passed through the mesial embrasure, around the lingual aspect, and back 
to the facial aspect through the distal embrasure, and the graft is engaged at the 
distal line angle. The needle is then passed back through the distal embrasure, 
around the lingual aspect, through the mesial embrasure to the facial, and under the 
papilla to engage the allograft at the distal line angle of the adjacent tooth. This 
process continues until passing through the distal embrasure of the initial tooth, in 
which the suture is tied with the knot on the lingual side. The entire suture resides 
subgingivally and draws the graft and the pouch coronally. The PRP procedure is 
completed by coronally advancing the pouch over the allograft with a series of 
interrupted 6-0 or 7-0 sling sutures28 

Advantages of the PRP 

(1) enhanced retraction resistance 
(2) graft containment 
(3) wound stability 
 

Postoperative care for both methods 
1. Systemic antibiotics for 10 days  
2. Chlorhexidine mouthrinse for 2 to 3 weeks  
3. Pain medication as needed  
4. Inactivity for 24 hours  
5. Ice applied to face for 24 hours  
6. Cold liquids for the first three meals  
7. No mastication or toothbrushing at the surgical site for 2 to 3 weeks  
8. Removal of surface sutures at 2 to 4 weeks  
9. Removal of the subgingival graft suture at 2 months Developed 2 decades ago 
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eFig. 5 (A) Preoperative view. (B) Intrasulcular incision. (C) AlloDerm on the surface before 
insertion into the pouch. (D) AlloDerm sutured in the pouch. (E) Pouch coronally positioned and 
sutured. (F) Postoperative view after 1 month. (G) Postoperative view after 1 year. 

Healing of the Graft 

The success of the graft depends on survival of the connective tissue. Sloughing of 
the epithelium occurs in most cases, but the extent to which the connective tissue 
withstands the transfer to the new location determines the fate of the graft. Fibrous 
organization of the interface between the graft and the recipient bed occurs in 2 to 
several days.(29) The graft is initially maintained by diffusion of fluid from the host 
bed, adjacent gingiva, and alveolar mucosa.(30) The fluid is a transudate from the 
host vessels and provides nutrition and hydration essential for the initial survival of 
the transplanted tissues. During the first day, the connective tissue becomes 
edematous and disorganized and undergoes degeneration and lysis of some of its 
elements. As healing progresses, the edema is resolved, and degenerated 
connective tissue is replaced by new granulation tissue. Revascularization of the 
graft starts by the second31 or third32 day. Capillaries from the recipient bed 
proliferate into the graft to form a network of new capillaries and anastomose with 
preexisting vessels.33 Many of the graft vessels degenerate and are replaced by new 
ones, and some of them participate in the new circulation. The central section of 
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the surface is the last to vascularize, but it is complete by the tenth day. The 
epithelium undergoes degeneration and sloughing, with complete necrosis 
occurring in some areas.34,35 It is replaced by new epithelium from the borders of 
the recipient site. A thin layer of new epithelium is present by the fourth day, with 
rete pegs developing by the seventh day. Heterotopically placed grafts maintain 
their structure (i.e., keratinized epithelium), even after the grafted epithelium has 
become necrotic and has been replaced by neighboring areas of nonkeratinized 
epithelium. This suggests that a genetic predetermination of the specific character 
of the oral mucosa exists that depends on stimuli originating in the connective 
tissue.36 This is the basis for the technique that uses grafts composed only of 
connective tissue obtained from areas in which it is covered by keratinized 
epithelium.37,38,39 As seen microscopically, healing of a graft of intermediate 
thickness (0.75 mm) is complete by 10.5 weeks; thicker grafts (1.75 mm) may 
require 16 weeks or longer.40 The gross appearance of the graft reflects the tissue 
changes within it. At transplantation, the graft vessels are empty, and the graft is 
pale. The pallor changes to an ischemic grayish white during the first 2 days, until 
vascularization begins, and a pink color appears. The plasmatic circulation 
accumulates and causes softening and swelling of the graft, which are reduced 
when the edema is removed from the recipient site by the new blood vessels. Loss 
of epithelium leaves the graft smooth and shiny. New epithelium creates a thin, 
gray, veil-like surface that develops normal features as the epithelium matures. 
Functional integration of the graft occurs by the 17th day, but the graft is 
morphologically distinguishable from the surrounding tissue for months. The graft 
eventually blends with adjacent tissues. In some cases, it is somewhat bulbous 
although the tissue is pink, firm, and healthy. This usually does not present a 
problem, but if the graft traps biofilm or is aesthetically unacceptable, thinning of 
the graft may be necessary. Thinning the surface of the grafted tissue reduces the 
bulbous condition because the surface epithelium tends to proliferate again. The 
graft should be thinned by making the necessary incisions to elevate it from the 
periosteum, removing tissue from its undersurface, and suturing it back in place. 

Accomplishments 
Free gingival grafts effectively widen the attached gingiva. Several biometric 
studies have analyzed the width of the attached gingiva after the placement of a 
free gingival graft.41,42,43 After 24 weeks, grafts placed on denuded bone shrink by 
25%, whereas grafts placed on periosteum shrink by 50%.62 The greatest amount 
of shrinkage occurs in the first 6 weeks. Placement of a gingival graft does not 
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improve the status of the gingiva.44,45,46 The indication for a free gingival graft 
should be based on progressive gingival recession and inflammation. When 
recession continues to progress after a few months with good biofilm control, a 
graft can be placed to prevent further recession and loss of attached gingiva. Other 
materials have been used as a donor tissue to replace gingival tissue in gingival 
augmentation procedures. Attempts with lyophilized dura mater47 and sclera have 
not been satisfactory. The use of irradiated free gingival allograft showed 
satisfactory results,48 but further research is necessary before it can be considered 
for clinical use Free autogenous gingival grafts have been useful for covering 
nonpathologic dehiscences and fenestrations. Nonpathologic refers to openings of 
the bone through the tooth surface not previously exposed to the oral environment 
and found in the course of flap surgery.49 

 

Free Connective Tissue Autografts 
The connective tissue autograft technique was originally described by Edel50 and is 
based on the fact that the connective tissue carries the genetic message for the 
overlying epithelium to become keratinized. Only connective tissue from beneath a 
keratinized zone can be used as a graft (eFig. 6). 

The advantage of this technique is that the donor tissue is obtained from the 
undersurface of the palatal flap, which is sutured back in primary closure. Healing 
is by first intention. The patient has less discomfort postoperatively at the donor 
site. Another advantage of the free connective tissue autograft is that improved 
aesthetics can be achieved because of a better color match of the grafted tissue to 
the adjacent areas.		

6.1.2 Apically Displaced Flap 
This technique uses a partial-thickness or full-thickness, apically positioned flap to 
increase the zone of keratinized gingiva. 

Accomplishments 
The apically displaced flap technique increases the width of the keratinized gingiva 
but cannot predictably deepen the vestibule with attached gingiva. Adequate 
vestibular depth must be present before the surgery to allow apical positioning of 
the flap. The edge of the flap may be located in three positions in relation to the 
bone: 
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1. Slightly coronal to the crest of the bone. This location attempts to preserve the 
attachment of supracrestal fibers; it may also result in thick gingival margins and 
interdental papillae with deep sulci and may create the risk of recurrent pockets.  

2. At the level of the crest (see eFig. 7C). This results in a satisfactory gingival 
contour, provided that the flap is adequately thinned.  

3. Two millimeters short of the crest (see eFig. 7D). This position produces the 
most desirable gingival contour and the same post treatment level of gingival 
attachment as obtained by placing the flap at the crest of the bone. New tissue 
covers the crest of the bone to produce a firm, tapered gingival margin.  

Placing the flap short of the crest increases the risk of a slight reduction in bone 
height,51 but the advantage of a well-formed gingival margin compensates for this. 

 

6.1.3 Other Techniques 
The vestibular extension technique, originally described by Edlan and Mejchar,52 
produced statistically significant widening of attached nonkeratinized tissue. The 
increase in width in the mandibular area reportedly persisted in patients observed 
for up to 5 years.52, Currently, this technique is of historic interest only. The 
fenestration operation was designed to widen the zone of attached gingiva with a 
minimal loss of bone height.53 It has also been called the periosteal separation 
technique. 54 It uses a partial thickness flap, except in a rectangular area at the base 
of the surgical field, where the periosteum is removed, exposing the bone. This is 
the area of fenestration. Its purpose is to create a scar that is firmly bound to the 
bone.55 It prevents soft tissue separation from the bone and postsurgical narrowing 
of the attached zone. Results obtained with this technique are not as predictable as 
with the free gingival graft, and it is therefore not widely performed, except for 
small isolated areas. 
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eFig. 6 Free connective tissue graft. (A) Lack of keratinized, attached gingiva buccal to the central 
incisor. (B) Vertical incisions to prepare the recipient site. (C) Recipient site is prepared. (D) Palate from 
which connective tissue is removed for donor tissue. (E) Removal of connective tissue. (F) Donor site is 
sutured. (G) Connective tissue for the graft. (H) Free connective tissue is placed at the donor site. (I) 
Postoperative healing at 10 days. (J) Final healing at 3 months. Notice the wide, keratinized, attached 

gingiva. (Courtesy Dr. M. 
Orisini, Italy.) 

 

eFig. 7 Apically displaced partial-thickness flap. (A) Internal bevel incision (I) separates the inner wall 
of the periodontal pocket. (B) Partialthickness flap (F) is separated, leaving periosteum and a layer of 
connective tissue on the bone. The inner wall of the periodontal pocket (I) is removed, and the tooth is 
scaled and planed. (C) Partial-thickness flap (F) is displaced apically, with the edge of the flap at the 
crest. 
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6.2 Gingival Augmentation Coronal to Recession 
Understanding the different stages and conditions of gingival recession is 
necessary for predictable root coverage. Several classifications of denuded roots 
have been proposed. In the 1960s, Sullivan and Atkins56 classified gingival 
recession as four anatomic categories: (1) shallow-narrow, (2) shallow-wide, (3) 
deep-narrow, and (4) deep-wide. This early classification helped to categorize the 
lesion but did not enable the clinician to predict the outcome of therapy. 
The predictability of root coverage can be enhanced by the presurgical examination 
and the correlation of the recession by using the classification proposed by Miller, 
57 as follows (eFig. 8):  

Class I. Marginal tissue recession does not extend to the mucogingival junction. 
There is no loss of bone or soft tissue in the interdental area. This type of recession 
can be narrow or wide.  

Class II. Marginal tissue recession extends to or apical to the mucogingival 
junction. There is no loss of bone or soft tissue in the interdental area. This type of 
recession can be subclassified as wide and narrow.  

Class III. Marginal tissue recession extends to or apical to the mucogingival 
junction. There is bone and soft tissue loss interdentally or malpositioning of the 
tooth facially.  

Class IV. Marginal tissue recession extends to or apical to the mucogingival 
junction. There is severe bone and soft tissue loss interdentally or severe tooth 
malposition 

 
eFig. 8 P.D. Miller’s classification of denuded roots. 
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The prognoses for classes I and II are good to excellent; whereas for class III, only 
partial coverage can be expected. Class IV has a very poor prognosis with current 
techniques.  

Several techniques are used for gingival augmentation coronal to recession (i.e., 
root coverage):  

1. Free gingival autograft  

2. Free connective tissue autograft  

3. Pedicle autografts  
• Laterally (horizontally) positioned pedicle flap  

• Coronally positioned flap; includes semilunar pedicle (i.e., Tarnow method) 

4. Subepithelial connective tissue graft (i.e., Langer method)  

5. Guided tissue regeneration (GTR)  

6. Pouch and tunnel technique (i.e., coronally advanced tunneltechnique) 

6.2.1 Free Gingival Autograft 
Successful and predictable root coverage has been reported using free gingival 
autografts.58,59 

 

The Classic Technique 
Miller74 applied the classic free gingival autograft described previously with a few 
modifications:  

Step 1: Root planing. Root planing is performed with the application of saturated 
citric acid for 5 minutes on the root surface. The application of citric acid has not 
been validated by some studies,but numerous clinicians practice this technique.  

Step 2: Recipient site preparation. Make a horizontal incision in the interdental 
papillae at right angles to create a margin against which the graft can have a butt 
joint with the incision. Vertical incisions are made at the proximal line angles of 
adjacent teeth, and the retracted tissue is excised. Maintain an intact periosteum in 
the apical area.  
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Steps 3 and 4. Follow the step-by-step technique described for the classic gingival 
graft earlier in this chapter. This technique results in predictable coverage of the 
denuded root surface but may cause aesthetic color discrepancies with the adjacent 
gingiva because of a lighter color. 

 

6.2.2 Free Connective Tissue Autograft 
The free connective tissue technique was described by Levine in 1991.60 The 
difference between this technique and the free gingival autograft is that the donor 
tissue is connective tissue (see eFig. 6).  

The following is a step-by-step surgical description of the free connective tissue 
autograft technique:  

Step 1: Divergent vertical incisions. Divergent vertical incisions are made at the 
line angles of the tooth to be covered, creating a partial-thickness flap to at least 5 
mm apical to the receded area.  

Step 2: Suturing. The apical mucosal border is sutured to the periosteum using a 
gut suture.  

Step 3: Scaling and root planing. Thoroughly scale and root plane the exposed 
root surface. The facial prominence on the root surface is also reduced, which is a 
favorable anatomy onto which the donor tissue is placed.  

Step 4: Obtaining the graft. From the palate, obtain a connective tissue graft. The 
donor site is sutured after the graft is removed.  

Step 5: Transferring the graft. Transfer the graft to the recipient site, and suture it 
to the periosteum with a gut suture. Good stability of the graft must be attained 
with the minimal number of sutures.  

Step 6: Covering the graft. The grafted site should be covered with sterile foil 
before placing the dressing. 
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6.2.3 Pedicle Autograft 

(1)Laterally Displaced Pedicle Flap 
The laterally (horizontally) positioned flap can be used to cover the isolated, 
denuded root surfaces that have adequate donor tissue adjacent to the recipient site. 
The vestibular depth must exist to laterally move the pedicle.  

(eFig. 9). The following is a step-by-step surgical description:  

Step 1: Preparing the recipient site. Epithelium is removed around the denuded 
root surface. The exposed connective tissue will be the recipient site for the 
laterally displaced flap. The root surface is thoroughly scaled and root planed (see 
eFig. 9B).  

Step 2: Preparing the flap. The periodontal tissue of the donor site should have a 
satisfactory width of attached gingiva without dehiscence or fenestration in the 
bone. A full-thickness or partial-thickness flap may be used, but the latter is 
preferable because it offers the advantage of rapid healing at the donor site and 
reduces the risk of loss of facial bone. This is especially important if the bone is 
thin or a dehiscence or fenestration is suspected. (see eFig. 9C).  

• With a #15 blade, make a vertical incision from the gingival margin to outline a 
flap adjacent to the recipient site. Incise to the periosteum, and extend the incision 
into the oral mucosa to the level of the base of the recipient site. The flap should be 
sufficiently wider than the recipient site to cover the root and provide a broad 
margin for attachment to the connective tissue border around the root. The 
interdental papilla at the distal end of the flap or a major portion of it should be 
included to secure the flap in the interproximal space between the donor and the 
recipient teeth.  

• Make a vertical incision along the gingival margin and interdental papilla, and 
separate a flap consisting of epithelium and a thin layer of connective tissue, 
leaving the periosteum on the bone.  

• A releasing incision may be needed to avoid tension on the base of the flap, 
which can impair the blood supply when the flap is moved. A short, oblique 
incision is made into the alveolar mucosa at the distal corner of the flap.  

Step 3: Transferring the flap. Slide the flap laterally onto the adjacent root. The 
flap should be placed flat and be firm without excess tension on the base. Stabilize 
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the flap to the adjacent gingiva and alveolar mucosa with interrupted sutures (see 
eFig. 9D). A suspensory suture may be used around the involved tooth to prevent 
the flap from slipping apically.  

Step 4: Protecting the flap and donor site. Cover the surgical site with a sterile 
aluminum foil and periodontal dressing. Extend the dressing interdentally and onto 
the lingual surface to secure it. The dressing and sutures are usually removed after 
1 week.. 
 

 
eFig. 9 Laterally displaced flap. (A) Preoperative view of the maxillary bicuspid. (B) Recipient site is 
prepared by exposing the connective tissue around the recession. (C) Incisions are made at the donor site 
in preparation of moving the tissue laterally. (D) The pedicle flap is sutured in position. (E) Postoperative 
result at 1 year. (Courtesy Dr. E.B. Kenney, Los Angeles, CA.) 
 
 

 
Variant Techniques of laterally displaced flap 
 
There are many variations in the incisions for the laterally displaced flap. A 
common alternative is the use of converging oblique incisions over the recipient 
site and a vertical or oblique incision at the distal end of the donor site to allow the 
flap to have a slightly wider base. 
The lateral pedicle, partial-thickness grafts from neighboring edentulous areas can 
be used to restore attached gingiva on teeth adjacent to edentulous spaces with 
denuded roots and minimal vestibular depth, which are often complicated by 
tension from an adjacent frenum. The double-papilla flap attempts to cover roots 
denuded by isolated gingival defects with a flap formed by joining the contiguous 
halves of the adjacent interdental papillae.61 Results with this technique can be 
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unpredictable because blood supply is impaired by suturing the two flaps over the 
root surface, which is devoid of blood supply. 
 
Accomplishments of a Pedicle Autograft 
 
Coverage of the exposed root surface with the sliding-flap technique has been 
successful in 60% of cases62 in one study and 61% to 72% in another. Histologic 
studies in animals have reported coverage in  
50% of cases.63 The extent to which the flap establishes a new attachment to the 
root surface with the formation of new cementum and new connective tissue fibers 
has not been established. New attachment on artificially denuded roots in 
experimental animals114 and in some clinical studies of humans has been 
reported,64 but it does not occur consistently enough to be predictable. In the donor 
site, there is uneventful repair and restoration of gingival health, with some loss of 
radicular bone (0.5 mm) and recession (1.5 mm) reported when full-thickness flaps 
are used as the donor tissue. 
 
(2)Coronally Displaced Flap 
 
The purpose of the coronally displaced flap procedure is to create a split-thickness 
flap in the area apical to the denuded root surface. The flap is coronally positioned 
to cover the root. Two techniques are available for this purpose. The technique is 
essentially a coronally positioned pedicle flap 
 
First Technique 
 
Step 1. With two vertical incisions, delineate the flap. These incisions should go 
beyond the mucogingival junction. An internal bevel incision is made from the 
gingival margin to the bottom of the pocket to eliminate the diseased pocket wall. 
Elevate a mucoperiosteal flap using a sharp dissection. 
 
Step 2. Scale and plane the root surface.  
 
Step 3. Return the flap, and suture it at a level coronal to the pretreatment position. 
Cover the area with a periodontal dressing. The postsurgical appointment is made 
after 1 week. The periodontal dressing is replaced for an additional week if 
necessary. 
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Variations of the First Technique 
 
Results with the coronally displaced flap technique are often unfavorable65 because 
of insufficient keratinized gingiva apical to the recession. To overcome this 
problem, a gingival augmentation procedure with a free autogenous graft can be 
performed before the coronally positioned graft as described earlier. This creates 
several millimeters of attached keratinized gingiva apical to the denuded  
root surface. (eFig. 10). Two months after this surgery, a second-stage procedure is 
performed to coronally position the flap, which includes the free  
autogenous graft. The use of citric acid with a pH of 1.0 for conditioning the root 
surface has been suggested by some clinicians.66 A significant reduction in 
recession of the graft when the two-stage technique is used was reported after 2 
years by Bernimoulin and colleagues and confirmed by others.67,68 

 

 
Second Technique 
 
Tarnow described the semilunar, coronally repositioned flap to cover isolated 
denuded root surfaces69 (eFig. 11).  
Step 1. A semilunar incision is made following the curvature of the receded 
gingival margin and ending about 2 to 3 mm short of the tip of the papillae. This 
location is important because the flap derives its blood supply from the papillary 
areas. The incision should reach the alveolar mucosa if the attached gingiva is 
narrow.  
Step 2. Perform a split-thickness dissection coronally from the incision, and 
connect it to an intrasulcular incision.  
Step 3. The tissue collapses coronally, covering the denuded root. It is then held in 
its new position with a moist gauze. Many cases do not require sutures or 
periodontal dressing. 
This technique is simple and predictably provides 2 to 3 mm of root coverage. It 
can be performed on several adjoining teeth. The technique is indicated for areas 
where the recession is not extensive (<3 mm) and the facial gingival biotype is 
thick. It is successful for the maxillary anterior area to cover root surfaces exposed 
at the crown margins. 
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eFig. 10 Coronally displaced flap. (A) Preoperative view, showing the recession and the lack of attached 
gingiva. (B) After placement of a free gingival graft. (C) Three months after placement of the graft. (D) 
Flap, including the graft, positioned coronally and sutured. (E) Six months later, showing the root 
coverage and attached gingiva. Compare with A. (Courtesy Dr. T.J. Han, Los Angeles, CA.) 
 

 
 
eFig. 11 Semilunar coronally positioned flap. (A) Slight recession in the facial aspect of the upper left 
canine. (B–D) After thorough scaling and root planing of the area, a semilunar incision is made, and the 
tissue is separated from the underlying bone. The flap collapses, covering the recession. (E) Appearance 
after 7 weeks, showing coverage of the previous root denudation. (Courtesy Dr. J.J. Elbaz, Beverly Hills, 
CA.) 
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6.2.4 Subepithelial Connective Tissue Graft 
 
The  subepithelial  connective  tissue  graft  (i.e.,  Langer  procedure)  is indicated  
for larger and multiple  defects with good vestibular  depth and gingival thickness 
to allow a split-thickness flap to be elevated. Adjacent to the denuded root surface, 
the donor connective tissue is sandwiched between the split flaps. This technique  
was described  by  Langer  and  Langer  in  1985.70 

 

 Fig.12 Subepithelial connective tissue graft for root coverage. (A through E) Sagittal views. (A) 
Preoperative view of facial recession on a maxillary central incisor. (B) Split-thickness incision for the 
recipient site. (C) Split-thickness flap is reflected. (D) Connective tissue is placed over the denuded root 
surface. The apical portion of the donor tissue is placed between the split-thickness flaps. (E) Recipient 
flap is closed. Subepithelial connective tissue graft is used for root coverage. 
 
The following is the step-by-step surgical description: 
Step  1. Apartial-thickness flap is reflected with a horizontal incision 2  mm away 
from the tip of the papilla, and two vertical incisions of  1  to  2  mm  are  made 
from  the  gingival  margin  of  the  adjoining teeth. These incisions should extend 
at least one tooth wider mesiodistally than the area of gingival recession. Extend 
the flap to the mucobuccal  fold. 
 
Step 2. The exposed root surface is scaled and planed, which cleans the root 
surface and reduces the facial convexity. 
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Step  3. Obtain  a connective  tissue graft  from  the  palate  by means of a 
horizontal incision 5 to 6  mm from the gingival margin of molars and premolars.  
The palatal wound is sutured in a primary closure. 
Step 4. Place the connective tissue on the denuded root. Suture it with resorbable 
sutures to the periosteum. 
 
Step  5. Cover the graft with the outer portion of the partial-thickness f lap, and 
place the sutures interdentally. 
Step  6. Cover  the wound with  a  sterile  foil  and  surgical  dressing, 
 
After 7 days, the dressing and sutures are removed. 
The  aesthetic  results  are  favorable  with  this  technique  because the donor 
tissue is connective  tissue .  The donor site heals by primary intention70. 
 
 

eFig.13  Langer technique for root coverage.  (A) Preoperative  view, showing the recession on teeth 
#6 to #8. (B) Split-thickness  flap is elevated on teeth #6 and #7. The interdental papillae are not included 
in the flap, nor is the gingival margin area of tooth #8, which was treated by means of a coronally 
displaced flap. (C) Connective tissue from the palate. (D) Graft placed under the flap and covering 
receded areas approximately to  the  cementoenamel  junction.  Sutures  are  in  place.  (E)  Roots  are  
covered  after  complete  healing.  note  the thickness of the tissue in the area covered and excellent color. 
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6.2.5 Guided Tissue Regeneration  Technique for  Root Coverage 
 
 
Theoretically, GTR should result in reconstruction of the attachment apparatus, 
along with coverage of the denuded root surface . 
 
The following is a step-by-step description of the surgery:  
 
Step 1. A full-thickness flap is reflected to the mucogingival junction, continuing 
as a partial-thickness flap 8 mm apical to the mucogingival  junction. 
 
Step 2. A membrane is placed over the denuded root surface and adjacent tissue. It 
is  trimmed and adapted to the root surface and covers at least  2  mm of marginal  
periosteum. 
 
Step 3. A suture is passed through the portion of the membrane that will cover the 
bone. This suture is tied on the exterior and to bend the membrane,  creating  a 
space between the root and membrane.  This space allows the growth of tissue 
beneath the membrane. 
 
Step 4. The flap is then positioned coronally and sutured. Four weeks later, a small 
envelope flap is performed, and the membrane is carefully removed. The flap is 
then positioned coronally, to protect the growing tissue and sutured. One week 
later, the  sutures are removed.71 

 
Tinti  and Vincenzi used titanium-reinforced membranes to create space beneath 
the membrane. Resorbable  membranes have  also been used to achieve root 
coverage.  The inability to create space between the  resorbable membrane  and the  
denuded root  may present  a  problem, even though a second surgery is not 
needed.72 

 
Clinical  studies comparing  this technique  with the coronally displaced flap have 
shown that the GTR technique is better when the recession is greater than 4.98  
mm apicocoronally.73  Histologically, one case reported 3.66  mm of new 
connective  tissue attachment associated with 2.48  mm of new cementum  and 
1.84  mm of bone growth74. 
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eFig. 14  Guided tissue regeneration technique for root coverage.  (A) Marked recession of the left 
maxillary cuspid. (B) Vertical incisions are made, and the membrane is placed over the recession. (C) 
Flap is sutured over the membrane. (D) Postoperative result, showing complete coverage of recession. 
 
 
6.2.6 Pouch and Tunnel  Technique 
 
The  pouch and tunnel  technique  is also  referred  to  as the  coronally advanced 
tunnel technique. To minimize incisions and the reflection of flaps and to provide 
abundant blood supply to the donor tissue, placement of the subepithelial donor 
connective tissue into pouches beneath  papillary  tunnels  allows  intimate  contact  
of donor tissue with the recipient  site75 
 Positioning of the graft in the pouch and through the tunnel  and coronal 
placement  of the recessed gingival margins completely  covers the donor tissue.  
The aesthetic  result is excellent. The technique is especially effective for the 
anterior maxillary area in which vestibular depth is adequate and there is good 
gingival  thickness. 
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An advantage of this technique is thickening of the gingival margin after healing.  
The thicker gingival margin is  stable, allowing for the  possibility  of creeping  
reattachment  of the  margin. 
  The  use of small, contoured blades enables the surgeon to incise and split the  
gingival  tissues to create  the  recipient  pouches  and tunnels. 
The work by Azzi and associates76  in  this  area  of  surgery  has contributed  to  a  
better  understanding  of  the  technique  and  outcome of this procedure. 
 
The successful outcome of the pouch and tunnel technique depends on several 
factors: (1) blood supply to the grafted donor tissue is abundant, (2) grafted donor 
tissue is stable inside the pouch, (3) donor tissue is protected from external trauma 
during healing, and (4) the gingival margin is  thickened,  which  creates  a  
favorable  biotype  for  possible  creeping reattachment. 
 
The following steps describe  the surgical  procedure  outlined  by Azzi and 
colleagues : 
 
Step 1. Preparation of the patient includes biofilm control instructions and careful  
scaling  and root planing  several  weeks before the surgical procedure.  The 
patient is instructed to rinse for 30 seconds with a 0.12% chlorhexidine gluconate 
solution. 
 
Step 2. After adequate anesthesia of the region, the surgical procedure is 
performed. 
 
Step  3. Composite  material  is placed  (temporarily)  at  the  contact points to 
prevent  collapse  of the suspended sutures into the interproximal spaces before the 
surgery. 
 
Step 4. Root planing of the exposed root surfaces is performed. 
 
Step  5. Initial  sulcular  incisions  are  made using #15c and #12d blades. Small, 
contoured blades and minicurettes are used to create  the recipient  pouches and 
tunnels. 
 
Step 6. On the buccal aspect, an intrasulcular incision is made around the necks of 
the teeth. The incision is extended to one adjacent tooth  mesially  and  distally  
using a  #15c  blade.  This  incision maintains the full height and thickness of the 
gingival component and enables access beneath the buccal gingiva with curettes.  
The cutting edge is directed toward the bone to dissect the connective tissue 
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beyond the mucogingival line and free the buccal flap from its insertions to the 
bone around each  tooth. 
 
Step 7. Muscle fibers and any remaining collagen fibers on the inner aspect of the 
flap, which prevent the buccal gingiva from being moved coronally, are incised  . 
 
Step 8.  The papillae are kept intact and undermined to maintain their integrity and 
carefully released from the underlying bone, which allows coronal positioning  of 
the papillae. 
 
Step 9. An envelope, full-thickness pouch, and tunnel are created and extended 
apically beyond the mucogingival line by blunt dissection for insertion of the free 
connective tissue graft through the intrasulcular  incision. 
 
Step 10.  The size of the pouch, which includes the area of the denuded root 
surface, is measured so that an equivalent-size donor connective  tissue can be 
procured from the palate. 
 
 Step 11. A donor surgical site is created to obtain a connective tissue graft  of 
adequate  size  and shape  to be  placed at  the  recipient  site. The donor tissue 
connective tissue is contoured to fit into the recipient  tunnel  and pouch. 
 
 Step 12. A mattress suture placed at one end of the graft helps to guide  the  graft 
through the  sulcus and beneath  each  interdental papilla.  The border of the tissue 
is gently pushed into the pouch and  tunnel  using tissue  forceps  and  a  packing  
instrument.  The graft is pushed from the adjacent tooth on one side of the surgical 
area  to the adjacent  tooth on the other side.  
 
Step  13. A mattress suture placed on one end of the graft helps to maintain  the  
graft in  position  while  the  buccal  tissue  covers  the connective  tissue  graft.  
This connective  tissue  graft  is anchored to the inner aspect of the buccal flap in 
the interdental papilla area. Avertical mattress suture is used to hold the connective 
tissue in position beneath  the gingiva.  The connective  tissue graft is completely 
submerged beneath the buccal flap and the papillae. 
 
 Step  14. The entire gingivopapillary complex (i.e., buccal gingiva with  the  
underlying  connective  tissue  graft  and  papillae)  is coronally positioned using a 
horizontal mattress suture anchored at  the  incisal  edge  of the  contact  area.  The  
contact  areas  are splinted preoperatively  to close the interdental  contact  using a 
composite  material  to prevent  the  suture from sliding apically  interdentally. 
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Step  15. Other  holding  sutures can  be placed through  the  overlying gingival  
tissue and donor tissue to the underlying periosteum  to secure and stabilize  the 
donor tissue and the overlying gingiva in a coronal position. 
 
The  area  is not  covered  with periodontal  dressing.  The  patient is instructed to 
rinse daily with chlorhexidine gluconate and to avoid touching the sutures. 
Antibiotics can be administered (500 mg of amoxicillin three times each day) if 
deemed necessary76. 

eFig. 15  Pouch and tunnel technique for root coverage.  (A) Preoperative view, showing gingival 
recession. (B) A sulcular incision is made from the mesial to the facial line angles. (C) A tunnel is made 
through the papilla using a blunt incision. (D) A connective tissue graft is taken from the palate. (E) The 
connective tissue is placed through the papillary tunnel and apically beneath the pouch. (F) The facial 
gingival margin covers the connective tissue using horizontal mattress sutures interdentally. (G) 
Postoperative view, showing complete root coverage and a thickened gingival margin at 3 months. 
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7. Techniques to Deepen  the Vestibule 
 
 
Adequate vestibular depth is important for oral hygiene and retention of prosthetic 
appliances. Numerous surgical techniques have been proposed to accomplish 
deepening of the vestibule. 

The classic clinical studies in the early 1960s by Bohannan77-78  indicated that 
deepening of the vestibule by non–free-graft procedures were not successful when 
evaluated  years later. Predictable  deepening  of the vestibule can be accomplished  
only by the  use of free autogenous  graft techniques  and their  variants  (discussed 
earlier). The important clinical aspect in deepening the vestibule is proper 
preparation  of the recipient  site.  The  recipient  site  must be covered by 
immobile  periosteal  tissue.  If there  is a  lack of  periosteal  connective tissue, 
donor tissue may be placed over the bone.  The donor tissue can be free gingival  
or connective  tissue, but it must be placed  over immobile  recipient  site. 

 

8. Techniques to Remove  the Frenum 
 
 
A frenum becomes a  problem  if  the  attachment  is too close  to  the  marginal  
gingiva. This anatomic  situation  can be a genetic  condition  or the result of 
recession of the gingival  margin reaching the area of the frenum. Tension  on  the  
frenum  can  pull  the  gingival  margin  away  from  the tooth. This condition can 
be conducive to biofilm accumulation and inhibit  proper placement  of the 
toothbrush at the gingival  margin. These hygiene  problems are  most often  
encountered  in the anterior mandibular areas.12 

 

 

Frenectomy and  Frenotomy 
 
Frenectomy  and  frenotomy  refer to surgical procedures that differ in degree. 
Frenectomy is  complete removal of the frenum, including its attachment to 
underlying bone, and it may be required in the correction of an abnormal diastema 
between the maxillary central incisors. Frenotomy is relocation  of the  frenum,  
usually  in a more apical  position. 
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Procedure ; If the vestibule is deep, the procedure is confined to the frenum. It is 
often necessary to deepen the vestibule  to provide space for the repositioned 
frenum. This is accomplished as follows (eFig. 16): 
 
 
Step 1. After anesthetizing the area, engage the frenum with a hemostat inserted  to 
the depth of the vestibule. 
 
 Step  2. Incise along the upper surface of the hemostat, extending beyond the tip. 
 
 Step 3. Make a similar  incision along the undersurface of the hemostat. 
 
 Step 4. Remove the triangular resected portion of the frenum with the hemostat. 
This exposes the underlying fibrous attachment to the bone. 
 
Step 5. Make a horizontal incision, separating the fibers, and bluntly dissect to the 
bone.  
 
Step  6. If necessary, extend the incisions laterally, and suture the labial mucosa to 
the apical periosteum. A gingival graft or connective  tissue graft is placed  over 
the wound.  
 
Step  7. Clean the surgical field with gauze sponges, and apply pressure until  the 
bleeding  stops. 
 
Step 8. Cover the area with dry, sterile aluminum foil, and apply the periodontal  
dressing.  
 
Step 9. Remove the dressing after 2 weeks, and redress if necessary. One month is 
usually  required  for the  formation  of an intact mucosa with the frenum attached  
in its new position.12 
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eFig. 16  Removal of the frenum.  (A) Preoperative view of frenum between the two maxillary central 
incisors. (B) Removal of the frenum from the lip and gingiva. (C) The site is sutured after a connective 
tissue graft is placed over the wound. (D) Postoperative view at 2 weeks.  (Courtesy Dr. J.J. Elbaz, 
Beverly Hills,  California, CA.) 
 
 
9. Techniques to Improve Aesthetics 
The maxillary anterior area in a patient with a high lip line may cause concerns 
about the aesthetic appearance of gingival tissues. This area is called the 
[aestheticzone], and it requires special consideration in restorative, periodontal, 
and implanttherapy. The symmetry of the facial gingival margin from canine to 
canine is altered with recession of the gingival margin, loss of the interdental 
papilla, or an excessive amount of gingival tissue creating a gummy smile. 
Therapy to correct these gingival conditions is discussed under the topics of root 
coverage, papilla reconstruction, and correction of excessive gingival display.12 
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9.1 Root Coverage 
The surgical correction of root coverage is discussed in detail in the section on 

12Gingival Augmentation Coronal to Recession. 

 

9.2 Papilla reconstruction 
Interdental papilla is gingival tissue supported and created by two adjacent teeth in 

The loss of bone as the result  79underlying bone beneath this tissue.contact and the 
of periodontal disease or the loss of the contact alters the support of the interdental 
tissue, which can lead to the loss or reduced height of the papilla	Loss of the 
interdental papilla is a major aesthetic problem for many patients. It is often 
referred to as the black triangle or hole (eFig. 17) 

 
	Fig.(17)	The	loss	of	the	interdental	papilla	creates	an	aesthetic	problem.	Notice	the	black	triangles	or	

holes. 

Reconstruction of the lost or reduced interdental papilla is the most difficult and 
unpredictable problem in aesthetic periodontal therapy Tarnow,80 in his study of 
this area, stated the distance from the crest of the interdental bone to the apical 
portion of the contact above this bone determines whether the interdental papilla is 
absent or present (Fig. 18) 
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Fig(18) The distance from the crest of the interdental bone to the apical portion of the contact, 
above this bone determines whether the interdental papilla is absent. 

 

The predictable reconstruction of the papilla is determined by augmentation of the 
gingival tissue, the presence or absence of the underlying bone, and contact of the 
two adjacent teeth 

There have been numerous case reports of different techniques to augment gingival 
tissue into the interdental area. All techniques must be based on the principle of 
adequate blood supply to the donor tissue. Of the many gingival grafting 
procedures used in periodontal therapy, the technique that offers the best blood 
supply to the donor tissue is the pedicle graft because it maintains a connection 
between the donor tissue and the origin of the graft. The pouch and tunnel surgical 
procedure also creates the ideal blood supply for the recipient site to accept the 
donor tissue 

reported a technique using a semilunar pedicle graft and  81Han and colleagues
pouch to gain papillary height, but without bone support this technique was only 
able to reduce the interdental space Fig.(19) 
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eFig. 19 (A) Interdental crater between tooth 9 and tooth 10. (B and C) Semilunar incision at the 
mucogingival junction and sulcular incision around both teeth to bring the entire gingival unit incisally. 
(D and E) Connective tissue graft taken from the palate. (F) Connective tissue graft placed into the 
semilunar pouch. (G) The wound is sutured. (H) Postoperative wound 2 weeks later. (I) Postoperative 
result 6 months later. (Courtesy Dr. T.J. Han, University of California, Los Angeles.) 

Azzi and coworkers82-83 reported successful results in numerous cases using 
different surgical techniques to regain the lost papilla. All of these cases employed 
different grafting techniques using connective tissue and bone and a surgical flap 
design that applied the principle of the pouch and tunnel to maximize the blood 
supply to the grafted tissue. The case shown in  Fig.(20)   incorporates several of 
the concepts indicated earlier for papilla reconstruction, including 

 semilunar pedicle design,)1(  

 (2) connective tissue and bone grafting into the interdental area, and 

 (3) use of restorative dentistry to place the apical portion of the contact closer to 
the crestal bone. 
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eFig. 20 (A) Preoperative view, showing the loss of the interdental papilla and the extensive recession of 
the facial marginal gingiva. (B) An intrasulcular incision is made around the neck of the right lateral 
incisor and central incisors. A horizontal incision starting at the mucogingival junction and extending into 
the alveolar mucosa and apically up to the labial fold is performed to elevate a split-thickness flap. (C) A 
mucogingival flap is elevated coronally and secured with a horizontal mattress suture anchored to the 
interdental contact point of the central incisors, exposing the interdental bone. (D) Connective tissue 
removed from the tuberosity to be placed over the bone graft in the interdental area. (E) The bone graft is 
removed from the tuberosity, which will be grafted in the interdental area. (F) Diagram of the bone fixed 
to the alveolar crest using a titanium screw. The saddle-shaped graft (A) fits over the interdental bone 
crest. Internal (B) and profile (C) views show the osseous graft. (G) Diagram of the flap returned and 
sutured over the grafted materials to obtain complete closure. 

 

9.3 Therapy to Correct Excessive Gingival Display 

Excessive gingival display (i.e., gummy smile) is an aesthetic concern for many 
patients. This appearance may be caused by a skeletal problem called vertical 
maxillary excess, by dentoalveolar extrusion, or by incomplete exposure of the 
anatomic crown, often referred to as altered passive eruption. It can be associated 
with a short upper lip or excessive lip translation. A combination of causative 
factors can require more than one treatment option. 
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In patients with excessive gingival display, the primary aesthetic feature may also 
be excessive appearance of the teeth. If the cause of the gummy appearance is 
incomplete exposure of the anatomic crown, the teeth will appear short and 
unattractive. This appearance is often noticed in adolescent patients during 
orthodontic treatment. If there is a need for aesthetic crown lengthening before 
orthodontic therapy, there will still be a need after orthodontic therapy, which may 
be 5 years later.84 Although patients may complain about the gummy exposure, the 
real aesthetic issue is the altered tooth form. Surgical crown lengthening addresses 
both concerns, but its focus should be on the exposure of a properly proportioned 
tooth. 
Ideally, the width-to-length ratio of a maxillary central incisor clinical crown 

A central incisor with a width of 8.5 mm  .86)-85(should fall between 0.78 and 0.85
should have a length between 10 and 11 mm. The length of the maxillary canine is 
equal to or slightly less than the central incisor, and its gingival margin should be 
aligned with the central incisor gingival margin. The gingival margin of the lateral 
incisor is usually about 1.0 mm coronal to the margins of the adjacent teeth, 
although in patients with a high lip line, it is usually more pleasing to have the 
lateral incisor gingival margin equal to that of the central incisors and canines. 

 
9.3.1 Surgical Techniques 
 
 
Exposure of the full anatomic crown is necessary to achieve a smile with minimal 
gingival exposure. Measurements before surgery should include clinical crown 
width and length, anatomic crown length, and height of keratinized tissue. 
Surgical crown lengthening can be accomplished by soft tissue excision alone or 
by flap surgery with or without osseous surgery. Determinates for choice of a 
surgical procedure are (1) the need to leave a minimum of 3.0 mm of keratinized 
marginal tissue and (2) the possible need for osseous surgery. If excision of soft 
tissue for full anatomic crown exposure would leave at least 3.0 mm of keratinized 
marginal tissue, there is no need for osseous surgery, and soft tissue excision alone 
is the treatment of choice. If less than 3.0 mm of keratinized marginal tissue would 

12.pically positioned flap is requiredremain after the necessary excision, an a 

  

9.3.2 Osseous Surgery 

The soft tissue level is determined by the thickness and level of the underlying 
alveolar bone. A thick bone margin or an alveolar crest at or near the CEJ causes 
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the overlying gingiva to cover more of the anatomic crown than that seen when the 
alveolar crest is of normal thickness and positioned 2 mm apical to the CEJ. The 
facial soft tissue margin is located approximately 3 mm coronal to the osseous 
crest, allowing 2 mm for biologic attachment and 1 mm for sulcus depth.42 Failure 
to adjust bone form and level to account for these dimensions leads to rebound of 
surgically reduced soft tissue to reform this biologic width.87-88 

 

Precise osseous surgery is best accomplished after elevation of a full-thickness 
mucoperiosteal flap that provides good visibility and access for three-dimensional 
ostectomy and osteoplasty. In aesthetic crown lengthening, only a facial flap is 
raised to prevent loss of papillary fill. Initial gross osteoplasty is accomplished 
with a round bur to reduce excessive bone thickness, followed by alteration of the 
crestal level with hand chisels and curettes. It is important to reduce the osseous 
crest so that the new position parallels the CEJ at each tooth facially and 
proximally. However, the height of the interdental crest is not reduced in aesthetic 
crown lengthening. If full exposure of the anatomic crown is desired, the alveolar 
crest should be reduced to a position 3 mm apical to the CEJ. Excessive bone 
thickness interdentally is reduced with a round bur to produce a slight prominence 
of the roots relative to the alveolar ridge. Care should be exercised to maintain 
adequate bone thickness over the root surfaces. Creation of an ideal osseous form 
leads to predictable and stable soft tissue position and ideal crown exposure.	

 Flap closure is accomplished with interrupted 7-0 sutures. Postoperative 
instructions are focused on biofilm control to prevent soft tissue rebound. Fig.(21) 
demonstrates a clinical case of aesthetic crown lengthening to correct the gummy 

12.appearance in the maxillary anterior aesthetic zone 
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Fig(21) (A) Excessive gingival display and short clinical crowns. (B) Short clinical crowns and a thick 
periodontium. (C) Excision of marginal gingiva to expose the full anatomic crown. (D) Full-thicknessflap 
elevation reveals thick alveolar bone with an irregular crest. (E) Ostectomy and osteoplasty arecompleted. 
(F) The flap is repositioned and sutured with interrupted sling sutures. (G) Three-weekpostoperative view. 
(H) Postoperative view at 2 months.  

10. Tissue Engineering 

Tissue engineering in periodontics and all of dentistry holds the future of wound 
repair and will continue to evolve into a valuable treatment option that the clinician 
can influence and up-regulate. It is important, however, to understand the 
limitations when it comes to influencing the complex wound healing scenario. The 
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roles of inflammation, existing cytokines, growth factors, extracellular matrices, 
and collagen synthesis must be considered when evaluating tissue engineering 
methods. Having the correct factor at the appropriate time and at an effective 
concentration and for the proper duration are issues that need further investigation 
and clinical validation. Just as we strive to understand the host role in the 
pathogenesis of periodontal disease, we must also take into consideration positive 
and negative host influences on wound healing after regenerative procedures. 
Tissue engineering and the use of biologic mediators in periodontal plastic surgery 
have become a reality as the result of research and the demand for noninvasive 
surgical procedures by patients and clinicians. Current periodontal plastic surgery 
is based on the use of the palatal site for donor tissue (i.e., subepithelial connective 
tissue graft [SECTG]), which entails a second surgical wound. Many patients are 
fearful of this donor wound and resist the surgery needed to correct a mucogingival 
problem. For those who desire to avoid the palatal donor site, morbidity associated 
with the SECTG and free gingival graft (FGG), tissue-engineering methods 
provide an excellent alternative. 
Periodontal therapy has involved tissue engineering for decades, beginning with 
GTR, which is a form of passive tissue engineering that excluded certain cell types 
and created an engineered wound left to heal with the appropriate cell types 

GTR and ADM are considered passive cell manipulation in which the cells are not 
biologic mediators. Barrier membranes and ADM offer wonderful solutions with 
an unlimited source and positive outcomes reported in the literatures as a GTR 
technology or tissue replacement graft, respectively89,90,91,92. Barrier membranes 
allow certain cell types to proliferate but do not offer an active component. ADM 
used in periodontal plastic surgery holds no active component to influence wound 
healing and is considered a component in passive engineering. In GTR and ADM, 
the cells are not actively participating in the cellular changes. In active tissue 
engineering, the cells are biologically active in the regeneration process. 
A large body of literature provides clinical and histologic evidence of periodontal 
regeneration from biologically active materials for the intrabony lesion.93,94,95,96. 
This evidence supports the exploration of these active materials for application in 
mucogingival surgery. Randomized, controlled clinical trials and human histologic 
evidence are needed to claim true regeneration and efficacy using the new 
technologies. The remainder of this chapter concentrates on the novel approaches 
and products used for active tissue engineering in periodontal mucogingival 
applications. 
In 2003, McGuire and Nunn97,98 published results of a single-center, randomized, 
controlled clinical trial comparing a coronally advanced flap using EMD with 
SECTG. The results showed no statistical difference in the percentage of root 
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coverage between the test group and controls. It was concluded that within the 
limitations of the single-center trial, EMD with a coronally advanced flap was a 
valid alternative to the subepithelial connective tissue (eFig. 22). 
 

 
Fig. 22 (A) Pretreatment recession defect of 3 mm to be treated with enamel matrix derivative (EMD). 
(B) Application of EMD to the root surface before coronally advancing the flap with 5-0 plain gut sutures. 
(C) The 1-year follow-up reveals 100% root coverage and increased keratinized gingiva. (Courtesy Dr. 
Michael K. McGuire.) 
 
 
In 2006, McGuire and Scheyer published a case series using a growth factor–
mediated procedure, including rhPDGF, β-TCP, and a collagen wound dressing, to 
obtain root coverage comparable to that of SECTG, which led to a randomized, 
controlled clinical trial. The clinical trial used the growth factor–mediated 
procedure to obtain clinical and histologic evidence of root coverage and 
regeneration compared with SECTG.99,100,101 These studies provided proof of 
principle that in four of four human histology block sections, true periodontal 
regeneration (i.e., alveolar bone, periodontal ligament, and new cementum) was 
possible with rhPDGF plus β-TCP plus a collagen wound dressing. Histologic 
evidence of root coverage verifies that this tissue-engineering method offers true 
periodontal regeneration, which is not expected with SECTG (eFig. 23). 
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eFig.( 23) (A) A study test tooth with preoperative 3 mm of recession and a probing depth of 1 mm will 
be treated with recombinant human platelet-derived growth factor-BB (rhPDGF-BB) plus beta-tricalcium 
phosphate (β-TCP) plus collagen wound dressing. (B) Root surface preparations with a chisel. (C) Root 
surface preparation with ethylenediaminetetraacetic acid (EDTA). (D) Horizontal and vertical beveled 
incisions. (E) The alveolar bone crest is 6.5 mm from the cement–enamel junction. (F) Root surface 
exposed to rhPDGF. (G) The rhPDGF-saturated β-TCP is placed over the root surface. (H) Collagen 
wound dressing is saturated with rhPDGF. (I) Collagen dressing is sutured with resorbable 6-0 plain gut 
sutures to the papillary connective tissue bed. (J) Remaining rhPDGF is expressed over the closed wound. 
(K) Vertical incisions are closed with 5-0 chromic gut sutures. (L) Four-week postoperative photograph. 
 
Reconstruction of the open interproximal space remains one of the greatest 
challenges in aesthetic periodontal therapy. In a landmark study by McGuire and 
Scheyer in 200788 autologous fibroblasts were injected into the interdental papilla 
using a method to atraumatically augment the deficient gingival papilla. Although 
this method has not been thoroughly validated, treatment outcomes reduced open 
interproximal spaces and improved aesthetics in the maxillary arch (Fig. 24). 
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Fig.(24) (A) Preoperative view of the open interproximal space. (B) Four months after three injections 
into the papilla with the patient’s own expanded and concentrated fibroblasts, note the improved papillary 
form. Green horizontal lines are used for image analysis. (From McGuire MK, Scheyer ET: A 
randomized, double-blind, placebo-controlled study to determine the safety and efficacy of cultured and 
expanded autologous fibroblast injections for the treatment of interdental papillary insufficiency 
associated with the papilla priming procedure. J Periodontol 78:4–17, 2007.) 

 

No long-term evidence exists for tissue stability with this method, but the pilot 
study showed promise for an innovative study design for a tissue-engineering 
application in dentistry. For example, the technology allows for the concept of 
banking autologous fibroblasts for future clinical use or research. 

In 2008, McGuire and Scheyer102 published a pilot study comparing a tissue-
engineered bilayered cell therapy (BLCT) (Apligraf, Organogenesis, Canton, MA) 
to FGG with promising enough results to warrant a multicenter, controlled clinical 
trial (eFig. 25) 

 

 



56	
	

 

 

eFig.(	25)	(A) Preoperative control site to be treated with a free gingival graft. (B) Preoperative view of 
the test site to be treated with bilayered cell therapy (BLCT). (C) Preoperative control site is stained with 
Schiller’s iodine to better delineate the mucogingival junction. (D) Test site is stained with Schiller’s 
iodine. (E) Immediate postoperative view of the free gingival graft. 

 

 From the pilot study, there is evidence of de novo formation of attached and 
keratinized gingiva with the placement of a live cell therapy device without donor 
site surgery. In this randomized, controlled clinical trial, the test material was 
capable of generating up to 2.72 mm of keratinized gingiva, and in more than 75% 
of the subjects, more than 2 mm of keratinized tissue was developed after 6 month 
follow-up visit. This pilot study supports further research of the BLCT to produce 
de novo keratinized gingiva without the use of a traditional autograft. More data 
are being analyzed to allow the commercial use of this material. 
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In 2005, McGuire and Nunn103 published a pilot study evaluating the safety and 
efficacy of a living tissue-engineered human fibroblast–derived dermal substitute 
(HFDDS) (Dermagraft, Advanced Tissue Science, La Jolla, CA) compared with a 
gingival autograft. Although the autograft produced a larger band of keratinized 
tissue, the test group represented the first attempt to use an off-the-shelf tissue-
engineered material capable of generating attached and keratinized gingiva.104 

In the quest for new technologies to reduce trauma during surgery, further research 
is needed to investigate treatment methods such as ADM, biologic factors, and 
materials that could carry growth factors to the surgical site and maintain their 
action. At some point, recombinant growth factors could eliminate the need for 
donor sites and the use of exogenous materials inserted into the human body. 
Future research should focus on obtaining additional evidence for using growth 
factors and live-cell technology during periodontal therapy to eliminate donor site 
morbidity. 
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Chapter three 
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11. Chapter three : Conclusion 

 
Periodontal plastic surgery refers to soft tissue relationships and manipulations. 

In all of these procedures, blood supply is the most significant concern and must be 
the underlying issue for all decisions regarding the indivdual surgical procedure . A 
major complicating factor is the a vascular root surface , and many modifications 
to existing techniques are used to overcome this . Diffusion of fluids is short term 
and of limited benefit as tissue size increases . The formation of a circulation 
through anastomosis and angiogenesis is crucial to the survival of these therapeutic 
procedures. 

Formation of vascularity is based on growth molecules, such as vascular 
endothelial growth factor (VEGF), and on cellular migration,  proliferation , and 
differentiation . As tissue-engineering techniques improve, the success and 
predictability of mucogingival surgery should dramatically increase. However, all 
advancements must have adequate circulation and blood supply as their basis. 

New techniques are being developed and are slowly being incorporated into 
periodontal practice. The practitioner should be aware that new methods 
sometimes are published without adequate clinical research to ensure the 
predictability of the results and the extent to which the techniques may benefit the 
patient. Critical analysis of recently presented techniques should guide the 
evolution toward better clinical methods12. 
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Abstract 

Periodontal diseases (mostly gingivitis and periodontitis) are common 

conditions that affect the dental supporting structures including the gingiva, 

cementum, periodontal ligament, and the alveolar bone. 

This topic will review gingivitis, periodontitis, and associated conditions. The 

pathogenesis, clinical manifestations, and antibiotic treatment of odontogenic 

infections are discussed in detail separately. 
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Introduction  

              Low-grade periodontitis affects most of the adult population to some 
degree, and it has its incipient beginning in adolescence. Other more serious and 
high-grade periodontal diseases also are seen occasionally in children, and some of 
these diseases are signs of systemic diseases or conditions. Definitive diagnosis 
usually requires a detailed dental examination, including intraoral radiographs and 
periodontal probing, but signs can be recognized from visual inspection of the 
gingival and other oral structures. 
Periodontal diseases affect the dental supporting structures, primarily the gingiva 
and alveolar bone. They are caused by complex communities of bacteria that grow 
in a biofilm on the surface of the tooth (dental plaque).  
Bacteria elicit an inflammatory response that can result in tissue destruction. Both 
gingivitis and periodontitis occur in children and adolescents. Gingivitis is a 
reversible dental plaque-induced inflammation limited to the gingiva, and it is 
common in children as young as five years of age. Periodontitis is usually 
accompanied by gingivitis but involves irreversible destruction of the supporting 
tissues surrounding the tooth, including the alveolar bone. 
Some degree of periodontitis is seen in most adults, in whom periodontitis is the 
major cause of tooth loss. Although low-grade periodontitis often begins in 
adolescence, progression is slow, and cumulative signs of destruction are usually 
not noted before young adulthood. The higher-grade and rarer forms of 
periodontitis do produce destruction that is apparent during childhood. The 
prevalence of these diseases is probably less than 2 percent of the population.  
The periodontal examination and the presentation and management of gingivitis 
and periodontitis in children and adolescents are reviewed here. Other soft tissue 
lesions, the periodontal manifestations of systemic conditions, and gingivitis and 
periodontitis in adults are discussed separately. 
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1. The gingiva  
 

The gingiva is the part of the oral mucous membrane that covers the alveolar 
processes and the cervical portions of the teeth. It has been traditionally di- vided 
into free and attached gingiva. The free gingiva is the tissue coronal to the bottom 
of the gingival sulcus. The attached gingiva extends apically from the free gingi- 
val groove to the mucogingival junction. 
The gingival tissues are normally light pink, although the color may be related to 
the complexion of the person, the thickness of the tissue, and the degree of 
keratinization. [Collins J, 2001] 
  
The clinical and radiographic images of gingiva and periodontium in children and 
adolescent differ from those seen in adults, owing to the significant changes taking 
place during growth and development. 
 • The periodontium during childhood and puberty is in constant state of change 
owing to the exfoliation and eruption of teeth. 
 • This makes a general description of the normal periodontium difficult because it 
varies with age of the patient. [Blanchard K, 1995], see figure 1 . 
 

 

                  Fig. 1 periodontitis and gingivitis in adults and children 

 

1.1 Features Children and Adults Gingival 

● In children colour More reddish Free gingival margin- rounded Consistency 

Flabby due to less CT density and lack of organized collagen 

fiber bundles Surface texture Stippling absent in infancy. `Mostly seen by age of 6 

years Interdental area Saddle shaped gingiva Gingival sulcus Newly erupted teeth 

sulcus depth is greater than deciduous predecessor. 
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Attached gingiva Width increases with age and concomitant 

decrease in sulcus depth In Adults Gingival colour Coral pink contour 

Gingival margin- knife edge Consistency Firm 

and resilient Surface texture Stippling present. Adults Interdental area Papillary 

gingiva Gingival sulcus 1-2mm Attached gingiva Greater in adult [Parker JF, 

2008] Delaney reports probing depths around primary 

teeth  to  be  approximately  2 mm, with the facial and lingual probe sites shallowe 

 thanthe proximal sites. ligament in children is wider than that in adults.   The  widt

h  of the  attachedgingiva is narrower in the mandible than in the  maxilla, and both 

widths increase with the transition from the  primary topermanent dentition in the c

-hild. The alveolar bone surrounding the primary dentition demon- strates fewer 

trabeculae, less calcification, and larger  marrow spaces.[ Parker JF, 2008] Recent 

recognition that periodontal disease may  have its origins in childhood has 

led dentists to be more  aggressive in treatment.  Studies 

confirm a high   prevalence of gingivalinflammation in children. Periodontal condit

ions   that progress rapidly and result in the loss of  primary and permanent teeth ha

ve been noted  with increased frequency. [Parker JF, 2008] 

Therefore the American Academy of Pediatric Dentistryʼsrecommendations for 

children and adoles- cents include 

placing greater emphasis on the prevention, early diagnosis, and treatment of gingi

val and periodon- tal disease in children.[ The Rule of 72] 

By the establishment of excellent oralhygiene habits in children, which will carry o

verto adulthood, the risk of periodontal disease islowered. 

 

 

2. Gingivitis 

Inflammatory exudate and edema,some destruction of collagenous gingival fibers, 

and ulceration and proliferation of the epithelium,facing the tooth and  attaching th

e gingiva to it, as seen in fig. 2.  Numerous studies indicate that marginal 

gingivitis is the most common form of periodontal 

disease and  starts in early childhood. 
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Severe gingivitis is relatively uncommon in children, although numerous surveys 

have shown that a large portion of the pediatric population has mild gingivitis.  

The major etiologic factors  associated with gingivitis and more significant 

periodontal disease are uncalcified and calci- fied bacterial plaque. 

 

 

Fig. 2 Gingivitis  

However, gingivitis rarely progresses to periodontitis in the preschool and grade 

school child.[ Kouzes JM,1995 ] A transitory type of gingivitis is often observed in 

young children when the primary teeth are erupting. This gingivitis, often localized 

and associated with difficult eruption, subsides after the teeth emerge into the oral 

cavity. 

Gingivitis associated with poor oral hygiene is usually classified as 

early(slight),moderate, or advanced. Early gingivitis is quickly reversible and can 

be treated with good oral prophylactic treatment and instruction in tooth brushing 

and flossing techniques to keep the teeth free of bacterial plaque . Gingivitis is 

generally less severe in children than in adults with similar plaque levels.[ 

Blanchard K, 2003] 

 

2.1 Gingival diseases classification: 

2.1.1 ERUPTION GINGIVITIS 
A transitory type of gingivitis is often observed in young children when the 
primary teeth are erupting. This gingivitis, often localized and associated with 
difficult eruption, subsides after the teeth emerge into the oral cavity, see fig.3 . 
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The greatest increase in the incidence of gingivitis in children is often seen in the 
6- to 7-year age group, when the permanent teeth begin to erupt. This increase in 
gingivitis apparently occurs because the gingival margin receives no protection 
from the coronal contour of the tooth during the early stage of active eruption, and 
the continual impingement of food on the gingivae exacerbates the inflammatory 
process. Food debris, materia alba, and bacterial plaque often collect around and 
beneath the free gingival tissue, partially cover the crown of the erupting tooth, and 
cause the development of an inflammatory process. This inflammation is most 
commonly associated with the eruption of the first and second permanent molars, 
and the condition can be painful and can develop into pericoronitis   or pericoronal 
abscess. Mild eruption gingivitis requires no treatment other than improved oral 
hygiene. Painful pericoronitis may be helped when the area is irrigated  with a 
counterirritant, such as Peroxyl . [McDonald Ralph E, 2004] 
 
 

 

Fig. 3 Eruption Gingivitis. 

 

2.1.2 DENTAL PLAQUE–INDUCED GINGIVITIS 

 It is the most common form of gingivitis without loss of attachment or bone. In 

children, the prevalence of plaque induced gingivitis increases with age until it 

reaches a zenith at puberty. Plaque induced gingivitis begins at the gingival margin 

and can spread throughout the remaining gingival unit. Clinical signs of gingival 

inflammation involving changes to gingival contour, color and consistency are 

associated with a stable periodontium which exhibits no loss of periodontal 
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attachment or alveolar bone. In children, gingivitis is not as intense as that found in 

young adults with similar amounts of plaque, see fig. 4. This age related difference 

in the development and severity of gingivitis may be associated with the quantity 

or quality of dental plaque, the response of the immune system, or morphological 

differences in the periodontium between children and adults such as: 

 Thicker junctional epithelium 

 Increased vascularity in gingival connective tissue                     

 Increased keratinization 

More specifically, the dental plaque of children usually contains lower 

concentrations of putative pathogens. Common clinical findings include: 

 Erythema 

 Edema, loss of stippling 

 Bleeding 

 Sensitivity 

 Tenderness 

 Enlargement 

 No loss of attachment, etc 

 Local factors contributing to gingivitis in children : 

 Crowded teeth  

 Orthodontic appliances  

It is classified as:- 

 Initial  

 Early   

 Moderate  

 advanced  

 Adequate mouth hygiene and cleanliness of the teeth are related to frequency of 

brushing and the thoroughness with which bacterial plaque is removed from the 

teeth. Favorable occlusion and the chewing of course, detergent-type foods, such 

as raw carrots, celery, and apples, have a beneficial effect on oral cleanliness.[ 

MURAKAMI, 2018] 
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Fig. 4 Dental plaque induced gingivitis in sequences . 

 

2.1.3 ALLERGY AND GINGIVAL INFLAMMATION 

Matsson and Moller studied the degree of seasonal variation of gingival 

inflammation in children with allergies to birch pollen. Thirty-four children who 

were allergic were examined during two successive spring seasons and the one 

intervening fall. Age and gender-matched controls were also examined in the fall. 

Gingival inflammation and the presence or absence of plaque were recorded, and a 

bleeding/plaque ratio was calculated for each child. The results indicated an 

enhanced gingival inflammatory reaction in the allergic children during the pollen 

seasons. Although the authors acknowledge that the significance of gingival 

reaction during short allergy seasons is difficult to assess, they speculate that 

patients with complex allergies who have symptoms for longer periods may be at 

higher risk for more significant adverse periodontal changes.[ Matsson L,1990] 
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2.1.4 CHRONIC NONSPECIFIC GINGIVITIS: 

A type of gingivitis commonly seen during the preteenage and teenage years is 

often referred to as chronic nonspecific gingivitis. The chronic gingival 

inflammation may be localized to the anterior region, or it may be more 

generalized. Although the condition is rarely painful, it may persist for long 

periods without much improvement, as seen in Fig. 5 . 

 

Fig. 5 Chronic nonspecific gingivitis. 

The gingivitis showed little improvement after a prophylactic treatment. The age of 

the patients involved and the prevalence of the disease in girls suggested a 

hormonal imbalance as a possible factor. Histologic examination of tissue sections 

and the use of special stains ruled out a bacterial infection. Inadequate oral 

hygiene, which allows for food impaction and the accumulation of materia alba 

and bacterial plaque, is undoubtedly the major cause of this chronic type of 

gingivitis. The cause of chronic gingivitis is complex and is considered to be based 

on a multitude of local and systemic factors. [McDonald, 2010] Because dietary 

inadequacies are often found in the preteenage and teenage groups, the 7-day diet 

survey described in Chapter 8 is an important diagnostic aid. Insufficient quantities 

of fruits and vegetables in the diet, leading to a subclinical vitamin deficiency, may 

be an important predisposing factor. An improved dietary intake of vitamins and 

the use of multiple-vitamin supplements will improve the gingival condition in 

many children. [McDonald, 2010] 
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Malocclusion, which prevents adequate function, and crowded teeth, which make 

oral hygiene and plaque removal more difficult, are also important predisposing 

factors in gingivitis. Caries lesions, with irritating sharp margins and faulty 

restorations with overhanging margins (both of which cause food accumulation) 

also favor the development of the chronic type of gingivitis. Therefore the 

placement of dental restorations to restore adequate function and contour of 

defective teeth after the reduction of acute symptoms is an equally important 

treatment consideration. [McDonald, 2010] 

A wide variety of local irritants can produce a hyperplastic type of gingivitis in 

children and young adults. The irritation to the gingival tissue produced by mouth 

breathing is often responsible for the development of the chronic hyperplastic form 

of gingivitis, particularly in the maxillary arch, see fig. 6 . All these factors should 

be considered contributory to chronic nonspecific gingivitis and should be 

corrected in the treatment of the condition. The importance of thorough daily oral 

hygiene must be emphasized repeatedly to the patients. [McDonald, 2010] 

 

 

 Fig. 6 Hyperplastic Gingivitis in Maxillary arch.  
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2.1.5 ACUTE GINGIVAL DISEASE  

2.1.5.1 HERPES SIMPLEX VIRUS INFECTION 

Herpes virus causes one of the most widespread viral infections. The primary 

infection usually occurs in a child younger than 6 years of age who has had no 

contact with the type 1 herpes simplex virus (HSV-1) and who there- fore has no 

neutralizing antibodies. It is believed that 99% of all primary infections are of the 

subclinical type. The infection may also occur in susceptible adults who have not 

had a primary infection. See fig. 7 

In some preschool children the primary infection may be characterized by only one 

or two mild sores on the oral mucous membranes, which may be of little concern 

to the child or may go unnoticed by the parents. In other children the primary 

infection may be manifested by acute symptoms (acute herpetic gingiva-

stomatitis). 

 

Fig. 7 Herpes simplex virus. 

The active symptoms of the acute disease can occur in children with clean mouths 

and healthy oral tissues see Fig 8A and 8B . The symptoms of the disease develop 

suddenly and include, in addition to the fiery red gingival tissues, malaise, 

irritability, headache, and pain associated with the intake of food and liquids of 

acidic content. A characteristic oral finding in the acute primary disease is the 

presence of yellow or white liquid filled vesicles. In a few days the vesicles rupture 

and form painful ulcers, 1 to 3 mm in diameter, which are covered with a whitish 

gray membrane and have a circumscribed area of inflammation . The ulcers may 

be observed on any area of the mucous membrane, including buccal mucosa, 
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tongue, lips, hard and soft palate, and the tonsillar areas. Large ulcerated lesions 

may occasionally be observed on the palate or gingival tissues or in the region of 

the mucobuccal fold. This distribution makes the differential diagnosis more 

difficult. An additional diagnostic criterion is a fourfold rise of serum antibodies to 

HSV-1. The lesion culture also shows positive results for HSV-1.[ Richard J, 

2002]. 

 

 

Fig 8A & 8B Active appearances of Herpes Virus. 

  Treatment 

Treatment of acute herpetic gingivostomatitis in children, which runs a course of 

10 to 14 days, should include specific antiviral medication and provision for the 

relief of the acute symptoms so that fluid and nutritional intake can be maintained. 

The application of a mild topical anesthetic, such as dycloninehydrochloride 

(0.5%) (Dyclone), before mealtime temporarily relieves the pain and allows the 

child to eat soft food. Another topical anesthetic, lidocaine (Xylocaine Viscous), 
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can be prescribed for the child who can hold 1 teaspoon of the anesthetic in the 

mouth for 2 to 3 minutes and then expectorate the solution. Although the 

treatments described may be useful, they are only palliative. The mainstay of 

definitive therapy is regular doses of specific systemic antiviral medication. 

combined with systemic analgesics (acetaminophen or ibuprofen) during the 

course of the disease. The antiviral medications currently available are acyclovir, 

famciclovir, and valacyclovir. These medications inhibit viral replication in cells 

infected with the virus. Acyclovir should be administered in five daily doses to 

equal 1000 mg per day for 10 days. Acyclovir is available in capsules or 

suspension. Acyclovir therapy has been successfully used in infants and children.[ 

Faden H, 2006] 

 

2.1.5.2 RECURRENT APHTHOUS ULCER (CANKER SORE) 

The recurrent aphthous ulcer (RAU)—also referred to as recurrent aphthous  

 stomatitis (RAS) —is a painful ulceration on the unattached mucous membrane 

that occurs in school-aged children and adults. The peak age for RAU is between 

10 and 19 years of age. It has been reported to be the most common mucosal 

disorder in people of all ages and races in the world. This disorder is characterized 

by recurrent ulcerations on the moist mucous membranes of the mouth, in which 

both discrete and confluent lesions form rapidly in certain sites and feature a round 

to oval crateriformbase, raised reddened margins, and pain,see Fig. 9. They may 

appear as attacks of minor or single, major or multiple, or herpetiform lesions. 

They may or may not be associated with ulcerative lesions.[ Scully C, 2008] 

 

Fig.9 Aphthous Ulcer 



13 
 

 ETIOLOGICAL FACTORS (RAU) 

 The cause of RAU is unknown.  

 Systemic factors 

Conditions along with a genetic predisposition and immunologic and infectious 

microbial factors have been identified as potential causes. The condition may be 

caused by a delayed hypersensitivity to the L form of Streptococcus san- guis, 

which is a common constituent of the normal oral microbiota of humans. It is also 

possible that the lesions are caused by an autoimmune reaction of the oral 

epithelium. [Ship JA, 2000] 

  

 Local factors  

Include trauma, allergy to toothpaste constituents (sodium lauryl sulfate), and 

salivary gland dysfunction. The clinically detectable deficiencies include 

deficiencies of iron, vitamin B12, and folic acid. Stress may prove to be an 

important precipitating factor, particularly in stress-prone groups, such as students 

in professional schools and military personnel [Ship JA, 2000] 

  

 Treatment of (RAU) 

Numerous treatments have been recommended for RAU, but a completely 

successful therapy has not been found. Topical anti-inflammatory and analgesic 

medicines and/or systemic immunomodulatory and immunosuppressive agents 

have been used for RAU. The primary line of treatment uses topical gels, creams, 

and ointments as anti-inflammatory agents. Currently, a topical corticosteroid (e.g., 

0.5% fluocinonide),the application of triamcinolone acetonide (Kenalog in 

Orabase) to the surfaces of the lesions before meals and before sleeping may also 

be helpful. The active ingredient in the paste is 5% amlexanox . The paste is 

applied to the ulcer 4 times daily, after meals and at bedtime, until the ulcer 

heals.Topical rinses have also been helpful for the relief of RAU.  
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2.1.5.3 NECROTIZING ULCERATIVE GINGIVITIS (VINCENT 

INFECTION) 

  

The infectious disease commonly referred to as acute necrotizing ulcerative 

gingivitis (NUG) is rare among preschool children in the United States. The 

condition occurs occasionally in children from 6 to 12 years old, and is more 

commonly seen in young adults. NUG can be easily diagnosed because of the 

involvement of the interproximal papillae and the presence of a 

pseudomembranous necrotic covering of the marginal tissue . The clinical 

manifestations of the disease include inflamed, painful, bleeding gingival tissue, 

poor appetite, temperature as high as 40°C (104°F), general malaise, and a fetid 

odor.[ Dufty, 2017]. See fig. 10. 

 

 

Fig. 10 NUG Appearance. 

 Treatment of (NUG)  

 The disease responds dramatically within 24 to 48 hours to subgingival curettage, 

debridement, and the use of mild oxidizing solutions. If the gingival tissues are 

acutely and extensively inflamed when the patient is first seen, antibiotic therapy is 

indicated. Improved oral hygiene, the use of mild oxidizing mouthrinsesafter each 
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meal, and twice-daily rinsing with CH will aid in overcoming the infection.[ Dufty, 

J, 2017] 

  

2.1.5.4 ACUTE CANDIDIASIS (THRUSH, CANDIDOSIS, 

MONILIASIS): 

 Candida (Monilia) albicans is a common inhabitant of the oral cavity but may 

multiply rapidly and cause a pathogenic state when host resistance is lowered. 

Young children sometimes develop thrush after local antibiotic therapy, which 

allows the fungus to proliferate. The lesions of oral candidiasis appear as raised, 

furry white patches, which can be removed easily to produce a bleeding underlying 

surface (Fig. 11). Neonatal candidiasis, contracted during passage through the 

vagina and erupting clinically during the first 2 weeks of life, is a common 

occurrence. This infection is also common in immunosuppressed patients.[ Akpan, 

A, 2002] 

 

  

Fig. 11 Candidiasis. 
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 Treatment : 

 Antifungal antibiotics control thrush. For infants and very young children, a 

suspension of 1 mL (100,000 units) of nystatin (Mycostatin) may be dropped into 

the mouth for local action 4 times a day. Nystatin is nonirritating and nontoxic. 

Clotrimazole suspension (10 mg/mL), 1 to 2 mL applied to affected areas 4 times 

daily, is an effective antifungal medication. Systemic fluconazole suspension (10 

mg/mL) is safe to use in infants at a total dosage of up to 6 mg/kg/day. For 

children old enough to manage solid medications allowed to dissolve in the mouth, 

clotrimazole troches or nystatin pastilles are recommended because the therapeutic 

agent remains in the saliva longer than with the liquid medication. For children old 

enough to swallow, systemic fluconazole (100mg tablets) in a 14- day course may 

be prescribed when the infection has not responded to topical antifungal agents.[ 

Thomas J, 2019] 

 

2.1.5.5 ACUTE BACTERIAL INFECTIONS: 

The prevalence of acute bacterial infection in the oral cavity is unknown. Acute 

streptococcal gingivitis is an example of this type of infection. It is characterized 

by enlarged papilla, gingival abscesses, and painful, erythematous gingiva that 

bleed easily. Cultures show a predominance of hemolytic streptococci. Acute 

infections of this type may be more common than was previously realized. The 

diagnosis is difficult to make, however, without extensive laboratory tests. Broad 

spectrum antibiotics are recommended if the infection is believed to be bacterial in 

origin. Improved oral hygiene is important in treating the infection. As with any 

acute microbial oral infection, CH mouthrinses are also appropriate. 
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2.1.6 GINGIVAL DISEASES MODIFIED BY SYSTEMIC 

FACTORS: 

2.1.6.1 GINGIVAL DISEASES ASSOCIATED WITH THE 

ENDOCRINE SYSTEM: 

Puberty gingivitis is a distinctive type of gingivitis that occasionally develops in 

children in the prepubertaland pubertal period.[ Graves, D, 2019] The gingival 

enlargement was marginal in distribution and, in the presence of local irritants, was 

characterized by prominent bulbous interproximal papillae far greater than gingival 

enlargements associate with local factor.[ Trombelli, 2013], see Fig. 12. 

Diabetes is another endocrine disorder that can adversely affect gingival health. 

Studies have demonstrated that patients with diabetes tend to develop a more 

pronounced plaque-induced gingival inflammation than do those without diabetes. 

In a cross-sectional investigation comparing the gingival health of 85 adolescents 

with insulin-dependent diabetes (IDDM) and 38 healthy controls. A definitive 

reason for this finding could not be reached; however, the investigators 

recommended close periodontal monitoring of IDDM children and adolescents. 

Severe cases of hyperplastic gingivitis that do not respond to local or systemic 

therapy should be treated by gingivoplasty. Surgical removal of the thickened 

fibrotic marginal and interproximal tissue has been found effective. Recurrence of 

any hyperplastic tissue will be minimal if  adequate oral hygiene is maintained. 

 Fig. 12 Gingival Diseases Associated With The Endocrine System. 
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2.1.6.2 GINGIVAL LESIONS OF GENETIC ORIGIN:  

Hereditary gingival fibromatosis (HGF) is characterized by a slow, progressive, 

benign enlargement of the gingiva. Clinically, the HGF-gingival enlargement is 

characterized as being of normal color, firm consistency, non-hemorrhagic, and 

asymptomatic with an equal gender predilection. HGF, which is the most common 

genetic form of gingival enlargement, usually has an autosomal dominant mode of 

inheritance. This rare type of gingivitis has been referred to as elephantiasis 

gingivae or hereditary hyperplasia of the gums. The gingival tissues appear normal 

at birth but begin to enlarge with the eruption of the primary teeth. Although mild 

cases are observed, the gingival tissues usually continue to enlarge with eruption of 

the permanent teeth until the tissues essentially cover the clinical crowns of the 

teeth . The dense fibrous tissue often causes displacement of the teeth and 

malocclusion. The condition is not painful until the tissue enlarges to the extent 

that it partially covers the occlusal surfaces of the molars and becomes traumatized 

during mastication. [Clerehugh, V, 2008], See Fig. 13 . 

The increase in tissue mass is primarily the result of an increase and thickening of 

the collagenous bundles in the connective tissue stroma. The tissue shows a high 

degree of differentiation, and a few young fibroblasts are present .Surgical removal 

of the hyperplastic tissue achieves a more favorable oral and facial appearance. 

However, hyperplasia can recur within a few months and can return to the original 

condition within a few years. Although the tissue usually appears pale and firm, the 

surgical procedure is accompanied by excessive hemorrhage. Therefore quadrant 

surgery is usually recommended. Surgery and CO2 laser evaporation were used to 

reduce the gingival tissue. The importance of excellent plaque control should be 

stressed to the patient because this delays the recurrence of the gingival 

overgrowth. 
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Fig. 13 Gingival Lesions Of Genetic Origin. 

 

2.1.6.3 ASCORBIC ACID DEFICIENCY GINGIVITIS 

(SCORBUTIC GINGIVITIS) 

Scorbutic gingivitis is associated with vitamin C deficiency and differs from the 

type of gingivitis related to poor oral hygiene. The involvement is usually limited 

to marginal tissues and papillae. The child with scorbutic gingivitis may complain 

of severe pain. Spontaneous hemorrhage may be evident. Aside from dietary 

deficiencies, ascorbic acid deficiency gingivitis can be seen in both pediatric and 

adult cancer patients undergoing radiotherapy and/ or chemotherapy where the 

mucosal linings of the intestinal walls are affected and the absorption of nutrients 

is impaired. See Fig. 14 [Trombelli,2013]. 

Severe clinical scorbutic gingivitis is rare in children. However, it may occur in 

children allergic to fruit juices when provision of an adequate dietary supplement 

of vitamin C is neglected .When blood studies indicate a vitamin C deficiency and 

exclude other possible systemic conditions, the gingivitis responds dramatically to 

the daily administration of 250 to 500 mg of ascorbic acid .Older children and 

adults may require 1 g of vitamin C for 2 weeks to speed recovery.A less severe 

type of gingivitis resulting from vitamin C deficiency is probably much more 
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common than most dentists realize. Inflammation and enlargement of the marginal 

gingival tissue and papillae in the absence of local predisposing factors are 

possible evidence of scorbutic gingivitis [Trombelli,2013]. Questioning the child 

and parents regarding eating habits and using the 7-day diet survey frequently 

reveal that the child is receiving inadequate amounts of foods containing vitamin 

C. Complete dental care, improved oral hygiene, and supplementation with vitamin 

C and other water-soluble vitamins will greatly improve the gingival condition.  

[Trombelli,2013]. 

 

Fig. 14 Scorbutic Gingivitis. 

3.PERIODONTITIS   

       It is inflammatory disease of gingiva and deeper tissues of periodontium. 

Characterized by pocket formation and destruction of supporting alveolar bone. 

Periodontal probing for attachment loss and bitewing radiograph are often used to 

clinically confirm the diagnosis. [Delaney JE, 2000] 

According to Delaney, in preschool children with periodontitis, recession, gingival 

erythema, and oedema are not usually found unless the child is neutropenic. 

Bimstein and Colleagues demonstrated abnormal alveolar bone resorption in 7.6% 

of 4yr old children and 5.9% of 5yr old children with high caries. In its 

classification of periodontitis, the American Academy of Periodontology 

categorized the early- onset form under Aggressive Periodontitis . [Delaney JE, 

2000] 
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3.1 Classifications of periodontitis :- 

1- Prepubertal periodontitis : 

a. Generalized . 

b. .Localized . 

2- Aggressive periodontitis :  

     a. Generalized .  

     b. Localized .   

3- periodontitis as a manifestation of systemic diseases . 

 

3.1.1 PREPUBERTAL PERIODONTITIS :-  

 Is a rare form of aggressive periodontitis with onset during or immediately 

following the eruption of primary teeth. The disease may occur in children as 

young as 2 or 3 years of age. The disease occurs in generalized and localized form 

. [Page RC et al, 1983] 

3.1.1.1  Generalized form :  

Severe acute inflammation of the gingiva is present with clefting of the marginal 

gingiva. All teeth are affected. There is a rapid destruction of the gingiva and 

alveolar bone . Skin, upper respiratory tract infections and otitis media are 

frequently seen. All primary teeth are affected, but the permanent dentition may or 

may not be affected. The disease is usually not amenable to treatment by 

antibiotics . Fig. 15, 16., Daiane C., et al.2007 . 
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3.1.1.2  Localized from :  

Few teeth are affected. There is little inflammation of the gingival tissue. 

Destruction of the gingiva and alveolar bone is not as rapid as in the generalized 

form. Functional defects in either the neutrophils or monocytes are present. 

Usually there is no history of frequent infections. The disease is amenable to the 

treatment by root-curettage and antibiotic therapy. Fig 17. [Schluger S et al, 1990] 

 

Fig 15 .clinical appearance of generalized prepubertal periodontitis . 

 

         Fig 16 . Radiographic appearance of generalized prepubertal periodontitis. 
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Fig 17 . Localized prepubertal periodontitis _ vertical resorption of alveolar bone . 

 Treatment of prepubertal periodontitis :- 

The treatment protocol for prepubertal children with periodontitis should include 

systemic antimicrobials as an adjunct to mechanical debridement. The 

combination-regimen of amoxicillin and metronidazole was used . The dose of 

antibiotic should be calculated according to the age of patient . Administration of 

antibiotics is sometime relatively ineffective due to the reason that patients with 

prepubertal periodontitis have already used numerous antibiotics to control 

recurrent infections , which had made the oral flora resistant to most of the 

antibiotics . Teeth with severe bone loss and hopeless prognosis should be 

extracted . Extraction of some or all teeth may have to be undertaken in 

generalized form of prepubertal periodontitis to save the unerupted permanent 

teeth . [M parwez chaudhry , 2003] 

 

3.1.2 AGGRESSIVE PERIODONTITIS :- 
 

3.1.2.1 Generalized aggressive periodontitis ( GAP ) :  
The generalized form of aggressive periodontitis occurs at or around puberty in 

older juveniles and young adults. It often affects the entire periodontium of the 

dentition. Because of its wide distribution and rapid rate of alveolar bone 

destruction, the generalized form of aggressive periodontitis has also been referred 

to by the terms such as generalized juvenile periodontitis (GJP), severe 

periodontitis, and rapidly progressive periodontitis. Fig 18 . [ MCdonald, 2016 ] 
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Fig. 18 . Revealed full primary dentition , heavy plaque accumulation , absence of 

lower incisors , severe gingival inflammation , generalized gingival recession and 

abscess at the level of maxillary second primary molars. 

 

3.1.2.2 Localized aggressive periodontitis ( LAP ) :  

Is localized attachment loss and alveolar bone loss only in the primary dentition in 

an otherwise healthy child. The exact time of onset is unknown, but it appears to 

arise around or before 4 years of age, when the bone loss is usually seen on 

radiographs around the primary molars and/or incisors . Abnormal probing depths 

with minor gingival inflammation , rapid bone loss, and minimal to various 

amounts of plaque have been demonstrated at the affected sites of the child’s 

dentition . Abnormalities in host defenses (e.g., leukocyte chemotaxis), extensive 

proximal caries facilitating plaque retention and bone loss, and a family history of 

periodontitis have been associated with LAP in children . Fig. 19 . [MCdonald, 

2016] 
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Fig 19 A . Clinical photograph taken on the patients anterior occlusion at age 7 

years, 8 months . 

 

Bite-wing radiographs for the same case . ( Fig. 19 B ) 

 

 Treatment  

At baseline, patients received a full mouth supra/sub debridement with an 

ultrasonic scaler , scaling and root planning (SRP) in PD>4mm with hand 

instruments, as needed, and were placed on a systemic antibiotic regimen: 

amoxicillin 500mg and metronidazole 250mg three times a day for 7 days, as 

published previously . Antibiotic dosage adjustments were made for patients 

weighing less than 40kg, according to package instructions [The American 

Academy of Periodontology. Diabetes and periodontal diseases, 1999]. Local 

anesthesia was administered as needed. All mechanical treatment was attempted to 

be completed in the initial visit. If this was not possible (rare occurrence), the 

antibiotic regimen was started at the second visit, when treatment was completed. 

Compliance and possible side effects were monitored via a written antibiotic log, 

verbally with patients/parents, and the medication bottles were checked for 

remaining pills at the first follow up visit after treatment. Patients considered non-
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compliant with their antibiotic regimen were eliminated from this analysis. At 3, 6, 

and 12 months appointments all patients underwent supra/sub full mouth 

debridement with ultrasonic scaler. SRP of PD >4mm was performed whenever 

needed. Through oral hygiene instructions and oral hygiene tools were provided to 

all patients at all timepoints. An electric toothbrush was also provided to each 

patient at baseline . [Kornman KS, 1985] 

 

 

 

3.1.3 PERIODONTITIS AS A MANIFESTATION OF SYSTEMIC 

DISEASES :- 

Systemic diseases are divided into hematological and genetic disorders [Armitage 

GC, 1999]. 

The types of hematological disorders are: 

1. Acquired neutropenia . 

2. Leukemias. 

3. Other . 

The types of genetic disorders are: 

1. Familial and cyclic neutropenia . 

2. Down syndrome . 

3. Leukocyte adhesion deficiency syndrome .  

4. Papillon-Lefèvre syndrome . 

5. Chédiak-Higashi syndrome . 

6. Histiocytosis syndrome . 

7. Glycogen storage disease . 
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8. Infantile genetic agranulocytosis . 

9. Cohen syndrome . 

10. Ehlers-Danlos syndrome (Types IV and VIII) .  

11. Hypophosphatasia . 

12. Other . 

  

  

4 HEMATOLOGICAL DISORDERS : 

 

4.1 Neutropenia:   

Neutrophils are the major part of leukocytes and these cells are the first line of 

defense against infection [Pillay J, 2010]. They have a short lifespan and a 

significant decrease 

in the number of neutrophils or alteration in their function, may compromise the 

host’s response to infection [Ryder MI,2010 ; Scott DA, 2012] . The number of 

polymorphonuclear leukocytes (PMNs) in the peripheral blood is below 1000/mm3 

in infants, and below 1000/mm3 or 1500/mm3 in children [Oh TJ,2002]. 

Chronic benign neutropenia: Chronic benign neutropenia is characterized as a 

noncyclic neutropenia [Bernini J (1996)] and is the most common form of 

neutropenia of infants and children less than 4-years-old [Deas DE, 2003] . 

Chronic benign neutropenia can follow a familial pattern as well, which would be 

in the form of an autosomal dominant condition that begins in infancy and is 

usually characterized by a self-limiting course of 10-18 months. Under 

physiological conditions, the neutrophils that are present in the junctional 

epithelium help with the phagocytosis of the bacteria . This type of defense is not 

possible during the neutropenic phase of the disease , or other cells such as 

monocytes take over [MCdonald, 2016]. Individuals with this condition often 

present with otitis media, upper respiratory infections, lymphadenopathy , 
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pneumonia and sepsis due to the decreased response to infections [Deas DE, 2003] 

. See Fig. 20 . 

 

 

Fig. 20 Neutropenia 

4.2 leukemia : 

 Leukemia is caused by uncontrolled proliferation of white blood cells that 

infiltrate the tissues and cause enlargement of spleen , liver and lymph nodes . 

Typically , acute lymphocytic leukemia is the most common form of childhood 

leukemia, although it is less likely to manifest oral lesions [Hartsfield JK Jr (1994)] 

. 

The treatment for leukemia is chemotherapy and some acute leukemias respond 

well [Jordan RC (2004)]. 

It is important that, prior to chemotherapy, the patient must undergo a dental 

examination and eliminate possible sources of periodontal infection by means of 

Periodontal therapy .  

 

5 GENETIC DISORDERS : 

5.1 Familial and cyclic neutropenia:  

It is a rare autosomal dominant disorder characterized by a cyclical decrease in the 

number of circulating neutrophils , The decrease in the number of neutrophils 

occurs every 21 days and lasts for 3-6 days at a time . 
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The clinical symptoms during this phase are: Fever, malaise, headache, anorexia, 

pharyngitis, lymphadenopathy , sepsis , ulcers of the oral mucous membrane and 

gingival inflammation [Deas DE, 2003] . Patients are prone to severe periodontal 

disease [Deas DE, 2003] .It is recommended that professional removal of dental 

plaque and calculus should be done monthly and during the neutropenic episodes, 

antibiotics may be given in order to prevent oral infection [Jordan RC (2004)] . 

The maintenance therapy of cyclic neutropenia occurs with granulocyte colony-

stimulating factor, but the only curative treatment is hematopoietic stem cell 

transplantation . [Zeidler C, Schwinzer B, Welte K (2003), Carlsson G, Winiarski 

J, Ljungman P, Ringdén O, Mattsson J, et al. (2011)]. See Fig. 21 .  

 

 

Fig. 21 ( A ) generalized severe acute and chronic gingivitis continued, including 

periodontal pockets 3–4 mm in depth noted in the lower primary molars at the age 
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of 6 years 3 months .  ( B ) O.P.G findings revealed severe periodontal bone loss 

around the bilateral lower molars . 

 

5.2 Down syndrome: 

Down syndrome is a chromosomal abberation resulting from trisomy of 

chromosome 21 . Some of the oral conditions associated with Down syndrome are 

: “V” shaped palate , lower lip everted , mouth breathing with drooling , angular 

cheilitis , fissured tongue, microdontia , hypodontia, taurodontism, delayed 

eruption , spacing , bruxism and periodontal disease, see Fig. 22. Periodontal 

anomalies in Down syndrome include marginal gingivitis, acute necrotizing 

gingivitis, severe periodontitis with furcation involvement in the molar area, tooth 

mobility and frequent loss of teeth in the mandibular anterior area [Desai SS 

(1997)] . 

Therapy, it is advisable to begin routine preventive treatment in patients with 

Down syndrome at an early age [Pizzo G,2009 ] , in order to reduce periodontal 

tissue break-down because except from the immune deficiency, these children are 

often unable to brush their teeth correctly and thus have control of bacterial plaque. 

 

Fig 22 . Periodontal diseases in D.S. child. 
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5.3 Leukocyte adhesion deficiency syndrome (LAD) : 

 LAD is an inherited autosomal-recessive disorder characterized by defects in 

adhesion receptors of the white blood cells. Defects in the expression of 

glycoproteins adhesion molecules result in abnormalities in phagocytosis , and 

defect in the neutrophil’s ability to leave the vascular space [ Sollecito TP, 2005]. 

There are three main types of LAD, see Fig 23. Type I is caused by mutation in 

membrane β2 integrin , type II has a defect in the expression of ligands for 

selections , and type III has other defects including platelet aggregation 

abnormalities. The most common form is type I, and patients present recurrent 

bacterial infections, impaired pus formation and impaired wound healing [Meyle J 

(1994), Atkinson JC (2007)] . 

 

 Fig 23 . Photographic and Panoramic views show severe alveolar bone loss and 

aggressive periodontitis. 

 

The oral manifestations in type I include severe gingival inflammation and rapidly 

progressive periodontal destruction around the primary and the permanent teeth 

with tooth loss, whereas in type II the manifestation are in milder forms , except 

for the chronic severe periodontitis [Tonetti M (2000), Dababneh R, 2008]. 

Different kinds of therapeutical approaches have been suggested, for example 

periodontal treatment with or without antibiotics or even multiple extractions of 

teeth [Wang HL (2002)] . The management of the aggressive periodontitis in these 

patients is very challenging and many times unsuccessful 
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5.4 Papillon-Lefèvre syndrome: 

 This syndrome is a skin disorder, characterized by hyperkeratosis of the palms, the 

soles of the feet and rapidly progressive periodontitis that leads to early loss of the 

primary and permanent teeth, see Fig. 24. The aggressive periodontitis with 

premature loss of primary and permanent teeth is due to the immune alteration, a 

disturbed epithelial function in the gingival tissues and the presence of 

Aggregatibacter actinomycetemcomitans [Twetman S (2005)]. 

Therapy : A combination of conventional periodontal therapy (mechanical 

debridement) and antibiotics of amoxicillin or amoxicillin and clavulanic acid, 

with a dose of 20-50 mg/kg/day or 20-40 mg/kg/day every 8 hours in primary 

dentition, and in permanent dentition amoxicillin with a dose of 20-50 mg/kg/day 

plus metronidazole, with a dose of 15-35 mg/kg/ day, every 8 hours respectively, 

seems to control the periodontal disease in these patients [Twetman S (2005)]. 
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Fig 24 . Papillon-Lefèvre syndrome in a 6-year old child. A. Clinical manifestation 

of the extended periodontal inflammation affecting the primary dentition. B. 

Hyperkeratotic palmoplantarskin lesions . C-F. Radiographs showing the severe 

bone loss (arrows) around the teeth. 

 

 

5.5 Chédiak-Higashi syndrome:  

Chédiak-Higashi syndrome is a rare, often fatal, autosomal recessive genetic 

disorder, caused by mutation in the lysosomal trafficking regulator gene (LYST) 

[Nagle DL, 1996]. severe gingivitis, oral ulcerations and early onset periodontitis, 

are the most common oral manifestations, see Fig. 25 [Meyle J,2001 , McDonnell 

HT (2003)] . 
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Bone marrow transplantation is the treatment choice, and thus the predisposition to 

periodontal disease can be diminished [Korostoff J (2005), Atkinson JC (2007), 

Abdulsalam AH, 2012] . 

 

 

            Fig 25 . Chédiak-Higashi syndrome , Dentinogenesis Imperfecta. 

5.6  Langerhans cell histiocytosis (Histiocytosis X): 

 Langerhans cell histiocytosis is caused by an abnormal proliferation of bone 

marrow-derived histiocytes, with leucocytes , eosinophils, neutrophils, 

lymphocytes, plasma cells and giant multi- nucleated cells. Clinical signs and 

symptoms in these children are: Periodontitis, loss of alveolar bone replaced by 

soft tissue, ulceration and necrosis of the oral mucosa, resembling necrotizing 

ulcerative periodontitis, and pre- mature loss of teeth, see Fig. 26 . Destruction of 

lamina dura results in the radiographic appearance of “floating teeth” . Treatment 

can be a combination of surgery, chemo- therapy, radiotherapy, corticosteroids and 

antibiotics drugs [Gonzáles JR (2001), Meniz-García C (2009)]. Vincristine, 

cyclophosphamide and metho- trexate, are drugs that are often used in these 

disorders [Pizzo I, Giuliana G (2009]. 
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  Fig 26 . Lange.rhans cell histiocytosis. 

 

5.7  Glycogen storage diseases:  

These are rare metabolic disorders and cause the body to be less able to make 

enough glucose, or not be able to use glucose as a form of energy [Hicks J, 2011] 

.Patients more susceptible to infections, including oral ulcers, hyperplastic gingiva 

and periodontal infections. Prolonged bleeding is a possible complication in this 

type of patients. 

The treatment for neutropenia, that is granulocyte colony-stimulating factor, will 

reduce the frequency of infections [B Annabi, 1998, Mortellaro C, 2005]. Early 

preventive treatment including professional plaque removal and control of 

gingivitis is advisable [Pizzo G, 2009]. 
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Table 1: Periodontal diseases associated with genetic disorders. 
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Conclusion 

The treatment of periodontitis in young patients with systemic diseases is many 

times challenging and a close collaboration with other specialties of medicine is 

required [Knocht A, 2014]. These children have often a decreased response to 

inflammation, and if antibiotic therapy is given, the results are many times not the 

expected [89]. Furthermore, the medications for the treatment of the systemic 

disorder can have side effects with oral manifestations, such as oral mucositis 

during cytostatic chemotherapy [Carlsson G, 2013]. Therefore, the main goal for 

the dentist when treating periodontal disease in these patients is to control the 

microbial dental plaque and offer an adequate maintenance treatment [Knocht A, 

2014; Ullbro C,2005; . Nualart Grollmus ZC, 2007]. 

Compliance to a treatment protocol with secondary prevention as in patients with 

Papillon-Lefèvre syndrome seems significant for a successful outcome [Ullbro 

C,2005]. The findings of Tsilingaridis [Tsilingaridis G, 2013] suggest that in 

children with Down syndrome, it is important to provide a primary preventive 

treatment before the development of periodontitis. Periodontal diseases and 

especially periodontitis is often the major clinical characteristic of these systemic 

disorders. Therefore, if a child or adolescent has periodontitis, the dentist should 

make a differential diagnosis between periodontitis because of familial aggregation 

and periodontitis because of diminished host response due to a systemic disorder. 

In such a case, a referral and cooperation with the pediatrician is needed for the 

best outcome of the child’s general health. Also the experience of a specialist in 

Periodontics is of value in such cases in order to customize the therapeutic and 

preventive approach for each patient. 
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  :الخالصة

دواعم األسنان) من الحاالت الشائعة التي تؤثر على الھیاكل الداعمة   اللثة (التھاب اللثة والتھابتعد أمراض 

 لألسنان بما في ذلك اللثة والمالط ورباط اللثة والعظم السنخي.

یستعرض ھذا الموضوع التھاب اللثة والتھاب دواعم األسنان والحاالت المرتبطة بھا. تتم مناقشة التسبب ، 

 ر السریریة ، والعالج بالمضادات الحیویة للعدوى السنیة بالتفصیل.المظاھ
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Abstract 

After the loss of natural teeth, the process of resorption of the 

bone begins. This process is accelerated by wearing dentures and tends to 

affect the lower jaw more severely than the upper jaw. Besides, general factors 

include the presence of nutritional abnormalities and systemic bone diseases 

such as osteoporosis and endocrine dysfunction that may affect bone 

metabolism. Surgical treatment prior to prosthetic surgery should begin with a 

thorough history and physical examination of the patient. Sometimes, there are 

contraindications to surgery because the patient has a serious general illness. 

Particular attention should also be paid to laboratory tests that can tell the 

degree of bone uptake. The success of the treatment lies in the case of the 

denture-bearing tissues. Every effort should be made to ensure that the soft and 

hard tissues are developed to enhance the patient's ability to wear dentures. It 

is the practitioner‟s responsibility to carefully evaluate and determine the need 

for any change in the tooth-bearing areas and to educate the patient about the 

importance of performing this vital procedure. 
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1-INTRODUCTION 

Preprosthetic surgery is defined as the surgical procedures 

designed to facilitate fabrication of prosthesis or to improve the prognosis of 

prosthodontic care. Preprosthetic surgery involves operations aiming to 

eliminate certain lesions or abnormalities of the hard and soft tissues of the 

jaws so that the subsequent placement of the prosthetic appliances is 

successful. For many years, preprosthetic oral surgery consisted of the removal 

of teeth and the reduction of humps, bumps, and sharp edges. During the last 

15 years, there has been renewed interest in preprosthetic surgery which has 

fostered the development of many new techniques. Preprosthetic surgery 

emerged from a ridge trimming service to a truly reconstructive surgery when 

Kazanjian3 reported on the prototype of labiobuccal vestibuloplasty 

procedures to provide an additional denture-bearing surface for increased 

denture stability. His technique was modified by Godwin4 (1947), Clark5 

(1953), and Obwegeser6 (1963) using skin grafts. Most procedures were 

centered on soft tissue corrections that allowed prosthetic devices to fi t more 

securely and function more comfortably. (Chari and Shaik, 2016). 

Pre-prosthetic surgery is done to provide a better anatomic 

environment and to create proper supporting structures for denture 

construction. Ultimate goal should be rehabilitation of the patient with 

restoration of the best possible masticatory function, combined with 

restoration or improvement of dental and facial esthetics. To achieve this goal, 

maximum preservation of hard and soft tissues of the denture base is of utmost 

importance. Wearing dentures for prolonged period manifests adverse changes 

in the denture-bearing areas due to change in the size of the jaw bones 

resulting in ill-fitting and painful dentures. Since the end of World War II, 

through the development of better materials, improved accuracy of processing 

techniques, and better understanding of oral physiology, dental prosthesis has 
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made great strides in increasing the successful use of prosthetic appliances in 

edentulous patients (Devaki et al, 2012). 

1.1 Indications of Pre-prosthetic Surgery 

Pre-prosthetic Surgery is indicated in those patients with 

developmental or acquired deformity of the jaws and craniofacial region who 

are unable to tolerate even a well-constructed prosthesis due to unfavorable 

soft tissue or hard tissue environment. 

Specific Indication for Pre-prosthetic Surgery Include: 

1- Complete or Partial edentulous secondary to early tooth loss. 

2- Naturally occurring reduction of the residual bony ridge. 

3- Pain (not remedial by conventional prosthetic measures). 

4- Dysfunction „not remediable by conventional prosthetic means‟ (Laskin, 

2009). 

1.2     Ridge Preservation Procedure 

1.2.1      Hard Tissue Abnormalities  

1.2.1.a   Alveoloplasty 

An alveoloplasty (also referred to as alveoplasty) is a surgical procedure used 

to smooth and reshape a patient‟s jawbone in areas where teeth have been 

extracted or otherwise lost. 

The purpose of this procedure can be two-fold: 

1-When performed before (partial or complete) denture construction, it‟s used 

to optimize the shape of the patient‟s jawbone (ridge) so to avoid 

complications with appliance insertion, comfort, stability, and/or retention. 

2-When performed in association with tooth extractions, it also establishes a 

jawbone shape that helps to facilitate the healing process that follows. 
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3-An alveoplasty also aims to facilitate the healing procedure as well as the 

successful placement of a future prosthetic restoration (Choudhari, et al., 

2019). 

Types of Alveoloplasty 

1. Simple alveoplasty 

2. Interseptal alveoplasty 

 Deans Alveoioplasty 

 Obwegesers modification  

3. Post-extraction alveoplasty 

1. Simple alveoplasty 

      Procedure 

1. Alveolar ridge must be accurately evaluated and examined as illustrated in 

(Fig.1 A). 

2. Bony areas requiring recontouring should be exposed using an envelope type 

of flap. 

3. A mucoperiosteal incision along the crest of the ridge with adequate A-P 

extension is given as shown in (Fig.1 B). 

4. Adequate visualization and access to the alveolar ridge obtained. 

5. Vertical incisions given if necessary. 

6. Excessive flap reflection may result in devitalized areas of bone which may 

resorb rapidly after surgery. 

7. Recontouring can be accomplished with 

• Rongeur. 

• Bone file. 

• Bone bure in handpiece. 

8. Copious saline irrigation should be done throughout the recontouring 

procedure to avoid overheating and bone necrosis. 



13 | P a g e  
 

9. After this the edges of the flap are trimmed and then sutured with. continuous 

or noncontinuous sutures as explained in (Fig.1 C) 

 

Figure (1) A Pre-operative photograph. B: Alveoloplasty procedure. C: 

Alveoloplasty of the maxilla with a continuous suture. 

2. Interseptal alveoplasty 

1. Only done in maxillary anterior region to reduce gross maxillary over jet. 

2. Mostly done immediately after extraction of anterior teeth. 

3. This technique is best used in an area where the ridge is of relative regular 

contour and adequate height but presents an undercut to the depth of the 

labial vestibule. 

 

 

Advantages 

1. Labial prominence is reduced without reducing the height of the ridge.  

2. The periosteal attachment to the bone can be maintained hereby reducing 

bone resorption. 

3. Muscle attachments are left undisturbed. 

A B 

C 
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Disadvantage 

1. Decrease in ridge thickness. 

Procedure 

1. After anterior teeth extraction, Interseptal bone is cut with the bur from 

canine-to-canine region. 

2. With the same bur vertical cuts are made only in the labial cortex at distal 

end of the canine extraction socket bilaterally without perforation of labial 

mucosa. 

3. Now labial cortex is fractured with periosteal elevator and compressed into 

approximation with palatal plate. 

4. After removing any sharp margin, suturing is done as shown in (Fig.2). 

Fig. (1.2): Interseptal alveoloplasty. (A) Oblique view of the alveolar ridge, 

demonstrating a slight facial undercut. (B) Minimal elevation of the 

mucoperiosteal flap followed by removal of intraseptal bone using a fissure 

burr and handpiece. (C) Rongeur used to remove intraseptal bone. (D) Digital 

pressure used to fracture the labiocortex in a palatal direction. (E) Cross-

sectional view of alveolar process. (F) Cross-sectional view of alveolar process 

after tooth removal and intraseptal alveoloplasty. By fracturing the labiocortex 

of the alveolar process in a palatal direction, labial undercut can be eliminated 

without reducing vertical height of the alveolar ridge. 

Obwegesers Modification of Deans Alveoioplasty 
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1. In this both the labial and palatal cortices are repositioned. 

2. This is done when the anterior over jet is too gross that cannot be reduced 

by labial plate repositioning. 

Procedure 

Procedure is same as deans alveoloplasty but the only addition that, here 

palatal plate is fractured too at its base and repositioned with labial plate in 

palatal direction. (Sahu, 2017). 

3. post-extraction alveoplasty 

Done in region where extractions are done at different times, so in 

this case multiple areas will show sharp edges which are painful to touch. Here 

crestal incision is taken and mucoperiosteal flap is elevated for trimming the 

sharp edges and subsequent suturing is done as illustrated in (Fig. 3). 

Figure (3): Post-extraction alveoplasty. 

1.2.1.b Maxillary Tuberosity Reduction 

The intermaxillary space necessary for proper prosthesis 

fabrication may be decreased because of vertical excess of the maxillary 

tuberosity. Generally, the intermaxillary distance should be at least 1 cm when 

patients are placed into the correct or planned vertical dimension of 

occlusion.4 A dental mirror passing freely between the tuberosity and 

retromolar tissue suggests adequate vertical clearance. The mirror can then be 
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placed on the lateral aspect of the tuberosity, and patients are instructed to 

open and close. If the mirror intrudes on the mandible‟s path during function, 

horizontal reduction of the tuberosity may be required. A determination as to 

the extent of soft tissue and bony contribution to the problem is made 

radiographically. A panoramic view is recommended to ensure an adequate 

assessment of the relationship between the maxillary sinus and residual 

alveolus, particularly if bony reduction is contemplated. 

1. Local anesthetic with epinephrine is 

administered, and a crestal linear or elliptical incision is made from the 

posterior tuberosity to a point anterior to the site of interest. elliptical design is 

selected, the width of the ellipse is estimated by the magnitude of anticipated 

tissue removal. The buccal side of the ellipse is placed first, Well withen the 

zone of attached tissue. When minimal reduction is anticipated, a single crestal 

incision may be used. 

2. Before flap elevation, excess fibrous tissue is 

removed by undermining the mucosa with a beveled incision and excising a 

wedge on the palatal side of the wound and, if indicated, on the buccal side as 

well. 

3. A buccal release at the anterior end of the 

incision provides significantly enhanced access and visibility, particularly 

when horizontal as well as vertical bony reduction is planned. The 

mucoperiosteal flap is then elevated in both buccal and palatal directions 

allowing access to the bony tuberosity. 

4. Depending on the circumstances and operator 

preference, bone can be removed with hand and/or rotary instruments. The site 

should be smoothed with a bone file, inspected for residual bony fragments, 

and irrigated copiously with normal saline. 
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5. Any excess soft tissue can be excised from the 

palatal aspect as this side of the wound has unlimited keratinized, attached 

tissue. The site is then closed with a running resorbable suture. 

6. In the case of solely soft tissue tuberosity reduction, excess tissue can be 

removed by simple wedge resection. Tension free closure is then achieved 

by undermining the buccal and palatal flaps subperiosteally. Additional 

submucosal tissue can be undermined and removed to aid in closure. 

(Ephros et al., 2015). 

 

Figure (4): Reduction of maxillary tuberosity. (A) Maxillary tuberosity that 

interferes with proper denture construction in this area. (B) Crestal incision 

to expose maxillary tuberosity. (C) Use of a 

bone file to remove bony excess. (D) Soft tissue closure. 

 

 

1.2.1.c  Buccal Exostosis 

A buccal exostosis is an exostosis (bone prominence) on the 

buccal surface (cheek side) of the alveolar ridge of the maxilla or mandible. 

More commonly seen in the maxilla than the mandible, buccal exostoses are 

considered to be site specific (Richard, 2015). 

Existing as asymptomatic bony nodules, buccal exostoses don‟t 

usually present until adult life, and some consider buccal exostoses to be a 

variation of normal anatomy rather than disease. Bone is thought to become 

A 

D C 

B 
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hyperplastic, consisting of mature cortical and trabecular bone with a smooth 

outer surface. They are less common when compared with mandibular tori. 

Generally, no treatment for buccal exostosis is required but as a patient was 

not happy with the bony masses seen during speech and smile. Hence, the 

treatment was planned to remove the bony masses under local anesthesia. The 

full thickness flap was raised to expose the exostosis adequately. In the figure 

above there was flap reflection revealing the bony mass of 2cm x 1cm on the 

left side. (Regezi, et al 2013) 

 

Figure(5) Buccal Exostosis 

 

1.2.1.d Oral Torus 

An oral torus is a lesion made of compact bone and occurs along 

the palate or the mandible inside the mouth. The palatal torus or torus palatinus 

occurs along the palate, close to the midline, whereas the mandibular torus or 

torus mandibularis occur along the lingual side of the mandible. Oral torus, 

similarly known as torus palatinus, is a painless, harmless bony growth on the 

roof of the mouth (i.e. the hard palate). The mass appears in the middle of the 

hard palate and can vary in size and shape, which varies with each patient. 

(Sharry, 2007) 
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A. Excision of Maxillary Tori  

Local anaesthesia by bilateral greater palatine and incisive blocks or local 

infiltrations provides the necessary anesthesia for tori removal. A linear 

incision in the midline of the torus with oblique vertical releasing incisions at 

one or both ends is necessary. Raise the mucoperiosteal flap carefully. When 

tori with a small pedunculated base are present, an osteome and mallet may be 

used to remove the bony mass. For larger tori, it is usually best to section the 

tori into multiple fragments with a bur in a rotary handpiece. After sectioning, 

individual portions of the tori can be removed with a mallet and osteotome or a 

rongeur and area can be smoothened with a large bone bur. Tissue is readapted 

by finger pressure and inspected to determine the amount of excess mucosa 

that may need to be removed.  The mucosa is reapproximated and sutured by 

interrupted suture technique. Vaseline gauze formed into a pack and adapted to 

the palate can be sutured in place with a 2-0 silk suture tied to the lateral 

aspects of the palatal vault, which suspends the Vaseline pack in place under 

pressure against the palatal bone. Major compli- cations of maxillary tori 

removal include postoperative hematoma formation, fracture or perforation of 

the floor of the nose and necrosis of the flap. (Sharry, 2007) 

Figure (6) Excision of Maxillary Tori. Technique for removal of palatal torus: 

(A) Median palatal incision (B) Dental bur used to cut grooves (C) Sharp 

chisel used to remove small pieces (D) Bone bur used to smooth the stump (E) 

Palatal incision sutured smoothen the lingual cortex. 



20 | P a g e  
 

B. Mandibular Tori  

They are bony protuberances on the lingual aspect of the 

mandible that usually occur in the premolar area. Bilateral lingual and inferior 

alveolar injections provide adequate anesthesia for tori removal. An incision 

on the crest of the ridge should be made extending 1-1.5 cm beyond each end 

of the tori to be reduced when bilateral tori are to be removed simultaneously, 

It is best to leave a small band of tissue attached to midline between the 

anterior extents of the two incisions. When the torus has a small pedunculated 

base, a mallet and osteotome may be used to cleave the torus from the medial 

aspect of the mandible. The line of cleavage can be directed by creating a 

small trough with a bur and a handpiece before using an osteotome. It is 

important to ensure that the direction of the initial bur is parallel with the 

medial aspect of the mandible to avoid an unfavourable fracture of the lingual 

or inferior cortex. The tissue should be readapted and palpated to evaluate 

contour and elimination of undercuts. An interrupted suture or continuous 

suture technique is used to close the incision. Gauze packs placed in the floor 

of the mouth and retained for 12 hr are helpful in reducing postoperative 

hematoma and edema formation. (Sharry, 2007) 

 

 

 

 

Figure (7) Mandibular Tori 

 

C. Maxillary Tuberosity  

A rounded eminence on the posteroinferior surface of the maxilla 

that enlarges with the development and eruption of the third molar. It 
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articulates medially with the palatine bone and laterally with the lateral 

pterygoid process of the sphenoid. It forms the anterior surface of the 

pterygopalatine fossa, including a groove for the passage of the maxillary 

nerve, which is anesthetized in this region for a maxillary or second-division 

block.  

 

 

 

 

Figure (8) Maxillary Tuberosity 

Tuberosity reductions 

Tuberosity Reduction is the removal of some of the rounded bony 

protrusion behind the 3
rd

 molar. They are not as common today because dental 

implants are becoming more popular and as fewer people lose all their teeth 

and need upper dentures. However, some people with teeth and some who are 

receiving implants in their upper jaw may also need this procedure. If the 

tuberosity is enlarged, it can interfere with the way the teeth and jaws come 

together (occlusion). A tuberosity reduction can fix the problem. 

 

 

 

 

 

Figure (9) Tuberosity reductions 
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Preparation  

An Oral Surgeon usually performs a tuberosity reduction, in 

coordination with a general dentist or a dentures specialist (prosthodontist). In 

some people, the sinus cavity (antrum) extends into the tuberosity.  The Oral 

Surgeon needs to know where your sinus cavity is in relation to the tuberosity, 

we may need X-rays before the procedure. A dentist may make a plastic mold 

of the jaw to show the Oral Surgeon how much bone soft tissues need to be 

removed.  To make the mold, the dentist will take an impression of the jaw, 

make a plaster cast and grind down the tuberosity areas of the cast to the 

proper level. The mold fits over the gums like a denture.  During the 

procedure, the Oral Surgeon will test the mold in the mouth to make sure 

enough bone and tissue have been removed.  In most people, only the bulbous 

soft tissue needs to be trimmed and removed. Photo of the Roof of the Mouth 

(palate) showing enlarged (hyperplastic) tuberosities. (Daniel, 2015) 

1.2.2  Soft Tissue Abnormalities 

Abnormalities of the soft tissue in the denture bearing and 

peripheral tissue areas include: Abnormal muscular and frenal attachments. In 

the mouth, a frenum or frenulum is a piece of soft tissue that runs in a thin line 

between the lips and gums. It‟s present on the top and bottom of the mouth. 

There‟s also a frenum that stretches along the underside of the tongue and 

connects to the bottom of the mouth behind the teeth. The frenum can vary in 

thickness and length among different people. (Rozman, 2007) 

1.2.2.a Frenectomy 

A frenectomy is the removal of a frenulum, a small fold of tissue 

that prevents an organ in the body from moving too far. It can refer to frenula 

in several places on the human body. It is related to frenuloplasty, a surgical 

alteration in a frenulum. Frenectomies are usually short surgeries performed in 
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an oral surgeon‟s office under localized anesthesia. The recovery is quick, 

generally taking a few days. The procedure may be performed using a scalpel, 

via electrosurgery, or with lasers depending on the extent of the surgery and its 

purpose. (Rozman, 2007) 

A. Labial Frenectomy 

The labial frenulum often attaches to the center of the upper lip 

and between the upper two front teeth. This can cause a large gap and gum 

recession by pulling the gums off the bone. A labial frenectomy removes the 

labial frenulum. 

 

 

 

 

 

 

Figure (10) Labial Frenectomy 

B. Lingual Frenectomy 

It is the removal of a band of tissue (the lingual frenulum) 

connecting the underside of the tongue with the floor of the mouth. A lingual 

frenectomy is performed to correct ankyloglossia (tongue-tie).  

 

 

 

 

 

Figure (11) Lingual Frenectomy 
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1.2.2.b Epulis fissuratum  

Epulis fissuratum is a benign hyperplasia of fibrous connective 

tissue which develops as a reactive lesion to chronic mechanical irritation 

produced by the flange of a poorly fitting denture. More simply, epulis 

fissuratum is where excess folds of firm tissue from inside the mouth, as a 

result of rubbing on the edge of dentures that do not fit well. It is a harmless 

condition and does not represent oral cancer. Treatment is by simple surgical 

removal of the lesion, and also by adjustment of the denture or provision of a 

new denture. (Kahn, Michae, 2001) 

  

Figure(12) Epulis fissuratum A 69-year-old man presenting with epulis 

fissuratum (A) a raw, eroded, irregular patch resembling the shape of suction 

device seen on the middle of hard palate (B) faulty maxillary denture with 

suction device (black arrow). (Kahn and Michael 2001) 

Treatment: Treatment is by surgical excision (complete removal) of the 

fibrous tissue overgrowth and addressing the causative factor to prevent 

recurrence of the lesion. Other sources suggest that surgical excision may not 

be required in all cases. Common techniques for removal of the excess tissue 

include traditional removal with a surgical scalpel, electrical scalpel, or laser 

excision with a laser scalpel, e.g. a carbon dioxide laser, erbium:YAG laser, 

Neodymium-YAG laser, or diode laser. The poorly fitting denture can be 

adapted to fit better (a "reline") or a new denture constructed. Alternatively, 
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the section of flange that is sharp/over-extended can be smoothed and reduced 

with a drill. (Kahn and Michael 2001) 

1.2.3. Ridge Augmentation 

It is a surgery is commonly performed after tooth extraction to 

help reconstruct your natural gum and jaw line. Ridge augmentation can shape 

the jaw to treat any bone loss associated with tooth extraction or other dental 

conditions. Bone loss often occurs with periodontal disease or other medical 

conditions that deteriorate the integrity of your jawbone. Your alveolar ridges, 

also known as your alveolar margins, are your two jaw ridges that contain the 

alveoli of the teeth. An alveolus is the small socket that holds the roots of your 

teeth. When you lose a tooth, your alveolus remains open, eventually being 

filled with natural tissues. In some cases, when you lose a tooth or have a tooth 

removed, your alveoli may break or be unable to properly heal on its own. In 

order to receive dental implants, you must have enough healthy bone to 

support the base of your implants. A ridge augmentation can help shape and 

contour your gum and jaw line to what it was before any teeth were removed 

or any alveoli were damaged. After a successful ridge augmentation, you will 

have enough healthy bone to support future dental implants. (Aytekin and 

Arisan, 2020)  

Ridge Augmentation  

The procedure is performed by placing tissue or a bone graft to 

fill the void from your missing tooth and to create a healthy base for dental 

implants. In most cases, a ridge augmentation procedure is performed 

immediately following tooth extraction to reduce any cases of severe bone 

loss. Grafting material will be placed into the alveolus, and your gums will 

then be carefully sutured over your alveolus to promote proper healing. Bone 

or tissue graft material will be promoted to grow into your alveolus and fill 
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any empty space, promoting proper bone density for future dental implants. 

Once the sockets have fully healed after your ridge augmentation, the alveolar 

ridge can be prepared to properly receive dental implants. A ridge 

augmentation procedure is often performed at our office under local anesthesia 

to reduce any discomfort. (Chiapasco et al, 2009) 

 

 

 

        

 

 

Figure(13) Ridge Augmentation 

 

INDICATIONS OF RIDGE AUGMENTATION: 

When there is extreme resorption of the alveolar ridge i.e. when 

there is less than 2 cm of bone height. 

AIM OF RIDGE AUGMENTATION: 

1. Restoration of ridge height and width, ridge form, vestibular depth and 

denture bearing area. 

2. Protection of neurovascular bundle. 

3. Establishment of proper interarch relationship. 

4. Improvement of retention and stability of denture. 

 

 

MATERIALS USED FOR AUGMENTATION 
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 Graft: portion of a tissue or organ that after removal from its origin or donor 

site is positioned or inserted at a different place with the objective of 

reinforcing the existing tissues &/or correcting a structural defect. 

1.2.3.A. RIDGE AUGMENTATION 

 I.MANDIBULAR AUGMENTATION: Superior border augmentation.  

• Inferior border augmentation.  

• Pedicle or interpositional bone graft (visor osteotomy augmentation). 

 • Hydroxyapatite (HA) augmentation. 

II. MAXILLARY AUGMENTATION:  

• Onlay bone grating.  

• Interpositional bone grafting.  

• Hydroxyapatite (HA) augmentation.  

• Tuberoplasty. 

1.2.3.B. RIDGE EXTENSION (VESTIBULOPLASTY) 

 I. MANDIBULAR VESTIBULOPLASTY: Lingually based flap 

vestibuloplasty (Kazanjian).  

• Transpositional flap vestibuloplasty (Lip switch). 

II. MAXILLARY VESTIBULOPLASTY: Submucosal  

vestibuloplasty. 

 III. Grafted vestibuloplasty: 

 Full thickness skin. 

 Split thickness skin. 

 Palatal mucosa.  
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 Cheek mucosa. 

Ridge extension procedure Vestibuloplasty: is a surgical procedure wherein 

oral vestibule is deepened by changing the soft tissue attachments. 

Vestibuloplasty can be done either on the labial or on the lingual side. 

Kazanjian′s technique: 

An incision is made in the mucosa of the lip and a large flap of labial and 

vestibular mucosa is retracted. The mentalis muscle is detached from the 

periosteum to the required depth and the vestibule is deepened by 

supraperiosteal dissection. A flap of the mucosa is turned downward from the 

attachment of the alveolar ridge and is placed directly against the periosteum 

to which it is sutured. A rubber catheter stent can be placed in the deepened 

sulcus and secured with percutaneous sutures. This catheter helps to hold the 

flap in its new position and maintains the depth of the vestibule. It is removed 

after 7 days. The labial donor site is coated with tincture of benzoin 

compound, and the surface heals by granulation and secondary 

epithelialization. Contracture of the wound margins take place. 

A. MANDIBULAR AUGMENTATION: 

1-Superior border augmentation: It was described by Davis. This procedure 

is indicated when mental foramen is situated in the superior border. In this 

procedure, autogenous bone graft is used. The rib graft can be fixed to the 

superior border of the mandible. Two segments of the rib, about 15 cm long, 

are obtained from the 5hand 9th ribs. The rib is contoured by vertical scoring 

in the inner surface. The second rib is cut into small pieces to laterpack against 

the solid rib. Fixation is done by means of transosseous wiring or 

circumferential wiring.(Davis in the year1970).  

Disadvantage:  
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1. Morbidity of the donor site  

2. Secondary surgical site  

3. Necessity of the patient to withdraw denture till the surgical wound heals for 

period of 6-8 months.(Davis, 1970)  

Figure (14) Superior Border Grafting 

2- INFERIOR BORDER GRAFTS Indication: Inferior Border 

Augmentation Sanders and Cox 17 reported the first clinical use of an inferior 

border technique for augmentation of the atrophic mandible. This technique ts 

rarely, if ever used. On occasion the augmentation of mandibular bulk with 

inferior grafting is ac complished using iliac crest bone grafts, secured with 

rigid fixation In rare cases this technique is also combined with immediate 

placement of implants. Indications for use of this technique, in addition to 

atrophy-of the alveolar ridge area, included the prevention and management of 

fractures of the atrophic mandible. However, this technique does not address 

abnormalities of the denture-bearing areas, such as the increased interarch 

distance, superior border irregularities, or exposed position of the mental 

nerve, which result from mandibular atrophy. (Sander and Cox, 1986) 

 Advantage: 

• Management of Severely atrophic alveolar ridge in addition to prevention 

and management of atrophic mand. 



30 | P a g e  
 

• This occurs by using a rib for augmentation of inferior border of mand. 

(Sander and Cox, 1986) 

Disadvantage: • This procedure can't solve the problems of: Wide interarch 

space Irregularities of superior border. Exposed position of mental nerve at 

superion border. (Sander and Cox, 1986) 

        Figure (15) Inferior Border Grafting 

3-MANDIBULAR AUGMENTATION; PEDICLE GRAFT 

(VISOROSTEOTOMY): 

Current techniques for three-dimensional correction of the chin in 

patients with mandibular retrusion may increase mentolabial fold depth, but 

have limited effect on the lips. The authors present a single surgical technique 

to support the mentolabial fold and improve labial competence. The visor 

osteotomy is performed from canine to canine. The bone frag- ment pedicled 

to the lingual periosteum is coronally mobilized and fixed in the new position. 

Preserved vascularization is supposed to minimize the amount of bone 

resorbed. Visor osteotomy of the anterior mandible may improve the existing 

treatments for micrognathia by creating an aesthetic mentolabial fold and a 

competent lip seal.  

Advantage: Eighty percent of the height is maintained at the end of 3-5 years. 

Disadvantages 

1. Nerve paraesthesia and dysesthesia.  
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2. Need for hospitalization. 

3. Donor site morbidity. 

4. Inability to wear the dentures for 3 to 5 months following surgery. 

 

Figure (16) Modified Visor Osteotomy 

4-MANDIBULAR AUGMENTATION INTERPOSITIONAL BONE 

GRAFT 

 • This technique involves a horizontal osteotomy separating the residual ridge 

of the maxilla or the mandible and bone is grafted into this osteotomy. The 

bone graft can be autogenous or allogenic bone.  

Advantages: V Less resorption than onlay grafting. v More predictable long 

term results. v Decreased incidence of nerve paresthesia than the visor 

osteotomy. v Can be used in conjuction with implant 

 

A B 
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Figure (17) Posterior left mandible. A. A paracre-stal incision that respects the 

lingual periosteum is made. B. Horizontal and vertical osteotomies. C. the 

osteotomized fragment is reduced at alevel of alveolar crest. D. The 

interpositional graft is stab-lized with miniplates and screw. 

 

5- HA AUGMENTATION OF THE MANDIBLE: 

 • HA augmentation is done by subperiosteal tunnel technique.  

 

Figure (18) Intraoral photographs of minimal invasive horizontal ridge 

augmentation using a subperiosteal tunneling technique. a Deficient alveolar 

ridge. b Small vertical incision in the buccal side. c Preparation of 

subperiosteal cavity. d Bone graft material insertion into the tunnel. e After the 

placement of bone graft material. f Closure of the tunnel. 

 

D C 
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6- ALVEOLAR SPLIT GRAFT (RIDGE SPLIT OSTEOTOMY) 

 • Used to gain width for the alveolar ridge> expanding the knife edge        

ridge in a B-L direction. It is easier in the maxilla.  

• Requires a minimum of 4 mm wide alveolar crest. 

7- ALVEOLAR DISTRACTION OSTEOGENESIS: Distraction 

osteogenesis (DO) is a biologic process of new bone formation between 

surfaces of bone segments which are gradually separated by traction forces. 

B.  MAXILLARY AUGMENTATION: 

1. ONLAY BONE GRAFTING:  We use 2 ribs or iliac crest bone graft     

fixed with screws to the atrophic maxillary arch.  

Figure (19) Onlay Bone Grafting 

2. INTER POSITIONAL BONE GRAFT (LE FORT I OSTEOTOMY) 

We use iliac crest bone graft. Augmentation is completed by down fracturing 

maxilla (le fort I osteotomy) and placing interpositional graft using autogenous 

iliac crest bone graft. 
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       Figure (20) Inter Positional Bone Graft (Le Fort I Osteotomy) 

When the extent of horizontal advancement and vertical 

lengthening of the maxilla after Le Fort I osteotomy are judged to be 

significant, then an interpositional bone graft may be required and beneficial 

for the achievement of precise healing. In these circumstances, I prefer to use 

either autogenous or allogenic iliac bone graft. A bloc of corticocancellous 

bone is crafted and tightly wedged into the gap on each side. Each graft is inset 

in between the pyriform rim and zygomatic buttress titanium plates. An 

additional plate is then contoured to extend from the anterior maxilla above, 

across the graft, and then onto the alveolar process of the anterior maxilla. 

Titanium screws (1.2 mm in diameter) are then used to secure the plate to the 

bone.  

3- MAXILLARY HA AUGMENTATION: Subperiosteal tunnel technique is 

used. 
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TUBEROPLASTY  

• Tuberoplasty is designed to deepen the hamular notch by fracturing the 

pterygoid plate and hamulus and positioning them in a post. direction to 

deepen the notch and to improve denture retention. Indication: Adequate ridge 

and palatal vault but inadequate notching in tuberosity hamular area, so no 

peripheral seal of Max denture.  

Disadvantage:  

• Risk of hemorrhage. Unpredicted deptli of nothcing after healing. 

 

Figure (21) Maxillary Ridge Augmentation Tuberoplasty 

1.2.4  MUCOSAL ADVANCEMENT VESTIBULOPLASTY  

1. When the vestibule is extended, the first choice of procedures should 

be the one where-by the neighboring mucosa can be advanced to line 

both sides of the sulcus. 

2. The prime criterion for this type of procedure is the presence of an 

adequate amount of bone and healthy  mucosa. 

Clinical test- with the lips in a relaxed position, a mouth mirror is inserted 

into the vestibule to the depth required prosthetically. If the lip is not 
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displaced upward or drawn inward, it can be assumed that there is sufficient 

mucosa for advancement procedures. (wessberg et al, 1980) 

1.2.4.a. CLOSED SUBMUCOUS VESTIBULOPLASTY 

OBJECTIVES 

1- To extend the vestibule to provide additional ridge height 

2- To excise or transfer the sub-mucous connective tissue and adjacent 

muscles to a position farther from the crest of the ridge to prevent relapse of 

the vestibule to its preoperative condition. 

3- Generally done in the maxilla where better results are obtained.            

(wessberg,schendel,epker.1980) 

1.2.4.b. MAXILLARY VESTIBULOPLASTY 

Obwegeser described this procedure in (1958) 

A- SUBMUCOSAL TUNNEL 

1.  Vertical incision made in the midline of vestibule from the crest of the 

ridge proceeding superiorly approximately 15 mm. 

2. Metzenblum scissors introduced through the incision and blunt dissection 

done to separate mucosa from the submucosa on the right and left sides to 

create a submucosal tunnel. (wessberg et al, 1980) 
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Figure (22) Submucosal Tunnel 

B-  SUPRA-PERIOSTEAL TUNNEL 

1. Supra-periosteal tunnel made with the scissors, separating the 

connective tissue and muscles from the periosteum (parallel and below 

the submucosal tunnel) till the zygomatic buttress. 

2. If anterior nasal spine is prominent, it is reduced at 

this  point. (Wessberg et al, 1980) 

 

Figure (23) Supra-periosteal Tunnel 
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EXCISION 

1. The wedge shaped strip of connective tissue that remains between the        

two tunnels is excised. 

2. The freely movable mucosa is adapted to the deepened sulcus with finger 

pressure and the vertical incision is sutured. 

3. Aroll guaze is placed into the vestibule to support the mucosa 

4. A compound impression is made of the extended 

5. vestibule by using the patients denture or a splint 

6. The denture/splint with extended flanges is sutured to the maxilla with per 

alveolar wires or pins or circumzygomatic wires for 10-15 days 

7. A new denture is made in 3-4 weeks.  

 

Figure (24) Excision 
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1.2.4.c. MANDIBULAR VESTIBULOPLASTY Boering 1979 

1. Not commonly done Similar to maxillary vestibuloplasty 

2. Extra incision is given in the premolar region to prevent damage to the 

neurovascular. (Wessberg et al .1980) 

 

 

Figure (25) mandibular vestibuloasty 

1.2.4.d.MODIFIED MAXILLARY SUBMUCOSAL 

VESTIBULOPLASTY OBJECTIVES 

1. To create increased exposure of the operative site. 

2. To decrease the vertical midline scar. 

3. To more predictably deepen the anterior vestibular. (Wessberg et al, 

1980) 

ADVANTAGES 

1. Excellent surgical access and visualization of the operative site. 

2. Increases anterior labial vestibular depth and eliminates a low frenum 
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attachment or vertical midline scar. 

3. Permits the extension of the incision beyond the ANS into the lip mucosa 

without fear of creating a fibrous frenula 15 GDR. (Wessberg et al,1980) 

 

Figure (26) Modified Maxillary Submucosal Vestibuloplasty  

Open-view submucous v'plasty 

1. Wellness proposed an open view method instead of tunnelling. 

2. A horizontal incision is made along the mucogingival junction  through 

mucosa only. 

3. The mucosa is dissected from the submucosa far out into the lip. 

4. Large flap of mucosa is mobilized. 

5. Supraperiosteal dissection then is performed to the desired extent for 

proposed vestibular extension. Stay sutures are placed in the flap to fix it to 

periosteum deep in the vestibule. 

6. The free margin of the flap then is returned to its original position and 

sutured. (Wessberg et al, 1980). 
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Figure (27) Open-view submucous v'plasty 

1.2.5 Mucosal Advancement Vestibuloplasty Indication 

1. Correction of soft tissue attachment on or near the crest of the alveolar 

ridge of the maxilla. 

2. Useful when maxillary alveolar ridge resorption has occurred but the 

residual bony maxilla is adequate for proper denture support. 

3. To provide adequate vestibular depth without providing an abnormal 

appearance of upper lip with adequate mucosal length available in this 

area. 

*A simple test to determine whether adequate labial vestibular 

mucosa is present is performed by placing a dental mouth mirror 

under the upper lip and elevating -the superior aspect of the vestibule 

to desired post operative depth. If no inversion or shortening of the 
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lipoccurs, then adequate mucosa is present to perform a-proper 

submucosal vestibuloplasty. (Sharry JJ.2007). 

Procedure: A midline vertical incision is made in the vestibule 

through the mucosa with only mucosa undermined into the lip and the  

cheek .Vertical incision is deepened to bone and supra periosteal 

dissection is performed. Connective tissue septum separating the 

submucosal and subperiosteal tunnels is then developed. (Sharry, 

2007). 

Figure (28) A to E mandibular mucosal advancement 

Mucosa: is adapted to the deepened vestibule. A surgical stent is 

placed and held in place by circumferential wiring. Maxillary 

submucosal vestibuloplasty can also be combined with hydroxyapatite 

augmentation of the alveolar ridge area. (Sharry, 2007). 

Advantages:  It provides a predictable increase in vestibular depth 

attachment of mucosa and thus increasing the denture bearing area. 

(Sharry JJ.2007). 
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Vestibuloplasty: 

(A) Midline vertical incision is made in the vestibule through the mucosa 

 (B) Vertical incision is deepened to bone and supraperiosteal dissection 

is performed.  

(C) Connective tissue septum separating the submucosal and 

subperiosteal tunnels is excised. (D) Mucosa is adapted to the deepened 

vestibule.  

(D) A surgical stent is placed by circumferential wiring. (Sharry, 2007).  

 

1.2.5.1.Transpositional flap vestibuloplasty Indication: 

1- Adequate mandibular height. 

2- Inadequate facial vestibular depth from mucosal and muscular 

attachments in the anterior mandible.  

3- Presence of adequate vestibular depth on the lingual aspect of 

mandible. (Sharry JJ.2007). 

Procedure: Incision is made on the labial vestibular mucosa and large 

flap of labial and vestibular mucosa is reflected. Supra periosteal 

dissection is performed to deepen the vestibule. Flap of mucosa is sutured 

to the periosteum in the vestibule. Raw lip heals by granulation and 

secondary epithelialization. It can be combined with hydroxyapatite 

augmentation procedures. (Sharry, 2007). 

Advantages 

1- Provides adequate results. 

2- Do not require hospitalization.(Sharry, 2007). 

Disadvantages 

1- Unpredictability of the amount of relapse of vestibular depth. 
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2- Scaring in the depth of the vestibule. 

3- Problems with adaptation of peripheral flange area of the denture to 

the depth of the vestibule.(Sharry JJ.2007). 

  Figure(29) A and B Secondary Epithelialization Vestibuloplasty  

Figure (30)  A to C Secondary Epithelialization Vestibuloplasty 

Kazanjian’s technique : 

A. Incision is made on the labial vestibular mucosa,large flap of 

labial and vestibular mucosa is reflected. supraperiosteal dissection 

is performed to deepen the vestibule. 

B.  Flap of mucosa sutured to the periosteum in the vestibule Clark‟s 

technique with Tortorelli‟s periosteal fenestration.  

Horizontal incision at mucho-gingival junction and supra periosteal 

dissection done deep into vestibule. At the base of vestibule, periosteum 
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is incised horizontally. Inferior periosteal margin is elevated. Mucosal 

flap is transferred and sutured to the bone covered with periosteum that 

heals by epithelialization. (Sharry JJ.2007) 

Clark’s technique : 

A. Horizontal incision at the mucogingival junction.supraperiosteal 

dissection done deep into the vestibule. 

B. At the base of the vestibule periosteum is incise horizontally. 

C. Inferior periosteal margins is elevated. Mucosal flap is transferred 

and sutured to the lower periosteal margin. The bone covered by 

periosteum heals by secondary epithelialization Skin Grafting or 

Mandibular, Incision is placed along mucho-gingival junction and 

Vestibule is deepened by supraperiosteal dissection.Mucosal flap is 

sutured to the periosteum at the base of the vestibule. 

D. A skin or mucosal graft is used to cover the raw periosteal surface 

and sutured to the wound margins. Graft can be placed on the stent 

that is secured to mandible by circumferential wiring. (Sharry, 

2007). 

 

                     Figure (31) A to C  Clark's technique 
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Lingual Sulcoplasty Posterior Lingual Sulcoplasty Caldwell’s  

technique : Incision is placed on the crest of the ridge.Mylohyoid 

muscle is stripped away and mylohyoid ridge is removed .Flap is 

sutured at the crest. Denture or splinting with elongated lingual flange is 

fixed with circumferential wirings.(Sharry, 2007).                                                                                                                                                                                                                                                                                                                               

 Figures (32) A to C Lingual and PosteriorLingual Sulcoplasty  

(Caldwell‟s  technique)  

Trauner’s Technique :   

By supraperiosteal dissection the medial surface of the mandible is 

exposed and  Mylohyoid muscle is detached from the Mylohyoid ridge 

area and repositioned inferiorly by sutures, thus effectively deepening 

the floor of mouth and relieving the influence of mylohyoid muscle on 

denture. Periosteal surface is left raw or periosteum is covered with skin 

grafts and stent is placed. (Sharry, 2007). 

 

Figure (33) A to C Trauner's technique 
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Obwegeser’s Technique :  

 Incision is done on  mucogingival junction of both facial and lingual 

surfaces Supraperiosteal dissection is done, Mylohyoid and genioglossus 

muscles are stripped. Split thickness skin graft secured to the stent is 

placed over mandible by circumferential wiring. (Sharry, 2007). 

Advantages 

1- Early covering of the exposed periosteal bed, this improves patient 

comfort and allows earlier denture construction. 

2- Long-term results of vestibular extension are predictable. 

Disadvantages 

1- Need for hospitalization. 

2- Donor – site surgery combined with moderate swelling. 

3- Discomfort experienced postoperatively. (Sharry, 2007). 

 

Figure (34) A to C Obwegeser’s Technique 



48 | P a g e  
 

References 

1. Ali SA, Karthigeyan S, Deivanai M, Kumar A. 2014, Implant 

rehabilitation for atrophic maxilla: A review. J Indian Prosthodont 

Soc.;14:196–207. 

2. Artzi Z, Dayan D, Alpern Y, et al: 2003, Vertical ridge augmentation 

using xenogenic material supported by a configured titanium mesh: 

Clinicohistoathologic and histochemical study. Int J Oral Maxillofac 

Inplants,; 14:440. 

3. Basa S, Varol A, Turker N. 2004, Alternative bone expansion 

technique for immediate placement of implants in the edentulous 

posterior mandibular ridge: A clinical report. Int J Oral Maxillofac 

Implants.;19:554–8. 

4. Boybe PJ. 2004, Augmentation of the posterior maxilla by way of 

sinus grafting procedures: Recent research and clinical observations. 

Oral Maxillofac Surg Clin North Am;16:19-31, v-vi. 

5. Chiapasco M, Casentini P, Zaniboni M. 2009, Bone augmentation 

procedures in implant dentistry. Int J Oral Maxillofac 

Implants.;24(Suppl):237–59 

6. Choudhari , et al.. 2019 

7. Cullum D. 2010, Advances in bone manipulation: Part 2. 

Osteomobilization for horizontal and vertical implant site 

development. SORMS.;18.5:1–44. 

8. Daniel Clifford (2015). “Pre-prosthetic surgery”. Chapter 3. (Atlas of 

operative oral). 

9. Demetriades N, Park JI, Laskarides C. 2011, Alternative bone 

expansion technique for implant placement in atrophic edentulous 

maxilla and mandible. J Oral Implantol.;37:463–71. 



49 | P a g e  
 

10.  Dimitriou R, Tsiridis E, Giannoudis PV. 2005, Current concepts of 

molecular aspects of bone healing. Injury.;36:1392–404. 

11.  Dr.Anshul Sahu,2017 

12.  El Haddad E, Lauritano D, Candotto V, Carinci F. 2014, Guided bone 

regeneration is a reliable technique in implant dentistry: An overview 

and a case report. OA Dentistry.;2:5. 

13.  Ephros et al.. 2015  

14.  Frenectomy for the Correction of Ankyloglossia: A Review of 

Clinical Effectiveness and Guidelines. CADTH Rapid Response 

Reports. Ottawa (ON): Canadian Agency for Drugs and Technologies 

in Health. 2016. PMID 27403491. 

15. Friedman N. 1957, Mucogingival surgery. Tex Dent J.. 

16. H, Shaik KV. 2016, Preprosthetic surgery: Review of literature. Int J 

Sci Study. 

17. Halperin-Sternfeld M, Zigdon-Giladi H, Machtei EE. 2016, the 

association between shallow vestibular depth and peri-implant 

parameters: a retrospective 6 years longitudinal study. J Clin 

Periodontol.. 

18. Jensen OT, Bell W, Cottam J. 2010, Osteoperiosteal flaps and local 

osteotomies for alveolar reconstruction. Oral Maxillofac Surg Clin 

North Am.;22:331–46, vi. 

19. Kahn, Michael A. 2001, Basic Oral and Maxillofacial Pathology. 

Volume 1.. 

20. Khoshhal M. 2013, Mandibular ridge splitting and gradual bone 

expansion technique for immediate placement of implant in posterior 

thin region. Avic J Dent Res.;5:e19463. 

21. Kumar JV, Chakravarthi PS, Sridhar M, Devi KNN, Kattimani VS, 

Lingamaneni KP. 2016, Anterior ridge extension using modified 



50 | P a g e  
 

Kazanjian technique in mandible-a clinical study. J Clin Diagn Res.. 

22. Laskin , 2009 

23. Mehra, D'Innocenzo, By Pushkar, Richard (2015). Manual of Minor 

Oral Surgery for the General Dentist (2nd ed.). John Wiley & Sons, 

2015. p. 91–93. ISBN 978-1-118-93848-5. 

24. "maxillary tuberosity." Farlex Partner Medical Dictionary. 2012. 

25. Melike Aytekin & Volkan Arisan 2020. “Alveolar Ridge 

Augmentation Techniques in Implant Dentistry” Textbook Published 

December 3rd 2020. 

26. Modified maxillary submucosal vestibuloplasty George a. 1980, 

Wessberg, stephen a. Schendel and bruce n. Epker, Int. J. Oral 

Surg..Uiwenity Logo 57 OM S Ramai University of Appdied Scienc 

27. Oltra DP, Marti EC. 2013, Rehabilitation of posterior maxilla with 

tilted implants: A review of literature. J Oral Implantol.;2:39–43. 

28. Prasad DK, Mehta D. 2014, Osseointegrated support prosthesis – 

Surgical techniques for hard and soft tissue grafting. J Dent 

Implants.;4:72–7. 

29. Regezi, Joseph A.; Sciubba, James; Jordan, Richard C. K. (2012). Oral 

Pathology - E-Book: Clinical Chari Pathologic Correlations. Elsevier 

Health Sciences. p. 311. ISBN 978-1-4557-0269-5. 

30. Rodriguez R, Hartmann N, Weingart D. 2015, Current concepts of 

bone regeneration in implant dentistry. J Surg.;10:283–5. 

31. Rozman, P; Bolta, M (December 2007). "Use of platelet growth 

factors in treating wounds and soft-tissue injuries". Acta 

Dermatovenerol Alp Panonica Adriat. 16 (4): 156–65. 

32. Sharry JJ. 2007 Complete. Denture Prosthodontics, New York, 

Toronto. London: Mcgraw- Hill Book Company, Inc. 



51 | P a g e  
 

33. Siddiqui AA, Sosovicka M. 2006, Lateral bone condensing and 

expansion for placement of endosseous dental implants: A new 

technique. J Oral Implantol.;32:87–94. 

34. Woo I, Le BT. 2004, Maxillary sinus floor elevation: Review of 

anatomy and two techniques. Implant Dent.;13:28–32. 

35. Yalcin S, Ordulu M, Emes Y, Gur H, Aktas I, Caniklioglu C. 2006, 

Alveolar distraction osteogenesis before placement of dental implants. 

Implant Dent.;15:48–52. 

 

 

 

 

 

 

 

 

 

 

 

 



52 | P a g e  
 

 انخالصت :

ٍِ خاله استذاء  اىعَيٍتاىعظٌ. ٌتٌ تسشٌع هزا ا اموتعَيٍت  بذأتبعذ فقذاُ األسْاُ اىطبٍعٍت ،  

أؽقٌ األسْاُ وتٍَو إىى اىتأثٍش عيى اىفل اىسفيً بشنو أمثش حذة ٍِ اىفل اىعيىي. إىى جاّب رىل 

، تشَو اىعىاٍو اىعاٍت وجىد تشىهاث غزائٍت وأٍشاع اىعظاً اىجهاصٌت ٍثو هشاشت اىعظاً 

أ اىعالج اىجشاحً وػعف اىغذد اىظَاء اىتً قذ تؤثش عيى اىتَثٍو اىغزائً ىيعظاً. ٌجب أُ ٌبذ

قبو اىجشاحت اىتعىٌؼٍت بتاسٌخ شاٍو وفحض جسذي ىيَشٌغ. فً بعغ األحٍاُ ، هْاك ٍىاّع 

ىيجشاحت ألُ اىَشٌغ ٌعاًّ ٍِ ٍشع عاً خطٍش. ٌجب أًٌؼا إٌالء اهتَاً خاص ىيفحىطاث 

جت حاىت األّس ٌنَِ فًاىَختبشٌت اىتً ٌَنِ أُ تخبشّا بذسجت اٍتظاص اىعظاً. ّجاح اىعالج 

اىحاٍيت ىطقٌ األسْاُ. ٌجب بزه مو جهذ ٍَنِ ىؼَاُ تطىٌش األّسجت اىشخىة واىظيبت بشنو 

ٌعضص قذسة اىَشٌغ عيى استذاء ؽقٌ األسْاُ. تقع عيى عاتق اىََاسط ٍسؤوىٍت اىتقٌٍٍ اىذقٍق 

ا وتحذٌذ اىحاجت إىى أي تغٍٍش فً اىَْاؽق اىحاٍيت ىألسْاُ وتثقٍف اىَشٌغ حىه أهٍَت تْفٍز هز

 اإلجشاء اىحٍىي
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  Abstract  : 
 

The aim of this study was to evaluate the association of 

COVID-19 factors and psychological factors with 

psychological distress among dental staff during the 

COVID-19 pandemic outbreak. 

 

Dental professionals are at the highest risk of contracting 

COVID-19 .This can be attributed to a number of factors: 

firstly, the ergonomics of dental treatments that require 

dental healthcare workers (DHCWs) to be at a close 

proximity to the patient’s oral cavity, and for extended 

periods of time. Secondly, most dental treatments generate 

large volume of aerosols, which eventually land on the 

clinician’s face, head and neck . Thirdly, saliva has been 

found to be a rich source of SARS-CoV-2 . And fourthly, 

viral particles in aerosols were found to remain viable for as 

long as three hours . 

 

Dental profession is labeled as a high-risk profession, due to 

which dental care professionals are under tremendous 

pressure during the outbreak of COVID-19 pandemic. The 

aim of this study was to assess the psychological impact of 

the COVID-19 pandemic on dental interns in Iraq. 
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1 INTRODUCTION 
 

 

The world has  witnessed  severe disease  outbreaks 

throughout  history, but the onset of the novel coronavirus 

disease 2019 (COVID-19) has been deadly and devastating , 

challenging researchers and healthcare systems. [1]  

The first outbreak of COVID-19 was reported in Wuhan, 

China, in December 2019. [2] Since then, it has spread 

worldwide. [3] 

 

 On January 30, 2020, the World Health Organization 

announced that the COVID-19 outbreak was a pandemic. [4]  

 

The primary way this virus spreads among humans is 

through person-to-person contact,  either when people come 

in direct contact with an infected individual or through 

respiratory droplets, which are currently considered the 

major routes of transmission. [5] Given that COVID-19 is an 

airborne disease, 

  

 

The novel coronavirus (COVID-19) pandemic has 

influenced all life aspects. The highly contagious nature of 
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the disease and its fatal outcomes led to changes in lifestyle 

for many people [6]. 

 

 

 These lifestyle changes included social distancing, avoiding 

public places, more frequent hand washing, and wearing face 

masks in public [7]. These changes were sometimes 

associated with stress-inducing factors such as temporary 

unemployment, working from home, home-schooling of 

children, lack of physical contact with other family 

members, friends, and colleagues, and worrying that loved 

ones and important others may be infected [8] 

  

dental care providers are under tremendous pressure as they 

are at high risk of exposure to the virus. The Occupational 

Safety and Health Administration placed dental care 

professionals/students in the very high-exposure risk 

category. These students/professionals may be exposed to 

known or suspected sources of the virus that causes COVID-

19 during specific procedures that generate occupational 

bioaerosols.[9] Such procedures subject dental care 

professionals/students to significant physical and 

psychological pressure, leading to burnout, depression, 

stress, and anxiety. 
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[10]. They are also liable to anxiety and fear attributed to the 

greater risk of infection during treatment provision in the 

dental office, especially during pandemics [11]. Mild anxiety 

helps people perform goal-directed tasks, is natural and may 

foster preventive behaviors during pandemics [12].   

 

Severe anxiety, on the other hand, is associated with physical 

symptoms such as muscle tightening, hyperventilation, 

increased heart rate, sweating, trembling, fatigue, troubled 

sleeping, gastrointestinal disorders in addition to impaired 

cognitive skills [13].  

Persistent severe anxiety may affect physical and mental 

well-being . 
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Review of literature :  
  

in this paper, the author review many reports in many 

countries in a way that would help to take a closer look at 

psychological impact of covid-19 on dental heath practicing 

.Like study  of Dentists in German federal states were 

invited to participate through a self-administered online 

questionnaire between July and November 2020. Which  

involved information on demographics, Depression Anxiety 

Stress Scales (DASS-21). The result was the associations 

between demographic and psychological outcomes of 

depression, anxiety, stress, intrusion, avoidance, and 

hyperarousal were evaluated. Seven-hundred-and-thirty-two 

dentists participated in the survey and reported overall scores 

of 

(4.88±4.85),(2.88±3.57),(7.08±5.04),(9.12±8.44),(10.68±8.8

8) and (10.35±8.68) for depression, anxiety, stress, intrusion, 

avoidance, and hyperarousal, respectively. For females, 

being between 50–59 years of age, being immune deficient 

or chronically ill, working at a dental practice, and 

considering the COVID-19 pandemic a financial hazard 

were reported as significant associated factors (p< 0.05) with 

higher DASS-21 . These findings underline the aspects 

which need to be taken into attention to protect the mental 

wellbeing of dentists in Germany during the crisis [14] 
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The survey is assessed dentists’ behavioral responses, 

emotions and concerns following the Sars-CoV-2 pandemic 

restrictive measures introduced by the Italian , as well as the 

dentists’ perception of infection likelihood for themselves 

and patients. Furthermore, the psychological impact of 

COVID-19 was assessed by means of the Generalized 

Anxiety Disorder-7 test (GAD-7), that measures the 

presence and severity of anxiety symptoms, the survey was 

sent by email to all dentists in the district of Modena and 

Reggio Emilia (874 practitioners) and was completed by 356 

of them (40%). All dental practitioners closed or reduced 

their activity to urgent procedures. All reported a routinely 

use of the most common protective personal equipment 

(PPE), but also admitted that the use of PPE had to be 

modified during COVID-19 pandemic. A high percentage of 

patients canceled their previous appointments. Almost 85% 

of the dentists reported being worried of contracting the 

infection during clinical activity. The results of the GAD-7 

(General Anxiety Disorder-7) evaluation showed that 9% of 

respondents reported a severe anxiety. To conclude, the 

COVID-19 emergency is having a highly negative impact on 

the activity of dentists practicing in the area of Modena and 

Reggio Emilia. All respondents reported practice closure or 

strong activity reduction. The perception of this negative 

impact was accompanied by feelings of concern (70.2%), 

anxiety (46.4%) and fear (42.4%). [15] 
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A cross‐sectional study was conducted among dental 

students from different universities in Saudi Arabia selected 

using 2‐stage cluster sampling. The psychological impact 

was assessed using the validated Arabic version of the 

Depression, Anxiety and Stress Scale–21 Item questionnaire. 

The data were analyzed using SPSS software. The Mann–

Whitney U and Kruskal–Wallis tests were used as 

appropriate. A chi‐squared test was used to compare the 

proportions between the sociodemographic data and logistic 

regression analysis to identify variables associated with the 

student's responses. A total of 697 dental students 

participated voluntarily in the study. The majority  (96.1%) 

were single, and 69.4% lived in a household of > 5 persons. 

Significant differences in mental health outcomes were 

evident for gender, university, and survey time. Elevated 

levels of depression, anxiety, and stress were recorded 

among 60.64%, 37.02%, and 34.92%, respectively, of the 

students. Females, students who lived alone, and junior 

students were more likely to experience psychological 

problems during the COVID‐19 pandemic [16] 

A survey comprising a series of questions (closed and open) 

and a Generalised Anxiety Disorder assessment (GAD-7) 

was distributed to members of the dental team 
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in UK between 1-3 April 2020 

A total of 120 surveys were completed; 53.3% of 

respondents displayed symptoms of generalised anxiety. The 

highest average GAD-7 score was noted among dental 

nurses. The most common concern was the impact of 

COVID-19 on friends and family followed by personal 

health and nature of the disease [17] 

A structured questionnaire sent electronically to dentists, 

dental hygienists and dental assistants inquired information 

about the lockdown period in Norway (13 March-17 April 

2020). Distributions of background characteristics, 

perceptions of preparedness and psychological impact were 

calculated. Exploratory factor analysis was performed, and 

Structural Equation Models (SEMs) were used to compare 

psychological impact between dental professionals treating 

patients versus not during lockdown. Among the 1237 

respondents, 58.8% worked clinically with patients. The 

majority were concerned of becoming infected (71.9%), of 

infecting others (85.4%) and/or of their family becoming 

infected (76.9%). Respondents who treated patients felt 

significantly more insecure about whether having become 

infected or not. The minority felt discriminated (6.7%), 

worried about death (11.7%), felt that life was threatening 

(9.8%) or felt loss of control of their lives (8.9%). More than 

80% agreed that their workplace handled the situation well. 

Four factors were retrieved from the factor analysis. SEMs 

showed that gender and work experience had a significant 
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effect on the factors Instability, Infection and Concerns. 

Respondents with work experience ≥10 years were less 

likely to express fear about Instability and Infection. 

Personnel reporting that their workplace had adequate 

equipment were also less concerned, however having 

adequate equipment did not reduce the factor Loss of 

control. The present study showed a considerable 

psychological impact of the COVID-19 pandemic on dental 

personnel in Norway regardless of working clinically with 

patients or not . [18] 

a cross-sectional study online was conducted in china with 4 

widely used self-administered questionnaires: the Patient 

Health Questionnaire-9, the General Anxiety Disorder-7, the 

Perceived Stress Scale-10, and the Acute Stress Disorder 

Scale. Univariate and multivariate analyses were performed 

to evaluate the variables that potentially affected the mental 

health of emergency dental care providers. As a result, 969 

out of 1035 questionnaires were included in the analysis, 

with 642 respondents reporting more than 1 symptom 

(66.3%). The symptom of perceived stress was reported by 

the largest proportion of the respondents (66.2%, n = 641), 

and anxiety the least (7.1%, n = 69). After adjustment for 

confounders, it was found that dental practitioners with 

preexisting physical health conditions were at higher risk of 

depression (odds ratio [OR], 1.972; 95% CI, 1.128-3.448; P 

= .017), and perceived stress (odds ratio, 2.397 95% CI, 

1.283-4.478; P = .006). Additionally, feelings of fear, 
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helplessness, or terror resulting from the possibility of 

contracting COVID-19 were significantly associated with 

the prevalence of all the 4 psychological symptoms observed 

(P < .05). In this study, we found that dental care providers 

suffered psychological depression, stress, anxiety, and post-

traumatic stress disorder (PTSD) during COVID-19, which 

indicates the importance of psychological support at times of 

major epidemic outbreaks . [19] 

in Carol Davila University of Medicine and Pharmacy, 

Bucharest, Romania. A cross-sectional study was conducted 

on 878 dental students who reported their perception of the 

psychological and educational impact of this period by 

completing a Google Forms questionnaire. Collected data 

were statistically analyzed using Stata/IC 16. There was a 

severe psychological impact among the respondents, the 

levels of stress being perceived as high and very high 

(33.83%, n= 297; 28.59%, n= 251), similar to high and very 

high anxiety feelings (26.54%, n= 233; 24.26%, n= 213) . 

[20] 

A total of 533 undergraduate dental students across India 

participated in a cross‐sectional study by means of virtual 

survey. A self‐designed questionnaire was created using 

google forms. The questionnaire consisted of 25 questions 

and was divided into two parts, first, regarding the academic 

outcome of online dental education and second, 

psychological and physical well‐being of the students in 
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reference to online dental education. A descriptive statistical 

analysis was done using IBM SPSS statistics software. 

  

In the present study, 91.6% students reported that the format 

of dental education was shifted to online lectures due to the 

COVID‐19 pandemic. 86.4% students suggested that they 

preferred offline lectures rather than online lectures. 

Psychological and physical well‐being were affected in both 

male and female students; however, male students were 

affected more significantly than females. [21] 

A questionnaire consisting of COVID-19 and online 

education views was filled by the students of a dental 

faculty. For the determination of the anxiety levels, the 

participants completed Turkish versions of the state-trait 

anxiety inventory (STAI) scales. The data was analyzed 

using descriptive analysis and parametric statistical tests. P< 

0.05 was accepted as significant. A total of 249 dental 

students (154 females, 95 males), including 143 preclinical 

and 106 clinical students participated in the survey. Most 

students (81.1%) stated that they were concerned that the 

classes would be held in groups, with the transition to face-

to-face education. Most of the participants (69.9%) stated 

that the idea of late graduation creates fear. Due to the 

COVID-19 pandemic, approximately a quarter of the 

students have the idea of changing professions. The 

continuity anxiety value of the group with the idea of 
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changing the profession was statistically higher than the 

other groups (p< 0.05) . [22] 

An online survey was submitted to dental egyptian 

professionals. Data were collected through a validated 

questionnaire consisting of 23 closed-ended questions. The 

gathered data were statistically analyzed . 

An overall 216 dentists completed the survey. A total of 200 

(92.6%) dental professionals were afraid of becoming 

infected with COVID-19 while 196 (90.7%) became anxious 

to treat patients showing suspicious symptoms. The majority 

of the participants were aware of the mode of transmission 

of COVID-19 and a lot of them were updated with the 

current Disease Control and Prevention (CDC) or World 

Health Organization (WHO) guidelines for cross-infection 

control . [23] 

The cross-sectional study aimed to explore the symptoms of 

depression, anxiety, and PTSD among dental HCWs in 

Russia during the coronavirus disease 2019 (COVID-19) 

pandemic. The survey was carried out among 128 dental 

HCWs from three dental clinics of Ekaterinburg, Russia. The 

mean age of the sample was 38.6 years. Depression, anxiety, 

and stress were assessed using the Depression Anxiety and 

Stress Scale-21 (DASS-21); PTSD was assessed using the 

PTSD Symptom Scale-Self-Report (PSS-SR); subjective 

distress was assessed using the Impact of Event Scale-

Revised (IES-R). The results indicated that 20.3–24.2% 

HCWs had mild to extremely severe symptoms of 
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psychological distress, and 7.1–29.7% had clinical 

symptoms of PTSD. No differences between females and 

males were revealed. HCWs working directly with patients 

had significantly higher levels of PTSD symptoms and the 

risk of PTSD development compared to those working 

indirectly, whereas older HCWs had significantly higher 

levels of both psychological distress and PTSD symptoms 

compared to younger HCWs. Thus, dental HCWs are at high 

risk for psychological distress and PTSD symptoms during 

the COVID-19 pandemic [24] 

A comprehensive, cross-sectional survey was conducted 

between April 6 and 16, 2020 among 875 Polish dental 

practitioners. The aim of the research was to assess dentists’ 

attitudes and professional approaches resulting from the 

COVID-19 pandemic. 

2% of dentists who responded to the questionnaire decided 

to suspend their clinical practice during that particular time. 

The main factors for this fact were the shortage of personal 

protective equipment (PPE), the respondents’ subjective 

perceptions of the risk of COVID-19 contraction and a 

general feeling of anxiety and uncertainty regarding the 

COVID-19 situation [25] 

. A cross-sectional study was conducted using an online 

survey questionnaire. The questionnaire was designed on 

Google Forms and was distributed among all seven regions 

of Pakistan through social media and WhatsApp after 

carrying out the reliability analysis. Statistical analysis was 
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performed using SPSS 20.0. Question wise analysis using 

frequencies and percentages was done. Pearson correlation 

and Kruskal Wallis test was applied to check association of 

awareness level with qualification and workplace setting. A 

total of 313 dentists participated and submitted the form 

online from all regions of Pakistan. The response rate was 

quite satisfactory as Pakistan was under an official lockdown 

and most of the hospitals/clinics were either closed or 

operating with minimum staff. Most of the dentists were 

well aware of the CDC guidelines. However, 75% of the 

dentists were afraid of getting infected and 88% of them 

were anxious while providing treatment. Sixty-eight percent 

of them were avoiding aerosol generating procedures and 

only 28% were using rubber dam isolation. Regional 

analysis was also done and areas of poor compliance were 

identified. Only 38.5% dentists in Balochistan were using 

N95 masks and none of the dentists (0%) were using rubber 

dam isolation. A large number of dentists (80.9%) were 

afraid and wanted to close their dental practice in Khyber 

Pakhtunkhwa. Furthermore, a positive correlation was seen 

between the designation and awareness level (p = 0.01). 

Similarly, significant correlation (p = 0.03) was seen 

between qualification and workplace setting . [26] 

An online survey was conducted in united kingdom by 

using validated tools to measure the MH symptoms and 

stress. Pearson's chi-squared test of independence was used 

for statistical analysis . 
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Overall, 123 dentists participated in the survey. The 

prevalence of anxiety-related symptoms was 71%(95% CI 

0.62–0.78), depression-related symptoms was 60%(95% CI 

0.51–0.68), and stress was 92%(95% CI 0.86–0.96). Dentists 

working in the independent sector had more psychological 

symptoms compared with those in the public sector (P= 

0.014). [ 27]  

  

cross-sectional survey of dental trainees and primary dental 

care staff in Scotland was conducted in June to October 

2020. Assessment was through ‘Portal’, an online tool used 

for course bookings/management administered by NHS 

Education for Scotland. The questionnaire consisted of four 

multi-item scales including: preparedness (14 items of the 

DPPPS), burnout (the 9 item emotional exhaustion subscale 

and 5 items of the depersonalisation subscale of the MBI), 

the 22 item Impact of Event Scale-Revised, and depressive 

symptomatology using the Patient Health Questionnaire-2. 

Analysis was performed to compare the levels of these 

assessments between trainees and primary dental care staff 

and a theoretically based path model to explain depressive 

symptomology, utilizing structural equation modeling . 

Approximately, 27% of all 329 respondents reported 

significant depressive symptomology and 54% of primary 

care staff rated themselves as emotionally exhausted. 

Primary care staff (n=218) felt less prepared for managing 

their health, coping with uncertainty and financial insecurity 
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compared with their trainee (n=111) counterparts (all p’s < 

0.05). The overall fit of the raw data applied to the 

theoretical model confirmed that preparedness (negative 

association) and trauma associated with COVID-19 (positive 

association) were significant factors predicting lowered 

mood. Burnout was indirectly implicated and a major path 

from trauma to burnout was found to be significant in 

primary care staff but absent in trainees (p < 0.002). [28] 

  

  

 

 

 

Methodology &Material  

 

a self-administered online questionnaire for  ( dentists& 

dental students  ) distributed to  collect information on 

sample of  population  

 

Sampling Method 

A stratified random sampling procedure was used for 

selecting the participants in this study , a sample size of at 

least 60 participants is selected, although this will depend on 

suitability to the research question and the variables being 

measured. For the period 1/6/2021—12/6/2021 
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Research Design  

Cross-sectional study design, the investigator measures the 

outcome and the exposures in the study participants at the 

same time. The participants in this type of study are selected 

based on variables of interest. 

Instrument for data collection  

Self-administered online Questionnaire distributed for the 

participants and the response documented and arranged in 

tables and figures  

 

Method of data analysis 

The data collected from the field were analyzed Statistically 

by the use of SSP programme for analysis   This technique 

was employed to ensure an equal representation of the 

variables for the study. 
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Reslt 

 

 

Table 1 show the frequent responses of the participants 

according to speciality 

 

No of participants General practice 49% 

74 Specialist 

 

Dental student 

17% 

 

34% 

This table shows that the percentage of speciality of 

participants : General practice 49% , Specialist 17% , Dental 

student 34% % from all 74 participants. 

 

Table 2 show the frequent distribution according to the 

gender 

 

No of participants  No of participants male 65% 

75 female 35% 

This table  shows that the percentage of the participants was 

35% female 

And the proportion of males 65%  fom all 75 participants 
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table 3 show frequent responses of the participants 

confirming that covid-19 cause psychological impact in 

dental field 

 

QUESTION No of 

participants 

Yes% No% 

DID COVID-19 

AFFECT YOUR 

MENTAL HEALTH? 

75 67% 33% 

DID THE STRESS / 

ANXIETY /FEAR 

DUE TO COVID-19 

CAUSE YOU 

MENTAL 

PROBLEMS? 

73 56% 44% 

total 148 123% 77% 

show frequent responses of the participants confirming that 

covid-19 cause psychological impact in dental field  67% 

answered the COVID-19 AFFECT MENTAL HEALTH fom 

75 participants and 56% answered that they have ANXIETY 

/FEAR DUE TO COVID-19 CAUSE MENTAL 

PROBLEMS 
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  Table 4 show frequent responses of the participants 

about impact of stress / anxiety due to covid-19 

 

Question No of 

participants 

Yes% No% 

if you have stress or 

anxiety due to 

covid-19 , did it 

affect your sleep ? 

67 37% 63% 

if you have stress or 

anxiety due to 

covid-19 , did it 

make you 

overthinking or 

confusing ? 

68 57% 43% 

did you have 

difficulty 

concerning on your 

daily routine 

sincecovid-19 had 

occurred ? 

67 61% 39% 

total 202 161% 145% 

 

for all 67 participants 37% answered that they have  stress 

affect sleep due to covid-19 and from 68 participants 57%  

answered have stress make them overthinking or confusing 
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and from 67 participants 61% answered they have difficulty 

concerning on daily routine sincecovid-19 had occurred 

 

 

 

 

 

 

 

Table 5 show frequent responses about fear of the  

participants 

 

 

 

 

QUESTION No of 

participan

ts 

Yes% NO% 

Are you afraid of 

providing treatment for 

any patient ? 

70 53% 47% 

are you afraid of the risk 

of infection during the 

period of covid-19 

pandemic ? 

 

68 

69% 31% 

if a patient is coughing or 

suspected to be infected 

68 65% 35% 
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with covid-19 , are you 

afraid of providing 

treatment for him/her ? 

TOTAL 206 187% 113% 

for all 70 participants 53% answered that they afraid of 

providing treatment for any patient  and from 68 participants 

69%  answered they afraid of the risk of infection during the 

period of covid-19 pandemic 

and from 68 participants 65% answered they afraid of 

providing treatment if a patient is coughing or suspected to 

be infected with covid-19 

 

 

 

 

Table 6 show frequent responses about anxiety of the 

participants 

 

QUESTION No of 

participant

s 

Yes% NO% 

are you anxious talking to the 

patient in close proximity ? 

68 60% 40% 

do you feel anxious when 

hearing that one of co-worker 

or colleagues has been 

infected with covid-19 ? 

67 76% 24% 
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DO YOU HAVE ANXIETY  

OF BEING INFECTED 

WITH COVID-19 BY 

PATIENT OR CO-

WORKER? 

70 57% 43% 

TOTAL 205 193% 107% 
for all 68 participants 60% answered that they anxious talking to 

the patient in close proximity  and from 67 participants 76%  

answered they feel anxious when hearing that one of co-worker or 

colleagues has been infected with covid-19 

and from 70 participants 57% answered they HAVE ANXIETY  

OF BEING INFECTED WITH COVID-19 BY PATIENT 
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Discussion 

 

 
The aim of this study was to assess the psychological impact 

of the COVID-19 pandemic on dental interns in Iraq The 

participants reported experiencing varying levels of mental 

health symptoms during the outbreak of COVID-19. 

 

This study provided an evaluation of the level of 

psychological distress experienced by dentists and dental 

hygienists during the COVID-19 pandemic outbreak and 

assessed possible factors that might be associated with it. 

The findings confirmed our hypothesis suggesting that dental 

staff would exhibit an elevated risk for developing 

psychological distress. Nevertheless, as the evaluation of 

psychological distress in the current study has taken place 

during the spread of COVID-19, we cannot rule out the 

possibility for higher psychological distress rates in the long 

term, as was found previously among healthcare workers 

after the 2003 outbreak of SARS  

 

 

Workplace-related stress, anxiety, and depression are among 

the most important factors affecting the mental health 

wellbeing of people worldwide .In previous reports dentists 

and healthcare workers equally conveyed various stressors 
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within their workplace including the risk of infection, 

constant time pressure, concern over their capability to 

provide dental or medical services in the future, and 

financial pressure .These workplace stressors have 

significantly increased during the COVID-19 pandemic 

among dental professionals globally .According to the 

current survey German dentists working in a private dental 

practice displayed significantly higher stress. 

 

 

 

 

Furthermore, regarding the association of COVID-19 factors 

and psychological factors with elevated psychological 

distress, the findings indicate that among the COVID-19 

factors, only the fear of contracting COVID-19 from a 

patient associated positively with elevated psychological 

distress. This may be supported by scientific evidence 

showing that there is an unwillingness on the part of dentists 

to treat patients with infectious diseases such as HIV and 

tuberculosis .  

 

With reference to the psychological factors, high subjective 

overload and a low score for self-efficacy were found to be 

associated with elevated psychological distress. 

 As the on-going management of COVID-19 is full of 

uncertainty and characterized by the individual having low  



31 | P a g e  

 

 

levels of control (along with social isolation, which prevent 

teamwork), it might be that dental staff are experiencing a 

higher than usual subjective overload. 

 

 

 

  

 This study highlights the importance of considering the 

mental health of dental staff during times of infectious 

disease outbreak. Psychological distress among dental staff 

members may have long-term effects and, as such, will have 

future implications for training, such as the need for 

provision of mental health workshops for enhancing self-

efficacy along with broadening mental health education as 

part of the core dental curriculum. 
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Conclusion 
 

In conclusion,  the present  study  determined  a major 

psychological  health  burden  amongst  the dental  clinicians 

during  COVID-19  pandemic. 

 The awareness  of the importance  of  mental  health  related 

to occupational  stress is  low and  no specific  guidelines 

have been  issued, which is  currently the need  of the  hour 

during  the pandemic  period. 

 Hence,  routine supervision and  monitoring of the 

psychological  consequences  related  to the  outbreak of 

such  life-threatening  diseases should be  established  with 

early targeted  psychological  interventions a  regular  part of 

worldwide  efforts to  curb the issue  and  The presence of 

elevated  levels  of  depression, anxiety  and  stress  among 

dental  students  highlights  the need for  psychological 

empowerment  strategies  involving  institutional  counseling 

services 

 

 Furthermore,  the female  students  scored higher on the 

psychological symptoms compared to their male 

counterparts. Results of the current study can inform 

university efforts to assess and address current levels of 

stress, depression, and anxiety and guide program 

development and implementation of mental health programs. 
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1. Introduction  
Noise is any distortion that occurs in the image and may damage the contents of the 

image. So removing the noise is necessary until the image becomes closer to the 

scene of the real goals of the photographer. The noise in the images is a serious 

problem, or it is happening by any introduced into the data via any electrical system 

used for storage, transmission, and processing (Mehta, Sukomal & Sanjeev Dhull. 

2012)The medical imaging devices particularly X-ray, CT/MRI and ultrasound are 

manufacturing overabundant pictures that are utilized by medical practitioners 

within the method of designation. The most downside visage by them is that the 

noise introduced attributable to the consequence of the coherent nature of the wave 

transmitted. These noises corrupt the image and sometimes cause incorrect 

designation. Every of those medical imaging devices are littered with differing types 

of noise. (P.Subbuthai, K.K avithabharathi, et al .2013)  

Different types of noise exist in the image and there are a variety of noise reduction 

techniques to remove noise (Gill, Noorpreet & Anand Sharma.2016). The 

selection of noise removal algorithm depends on the application. In this research 

(Salt and pepper noise, Gaussian noise, Shot noise and Speckle noise) are types of 

noises that are present in an image. The principle approach of remove noise in 

image is filtering. Available filters to remove noise from the image are (Median 

filter, Gaussian filter, Wiener filter and Fuzzy logic).The main properties of a good 

model are eliminates noise while maintaining edges. The goal of eliminating noise is 

to reduce noise through two phases namely: noise detection and noise removal. 

Represent the de-noising model. The noise detection is a process in which screening 

the image pixel is noise. After noise removal, the damaged pixels of the input image 

are replaced by the appropriate values calculated from the specified methods. 

(Srivastava, Chanchal, et al .2013)  
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2. The types of noise 

2.1 salt and Pepper Noise  
The image with salt and pepper noise will contain dark pixels in bright areas and 

bright pixels in dark areas. This type of noise is an impulse, which is also called to as 

intensity spikes. This is due to data transmission errors A typical variety of impulse 

noise in a very medical image is salt and pepper noise that represents itself as every 

which way occurring white (salt) and black (pepper) pixels. The noise density could 

be a term accustomed quantifies the number of salt and pepper noise in a picture. A 

complete noise density of in an image means pixels contain noise. (M.S. Safari, A. 

Aghagolzadeh. 2007).  

 

Salt and Pepper Noise 

  

2.2 Poisson Noise  
.The noise in X-ray imaging and Nuclear Imaging (PET, SPECT) is sculptural with 

Poisson noise X-ray photons incident on a receptor surface in an exceedingly 

random pattern. We have a tendency to can’t force them to be evenly distributed 

over the receptor surface. Even once each the area is exposed to identical average x-

ray intensity. Altogether medical imaging procedures victimization gamma or x-ray 

photons most of the image noise is made by the random behavior of the photons 

that area unit distributed at intervals the image. This is usually selected quantum 

noise. Every individual photon could be a quantum (specific quantity) of energy. It’s 
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the quantum structure of associate x-ray beam that makes quantum noise (Safari, 

M. S., & Aghagolzadeh, A. 2007).   

 

. Poisson Noise 

 

2.3 Speckle noise  
This type of noise is double noise because the random interference between 

obstacles is Coherent. It's usually occurs in imaging systems. Its follows the gamma 

distribution. (Chahar, P. S., & Thakare, V. 2015) Altogether medical imaging 

procedures victimization gamma or xray photons most of the image noise is made 

by the random behavior of the photons that area unit distributed at intervals the 

image. This is usually selected quantum noise.  

It’s the quantum structure of associate x-ray beam that makes quantum noise. 

(Safari, M. S., & Aghagolzadeh, A. 2007).   

  

 
Speckle Noise 
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3. Type of filters  

3.1 Median filter  
This technique is one of the most important techniques used to remove noise and is 

a necessary step for the pre-analysis of the subsequent processing (Sumitra, P. 

2016). The important property in this type is to remove the effect of large 

quantities of noise. It can also eliminate various types of noise and is a non-linear 

digital filtering technology.  

Filtering is a part of image enhancement it is used to enhance certain details such 

as edges in the image that are relevant to the application. Additionally thereto, 

filtering can even be used to eliminate unwanted components of noise. Medical 

images typically contain salt and pepper noise and Poisson noise. This noise 

appears owing to the presence of minute grey scale variations within the image. 

Median filtering could be a widespread technique of the image improvement for 

removing .noise without effectively reducing the image sharpness. Median filter is 

kind of common as a result of it provides excellent noise-reduction talents, with 

primarily less blurring than similar size linear smoothing filters. ( Kuan, D. T., 

Sawchuk, et al .1985)  

 

 

     Removal of salt and pepper noise using median filter  
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     Removal of Poisson noise using median filter  

 

      Removal of speckle noise using median filter  

 

3.2Gaussian filter  
The Gaussian filter set filters the input signal. This type of filters is designed to 

reduce the rise and fall time. It is modifies input signal by embedding with a 

Gaussian function Among all linear filters, Gaussian filter perhaps plays the most 

.important role in both theory and applications. (Vimala, T. 2012)  

 
       Removal of salt and pepper noise using Gaussian filter  
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       Removal of speckle noise using Gaussian filter  
 

 
        Removal of Poisson noise using Gaussian filter  

3.3 FIR Filter  
Techniques are used extensively to eliminate noise in digital image processing 

(Prabhanjan, Mahesh & Mvinayababu. 2010). The main objective is to find the 

average pixel processing based on adjacent pixel values. The characteristics of 

the image should not be affected. we know, linear system parameterization is 

Associate in an important category of system  

modeling with a large space of applications. The foremost standard among the 

category of linear model is that the finite impulse response (FIR). It’s obligatory in 

order to modify the estimation task and to scale back the computational load in time 

period application.  

In this research, noise in medical images was removed by used the best three types 

of filters (median filter, fir filter, Gaussian filter) to remove (salt and pepper noise, 

speckle noise, Poisson noise).To determine the quality of the noise reduction in 

medical images is measured by the statistical quantity measures: Mean Square 
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Error (MSE), Peak Signal to Noise Ratio and Signal to Noise Ratio (SNR). If the 

lowest value of MSE and the largest value of PSNR and SNR represents the best 

filtered image. (Vimala, T. 2012)  

 

Removal of salt and pepper noise using Fir filter  

 

 

Removal of speckle noise using Fir filter 

  

 

Removal of Poisson noise using Fir filter  
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Peak Signal to Noise Ratio (PSNR) :  

PSNR is the ratio between the potential strength of the signal and the force of the 

noise affecting its representation. It is often measured to see the quality between 

the original image and the image after noise removal [20]. The higher PSNR value, 

the better the image quality will be after the noise is removed. PSNR depends on 

MSE and is calculated by the following equation. (Kumar, shyam an& Mahesh 

Chandra, 2012)  

 MSE : is the mean square error between the original image (input image) 

and the resolution image after noise removal (output image). MSE is defined as 

followed:   

 SNR: is defined as Signal to Noise Ratio.  
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CONCLUSION  
As per discussed in x-ray dental. After finding the salt and pepper noise in X-ray 

image various filtering techniques have been applied and it is found that the median 

filter works better for the noisy image. PSNR value is 23.9888 and MSE value is 

16.1102  

After finding the speckle noise in X-ray image various filtering techniques have been 

applied and it is found that the median filter works better for the noisy image. PSNR 

value for this 12.8950 and MSE value 55.0061 and SNR value 19.6688.  

After finding the Poisson Noise in X-ray image various filtering techniques have 

been applied and it is found that the median filter works better for the noisy image. 

PSNR value 27.8551 and MSE value 10.3225 and SNR value 23.7178. In this work 

we have taken medical images X-ray dental image for detecting noises. We have 

detected Salt & Pepper noises and speckle noise and Poisson noise also removed 

these noises from the above medical images by applying the various filtering 

techniques like Median Filtering, FIR filtering, Gaussian filtering. The results are 

analyzed and compared with standard pattern of noises and also evaluated through 

the quality metrics like MSE, SNR, and PSNR. Through this work we have observed 

that the choice of filters for de-noising the medical images depends on the type of 

noise and type of filtering technique, which are used. It is remarkable that this saves 

the processing time. And also compare three types of filter and observe median 

filter gave the best accuracy. This experimental analysis will improve the accuracy 

of X-ray dental image. The results, which we have achieved, are more useful and 

they prove to be helpful for general medical practitioners to analyze the symptoms 

of the patient.  
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TABEL 1 Salt and Pepper Noise  
  

  
  
  
  
  
 

 

 

TABLE 2 Poisson Noise 

 

 

  
 

  
  

  

 

 

 

TABEL 3 Speckle Noise  

 

 
 

 

 

 

Filter    MSE   SNR   PSNR   

Median Filter   16.1102   21.5710   23.9888   

FIR Filter   39.5464   17.6709   16.1887   

Gaussian Filter   29.4191   18.9557   18.7582   

Filter  MSE  SNR  PSNR  

Median Filter  10.3225  23.7178  27.8551  

FIR Filter  35.5534  18.3468  17.1132  

Gaussian filter  10.8411  23.5049  27.4293  

Filter  MSE  SNR  PSNR  

Median Filter  55.0061  19.8825  12.8950  

FIR Filter  66.5863  19.0528  11.6631  

Gaussian Filter  57.7815  19.6688  11.7826  
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Abstract 

Saliva performs a number of important functions that are essential for the 

maintenance of oral health. Most of these functions depend upon the 

interaction of saliva with oral surfaces of varying texture and polarity soft 

epithelial tissue surfaces with differing degrees of keratinization and 

roughness, along with the tooth surfaces that are hard and composed of tooth 

mineral. Saliva clears substances from the mouth, buffers pH, maintains tooth 

mineralization, facilitates wound healing, neutralizes some harmful dietary 

components, influences the oral microbiome and protects, lubricates and 

hydrates oral mucosal surfaces. The properties and effectiveness of saliva are 

largely determined by secretions from the major and minor salivary glands. 

Saliva is an accessible biofluid that contains components derived from the 

mucosal surfaces, gingival crevices and tooth surfaces of the mouth. Saliva 

also contains microorganisms that colonize the mouth and other exogenous 

substances and so can potentially provide an insight into the relationship of the 

host with the environment. These features make saliva a complex fluid. It is 

therefore important to understand how saliva is formed so that we can make 

informed interpretations of how changes in the composition of saliva are 

associated with physiology or diseases of oral tissue. 
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1. Introduction 

The secretions of the major and minor salivary glands, together with the 

gingival crevicular fluid, constitute whole saliva which provides the 

chemical milieu of the teeth and oral soft tissues (Edgar WM,1992). Saliva 

formation can be evoked by sympathetic and parasympathetic stimulations 

(Melvin JE,1999). The critical function of saliva is required for the 

preservation and maintenance of oral tissue (Humphrey SP, Williamson 

RT,2001). Saliva is a complex secretion. About 93% by volume is secreted 

by the major salivary glands and the remaining 7% by the minor glands. 

About 99% of saliva is water and the other 1% is composed of organic and 

inorganic molecules (Puy CL,2006). Saliva consists of both full-length and 

partially degraded forms of mRNA, and its association with 

macromolecules may protect salivary RNA from degradation (Park NJ, Li 

Y, et al.,2006). The proteome of the whole saliva will be relevant to oral 

health and be crucial for the identification of meaningful biomarkers for 

oral disease (Helmerhorst EJ, Oppenheim FG,2007). Sialometry and 

sialochemistry are used to diagnose systemic illnesses, monitoring general 

health, and as an indicator of risk for diseases creating a close relation 

between oral and systemic health (de Almeida Pdel V, Gregio AM, et 

al.,2008). Saliva acts as a mirror of the body’s health and could constitute 

the first line of defense against oxidative stress by controlling and/or 

modulating oxidative damages in the oral cavity (Greabu M, Battino M, 

et al.,2009). The analysis of salivary transcriptome may be beneficial 

effects in the detection of oral cancer and salivary diagnostics (Brinkmann 

O, Wong DT,2011). 

 Cationic peptides and other defense proteins like lysozyme, 

bactericidal−/permeability-increasing protein (BPI), BPI-like proteins, 

PLUNC (palate lung and nasal epithelial clone) proteins, salivary amylase, 
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cystatins, proline-rich proteins, mucins, peroxidases, and statherin are 

primarily responsible for innate immunity (Fabian TK, Hermann P, et 

al.,2012). The protein and ion components make a solution that is 99% 

water into a viscoelastic solution capable of many roles, such as acting as 

a lubricant and an antimicrobial, preventing the dissolution of teeth, aiding 

digestion, and facilitating taste (Carpenter GH,2013). With the rapid 

advancement in salivaomics, saliva, as a noninvasive and safe source, 

could be a substitute for blood in the diagnosis and prognosis of diseases 

(Zhang CZ, Cheng XQ,et al.,2016). Saliva has important function in 

maintaining mucosal integrity and indigestion through salivary enzymes, 

buffering, remineralization, and lubrication (Kumar B, Kashyap N, et 

al.,2017). Saliva is an aqueous fluid found in the oral cavity playing a 

fundamental role in the preservation and maintenance of oral health 

(Milanowski M, Pomastowski P, et al., 2017). Saliva acts in relation to 

taste, mastication, bolus formation, enzymatic digestion, and swallowing. 

The protective functions of saliva including maintenance of dental and 

mucosal integrity indirectly influence the digestive process (Pedersen A, 

Sorensen CE, et al., 2018). The review aimed to discuss the different 

functions that are performed by the saliva. 

2. The physiology of salivary secretion 

2.1 The salivary reflex Mechanism 

Secretion from the major salivary glands is evoked by the interaction of 

tastants with different receptors on taste buds located predominantly in the 

epithelium on the dorsum of the tongue and following activation of 

mechanoreceptors in the periodontal ligament and mucosae (Hector MP, 

Linden RWA.,1999). Secretion from minor salivary glands may also be 

increased in response to taste stimulation (Speirs RL,1984) but perhaps 
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movement and tactile stimulation of the mucosa play a more important role 

in secretion from labial and palatine minor glands (Boros I, Keszler P, 

Zelles T,1999). Secretion from the submandibular and sublingual glands, 

but not from the parotid gland, is increased in response to different smells 

associated with food (Lee VM, Linden RWA,1992). The sensation of cold 

in the mouth can evoke a flow of saliva (Lee A, Guest S, Essick G,2006) 

and can increase salivation in response to liquid gustatory stimulation. 

Temperature, pungent substances (such as capsaicin and hydroxyl alpha-

sanshool) and cooling agents (such as menthol) activate transient receptor 

potential channels and a range of these channels are expressed on 

trigeminal nerve endings, taste receptors and oral keratincytes, some of 

which have been shown to evoke salivary secretion. Taste, and mechanical 

or pungent signals, generate signals in afferent fibers of the facial, 

glossopharyngeal and trigeminal nerves. The nucleus of the solitary tract is 

innervated by the facial and glossopharyngeal nerves and sends 

interneurons to the salivary centers, respectively, the superior and inferior 

salivary nuclei in the medulla oblongata. Efferent nerve fibers from the 

salivary nuclei conduct efferent signals via the chorda lingual nerve to the 

submandibular ganglion and thence to the submandibular and sublingual 

glands. The parotid gland is supplied by efferent fibers in the 

glossopharyngeal (tympanic branch) nerve to the otic ganglion and 

postganglionic fibers in the auriculotemporal nerve (Fig.1). Minor salivary 

glands are supplied by parasympathetic nerve fibers in the buccal branch 

of the mandibular nerve, the lingual nerve and the palatine nerve (Wang 

B, Danjo A, et al.,2011). 
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(Figure 1). Control of salivary secretion by nerves. 

 The salivary reflex begins with the detection of food and tastants, such as acid and salt, by tastebuds and 

mechanoreceptors on the tongue; in addition, the chewing of food is detected by mechanoreceptors in 

the periodontal ligament around teeth. Signals in afferent sensory nerves (green) are relayed to the 

salivary centers from where efferent parasympathetic nerves (blue) conduct signals to the salivary glands. 

Sympathetic efferent nerves (red) arise from the thoracic spinal cord. Nerves within the central nervous 

system (black) innervate the salivary centers and influence nerve mediated signals to the salivary glands. 

CN IX, glossopharyngeal nerve; CN V, trigeminal nerve; CN VII, facial nerve. 

2.1.1 Coupling of the nerve-mediated reflex to glandular 

secretion of salivary fluid 

The dependence of salivary secretion on acetylcholine signaling is 

demonstrated in cases of poisoning with the berry of deadly nightshade 

(Atropa belladonna), which contains high concentrations of the alkaloid 

atropine, an antagonist of cholinergic muscarinic receptors; poisoning is 

characterized by a very dry mouth in addition to the ventricular fibrillation, 

dizziness and other effects of muscarinic blockade. Acetylcholine released 

from parasympathetic nerves acts on muscarinic receptors on salivary 

acinar cells (Proctor GB, Carpenter GH,2014) mainly M3 muscarinic 

receptors with some contribution from M1 muscarinic receptors. Salivary 

secretion is largely dependent upon the activation of acinar cell fluid 
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transport, achieved through intracellular formation of inositol triphosphate 

and elevated calcium concentration and activation of ion-transporting 

proteins (Gallecher DV, Smith PM,1999). Cytoplasmic calcium levels are 

tightly controlled by the rapid removal of calcium through the actions of 

plasma membrane and endoplasmic reticulum calcium pumps. Sustained 

salivary secretion requires influx of extracellular calcium across the plasma 

membrane of acinar cells, which is referred to as store-operated calcium 

entry (Ambudkar IS,2012). Other receptors (alpha1 adrenoceptor, 

neurokinin 1 receptor (the receptor for substance P), P2Y receptor and P2X 

receptors) utilize intracellular calcium signaling mechanisms but may 

make comparatively minor contributions to salivary fluid secretion under 

physiological conditions. 

2.1.2 Coupling of the nerve-mediated reflex to glandular 

secretion of salivary protein 

Exocytosis of protein storage granules by salivary acinar cells is principally 

activated by noradrenaline released from sympathetic nerve endings. 

Noradrenaline binds to beta1 adrenoceptors on acinar cells and increases 

in G protein-coupled adenylate cyclase activity with the generation of 

increased levels of intracellular cyclic AMP (Baum BJ, Wellner 

RB,1999). Signaling from parasympathetic nerves can also give rise to 

secretion of substantial amounts of salivary protein via the release of 

vasointestinal polypeptide, which also acts through increases of 

intracellular cyclic AMP. However, cholinergic stimuli alone can give rise 

to the release of protein by a coupling mechanism independent of cyclic 

AMP, involving elevated intracellular calcium and activation of protein 

kinase C. Simultaneous activation of sympathetic and parasympathetic 

nerve supplies, as occurs during reflex secretion, leads to ‘augmented’ 

secretion of amylase and other salivary proteins (Asking B,1985) and 
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appears to reflect a ‘cross-talk’ between the intracellular calcium and cyclic 

AMP secretory signaling pathways. Denervation experiments in animal 

models have also revealed how the branches of the autonomic nervous 

system interact during coupling of nerve stimuli to secretion (Carpenter 

GH, Proctor GB, Garrett JR,2005) 

 

(Figure 2). Intracellular coupling of salivary secretion in acinar cells. Fluid secretion is dependent 

mainly upon activation of muscarinic M3 receptors by acetylcholine released from parasympathetic 

nerves. The intracellular coupling mechanism is characterized by an elevation in the concentration of 

cytoplasmic calcium released from stores in the endoplasmic reticulum (ER) leading to activation of 

chloride release. Protein secretion is mainly activated by release of noradrenaline from sympathetic 

nerves an nal peptide (VIP), released from parasympathetic nerves, by binding to (VIP and Pituitary 

Adenylate Cyclase polypeptide) VPAC receptors. Intracellular signaling is characterized by an increase 

in cyclic AMP (cAMP) which activates protein kinase A (PKA), leading to exocytosis of protein storage 

granules and release of protein into saliva. activation of beta1 adrenoceptors (b1-Adr) and vasointestia1-

Adr, alpha1 adrenoceptor; AdC, adenylate cyclase; Gq and Gs, Gproteins; IP3, inositol triphosphate; 

IP3R, inositol triphosphate receptor; PIP2, phosphatidyl inositol biphosphate; PLC, phospholipase C; 

Subst. P, substance P. 
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2.2 Mechanisms of glandular salt and water secretion 

by acinar cells 

Acinar cells secrete salivary fluid and flows through the salivary ductal 

system to the mouth. Salivary acinar cells are salt secreting and it is the 

movement of salt across the acinar epithelium from tissue fluid into acinar 

lumena that leads to water movement and the formation of salivary fluid. 

It is possible for salt to move across acinar cells because of the activity of 

the sodium/potassium ATPase (sodium pump), located in the basolateral 

membrane of acinar cells, which maintains a low intracellular sodium 

concentration relative to the extracellular tissue fluid (Evans RL, Turner 

RJ,1998). This difference in sodium concentration, the sodium gradient, 

provides the impetus for the movement of ions (principally sodium and 

chloride). Inhibition of sodium pump activity with the alkaloid ouabain 

inhibits salivary secretion. (Bundgaard M, Moller M, Poulsen JH,1977). 

Salivary secretion is also dependent upon a chloride channel in the apical 

membrane of acinar cells (Fig. 3A); when intracellular calcium is increased 

during stimulation (see above) the chloride channel opens and chloride is 

released into the acinar lumen. Sodium follows the movement of chloride 

into the acinar lumin by a paracellular (passing between cells) route. The 

accumulation of salt in the acinar lumin leads to movement of water by 

osmosis, probably by both paracellular and transcellular routes. Water 

movement through the acinar cell occurs via a water channel (aquaporin 5) 

present in the apical membranes of acinar cells (Fig. 3B). Water is therefore 

drawn into the acinar lumen and ductal system either by flow through 

aquaporin channels or around cells and through the tight junctions. The 

continued movement of salivary fluid is possible because of a sodium, 

potassium and chloride co-transporter protein on the basolateral membrane 

of acinar cells that allows entry of chloride (coupled with movement of 
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sodium along its concentration gradient) into the cell to replace chloride 

lost across the apical membrane into the acinar lumen (Fig. 3C).(Gresz V, 

Kwon TH(2001)) 

 

 

 

 

 

 

 

 

 

 

 

 

(Figure 3) Secretion of ionic components of saliva and modifi- cation of composition by ducts. 

2.3 Salt absorption by glandular ductal cells 

Saliva entering the mouth from major salivary salivary glands is hypotonic, 

enabling the tasting of salt in food. Saliva secreted by acinar cells is 

isotonic and as it flows through the ductal system of the major salivary 

glands, salt is removed, principally by striated duct cells, and saliva is 

rendered hypotonic. The degree of hypotonicity is dependent upon the 

salivary f low rate; consequently, stimulated saliva secreted at an increased 
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flow rate has a higher salt concentration (Young JA,1979). The removal 

of sodium and chloride by ductal cells is dependent upon the creation of a 

transmembrane gradient for sodium by the sodium/ potassium ATPase 

(sodium pump) located on the basolateral membrane. In fact, striated duct 

cells are particularly enriched in this enzyme and, with the abundance of 

basolaterally located ATP-generating mitochondria, are well equipped to 

transport large amounts of salt out of the cell and into the glandular 

interstitium. Sodium ions are absorbed by ductal cells from the ductal 

lumen through a sodium channel in the apical membrane, and as sodium 

enters the cell it is removed across the basolateral membrane by the sodium 

pump. Membrane ion-transporting proteins also remove chloride from 

saliva in the ducal lumen, across the ductal cell and into the interstitium 

(Roussa E,2011). 

2.4 Protein secretion by salivary gland cells  

Most salivary gland protein secretion is caused by exocytosis of protein 

storage granules in acinar cells (Fig. 4). When cells are stimulated via 

autonomic nerves, storage granules fuse with the apical membrane of 

acinar cells and their content of protein is released into saliva. The 

packaging of high concentrations of proteins into storage granules requires 

accumulation of calcium ions to shield the high density of negative 

charges, particularly in the case of granules storing mucins, which are 

large, highly glycosylated, negatively charged proteins (Ambort D, 

Johansson MEV, et al, 2012). Some proteins are secreted into saliva by 

other mechanisms, referred to as vesicular transport, and under 

experimental conditions it is possible to adjust the conditions of autonomic 

stimulation so that similar quantities of protein are secreted, as seen with 

storage granule secretion but without the obvious loss of storage granules 

from acinar cells. Such vesicular transport also occurs in the absence of 
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fluid secretion and can lead to the accumulation of secretory proteins in the 

ductal system of salivary glands. Studies in vitro have demonstrated rapid 

secretion of newly synthesized radiolabeled secretory proteins via a 

vesicular pathway that can be up-regulated by low doses of 

autonomimetics (Huang AY, Castle AM, et al,2001). The composition of 

proteins secreted by storage granules and vesicles differs, and the 

mechanisms enabling selective sequestration of different proteins are still 

being studied in a variety of exocrine cells, including salivary acinar cells. 

Secretory IgA (a dimeric form of IgA with a bound J chain) is secreted by 

plasma cells present in the interstitium of salivary glands and enters saliva 

as SIgA. The mechanism of salivary secretion requires IgA to bind to a 

receptor (epithelial polymeric immunoglobulin receptor) on the basolateral 

membrane of salivary acinar and ductal cells and the receptor transports 

the IgA across the cell and into the lumen of the acinus to be released as 

SIgA, a complex of the secreted IgA and a secretory component, the 

cleaved product of epithelial polymeric immunoglobulin receptor. (Gorr 

SU, Venkatesh SG, et al,2005). 
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(Figure 4): Sources of salivary biomark- ers. Salivary fluid is primarily derived from salivary gland 

secre- tion. Most of the protein content of saliva comes from the salivary pro- teins that are synthesized 

and secreted by salivary acinar cells. However, saliva in the mouth also contains epithelial cells shed 

from the mucosal surfaces, blood cells (neutrophils) from gingivae and oral microorganisms made up of 

a rich mix of bacterial species and candida. Small amounts of blood and tissue fluid proteins enter saliva 

mainly from the gingivae as gingival crevic- ular fluid (GCF) content. 

3. Flow rate of saliva into the mouth 

Salivary secretion continues throughout the day, and the total volume of 

saliva secreted is, on average, 500600 ml. Secretion is low during sleep and 

very high during eating and drinking. However, the rate at which saliva is 

delivered to the mouth shows a wide variation between subjects. The 

properties and composition of mixed saliva in the mouth differ depending 

upon whether secretion is stimulated by tasting, smelling and chewing 

food, or is unstimulated (Table 1). ‘Unstimulated’ is used to describe a state 

when no exogenous stimulus is present, but in physiological terms there is 

always some endogenous stimulation in the conscious subject (Dawes 

C,1987). Chewing inert plastic paraffin film has frequently been used in 

studies to collect larger volumes (approximately 2 ml/ min) of saliva and, 
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under these conditions, parotid saliva makes a greater contribution to the 

saliva in the mouth. A number of studies have examined the f low rate of 

unstimulated whole-mouth saliva and, in most, the mean flow is 0.3–0.4 

ml/min. Dawes found that the unstimulated whole-mouth saliva f low rate 

is subject to a circadian variation between a low at approximately 6 AM 

and a high at around 6 PM. It is therefore important to record the time of 

collection when undertaking analyses of unstimulated whole-mouth 

saliva.(Sreebny LM, Vissink A, editors,2010). 

(Table 1). Rates of flow of whole-mouth saliva and glandular salivas, with 

and without stimulation 

 

4. Hyposalivation  

A potential limitation in the use of saliva as a diagnostic fluid is oral 

dryness caused by failure to produce saliva. Dry mouth is most frequently 

the side effect of the consumption of many prescribed medications and is 

more prevalent in older age groups; the more medications taken, the more 

likely it will be experienced. A high degree of medication-induced dryness, 

resulting from salivary hypofunction, is associated with anticholinergic 

muscarinic (M3) receptor blockers used to treat, for example, irritable 

bladders. Antidepressants can also cause salivary hypofunction as a result 

of the activation of alpha-2-adrenergic receptors in the central nervous 

system. The most severe forms of long-lasting, irreversible dry mouth are 

seen in patients with squamous cell carcinoma given external irradiation of 
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the head and neck and patients with the autoimmune disease. In these 

patient groups the great reduction in saliva can be considered to be a 

biomarker of salivary gland hypofunction; loss of secretion is caused partly 

by destruction of salivary gland secretory cells, but also by chronic 

inflammation and the effects of cytokines interrupting normal secretory 

signaling in salivary glands, a research area requiring further study 

(Proctor GB,2014). 

5. Composition of saliva 

 Saliva is composed of a variety of electrolytes, including sodium, 

potassium, calcium, magnesium, bicarbonate, and phosphates. Also found 

in saliva are immunoglobulin’s, proteins, enzymes, mucins, and 

nitrogenous products, such as urea and ammonia. These components 

interact in related functions in the following general area: 

(1) bicarbonates, phosphates, and urea act to modulate pH and the buffering 

capacity of saliva. (2) macromolecule proteins and mucins serve to cleanse, 

aggregate, and/or attach oral microorganisms and contribute to dental 

plaque metabolism. (3) calcium, phosphate, and proteins work together as 

an anti-solubility factor and modulate demineralization and 

remineralization. (4) immunoglobulin’s, proteins, and enzymes provide 

antibacterial action. 

The components listed above generally occur in small amounts, varying 

with changes in flow; however, they continually provide an array of 

important functions. It is important to stress that saliva, as a unique biologic 

fluid, must be considered as a whole that is greater than the sum of its parts 

(Humphrey SP, Williamson RT,2001; Dowd FJ,1999). Saliva is a very 

dilute fluid, composed of more than 99% water. Saliva is not considered an 

ultra-filtrate of plasma (Dowd FJ,1999; Humphrey SP, Williamson 

RT,2001); initially, saliva is isotonic; it is formed in the acini, but it 
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becomes hypotonic when it travels through the duct network. The 

hypotonicity of unstimulated saliva allows the taste buds to perceive 

different tastes without being masked by normal plasma sodium levels. 

Hypotonicity, especially during low-flow periods, also allows for 

expansion and hydration of mucin glycoproteins, which protectively 

blanket tissues of the mouth (Tabak LA, Levine MJ, et al.,1982); lower 

levels of glucose, bicarbonate, and urea in unstimulated saliva augment the 

hypotonic environment to enhance taste. 

5.1 Inorganic salivary constituents  

1- Calcium (Ca+2)  

One of the inorganic components of saliva, about 99% of which is present 

in skeleton of the human’s body while the remaining 1% equally 

distributed between teeth and soft tissues (FAO, 2004), calcium plays an 

important role in maintaining the integrity of teeth (DE Almeida et al, 

2008).  In  saliva,  calcium  present  as  free  ionized  and non-ionized  

bound  calcium  this  depend  on  the  salivary  pH  in  that when  the  pH  

is  close  to  the  normal  the  ionized  calcium  become comprises  

approximately  50%  of  the  total  calcium  concentration but  when  the  

salivary  pH  become  lower  than  the  normal  the concentration  of  

calcium  increases  and  the  most  of  it  is  present  as ionized  form  

(Tenovuo  and  Lagerlof,  1994;  Larsen  and  Bruun, 1994).The  non-

ionized  calcium  is  bounded  to  inorganic  phosphate, bicarbonate,  

proteins  as  (prolinerich  protein,  histidine  and statherine),  acids  as  

(aliphatic  acid,  citric  acid  and  uric  acid)  and enzymes  as  (amylase)  

in  addition  to  dietary  carbohydrates  including monosaccharaides,  

polysaccharides  and  oligosaccharides  (Axelsson, 2000).  The 

concentration of calcium was differ between salivary glands in that its 
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concentration is about 2-3 times more in submandibular gland than in 

parotid gland (Suddick et al, 1980). 

2- Inorganic phosphorus (P)  

Inorganic phosphorus is the second abundant inorganic element in skeleton 

of human body after calcium, in that 85% of which is present in skeleton, 

in nature its usually found to be combined with oxygen as phosphate 

(Rockville, 2005).  Its concentration varies between salivary glands in that 

its higher in parotid than submandibular gland, while its concentration is 

very low in minor salivary gland secretion (Dawes and Whelten, 1996). 

Saliva consists of phosphoric acid (H3PO4) and primary (H2PO4 -), 

secondary (HPO4 -2) and tertiary (PO4 -3) inorganic phosphate ions, all of 

these ions comprise about 80% of the salivary inorganic phosphate 

(Bodgen and Klevay, 2000).  About 10-20% of the salivary inorganic 

phosphate presents in complex with other ions as calcium and also as 

organic compounds like phosphorylated carbohydrates, phospholipid, 

lipoprotein, etc.  (Nordin, 2002).  There is an inverse association between 

inorganic phosphate concentration and salivary flow rate in that the total 

inorganic phosphate concentration falls with an increasing salivary flow 

rate and this might result in under saturation of saliva with respect to tooth 

minerals (Harris and Godoy, 2004).  As  the  salivary  flow  rate increases,  

as  so  does  the  pH  of  the  saliva,  this  increase  in  saliva  pH alters  the  

proportion  of  the  four  phosphate  species,  in  such  that there  is  fall  in  

the  level  of  the  primary  ion,  but  a  dramatic  increase  in the  

concentration  of  the  tertiary  ion  (PO4)  -3which  is  the  important ionic  

species  with  respect  to  the  solubility  of  tooth  mineral,  thus  the higher  

the  flow  rate,  the  higher  the  calcium  and  tertiary  phosphate ions,  and  

the  more  effective  saliva  in  reducing  demineralization  and promoting  

remineralization  of  the  teeth  (Axelsson,  2000). 
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3- Magnesium (Mg+2) 

 In mixed saliva magnesium concentration was possibly 0.1-0.7 mg % but 

it could vary according to technique available (Cutress, 1983; Agha-

Hossein, 2006). Studies showed much controversy about the relation of 

Mg to dental caries (Mass et al, 2002; Al- Zaidi, 2007). The influence of 

Mg on acid resistance of hard dental tissues remains unclear.  There is 

much controversy regarding the influence of Mg on biological processes, 

undoubtedly, Mg modifies the activity of alkaline phosphatase which 

participates in the formation of physiological hydroxyapatite crystals and 

this could increase or decrease susceptibility of enamel to dissolution 

(Waszkiel et al, 2004). Imbalances in magnesium metabolism are common 

and are associated with different pathological conditions, studies suggested 

that periodontitis may be a risk factor for cardiovascular diseases, which 

have also been associated with Mg deficiencies (Scannapieco et al, 2003; 

Meisel et al, 2005). Thus, reduced Mg concentrations are associated with 

enhanced inflammatory response to bacterial challenge (Malpuech-

Brugere et al, 2000). 

4- Zinc (Zn+2) 

 Concentrations of Zn in human mixed saliva vary greatly, ranging from 

880-1350 ppm (Freeland-Graves et al, 1981).  Studies showed that 

impaired taste acuity is a typical feature of Zn deficiency which is may be 

related to its role in the integrity of oral epithelium and taste buds 

(Watanabe et al, 2005).  Studies reported a significant role of zinc ion in 

relation to increase resistance of teeth to dental caries. Its presence in saliva 

may enhance remineralization (El- Samarrai, 2001; Al-Zaidi, 2007).  It 

was found that the Zn/Cu molar ratios in whole saliva were significantly 

decreased in subjects with more than three decayed teeth compared with 

those with no caries (Borella et al, 1994).  It was postulated that Zn 
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deficiency is a potential risk factor for oral and periodontal diseases by 

decreasing the lymphocyte concentration and depressing the T and B 

lymphocyte function (Zaichk and Bagirov, 1994; Shankar and Prasad, 

1998; Orbak et al, 2007).  The level of Zn in saliva is not affected by flow 

rate, it shows circadian variations peaks at the late morning (Dreizen et al, 

1970).  Results suggest that mixed saliva zinc is not a useful index of zinc 

status; however, salivary sediment zinc may be a sensitive parameter if 

contamination can be avoided (FreelandGraves et al, 1981). 

5- Sodium (Na+)  

Is one of the major extracellular ions that represent the principal 

electrolytes of human body fluids (Sheng, 2000).  It plays an important 

role in maintenance of normal distribution of water and osmotic pressure 

(Scott et al, 1999).  There is a direct association between the sodium  

concentration in saliva and salivary flow rate  in that  sodium  concentration  

in  saliva  increase  by  increasing  salivary flow  rate  (Harris  and  Godoy,  

2004)  .The  secretion of  saliva  involves two  major  steps  primarily  an  

acinar  secretion yielding  a  primary saliva  which  has  an  ionic  

composition  similar to  that  of  plasma  and secondarily  when  the  

electrolyte  excretion  and  reabsorption  in  the duct  system  occur  here  

the  primary  saliva  is  modified  that  mean  the sodium is actively  

reabsorbed  and  the  potassium is secreted  but with a slower  rate ,  so  

during  maximum  salivation, there will be  no much  time  for  modification  

process  to  occur  therefore,  sodium concentration  in  saliva  increase  

while  potassium  concentration decreased  (Tuner  and  George,  1988;  

1988;  Guyton  and  Hall,  2000; Johnson,  2003 ). 

6- Potassium (K+) 

 It is one of the abundant minerals in the human body, about 98 % of 

potassium in the body is found inside the body cells while the remaining 
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about 2- 3% found outside the body cells, so it is considered to be the major 

intracellular ion and its concentration in saliva is higher than its 

concentration in plasma (Benyon, 1998; Halperin and Kamel, 1998).  

Potassium plays an important role in cell function  by  regulating  the  

osmotic  pressure  and  neuromuscular transmission  and  also  participates  

in  the  synthesis  of  protein  and glycogen  (Rose,1984).  Studies showed  

that  the  saliva  also  containing a  trace  element  such  as  chromium,  

iron,  nickel  and  aluminum,  and these  elements  may  incorporate  the  

outer  enamel surface  during  demineralization  and  remineralization  

processes  and thus  changing  the  tooth  resistance  against  dental  caries  

(Jane  and Victoria,  2011). 

5.2 Organic salivary constituent: 

1- Lipids 

Are compounds that are soluble  in  organic  solvents  and  insoluble  in 

water,  they  are  chemically  either  compounds  that  give  us  fatty  acids 

on  hydrolysis  or  complex  alcohols  that  combine  with  fatty  acid  to 

form  esters  (Rifai  and  Warnick,  2006).  In  human  body  the  lipids 

consist  of  total  cholesterol,  triglyceride  (TG)  and  phospholipids 

(Darlene  et al,  1998;  Insel  and  paul,  2003;  Smith  et al,  2003). 

2- Total cholesterol  

is  a  steroid  and  considered  to  be  a  precursor  of many  steroids  that  

are  of  physiological  importance  like  bile  acids and  steroid  hormones  

(Stipanuk,  2000).  It  is  exerted  either  as  a cholesterol  in  bile  or  

converted to  bile  acid and  then  excreted  (Smithet al,  2003).  It  is  fat  

like  substance  that  does  not  mix  with  blood,  so  it combines  with 

protein  to  form  lipoproteins  (Insel  and  Paul, 2003). 
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3- Cholesterol  

plays an important role in human body in repairing cell membrane, 

manufacture of vitamin D on skin surface, producing hormones such as 

testosterone and estrogen and helping cells in the brain that is important for 

memory (Gillis, 2007), cholesterol measurement become of great 

importance after recognizing its strong association with cardiovascular 

diseases (Warnick and Ramaley, 2001). 

4- Triglyceride 

 is a fatty acid ester of glycerol that are transported from the intestine and 

liver to various tissues (Zilva et al, 1994; Smith et al, 2003). Low density 

lipoprotein is a combination of a cholesterol and protein that circulate 

through the body and carry cholesterol from the liver and small intestine to 

other tissues and cells in the body that need it, high level of low-density 

lipoprotein associated with an increased risk of atherosclerosis and 

coronary heart disease, so it is also called bad cholesterol (Castellietal, 

1997; Jones, 2004). 

5- High density lipoprotein  

is also lipoprotein, in contrast to low density lipoprotein it seems to protect 

the vascular walls of plaque, high level of high-density lipoprotein 

therefore seems to prevent atherosclerosis (Sharp et al, 2000; Peter, 

2005). Very low-density lipoprotein contains the highest amount of 

triglyceride in the circulation come in contact with lipoprotein lipase which 

remove triglyceride from very low-density lipoprotein for storage or 

energy production (Huagy et al, 1998; Insel and Paul, 2003). 

6- Salivary lipids  

lipids are mostly glandular in origin (Haley and Wertz 2007), but some 

believed that at least some of the lipid in the oral cavity is of sebaceous 
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origin. About (80-100 mg/L) of lipids present in the major salivary gland 

secretion, about 75% of lipids in these secretion are neutral lipids, ( 20-

30% ) glycolipids and about (2-5%) phospholipids . 

7- Neutral lipids  

are mainly free fatty acids, cholesterol and monoglycerides, diglycerides 

and triglycerides, whereas minor salivary glands contain even more lipid 

about ( 400 mg/L ) in which glycolipid forming the major group (Tenovuo 

and Lagerlof, 1994). In the parotid and sublingual glands a high fat diet 

cause lipid accumulation but without any alterations while submandibular 

gland show a partial resistance to intracellular lipid accumulation 

(Pisiriciler et al, 2009). It was found that salivary lipids of healthy adults 

reflect serum lipids concentration to some extent (Karajalainen et al, 

1997; Lu et al, 1999; Tabak, 2001; Warnick and Ramaley, 2001; 

Lawrence, 2002). 

8- Total proteins 

are a group of complex organic macromolecules that contain carbon, 

hydrogen, oxygen, nitrogen and usually sulfur and are composed of one or 

more chains of amino acid linked by peptide bonds and are folded into a 

specific three dimensional shape maintained by further chemical bonding 

(Maiti, 1995; Gronder et al, 2000).  

Proteins are essential components of all living cells, consisting of many 

substances that play an important role in proper functioning of the body 

cells, tissues and organs (Bennick, 2007). 

 The proteins can be divided into two general classes these are functional 

proteins and structural proteins, the functional proteins include enzymes, 

carrier proteins, storage proteins, antibodies and certain hormones, while 

structural proteins help to organize the structure of tissues and organs and 

give them strength and flexibility (Groff and Gropper, 2000). 
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 In saliva the concentration of total protein is less than its concentration in 

plasma in that total protein concentration in saliva is only about one-

thirtieth of its concentration in plasma (Dawes, 1996).Despite of its low 

concentration in salivary glands secretion (0.15- 0.64 g/L) but there are 

more than 40 proteins have been identified in saliva (Mandel, 1987). 

Proline-rich protein constitutes about 65% of total salivary protein and 

about 25% of total protein concentration being - amylase, lactoferrin, 

hiatatins, statherins, cystatin, immunoglobulin, mucins, tissue growth 

factors, etc. all these salivary proteins have a remarkable diverse range of 

functions (Rudney, 1995; Hay and Bowen, 1996; Amerongen et al 2007; 

Bennick, 2007). 

Among these proteins, histatins and statherin play an important role in 

controlling the level of calcium and phosphate in saliva and preventing 

their fall-out and thus maintaining super saturation in relation to 

hydroxyapatite, also they prevent a rapid drop in salivary pH and aid in its 

quicker return back to the resting level, in addition they both are antifungal 

and help to prevent mucosal infection (Harris and Godoy, 2004).The most 

important salivary proteins that have antimicrobial properties are 

lysozyme, lactoferrin, salivary peroxidase and secretary IgA, the lactoferin 

combine with iron and copper to deprive bacteria of these essential 

elements, while salivary peroxidase react with the saliva to form the 

antimicrobial compound hypothiocyanate which in turn inhibit the capacity 

of the bacteria to fully use glucose (Oho et al, 2002; Harris and Godoy, 

2004; Amerongen et al, 2007). In the oral cavity the main access for 

phagocytic cells and their antibacterial products is through the gingival 

crevice and the tonsils (Harris and Godoy, 2004). 
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5.3 Salivary enzymes 

Saliva containing a variable concentrations of many enzymes that can be 

produced by salivary glands, oral microorganisms, polymorph nuclear 

leukocytes and oral epithelial cells derived from gingival crevicular fluid 

and the most important of these enzymes are lysozyme, lactoferrin, 

peroxidase, mucin glycoproteins, agglutinins, histatins, proline-rich 

proteins, statherins, and cystatins, these enzymes will be discussed later in 

oral immune system, also containing another enzymes such as amylase, 

acid phosphatase, lipase and esterase (Axelsson, 2000). Amylase play an 

important role in assisting digestion as discussed before in digestion as a 

function of saliva (Grigoriev and Nikolaeva, 2003). Acid phosphatase and 

esterase are an important enzyme that can be used as a marker for 

monitoring periodontal diseases in that, Streckfus and Bigler (2002) 

showed a positive correlation between the level of salivary acid 

phosphatase and calculus formation which in turn increase the periodontal 

diseases, they found that saliva of adult periodontitis patients revealed a 

highest enzyme activity with acid phosphatase than that of healthy 

individuals who revealed lowest enzyme activity. Another study showed a 

positive correlation between salivary esterase and calculus formation, it 

was found that the esterase activity of whole saliva was higher in 

individuals with periodontal disease than in periodontally healthy subjects 

(Taba and Kinney, 2005). 

Lipase plays an important role in fat digestion in newborn infants as their 

pancreatic lipase still needs some time to develop, it also has a protective 

function, helping to prevent bacterial build-up on the teeth and washing 

away adhered food particles (Tenovuo, 2002). 
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5.4 Cells in saliva 

  In addition to desquamated epithelial cells, the saliva contains all forms 

of leukocytes, of which the principal cells are polymorph nuclear 

leukocytes, and the number of polymorph nuclear leukocytes varies from 

person to person at different times of the day and increase in gingivitis 

(Edgar and Dawes, 2004). Polymorphonuclear leukocytes reach the oral 

cavity by migrating through the lining of the gingival sulcus by gingival 

crevicular fluid, living of polymorph nuclear leukocytes in saliva are 

sometimes referred to as orogranulocytes, and their rate of migration into 

the oral cavity is termed the orogranulocytic migratory rate. Some 

investigators think that the rate of migration is correlated with the severity 

of gingival inflammation and is therefore a reliable index for assessing 

gingivitis (Chiappin and Antonelli, 2007). 

5.5 Glucose in saliva 

In comparison of healthy person with stimulated saliva to another healthy 

person with unstimulated saliva, there is an increase in salivary flow rate 

and decrease in salivary glucose concentration, but the glucose excretion 

remains unchanged in case of stimulated saliva.  

Salivary glucose concentration and glucose excretion were appear to be 

much higher in diabetic patient than in healthy subject for both stimulated 

and unstimulated saliva (Al-Hayali et al., 2004). In diabetic patient with 

poor glycemic control there was a controversy about the correlation 

between blood glucose level and salivary glucose level, in that some 

reported that there is a weak correlation ( Mata, Marques, and Rocha , 

2004), others showed that there was no correlation between salivary 

glucose level and blood glucose level (Ben-Aryeh et al, 1988), where as 

Tenovuo et al. (1986) analyzed glucose levels in more than one hundred 

simultaneously taken stimulated whole saliva samples and blood samples 
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of seven patients, the variations in salivary glucose were found to be 

extensive, and the correlation between salivary and blood glucose was 

highly individual in that, some subjects showed high correlations, while 

some others showed no change in salivary glucose, even when their blood 

glucose levels were very high.  

Glucose in parotid saliva is more strongly related to blood glucose levels 

than glucose in mixed saliva (Ben-Aryeh et al, 1988) or in gingival 

crevicular fluid (Kjellman, 1970; Ficara et al, 1975). Andersson et al. 

(1998) reported that, after a standardized carbohydrate load, glucose levels 

in parotid saliva increased even in healthy subjects 
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6. Saliva functions 

6.1 Immune functions 

The components like lysozyme, lactoferrin, salivary peroxidase, 

myeloperoxidase, and thiocyanate concentrations act as a defense 

mechanism in the whole saliva. The natural defense properties of salivary 

secretions through clinical modalities such as the development of: (1) 

diagnostic reagents and tests for local and systemic disease. (2) artificial 

saliva’s for the treatment of salivary dysfunction. (3) topical vaccines to 

combat against oral diseases (Levine MJ,1993). 

Salivary mucins are well recognized as an important factor in the 

preservation of the health of the oral cavity and are of significance to the 

processes occurring within the epithelial perimeter of mucosal defense 

(Slomiany BL, Murty VL,et al.,1996). Human saliva contains a number 

of physical, physicochemical, and chemical agents that protect oral tissues 

against noxious compounds. It effectively removes exogenous and 

endogenous microorganisms and their products into the gut and continuous 

presence of both nonimmune and immune factors in the mouth (Tenovuo 

J,1998). Salivary mucosal pellicle forms the structural basis of the local 

innate immune defense mechanism of the oral mucosa (Kullaa AM, 

Asikainen P,et al.,2014). 

6.2 Saliva proteome analysis 

The salivary flow rate influences to a high degree the rate of oral and 

salivary clearance of bacterial substrates included in foods and snacks 

(Lagerlof F, Oliveby A,1994). Salivary IgA and lysozyme were inversely 

correlated with self-perceived work-related stress. As these salivary 

biomarkers are reflective of the mucosal immunity, results support the 
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inverse relation between stress and mucosal immunity (Yang Y, Koh D, 

et al.,2002). 

There was an inverse relationship between the presence of hyaluronidase 

and the presence of hyaluronidase inhibitors particularly in relation to 

intraoral wound healing and periodontal disease (Pogrel MA, Low MA,et 

al.,2003). Human salivary α-amylase (HSA) is a major secretory protein 

component of saliva and has important biological functions, including the 

initial digestion of starch (Fisher SZ, Govindasamy L,et al.,2006). The 

collagen-cleaving enzyme matrix metalloproteinase-8 (MMP-8) is present 

in saliva and acts as measurable indicator of periodontal disease (Herr AE, 

Hatch AV, Throckmorton DJ,et al.,2007). Amylase present in human 

saliva was one of the first enzymes to be recognized and molecular 

mechanisms involved in amylolysis of starch and even of the physiological 

role of the salivary amylase itself (Butterworth PJ, Warren FJ,et 

al.,2011). Lactoferrin in saliva represents an important defense factor 

against bacterial injuries including those related to Streptococcus mutans 

and periodontopathic bacteria through its ability to decrease bacterial 

growth, biofilm development, iron overload, reactive oxygen formation, 

and inflammatory processes (Berlutti F, Pilloni Aet al.,2011).  

 Lactoferrin is a major component of biologically important mucosal fluids 

and is essential for mucosal-mediated immunity (Fabian TK, Hermann 

P, et al.,2012). The antimicrobial in vitro effects of the salivary proteins 

lactoferrin and lysozyme on microorganisms is involved in the carious 

process, obtaining their minimum inhibitory concentration and minimum 

bactericidal concentration (de Andrade FB, Oliveria JC, et al.,2014). 

Salivary alpha-amylase has been proposed as a sensitive noninvasive 

biomarker for stress-induced changes in the body that reflect the activity 

of the sympathetic nervous system. Salivary α-amylase levels may 

therefore serve as an effective indicator in the noninvasive assessment of 
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physical stress. Lactoferrin is a multifunctional mammalian immunity 

protein that limits microbial growth through sequestration of nutrient iron. 

Lysozyme in saliva is found to have the antibacterial  

activity against the pathogen, and there is potential for it to serve an 

antimicrobial role in the specific application of medical industry. 

Lactoferrin may be a useful agent to prevent irradiation effects in salivary 

glands. LTF is examined as a first-line mediator in immune defense and 

response to pathogenic and nonpathogenic injuries as well as a molecule 

critical for control of oxidative cell function. Salivary and pancreatic 

amylases hydrolyze starch and involvement of amylase in adiposity and 

starch metabolism. Lactoferrin is a secretory protein with various 

physiological functions, and oral lactoferrin may mitigate psychological 

stress in humans(Shinjo T, Sakurba K et al.,2018). 

6.3 Role of lubrication 

 The complex mix of salivary constituents provides an effective set of 

systems for lubricating and protecting the soft and hard tissues. The 

lubricating and antimicrobial functions of saliva are maintained mainly by 

resting; saliva results in a flushing effect and the clearance of oral debris 

and noxious agents. Saliva is a complex fluid, which influences oral health 

through specific and nonspecific physical and chemical properties. Saliva 

contains numerous antimicrobial proteins that help protect the oral 

ecosystem from infectious agent. Proteins can move from blood circulation 

into salivary glands through active transportation, passive diffusion, or 

ultrafiltration; some of which are then released into saliva and hence can 

potentially serve as biomarkers for diseases. Saliva covers the oral hard and 

soft tissues with a conditioning film which governs the initial attachment 

of microorganisms, a crucial step in the setup of the oral micro flora (van’t 

Hof W, Veerman EC, et al.,2014). 
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6.4 Role of digestion 

A high quality of saliva is an essential factor to protect the dental elements 

against attrition and promote the digestion process.  

Saliva is the principal fluid component of the external environment of the 

taste receptor cells which is involved in the transport of taste substances 

and protection of the taste receptor .The role of human saliva and its 

compositional elements in relation to the GI functions of taste, mastication, 

bolus formation, enzymatic digestion, and swallowing .Salivary non 

esterified fatty acids (NEFA) are proposed to play a role in oral health and 

oral fat detection, and they may hold diagnostic and prognostic potential. 

Lingual lipase generates non esterified fatty acids (NEFA) from dietary fats 

during oral processing by lipolysis. Lingual lipase in rodents has strong 

lipolytic activity and plays a critical role in oral detection of fats (Kulkarni 

BV, Mattes RD,2014). Physiological role of salivary lipolytic activity in 

the regulation of the basal FFA concentration could be involved in fat taste 

sensitivity. During chewing, saliva helps in preparing the food bolus by 

agglomerating the formed particles, and it initiates enzymatic food 

breakdown. Saliva plays a key role in the eating process and on the 

perception of flavor. Flavor corresponds to the combined effect of taste 

sensations, aromatics, and chemical feeling factors evoked by food in the 

oral cavity (Munoz-Gonzalez C, Feron G,2018). 

6.5 Role of diagnostic properties 

Analysis of saliva may be useful for the diagnosis of hereditary disorders, 

autoimmune diseases, malignant and infectious diseases, and endocrine 

disorders, as well as in the assessment of therapeutic levels of drugs and 

the monitoring of illicit drug use.  

Fluid addition facilitated chewing of dry foods and feeding disorders 

caused by hypo salivation. Saliva has been demonstrated to be a promising 
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bodily fluid for early detection of diseases, and salivary diagnostics have 

exhibited tremendous potential in clinical applications. Saliva has the 

potential to become a first-line diagnostic sample of choice owing to the 

advancements in detection technologies coupled with combinations of 

biomolecules with clinical relevance. Saliva is a useful diagnostic fluid for 

oral-related diseases. Monitoring salivary biomarkers for oral and systemic 

diseases could become an important complement to clinical examinations 

in epidemiological surveys. The high rate of changes in the composition of 

saliva can be used for the monitoring of various biorhythms in order to 

study the physiological characteristics of the human body. The significant 

influences of the oral environment observed in this study increase the 

current understanding of the salivary micro biome in caries. These results 

will be useful for expanding research directions and for improving disease 

diagnosis, prognosis, and therapy (Zhou J, Jiang N,2017). 

6.6 Role of maintenance of health teeth 

  The role of saliva, the prevalence of oral dryness and the consequent 

importance of salivary flow as well as the relationship between xerostomia 

and salivary gland hypo function amongst the causes of oral dryness. Saliva 

is the medium that bathes the taste receptors in the oral cavity and in which 

aroma and taste compounds are released when food is eaten. Moreover, 

saliva contains enzymes and molecules that can interact with food. Saliva 

is an important fluid in the oral cavity as it bathes the teeth and the soft 

tissues. The salivary pH, buffer capacity and mineral content of calcium 

(Ca), phosphate (P), sodium (Na), and potassium (K) are important in the 

tooth de−/remineralization process and calculus formation. Significant 

change in the pH depends on the severity of the periodontal condition. The 

salivary pH shows significant changes and thus relevance to the severity of 

periodontal disease. Salivary pH may thus be used as a quick chair side 
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diagnostic biomarker (Baliga S, Muglikar S,2013). Taste perception 

elicited by food constituents and facilitated by sensory cells in the oral 

cavity is important for the survival of organisms. In addition to the five 

basic taste modalities, sweet, umami, bitter, sour, and salty, orosensory 

perception of stimuli such as fat constituents are intensely investigated. 

Teeth are exposed to food, drinks, and the micro biota of the mouth and 

have a high resistance to localized demineralization that is unmatched by 

bone. The pH of saliva and plaque will result in white spot lesions on the 

tooth surface which are considered initialization of caries because of 

demineralization . Saliva is an important biological fluid that aids in 

mechanically removing food debris and bacteria from the oral cavity and 

teeth; reduced salivary flow causes ill effects to the oral tissues (Kumar B, 

Kashyap N,et al.,2017). 

6.7 Antimicrobial, antiviral, and antifungal functions 

 A group of salivary proteins like lysozyme, lactoferrin, and 

lactoperoxidase working in conjunction with other components of saliva 

can have an immediate effect on oral bacteria, interfering with their ability 

to multiply or killing them directly. Lysozyme can cause lysis of bacterial 

cells, especially Streptococcus mutans, by interacting with anions of low 

charge density chaotropic ions (thiocyanate, perchlorate, iodide, bromide, 

nitrate, chloride, and fluoride) and with bicarbonate. It has recently been 

shown that another cationic peptide in saliva the histidine-rich peptide of 

parotid saliva has growth-inhibitory and bactericidal effects on oral 

bacteria. The histidine-rich peptides appear to be an effective antifungal 

agent as well, able to inhibit growth and kill Candida albicans at a very low 

concentration (Morinushi T, Murayama M, et al.,2004). Lactoferrin, the 

exocrine gland equivalent of transferrin, is effective against bacteria that 

require iron for their metabolic processes. It can compete with the bacterial 
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iron-chelating molecules and deprive the bacteria of this essential element. 

Lactoferrin is also capable of a bactericidal effect that is distinct from 

simple iron deprivation. Salivary peroxidase is part of an antibacterial 

system which involves the oxidation of salivary thiocyanate by hydrogen 

peroxide (generated by oral bacteria) to hypothiocyanite and 

hypothiocyanous acids. These products, in turn, affect bacterial 

metabolism (especially acid production) by oxidizing the sulfhydryl groups 

of the enzymes involved in glycolysis and sugar transport. The 

antimicrobial effect of salivary peroxidase against S. mutans is 

significantly enhanced by interaction with secretory IgA. 

The protective potential of all the antibacterial proteins can be extended by 

interaction with mucin which can serve to concentrate this defense force at 

the interface of the mucosa and the inhospitable external environment. 

When teeth are present, especially if some gingivitis exists, the oral fluids 

will be augmented by a contribution from the gingival crevice area, the 

gingival crevicular fluid. This fluid can contribute to the oral defense 

system by providing (a) serum antibodies against oral bacteria, especially 

IgG antibodies, (b) phagocytic cells (PMNs), and (c) antibacterial products 

liberated from the phagocytic cells, e.g., lysozyme, lactoferrin, and 

myeloperoxidase (Tenovuo J,1998). 

The large number of antibacterial and antiviral proteins is present in human 

saliva. Of interest, most of these antibacterial proteins display antiviral 

activity, typically against specific viral pathogens. The review focuses on 

one protein that interacts with both bacteria and viruses, gp340, originally 

referred to as salivary agglutinin. In the oral cavity, soluble gp340 binds to 

and aggregates a variety of bacteria, and this is thought to increase bacterial 

clearance from the mouth. However, when bound to the tooth surface, 

gp340 promotes bacterial adherence. In the oral cavity, most gp340 
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proteins are found soluble in saliva and can function as a specific inhibitor 

of infectivity of HIV-1 and influenza A. 

 In contrast, in the female reproductive track, most gp340 proteins are 

bound to the cell surface, where it can promote HIV-1 infection (Malamud 

D, Abrams WR,,et al.,2011). 

The saliva anti-fungal activity against Candida albicans and Cryptococcus 

neoformans. Therefore, the importance of the search for new, broad-

spectrum anti-fungals with little or no toxicity cannot be overemphasized.  

The following properties make histatins promising antifungal therapeutic 

agents: 

(1) they have little or no toxicity. 

(2) they possess high cidal activities against azole-resistant fungal species 

and most of the fungal species tested. 

(3) their candidacidal activity is similar to that of azole-based antifungals. 

 Current research efforts focus on the development of improved histatins 

with enhanced cidal activity and stability and of suitable and effective 

histatin delivery systems. These and other approaches may help to outpace 

the growing list of drug-resistant and opportunistic fungi causing life-

threatening, disseminating diseases.  

The histatins with improved protective properties may also be used as 

components of artificial saliva for patients with salivary dysfunction (Tsai 

H, Bobek LA,1998). 
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Conclusion 

 Saliva is secreted by salivary glands and has multiple proteins and 

enzymes. The saliva flow rate and pH are very important for maintenance 

of oral tissues. The protective role and benefits including buffering, 

remineralization in the healthy oral mucosa, immune defense, digestion, 

lubrication, diagnostic purpose, and proteome analysis are fulfilled by 

saliva. Saliva aids in maintaining mucosal integrity and in digestion 

through salivary enzymes. Saliva is essential information of the pellicle, 

which protects the tooth after eruption. Normal salivary composition, flow, 

and function are extremely important on a daily basis. It occurs in 

quantities, large or small, and recognition should be given to the many 

contributions it makes to the preservation and maintenance of health. 
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 الخالصة

 الفم  صحة  على   للحفاظ  والضرورية  المهمة  الوظائف  من   عدًدا  اللعاب  يؤدي

  االنسجة   من   كل  مع  اللعاب  تفاعل  على  الوظائف  هذه  معظم   تعتمد  حيث

  والخشونة   البنية  ناحية  من  المتفاوتة  الدرجات  ذات  الفم  ألسطح  الطالئية

.  لألسنان  المعدنية  المواد   من  والمتكونة  الصلبة   األسنان  أسطح   ومع  والتقرن،

  درجة  وتخفيف  ،   الفم  من  الغريبة  المواد  بازالة  اللعاب  وظائف  تتمثل

  من   ويقلل   الجروح،  التئام   ويسهل   األسنان،   دن تمع  على  والحفاظ  ،  الحموضة

  ،   البكتيريا)  المجهرية  االحياء  تأثير  من  ويحد  لالطعمة،  الضارة  التأثيرات

  خصائص   تحديد   يتم .   للفم  المخاطية  األسطح   ويرطب  ،  ويحمي  ،(الفطريات

  الرئيسية   اللعابية  الغدد   من  إفرازات  خالل  من  كبير  حد  إلى  اللعاب  وفعالية

  األسطح  من مشتقة مكونات على  يحتوي  حيوي سائل هو  اللعاب.  والثانوية

  على   أيًضا  اللعاب  يحتوي .   الفم  في   األسنان  وأسطح   اللثة  وشقوق  المخاطية

 يوفر   أن  يمكن  وبالتالي  ،  أخرى  خارجية  ومواد  الفم  تستعمر  دقيقة  كائنات

 اللعاب  تجعل  الميزات  هذه.   به  المحيطة  والبيئة  الفم  عن  دقيقة  معلومات

  تقديم   من  نتمكن  حتى  اللعاب  تكوين  كيفية  فهم  المهم  من  لذلك.   معقًدا  سائاًل 

 وظائف  بعلم  اللعاب  تكوين  في  التغييرات  ارتباط  لكيفية   دقيقة  تفسيرات

 .الرخوة الفم انسجة  امراض أو األعضاء
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ABSTRACT 

 

Sterilization and disinfection are killing or reducing the number 
of pathogenic microorganisms such as bacterial and spores. 
Sterilization and disinfection processes are achieved by using 
heat, filtration, or chemicals. The chemical families provide 
helpful sterilizing and disinfecting agents such as alcohols, 
chlorine and iodine, phenols, aldehydes, and ethylene oxide. 
However, heat is the best means of sterilization. Knowledge of 
sterilization is essential for all dentists. In addition, it helps the 
health professionals to recognize the need for careful 
compliance with recommended infection control protocols. The 
objective goal is protecting the patients, professionals, and 
paraprofessionals. 
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INTRODUCTION 

 

From the beginning 21st century, the whole world at higher risk 
of epidemic infection associated with the emergence of 
unknown infections or diseases caused by fungi, bacteria, 
viruses, prions, spore forms, unicellular eukaryotic organisms 
such as plasmodium which some do not consider to be alive but 
are biological pathogens. Sterilization is the first step in any 
medical or biological process to eliminates or kills all forms of an 
organism. It can be achieved with one or more of the following: 
heat, chemicals, irradiation, high pressure, and filtration (1).   

 

Today’s busy dental practices face a serious challenge: to 
maintain or increase productivity while ensuring that patient 
safety remains a top priority. Advances in dental processing have 
empowered practices to develop safer processes while realizing 
efficiencies and ultimately, saving money and resources. 
Streamlining of this process requires an understanding of proper 
methods, materials, and devices. Many methods of instrument 
reprocessing are available. The Use of a complete system that 
encompasses and fulfills all critical elements maximize efficiency 
and minimizes risks. Effective and efficient infection control in 
the dental clinic is essential for the safety of patients and to 
ensure that productivity does not suffer. 
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The use of closed-system cassettes reduces the risk to dental 
healthcare professionals when executing infection control 
programs. When using ultrasonic cleaners, washers, and 
sterilizers, it is essential to follow the manufacturer’s 
instructions to ensure complete sterilization and avoid damage 
to these items (2). 

 

METHODS 

 

Agents used in sterilization: 

Physical agents: 

1.Sunlight  

2.Drying  

3.Dry heat: flaming, incineration, hot air. 

4.Moist heat: pasteurization, boiling, steam under pressure, 
steam under normal pressure  

5.Filtration: candles asbestos pads, membrane. 

6. Radiation. 

7. Ultrasonic and sonic vibration 
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chemical agents: 

a) Alcohol: ethyl, isopropyl, trichloro butanol. 

b). Aldehydes: formaldehyde, glutaraldehyde. 

c)Dyes. 

d)Halogens. 

e) phenols. 

f) Surface - active agents. 

g). Metallic salts. 

h) Gases: ethylene oxide. 

 

TRANSPORT OF INSTRUMENTS TO THE STERILIZATION 
AREA  

 

Most dental clinic have a designated area for instrument 
reprocessing that is separate from the dental treatment 
room.  Since cleaning, sterilizing, and storing instruments in the 
same room where the delivery of patient care is provided 
increases the risk of cross-contamination. The removal and 
disposal of single-use sharps such as needles, blades, 
orthodontic wires, and glass must be done at the point of use, 
and those that are sharp or otherwise pose a risk of injury must 
be discarded into a sharp's container Items without risk, such as 
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a saliva ejector, can be thrown into the trash. Finally, the tray or 
cassette of reusable instruments is taken to the cleaning and 
sterilization area for processing. 

 

Special handling should be used to transport the instruments to 
the cleaning and sterilization area to prevent accidental injury 
with the contaminated instruments. Instruments should be 
placed in an appropriate container at the point of use to prevent 
percutaneous injuries during transportation.  

 

” In addition, the Occupational Safety and Health Administration 
(OSHA) says, “The person handling the instruments through 
removal, cleaning, packaging, and sterilization needs to use 
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heavy-duty gloves to help prevent injury with sharp 
contaminated instruments” (3). 

CLEANING 

Using mechanical cleaning of instrument prefer rather than hand 
scrubbing which should be minimize the handling of instruments 
(4). If procedures are used whereby hand scrubbing is necessary, 
heavy-duty gloves, masks, eyewear, and gown should always be 
worn while cleaning (5). In general, three classifications of 
mechanical cleaning devices are available in the dental clinic: the 
ultrasonic cleaner, instrument washer, and instrument 
washer/disinfector. 

 

ULTRASONIC CLEANING DEVICES 

 

• An ultrasonic cleaner uses ultrasound waves outside the 
human hearing range to form oscillating bubbles, a process 
called cavitation. these bubbles act on debris to remove it 
from the instruments. some manufacturers also use 
intermittent or sweeping sound waves to help improve the 
device’s cleaning ability and decrease the potential for hot 
spots in the ultrasonic bath. household products are 
inappropriate because they cause pitting, corrosion, rust, or 
other damage to instruments and potentially to the ultrasonic 
chamber. Therefore, it is best to follow the manufacturer’s 
instructions; the procedure for cleaning the instruments in 
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the ultrasonic cleaner is as follows(6) -Suspend instruments 
in the ultrasonic bath using a rack or basket fitted to the unit. 
 

• Do not lay instruments directly on the bottom of the 
ultrasonic cleaner, as this can interfere with cleaning and 
cause damage to instruments and the ultrasonic machine. 
 
 

• Avoid overloading the ultrasonic device since that could 
inhibit its cleaning ability. In general, the timer is activated 
for three to 6 minutes for loose instruments and 10 -12 
minutes for instrument cassettes, and the timing is adjusted, 
as necessary. While the ultrasonic device is running, the lid 
or cover should be kept on to reduce the aerosol release and 
spatter into the area from the ultrasonic cleaner. It is essential 
to replace the cleaning solution in the ultrasonic machine at 
least once a day, more often with heavy usage.  
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INSTRUMENT WASHERS 

 

Instrument washers use high-velocity hot water and a 
detergent to clean instruments. Widely used for decades in 
hospitals and extensive facilities as part of the central 
sterilization process, these devices have recently become 
available for the dental clinics. Instrument washers come in 
two different designs. One is a counter-top model. This type 
does not require professional installation. However, the other 
type is built-in and resembles a kitchen dishwasher. It 
functions much like the counter-top model, but it has a larger 
capacity and requires professional installation. Some models 
can dry the instruments after washing; some do not (7). 
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INSTRUMENT WASHERS/THERMAL DISINFECTORS 

 

These devices may look like the instrument washers described 
above; however, there is one crucial difference. The high 
temperature of the water and chemical additives in these 
devices cleans and disinfects the instruments. The significance 
of this lies in how personnel can handle the instruments after 
the process. Upon removal from a thermal disinfector, 
instruments can be more safely handled. If the dental 
healthcare professional were to sustain a puncture injury, it 
would not require the follow-up that, use either a detergent 
or a water-softening agent contaminated exposure requires 
for all instrument washers and thermal disinfectors. The pH of 
some of these chemicals can be incompatible with certain 
metals in dental instruments. 
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• Cleaning instruments provide an excellent opportunity to 
examine, replace or remove damaged instruments, lubricate 
items such as handpieces (8), and otherwise prepare 
instruments for sterilization. Instruments must be dry before 
packaging if drying was not part of the cleaning process, time 
must be taken to dry the instruments altogether. High-quality 
metal dental cassettes specially designed to withstand high 
temperatures are preferred for use with steam and chemical 
vapor sterilizers. Most sterilizers on the market today offer a 
cassette rack, which helps to prevent overloading in the 
sterilizer. 

 

PACKAGING 

 

Before sterilization, packaging used for instruments and 
cassettes includes a wrap, paper pouches, plastic pouches, 
combination paper/plastic pouches, and nylon tubing. 
Sterilization packaging is specifically designed to allow 
penetration of heat, steam, or vapor and then seal the sterilized 
instruments inside the package for sterile storage. After 
sterilization, instruments should remain in packages until use. 
Different materials are appropriate for different types of 
sterilizers (9,10). Unless otherwise specified, all packaging is 
single-use only. Using tape to reseal previously used packaging 
material may inhibit its ability to continue to function as 
intended by the manufacturer.  
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STEAM AUTOCLAVE 

 

Steam autoclaves are the most used type of heat sterilizer in 
dental practices. Two types of processes employ steam under 
pressure. The difference between the two is how the machine 
evacuates the air from the sterilization chamber and then 
introduces the steam. The steam entering the chamber from the 
water reservoir displaces the air as it leaves the chamber. The 
combination of pressurization of the chamber, steam, and a high 
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temperature for a prolonged period can kill virtually all 
microorganisms, and this is the most common type of autoclave. 

 

A typical cycle for wrapped instruments includes heat-up and 
pressurization time, followed by a 15-to-30- minute cycle during 
which sterilization occurs (121°C at 15 psi). It is essential to use 
cycle times and temperatures described in the owner’s manual 
and never interrupt the sterilization cycle to remove or add items 
or other reasons. Interruption of the cycle will result in not sterile 
instruments and, therefore, not on the patient. After the 
sterilization cycle, the sterilizer must depressurize, and the packs 
remain in the sterilizer for drying. The drying phase may take 
anywhere from 20-45 minutes. The unit must only be opened 
after the completion of the drying cycle. Upon removal from the 
sterilizer, sterile packs must be stored in a clean, dry area. Packs 
that become wet, torn, contaminated or otherwise 
compromised require reserialization (11). 
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Pre-vacuum autoclaves (also called Class B or Type B sterilizers) 
use various technologies to remove air from the chamber before 
the steam enters, thus creating a vacuum. Most use a pulse 
vacuum to ensure the elimination of air from the chamber.  

 

This is generally a more efficient means of pressurizing the 
chamber; therefore, the operator may notice some little time-
saving in the start-up of the pre-vacuum sterilizers. Most pre-
vacuum sterilizers use a temperature of 132°C-135°C for 3-10 
minutes to achieve sterilization. This higher temperature may be 
unacceptable for some items, such as Teflon-coated 
instruments. Total time for pressurization, sterilization, venting 
and drying is generally considerably shorter than for gravity 
sterilizers - about 45 minutes. 

 

ADVANTAGES OF AUTOCLAVES 

 

1.Autoclaving is the most rapid and effective method for 
sterilizing cloth surgical packs and towel packs. 

2.is dependable and economical. 

3.sterilization is verifiable. 
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DISADVANTAGE OF AUTOCLAVES: 

 

1.item sensitive to the elevated temperature cannot be 
autoclave. 

2.Autoclaving tends to rust carbon steel instruments and burs 

3.Instruments must be air dried at completion of cycle. 

 

DRY-HEAT STERILIZATION (CONVECTION AND STATIC 
AIR): 

 

 Dry-heat sterilization employs high temperatures for extended 
periods to achieve sterilization of instruments. The method of 
heat circulation in dry-heat sterilizers is usually convection, 
which helps to ensure that the heat circulates throughout the 
sterilization chamber during the process. Mechanical convection 
more effective than the sterilizer contains a fan or blower that 
continually circulates the heated air to maintain a uniform 
temperature throughout the chamber. Most commercially 
available dry-heat sterilizers on the market today are of this 
type. s The mean of higher temperature of a dry-heat sterilizer 
that paper will scorch, and plastic will melt. Specialized 
packaging material is available for dry-heat sterilizers. 
Most handpieces will not tolerate the higher temperatures of a 
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dry-heat sterilizer. Mechanically driven handpieces that contain 
turbines and bearings are susceptible to damage at higher 
temperatures (12).  
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UNSATURATED CHEMICAL VAPOR STERILIZATION 

 

Unsaturated chemical vaporization relies upon using a 
proprietary chemical containing formaldehyde, alcohol, and 
other inert ingredients instead of water to produce vapor to 
promote sterilization. The use of proprietary chemicals also 
results in the vapor having less humidity and less corrosive to 
sensitive instruments than if water were used.  
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ETHYLENE OXIDE STERILIZATION (ETO): THE ETHYLENE 
OXIDE STERILIZATION 

 

•Advantage: 

1.Operates effectively at low temperature  

2.Gas is extremely penetrative  

3.can be used for sensitive equipment like handpieces  

4.Sterilization is verifiable. 

  

•Disadvantages: 

1.Potentially mutagenic and carcinogenic. 

2.Requires aeration chamber, cycle time lasts hours. 

3.Usually only hospital based 

 

• Gamma radiation : 
Gamma Radiation is a form of pure energy generally 
characterized by its deep penetration and low dose rates; 
Gamma Radiation kills microorganisms ultimately. 

 

●Benefits of Gamma Radiation include: 

1.Precise dosing  
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2.Rapid processing  

3.Uniform does distribution  

4.Systems flexibility  

5.Dosimetric release – the immediate availability of products 
after processing. 
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UV RADIATION 
 

The wavelength of UV radiation ranges from 328 nm to 210 nm 
(3280 A to 2100 A). Its maximum bactericidal effect occurs at 
240–280 nm. Inactivation of microorganisms results from the 
destruction of nucleic acid through the induction of thymine 
dimers. UV radiation has been employed to disinfection drinking 
water, air, titanium implants, and contact lenses. The application 
of UV radiation in the healthcare environment (i.e., operating 
rooms, isolation rooms, and biologic safety cabinets) is limited to 
the destruction of airborne organisms or inactivation of 
microorganisms on surfaces (13). 
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FLASH STERILIZATION 

 

Flash steam sterilization was initially defined by Underwood and 
Perkins as sterilization of an unwrapped object at 1320 C for 3 
minutes at 27-28 lbs. of pressure in a gravity displacement 
sterilizer. Currently, the time required for flash sterilization 
depends on the type of sterilizer and the type of item (i.e., 
porous vs. non-porous items). Flash sterilization is considered 
acceptable for processing cleaned patient-care items that 
cannot be packaged, sterilized, and stored before use. It is also 
used when there is insufficient time to sterilize an item using the 
preferred package method (14).    
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OXYGEN PLASMA STERILIZATION 

 

Oxygen reactive ion etching type of plasmas was applied to 
inactivate a biologic indicator, the Bacillus stearothermophilus, 
to confirm the efficiency of this process. The sterilization 
processes took a short time. The increase in the intensity of the 
777.5 nm oxygen line shows the end of the oxidation of the 
biological materials. Files sterilized by autoclave and lasers were 
utterly sterile. Those sterilized by glass beads were 90% sterile, 
and those with glutaraldehyde were 80% sterile (15).      
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ULTRASONIC SCALARS 

 

Soak inserts in a container containing 70% isopropyl alcohol to 
remove organic debris; Rinse cleaned inserts thoroughly in warm 
water to remove all chemicals. As a final rinse, replace the insert 
into the scaler handpiece and operate the scaler for 10 seconds 
at the maximum water flow setting to flush out any retained 
chemicals. Dry inserts completely with air syringe; Package in a 
good wrap, bags, pouches, trays, or cassettes; Add spore tests 
and chemical indicators; Ethylene Oxide is the preferred method 
of choice; Dry heat and chemical vapor methods of sterilization 
are considered ineffective methods with risk of damage to 
materials (16). 

 

STERILIZING AND DISINFECTANT AGENTS 

 

An ideal disinfectant should have a high inactivating capacity for 
a wide range of viruses, including HIV and hepatitis, and be 
effective against bacteria, including tuberculosis. It should be 
safe to use and suitable for frequent application. There are two 
main types of disinfection available for wiping hard, non-porous 
surfaces, those that are alcohol-based and those which are 
nonalcoholic based. The non-alcohol ones are usually types of 
quaternary ammonium compounds known as quats.’ These two 
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types of disinfectants have some essential differences beyond 
their presentation and odor.  

 

Alcohol-based surface disinfectants possess some of the 
broadest disinfectant kill ranges available. They are 
virucidal against enveloped viruses, such as HIV and hepatitis B, 
and the non-enveloped viruses, such as poliovirus, rhinoviruses, 
and hepatitis A. Alcohol-based disinfectants tend to kill more 
microorganisms than quats. One key concern is the bacteria that 
cause tuberculosis, representing an increased risk given the 
prevalence in the general population. Here alcohols can kill the 
pathogen, whereas quats can only inhibit the bacterium under 
ideal conditions. Some disinfectants lose their ability to work 
correctly if the chemicals lose activity. 

 

Quats can be inactivated in the presence of hard water, where 
an unsuitable detergent has been used, or if it encounters items 
like cotton gauze. Hand hygiene has been considered the most 
critical measure for reducing the risk of transmitting 
microorganisms to patients. SARS-CoV-2 can persist depending 
on the surface for a few hours or several days (WHO 2020c). This 
reinforces the need for good hand hygiene and the importance 
of thorough disinfection of all surfaces within the dental clinic. 
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ROUTINE ENVIRONMENTAL CLEANING 

 

Cleaning is an essential part of disinfection. Organic matter can 
inactivate many disinfectants. Cleaning reduces the soil load, 
allowing the disinfectant to work. 

Removal of germs such as the virus that causes COVID-19 
requires thorough cleaning followed by disinfection. The length 
of time that SARS-COV-2 (the cause of COVID-19) survives on 
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inanimate surfaces  will vary depending on factors such as the 
amount of contaminated body fluid – such as respiratory 
droplets – present and environmental temperature and 
humidity. 

 

 In general, coronaviruses are unlikely to survive for long once 
droplets produced by coughing or sneezing dry out (18). 

 

CONCLUSION 

 

Pervasive increases in serious transmissible diseases over the 
last few decades have created global concern and impacted the 
treatment mode of all health care practitioners.  

  

Emphasis has now expanded to assuring and demonstrating to 
patients that they are well protected from infectious disease 
risks.  

  

Infection control has helped to allay concerns of the health care 
personnel, instill confidence, and provide a safe environment 
for both patients and personnel. 
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ABSTRACT 

 

Sterilization and disinfection are killing or reducing the number 
of pathogenic microorganisms such as bacterial and spores. 
Sterilization and disinfection processes are achieved by using 
heat, filtration, or chemicals. The chemical families provide 
helpful sterilizing and disinfecting agents such as alcohols, 
chlorine and iodine, phenols, aldehydes, and ethylene oxide. 
However, heat is the best means of sterilization. Knowledge of 
sterilization is essential for all dentists. In addition, it helps the 
health professionals to recognize the need for careful 
compliance with recommended infection control protocols. The 
objective goal is protecting the patients, professionals, and 
paraprofessionals. 
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INTRODUCTION 

 

From the beginning 21st century, the whole world at higher risk 
of epidemic infection associated with the emergence of 
unknown infections or diseases caused by fungi, bacteria, 
viruses, prions, spore forms, unicellular eukaryotic organisms 
such as plasmodium which some do not consider to be alive but 
are biological pathogens. Sterilization is the first step in any 
medical or biological process to eliminates or kills all forms of an 
organism. It can be achieved with one or more of the following: 
heat, chemicals, irradiation, high pressure, and filtration (1).   

 

Today’s busy dental practices face a serious challenge: to 
maintain or increase productivity while ensuring that patient 
safety remains a top priority. Advances in dental processing have 
empowered practices to develop safer processes while realizing 
efficiencies and ultimately, saving money and resources. 
Streamlining of this process requires an understanding of proper 
methods, materials, and devices. Many methods of instrument 
reprocessing are available. The Use of a complete system that 
encompasses and fulfills all critical elements maximize efficiency 
and minimizes risks. Effective and efficient infection control in 
the dental clinic is essential for the safety of patients and to 
ensure that productivity does not suffer. 
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The use of closed-system cassettes reduces the risk to dental 
healthcare professionals when executing infection control 
programs. When using ultrasonic cleaners, washers, and 
sterilizers, it is essential to follow the manufacturer’s 
instructions to ensure complete sterilization and avoid damage 
to these items (2). 

 

METHODS 

 

Agents used in sterilization: 

Physical agents: 

1.Sunlight  

2.Drying  

3.Dry heat: flaming, incineration, hot air. 

4.Moist heat: pasteurization, boiling, steam under pressure, 
steam under normal pressure  

5.Filtration: candles asbestos pads, membrane. 

6. Radiation. 

7. Ultrasonic and sonic vibration 
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chemical agents: 

a) Alcohol: ethyl, isopropyl, trichloro butanol. 

b). Aldehydes: formaldehyde, glutaraldehyde. 

c)Dyes. 

d)Halogens. 

e) phenols. 

f) Surface - active agents. 

g). Metallic salts. 

h) Gases: ethylene oxide. 

 

TRANSPORT OF INSTRUMENTS TO THE STERILIZATION 
AREA  

 

Most dental clinic have a designated area for instrument 
reprocessing that is separate from the dental treatment 
room.  Since cleaning, sterilizing, and storing instruments in the 
same room where the delivery of patient care is provided 
increases the risk of cross-contamination. The removal and 
disposal of single-use sharps such as needles, blades, 
orthodontic wires, and glass must be done at the point of use, 
and those that are sharp or otherwise pose a risk of injury must 
be discarded into a sharp's container Items without risk, such as 
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a saliva ejector, can be thrown into the trash. Finally, the tray or 
cassette of reusable instruments is taken to the cleaning and 
sterilization area for processing. 

 

Special handling should be used to transport the instruments to 
the cleaning and sterilization area to prevent accidental injury 
with the contaminated instruments. Instruments should be 
placed in an appropriate container at the point of use to prevent 
percutaneous injuries during transportation.  

 

” In addition, the Occupational Safety and Health Administration 
(OSHA) says, “The person handling the instruments through 
removal, cleaning, packaging, and sterilization needs to use 
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heavy-duty gloves to help prevent injury with sharp 
contaminated instruments” (3). 

CLEANING 

Using mechanical cleaning of instrument prefer rather than hand 
scrubbing which should be minimize the handling of instruments 
(4). If procedures are used whereby hand scrubbing is necessary, 
heavy-duty gloves, masks, eyewear, and gown should always be 
worn while cleaning (5). In general, three classifications of 
mechanical cleaning devices are available in the dental clinic: the 
ultrasonic cleaner, instrument washer, and instrument 
washer/disinfector. 

 

ULTRASONIC CLEANING DEVICES 

 

• An ultrasonic cleaner uses ultrasound waves outside the 
human hearing range to form oscillating bubbles, a process 
called cavitation. these bubbles act on debris to remove it 
from the instruments. some manufacturers also use 
intermittent or sweeping sound waves to help improve the 
device’s cleaning ability and decrease the potential for hot 
spots in the ultrasonic bath. household products are 
inappropriate because they cause pitting, corrosion, rust, or 
other damage to instruments and potentially to the ultrasonic 
chamber. Therefore, it is best to follow the manufacturer’s 
instructions; the procedure for cleaning the instruments in 
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the ultrasonic cleaner is as follows(6) -Suspend instruments 
in the ultrasonic bath using a rack or basket fitted to the unit. 
 

• Do not lay instruments directly on the bottom of the 
ultrasonic cleaner, as this can interfere with cleaning and 
cause damage to instruments and the ultrasonic machine. 
 
 

• Avoid overloading the ultrasonic device since that could 
inhibit its cleaning ability. In general, the timer is activated 
for three to 6 minutes for loose instruments and 10 -12 
minutes for instrument cassettes, and the timing is adjusted, 
as necessary. While the ultrasonic device is running, the lid 
or cover should be kept on to reduce the aerosol release and 
spatter into the area from the ultrasonic cleaner. It is essential 
to replace the cleaning solution in the ultrasonic machine at 
least once a day, more often with heavy usage.  
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INSTRUMENT WASHERS 

 

Instrument washers use high-velocity hot water and a 
detergent to clean instruments. Widely used for decades in 
hospitals and extensive facilities as part of the central 
sterilization process, these devices have recently become 
available for the dental clinics. Instrument washers come in 
two different designs. One is a counter-top model. This type 
does not require professional installation. However, the other 
type is built-in and resembles a kitchen dishwasher. It 
functions much like the counter-top model, but it has a larger 
capacity and requires professional installation. Some models 
can dry the instruments after washing; some do not (7). 

 



  
STERILIZATION IN DENTISTRY 10 

 

INSTRUMENT WASHERS/THERMAL DISINFECTORS 

 

These devices may look like the instrument washers described 
above; however, there is one crucial difference. The high 
temperature of the water and chemical additives in these 
devices cleans and disinfects the instruments. The significance 
of this lies in how personnel can handle the instruments after 
the process. Upon removal from a thermal disinfector, 
instruments can be more safely handled. If the dental 
healthcare professional were to sustain a puncture injury, it 
would not require the follow-up that, use either a detergent 
or a water-softening agent contaminated exposure requires 
for all instrument washers and thermal disinfectors. The pH of 
some of these chemicals can be incompatible with certain 
metals in dental instruments. 
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• Cleaning instruments provide an excellent opportunity to 
examine, replace or remove damaged instruments, lubricate 
items such as handpieces (8), and otherwise prepare 
instruments for sterilization. Instruments must be dry before 
packaging if drying was not part of the cleaning process, time 
must be taken to dry the instruments altogether. High-quality 
metal dental cassettes specially designed to withstand high 
temperatures are preferred for use with steam and chemical 
vapor sterilizers. Most sterilizers on the market today offer a 
cassette rack, which helps to prevent overloading in the 
sterilizer. 

 

PACKAGING 

 

Before sterilization, packaging used for instruments and 
cassettes includes a wrap, paper pouches, plastic pouches, 
combination paper/plastic pouches, and nylon tubing. 
Sterilization packaging is specifically designed to allow 
penetration of heat, steam, or vapor and then seal the sterilized 
instruments inside the package for sterile storage. After 
sterilization, instruments should remain in packages until use. 
Different materials are appropriate for different types of 
sterilizers (9,10). Unless otherwise specified, all packaging is 
single-use only. Using tape to reseal previously used packaging 
material may inhibit its ability to continue to function as 
intended by the manufacturer.  
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STEAM AUTOCLAVE 

 

Steam autoclaves are the most used type of heat sterilizer in 
dental practices. Two types of processes employ steam under 
pressure. The difference between the two is how the machine 
evacuates the air from the sterilization chamber and then 
introduces the steam. The steam entering the chamber from the 
water reservoir displaces the air as it leaves the chamber. The 
combination of pressurization of the chamber, steam, and a high 
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temperature for a prolonged period can kill virtually all 
microorganisms, and this is the most common type of autoclave. 

 

A typical cycle for wrapped instruments includes heat-up and 
pressurization time, followed by a 15-to-30- minute cycle during 
which sterilization occurs (121°C at 15 psi). It is essential to use 
cycle times and temperatures described in the owner’s manual 
and never interrupt the sterilization cycle to remove or add items 
or other reasons. Interruption of the cycle will result in not sterile 
instruments and, therefore, not on the patient. After the 
sterilization cycle, the sterilizer must depressurize, and the packs 
remain in the sterilizer for drying. The drying phase may take 
anywhere from 20-45 minutes. The unit must only be opened 
after the completion of the drying cycle. Upon removal from the 
sterilizer, sterile packs must be stored in a clean, dry area. Packs 
that become wet, torn, contaminated or otherwise 
compromised require reserialization (11). 
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Pre-vacuum autoclaves (also called Class B or Type B sterilizers) 
use various technologies to remove air from the chamber before 
the steam enters, thus creating a vacuum. Most use a pulse 
vacuum to ensure the elimination of air from the chamber.  

 

This is generally a more efficient means of pressurizing the 
chamber; therefore, the operator may notice some little time-
saving in the start-up of the pre-vacuum sterilizers. Most pre-
vacuum sterilizers use a temperature of 132°C-135°C for 3-10 
minutes to achieve sterilization. This higher temperature may be 
unacceptable for some items, such as Teflon-coated 
instruments. Total time for pressurization, sterilization, venting 
and drying is generally considerably shorter than for gravity 
sterilizers - about 45 minutes. 

 

ADVANTAGES OF AUTOCLAVES 

 

1.Autoclaving is the most rapid and effective method for 
sterilizing cloth surgical packs and towel packs. 

2.is dependable and economical. 

3.sterilization is verifiable. 
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DISADVANTAGE OF AUTOCLAVES: 

 

1.item sensitive to the elevated temperature cannot be 
autoclave. 

2.Autoclaving tends to rust carbon steel instruments and burs 

3.Instruments must be air dried at completion of cycle. 

 

DRY-HEAT STERILIZATION (CONVECTION AND STATIC 
AIR): 

 

 Dry-heat sterilization employs high temperatures for extended 
periods to achieve sterilization of instruments. The method of 
heat circulation in dry-heat sterilizers is usually convection, 
which helps to ensure that the heat circulates throughout the 
sterilization chamber during the process. Mechanical convection 
more effective than the sterilizer contains a fan or blower that 
continually circulates the heated air to maintain a uniform 
temperature throughout the chamber. Most commercially 
available dry-heat sterilizers on the market today are of this 
type. s The mean of higher temperature of a dry-heat sterilizer 
that paper will scorch, and plastic will melt. Specialized 
packaging material is available for dry-heat sterilizers. 
Most handpieces will not tolerate the higher temperatures of a 
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dry-heat sterilizer. Mechanically driven handpieces that contain 
turbines and bearings are susceptible to damage at higher 
temperatures (12).  
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UNSATURATED CHEMICAL VAPOR STERILIZATION 

 

Unsaturated chemical vaporization relies upon using a 
proprietary chemical containing formaldehyde, alcohol, and 
other inert ingredients instead of water to produce vapor to 
promote sterilization. The use of proprietary chemicals also 
results in the vapor having less humidity and less corrosive to 
sensitive instruments than if water were used.  
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ETHYLENE OXIDE STERILIZATION (ETO): THE ETHYLENE 
OXIDE STERILIZATION 

 

•Advantage: 

1.Operates effectively at low temperature  

2.Gas is extremely penetrative  

3.can be used for sensitive equipment like handpieces  

4.Sterilization is verifiable. 

  

•Disadvantages: 

1.Potentially mutagenic and carcinogenic. 

2.Requires aeration chamber, cycle time lasts hours. 

3.Usually only hospital based 

 

• Gamma radiation : 
Gamma Radiation is a form of pure energy generally 
characterized by its deep penetration and low dose rates; 
Gamma Radiation kills microorganisms ultimately. 

 

●Benefits of Gamma Radiation include: 

1.Precise dosing  
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2.Rapid processing  

3.Uniform does distribution  

4.Systems flexibility  

5.Dosimetric release – the immediate availability of products 
after processing. 
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UV RADIATION 
 

The wavelength of UV radiation ranges from 328 nm to 210 nm 
(3280 A to 2100 A). Its maximum bactericidal effect occurs at 
240–280 nm. Inactivation of microorganisms results from the 
destruction of nucleic acid through the induction of thymine 
dimers. UV radiation has been employed to disinfection drinking 
water, air, titanium implants, and contact lenses. The application 
of UV radiation in the healthcare environment (i.e., operating 
rooms, isolation rooms, and biologic safety cabinets) is limited to 
the destruction of airborne organisms or inactivation of 
microorganisms on surfaces (13). 
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FLASH STERILIZATION 

 

Flash steam sterilization was initially defined by Underwood and 
Perkins as sterilization of an unwrapped object at 1320 C for 3 
minutes at 27-28 lbs. of pressure in a gravity displacement 
sterilizer. Currently, the time required for flash sterilization 
depends on the type of sterilizer and the type of item (i.e., 
porous vs. non-porous items). Flash sterilization is considered 
acceptable for processing cleaned patient-care items that 
cannot be packaged, sterilized, and stored before use. It is also 
used when there is insufficient time to sterilize an item using the 
preferred package method (14).    
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OXYGEN PLASMA STERILIZATION 

 

Oxygen reactive ion etching type of plasmas was applied to 
inactivate a biologic indicator, the Bacillus stearothermophilus, 
to confirm the efficiency of this process. The sterilization 
processes took a short time. The increase in the intensity of the 
777.5 nm oxygen line shows the end of the oxidation of the 
biological materials. Files sterilized by autoclave and lasers were 
utterly sterile. Those sterilized by glass beads were 90% sterile, 
and those with glutaraldehyde were 80% sterile (15).      
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ULTRASONIC SCALARS 

 

Soak inserts in a container containing 70% isopropyl alcohol to 
remove organic debris; Rinse cleaned inserts thoroughly in warm 
water to remove all chemicals. As a final rinse, replace the insert 
into the scaler handpiece and operate the scaler for 10 seconds 
at the maximum water flow setting to flush out any retained 
chemicals. Dry inserts completely with air syringe; Package in a 
good wrap, bags, pouches, trays, or cassettes; Add spore tests 
and chemical indicators; Ethylene Oxide is the preferred method 
of choice; Dry heat and chemical vapor methods of sterilization 
are considered ineffective methods with risk of damage to 
materials (16). 

 

STERILIZING AND DISINFECTANT AGENTS 

 

An ideal disinfectant should have a high inactivating capacity for 
a wide range of viruses, including HIV and hepatitis, and be 
effective against bacteria, including tuberculosis. It should be 
safe to use and suitable for frequent application. There are two 
main types of disinfection available for wiping hard, non-porous 
surfaces, those that are alcohol-based and those which are 
nonalcoholic based. The non-alcohol ones are usually types of 
quaternary ammonium compounds known as quats.’ These two 
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types of disinfectants have some essential differences beyond 
their presentation and odor.  

 

Alcohol-based surface disinfectants possess some of the 
broadest disinfectant kill ranges available. They are 
virucidal against enveloped viruses, such as HIV and hepatitis B, 
and the non-enveloped viruses, such as poliovirus, rhinoviruses, 
and hepatitis A. Alcohol-based disinfectants tend to kill more 
microorganisms than quats. One key concern is the bacteria that 
cause tuberculosis, representing an increased risk given the 
prevalence in the general population. Here alcohols can kill the 
pathogen, whereas quats can only inhibit the bacterium under 
ideal conditions. Some disinfectants lose their ability to work 
correctly if the chemicals lose activity. 

 

Quats can be inactivated in the presence of hard water, where 
an unsuitable detergent has been used, or if it encounters items 
like cotton gauze. Hand hygiene has been considered the most 
critical measure for reducing the risk of transmitting 
microorganisms to patients. SARS-CoV-2 can persist depending 
on the surface for a few hours or several days (WHO 2020c). This 
reinforces the need for good hand hygiene and the importance 
of thorough disinfection of all surfaces within the dental clinic. 
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ROUTINE ENVIRONMENTAL CLEANING 

 

Cleaning is an essential part of disinfection. Organic matter can 
inactivate many disinfectants. Cleaning reduces the soil load, 
allowing the disinfectant to work. 

Removal of germs such as the virus that causes COVID-19 
requires thorough cleaning followed by disinfection. The length 
of time that SARS-COV-2 (the cause of COVID-19) survives on 
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inanimate surfaces  will vary depending on factors such as the 
amount of contaminated body fluid – such as respiratory 
droplets – present and environmental temperature and 
humidity. 

 

 In general, coronaviruses are unlikely to survive for long once 
droplets produced by coughing or sneezing dry out (18). 

 

CONCLUSION 

 

Pervasive increases in serious transmissible diseases over the 
last few decades have created global concern and impacted the 
treatment mode of all health care practitioners.  

  

Emphasis has now expanded to assuring and demonstrating to 
patients that they are well protected from infectious disease 
risks.  

  

Infection control has helped to allay concerns of the health care 
personnel, instill confidence, and provide a safe environment 
for both patients and personnel. 
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