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Diseti Buyiimesini Olgen indeks Sistemlerinin Degerlendirilmesi

Ogrencinin adi: Ahmad Safa ALKATEB
Damsman: Prof. Dr. Leyla KURU

1. OZET
Giris ve Amac: Bu ¢alismanin amaci diseti bityltimesini (D.B.) 6lgen dort indeksin
uyumlulugunu analiz etmek ve DB'nin tanisi i¢in giivenilirliklerini karsilagtirmak ve

siddet derecesini saptamaktir.

Gereg ve YOntem: Generalize enflamatuvar veya ilaca bagl D.B. goriilen 30 hastanin
algt modelleri ve fotograf kayitlar1 degerlendirildir. Bu calismaya dahil edilen
hastalarm 12 anterior dislerinin olmasi kosulu arandi. Olglimler 3 arastirmaci
tarafindan, alg1 modeler i¢in modifiye Harris ve Ewalt indeksi, Seymour ve ark.
indeksi ve King ve ark. indeksine gore yapildi. Ellis ve Seymour indeksini
degerlendirmek icin agiz i¢i fotograflar kullanildi. Kayith 6lgiimlerin arastirmacinin
kendi i¢i ve arastirmacilar arasi giivenirligine uygunlugu, her bir indeks i¢in agirlikl

kappa kullanilarak gerceklestirildi.

Bulgular: Modifiye Harris ve Ewalt indeksi, arastirmacinin kendi i¢i toplam kappa
degerlerini 0,428-0,783 ve arastirmacilar arasi toplam kappa degerlerini 0,042-0,071
arasinda gosterdi. Seymour ve ark. endeksi sirasiyla arastirmacinin kendi i¢i toplam
kappa degerlerini sirasiyla 0,512-0,823 ile 0,724-0,876 arasinda dikey olarak ve yatay
olarak, arastirmacilar arasi toplam kappa degerlerini sirasiyla 0,235-0,279 ile 0,255-
0,626 arasinda dikey ve yatay olarak gostermistir. King ve ark. endeksi sirasiyla,
0,653-0,855 ve 0,587-0,868 arasinda dikey ve yatay olarak arastirmacinin kendi i¢i
toplam kappa, dikey olarak ve yatay olarak sirasiyla arastirmacilar arasi toplam kappa
degerlerini, sirasiyla 0,372-0,635 ile 0,393-0,595 arasinda gostermistir. Ellis ve ark.
indeksi en yiiksek arastirmacinin kendi ici sonuglar1 0,758-0,855, ve arastirmacilar

aras1 toplam kappa degerleri 0,716-0,804 arasindadir.

Sonug: Ellis ve ark. indeksi, bu klinik olgunun siddetini tespit etmek amaciyla en
yiiksek tekrarlanabilirligi olan D.B. dl¢limil i¢in giivenilir ve uygulanabilir olarak
kabul edilir.

Anahtar kelimeler: Diseti biiyiimesi, Indeks, inflamasyon, Fotograf, Simiflandirma.



Evaluation of Index Systems Measuring Gingival Overgrowth

Student name: Ahmad Safa ALKATEB
Mentor: Prof. Dr. Leyla KURU

2. SUMMARY
Objective: The aim of this study was to assess the concordance of four gingival
overgrowth indices to check their reliability for successful means of diagnosis and

treatment.

Material and Methods: A total of 30 subjects who have generalized gingival
overgrowth were included in our study. Plaster models and photographic records of
these patients were analyzed. Twelve anterior teeth are required for including patients
in this study. Three examiners performed measurements on plaster models for
modified Harris and Ewalt index, Seymour et al. index, and King et al. index. Intraoral
photographs were used to assess Ellis et al. index. Concordance of intra-examiner and
inter-examiner reliability of the recorded measurements was carried out for each index

using weighted kappa (K).

Results: Modified Harris and Ewalt index showed intra-examiner total kappa values
between 0,428-0,783 and inter-examiner total kappa values between 0,042-0,071.
Seymour et al. index revealed intra-examiner total kappa values between 0,512-0,823,
and 0,724-0,876 vertically and horizontally, respectively, and inter-examiner total
kappa values between 0,235-0,279, and 0,255-0,626 vertically and horizontally,
respectively. King et al. index presented intra-examiner total kappa values between
0,653-0,855, and 0,587-0,868 vertically and horizontally, respectively, and inter-
examiner total kappa values between 0,372-0,635 and 0,393-0,595 vertically and
horizontally, respectively. Ellis et al. index achieved the highest intra-examiner results
with total kappa values between 0,758-0,855, and inter-examiner total kappa values
between 0,716-0,804.

Conclusion: Ellis et al. index is considered reliable and applicable for measuring G.O.

with the greatest reproducibility for detecting severity of this clinical phenomenon.

Key words: Gingival overgrowth, Index, Inflammation, Photograph, Classification.



3. INTRODUCTION AND AIM

Gingival overgrowth (G.0O.) is an alteration in gingival morphology that might be
accompanied with diverse factors, and characterized by vertical and horizontal
enlargement of the gingival tissues in both gingivo-incisal and bucco-lingual
directions respectively (Miranda et al., 2012).

The types of G.O. are generally classified as inflammatory, drug-induced,
enlargements associated with systemic diseases, neoplastic G.O. and hereditary
overgrowth (Carranza et al., 2015).

Various mechanisms have been described by the investigators in the
etiopathogenesis of G.O. In inflammatory G.O., the microorganisms produce certain
toxic substances which cause damage to the epithelium and connective tissue along
with intercellular components. In this process, the polymorphonuclear (PMN)
leukocytes cause cytotoxic alterations in fibroblasts and decrease the production of
collagen (Shukla et al., 2014).

On the other hand, it is a frequent side effect associated with three major drug
groups: anticonvulsants, calcium channel blocker (C.C.B.), and immunosuppressants
especially cyclosporin A (CsA) (Malek et al., 2019). Dental plaque causes G.O. too
and appears to cause a secondary inflammation when it is associated with drug-induced
G.O. (Carranza et al., 2015).

The prevalence of drug-induced G.O. varies between drugs, and its expression is
influenced by a variety of risk factors (Malek et al., 2019). This prevalence ranges
between 6 to 15% for nifedipine, about 50% for phenytoin, and between 25% to 30%
in adult patients and >70% in children when it is accompanied by CsA (Malek et al.,
2019). Moreover, according to a recent data of Hatahira et al. (Hatahira et al., 2017),
the reported ratio of CsA-induced G.O. is 39,4.

A vast range of indices have been employed to set the severity of G.O. which has
produced doubt and uncertainty with regard to this clinical manifestation (Miranda-

Ruis et al., 2012). The wide variability in results noticed between studies which used



different methods (vertical / horizontal G.O. indices) might be the result of using non
credible indices during the measurement process (Miranda-Ruis J et al., 2012). For
example, Hassell (Hassell et al., 1984) presented in his literature which reviews the
oral manifestations in epileptic patients under phenytoin therapy, the wide variation in
the incidence of G.O. that ranges from 0% to 100% (Blair, 1939; Grob and Herold,
1972).

The criteria to assess clinically G.O. is not universally defined. Therefore, it may
be inappropriate to compare the results of the incidence of G.O. reported in various
studies (King et al., 1993). Therefore, difficulties in the interpretation of these reports
are in large part due to the differences in the criteria used to assess the lesion (Barclay
etal., 1992).

Many of the clinical investigations are case reports of patients with G.O. with no
index used to quantify the hyperplasia of the gingiva (Rateitschak-pliss et al., 1983;
Bennett and Christian, 1985), while other studies have relied on semi-quantitative
indices that involve a significant subjective component in the assessment of G.O.
(Tyldesley and Rotter, 1984; McGaw et al., 1987).

The treatment, diagnosis, prevention of recurrence of G.O. could be achieved
when the clinician is able to realize the size of G.O. including its horizontal and vertical
components as well as the extent and severity’s relation with the etiopathogenesis. The
perfect methodology to assess G.O. is with the help of a proper and suitable G.O. index
(Miranda et al., 2012).

Some G.O. indices are considered invasive since they demand many
measurements, or even a data-processing system. On the other hand, other G.O. indices

are less convenient and considered as complex and expensive (Miranda et al., 2012).

Theerefore, the main objective of this study is to anatomize the concordance of
four G.O. indices in order to compare their reliability and reproducibility for an early

and accurate diagnosis of G.O.



4. GENERAL INFORMATION

4.1. Preface

The term G.O. is the gingival intensification and proliferation which is a
prevailing character of the diseased gingival tissues (Carranza et al., 2015). In other
words, nowadays, in the clinical aspect, it is much more appropriate to clinicians to
use “gingival enlargement” as a term when the histological confirmation is absent
(Payne et al., 2001).

The gingiva and the surrounding periodontal soft tissues might enlarge due to
different interactions between the host and the environment (Hallmon and Rossmann,
1999). Therefore, G.O. can be classified according to the pathogenesis and location of

occurrence (Carranza et al., 2015).
4.2. Types of Gingival Overgrowth

Due to the varied presentations of G.O., the diagnosis and categorization are
based on the etiopathogenesis, location, size, extent, etc. (Agrawal and Arvind, 2015).
There still could be some lesions which may present in an unusual manner and make
the diagnosis challenging (Agrawal and Arvind, 2015). By knowing the existence of
common and rare presentations of G.O., one can keep a broad view when formulating
a differential diagnosis of localized (isolated, discrete, regional) or generalized G.O.
(Agrawal and Arvind, 2015). Various mechanisms have been discovered by the
investigators in the etiopathogenesis of G.O. Therefore, G.O. can be classified
according to the pathogenesis and location of occurrence as it is presented in Table 4.1

and, Table 4.2, respectively.



Table 4.1. Classification of G.O. according to the etiopathogensis (Carranza et al.,
2015).

Type Description
Inflammatory Acute
Chronic

Anticonvulsants

Drug-induced Immunosuppressants

Calcium channel blockers

Pregnancy
Conditioned Puberty
overgrowth
Vitamin C deficiency
Plasma cell gingivitis
Nonspecific conditioned enlargement (Pyogenic
granuloma)
Systemic diseases Leukemia
that cause gingival
overgrowth
Granulomatous diseases (e.g., Wegener's
granulomatosis, Sarcoidosis)
Neoplastic Benign tumors
overgrowth

(gingival tumors)

Malignant tumors

Hereditary

gingival Various degrees of attached gingival hyperplasia

fibromatosis
(HGF)




Table 4.2. Classification of G.O. according to the location (Carranza et al., 2015).

Type Description

Localized Limited to the gingiva adjacent to a single tooth, or

group of teeth
Generalized Involving the gingiva throughout the mouth
Marginal Confining the marginal gingiva
Papillary Confining the attached gingiva
Diffuse Involving marginal and attached gingiva and papillae

Discrete An isolated sessile or a pedunculated, tumorlike

enlargement

4.2.1. Inflammatory gingival overgrowth

Inflammatory G.O. can be both acute and chronic (Carranza et al., 2015).
4.2.1.1. Acute inflammatory gingival overgrowth
Gingival abscess

Generally, the gingival abscess occurs on the marginal gingiva or interdental
papillae with a sudden onset. It is a painful and localized lesion expanding rapidly. The
lesion usually turns to fluctuant and pointed within 1-2 days. Furthermore, a purulent
exudate might be expressed from a surface orifice. When a foreign material is
forcefully inserted into the gingiva, bacteria are carried deep into the gingival tissues

causing gingival abscess (Carranza et al., 2012).

The lesion ruptures spontaneously when it is left to progression (Carranza et al.,
2015).



Lateral (periodontal) abscess

Lateral abscesses include the periodontium and produce G.O. and may occur in
the following ways (Carranza et al., 2015).

e When the inflammatory process extends laterally from the inner surface of the
periodontal pocket into the connective tissue of the pocket wall. Formation of

the abscess occurs when drainage into the pocket space is impaired.

e When the infection extends from the periodontal pocket deeply into the
supporting periodontal tissues and the suppurative inflammation localizes on
the lateral aspect of the root.

e When tooth has been exposed to trauma or when the lateral wall of the root is
perforated during endodontic therapy, a periodontal abscess might present in

the absence of periodontal disease.

e When calculus is remained after incomplete treatment of periodontal pocket,
the gingival wall shrinks, thereby occluding the pocket orifice, and a

periodontal abscess occurs in the sealed-off portion of the pocket.

e Formation in a pocket with a tortuous course around the root. A periodontal
abscess may form in the cul-de-sac, the deep end of which is shut off from the

surface.

4.2.1.2. Chronic inflammatory gingival overgrowth

Chronic inflammatory G.O. can be localized or generalized. Clinically, it appears
as a slight ballooning of the interdental papillae and marginal gingiva. It produces a
“life-preserver-shaped bulge” around the involved teeth in its early stages. This “life-
preserver-shaped bulge” can increase in size until covering part of the clinical crowns
(Carranza et al, 2015). The progression is slow and painless, unless there is a

complication with any kind of acute infection or trauma (Carranza et al, 2015). Chronic



inflammatory G.O. occurs as a discrete sessile or a pedunculated mass that looks alike
tumor. It can be located in the interproximal, marginal or attached gingiva. As
mentioned above, these lesions grow slowly, but may undergo a spontaneous reduction
in size that is followed by exacerbation and continued overgrowth (Carranza et al,
2015). Painful ulceration occurs in the area between the enlarged mass and the adjacent

gingiva.

Prolonged stimulation by dental plaque cause idiopathic G.O. Other factors may
play role in plaque accumulation and retention such as irritation by anatomic
abnormalities, inappropriate orthodontic and restorative appliances, and mainly poor
oral hygiene (Hirschfeld, 1932).

Gingivitis and G.O. are frequently encountered in patients with mouth-
breathing habit. The anterior maxilla is the common site of occurrence. The exposed
surface of the gingiva appears to be reddish and edematous with a diffuse surface
shininess (Carranza et al, 2015). In addition, the altered gingival tissues in many cases
are clearly demarcated from the neighboring unexposed gingiva (Carranza et al, 2015).
The exact mechanism in which mouth breathing affects the gingival tissues is not
clearly defined, but it is generally referred to irritation from dehydration of the exposed
surface. However, comparable alterations in gingival tissues could not be achieved by

using “air drying” in the experimental animals’ gingival tissues (Maier, 1949).

The microorganisms produce certain toxic substances like collagenases,
hyaluronidase, chondroitin sulphate, protease, etc., which cause damage to epithelium
and connective tissue along with intercellular components leading to widening of small
capillaries and venules with formation of capillary loops between rete pegs. In this
process, PMN leukocytes undergo diapedesis and emigration and thus cause cytotoxic
alterations in fibroblasts and decrease the production of collagen (Carranza et al,
2015).



4.2.2. Drug-induced gingival overgrowth

The G.O. is a consequence after administration of some drugs including
anticonvulsants, immunosuppressants, or C.C.B. It is associated with disfiguring and
disproportionate overgrowth of the gingival tissues after administration of selected
drugs which have generated an attention regarding this clinical manifestation in the
scientific community (Hallmon and Rossmann, 1999). It is one of the most frequent
and troublesome side effects and an adverse reaction of the above mentioned
medications (Hallmon and Rossmann, 1999).

The condition may cause mastication, speech, tooth eruption and aesthetic
complications. Clinically and microscopically, the symptoms of the G.O. caused by
various types of drugs are similar to each other (Butler et al., 1987; Rees, 1998).

Clinically, the overgrowth of the gingiva begins painlessly in the interdental
papilla as a beadlike overgrowth that then extends to both buccal and lingual gingival
margins. As the progression continues, a massive tissue fold that encroaches parts of
the anatomical clinical crown is developed as a result of uniting between the marginal
and papillary overgrowths. This fold eventually creates complications in occlusion
(Carranza et al, 2015). When G.O. condition is not accompanied by a secondary
inflammatory complication, the lesion is firm, resilient, pinky color, mulberry shaped,
with a lobulated surface and no inclination to bleed. The overgrowth starts projecting
from beneath the gingival margin, with a linear groove separating between the margin
and the enlargement. In such cases, applying plaque control protocols becomes
difficult due to the presence of the overgrowth caused by the drug leading into a
secondary inflammatory process (Carranza et al, 2015). The resulted enlargement in
these cases when the drug-induced G.O. is accompanied with an inflammatory process
will not only add to the size of the lesion originally caused by the drug but will also
produce a red or bluish-red discoloration, increase the bleeding, and efface the

demarcations on the lobulated surface. (Carranza et al, 2015).

Drug-induced G.O. is usually generalized all over the mouth, but it occurs to be

much more severe in both maxillary and mandibular anterior regions. The overgrowth
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appears in dentulous regions where teeth are still present, and disappears in edentulous
areas where teeth have been extracted. Reports of mucosal hyperplasia in edentulous
mouths are rare but have been mentioned in literature (Dallas, 1963; Dreyer and
Thomas, 1978).

Drug-induced G.O. might present in mouths with no plagque, and it might be absent
in patients with plentiful deposits of plague (Hallmon and Rossmann, 1999). Some
investigators agree that the inflammatory process is a precondition for developing
overgrowth of the gingiva, which could be stopped by perfect oral hygiene and plaque
removal (Ciancio et al., 1972; Nuki and Cooper, 1972).

Using toothbrush or chlorhexidine toothpaste to control oral hygiene (Russell and
Bay, 1978) reduces the inflammation, but does not have influence on the G.O.

Fibroblasts are less active in non-inflammatory conditions and have no response
in patients under phenytoin therapy. On the other hand, fibroblasts within
inflammation are active as the result of inflammatory mediators and the endogenous
growth factors (Hussell, 1982; Hussell and Page, 1978).

Microscopically, human G.O. lesions’ regarding its cellular and tissue features
caused by different dugs, have different manifestations (Trackman and Kantarci,
2015). Analyzing human gingivectomy samples provided evidence that the cellular
and tissue characteristics differ depending on the type of treatment drug. The most
fibrotic G.O. lesions are the ones induced by phenytoin. On the other hand, G.O.
lesions induced by CsA. have an increased inflammation and present little fibrosis.

Nifedipine-induced G.O. are mixed (Trackman and Kantarci, 2015).

Findings were based on histological and histomorphometric analysis. Expression
in phenytoin-induced G.O. of transforming growth factor beta (T.G.F-B) and cellular
communication network factor 2 (C.C.N. 2) which is also known as connective tissue
growth factor and induce extracellular matrix synthesis and accumulation, was
elevated as it is shown in Figure 4.1. Mesenchymal cell proliferation was increased in

tissues which exhibited G.O., while apoptosis was diminished, especially in
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phenytoin-induced G.O. (Hong et al., 1999; Uzel et al., 2001; Kantarci et al., 2007;
Thompson et al., 2007).

Fibrosis &

CCN2 Inflammation

Phenytoin Nifedipine Ciclosporin

Figure 4.1. Relationship among inflammation, fibrosis, and drugs which cause G.O.
in humans (Trackman and Kantarci, 2015).

4.2.2.1. Phenytoin-induced gingival overgrowth

A genetic willingness is suspected for determining the susceptibility of developing
G.O. in patients treated with phenytoin (Hassell et al., 1978; Raeste et al., 1978).

Epilepsy has been historically considered as an ancient disease for which a lot of
treatment methodologies and remedies have been hailed (Robinson, 1942). In May
1937, Merritt and Putnam (Merritt and Putnam, 1938) introduced sodium diphenyl
hydantoinate as an anticovulsant drug. They were first to determine its efficiency
towards electrically introduced convulsions in animals, and then apply it clinically in
epileptic patients and report the results in September 1938 (Merritt and Putnam, 1938).
The Council on Pharmacy and Chemistry of the American Medical Association
adopted the name “phenytoin sodium” on the drug (Council on pharmacy and
chemistry, 1941). The drug is derived from glycolyl urea instead of malonyl urea
which results in common toxic reactions to both of them such as nystagamus, tremor,
aggressiveness, irritability, stupor, psychotic episodes and coma (over dosages)
(Robinson, 1942). On the other hand, the adverse and toxic reactions related to
phenytoin sodium solely are diplopia, ocular pain, vomiting, nervousness, anorexia
and G.O. They stated that children were more susceptible to gingival changes and less
often young adults, and presented in gingival areas were teeth were still existed and no

other gingival pathology presented (Robinson, 1942). Structurally, it is similar to
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barbiturates with a white christalline bitter powder (Robinson, 1942). The drug is
considered as soluble in water, slightly soluble in alcohol, and insoluble in benzene
and ether (Council on pharmacy and chemistry, 1941). Phenytoin decreases the motor
cortex of the central nervous system (C.N.S.) by settling down the neuronal discharge
and restricting the neuronal excitation by blocking calcium influx through cell
membranes (Leppik, 1990; Seymour and Heasman, 1988; Wilson and Kornman,
2019).

Phenytoin-induced G.O. is identified as a discrete pathological presence for years
(Kimball, 1939) and is usually found as a diverse effect of phenytoin. The incidence
range of phenytoin-induced G.O. is from 0% to 84.5% with an average effect around
50% (Angelopoulos and Goaz, 1972; Angelopoulos, 1975; Penarrocha-Diago et al.,
1990). Angelopoulos and Goaz declared that the existence of rational explanation for
this major variation is reasonable, and even though a lot of investigators have tried to
clarify this dilemma, most will agree that a satisfactory and pleasant explanation of

this variation is still absent (Angelopoulos and Goaz, 1972).

Although a number of studies have stated that the presence of phenytoin-induced
G.O. is related to daily dose, duration of usage and blood or salivary levels of
phenytoin (Addy et al., 1983; Livingston, 1970), several studies did not find any
correlation between phenytoin-induced G.O. and these factors (Dahll6t and Modéer,
1986; Hassell and Hefti, 1991; Thomason et al., 1992). The prevalence of overgrowth
in gingival tissues has been observed to be much higher in children and
institutionalized people (Dahll6t and Modéer, 1986; Stinnett et al., 1987).

The enlargement of the interdental papillae in phenytoin-induced G.O.
(Picture 4.1.) is accompanied, and it is less frequently encountered with increasing
thickness of the gingival marginal tissues (Penarrocha-Diago et al., 1990). The
enlarged interdental papillae extends buccally and/or lingually, beclouding the
gingival tissues and tooth surfaces (Hallmon and Rossmann, 1999). When the affected
interdental papillae enlarge to the extent that they are connected, pseudoclefts are
clinically presented. In other words, pseudoclefts results from the overlapping of

adjacent marginal gingiva and papillary confluence. As the coronal progression of the
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enlarged gingival tissues might partially or totally obscure the clinical crowns,
conversely, the enlarged gingival tissues diminish when it approximates the
mucogingival junction (Penarrocha-Diago et al., 1990).

Picture 4.1. Clinical view of phenytoin-induced G.O.

The incidence of phenytoin-induced G.O. in edentulous patients is considered to
be rare. Nevertheless, it has been observed in some cases and under pontics of fixed
partial dentures (Royer et al., 1983).

In addition, there are reports of phenytoin-induced G.O. preceded the eruption of
primary teeth, which eventually resulted in delayed eruption of the teeth (Shafer, 1961;
Vernillo and Schwartz, 1987).

Conard et al. (Conard et al., 1974) stated that many theories have been suggested
to explain G.O. as a side effect of the phenytoin drug. However, none of the suggested
mechanisms has yet explained this clinical phenomenon satisfactorily. On the other
hand, nor of the proposed mechanisms have explained why are the gingival tissues
only affected. The pathogenesis of phenytoin-induced G.O. is still not clear. A lot of
in vitro studies were dedicated for investigating phenytoin’s effect on human gingival
fibroblasts in tissue culture (Angelopoulos and Goaz, 1972; Hassell, 1981; Hassell et
al., 1976).
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In comparison with non-phenytoin control patients, the optimal cell growth’s rate

is two times more than occurred at the control group (Hassell, 1981).

5-parahydroxyphenyl-5-phenylhydantoin is the major metabolite of phenytoin
and presents 50-75% of the daily dosage (Hassell, 1981). The minor presence of
phenytoin’s metabolites is 3-0-methyl-catecol which modifies the behavior of cells in
vitro without affecting cellular proliferation unlike 5-parahydroxyphenyl-5-
phenylhydantoin which caused G.O. in animal model (Raeste et al., 1978).

Other observations backup the concept that fibroblasts’ phenytoin-sensitive
subpopulations are predetermined genetically (Stinnett et al., 1987; Johnson et al,1990;
Ballard and Butler, 1974; Dallhof et al., 1991).

It was found that fibroblasts from phenytoin-induced G.O. produce greater
collagen and protein when compared to normal gingival controls (Johnson et al.,
1990). The synthesis of fibroblasts, in an age dependent, decrease in normal gingiva.
On the other hand, these changes were not observed in the phenytoin-gingival tissues,

suggesting that they might represent a unique phenotype (Johnson et al., 1990).

In 1985, Seymour et al. (Seymour et al., 1985) studied the effects of phenytoin
and sodium valproate on the periodontal health in adult epileptic patients by comparing
a test group (n=30) of patients under the treatment of both medications with a control
group (n=15) of healthy periodontal patients. Comparison between the sodium
valproate group and the control group showed no significant differences of the
parameters assessed. The percentage of the G.O. turned out to be higher in epileptic
patients treated with phenytoin than patients in both under sodium valproate treatment

and periodontally healthy.

Tissues taken from phenytoin-induced G.O. have increased glycosaminoglycan
compared with gingival tissues from normal control patients (Ballard and Butler, 1974;
Dahllof et al., 1991; Dahllof et al., 1984). Phenytoin’s effect on glycosaminoglycan
synthesis in fibroblasts was studied by Pagliarini et al. (Pagliarini et al., 1995) where
samples were taken from both human free and attached gingiva. The results

demonstrated that the proportion of extracellular sulfated glycosaminoglycan
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increased in free gingival fibroblasts, whereas the amount of intacellular sulfated

glycosaminoglycan increased in attached gingival fibroblasts.

Kimball (Kimball, 1939) who was the first to detect the enlargement of the
gingival tissues as a side effect of phenytoin, had stated that the enlargement is
attributed to decrease in blood serum ascorbic acid. Frankel (Frankel, 1940) also stated

an association between phenytoin-induced G.O. and ascorbic acid levels.

There is probably a minimal threshold dose of phenytoin where the G.O. does not
take place, but it happens that the plasma level of phenytoin necessary to guarantee
seizure control exceeds always the minimal threshold dose necessary to induce
phenytoin-induced G.O. (Rees, 1993). The therapeutic plasma level of phenytoin
necessary to preserve effective seizure control is 10-20 pug/ml. A lot of factors such as
metabolism, patient compliance and other medications might interfere with phenytoin
plasma levels and, thus, seizure control (Dahllét and Modéer, 1986).

The enlargement of phenytoin-induced G.O. is presented 2-3 weeks after starting
the treatment with phenytoin and reaches the maximum stage in 9-12 months (Walker
et al., 1980).

The anterior aspect (i.e., buccal gingiva of the anterior sextants) is the most
commonly affected part which usually results in aesthetic distortions (Dallas, 1963;
Dreyer and Thomas, 1978). In addition, enlargement of the gingiva might cause
malpositioning of teeth and interference with normal physical activities such as
mastication and speech (Church et al., 1984). The incidence of phenytoin-induced
G.O. is not affected by sex or race (Stinnett et al., 1987).

The overgrowth disappears spontaneously within months after cutting the drug.

However, even after surgical removal of G.O., it starts slowly to increase in size.

4.2.2.2. Cyclosporine-induced gingival overgrowth

In 1970, CsA was isolated for the first time as a metabolite of the fungus type
Tolypocladium inflatum Gams (Hallmon and Rossmann, 1999). Moreover, it had

demonstrated the fact to have little value as an antifungal antibiotic (Hallmon and
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Rossmann, 1999). However, CsA is defined as a cyclic polypeptide with powerful
immunosuppressive action which extends the survival of allogeneic transplants
involving heart, kidney, skin, liver, bone marrow and lung (Hallmon and Rossmann,
1999). The discovery of CsA is referred to Jean Borel (Borel et al., 1995), and its first
reported usage was accompanied with renal transplantation by Calne et al. (Calne et
al., 1978).

The immunosuppressant CsA suppresses the synthesis and release of
interleukin-2 (IL-2) at oral dosages of 10-20 mg/kg/day. It suppresses the capability of
cytotoxic T lymphocytes in response to IL-2. While CsA inhibits the synthesis and
release of IL-2, it suppresses IL-1 receptors on T helper cells. In addition, CsA has an
immunosuppressive efficiency on macrophages. Therefore, CsA is eclectic in its

activity on T lymphocytes (Seymour and Jacobs, 1992).

The side effects that results after the usage of CsA are nephrotoxicity,
hypertrichosis, hypertension and G.O. Most of these side effects are dependent on the
drug’s dosage and reversible without any consequences upon discontinuing or
decreasing the drug. The incidence of CsA-induced G.O. was first reported in literature
by Rateitschak-Pluss et al. (Rateitschak et al., 1983). The mechanism and action of its
occurrence is still not well understood. The drug works at an early stage of the
treatment on the differentiation of T cells (Borel et al., 1977; White et al., 1979).
Helper T cells which plays a role in cellular and humoral immune responses are
inhibited selectively and reversibly by CsA. The drug is administered orally or
intravenously, and dosages greater than 500 mg/day are responsible to induce G.O.
(Daley et al., 1986). It was found that the size of the enlargement seems to be
associated with the plasma concentration more than the patient’s own periodontal
status (Seymour et al., 1987). In a study by Daley et al. (Daley et al., 1986), 100
patients have been observed and evaluated over 2.5 years with 70% of them presenting
mild G.O. at least. They suggested that progressive G.O. took place over several
months, often reaching a plateau after 1 year of applying CsA treatment (Daley et al.,
1986).
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Studies reported that children are more frequently affected by this type of
enlargement, and have greater risk of developing CsA-induced G.O. (Picture 4.2.),
especially young females and adolescents (Seymour and Heasman, 1988; Daley et al.,
1986; Hefti et al., 1994; Schulz et al., 1990).

Picture 4.2. Clinical view of CsA-induced G.O.

There might be a correlation between sex hormones, gingival fibroblasts and CsA
(Seymour and Jacobs, 1992). The incidence of CsA-induced G.O. varies, according to
different studies, from 25% to 70% (Romito et al., 2004). In other studies, authors have
suggested that the enlargement has more likelihood to develop when CsA plasma
concentration exceeded 400 ng/ml. (Seymour and Heasman, 1988; Hefti et al., 1994).
Hefti et al. (Hefti et al.,, 1994) stated in their study that the incidence of

CsA-induced G.O. requires a threshold of CsA in plasma concentration.

The presence of CsA-induced G.O. varies in percentage in each study. These
differences appear to be correlated with duration of treatment, CsA dosage, periodontal
status, patient’s age, medical health status and genetic readiness to be responders or
nonresponders (King et al., 1993; Fuiano et al., 1989; Somacarrera et al., 1994; Pernu
etal., 1992).
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Tyldesley and Roter (Tyldesley and Rotter, 1984) evaluated 36 transplant patients
in their study, finding CsA-induced G.O. in nine patients (25%), with males showing
less incidence of G.O. (17%) than females (38%). CsA-induced G.O. was more
encountered on the anterior buccal aspects of the gingival tissues, and presented great
bleeding when it is removed surgically. Phenytoin-induced G.O. is less vascularized
compared to CsA-induced G.O. (Rateitschak-pluss et al., 1983; Williams, 2004;
Wysocki et al., 1983). Since hypertension’s incidence is a widespread finding in renal
transplant patients and ranges from 38.5% to 51.2% (Hamilton et al., 1982), patients
undergoing both CsA and C.C.B. medications have greater G.O. (Thomas et al., 1992;
Thomason et al., 1993; Thomason et al., 1996). Slavin and Taylor (Slavin and Taylor,
1987) reported an increased rate of G.O. in patients under CsA and C.C.B. compared
with patients under CsA alone. In addition, O’valle et al. (O’valle et al., 1995) used
morphometric analysis to compare patients under CsA treatment only or CsA
combined with nifedipine, and reported significant differences in their G.O.’s status.
These results were in agreement with other studies by Bokenkamp et al. (Bokenkamp
et al., 1994) and Thomason et al. (Thomason et al., 1995). Moreover, in a case report
by Rossman et al. (Rossman et al., 1994), authors have stated that replacing another
antihypertensive drug instead of nifedipine allowed unmanageable renal transplant

patient to have a successful long-term management of G.O.

Wysocki et al. (Wysocki et al., 1983) stated that sensitivity of individuals to the
drug or its metabolites might be related to the CsA-induced G.O. The drug and its
major metabolite OL-17 could have an interaction with a phenotypically specific
subpopulation of gingival fibroblast, resulting in an increase in protein synthesis and
cell proliferation (Hassell et al., 1988; Jacobs et al., 1990). The effects of the CsA on
normal human fibroblasts were shown to remain unchanged, decrease or increase
(Coley and Hassell, 1986).

In 1986, McGaw et al. (McGaw et al., 1987) studied the correlation between
CsA-induced G.O. with dental plaque scores, gingivitis scores, and CsA levels in
serum and saliva. A significant positive correlation was found between whole saliva

CsA, and both G.O. and plaque which were attributed to the possible role of dental
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plaque as a local reservoir of CsA. Another significant positive correlation was found
between G.O. and dental plaque scores. On the other side, no such significant
correlation was found when submandibular CsA or parotid CsA were considered
which was related to differences in saliva-collection methods (McGaw et al., 1987).

In 1994, Somacarrera et al. (Somacarrera et al., 1994) studied in a longitudinal
study the factors related to the incidence and severity of CsA-induced G.O. in
transplant patients. In order to assess the severity and incidence of CsA-induced G.O.,
this study was conducted following the first six months of transplant surgery in 100
heart, liver, or kidney transplant patients. Blood concentration of CsA, in addition to
plaque, gingivitis and G.O. indices were assessed monthly. The percentage of patients
developed G.O. was 43%. During the study, plaque and gingivitis decreased
significantly due to an oral hygiene training and motivation program while G.O.
increased significantly. It was suggested that the main factor causing the incidence of

G.O. is the CsA blood concentration.

4.2.2.3. Calcium channel blockers-induced gingival overgrowth

Using C.C.B.s for the treatment of cardiovascular diseases such as hypertension,
angina pectoris, cardiac arrhythmias and coronary artery spasms has been introduced
in recent years. The classification of these drugs, termed calcium antagonists or C.C.B.
might be dependent on the chemical composition as phenylalkylamine derivatives
(verapamil), substituted dihydrpyridines (amlodipine, nifedipine, felodipine,
isradipine, nicradipine, nitrendipine, oxodipine, nisoldipine and nimodipine) or
benzothiazepine derivatives (dilitiazem) (Hassell and Hefti, 1991; Seymour, 1991).
The mechanism of these drugs is based on inhibiting calcium ion flowing across the
cell membrane of heart and smooth muscle cells, thereby blocking the intracellular
mobilization of calcium. Therefore, inducing direct expansion of the coronary arteries
and arterioles and improving oxygen supply to heart muscle. In addition, C.C.B.s also
decrease hypertension severity by increasing the peripheral vasculature (Hallmon and
Rossmann, 1999).
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Some of the C.C.B. drugs can cause G.O. like diltiazem, felodipine, nitrendipine
(Brown et al., 1990; Heijl and Sundin, 1989). The most often used C.C.B. is nifedipine
(Nishikawa et al., 1991; Hancock and Swan, 1992; Lederman et al., 1984; Lucas et al.,
1985) which is the dihydropyridines derivative most oftenly associated with G.O.
(Hallmon and Rossmann, 1999), causing G.O. in 20% of the patients (Barclay et al.,
1992). A percentage of 15% to 83% of patients under nifedipine treatment was
reported to express G.O. as a side effect (Barclay et al., 1992; Slavin and Taylor, 1987;
Barak et al., 1987; Fattore et al., 1991). In addition, 4% of patients taking verapamil
(Miller and Damm, 1992) and 21% of patients taking dilitiazem (Steele et al., 1994)
expressed G.O.

In 1995, Nery et al. (Nery et al., 1995) stated in their study that 43.6% among 181
patients under nifedipine had G.O. as compared with 4.2% in 71 control patients who
were not taking phenytoin, CsA or C.C.B. In addition, this percentage (43.6%)
reported by Nery et al. compares favorably with the composite average (42.5%) of
several studies (Barclay et al., 1992; Barak et al., 1987; Fattore et al., 1991; Shibley et
al., 1994) (Hallmon and Rossmann, 1999).

Ellis et al. (Ellis et al., 1993) reported that 9 patients under nifedipine therapy (40
to 80 ng/ml) for at least 6 months demonstrated nifedipine levels in both the gingival
crevicular fluid and plasma. Four of the patients were unaffected by the drug
(non-responders) while five patients had notable G.O. (responders). Interestingly,
seven out of nine patients had nifedipine concentration in the gingival crevicular fluid

15 to 316 times greater than plasma levels (Ellis et al., 1993).

Thomason et al. (Thomason et al., 1995) studied cardiac transplant patients who
were mediated with both CsA as an immunosuppressive drug and nifedipine as a
C.C.B., marked levels of nifedipine have been detected in gingival crevicular fluid.
Nevertheless, the gingival changes had no obvious relationship with the gingival
crevicular fluid levels nor to the nifedipine plasma concentration (Thomason et al.,
1995).
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Amlodipine which is a substituted dihydropyridine and an anti-anginal C.C.B.
acts by decreasing myocardial contractility and oxygen demand which expands
coronary arteries and arterioles (Thomason et al., 1995).

In humans, nifedipine-induced G.O. (Picture 4.3) dose dependency is not clear.
Adversely, nifedipine-induced G.O. has been induced experimentally in rats where its
dose dependency is clear (Fu et al., 1998). Nifedipine is also accompanied with CsA
in kidney transplant patients where the combination between both drugs induce larger
enlargements (Bokenkamp et al., 1994). One study states that nifedipine increases the
risk of periodontal destruction in patients with type 2 diabetes mellitus (Li et al., 2008).

Picture 4.3. Clinical view of nifedipine-induced G.O.

4.2.3. Enlargements associated with systemic diseases

Different systemic diseases and conditions develop oral manifestations that may
include G.O.

4.2.3.1. Conditioned gingival overgrowth

Conditioned G.O. occurs when the systemic condition of the patient exaggerates
the normal response of the gingiva to dental plaque. The difference between

conditioned G.O. and chronic gingivitis depends on the nature of the modifying
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systemic influence. Dental plaque is not the only determinant of the clinical

manifestation, but it is compulsory for the starting of this type of G.O.
4.2.3.1.1. Gingival overgrowth in vitamin C deficiency

It has been suggested that vitamin C deficiency/scurvy is associated with gingival
inflammatory changes; however, the disorder is very infrequently encountered in the
modern era (Carranza et al., 2015). The condition itself does not cause an inflammatory
process in the gingival tissues, but rather bring out hemorrhage, connective tissue
edema, and collagen degeneration (Carranza et al., 2015). Therefore, the gingival
inflammatory response to dental plaque is exaggerated and the normal defensive
reaction is inhibited (Glickman, 1948). Clinically, this type of G.O. occurs marginally
with a soft and friable consistency, and a bluish red color. Hemorrhage might be
spontaneously presented, or may occur on mild provocation. Necrosis with

pseudomembrane are also common features of this condition (Carranza, 2015).
4.2.3.1.2. Gingival overgrowth in pregnancy

During pregnancy, there is an increase in level of progesterone which reaches by
the end of the third trimester a level 10 times more the level presents during the
menstrual cycle. In addition, estrogen also increases at this time period to reach a level
30 times higher than the level presents at the menstrual cycle (Amar and Chung, 1994).
These hormonal changes cause alterations in vascular permeability, which leads to
gingival edema and an increased inflammatory response to factors such as dental
plague. Changes also apply on subgingival microbiota, including an increase in

Prevotella intermedia (Kornman and Loesche, 1980; Raber-Durlacher et al., 1994).
This type of G.O. might be marginal or generalized, or it may present as a single
mass or multiple tumor-like masses (Carranza, 2015).
4.2.3.1.2.1. Marginal gingival overgrowth in pregnancy
During pregnancy, marginal G.O. appears clinically, and its features vary in a
considerable manner. It is usually generalized and has a tendency to be more notable
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in interproximal areas rather than on the labial or lingual surfaces. The enlarged
gingiva is bright red in color, soft, friable, and has a smooth, shiny surface. It occurs
as a result of aggravation of a previous inflammatory process, reporting an incidence
as 10% (Burket, 1946) and 70% (Ziskin and Stout, 1933). The presence of bleeding is
spontaneous or upon a slight provocation.

4.2.3.1.2.2. Tumor-like gingival overgrowth in pregnancy

During pregnancy, tumor-like G.O. appears clinically as a discrete,
mushroomlike, flattened spherical lesion that emerges from the margin of the gingiva,
or more frequently from the interproximal space, and it is connected by a pedunculated
base or a sessile (Picture 4.4). The lesion has dusky red or magen color. The surface is
smooth, glistening that usually presents abundant deep-red, pinpoint markings. This
type of lesions is superficial without any invasion to the underlying bone. The lesion
expands laterally and pressure from the tongue and cheek preserves its flattened
manifestation. The mass is usually semifirm, but it might have varying grades of
softness and flakiness. The lesion is painless unless there is accumulation of debris
under its margin or interference with occlusion, in which case painful ulceration might
present (Carranza et al., 2015).

Picture 4.4. Clinical view of G.O. in pregnant woman (Carranza et al., 2015)
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4.2.3.1.3. Gingival overgrowth in puberty

In puberty, G.O. (Picture 4.5) occurs in both male and female adolescents, and is
presented in dental plague accumulation areas. The facial aspect of the gingiva is
usually enlarged, and the lingual aspect is comparably unaltered due to the mechanical
activity of the tongue and the excursion of food prevent the intensive accumulation of
irritants on the lingual surface. The enlargement extends to the marginal and
interdental gingiva with prominent bulbous interproximal papillae, greatly surpassing
that seen in correlation with comparable local factors (Carranza et al, 2015).

Clinically, G.O. during puberty has the same clinical features that is observed with
a chronic inflammatory gingival disease. The enlargement of gingival tissues during
puberty is distinguished through the degree of enlargement and the inclination for
recurrence with little amounts of dental plaque deposits. After puberty, G.O. declines
spontaneously, but without a complete disappearance until the local irritants as dental
plaque or calculus are removed. A longitudinal study of the subgingival microbiota of
children between 11 and 14 years old and their correlation with clinical parameters
indicated Capnocytophaga in the initial level of pubertal gingivitis (Mombelli et al.,
1990). On the other hand, it was reported in other studies that an increase in the
proportion of Prevotella intermedia and Prevotella nigrescens coincide with an

increase in hormonal changes (Nakagawa et al., 1994; Woijcicki et al., 1987).

Picture 4.5. Clinical view of pubertal G.O.
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4.2.3.1.4. Plasma cell gingivitis

Plasma cell gingivitis is a mild G.O. in the marginal gingiva that extends to the
attached gingiva. Clinically, the gingiva has a red color, with a friable, and sometimes
granular manifestation. There is no attachment loss, and the gingiva bleeds easily. The
lesion differs from the plaque-induced gingivitis since it is located in the attached
gingiva. It is thought that plasma cell gingivitis is originally allergic to some diet
components such as chewing gum. Therefore, taking off of these allergic materials
brings resolution of the lesion (Carranza et al., 2015).

4.2.3.2. Systemic diseases that cause gingival overgrowth

4.2.3.2.1. Wegener’s granulomatosis

Wegener’s granulomatosis is characterized by acute granulomatous necrotizing
lesions of the respiratory tract, including both nasal and oral defects. After
development of renal lesions, blood vessels are affected by acute necrotizing
vasculitis. The primary appearances of Wegener’s granulomatosis might include oral
mucosal ulceration, abnormal tooth mobility, exfoliation of teeth, delayed healing
response (Buckley et al., 1987), and G.O. (Hernandez et al., 2008). Clinically, the
lesion has a reddish purple color, and bleeds easily on stimulation (Carranza et al.,
2015).

4.2.3.2.2. Sarcoidosis

Sarcoidosis is a granulomatous disease that initiates in individuals during their 20s
or 30s of unknown etiology. It can involve any organ including the gingiva. Clinically,

it appears as a red, smooth, painless G.O. (Carranza et al., 2015).

4.2.3.2.3. Leukemia

Leukemias are a group of life threatening malignant disorders of the blood and

bone marrow (Juliusson et al., 2016). Clinically, the gingiva has a bluish red color with
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a shiny surface. It is moderately firm, but there is an inclination toward friability.
Bleeding occur either spontaneously or with mild provocation. Simple chronic
inflammation without the involvement of leukemic cells might occur. Interestingly,
the same clinical and microscopic features seen in patients without the systemic
disease might present. However, most of the cases show the features of both simple
chronic inflammation and leukemic infiltrate. True leukemic G.O. usually presents
with acute leukemia, but it may be also presented with subactue leukemia. It rarely
occurs with chronic leukemia (Carranza et al., 2015).

4.2.4. Idiopathic gingival overgrowth

Idiopathic G.O. is a rare condition of unspecific cause. The overgrowth affects the
attached gingiva, gingival margin and the interdental papillae. (Carranza et al., 2015).
Idiopathic G.O. is specified by such terms as idiopathic fibromatosis,
gingivostomatosis, elephantiasis, and congenital familial fibromatosis. The buccal and
lingual surfaces of both jaws are affected, but the involvement might exceed to either
jaw. Clinically, the gingiva looks pink in color, firm, and almost leathery in its
uniform. Secondary inflammatory changes occur commonly due to plaque
accumulations at the marginal gingiva (Carranza et al, 2015). In severe cases of
idiopath G.O., the teeth are almost covered and the jaws have a distorted appearance

as a result of the bulbous overgrowth of the gingiva (Carranza et al, 2015).

The etiology of this kind of G.O. is unknown, and thus it is specified as
“idiopathic”. Hereditary basis had been found in some cases (Wysocki et al., 1983;
Emerson, 1965; Zackin and Weisberger, 1961), but the genetic mechanisms are not
well understood. A study of numerous families focusing on the enlargement found the
inheritage to be autosomal dominant in some cases and autosomal recessive in other
ones (Raeste AM et al., 1978; Jorgenson and Cocker, 1974). It is found that idiopathic
G.O. is attributed to weakness in physical development (Klipinen et al., 1978). The
beginning of the overgrowth starts with the eruption of the primary or secondary
dentition, and regression of the overgrowth occur after extraction, which suggests the

teeth or plaque attached to them are launching factors for this type of overgrowth.
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Secondary inflammatory process could also start due to the accumulation of dental
plaque (Carranza et al, 2015).

4.2.5. Neoplastic enlargement
4.2.5.1. Benign tumors

Epulis is a generic term that is used clinically to designate all discrete tumors and
tumor-like masses of the gingiva as it is shown in Picture 4.6. It serves to locate the
tumor but not to describe it. Most lesions referred to by this term are inflammatory
rather than neoplastic. Neoplasms account for a comparatively small proportion of
gingival enlargements, and they make up a small percentage of the total number of
oral neoplasms. Examples of benign tumors are fibroma, papilloma, central giant cell
granuloma, hemangioma, myoblastoma, neurilemoma, and ameloblastoma (Carranza
et al, 2015).

Picture 4.6. Clinical view of an epulis.

4.2.5.2. Malignant tumors

Oral cancers account for less than 3% of all malignant tumors in the body, but it
is the sixth most common cancer in males, and the twelfth most common cancer in

females. The gingiva is not a very frequent site for malignancy, accounting for only
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6% of oral cancers. Examples are squamous cell carcinoma, malignant melanoma,

fibrosarcoma, and lymphosarcoma (Carranza et al, 2015).
4.2.6. Hereditary gingival fibromatosis

Hereditary gingival fibromatosis (H.G.F.) is a rare benign oral condition
characterized by slow and progressive enlargement of both maxillary and mandibular
attached gingiva as it is shown in Picture 4.7. It may develop as an isolated disorder
but can feature along with a syndrome (Carranza et al, 2015).

Picture 4.7. Clinical view of H.G.F.

4.3. Treatment of Gingival Overgrowth

The treatment of G.O. is based on the cause and the pathologic factors of this
clinical manifestation (Carranza et al., 2015). Since G.O. varies according to the
causing factors, treatment of each kind of G.O. is best considered individually
(Carranza et al., 2015)
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4.3.1. Treatment of chronic inflammatory gingival overgrowth

Chronic inflammatory G.O. is treated by scaling and root planing. When chronic
inflammatory G.O. have a fibrotic component which does not shrink after initial
periodontal treatment or of a big size that overlap with the complete removal of
deposits on the tooth surfaces, surgical removal of the enlarged gingival tissues must
be done (Carranza et al., 2015). As a surgical process, two techniques can be done:
gingivectomy and flap operation (Carranza et al., 2015). When G.O. is friable even
after initial periodontal treatment, the clinician must select gingivectomy as the choice
of surgical treatment because deciding to operate with a flap surgery needs firmer type
of gingival tissues (Carranza et al., 2015). Flap surgery is indicated when
gingivectomy might affect the width of the attached gingiva.

4.3.2. Treatment of drug-induced gingival overgrowth

The treatment of drug-induced G.O. depends on the type of medical drug being
used (Carranza et al., 2015). Discontinuing the medication causing G.O. must be put
into first consideration (Dongari et al., 1993; Harel-Raviv et al., 1995). Discontinuing
the medication is not procedural, but its replacement with different drug might be a
solution (Carranza et al., 2015). All these potentials must be regarded under patient’s

physician consultation (Carranza et al., 2015).

In cases of phenytoin-induced G.O., carbamazepine (Dahllof et al., 1993) and
valproic acid are alternative drugs to phenytoin. In cases of drug-induced G.O. due to
C.C.B., diltiazem or verapamil which have prevalence 20% and 4% respectively,
might be alternatives to nifedipine which has a higher prevalence of G.O. up to 44%,
(Barclay etal., 1992; Fattore et al., 1991; Nery et al., 1995). Nifedipine can be replaced
by another dihydropyridine derivative (Isradipine) which does not induce G.O.
(Westbrook et al., 1997). In cases where patients are taking CsA, tracolimus is also an
immunosuppressant which is prescribed to organ transplant patients (Sekigucchi et al.,
2007,). The occurrence of G.O. in patients under the immunosuppressant tracolimus is

around 65% less than patients under CsA (Argani et al., 2006). In cases of individuals
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who are under the treatment of both CsA and a C.C.B., G.O. tends to be less severe if
amlodipine was used as an anti-hypertensive medication compared with nifedipine
(Lopez et al., 2009). It has been shown that a 3-day course of azithromycin lowered
the G.O., and the result was observed as 7 days to 1 month after the initiation of
azithromycin treatment (Tokgoz et al., 2004).

Although the specific role done by bacterial plaque is not well understood, it is
proposed that chemotherapeutics (Saravia et al., 1990), good oral hygiene, and the
professional plaque removal decrease G.O.’s severity and enhance the health of the
gingiva (Dongari et al., 1993; Hall, 1969; Seymour and Jacobs, 1992). Pseudopockets
are formed in cases of drug-induced G.O with accumulated plaque deposits leading to
the development of periodontitis; plaque control helps to preserve attachment levels
and to prevent any recurrence in surgically treated cases (Carranza et al., 2015).

In some individuals, G.O. still exist after all these previously mentioned treatment
trials. These individuals might need surgery, which include gingivectomy or

periodontal flap (Carranza et al., 2015).

Gingivectomy is a simple and quick operation but presents disadvantages like
discomfort or bleeding postoperatively (Carranza et al., 2015). Furthermore,
gingivectomy sacrifices keratinized tissue, and does not include any bone surgery for
osseous recontouring (Carranza et al., 2015). Electrosurgery or laser device can be
used to perform gingivectomy or gingivoplasty (de Oliveira et al., 2010). When drug-
induced G.O. is treated via laser, the recurrence is slower compared with conventional

surgeries (Mavrogiannis et al., 2006).

Flap technique is used in areas when G.O. include more than 6 teeth or areas with
attachment loss and osseous defects exist (Carranza et al., 2015). The flap technique
may be a harder procedure than gingivectomy, but it has less discomfort and
hemorrhagic problems postoperatively (Carranza et al., 2015). In addition, the primary
closure obtained with the flap technique is a great feauture over the secondary open

injury that results after gingivectomy (Carranza et al., 2015).
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4.3.3. Treatment of gingival overgrowth during pregnancy

The treatment of G.O. during pregnancy includes the removal of all local irritants
as a preventive procedure before the gingival disease occurs (Carranza et al., 2015).
The treatment of the inflammation is done by scaling and curettage. In cases of
tumor-like G.O., surgical excision can be done in combination with scaling and root
surface planning (Carranza et al., 2015). A surgical removal of the lesions should be
performed during pregnancy only if there is an interference with mastication or a
aesthetic concern (Carranza et al., 2015).

4.3.4. Treatment of gingival overgrowth during puberty

The treatment of G.O. during puberty includes initial periodontal treatment such
as scaling and curettage, the removal of all local irritants, and applying plaque control
procedures (Carranza et al., 2015). In severe cases, surgical removal of lesions is
indicated (Carranza et al., 2015).

4.4. Gingival Overgrowth Indices

The evaluation of G.O., and the classification of its degrees and stages have been
always a matter of interest. Authors have used various methodologies in order to
estimate the level of severity of the enlargement through their studies. The articles
were concerned about different types of G.O., and the relationship between its
incidence and the causing factors. In order to assume G.O.’s severity and classify its
degrees, different indices have been put. Some indices were described on the basis of
intra-oral clinical examination. On the other hand, other indices were accomplished

with support of other means such as plaster models, photographs, etc.

The indices used for G.O.’s evaluation differentiate in their origin; some of them
were described by the same authors discussing the concerned G.O.’s subject, others
were modified in the sequence and order of G.O.’s stages, and others have

modifications in the measuring means.
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4.4.1. Intra oral measurements
4.4.1.1. Kimball index

In 1939 Kimball (Kimball, 1939) was the first author to describe G.O. as an
adverse effect to sodium diphenyl hydantoin of epileptic patients. Kimball emphasized
the better general health, mental state and personality after using diphenyl
hydantoinate with pointing to the development of giddiness, sore mouth and a
staggering gait as noticed general side effects. It was also found that G.O. had
developed and extended to a stage that suggested scurvy. Kimball divided the 152
patients taking diphenyl hydantoinate in his report into two groups: 119 have been
examined with G.O., and 33 were not. Fifty-one out of 119 were classified as normal
and sixty-eight presented diverse degrees of G.O. Kimball pointed out that severe G.O.
was found in 17 patients.

In order to examine this unusual observation, Kimball (Kimball, 1939) mentioned
in his article the grading of G.O. as been described by different studies, without citing
them, which were made on thirty-four children to compare between the degree of the

G.0. and the ascorbic acid in the blood serum as shown in Table 4.3.

Table 4.3. Classification of G.O. by Kimball (Kimball, 1939)

Gingival Description
hyperplasia
Normal No changes in the gingiva
One plus Definite hyperplasia
Two plus Advanced hyperplasia
Three plus Extreme hyperplasia
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4.4.1.2. Frankel index

In 1940, Frankel (Frankel, 1940) had examined 48 epileptic patients who were
receiving either phenobarbital or bromide or both for long time. Frankel discussed the
G.0. using the index reported by Kimball as moderate, advanced and extreme.

4.4.1.3. Robinson index

In 1942, J. Robinson (Robinson, 1942) made an evaluation of continued therapy
with phenytoin sodium and phenobarbital, and mentioned the toxic reactions
encountered in patients subjected to treatment. Robinson (Robinson, 1942) discussed
in details the gingival changes occurring since they are frequently encountered. In
another report, Robinson (Robinson, 1942) presented thoroughly the gingival changes
accompanying the application of phenytoin sodium. The gingival appearance ranged
between redness to different degrees of hyperplasia. Robinson graded the G.O. into

five stages as shown in Table 4.4.

Table 4.4. Classification of G.O. by Robinson (Robinson, 1942)

Gingival hyperplasia Description
Stage 1 Redness
Stage 2 Elevation
Stage 3 Elevation
Stage 4 Frangibility
Stage 5 Interference with chewing

4.4.1.4. Harris and Ewalt index

In 1942, Harris and Ewalt (Harris and Ewalt, 1942) studied the complications
following the use of sodium diphenyl-hydantoinate therapy. The gingival hyperplasia
as a side effect has a variation in its severity ranging from a slight reddening of the

gingival margin to a definite marginal hyperplasia. In this literature Harris and Ewalt
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had classified the changes occurring in the gingiva according to severity into five
grades as it was classified by Leon J. Robinson in 1942 (Robinson, 1942) as shown in
Table 4.5.

Table 4.5. Classification of G.O. by Harris and Ewalt (Harris and Ewalt, 1942)

Gingival Description
hyperplasia
Grade 1 The gums are reddened at the gingival margin, but are not raised and
do not bleed
Grade 2 Elevation of the gingival tissues between the adjacent teeth. The

condition is painless and does not bleed

Grade 3 The area along the dental margin is raised. There is no bleeding and
no pain
Grade 4 The gingiva is fungated and the G.O. is generalized. The hyperplastic

tissues might bleed, but the condition is not painful, and it is also
unnoticed in children

Grade 5 The anterior and posterior surface of the teeth are covered by
extensive G.O. The teeth may be buried, and chewing becomes
painful. The gingival tissues might bleed upon touch or where it is
bitten by the underlying teeth

Each of the five grades mentioned above were followed by its own management

protocol as the following:

e Grade 1: This is the type of gingival hyperplasia that is encountered in the
majority of patients. Treatment with the drug may be continued, but

observation and following of the patients should be frequent.

e Grade 2: The dilatin should be discontinued if the patients have this

complication and maintenance on phenobarbital can be achieved.

e Grade 3: The authors advice that the drug should be withdrawn as the
continuous usage of this drug usually produces one of the more advanced and

severe grades.
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e Grade 4: Withdrawing of the drug.

e Grade 5: Withdrawing of the drug.

4.4.1.5. Aas index

In 1963, Aas (Aas, 1963) studied the clinical, histological, and biochemical of
“hyperplasia gingivae diphenylhydantoinea”. In order to assess G.O., Aas described
an index by dividing the quadrants into sextants, and was graded as the following:

e Grade 0: No G.O., the gingiva follows a normal contour on all teeth

e Grade 1: Slight or moderate G.O. The interdental papillae have assumed a more
rounded blunt form; the gingival margin is slightly thickened. The anatomical
crowns are covered up to one-third of the vestibular surfaces.

e Grade 2: Marked G.O., The papillae and the gingival margin cover from one-
third to one-half of the vestibular surfaces. In most cases, the papillae is
separated only by a V-shaped cleft.

e Grade 3: Severe G.O. The gingiva propria covers one-half to two-thirds of the
vestibular surfaces and protrudes 3-4 mm from the surface of the teeth.

e Grade 4: Very severe G.O. The hyperplastic tissue covers from two-thirds to
the whole of the anatomical crowns in one or more regions, and occlusion is

rendered difficult, if not prevented.

4.4.1.6. Angelopoulos and Goaz index

In 1972, Angelopoulos and Goaz (Angelopoulos and Goaz, 1972) studied the
incidence of G.O. in epileptic patients under the treatment of diphenylhydantoinate.
They graded the gingival hyperplasia and recorded it according as it is shown in
Table 4.6. and as described in Picture 4.8.
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Table 4.6. Classification of G.O. by Angelopoulos and Goaz (Angelopoulos and Goaz,
1972)

Gingival hyperplasia Description
Grade 0 No hyperplasia; Normal gingiva
Grade | The hyperplastic gingiva covered the cervical third of the anatomic

crowns or less of the anterior teeth

Grade 11 The hyperplastic gingiva extended anywhere in the middle third of
the anatomic crowns of the anterior teeth

Grade Il The hyperplastic gingiva covered more than two thirds of the
anatomic crowns of the anterior teeth

Picture 4.8. Classification of G.O. by (Angelopoulos and Goaz); Grade | gingival
hyperplasia; Grade Il gingival hyperplasia; Grade Il gingival hyperplasia
(Angelopoulos and Goaz, 1972)

4.4.1.7. Conard et al. index

In 1974, Conard et al. (Conard et al., 1974) measured the levels of 5, 5-
diphenylhydantoin and its para-hydroxy metabolite in saliva, serum and gingival
hyperplasia segments from patients receiving the drug. Tissues with gingival
hyperplasia were taken from 12 patients who are going under partial or complete
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therapeutic gingivectomies. Tissues with G.O. were surgically removed in segments
from four to six teeth, and each of the hyperplastic gingival segments was graded from
grade 0 which indicates no clinical signs of G.O. to grade 4 which indicates that the
teeth were completely covered by the enlarged gingival tissues.

4.4.1.8. Addy et al. index

In 1983, Addy et al. (Addy et al., 1983) converted Harris and Ewalt index (Harris
and Ewalt, 1942) to be 3 grades rather than 5 grades system. The index used was
described as it is shown in Table 4.7.

Table 4.7. Classification of G.O. by Addy et al. (Addy et al., 1983)

Grade Description

Minimal No hyperplasia or early hyperplasia evidenced by an
increased density of the gingiva with marked stippling and
granular appearance

Moderate Hyperplasia with an increase in the size of the papilla and/or
rolled gingival margins

Severe Marked hyperplasia demonstrating encroachment of the
gingiva onto the clinical crown or profound thickening of the
gingiva covering a large percentage of the clinical crown

4.4.1.9. Daley et al. index

In 1986, Daley et al. (Daley et al., 1986) studied the clinical and pharmacologic
correlations in CsA-induced G.O. The degree of overgrowth was scored in a numerical
grade. At each oral examination, G.O. was graded by assigning a score to each

interdental papilla on the buccal/labial and lingual/palatal sides.

The G.O.’s scores criteria ranged from 0 as no clinical evidence of non-
inflammatory hyperplasia to 5 which indicates an overgrowth overlaying at least three

fourths of the clinical crown. In order to measure the G.O.’s score at each patient’s
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visit, the sum of the raw scores was divided by the number of interdental papilla

examined.

4.4.1.10. McGaw et al. index

In 1986, McGaw et al. (McGaw et al., 1987) studied the correlation between CsA-
induced G.O. with dental plaque scores, gingivitis scores, and CsA levels in serum and
saliva. Thirty renal transplant patients undergoing CsA were enrolled in the study. The
G.0. was assessed by means of a modified semiquantitative index developed by Aas
(Aas, 1963) as shown in Table 4.8.

Table 4.8. Classification of G.O. by McGaw et al. (McGaw et al., 1987)

Grade Criteria
Grade 0 No gingival overgrowth, feather-edged margins of the gingiva
Grade 1 Blunting of the gingival margins
Grade 2 Moderate grade of gingival overgrowth (<1/3 of crown length)
Grade 3 Marked grade of gingival overgrowth (>1/3 of crown length)

4.4.1.11. Kitamura et al. index

In 1990, Kitamura et al. (Kitamura et al., 1990) studied CsA-induced G.O. in rats.
The authors stated that the mechanisms of such side effects as G.O. due to CsA still
remain unclear because of the difficulty in reproducing G.O. in experimental animals,
especially rodents. The only species in which CsA-induced G.O. could be achieved
experimentally were beagle dogs (Seibel et al., 1987). The authors described a rat
model for this G.O. The rats were distributed into 4 groups which contain 5 rats in
each group (A, B, C, and D) as it is described in Pictures 4.9-4.12 respectively, and
the severity of G.O. surrounding mandibular molars was measured from the gingival
margin’s top to the bottom end of the gingival sulcus with a probe comprising a strip

of color-slide film (approximately 250 um wide) on which were printed 50 pum bands
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of five different colors. This probe was inserted into the gingival sulcus with light force

(about 15 g) under a stereoscopic dissecting microscope.

Picture 4.9. Group A in Kitamura et al. study. Rats fed diet No. 2000 without infection.
Bucco-lingual sections of corresponding mandibles decalcified and stained with
hematoxylin and eosin. Higher magnification micrographs of the zones indicated (x
30) (Kitamura et al., 1990)

Picture 4.10. Group B in Kitamura et al. study. Rats infected with Strep Sobrinus 6715
and fed diet No. 2000. Bucco-lingual sections of corresponding mandibles decalcified
and stained with hematoxylin and eosin (x 30). Higher magnification micrographs of
the zones indicated (x 190) (Kitamura et al., 1990).

Picture 4.11. Group C in Kitamura et al. study. Rats fed diet No. 2000 containing CSA
without infection. Bucco-lingual sections of corresponding mandibles decalcified and
stained with hematoxylin and eosin shows that the buccal gingiva (left) thickened and
elongated towards the crown of the tooth (x 30). Higher magnification micrographs of
the zones indicated shows an increased amount of connective tissue without a marked
increase in the numbers of fibroblasts or inflammatory cells (x 190) (Kitamura et al.,
1990).
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Picture 4.12. Group D in Kitamura et al. study. Rats infected with Strep Sobrinus 6715
and fed diet No. 2000 containing CsA. Bucco-lingual sections of corresponding
mandibles decalcified and stained with hematoxylin and eosin shows that the buccal
gingiva (left) thickened and elongated towards the crown of the tooth (x 30). Higher
magnification micrographs of the zones indicated shows an increased amount of
connective tissue without a marked increase in the numbers of fibroblasts or
inflammatory cells (x 190) (Kitamura et al., 1990).

4.4.1.12. Pernu et al. index

In 1992, Pernu et al. (Pernu et al., 1992) examined G.O. patients among renal
transplant recipients related to immunosuppressive medication and analyzed possible
local background factors. The degree of G.O. was measured according to a modified
criteria of Angelopoulos and Goaz index (Angelopoulos and Goaz, 1972) and

classified into 4 categories as it is shown in Table 4.9 and Picture 4.13.

Table 4.9. Classification of G.O. by Pernu et al. (Pernu et al., 1992)

Grade Description
Grade 0 No gingival overgrowth
Grade 1 Mild gingival overgrowth; lobular granulation of the gingival

pocket; thickening of the marginal gingiva; the overgrowth
covering the gingival third of the crown or less

Grade 2 Moderate gingival overgrowth; overgrowth extending to the middle
third of the crown

Grade 3 Severe gingival overgrowth; overgrowth covering two thirds of the
crown or the whole attached gingiva is affected
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Picture 4.13. Classification of G.O. by Pernu et al.; A: score 1; B: score 2; C: score 3
(Pernu et al., 1992).

4.4.1.13. Miller and Damm index

In 1992, Miller and Damm (Miller and Damm, 1992) studied the incidence of
verapamil-induced G.O. In order to assess the severity of the gingival tissues’
enlargement, Miller and Damm identified G.O. depending on location, and used a
modified index which was originally depicted by Angelopoulos and Goaz
(Angelopoulos and Goaz, 1972). Gingiva’s height was measured starting from the
cemento-enamel junction to the free gingival margin. On the other hand, gingiva’s
width was measured from the enamel tooth surface to the gingiva’s buccal margin as

shown in Table 4.10.

Table 4.10. Classification of G.O. by Miller and Damm

Grade Description
Grade 0 No G.O., indicating normal gingival tissues
Grade 1 Minimal G.O., less than 2 mm gingival tissues increase in size, and

gingiva covers the cervical third or less of the anatomical crown

Grade 2 Moderate G.O., 2 to 4 mm increase in gingival tissues’ size, and/or it
extends into the middle third of the anatomical crown

Grade 3 Severe G.O., nodular G.O. greater than 4 mm increase in size, and/or
gingival tissues cover more than two thirds of the clinical crown
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4.4.1.14. Somacarrera et al. index

In 1994, Somacarrera et al. (Somacarrera et al., 1994) studied in a longitudinal
study the factors related to the incidence and severity of CsA-induced G.O. in
transplant patients. In order to assess the severity and incidence of CsA-induced G.O.,
this study was conducted following the first six months of transplant surgery in 100
heart, liver, or kidney transplant patients. The degree of G.O. was measured and graded
numerically according to the Harris and Ewalt index (Harris and Ewalt, 1942). The
study by Somacarrera et al. stated that scores ranged from 0, indicating no clinical
evidence of G.O., to 4, indicating G.O. covering at least % of the total clinical crown.

4.4.1.15. Nery et al. index

In 1995, Nery et al. (Nery et al., 1995) studied the prevalence of
nifedipine-induced G.O. by employing a much larger sample than the previous studies
concerning the same subject. The study included the investigation of the relationship

between G.O. and different factors.

In this study, two methods were used to measure the severity of G.O. Firstly,
subjects that have normal dentition, G.O. was classified as it is shown in Table 4.11
and Picture 4.14. where the characteristic prominent papillary lesion and the firm

gingiva with nodulary appearance are noted (Nery et al., 1995).

Table 4.11. Classification of G.O. by Nery et al. in dentate subjects (Nery et al., 1995)

Grade Description
Grade 0 No gingival overgrowth
Grade 1 Light gingival overgrowth at the cervical third and/or

interproximal area of the anatomic crown

Grade 2 Moderate gingival overgrowth that covers the cervical third and
interproximal areas. It can be localized or generalized.

Grade 3 Severe gingival overgrowth that covers the cervical two thirds
and interproximal areas. It can be localized or generalized.
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Picture 4.14. Grade 3 according to G.O. index by Nery et al. (Nery et al., 1995).

Examination of edentulous subjects included six areas to identify soft tissue
overgrowth: One on each side of the maxillary posterior alveolar ridge; one on each
side of the mandibular posterior ridge; and one on each of the maxillary and

mandibular anterior regions. The scoring method was done as shown in Table 4.12.

Table 4.12. Classification of G.O. by Nery et al. in edentulous patients (Nery et al.,
1995)

Grade Description
Grade 0 No overgrowth at any location
Grade 1 One or two area of soft tissue overgrowth
Grade 2 Three or four areas of soft tissue overgrowth
Grade 3 Five or six areas of soft tissue overgrowth (generalized)

4.4.1.16. Prasad et al. index

In 1998, Prasad et al. (Prasad et al., 1998) studied phenytoin-induced G.O. in
epileptic children in a six-months evaluation. These children were evaluated at
baseline and at three monthly intervals for six-months period. A gingival sulcus deeper
than 4 mm indicated the formation of a pseudopocket i.e. overgrowth of the gingiva in

the vertical dimension. The mesiodistal dimension of G.O., when it occurred during
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the follow-up period of six months, was measured according to the modified version
of Harris and Ewalt index. The gingival units used to record mesiodistal dimension of
G.O. and pocket depths were the same since the two methods measured different
aspects of the same parameter (G.O.). Four gingival units for each firm and completely
erupted tooth (except 2" and 3™ permanent molars if present) were chosen: facial,
proximo-facial, lingual and proximo-lingual. The proximal units chosen for recording
sulcus depth in the left upper and lower quadrants were mesio-facial and mesio-lingual
while those for use in the right upper and lower quadrants were disto-facial and disto-
lingual. The classification of G.O. according to Prasad et al. (modified Harris and
Ewalt) is described as it is shown in Table 4.13 and divided into grade 0 and 1 (Picture
4.15), grade 2 (Picture 4.16), grade 3 (Picture 4.17) and grade 4 and 5 (Picture 4.18).
The gingival units used in this index are shown in Figure (4.2).
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Table 4.13. Classification of G.O by Prasad et al. (Modified Harris and Ewalt) (Prasad

et al., 1998)
Score Condition
Grade 0 No clinical signs of hyperplasia
Grade 1 Minimal hyperplasia:

e Impression of increase in density

e  With/without accentuation of stippling

e Firm appearance

e No distinct increase in size of inter-dental papilla

e Loss of corrugated appearance

e And/or loss of knife-edge appearance of gingival
margins

Grade 2 Moderate hyperplasia:

e Increase in size of the interdental papilla such that
the papilla does not extend beyond the facio-
proximal and linguo-proximal line angles of teeth on
either

e Noticeably rolled gingival margins

Grade 3 Marked hyperplasia:

e Encroachment < 50% of the anatomic crown either

inciso-gingivally or mesio-distally or either side.
Grade 4 Severe hyperplasia:

e Encroachment of the gingival tissues to cover more
than > 50% of the anatomic crown inciso-gingivally
or mesio-distally on either side

Grade 5 Interference with function
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Picture 4.15. Grade 0 and 1 G.O. according to modified Harris and Ewalt index
(Prasad et al., 1998)

Picture 4.16. Grade 2 G.O. according to modified Harris and Ewalt index (Prasad et
al., 1998)
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Picture 4.17. Grade 3 G.O. according to modified Harris and Ewalt index (Prasad et
al., 1998)

Picture 4.18. Grade 4 and 5 G.O. according to modified Harris and Ewalt index
(Prasad et al., 1998)
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Figure 4.2. Gingival units for recording probing depth of gingival sulcus and G.O.
according to modified Harris and Ewalt index (Prasad et al., 1998).

4.4.1.17. Inglés et al. index

In 1999, Inglés et al. (Inglés et al., 1999) presented a new clinical index for
classifying drug-induced G.O. The index can be applied readily to documentation of
the patient’s periodontal status during supportive therapy as a record of the progression
of G.O. This index was evaluated on 9 renal transplant patients who were under CsA
and nifedipine or CsA treatment alone. One score was given to the buccal papillae and
another to the lingual papillae. Calibration examinations were conducted. Two
examiners scored each patient twice for inter-examiner agreement. The percentage of
agreement for this G.O. index ranged from 86.7% to 92.9% on the buccal aspect and
from 87.5% to 96.6% on the lingual aspect. Calibration examinations were done before
and after surgical treatment. Scores 0, 1, and 2 corresponded to evaluations in the post-
operative period after complete-mouth gingivectomy. On the other hand, scores 3 and
4 coincided with assessments performed at the initial presentation of the patient at the

pretreatment period. The criteria of this index is described as the following:
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Grade 0:

= No overgrowth; firm adaptation of the attached gingiva on the
underlying alveolar bone.

= There is slight stippling; there is no granular appearance or a slightly
granular appearance.

= A knife-edged papilla is present toward the occlusal surface.

= There is no increase in density or size of the gingiva as it is shown in
Figure 4.3.

Figure 4.3. Grade 0 G.O. according to Inglés et al. (Inglés et al., 1999)

Grade 1:

Early overgrowth, as evidenced by an increase in density of the gingiva with
marked stippling and granular appearance as it is described in Figure 4.4.

The tip of the papillae is rounded.

The probing depth is less than or equal to 3 mm.

Figure 4.4. Grade 1 G.O. according to Inglés et al. (Inglés et al., 1999)
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e Grade 2:

Moderate G.O., manifested by an increase in the size of the papilla
and/or rolled gingival margins as it is described in Figure 4.5.

The contour of the gingival margin is still concave or straight.

The G.O. has a buccolingual dimension of up to 2 mm, measured
from the tip of the papilla outward.

The propping depth is equal to or less than 6 mm.

The papilla is somewhat retractable.

Figure 4.5. Grade 2 G.O. according to Inglés et al. (Inglés et al., 1999)

e Grade 3:

Marked G.O., represented by encroachment of the gingiva on the
clinical crowns as it is described in Figure 4.6.

The contour of the gingiva is convex rather than concave.

The G.O. has a buccolingual dimension of approximately 3 mm or
more, measured from the tip of the papilla outward.

The probing depth is greater than 6 mm.

The papilla is clearly retractable.
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Figure 4.6. Grade 3 G.O. according to Inglés et al. (Inglés et al., 1999)

e Grade4:
= Severe G.O., characterized by a profound thickening of the gingiva.

= A large percentage of the clinical crowns is covered as it is described
in Figure 4.7.

= Same as for grade 3: the papilla is retractable, the probing depth is
greater than 6mm, and the buccolingual dimension is approximately
3 mm.

Figure 4.7. Grade 4 G.O. according to Inglés et al. (Inglés et al., 1999)
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4.4.2. Plaster model measurements

4.4.2.1. Ingle et al. index

In 1959, Ingle et al. (Ingle et al., 1959) had a study on epileptic patients using
diphenylhydantoin to examine an antihistamine’s, chlorprophenpyridamine maleat,
efficiency in reducing gingival hyperplasia which is one of the major side effects of
this antiepileptic drug. Study models were poured after taking alginate impressions for
both maxilla and mandible. In addition, color photographs of the anterior teeth in
centric occlusion were taken. The same equipment had been used for all patients’
photographs with film at a standard 5.5 inch focal length, using a uniform lighting

system.

Evaluation of study models were done by measuring the distances between the
height of tissue and the incisal edge of all six anterior teeth on the plaster models as
the following: incisal edge to distal and mesial papilla, and to marginal gingiva as it is
shown in Picture 4.20. The same method was used by totaling these measurements and
averaging the total for each patient to be compared with subsequent models taken
during recall sessions for each patient. The increase in crown length of the 30 and 60
day models is visible and apparent if shrinkage of the gingival hyperplasia occurred.
Over-all dimensional changes in millimeters were compiled and were converted to

percentages and charted as to decrease or increase in the level of the tissue.

Evaluation of the photographs by projecting the initial and subsequent series of
Kodachrome transparencies of every patient side by side using two projectors of 35
mm. The examiners classified the patients according to changes in color, stippling,
tissue’s level and tone by careful comparison between the “before” and “after” slides

as shown in Picture 4.21.
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Picture 4.20. Study model, showing the three points of measurements according to
Ingle et al. (Ingle et al., 1959)

Picture 4.21. Example of intermittent tooth eruption in 60 days according to Ingle et
al. (Ingle et al., 1959).

4.4.2.2. Seymour et al. index

In 1985, Seymour et al. (Seymour et al., 1985) studied the effects of phenytoin
and sodium valproate on the periodontal health adult epileptic patients. To assess the
G.O. grade, gigival thickness was classified as shown in Table 4.14 and Figure 4.8.
On the other hand, the vertical component of G.O. index by Seymour et al. is described

as shown in Figure 4.9.
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Table 4.14. Classification of G.O. horizontally by Seymour et al. (Seymour et al.,

1985)

Gingival thickening

Description

Grade 0 Normal thickening of the gingiva
Grade 1 Thickening from the normal up to 2 mm
Grade 2 Thickening from the normal greater than 2 mm

e Normal width of free

gmngival margin

Figure 4.8. Horizontal component (thickening) to assess G.O. by Seymour et al. index
(Seymour et al., 1985)

|
|
I
— L7

M.G.L.

|

|

I

I
—.d_--

Figure 4.9. Vertical component (encroachment) to assess G.O. by Seymour et al. index
(Seymour et al., 1985)

Two scores (gingival thickening and gingival encroachment) were added giving

an overgrowth score for each gingival unit.
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4.4.2.3. Dahllof et al index

In 1986, Dahllof et al. (Dahllof et al., 1986) studied the effect of a plaque control
program on the development of phenytoin-induced G.O. in 16 epileptic children during
a 2-year longitudinal study. In order to grade G.O., the thickness of marginal gingiva
bucco-lingually was measured on stone casts. The measurements were done in two
regions (incisor and first molar) in both maxilla and mandible. The bucco-lingual
thickness of the marginal gingiva was measured from the buccal surface of the tooth
to the most prominent area of the marginal gingiva. The most cervical point on the
buccal surface of the tooth was used as a reference point.

4.4.2.4. King et al. index

In 1993, King et al. (King et al., 1993) studied G.O. in renal allograft recipients
receiving CsA and calcium antagonists. To assess G.O.’s severity, upper and lower
dental arch alginate impressions were taken during the clinical examination and poured
up in dental plaster models. G.O. was determined from the study models of the 12
anterior teeth, using the hyperplastic index (H.1.) that is comprised of two components
that independently measures the horizontal and vertical G.O. extensions. The upper
and lower dental plaster models were divided into five gingival units (anteriorly),
according to the method developed by Seymour et al. (Seymour et al., 1985). Each
gingival unit was measured (buccally/lingually) from the midpoint of the tooth to the
midpoint of the adjacent tooth, extending from the 13 to 23 in the maxilla and from 33
to 43 in the mandible. A premolar was substituted when one of the previously
mentioned required teeth was missing. As 2 individuals were unable to bear an alginate

impression, the measurement of G.O. using H.I. was done at the chairside.

The horizontal component of H.l. which was developed by Seymour et al.
(Seymour et al., 1985) is described as it is shown in Table 4.15. The horizontal
component of H.l. measured the degree of gingival thickening on both the labial and

lingual aspects in a labio-lingual direction (Picture 4.22).
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Table 4.15. The H.I of horizontal component or labio-lingual direction by King et al.
(King et al., 1993)

Gingival thickening Description
Grade 0 Normal thickening of the gingiva
Grade 1 Thickening from the normal up to 2 mm
Grade 2 Thickening from the normal greater than 2 mm

Picture 4.22. Occlusal view of the upper anterior section of the study model. (A) for
a gingival unit (King et al., 1993).

On the other hand, the vertical component of the H.I. focuses on measuring the
degree of G.O. in an apico-coronal direction (vertical) for a gingival unit and was

graded by means of a 4-point interval scale as shown in Table 4.16 and Picture 4.23.
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Table 4.16. The HI of vertical component or apico-coronal direction by King et al.
(King et al., 1993)

Vertical G.O. Description
Grade 0 No gingival hyperplasia
Grade 1 Mild hyperplasia (blunting of gingival margin)
Grade 2 Moderate hyperplasia (less than % of crown length)
Grade 3 Severe hyperplasia (more than % of crown length)

Picture 4.23. Study model shows buccal surfaces of the upper and lower anterior teeth.
(A) Gingival unit. (B) Gingival enlargement in an apico-coronal direction (King et al.,
1993).

Both the horizontal and vertical components of the H.l. were added to give a
hyperplastic measuring for each gingival unit. The maximum measuring score could
be obtained using this H.I. for each gingival unit is 5. Since 20 gingival units were
examined using this index, the degree of G.O. in the upper and lower anterior teeth

was expressed as a percentage (Seymour et al., 1985).

Individuals were also divided into subgroups depending on their H.l. as
responders and non-responders. Subjects with a H.I. equal or less than 30% were

regarded as non-responders (H.1.<30%). Other subjects who scored a H.I. greater than
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30% were regarded as responders (H.1.>30%). This manner of subdividing the subjects
into responders and non-responders groups was similar to that suggested by Thomason
and Seymour 1992, and Seymour and Smith 1991.

4.4.3. Intra-oral photographs measurements

4.4.3.1. Heijl and Sundin index

In 1989, Heijl and Sundin (Heijl and Sundin, 1989) studied the development of
G.O. in dogs under nitrendipine, which is considered as a new antihypertensive
dihydropyridine at that time. Color photographs were used to determine signs of G.O.
Gingival size was compared between the different time points and the conditions
predominant at the initial examination for each dog as shown in Picture 4.24. Gingival
changes in size were assessed according to a Gingival Size Index (G.S.1.), in which
gingival changes in the mesial, buccal, and distal surfaces for each one of the teeth

were evaluated:

Grade 0: No change in size from the initial examination

e Grade 1: Indication of a small but clinically evident increase in size
e Grade 2: Marked increase

e Grade 3: Extensive increase with the gingival tissues covering the
corresponding aspect of tooth surface and/or with deep clefts into the

enlarged gingiva
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Picture 4.24. Classification of G.O. by Heijl and Sundin. (A) Score index 0; (B) Score
index 1; (C) Score index 2; (C) Score index 3 (Heijl and Sundin, 1989).

4.4.3.2. O’valle et al. index

In 1995, O’valle et al. (O’valle et al., 1995) developed a new method to evaluate
the degree of G.O. by using a quantitive method with digital image analysis. This index
characterizes the relation between the attached and free gingival margin and the
vestibular surface of the 8 anterior teeth. Subjects who received any other drugs which
might affect the gingival status were excluded from the study and only patients who
have at least six of the eight most anterior teeth. The G.O. index of this study was
classified on the basis of the criteria of Angelopoulos and Goaz (Angelopoulos and
Goaz, 1972) (Table 4.17).
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Table 4.17. Classification of gingival overgrowth by O’valle et al. (O’valle et al.,
1995)

Grade Description
Grade 0 No enlargement
Grade 1 Mild enlargement on the marginal gingiva and there is

encroachment on third of the tooth

Grade 2 Moderate enlargement
Grade 3 Severe enlargement and the encroachment covers big part of the
tooth

4.4.3.3. Ellis et al. index

In 2001, Ellis et al. (Ellis et al., 2001) invented a photographic scoring index of
G.O. The aim of the study was to describe an index to assess G.O. which is suitable
for use in large-scale populations. In the clinical scoring method, authors ascribed

patients a general whole-mouth score of between 0 and 3 (Table 4.18) (Figure 4.10).

Photographic technique:

Two operators have taken all slides using Kodak Ektachrome Elite 200 ASA.
Spandex plastic retractors were used to retract patients’ cheeks. Pentax K 1000 camera
was used with Tamron Sp 90 mm 1:25 lens and Cobra Macro Ring flash, and an
F-stop of 11. The lens was opened up fully. Focusing was achieved by modifying the
distance between the camera and the object i.e. anterior teeth. Focus was achieved at
an approximate film-object distance of 40 cm. An accurate and completely
reproducible photographic technique was achieved. Duplicate slides were taken of
each subject. Slides were then processed, mounted and marked with the subject’s study

number.

61



Table 4.18. Classification of G.O. by Ellis et al. (Ellis et al., 2001)

Grade Description
Grade 0 No encroachment of interdental papilla onto tooth surface
Grade 1 Mild encroachment of interdental papilla, producing a blunted

appearance to papilla tip

Grade 2 Moderate encroachment, involving lateral spread of papilla across
buccal tooth surface of less than quarter tooth width

Grade 3 Marked encroachment of interdental papilla, i.e., more than one
quarter tooth width. Loss of normal papilla form

Figure 4.10. Criteria to assess G.O. according to Ellis et al. index (Ellis et al., 2001).
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5. MATERIALS AND METHODS

This study was approved by the Ethical Committee of Clinical Research, Faculty
of Dentistry, Marmara University on 06/06/2017 with number 2017-113. Records of

patients who were referred to the Department of Periodontology, Faculty of Dentistry,

Marmara University, with generalized G.O. due to inflammatory, drug-induced,

pubertal or hereditary factors were utilized. Patients who applied to the clinics, and

had records including plaster models poured out from alginate impressions for both

maxilla and mandible, and intra-oral photographs which were taken at the patients’

first visit to the clinics.

All the procedures in terms of collecting the diagnostic data were explained to the

patients and each individual signed a consent form as they accepted participating in

the study voluntarily.

5.1. Patient Selection

Inclusion criteria:

Dental records of patients having inflammatory, drug-induced,
pubertal or hereditary G.O. on at least 12 anterior teeth (Between 31
and 32 in the maxilla, and between 33 and 34 in the mandible).

Presence of plaster models (maxilla/mandible) of pre-treatment phase.

Presence of intra-oral photographs of pre-treatment phase.

Exclusion criteria:

Dental records of patients having G.O., but missing one or more of
their 12 anterior teeth (between 31 and 32 in the maxilla, and between
33 and 34 in the mandible).

Patients having G.O. with distorted plaster models such like bubbles
or unclear features.

Patients having G.O. with blurry photographs.
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5.2. Study Design

Out of 60 patients who were reviewed for history of G.O. condition, records of 30
patients (15 males and 15 females), who matched with the enrollment criteria, were
chosen to participate in the study. Three trained examiners (S.A., L.K., H.0.0.)
measured the degree of G.O. of each patient twice according to the criteria of four
different indices. An interval of two weeks was between the first and the second

measurement.

5.3. Gingival Overgrowth Measurements

Four indices have been selected for measuring G.O. in this study.

5.3.1. Modified Harris and Ewalt index

Plaster models were used to measure the modified version of Harris and Ewalt
index in the order of facial, proximo-facial, lingual and proximo-lingual. The criteria
of assessing G.O. according to the modified Harris and Ewalt index is described in
Table 5.1.
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Table 5.1. Classification of G.O according to the modified Harris and Ewalt index
(Prasad et al., 1998).

Score Condition

Grade 0 No clinical signs of hyperplasia
Grade 1 Minimal hyperplasia:

Impression of increase in density

With/without accentuation of stippling

Firm appearance

No distinct increase in size of inter-dental papilla
Loss of corrugated appearance

And/or loss of knife-edge appearance of gingival
margins

Grade 2 Moderate hyperplasia:

e Increase in size of the interdental papilla such that the
papilla does not extend beyond the facio-proximal
and linguo-proximal line angles of teeth on either

Noticeably rolled gingival margins

Grade 3 Marked hyperplasia:

e Encroachment < 50% of the anatomic crown either
inciso-gingivally or mesio-distally or either side.

Grade 4 Severe hyperplasia:

Encroachment of the gingival tissues to cover more than >
50% of the anatomic crown inciso-gingivally or mesio-distally
on either side

Grade 5 Interference with function

5.3.2. Seymour et al. index

In order to assess G.O.’s grade according to Seymour et al. index (Seymour et al.,
1985), the upper and lower anterior segments were divided into five gingival units for

each maxilla and mandible, and to both buccal and palatal/lingual sides.
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This index is divided into horizontal and vertical components which makes it a

three-dimensional index. The horizontal component examines the degree of gingival

thickness regarding both labial and lingual aspects as shown in Table 5.2.

Table 5.2. Classification of G.O. horizontally according to the Seymour et al. index

(Seymour et al., 1985)

Gingival thickening

Description

Grade 0

Grade 1

Grade 2

Normal thickening of the gingiva
Thickening from the normal up to 2 mm

Thickening from the normal greater than 2 mm

The vertical component examines the encroachment extent of the gingival tissues

onto the adjacent clinical crowns, and graded on both labial and lingual surfaces. The

higher score was given if there is any discrepancy between encroachment on two

adjacent surfaces in one unit. Figure 5.1. demonstrates the vertical component of

Seymour et al. index which describes the encroachment grade.

| 1
| I
| I
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Figure 5.1. Vertical component of the Seymour et al. index (Seymour et al., 1985).
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Two scores describing gingival thickening and gingival encroachment were added
to obtain one score for each gingival unit. The maximum score attainable using this

method is 5 (2 horizontally and 3 vertically).
5.3.3. Hyperplastic index by King et al.

The H.I. described by King et al. (King et al., 1992) is divided into two
components that independently measures the horizontal and vertical G.O. extensions.
Anterior regions of each upper and lower plaster models were divided into five
gingival units according to the method developed by Seymour et al. (Seymour et al.,
1985) and extending from 13 to 23 in the maxilla and from 33 to 43 in the mandible.

The horizontal component of the H.1., which was developed by Seymour et al.
(Seymour et al., 1985), measures the degree of gingival thickening on both the labial
and lingual aspects in a labio-lingual direction for a gingival unit as shown in Table
5.3.

Table 5.3. The horizontal component of H.I. index by King et al. (King et al., 1992)

Gingival thickening Description
Grade 0 Normal thickening of the gingiva
Grade 1 Thickening from the normal up to 2 mm
Grade 2 Thickening from the normal greater than 2 mm

The vertical component of the H.l. focuses on measuring the degree of G.O. in an
apico-coronal direction for a gingival unit and was graded by means of a 4-point

interval scale as shown in Table 5.4.
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Table 5.4. The vertical component of H.1. index by King et al. (King et al., 1992)

Vertical G.O. Description
Grade 0 No gingival hyperplasia
Grade 1 Mild hyperplasia (blunting of gingival margin)
Grade 2 Moderate hyperplasia (less than %% of crown length)
Grade 3 Severe hyperplasia (more than % of crown length)

In order to assess the horizontal component of King et al. index, a PCPUNC-15
periodontal probe was used by measuring the labio-lingual dimension of the
interdental papillae on plaster models as presented in Picture 5.1.

Picture 5.1. Assessing the horizontal aspect by H.I. of King et al.
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5.3.4. Ellis et al. index

Intra-oral photographs were taken for each patient including the buccal, right, left,
upper occlusal and lower occlusal aspects. Spandex plastic retractors were used to
retract patients’ cheeks. Canon EOS 60D camera was used with Tamron Sp 100 mm
1:25 lens and Cobra Macro Ring flash, and an F-stop of 11. The lens was opened up
fully. Focus was achieved at an approximate film-object distance of 40 cm and by
modifying the distance between anterior teeth and the camera. All intra-oral

photographs (Picture 5.2) were organized and marked with the patient’s study number.

According to the method described by Ellis et al., the degree of G.O. is given to
each anterior papilla on the buccal aspect. A total of 10 gingival units was measured
buccally from the midpoint of the tooth to the midpoint of the adjacent tooth between
13 to 23, and 33 to 43.

Table 5.5. and Figure 5.2. show the division of each grade to evaluate G.O.
focused on the encroachment according to the method described by Ellis et al. (Ellis
etal., 2001).

Table 5.5. Classification of G.O. according to Ellis et al. index (Ellis et al., 2001)

Grade Description
Grade 0 No encroachment of interdental papilla onto tooth surface
Grade 1 Mild encroachment of interdental papilla, producing a blunted

appearance to papilla tip

Grade 2 Moderate encroachment, involving lateral spread of papilla across
buccal tooth surface of less than quarter tooth width

Grade 3 Marked encroachment of interdental papilla, i.e., more than one
quarter tooth width. Loss of normal papilla form
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Figure 5.2. The degree of G.O. according to Ellis et al. index (Ellis et al., 2001).

Picture 5.2. Intra-oral photograph of the buccal aspect of a drug-induced G.O. patient

5.4. Statistical Analysis

The measurements from 30 different patients, measured twice by three different
examiners were compared. Concordance of intra-examiner and inter-examiner
analysis of the recorded measurements was carried out for each index using the
weighted Kappa index with a confidence interval (95%) using SPSS program. If p
value <0,05 , It means that the agreement is statistically significant, and there is

(poor/fair/modarate/ good/very good)agreement.
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Conventional interpretation of the strength of agreement for Kappa values was
adopted (Altman, 1991) as follows: ( < 0,20 = poor concordance; 0,21-0,40 = fair
concordance; 0,41-0.60 = moderate concordance; 0,61-0,80 = good concordance;
0,81-1,00 = very good concordance. Negative results were interpreted as 0,00.

5.5.Caliberation

The three examiners (Examiner-1, Examiner-2, and Examiner-3) measured the
degree of G.O. on 3 patients using the horizontal component of Seymour et al. index
(Seymour et al., 1985) twice with 24 hours interval between the two trials. The three
examiners showed very good agreement with total kappa values of 0,830 and 0,886
and 0,833 for Examiner-1, Examiner-2, and Examiner-3, respectively.
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6. RESULTS

Sixty patients with G.O. who applied to the clinics of Department of
Periodontology, Faculty of Dentistry, Marmara University between September 2018
and February 2019 were evaluated for examining the reliability of four G.O. indices.
A total of 30 patients who met the inclusion criteria of our study and voluntarily agreed

to participate in the study were included.
6.1. Demographic Data

Demographic data of all participants are shown in Table 6.1. The mean age of 30
patients between the ages of 13-70 years participated in the study was 44,47+17,14.
According to gender, 50% of the study population was female (n = 15, mean age=
44,46x17,70) and the other half was male (n = 15, mean age= 43,80+16,57).

The majority of included patients were drug-induced G.O. subjects (n=18, 60%),
followed by 9 patients with inflammatory G.O. (30%), 2 patients with pubertal G.O.
(6,7%), and one patient with hereditary G.O. (3,3%).

Table 6.1. Demographic data of all participants

Number of Age (years) Gender Type of G.O.
individuals (Mean==Sd) (Female/Male) (Drug-induced
(n) n Inflammatory
(%) Pubertal
Hereditary)
n/%
All Patients 30 44,47+17,14 15/15 18/60,0
(50/50) 9/30,0
2/6,7
1/3,3

Sd: Standard deviation
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6.2. Gingival Overgrowth Indices

Plaster models and intraoral photographs of 30 patients who have had generalized
G.O. were used to measure four G.O. indices including modified Harris and Ewalt
index (Prasad et al., 1998), Seymour et al. index (Seymour et al., 1985), King et al.
index (King et al., 1993) and Ellis et al. index (Ellis et al., 2001) by 3 examiners

(Examiner-1, Examiner-2, Examiner-3) twice.

6.2.1. Intra-examiner reliability

6.2.1.1. Modified Harris and Ewalt index

Each gingival unit’s measurement value according to modified Harris and Ewalt
index (Prasad et al.,, 1998) was compared between the first and second time
evaluations. The intra-examiner’s results of Examiner-1, Examiner-2 and Examiner-3
using modified Harris and Ewalt index are shown in Tables 6.2, 6.3 and 6.4,

respectively.

73



Table 6.2. Realiability of Examiner-1 measuring modified Harris and Ewalt index

Site N Kappa  Std. Error p* Site N Kappa Std. Error p*
DV16 20 0,828 0,114 0,000 Dv46 17 0,840 0,102 0,000
V16 20 0,818 0,122 0,000 V46 17 0,667 0,144 0,000
DV15 24 0,814 0,102 0,000 DV45 25 0,650 0,117 0,000
V15 24 0,821 0,122 0,000 V45 25 0,801 0,108 0,000
DV14 22 0,745 0,114 0,000 DVv44 29 0,942 0,057 0,000
V14 22 0,770 0,118 0,000 V44 29 0,752 0,134 0,000
DV13 30 0,818 0,083 0,000 DV43 30 0,693 0,109 0,000
V13 30 0,803 0,101 0,000 V43 30 0,705 0,118 0,000
DVvi2 30 0,703 0,111 0,000 DVv42 30 0,842 0,084 0,000
V12 30 0,786 0,095 0,000 V42 30 0,814 0,103 0,000
DV11 30 0,540 0,143 0,000 Dv4l 30 0,844 0,086 0,000
V11 30 0,871 0,088 0,000 Vv41 30 0,675 0,128 0,000
MV21 30 0,755 0,113 0,000 MV31 30 0,904 0,065 0,000
V21 30 0,792 0,115 0,000 V31 30 0,664 0,121 0,000
MV22 30 0,604 0,123 0,000 MV32 30 0,670 0,108 0,000
V22 30 0,851 0,101 0,000 V32 30 0,759 0,114 0,000
MV23 30 0,627 0,125 0,000 MV33 30 0,739 0,107 0,000
V23 30 0,824 0,097 0,000 V33 30 0,885 0,079 0,000
MV24 23 0,702 0,127 0,000 MV34 28 0,677 0,123 0,000
V24 23 0,693 0,144 0,000 V34 28 0,752 0,133 0,000
MV25 21 0,855 0,096 0,000 MV35 26 0,736 0,119 0,000
V25 21 0,834 0,106 0,000 V35 26 0,644 0,164 0,000
MV26 21 0,703 0,131 0,000 MV36 17 0,648 0,183 0,007
V26 21 0,800 0,126 0,000 V36 17 0,655 0,184 0,001
DO16 20 0,708 0,125 0,000 DO46 17 0,642 0,149 0,000
016 20 0,850 0,099 0,000 046 17 0,588 0,171 0,000
DO15 24 0,755 0,108 0,000 DO45 25 0,792 0,107 0,000
015 24 0,863 0,088 0,000 045 25 0,735 0,121 0,000
DO14 22 0,725 0,119 0,000 DO44 29 0,638 0,118 0,000
014 22 0,538 0,136 0,000 044 29 0,625 0,105 0,000
DO13 30 0,657 0,108 0,000 DO43 30 0,793 0,095 0,000
013 30 0,758 0,099 0,000 043 30 0,595 0,131 0,000
DO12 30 0,752 0,099 0,000 DO42 30 0,712 0,116 0,000
012 30 0,670 0,112 0,000 042 30 0,778 0,104 0,000
DO11 30 0,590 0,125 0,000 DO41 30 0,723 0,115 0,000
Oo11 30 0,719 0,103 0,000 041 30 0,835 0,089 0,000
MO21 30 0,768 0,093 0,000 MO31 30 0,766 0,111 0,000
021 30 0,690 0,105 0,000 031 30 0,687 0,114 0,000
MO22 30 0,804 0,091 0,000 MO32 30 0,776 0,105 0,000
022 30 0,850 0,083 0,000 032 30 0,837 0,085 0,000
MO23 30 0,662 0,115 0,000 MO33 30 0,793 0,097 0,000
023 30 0,620 0,119 0,000 033 30 0,889 0,076 0,000
MO24 23 0,730 0,116 0,000 MO34 28 0,898 0,070 0,000
024 23 0,872 0,082 0,000 034 28 0,849 0,082 0,000
MO25 21 0,620 0,150 0,000 MO35 26 0,755 0,112 0,000
025 21 0,764 0,125 0,000 035 26 0,809 0,103 0,000
MO26 21 0,613 0,150 0,000 MO36 17 1,000 0,000 0,000
026 21 0,841 0,105 0,000 036 17 0,611 0,188 0,006

DV: Disto-vestibule, V: Vestibule, MV: Mesio-vestibule, DO: Disto-oral, O: Oral, MO: Mesio-oral,
*Kappa test, p<0.05.

Examiner 1 showed intra-examiner total kappa value of 0,783 for 2532 sites with
Std. Error of 0,010 (P=0,000).
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Table 6.3. Realiability of Examiner-2 measuring modified Harris and Ewalt index

Site N Kappa  Std. Error p* Site N Kappa Std. Error p*
DV16 20 0,251 0,153 0,077 DV46 17 0,138 0,156 0,276
V16 20 0,336 0,131 0,007 V46 17 0,213 0,149 0,098
DV15 24 0,335 0,134 0,002 DV45 25 0,197 0,114 0,032
V15 24 0,107 0,131 0,314 V45 25  -0,030 0,136 0,769
DV14 22 0,212 0,147 0,067 DV44 29 0,143 0,114 0,131
V14 22 0,068 0,125 0,563 V44 29 0,253 0,129 0,028
DV13 30 0,481 0,114 0,000 DV43 30 0,290 0,122 0,005
V13 30 0,380 0,109 0,000 V43 30 0,277 0,104 0,011
DV12 30 0,288 0,123 0,009 DVv42 30 0,517 0,110 0,000
V12 30 0,512 0,115 0,000 V42 30 0,459 0,109 0,000
DV11 30 0,198 0,126 0,066 DVv41l 30 0,318 0,116 0,007
V11 30 0,176 0,115 0,135 V41 30 0,332 0,108 0,001
MV21 30 0,301 0,123 0,003 MV31 30 0,298 0,118 0,008
V21 30 0,194 0,119 0,064 V31 30 0,259 0,106 0,005
MV22 30 0,474 0,109 0,000 MV32 30 0,303 0,115 0,003
V22 30 0,432 0,119 0,000 V32 30 0,136 0,107 0,184
MV23 30 0,369 0,120 0,000 MV33 30 0,390 0,125 0,001
V23 30 0,574 0,116 0,000 V33 30 0171 0,120 0,112
MV24 23 0,356 0,128 0,001  MV34 28 0,538 0,121 0,000
V24 23 0,488 0,130 0,000 V34 28 0,278 0,122 0,008
MV25 21 0,548 0,136 0,000 MV35 26 0,392 0,118 0,000
V25 21 0,503 0,134 0,000 V35 26 0,218 0,124 0,028
MV26 21 0,342 0,140 0,006 MV36 17 0,089 0,138 0,461
V26 21 0,148 0,084 0,089 V36 17 0,261 0,133 0,018
DO16 20 0,091 0,129 0,426  DO46 17 0,130 0,127 0,301
016 20 0,085 0,127 0,511 046 17 0,337 0,151 0,021
DO15 24 0,242 0,124 0,021 D045 25 0,286 0,136 0,013
015 24 0,206 0,125 0,070 045 25 0,382 0,138 0,001
D014 22 0,125 0,146 0,280 DO44 29 0,269 0,120 0,005
014 22 0,093 0,102 0,363 044 29 0,356 0,117 0,000
D013 30 0,360 0,106 0,000 DO43 30 0,204 0,113 0,036
013 30 0,068 0,091 0,413 043 30 0,154 0,103 0,122
D012 30 0,216 0,129 0,038 D042 30 0,221 0,134 0,034
012 30 0,076 0,093 0,357 042 30 0114 0,116 0,278
DO11 30 0,346 0,119 0,002 DO41 30 0,402 0,114 0,000
Oo11 30 0,263 0,107 0,004 041 30 0,123 0,112 0,237
MO21 30 0,310 0,107 0,001 MO31 30 0,440 0,121 0,000
021 30 0,186 0,108 0,055 031 30 0,320 0,133 0,001
M0O22 30 0,297 0,112 0,005 MO32 30 0,406 0,116 0,000
022 30 0,462 0,111 0,000 032 30 0,231 0,125 0,035
M0O23 30 0,346 0,121 0,000 MO33 30 0,192 0,113 0,055
023 30 0,128 0,101 0,169 033 30 0,356 0,130 0,000
MO24 23 0,386 0,124 0,000 MO34 28 0,415 0,125 0,000
024 23 0,327 0,131 0,001 034 28 0,497 0,118 0,000
MO25 21 0,371 0,139 0,001 MO35 26 0,257 0,130 0,015
025 21 0,114 0,139 0,317 035 26 0,231 0,130 0,029
MO26 21 0,170 0,105 0,127 MO36 17 0,457 0,147 0,001
026 21 0,456 0,143 0,001 036 17 0,138 0,121 0,273

DV: Disto-vestibule, V: Vestibule, MV: Mesio-vestibule, DO: Disto-oral, O: Oral, MO: Mesio-oral,
*Kappa test, p<0.05.

Examiner-2 showed intra-examiner total kappa value of 0,428 for 2532 sites with
Std. Error of 0,013 (P=0,000).
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Table 6.4. Reliability of Examiner-3 measuring modified Harris and Ewalt index

Site | N Kappa _ Std. Error p* Sitt N Kappa  Std.Error p*
DV16 20 0,837 0,107 0,000 DV46 17 0,417 0,188 0,022
V16 20 0,736 0,136 0,000 V46 17 0,370 0,165 0,015
DV15 24 0,819 0,096 0,000 DV45 25 0,722 0,112 0,000
V15 24 0,443 0,136 0,003 V45 25 0,636 0,149 0,000
DV14 22 0,808 0,097 0,000 DV44 29 0,747 0,102 0,000
V14 22 0,456 0,144 0,001 V44 29 0,708 0,115 0,000
DV13 30 0,770 0,090 0,000 DV43 30 0,687 0,113 0,000
V13 30 0,619 0,133 0,000 V43 30 0,436 0,135 0,001
DV12 30 0,537 0,131 0,000 DVv42 30 0,693 0,117 0,000
V12 30 0,591 0,129 0,000 V42 30 0,479 0,146 0,000
DV11 30 0,679 0,117 0,000 DVv4l 30 0,607 0,134 0,000
V11 30 0,595 0,132 0,000 V41 30 0,643 0,132 0,000
MV21 30 0,565 0,120 0,000 MV31 30 0,707 0,107 0,000
V21 30 0,503 0,139 0,002 V31 30 0,515 0,141 0,000
MV22 30 0,898 0,071 0,000 MV32 30 0,890 0,075 0,000
V22 30 0,932 0,067 0,000 V32 30 0,623 0,139 0,000
MV23 30 0,632 0,104 0,000 MV33 30 0,738 0,110 0,000
V23 30 0,626 0,132 0,000 V33 30 0,786 0,115 0,000
MV24 23 0,880 0,082 0,000 MV34 28 0,802 0,090 0,000
V24 23 0,611 0,133 0,000 V34 28 0,811 0,105 0,000
MV25 21 0,666 0,123 0,000 MV35 26 0,738 0,103 0,000
V25 21 0,566 0,148 0,000 V35 26 0,671 0,124 0,000
MV26 21 0,714 0,126 0,000 MV36 17 0,759 0,129 0,000
V26 21 0,849 0,101 0,000 V36 17 0,717 0,152 0,000
DO16 20 0,660 0,154 0,000 DO46 17 0,320 0,209 0,148
016 20 0,580 0,163 0,001 046 17 0,803 0,129 0,000
DO15 24 0,695 0,118 0,000 DO45 25 0,582 0,141 0,000
015 24 0,641 0,145 0,000 045 25 0,556 0,158 0,000
DO14 22 0,634 0,124 0,000 DO44 29 0,479 0,115 0,000
014 22 0,621 0,136 0,000 044 29 0,640 0,125 0,000
DO13 30 0,608 0,113 0,000 D043 30 0,715 0,116 0,000
013 30 0,601 0,117 0,000 043 30 0,529 0,142 0,000
DO12 30 0,714 0,100 0,000 D042 30 0,533 0,137 0,000
012 30 0,805 0,090 0,000 042 30 0,602 0,154 0,000
DO11 30 0,852 0,082 0,000 D041 30 0,420 0,135 0,000
011 30 0,670 0,113 0,000 041 30 0,403 0,142 0,005
MO21 30 0,867 0,072 0,000 MO31 30 0,431 0,137 0,000
021 30 0,568 0,120 0,000 031 30 0,737 0,125 0,000
MO22 30 0,744 0,100 0,000 MO32 30 0,549 0,142 0,000
022 30 0,474 0,133 0,000 032 30 0,873 0,087 0,000
MO23 30 0,685 0,102 0,000 MO33 30 0,423 0,151 0,000
023 30 0,777 0,105 0,000 033 30 0,740 0,119 0,000
MO24 23 0,568 0,125 0,000 MO34 28 0,552 0,120 0,000
024 23 0,619 0,136 0,000 034 28 0,564 0,139 0,000
MO25 21 0,627 0,120 0,000 MO35 26 0,662 0,114 0,000
025 21 0,550 0,163 0,000 035 26 0,735 0,119 0,000
MO26 21 0,558 0,150 0,000 MO36 17 0,548 0,157 0,001
026 21 0,650 0,156 0,000 036 17 0,712 0,150 0,000

DV: Disto-vestibule, V: Vestibule, MV: Mesio-vestibule, DO: Disto-oral, O: Oral, MO: Mesio-oral,
*Kappa test, p<0.05.

Examiner-3 showed intra-examiner total kappa value of 0,684 for 2532 sites with
Std. Error of 0,012 (P=0,000).
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6.2.1.2. Seymour et al. index

Each gingival unit’s measurement value according to Seymour et al. index
(Seymour et al., 1985) was compared between the first and second time evaluations
for both the vertical and horizontal components.

The intra-examiner’s results of Examiner-1 using vertical component of Seymour
et al. index (Seymour et al., 1985) are shown in Table 6.5.a. Examiner-1 showed intra-
examiner total kappa value of 0,823 for 20 papillae with Std. Error of 0,019 (P=0,000).
The intra-examiner’s results of Examiner-1 using horizontal component of Seymour
et al. index (Seymour et al., 1985) revealed intra-examiner total kappa value of 0,876
for 20 papillae with Std. Error of 0,017 (P=0,000) (Table 6.5.b).

The intra-examiner’s results of Examiner-2 using vertical component of Seymour
et al. index (Seymour et al., 1985) are listed in Table 6.6.a expressing intra-examiner
total kappa value of 0,512 for 20 papillae with Std. Error of 0,027 (P=0,000). The intra-
examiner’s results of Examiner-2 using horizontal component of Seymour et al. index
(Seymour et al., 1985) manifested intra-examiner total kappa value of 0,724 for 20
papillae with Std. Error of 0,024 (P=0,000) (Table 6.6.b).

The intra-examiner’s results of Examiner-3 using vertical component of Seymour
et al. index (Seymour et al., 1985) displayed intra-examiner total kappa value of 0,791
for 20 papillae with Std. Error of 0,022 (P=0,000) (Table 6.7.a).The intra-examiner’s
results of Examiner-3 using horizontal component of Seymour et al. index (Seymour
et al., 1985) presented a total kappa value of 0,784 for 20 papillae with Std. Error of
0,023 (P value=0,000) (Table 6.7.b).
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Table 6.5.a. Reliability of Examiner-1 measuring vertical component of Seymour et
al. index.

Papillae Kappa Std. Error pP*
Maxilla
V13-12 0,732 0,120 0,000
V12-11 0,842 0,087 0,000
V11-21 0,478 0,147 0,001
\V21-22 0,839 0,090 0,000
V22-23 0,857 0,098 0,000
013-12 0,763 0,114 0,000
012-11 0,708 0,112 0,000
011-21 0,810 0,095 0,000
021-22 0,873 0,087 0,000
022-23 0,826 0,095 0,000
Mandible
V43-42 0,905 0,065 0,000
V42-41 0,713 0,106 0,000
V41-31 0,767 0,094 0,000
V31-32 0,798 0,092 0,000
V32-33 0,749 0,099 0,000
043-42 0,801 0,088 0,000
042-41 0,712 0,103 0,000
041-31 0,887 0,076 0,000
031-32 0,701 0,105 0,000
032-33 0,751 0,100 0,000
Total 0,823 0,019 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.5.b. Reliability of Examiner-1 measuring horizontal component of Seymour
et al. index.

Papillae Kappa Std. Error P*
Maxilla

V13-12 0,888 0,075 0,000
V12-11 0,894 0,072 0,000
V11-21 0,943 0,056 0,000
V/21-22 0,835 0,090 0,000
V22-23 0,820 0,100 0,000
013-12 0,846 0,084 0,000
012-11 0,840 0,089 0,000
011-21 0,849 0,083 0,000
021-22 0,741 0,107 0,000
022-23 0,946 0,053 0,000

Mandible

V43-42 1,000 0,000 0,000
V42-41 0,873 0,084 0,000
V41-31 0,740 0,107 0,000
V31-32 0,934 0,065 0,000
V32-33 0,902 0,089 0,000
043-42 0,751 0,112 0,000
042-41 0,895 0,072 0,000
041-31 0,838 0,089 0,000
031-32 0,949 0,050 0,000
032-33 0,767 0,109 0,000
Total 0,876 0,017 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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Table 6.6.a. Reliability of Examiner-2 measuring vertical component of Seymour et
al. index.

Papillae Kappa Std. Error pP*
Maxilla
V13-12 0,468 0,124 0,000
V12-11 0,279 0,128 0,017
V11-21 0,313 0,148 0,014
\V21-22 0,528 0,128 0,000
\V22-23 0,482 0,121 0,000
013-12 0,566 0,123 0,000
012-11 0,291 0,132 0,012
011-21 0,409 0,125 0,001
021-22 0,438 0,125 0,000
022-23 0,569 0,117 0,000
Mandible
V43-42 0,537 0,140 0,000
V42-41 0,566 0,160 0,000
V41-31 0,570 0,116 0,000
V31-32 0,292 0,119 0,014
V32-33 0,837 0,085 0,000
043-42 0,425 0,119 0,000
042-41 0,414 0,117 0,000
041-31 0,287 0,121 0,004
031-32 0,349 0,127 0,001
032-33 0,552 0,118 0,000
Total 0,512 0,027 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.6.b. Reliability of Examiner-2 measuring horizontal component of Seymour
et al. index.

Papillae Kappa Std. Error P*
Maxilla

V13-12 0,670 0,116 0,000
V12-11 0,679 0,116 0,000
V11-21 0,453 0,111 0,000
V/21-22 0,684 0,118 0,000
V22-23 0,777 0,104 0,000
013-12 0,749 0,102 0,000
012-11 0,646 0,113 0,000
011-21 0,600 0,119 0,000
021-22 0,601 0,119 0,000
022-23 0,749 0,103 0,000

Mandible

V43-42 0,836 0,113 0,000
V42-41 0,745 0,116 0,000
V41-31 0,737 0,106 0,000
V31-32 0,813 0,100 0,000
V32-33 0,744 0,141 0,000
043-42 0,757 0,112 0,000
042-41 0,783 0,099 0,000
041-31 0,741 0,106 0,000
031-32 0,767 0,108 0,000
032-33 0,697 0,116 0,000
Total 0,724 0,024 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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Table 6.7.a. Reliability of Examiner-3 measuring vertical component of Seymour et
al. index.

Papillae Kappa Std. Error P*
Maxilla
V13-12 0,828 0,093 0,000
V12-11 0,795 0,092 0,000
V11-21 0,790 0,116 0,000
\V21-22 0,750 0,102 0,000
V22-23 0,932 0,067 0,000
013-12 0,943 0,056 0,000
012-11 0,753 0,134 0,000
011-21 0,772 0,118 0,000
021-22 0,678 0,139 0,000
022-23 0,846 0,106 0,000
Mandible
V43-42 0,729 0,110 0,000
V42-41 0,653 0,109 0,000
V41-31 0,715 0,104 0,000
V31-32 0,793 0,094 0,000
V32-33 0,673 0,122 0,000
043-42 0,867 0,091 0,000
042-41 0,740 0,121 0,000
041-31 0,672 0,127 0,000
031-32 0,881 0,082 0,000
032-33 0,637 0,130 0,000
Total 0,791 0,022 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.7.b. Reliability of Examiner-3 measuring horizontal component of Seymour
et al. index.

Papillae Kappa Std. Error P*
Maxilla
V13-12 0,889 0,076 0,000
V12-11 0,677 0,114 0,000
V11-21 0,884 0,078 0,000
V/21-22 0,774 0,102 0,000
V22-23 0,757 0,112 0,000
013-12 0,893 0,073 0,000
012-11 0,624 0,126 0,000
011-21 0,747 0,101 0,000
021-22 0,773 0,106 0,000
022-23 0,763 0,109 0,000
Mandible
V43-42 0,799 0,111 0,000
V42-41 0,806 0,101 0,000
V41-31 0,725 0,111 0,000
V31-32 0,765 0,108 0,000
V32-33 0,703 0,116 0,000
043-42 0,771 0,107 0,000
042-41 0,890 0,073 0,000
041-31 0,770 0,108 0,000
031-32 0,730 0,105 0,000
032-33 0,729 0,126 0,000
Total 0,784 0,023 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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6.2.1.3. King et al. index

Each gingival unit’s measurement value according to King et al. index (King et
al., 1993) was compared between the first and second time evaluations for both the

vertical and horizontal components.

The intra-examiner’s results of Examiner-1 using vertical component of King et
al. index (King et al., 1993) showed intra-examiner total kappa value of 0,855 for 20
papillae with Std. Error of 0,018 (P=0,000) (Table 6.8.a). The intra-examiner’s results
of Examiner-1 using horizontal component of King et al. index (King et al., 1993)
revealed total kappa value of 0,868 for 20 papillae with Std. Error of 0,018 (P=0,000)
(Table 6.8.b)

The intra-examiner’s results of Examiner-2 using vertical component of King et
al. index (King et al., 1993) are displayed in Table 6.9.a showing intra-examiner total
kappa value of 0,724 for 20 papillae with Std. Error of 0,024 (P=0,000). The intra-
examiner’s results of Examiner-2 using horizontal component of King et al. index
(King etal., 1993) manifested total kappa value of 0,587 for 20 papillae with Std. Error
of 0,026 (P=0,000) (Table 6.9.b).

The intra-examiner’s results of Examiner-3 using vertical component of King et
al. index (King et al., 1993) are expressed in Table 6.10.a revealing intra-examiner
total kappa value of 0,653 for 20 papillae with Std. Error of 0,026 (P=0,000). The intra-
examiner’s results of Examiner-3 using horizontal component of King et al. index
(King et al., 1993) presented intra-examiner total kappa value of 0,787 for 20 papillae
with Std. Error of 0,022 (P=0,000) (Table 6.10.b).
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Table 6.8.a. Reliability of Examiner-1 measuring vertical component of King et al.
index.

Papillae Kappa Std. Error pP*
Maxilla

V13-12 0,944 0,055 0,000
V12-11 0,784 0,100 0,000
V11-21 0,660 0,112 0,000
\V21-22 0,646 0,120 0,000
V22-23 0,903 0,066 0,000
013-12 0,839 0,087 0,000
012-11 0,892 0,072 0,000
011-21 0,954 0,045 0,000
021-22 0,694 0,112 0,000
022-23 0,908 0,063 0,000

Mandible

V43-42 0,755 0,104 0,000
V42-41 0,812 0,097 0,000
V41-31 0,854 0,080 0,000
V31-32 0,896 0,071 0,000
V32-33 0,756 0,110 0,000
043-42 0,895 0,072 0,000
042-41 0,901 0,068 0,000
041-31 1,000 0,000 0,000
031-32 0,860 0,077 0,000
032-33 0,855 0,080 0,000

Total 0,855 0,018 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.8.b. Reliability of Examiner-1 measuring horizontal component of King et al.
index.

Papillae Kappa Std. Error P*
Maxilla

V13-12 0,768 0,107 0,000
V12-11 0,947 0,052 0,000
V11-21 0,943 0,056 0,000
V/21-22 0,831 0,094 0,000
V22-23 0,762 0,106 0,000
013-12 0,899 0,069 0,000
012-11 0,894 0,072 0,000
011-21 0,700 0,108 0,000
021-22 0,840 0,085 0,000
022-23 0,945 0,053 0,000

Mandible

V43-42 1,000 0,000 0,000
V42-41 0,876 0,082 0,000
V41-31 0,791 0,100 0,000
V31-32 0,867 0,088 0,000
V32-33 0,917 0,082 0,000
043-42 0,626 0,132 0,000
042-41 0,895 0,072 0,000
041-31 0,837 0,090 0,000
031-32 0,949 0,051 0,000
032-33 0,835 0,089 0,000
Total 0,868 0,018 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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Table 6.9.a. Reliability of Examiner-2 measuring vertical component of King et al.
index.

Papillae Kappa Std. Error pP*
Maxilla
V13-12 0,726 0,111 0,000
V12-11 0,587 0,131 0,000
V11-21 0,618 0,113 0,000
\V21-22 0,381 0,129 0,000
\V22-23 0,545 0,112 0,000
013-12 0,522 0,105 0,000
012-11 0,390 0,134 0,001
011-21 0,478 0,119 0,000
021-22 0,354 0,138 0,002
022-23 0,590 0,115 0,000
Mandible
V43-42 0,697 0,113 0,000
V42-41 0,758 0,110 0,000
V41-31 0,606 0,115 0,000
V31-32 0,586 0,122 0,000
V32-33 0,250 0,143 0,101
043-42 0,370 0,113 0,001
042-41 0,620 0,111 0,000
041-31 0,700 0,112 0,000
031-32 0,574 0,113 0,000
032-33 0,648 0,116 0,000
Total 0,724 0,024 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.9.b. Reliability of Examiner-2 measuring horizontal component of King et al.
index.

Papillae Kappa Std. Error P*
Maxilla

V13-12 0,627 0,130 0,000
V12-11 0,840 0,087 0,000
V11-21 0,372 0,133 0,005
V/21-22 0,731 0,110 0,000
V22-23 0,884 0,080 0,000
013-12 0,746 0,105 0,000
012-11 0,592 0,123 0,000
011-21 0,603 0,119 0,000
021-22 0,590 0,126 0,000
022-23 0,604 0,116 0,000

Mandible

V43-42 0,797 0,103 0,000
V42-41 0,727 0,115 0,000
V41-31 0,840 0,086 0,000
V31-32 0,610 0,141 0,000
V32-33 0,526 0,149 0,000
043-42 0,670 0,120 0,000
042-41 0,783 0,099 0,000
041-31 0,700 0,108 0,000
031-32 0,676 0,119 0,000
032-33 0,465 0,145 0,000
Total 0,587 0,026 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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Table 6.10.a. Reliability of Examiner-3 measuring vertical component of King et al.
index.

Papillae Kappa Std. Error pP*
Maxilla

V13-12 0,785 0,103 0,000
V12-11 0,600 0,146 0,000
V11-21 0,554 0,119 0,000
\V21-22 0,708 0,124 0,000
\V22-23 0,552 0,141 0,000
013-12 0,690 0,106 0,000
012-11 0,338 0,138 0,018
011-21 0,615 0,118 0,000
021-22 0,669 0,116 0,000
022-23 0,712 0,107 0,000

Mandible

V43-42 0,439 0,132 0,000
V42-41 0,693 0,127 0,000
V41-31 0,590 0,137 0,000
V31-32 0,534 0,133 0,000
V32-33 0,889 0,076 0,000
043-42 0,731 0,107 0,000
042-41 0,501 0,128 0,000
041-31 0,618 0,128 0,000
031-32 0,617 0,111 0,000
032-33 0,639 0,119 0,000

Total 0,653 0,026 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.10.b. Reliability of Examiner-3 measuring horizontal component of King et
al. index.

Papillae Kappa Std. Error P*
Maxilla

V13-12 0,889 0,076 0,000
V12-11 0,677 0,114 0,000
V11-21 0,884 0,078 0,000
V21-22 0,774 0,102 0,000
V22-23 0,757 0,112 0,000
013-12 0,893 0,073 0,000
012-11 0,624 0,126 0,000
011-21 0,747 0,101 0,000
021-22 0,773 0,106 0,000
022-23 0,817 0,100 0,000

Mandible

V43-42 0,799 0,111 0,000
V42-41 0,806 0,101 0,000
V41-31 0,725 0,111 0,000
V31-32 0,765 0,108 0,000
V32-33 0,703 0,116 0,000
043-42 0,771 0,107 0,000
042-41 0,890 0,073 0,000
041-31 0,770 0,108 0,000
031-32 0,730 0,105 0,000
032-33 0,729 0,126 0,000
Total 0,787 0,022 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

84



6.2.1.4. Ellis et al. index

Each gingival unit’s measurement value according to Ellis et al. index (Ellis et al.,

2001) was compared between the first and second time evaluations.

The intra-examiner’s results of Examiner-1 using Ellis et al. index (Ellis et al.,
1993) are shown in Table 6.11 expressing intra-examiner total kappa value of 0,855
for 10 papillae with Std. Error of 0,025 (P=0,000).

The intra-examiner’s results of Examiner-2 using Ellis et al. index (Ellis et al.,
1993) revealed intra-examiner total kappa value of 0,758 for 10 papillae with Std.
Error of 0,030 (P=0,000) (Table 6.12).

The intra-examiner’s results of Examiner-3 using Ellis et al. index (Ellis et al.,
1993) displayed intra-examiner total kappa value of 0,830 for 10 papillae with Std.
Error of 0,027 (P=0,000) as presented in Table 6.13.

Table 6.11. Reliability of Examiner-1 measuring Ellis et al. index

Papillae Kappa Std. Error P*
13-12 0,843 0,085 0,000
12-11 0,717 0,101 0,000
11-21 0,813 0,089 0,000
21-22 0,904 0,066 0,000
22-23 0,812 0,087 0,000
43-42 0,848 0,080 0,000
42-41 0,930 0,066 0,000
41-31 0,736 0,101 0,000
31-32 0,887 0,075 0,000
32-33 1,000 0,000 0,000
Total 0,855 0,025 0,000

*Kappa test, p<0.05.
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Table 6.12. Reliability of Examiner-2 measuring Ellis et al. index

| Papillae Kappa Std. Error P*
13-12 0,754 0,099 0,000
12-11 0,766 0,092 0,000
11-21 0,516 0,127 0,000
21-22 0,815 0,086 0,000
22-23 0,678 0,107 0,000
43-42 0,854 0,080 0,000
42-41 0,860 0,087 0,000
41-31 0,697 0,105 0,000
31-32 0,690 0,118 0,000
32-33 0,799 0,090 0,000
Total 0,758 0,030 0,000

*Kappa test, p<0.05.

Table 6.13. Reliability of Examiner-3 measuring Ellis et al. index

Papillae Kappa Std. Error P*
13-12 0,746 0,103 0,000
12-11 0,816 0,085 0,000
11-21 0,862 0,075 0,000
21-22 0,805 0,090 0,000
22-23 0,909 0,062 0,000
43-42 1,000 0,000 0,000
42-41 0,811 0,103 0,000
41-31 0,803 0,088 0,000
31-32 0,660 0,126 0,000
32-33 0,747 0,100 0,000
Total 0,830 0,027 0,000

*Kappa test, p<0.05.
6.2.2. Inter-examiner reliability

6.2.2.1. Modified Harris and Ewalt index

Each gingival unit’s measurement value of the first time evaluations according to
modified Harris and Ewalt index (Prasad et al., 1998) was compared between
Examiner-1 and Examiner-2; Examiner-1 and Examiner-3; and Examiner-2 and
Examiner-3. The inter-examiner’s results of Examiner-1-2, Examiner-1-3, and
Examiner-2-3 using modified Harris and Ewalt index are shown in Tables 6.14, 6.15,

6.16, respectively.
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Table 6.14. Realiability of Examiner-1-2 measuring modified Harris and Ewalt index

Site N Kappa Std. Error P* Site N Kappa Std. Error P*
DV16 20 0,203 0,141 0,114 DV46 17 ,428 0,165 0,003
V16 20 0,474 0,140 0,000 V46 17 ,295 0,170 0,028
DV15 24 0,269 0,131 0,014 DV45 25 ,332 0,132 0,002
V15 24 0,305 0,117 0,003 V45 25 ,117 0,118 0,268
DV14 22 0,396 0,130 0,001 DV44 29 ,381 0,122 0,000
V14 22 0,414 0,132 0,000 V44 29 ,205 0,146 0,094
DV13 30 0,427 0,115 0,000 DV43 30 ,137 0,113 0,210
V13 30 0,167 0,099 0,080 V43 30 ,188 0,121 0,097
DV12 30 0,433 0,122 0,000 DV42 30 ,310 0,116 0,002
V12 30 0,043 0,120 0,675 V42 30 ,289 0,099 0,001
DV11 30 0,424 0,115 0,000 DV41 30 0,437 0,118 0,000
V11 30 0,404 0,139 0,001 V41 30 0,094 0,119 0,300
MV21 30 0,083 0,091 0,379 MV31 30 0,373 0,117 0,000
V21 30 0,293 0,121 0,003 V31 30 0,303 0,117 0,001
MV22 30 0,212 0,113 0,017 MV32 30 0,271 0,109 0,002
V22 30 0,031 0,105 0,769 V32 30 0,060 0,100 0,511
MV23 30 0,177 0,087 0,052 MV33 30 0,093 0,092 0,222
V23 30 0,047 0,099 0,617 V33 30 0,208 0,111 0,049
MV24 23 0,307 0,139 0,014 MV34 28 -0,053 0,073 0,488
V24 23 0,144 0,107 0,118 V34 28 0,175 0,103 0,088
MV25 21 0,478 0,136 0,000 MV35 26 -0,081 0,082 0,395
V25 21 0,175 0,118 0,083 V35 26 -0,013 0,124 0,907
MV26 21 -0,023 0,137 0,860 MV36 17 -0,005 0,155 0,973
V26 21 0,216 0,086 0,003 V36 17 0,019 0,108 0,876
DO16 20 0,178 0,136 0,160 DO46 17 0,026 0,156 0,866
016 20 0,015 0,145 0,923 046 17 -0,028 0,150 0,812
DO15 24 0,276 0,144 0,026  DO45 25 0,118 0,145 0,304
015 24 0,035 0,131 0,782 045 25 0,175 0,160 0,148
D014 22 0,282 0,143 0,012 DO44 29 0,306 0,105 0,001
014 22 0,353 0,158 0,007 044 29 0,202 0,119 0,047
D013 30 0,304 0,108 0,001 DO43 30 0,391 0,117 0,000
013 30 0,286 0,123 0,004 043 30 0,274 0,122 0,009
D012 30 0,076 0,111 0,449 DOA42 30 0,432 0,117 0,000
012 30 0,339 0,114 0,001 042 30 0,086 0,132 0,448
DO11 30 0,188 0,114 0,083 DO41 30 0,180 0,114 0,097
011 30 0,286 0,113 0,005 041 30 0,089 0,121 0,433
MO21 30 0,114 0,092 0,187 MO31 30 0,273 0,122 0,008
021 30 0,366 0,118 0,001 031 30 0,113 0,126 0,279
M0O22 30 0,290 0,111 0,004 MO32 30 0,506 0,122 0,000
022 30 0,160 0,124 0,135 032 30 0,125 0,115 0,243
MO23 30 0,128 0,096 0,191 MO33 30 0,323 0,123 0,004
023 30 0,122 0,114 0,239 033 30 0,147 0,116 0,180
M024 23 0,161 0,133 0,100 MO34 28 0,136 0,111 0,190
024 23 -0,005 0,135 0,964 034 28 0,248 0,116 0,014
MO25 21 0,155 0,147 0,176 MO35 26 0,431 0,126 0,000
025 21 0,098 0,129 0,384 035 26 0,045 0,135 0,712
MO26 21 -0,085 0,110 0,454 MO36 17 0,364 0,141 0,006
026 21 0,346 0,147 0,016 036 17 0,145 0,153 0,331

DV: Disto-vestibule, V: Vestibule, MV: Mesio-vestibule, DO: Disto-oral, O: Oral, MO: Mesio-oral,
*Kappa test, p<0.05.

Examiner-1 and Examiner-2 showed inter-examiner total kappa value of 0,071 for
2532 sites with Std. Error of 0,012 (P=0,000).
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Table 6.15. Realiability of Examiner-1-3 measuring modified Harris and Ewalt index
| Sitt N Kappa Std.Error p* Sittt N Kappa Std. Error p*

Dvi6 20 0,370 0,147 0,005 DV46 17 -0,184 0,140 0,179
V16 20 0,455 0,162 0,010 V46 17 0,150 0,153 0,318
DV15 24 0,564 0,143 0,000 DV45 25 0,320 0,139 0,007
V15 24 0,028 0,088 0,787 V45 25 0,205 0,152 0,104
DV14 22 0,366 0,137 0,004 Dv44 29 0,497 0,139 0,000
V14 22 0,288 0,155 0,031 V44 29  -0,020 0,121 0,857
DVv13 30 0,444 0,113 0,000 DV43 30 0,162 0,144 0,213
V13 30 0,295 0,145 0,023 V43 30 -0,014 0,123 0,901
Dvi2 30 0,189 0,125 0,125 DV42 30 0,268 0,119 0,014
V12 30 0,039 0,115 0,726 V42 30 -0,052 0,086 0,561
Dvil 30 0,277 0,133 0,025 DV41 30 0,144 0,130 0,212
V11 30 0,195 0,154 0,09 V41 30 0,099 0,090 0,259
MV21 30 -0,054 0,108 0626 MV31l 30 0,141 0,120 0,194
V21 30 -0,018 0,114 0,872 V3l 30 0,159 0,109 0,109
Mv22 30 0,178 0,136 0,139 MV32 30 0,357 0,134 0,001
V22 30 -0,169 0,071 0,090 V32 30 0,000 0,091 1,000
MV23 30 0,147 0,126 0,193 MV33 30 0,250 0,123 0,035
V23 30 0,085 0,118 0,419 V33 30 0,088 0,111 0,388
MV24 23 0,169 0,135 0,182 MV34 28 0,185 0,124 0,082
V24 23 0,172 0,138 0,183 V34 28 0,038 0,126 0,727
MV25 21 0,160 0,176 0,249 MV35 26 0,121 0,125 0,241
V25 21 0,154 0,149 0,237 V35 26 -0,190 0,104 0,096
MV26 21 0,571 0,133 0,000 MV36 17 0,215 0,139 0,135
V26 21 0,027 0,158 0,857 V36 17 0,138 0,142 0,139
DO16 20 0,440 0,142 0,002 DO46 17 0,280 0,127 0,046
016 20 0,182 0,160 0,223 046 17 0,256 0,185 0,128
DO15 24 0,301 0,128 0,009 DO45 25 0,092 0,103 0,317
015 24 0,267 0,131 0,027 045 25 0,267 0,157 0,041
DO14 22 0,330 0,137 0,000 DO44 29 0,117 0,087 0,174
014 22 0,167 0,158 0,228 044 29 0,044 0,119 0,725
DO13 30 0,213 0,116 0,036 D043 30 0,307 0,119 0,004
013 30 0,226 0,125 0,035 043 30 0,063 0,128 0,596
DO12 30 0,292 0,111 0,004 DO42 30 0,143 0,125 0,222
012 30 0,147 0,132 0,187 042 30 0,016 0,079 0,864
DO11 30 0,295 0,125 0,012 DO41 30 0,270 0,122 0,021
O11 30 0,384 0,117 0,000 041 30 0,018 0,110 0,866
MO21 30 0,190 0,122 0,056 MO31 30 0,261 0,143 0,035
021 30 0,073 0,121 0,578 031 30 -0,061 0,101 0,516
MO22 30 0,311 0,121 0,004 MO32 30 0,023 0,131 0,832
022 30 0,095 0,113 0,428 032 30 0,031 0,118 0,761
MO23 30 0,286 0,110 0,006 MO33 30 0,110 0,086 0,244
023 30 0,195 0,122 0,093 033 30 0,121 0,137 0,327
MO24 23 0,319 0,125 0,002 MO34 28 0,221 0,113 0,036
024 23 0,490 0,137 0,000 034 28 0,053 0,117 0,610
MO25 21 0,133 0,136 0,244 MO35 26 0,182 0,134 0,123
025 21 0,314 0,134 0,005 035 26 0,264 0,139 0,047
MO26 21 0,006 0,111 0,953 MO36 17 0,167 0,117 0,192
026 21  -0,047 0,128 0,689 036 17 -0,074 0,089 0,479

DV: Disto-vestibule, V: Vestibule, MV: Mesio-vestibule, DO: Disto-oral, O: Oral, MO: Mesio-oral,
*Kappa test, p<0.05.

Examiner-1 and Examiner-3 showed inter-examiner total kappa value of 0,042 for
2532 sites with Std. Error of 0,014 (P=0,001).
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Table 6.16. Realiability of Examiner-2-3 measuring modified Harris and Ewalt index

Site N Kappa Std. Error P* Site N Kappa Std. Error p*
DV16 20 ,623 ,139 ,000 DV46 17 ,115 ,182 ,448
V16 20 ,328 ,147 ,011 V46 17 -,052 ,120 ,698
DV15 24 ,433 ,130 ,000 DV45 25 ,366 ,123 ,000
V15 24 ,259 112 ,016 V45 25 ,076 ,133 ,532
DV14 22 ,626 ,127 ,000 Dv44 29 ,482 ,115 ,000
V14 22 ,288 ,143 ,014 v4a4 29 ,224 ,139 ,086
DV13 30 ,420 ,114 ,000 DV43 30 ,265 ,115 ,020
V13 30 ,160 ,095 ,078 V43 30 ,262 ,126 ,015
DV12 30 ,211 ,115 ,061  DV42 30 ,148 ,107 ,131
V12 30 ,262 ,112 ,009 V42 30 ,043 ,094 ,613
DV11 30 1226 ,123 ,042  DV41 30 ,220 ,107 ,017
V11 30 ,114 ,146 ,312 V41 30 ,052 ,099 ,541
MV21 30 ,256 ,122 ,016 MV31 30 ,010 ,087 ,908
V21 30 ,193 ,112 ,082 V31 30 ,092 ,084 ,224
MV22 30 ,132 ,114 ,180 MV32 30 ,238 ,104 ,004
V22 30 ,147 ,110 ,095 V32 30 ,036 ,078 ,653
MV23 30 ,224 ,119 ,026 MV33 30 ,172 ,103 ,051
V23 30 ,431 ,118 ,000 V33 30 ,034 ,089 ,706
MV24 23 ,395 ,148 ,001  MV34 28 ,098 ,101 ,263
V24 23 ,251 ,116 ,018 V34 28 ,010 ,082 ,911
MV25 21 ,280 ,154 ,016  MV35 26 ,222 ,113 ,021
V25 21 ,296 ,132 ,010 V35 26 ,135 ,111 ,244
MV26 21 ,240 ,156 ,058 MV36 17 ,358 ,167 ,008
V26 21 ,227 ,105 ,011 V36 17 ,220 ,151 ,079
DO16 20 -,034 ,131 ,771  DO46 17 -,018 ,109 ,870
016 20 ,336 ,148 ,019 046 17 ,033 ,141 ,798
DO15 24 ,410 ,146 ,001 D045 25 ,076 ,123 ,494
015 24 ,542 ,137 ,000 045 25 ,136 ,147 ,222
D014 22 ,178 ,155 ,141 D044 29 -,085 ,099 ,393
014 22 ,125 ,163 ,332 044 29 ,127 ,103 ,216
D013 30 ,188 ,117 ,050 D043 30 -,010 ,089 ,906
013 30 ,104 ,103 ,295 043 30 ,197 ,118 ,077
D012 30 ,146 ,130 ,174 D042 30 ,024 ,114 ,806
012 30 ,015 ,113 ,880 042 30 ,005 ,085 ,950
DO11 30 ,079 ,123 ,492 DO41 30 ,143 ,128 ,176
011 30 ,413 ,111 ,000 041 30 -,040 ,100 ,713
MO021 30 ,265 ,106 ,005 MO31 30 ,281 ,107 ,007
021 30 ,220 ,105 ,047 031 30 ,215 ,132 ,066
M0O22 30 ,007 ,088 ,949  MO032 30 ,251 ,117 ,008
022 30 ,189 ,124 ,084 032 30 ,243 ,128 ,040
MO23 30 ,308 ,121 ,003 MO33 30 ,251 ,109 ,006
023 30 ,217 ,126 ,049 033 30 ,300 ,127 ,016
M024 23 ,130 ,119 ,200  MO34 28 ,169 ,140 ,104
024 23 ,189 ,122 ,090 034 28 ,268 ,092 ,001
MO25 21 ,232 ,148 ,051  MO35 26 ,246 ,131 ,032
025 21 ,081 ,143 ,505 035 26 ,054 ,113 ,634
MO26 21 ,133 ,147 ,288  MO36 17 ,271 ,136 ,021
026 21 ,133 ,135 ,288 036 17 ,014 ,138 ,917

DV: Disto-vestibule, V: Vestibule, MV: Mesio-vestibule, DO: Disto-oral, O: Oral, MO: Mesio-oral,
*Kappa test, p<0.05.

Examiner-2 and Examiner-3 showed inter-examiner total kappa value of 0,070 for
2532 sites with Std. Error of 0,012 (P=0,000).
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6.2.2.2. Seymour et al. index

Each gingival unit’s measurement value of the first time evaluations according to
Seymour et al. index (Seymour et al., 1985) was compared between Examiner-1 and
Examiner-2; Examiner-1 and Examiner-3; and Examiner-2 and Examiner-3 for both

the vertical and horizontal components.

The inter-examiner’s results of Examiner-1 and Examiner-2 using vertical
component of Seymour et al. index (Seymour et al., 1985) showed inter-examiner total
kappa value of 0,248 for 20 papillae with Std. Error of 0,026 (P=0,000) (Table 6.17.a).
The inter-examiner’s results of Examiner-1 and Examiner-2 using horizontal
component of Seymour et al. index (Seymour et al., 1985) revealed inter-examiner
total kappa value of 0,255 for 20 papillae with Std. Error of 0,031 (P=0,000) (Table
6.17.h).

The inter-examiner’s results of Examiner-1 and Examiner-3 using vertical
component of Seymour et al. index (Seymour et al., 1985) are listed in Table 6.18.a
expressing inter-examiner total kappa value of 0,235 for 20 papillae with Std. Error of
0,027 (P=0,000). The inter-examiner’s results of Examiner-1 and Examiner-3 using
horizontal component of Seymour et al. index (Seymour et al., 1985) are displayed in
Table 6.18.b with inter-examiner total kappa value of 0,626 for 20 papillae with Std.
Error of 0,027 (P=0,000).

The inter-examiner’s results of Examiner-2 and Examiner-3 using vertical
component of Seymour et al. index (Seymour et al., 1985) manifested inter-examiner
total kappa value of 0,279 for 20 papillae with Std. Error of 0,027 (P=0,000) (Table
6.19.a), and inter-examiner’s total kappa value of 0,570 for 20 papillae with Std. Error
of 0,032 (P=0,000) using horizontal component of Seymour et al. index (Seymour et
al., 1985) as presented in Table 6.19.b.
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Table 6.17.a. Reliability of Examiner-1 and Examiner-2 measuring Vvertical

component of Seymour et al. index.

Papillae Kappa Std. Error p*
Maxilla
V13-12 0,223 0,100 0,010
V12-11 0,077 0,098 0,424
V11-21 0,365 0,138 0,004
V21-22 0,169 0,133 0,118
V22-23 0,122 0,102 0,141
013-12 0,205 0,129 0,072
012-11 0,062 0,118 0,565
011-21 0,196 0,121 0,096
021-22 0,081 0,121 0,444
022-23 0,269 0,113 0,006
Mandible
V43-42 0,238 0,114 0,025
V42-41 0,191 0,085 0,052
V41-31 0,272 0,132 0,013
V31-32 0,333 0,102 0,002
V32-33 0,215 0,093 0,014
043-42 0,204 0,101 0,035
042-41 0,182 0,101 0,041
041-31 0,140 0,095 0,157
031-32 0,114 0,107 0,233
032-33 0,189 0,118 0,055
Total 0,248 0,026 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.17.b. Reliability of Examiner-1 and Examiner-2

component of Seymour et al. index.

measuring horizontal

Papillae Kappa Std. Error p*
Maxilla
V13-12 ,545 ,133 ,000
V12-11 ,734 ,110 ,000
V11-21 ,600 ,133 ,000
V21-22 ,626 ,125 ,000
V22-23 ,474 ,152 ,002
013-12 ,594 ,126 ,000
012-11 ,492 ,130 ,000
011-21 ,548 ,127 ,000
021-22 ,399 ,134 ,001
022-23 ,466 ,117 ,000
Mandible
V43-42 ,672 ,153 ,000
V42-41 ,805 ,108 ,000
V41-31 ,680 ,118 ,000
V31-32 ,414 ,163 ,005
V32-33 ,541 ,153 ,000
043-42 ,514 ,141 ,001
042-41 ,733 ,106 ,000
041-31 ,681 ,118 ,000
031-32 ,642 ,109 ,000
032-33 ,141 ,148 ,291
Total 0,255 0,031 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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Table 6.18.a. Reliability of Examiner-1 and Examiner-3 measuring vertical

component of Seymour et al. index.

Papillae Kappa Std. Error P*
Maxilla
V13-12 0,263 0,115 0,009
V12-11 0,371 0,135 0,001
V11-21 0,149 0,118 0,131
V21-22 0,306 0,134 0,005
V22-23 0,174 0,162 0,124
013-12 0,171 0,122 0,106
012-11 -0,023 0,137 0,839
011-21 0,143 0,101 0,084
021-22 0,136 0,121 0,146
022-23 0,325 0,144 0,003
Mandible
V43-42 0,443 0,112 0,000
V42-41 0,134 0,103 0,170
V41-31 0,149 0,118 0,144
V31-32 0,167 0,097 0,067
V32-33 0,123 0,109 0,216
043-42 0,328 0,107 0,001
042-41 0,102 0,084 0,230
041-31 0,269 0,093 0,003
031-32 0,132 0,114 0,222
032-33 0,397 0,132 0,000
Total 0,235 0,027 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.18.b. Reliability of Examiner-1 and Examiner-3

component of Seymour et al. index.

measuring horizontal

Papillae Kappa Std. Error P
Maxilla
V13-12 0,719 0,115 0,000
V12-11 0,786 0,099 0,000
V11-21 0,709 0,119 0,000
V21-22 0,448 0,140 0,001
V22-23 0,526 0,151 0,001
013-12 0,694 0,109 0,000
012-11 0,697 0,108 0,000
011-21 0,595 0,121 0,000
021-22 0,439 0,133 0,000
022-23 0,387 0,108 0,000
Mandible
V43-42 0,635 0,147 0,000
V42-41 0,485 0,145 0,004
V41-31 0,733 0,108 0,000
V31-32 0,579 0,143 0,000
V32-33 0,489 0,140 0,000
043-42 0,501 0,154 0,001
042-41 0,677 0,115 0,000
041-31 0,609 0,132 0,000
031-32 0,798 0,092 0,000
032-33 0,443 0,148 0,001
Total 0,626 0,027 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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Table 6.19.a. Reliability of Examiner-2 and Examiner-3 measuring vertical

component of Seymour et al. index.

Papillae Kappa Std. Error P
Maxilla
V13-12 0,144 0,127 0,225
V12-11 0,188 0,115 0,097
V11-21 0,428 0,147 0,002
V21-22 0,615 0,120 0,000
V22-23 0,429 0,115 0,000
013-12 0,392 0,130 0,001
012-11 0,131 0,114 0,182
011-21 0,073 0,120 0,482
021-22 0,225 0,110 0,015
022-23 0,298 0,111 0,001
Mandible
V43-42 0,218 0,124 0,027
V42-41 0,180 0,093 0,058
V41-31 0,136 0,121 0,176
V31-32 0,214 0,086 0,008
V32-33 0,143 0,117 0,172
043-42 0,115 0,101 0,184
042-41 -0,003 0,080 0,971
041-31 0,305 0,127 0,006
031-32 0,299 0,129 0,010
032-33 0,344 0,109 0,000
Total 0,279 0,027 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.19.b. Reliability of Examiner-2 and Examiner-3

component of Seymour et al. index.

measuring horizontal

Papillae Kappa Std. Error P
Maxilla
V13-12 0,828 0,091 0,000
V12-11 0,718 0,118 0,000
V11-21 0,651 0,129 0,000
V21-22 0,619 0,127 0,000
V22-23 0,480 0,149 0,001
013-12 0,699 0,108 0,000
012-11 0,497 0,129 0,000
011-21 0,544 0,124 0,000
021-22 0,674 0,114 0,000
022-23 0,454 0,115 0,000
Mandible
V43-42 0,635 0,147 0,000
V42-41 0,414 0,151 0,012
V41-31 0,726 0,112 0,000
V31-32 0,511 0,148 0,000
V32-33 0,490 0,153 0,001
043-42 0,411 0,148 0,005
042-41 0,776 0,105 0,000
041-31 0,728 0,112 0,000
031-32 0,785 0,095 0,000
032-33 0,574 0,130 0,000
Total 0,570 0,032 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05
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6.2.2.3. King et al. index

Each gingival unit’s measurement value of the first time evaluations according to
King etal. index (King et al., 1993) was compared between Examiner-1 and Examiner-
2; Examiner-1 and Examiner-3; and Examiner-2 and Examiner-3 for both the vertical

and horizontal components.

The inter-examiner’s results of Examiner-1 and Examiner-2 using vertical
component of King et al. index (King et al., 1993) are shown in Table 6.20.a.
presenting inter-examiner total kappa value of 0,635 for 20 papillae with Std. Error of
0,024 (P=0,000). The inter-examiner’s results of Examiner-1 and Examiner-2 using
horizontal component of King et al. index (King et al., 1993) revealed inter-examiner
total kappa value of 0,595 for 20 papillae with Std. Error of 0,023 (P=0,000) (Table
6.20.b).

The inter-examiner’s results of Examiner-1 and Examiner-3 using vertical
component of King et al. index (King et al., 1993) are listed in Table 6.21.a. Examiner-
1 and Examiner-3 displayed inter-examiner total kappa value of 0,508 for 20 papillae
with Std. Error of 0,030 (P=0,000). The inter-examiner’s results of Examiner-1 and
Examiner-3 using horizontal component of King et al. index (King et al., 1993)
expressed inter-examiner total kappa value of 0,582 for 20 papillae with Std. Error of
0,028 (P=0,000) (Table 6.21.b).

The inter-examiner’s results of Examiner-2 and Examiner-3 using vertical
component of King et al. index (King et al., 1993) are manifested in Table 6.22.a
revealing inter-examiner total kappa value of 0,372 for 20 papillae with Std. Error of
0,026 (P=0,005), and inter-examiner’s total kappa value of 0,393 for 20 papillae with
Std. Error of 0,024 (P=0,000). using horizontal component of King et al. index (King
et al., 1993) (Table 6.22.b).
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Table 6.20.a. Reliability of Examiner-1 and Examiner-2 measuring vertical
component of King et al. index.

Papillae Kappa Std. Error p*
Maxilla
V13-12 0,892 0,073 0,000
V12-11 0,835 0,088 0,000
V11-21 0,667 0,108 0,000
V21-22 0,517 0,125 0,000
V22-23 0,667 0,108 0,000
013-12 0,673 0,110 0,000
012-11 0,488 0,134 0,000
011-21 0,863 0,076 0,000
021-22 0,628 0,125 0,000
022-23 0,587 0,114 0,000
Mandible
V43-42 0,704 0,108 0,000
V42-41 0,812 0,097 0,000
V41-31 0,809 0,090 0,000
V31-32 0,696 0,111 0,000
V32-33 0,651 0,120 0,000
043-42 0,571 0,122 0,000
042-41 0,799 0,094 0,000
041-31 0,852 0,082 0,000
031-32 0,907 0,064 0,000
032-33 0,609 0,120 0,000
Total 0,635 0,024 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.20.b. Reliability of Examiner-1 and Examiner-2 measuring horizontal
component of King et al. index

Papillae Kappa Std. Error p*
Makxilla
V13-12 0,379 0,132 0,009
V12-11 0,681 0,115 0,000
V11-21 0,609 0,127 0,000
V21-22 0,626 0,117 0,000
V22-23 0,489 0,128 0,001
013-12 0,595 0,126 0,000
012-11 0,436 0,136 0,001
011-21 0,703 0,106 0,000
021-22 0,511 0,117 0,000
022-23 0,649 0,111 0,000
Mandible
V43-42 0,568 0,149 0,000
V42-41 0,623 0,132 0,000
V41-31 0,733 0,108 0,000
V31-32 0,451 0,161 0,004
V32-33 0,681 0,150 0,000
043-42 0,429 0,136 0,002
042-41 0,565 0,131 0,000
041-31 0,791 0,096 0,000
031-32 0,586 0,120 0,000
032-33 0,296 0,143 0,022
Total 0,595 0,023 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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Table 6.21.a. Reliability of Examiner-1 and Examiner-3 measuring vertical
component of King et al. index.

Papillae Kappa Std. Error p*
Maxilla
V13-12 0,783 0,102 0,000
V12-11 0,662 0,118 0,000
V11-21 0,443 0,137 0,000
V21-22 0,402 0,140 0,001
V22-23 0,098 0,136 0,360
013-12 0,490 0,131 0,000
012-11 0,398 0,138 0,004
011-21 0,494 0,124 0,000
021-22 0,624 0,123 0,000
022-23 0,531 0,121 0,000
Mandible
V43-42 0,202 0,127 0,111
V42-41 0,570 0,130 0,000
V41-31 0,501 0,130 0,000
V31-32 0,425 0,114 0,000
V32-33 0,434 0,147 0,002
043-42 0,416 0,135 0,001
042-41 0,648 0,121 0,000
041-31 0,287 0,139 0,012
031-32 0,577 0,120 0,000
032-33 0,554 0,125 0,000
Total 0,508 0,030 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.21.b. Reliability of Examiner-1 and Examiner-3
component of King et al. index.

measuring horizontal

Papillae Kappa Std. Error p*
Makxilla
V13-12 0,598 0,131 0,000
V12-11 0,674 0,117 0,000
V11-21 0,651 0,129 0,000
V21-22 0,431 0,143 0,002
V22-23 0,473 0,138 0,001
013-12 0,640 0,118 0,000
012-11 0,697 0,108 0,000
011-21 0,541 0,128 0,000
021-22 0,265 0,128 0,017
022-23 0,356 0,102 0,000
Mandible
V43-42 0,635 0,147 0,000
V42-41 0,427 0,150 0,010
V41-31 0,733 0,108 0,000
V31-32 0,511 0,148 0,000
V32-33 0,579 0,147 0,000
043-42 0,439 0,150 0,003
042-41 0,676 0,114 0,000
041-31 0,620 0,123 0,000
031-32 0,745 0,102 0,000
032-33 0,427 0,135 0,001
Total 0,582 0,028 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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Table 6.22.a. Reliability of Examiner-2 and Examiner-3 measuring Vvertical
component of King et al. index.

Papillae Kappa Std. Error P*
Maxilla
V13-12 0,787 0,101 0,000
V12-11 0,813 0,102 0,000
V11-21 0,427 0,125 0,000
V21-22 0,246 0,132 0,035
V22-23 0,330 0,119 0,001
013-12 0,576 0,116 0,000
012-11 0,581 0,137 0,000
011-21 0,536 0,123 0,000
021-22 0,442 0,144 0,001
022-23 0,766 0,097 0,000
Mandible
V43-42 0,381 0,130 0,002
V42-41 0,646 0,123 0,000
V41-31 0,517 0,122 0,000
V31-32 0,429 0,113 0,000
V32-33 0,508 0,124 0,000
043-42 0,645 0,131 0,000
042-41 0,594 0,127 0,000
041-31 0,339 0,130 0,002
031-32 0,671 0,109 0,000
032-33 0,752 0,101 0,000
Total 0,372 0,026 0,005

V: Vestibule, O: Oral, *Kappa test, p<0.05.

Table 6.22.b. Reliability of Examiner-2 and Examiner-3
component of King et al. index.

measuring horizontal

Papillae Kappa Std. Error p*
Makxilla
V13-12 0,451 0,127 0,002
V12-11 0,727 0,113 0,000
V11-21 0,602 0,131 0,000
V21-22 0,513 0,133 0,000
V22-23 0,532 0,146 0,000
013-12 0,597 0,120 0,000
012-11 0,453 0,130 0,000
011-21 0,553 0,118 0,000
021-22 0,427 0,132 0,001
022-23 0,416 0,113 0,000
Mandible
V43-42 0,530 0,152 0,001
V42-41 0,422 0,158 0,007
V41-31 0,890 0,076 0,000
V31-32 0,247 0,158 0,098
V32-33 0,299 0,171 0,037
043-42 0,497 0,144 0,000
042-41 0,607 0,128 0,000
041-31 0,622 0,125 0,000
031-32 0,526 0,130 0,000
032-33 0,209 0,156 0,116
Total 0,393 0,024 0,000

V: Vestibule, O: Oral, *Kappa test, p<0.05.
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6.2.2.4. Ellis et al. index

Each gingival unit’s measurement value of the first time evaluations according to
Ellis et al. index (Ellis et al., 2001) was compared between of Examiner-1 and

Examiner-2; Examiner-1 and Examiner-3; and Examiner-2 and Examiner-3.

The inter-examiner’s results of Examiner-1 and Examiner-2 using Ellis et al.
index (Ellis et al., 1993) are shown in Table 6.23 presenting inter-examiner total kappa
value of 0,804 for 10 papillae with Std. Error of 0,028 (P=0,000).

The inter-examiner’s results of Examiner-1 and Examiner-3 using Ellis et al.
index (Ellis et al., 1993) are listed in Table 6.24. Examiner-1 and Examiner-3
expressed inter-examiner total kappa value of 0,717 for 10 papillae with Std. Error of
0,032 (P=0,000).

The inter-examiner’s results of Examiner-2 and Examiner-3 using Ellis et al.
index (Ellis et al., 1993) revealed inter-examiner total kappa value of 0,716 for 10
papillae with Std. Error of 0,032 (P=0,000) (Table 6.25).

Table 6.23. Reliability of Examiner-1 and Examiner-2 measuring Ellis et al. index

Papillae Kappa Std. Error p*
13-12 0,698 0,107 0,000
12-11 0,584 0,114 0,000
11-21 0,716 0,104 0,000
21-22 0,860 0,076 0,000
22-23 0,624 0,114 0,000
43-42 1,000 0,000 0,000
42-41 1,000 0,000 0,000
41-31 0,946 0,053 0,000
31-32 0,765 0,106 0,000
32-33 0,803 0,088 0,000
Total 0,804 0,028 0,000

*Kappa test, p<0.05.
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Table 6.24. Reliability of Examiner-1 and Examiner-3 measuring Ellis et al. index

Papillae Kappa Std. Error P*
13-12 ,690 ,113 ,000
12-11 ,635 ,108 ,000
11-21 ,724 ,101 ,000
21-22 ,579 ,115 ,000
22-23 ,730 ,098 ,000
43-42 ,950 ,048 ,000
42-41 ,689 ,116 ,000
41-31 ,653 ,110 ,000
31-32 ,617 ,121 ,000
32-33 ,756 ,095 ,000
Total 0,717 0,032 0,000

*Kappa test, p<0.05.

Table 6.25. Reliability of Examiner-2 and Examiner-3 measuring Ellis et al. index

Papillae Kappa Std. Error p*
13-12 ,698 ,109 ,000
12-11 ,814 ,087 ,000
11-21 ,489 ,123 ,000
21-22 ,534 ,121 ,000
22-23 ,726 ,098 ,000
43-42 ,950 ,048 ,000
42-41 ,689 ,116 ,000
41-31 ,657 ,109 ,000
31-32 ,710 ,110 ,000
32-33 ,752 ,099 ,000
Total 0,716 0,032 0,000

*Kappa test, p<0.05.
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7. DISCUSSION

The term G.O. is used to express the gingival dimorphism associated with multiple
factors (Miranda et al., 2012). The incidence of G.O. has been accompanied with
inflammatory, drug-induced and neoplastic factors (Miranda et al., 2012).
Inflammatory G.O. due to plaque accumulation is the most joint reason for G.O.’s
occurrence (Carranza et al., 2015). Drug-induced G.O. is a side effect related to the
usage of phenytoin, CsA and C.C.B.s (Claffey, 2003; Brunet et al., 1996). Throughout
the research in the field of G.O., a high number of clinical studies and case reports
have been published. The subject of drug-induced G.O., specifically when it is related
to phenytoin or CsA, has been extensively researched (Ellis et al., 2001). In each study
concerning G.O., a G.O. index was used to report the degree of enlargement. Obstacles
in the interpretation of these studies are mostly due to the variations in the criteria used
for assessing the grade of the G.O. lesion (Thomason et al., 1992).

Since a large number of studies had focused on defining the influencing dosages
of drugs that cause G.O. using different G.O. indices, which rely on different means
of examination and criteria, a wide range of concordance occurred between the studies.
Therefore, it must be obligatory for each study to use the perfect method of assessing
G.O. that suits the amount of mass population, the ease of the procedure, and the
financial expenses (Ellis et al., 2001). For instance, Hassell et al. (Hassell et al., 1984)
presented in his literature which reviews the oral manifestations in epileptic patients
under phenytoin therapy, the wide variation in the incidence of G.O. that ranges from
0% to 100% (Blair, 1939; Grob and Herold, 1972).

Previous studies reported the prevalence of drug-induced G.O. using the modified
Harris and Ewalt index (Prasad et al., 1998) and Seymour et al. index (Seymour et al.,
2001). While Seymour et al. index (Seymour et al., 2001) was able to detect initial
G.O., modified Harris and Ewalt index (Prasad et al., 1998) lacked this ability.

Back through literature concerning the topic of G.O., a high number of indices

have been utilized to detect the extent and severity of G.O. which consequently has
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produced suspicion and uncertainty with regard to this clinical observation (Miranda-
Ruis et al., 2012). The broad differences in results noticed between studies which used
different G.O. indices might be the outcome of using non credible indices (Miranda-
Ruis J et al., 2012).

The methodology to assess clinically G.O. is not universally defined. Therefore,
it may be unsuitable to compare the results of G.O.’s incidence reported in different
studies (King et al., 1993). Therefore, difficulties in the interpretation of these reports
are in large part due to the differences in the criteria used to assess the lesion (Barclay
etal., 1992).

Through research backwards in literatures, we were able to detect 24 G.O. indices.
These G.O. indices depend on different means of assessment such as intra-oral
readings, with the help of plaster models or photographs, or even using microscopes.
A lot of these G.O. indices were consisted of modifications of previous indices
described by others. The modifications could involve the grading system of the index,

or even the criteria of the G.O. index itself.

In order to choose the G.O. indices to be evaluated in our study, a comprehensive
observation have been employed regarding the most commonly used indices through
the history of this clinical aspect. Picking out G.O. indices which depend on different
materials was a significant priority of our study too where Seymour et al. index
(Seymour et al., 1985) and King et al. index (King et al., 1993) depend on plaster
models, and Ellis et al. index (Ellis et al., 2001) counts on intra-oral photographs.
Thirdly, modified Harris and Ewalt index (Prasad et al., 1998) which covers the whole
mouth aspect, not only the anterior region was included, to check how complexity of
a G.O. index would interfere with the accuracy and clarity of exposing and revealing
G.O.

As tools of measurement, our study used the plaster models as means to assess
G.O. in modified Harris and Ewalt index (Prasad et al., 1998). Nevertheless, in the
original article (Prasad et al., 1998) describing modified Harris and Ewalt index, the

measurements were done intra-orally. In contrast, the only study comparing
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statistically the concordance between different G.O. indices used G.O. index to
measure G.O. through plaster models while it was originally described by Miller and
Damm (Miller and Damm,1992) as a modification of the index described by
Angelopoulos and Goaz (Angelopoulos and Goaz, 1972) to be used though intra-oral
evaluation. Therefore, it is not compulsory to use these previously two mentioned
indices intra-orally, especially that a second time measurement is taking place and no

alterations in the gingival tissues must occur between the two trials.

The only study researching the concordance between G.O. indices by Miranda et
al. (Miranda et al., 2012) used two indices depending on plaster models as the only
mean of assessment. In contrast our study used four different methods to assess G.O.
where three of them depend on plaster models and the fourth one uses intra-oral
photographs.

The study of Miranda et al. (Miranda et al., 2012) included 12 plaster models
(maxillary / mandibular) from subjects who had been under orthodontic treatment and
had worn orthodontic brackets. Consequently, these patients were diagnosed with
inflammatory G.O. due to the accumulation of bacterial dental plaque. On the other
hand, our study consisted of 30 subjects who had 4 different types of G.O. where 18
patients had drug-induced G.O.; 9 patients with inflammatory G.O., 2 patients with
pubertal G.O., and 1 patient with hereditary G.O.

Since the orthodontic brackets have been applied buccally in the study by Miranda
et al. (Miranda et al., 2012), the triggered inflammatory G.O. was localized only in the
buccal side, whereas G.O. in our study was generalized spontaneously throughout the

whole mouth aspects.

In a study by Miranda et al. (Miranda et al., 2012), the subjects involved had
finished their orthodontic treatment. Consequently, the teeth alignment had no
complications such as crowdings or over proclination of anterior teeth, which the

clinician might face in his daily practice. In our study, a part of included individuals
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had kind of these problems which affected the clarity of readings, but rather created a

more realistic step.

One G.O. index was shared between our study and Miranda et al. (Miranda et al.,
2012) study, which is the horizontal component of Seymour et al. index (Seymour et
al., 1985) and King et al. index (King et al., 1993).

In our study, modified Harris and Ewalt index (prasad et al., 1998) revealed an
intra-examiner kappa value of 0,783 and 0,684 for Examiner-1 and Examiner-3,
respectively, which presents a good degree of agreement between the 1 and 2"
measurements. On the other hand, Examiner-2 showed an intra-examiner kappa value

of 0,428 which is described as a moderate degree of agreement.

Based on the vertical component of Seymour et al. index (Seymour et al., 1985),
Examiner-1 had achieved a very good degree of agreement by an intra-examiner total
kappa score of 0,823. Examiner-3 had scored a less degree of agreement than
Examiner-1 by displaying a total kappa value of 0,791 which is considered as a good
agreement. Examiner-2 revealed a total kappa value of 0,512 which is counted less

than Examiner-1 and Examiner-2 and depicted as moderate.

The horizontal component of Seymour et al. index (Seymour et al., 1985) had
better degrees of agreement than the vertical component suggesting a total kappa value
of 0,724 and 0,784 for Examiner-2 and Examiner-3, respectively, basing a good degree
of agreement. Furthermore, Examiner-1 had a very good degree of intra-examiner

agreement with a total kappa value of 0,876.

The vertical component of King et al. index (King et al., 1993) showed a good
degree of agreement for both Examiner-2 and Examiner-3 with total kappa values of
0,724 and 0,653, respectively. Examiner-1 had a very good agreement with 0,855 total

kappa value.

According to the horizontal component of King et al. index (King et al., 1993),

Examiner-1 had an intra-examiner total kappa value of 0,868 revealing a very good
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agreement. Examiner-2 scored a total kappa value of 0,587 which is considered as
moderate. Examiner-3 had a good degree of agreement with a total kappa value of
0,787.

Ellis et al. index (Ellis et al., 2001) showed a very good intra-examiner agreement
for both Examiner-1 and Examiner-3 with a total kappa value of 0,855 and 0,830,
respectively. Examiner-2 had a good agreement with a kappa value of 0,758.

In terms of inter-examiner reliability, modified Harris and Ewalt index (Prasad et
al., 1998) presented poor degree of agreement between the three examiners. Inter-
examiner total kappa value showed results of 0,071, 0,042, 0,070 for Examiner-1 and
Examiner-2, Examiner-1 and Examiner-3, and Examiner-2 and Examiner-3,

respectively.

The three examiners had also shown a fair degree of agreement in terms of inter-
examiner reliability for the vertical component of Seymour et al. index (Seymour et
al., 1985) with total kappa values range between 0,235-0,279.

Inter-examiner reliability for the horizontal component of Seymour et al. index
(Seymour et al., 1985) ranged from fair to good degree of agreement. Inter-examiner
total kappa value for Examiner-1 and Examiner-2 , Examiner-1 and Examiner-3,

Examiner-2 and Examiner-3 were 0,255, 0,626, and 0,570, respectively.

The vertical component of King et al. index (King et al., 1993) expressed 3 levels
of agreement as the following: Examiner-1 and Examiner-2 presented a good degree
(K =0,635); Examiner-1 and Examiner-3 reached a moderate level of agreement
(K =0,508); Examiner-2 and Examiner-3 had scored a fair level of agreement
(K =0,372).

Inter-examiner total kappa values for the horizontal component of King et al.
index (King et al., 1993) revealed a moderate degree of agreement for Examiner-1 and

Examiner-2, Examiner-1- and Examiner-3 with total kappa values of 0,595, 0,582,
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respectively. Examiner-2 and Examiner-3 inter-examiner reliability manifested a fair

level of agreement with a K value of 0,393.

In term of Ellis et al. index (Ellis et al., 2001), Examiner-1 and Examiner-3,
Examiner-2 and Examiner-3 displayed a good level of agreement with K values of
0,717 and 0,716, respectively. Examiner-1 and Examiner-2 expressed a very good

degree of agreement with a K value of 0,804.

In the horizontal component of Seymour et al. index (Seymour et al., 1985),
Miranda et al. (Miranda et al., 2012) revealed a very good degree of agreement with
intra-examiner total kappa value of 0,830. In accordance, our study described a very
good agreement for Examiner-1, and good agreement for Examiner-2, and Examiner-
3 when this G.O. index was used. On the other hand, the horizontal component of King
et al. index (King et al., 1993) in our study scored a very good level of agreement for
Examiner-1 which agrees with the intra-examiner reliability achieved in the the study
by Miranda et al. (Miranda et al., 2012). Examiner-2 and Examiner-3 in our study

showed fair and good degree of agreement, respectively.

In the horizontal component of King et al. index (King et al., 1993), Miranda et
al. (Miranda et al., 2012) presented a good agreement among examiners with a total
kappa value of 0,770. In contrast, our study reached a moderate agreement between
Examiner-1 and Examiner-2, Examiner-1 and Examiner-3 with kappa values of 0,595
and 0,582, respectively. Examiner-2 and Examiner-3 manifested less agreement
(K=0,393) when the horizontal component of King et al. index (King et al., 1993) was
used, considering it as fair agreement. Horizontally, Seymour et al. index (Seymour et
al., 1985) expressed a very good agreement among Examiners 1-3 (K=0,626), good
agreement among Examiners 2-3 (K=0,570), and fair agreeement among examiners 1-
2 (K=0,255).

While every G.O. index has its own advantages and disadvantages, the followings

were noticed during our research:
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In the vertical component of Seymour et al. index (Seymour et al., 1985), there
is no specific definition of the amount of encroachment of the interdental
papillae for each grade, rather a figure showing the division of the half of
clinical crown into three thirds. This way of classification lacks specificity and
clarity.

Although the horizontal part of both Seymour et al. (Seymour et al., 1985) and
King et al. (King et al., 1992) indices, which share an identical criteria for
assessing the horizontal component of G.O., have been used in a lot of studies
by different authors (Miranda et al., 2001; Miranda et al., 2005), but they still
do not take into consideration cases where various degrees of proclination in
the anterior teeth (buccaly or palatally/lingually) might occur and eventually
distort the clinician from making an accurate measurement of how much extent
the gingival tissues are enlarged in a labio-lingual direction.

In various indices which depend on the gingival tissues’ vertical encroachment
on the clinical crown such as Aas (Aas, 19630, Angelopoulos and Goaz
(Angelopoulos and Goaz, 1972), Seymour et al. (Seymour et al., 1985), Daley
et al. (Daley et al., 1986), McGaw et al. (McGawet al., 1987), Pernu et al.
(Pernu et al., 1992), Miller and Damm (Miller and Damm, 1992), King et al.
(King et al., 1993), Somacarrera et al. (Somacarrera et al., 1994), Nery et al.
(Nery et al., 1995), modified Harris and Ewalt (Prasad et al., 1998), Inglés et
al. (Inglés et al., 1999), and Ellis et al. (Ellis et al., 2001), there is a lack of
credibility to expect the exact degree of encroachment since the location of
cemento-enamel junction is hard to define. Therefore, with this insufficient
clarity it is hard for the examiner to decide how much is the percentage and
degree of the coverage.

In cases where it is not clear of how much the clinical crowns are covered due
to the haziness caused by the enlarged gingival tissues, we might evaluate the
opposite side to check the actual clinical crown and decide accordingly the
G.0.’s grade.

When the anterior teeth are crowded in the upper or lower jaw, the accurate

reading of how much the clinical crowns are covered, or even detecting the
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extent of the interdental papillae in a bucco-lingual direction is not a simple
nor a straightforward procedure, but rather have a lot of complications.

In Seymour et al. index and King et al. index, the shared horizontal component
which examines the thickening of the gingival tissues in a bucco-lingual
direction is much more reliable than the vertical component since it crosses all
the obstacles that are due to the disappearance of the cemento-enamel junction
and the crowdings in the anterior aspect.

In cases where the patient is suffering from bruxism, and there is decreasing in
the clinical crown’s length, some G.O. indices’, such as the vertical component
of King et al. index (King et al., 1993), stay unable to accurately interact with

them.
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8. CONCLUSION

In general, intra-examiner total kappa values presented better results than inter-
examiner findings in the 4 indices. However, intra-examiner and inter-examiner total
kappa values of Ellis et al. index (Ellis et al., 2001) revealed the highest kappa values
which indicates it as the most reliable method of measurement among the 4 indices.

Since Ellis et al. index (Ellis et al., 2001) does not cover the labio-lingual direction
of G.O., the clinician needs a method to examine this aspect in order to create a
three-dimensional G.O. measuring criteria along with the vertical (apico-incisal)
aspect. Therefore, both the horizontal components of Seymour et al. index (Seymour
et al., 1985), and King et al. index (King et al., 1993), which share the same grading
system, could be applicable to measure the G.O. in a labio-lingual direction with total

kappa values ranging between good and moderate.
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10. ENCLOSURES

En 1. Ethical Committee Descision Form
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MARMARA UNIVERSITESI
Dig Hekimligi Fakiiltesi
Klinik Aragtirmalar Etik Kurulu

Projenin Ads: Evaluation of index systems measuring gingival overgrowth
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Projedeki Araguincilar:Dt. Ahmod  Safa Alkateb, Dr.Hafize Oztiirk Ozerer
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En 2. Informed Consent Form

BILGILENDIRILMiS ONAM FORMU

Diseti biiyiimesi indeks metodlarimin karsilastirilmasi

Diseti biiyiimesi nedir?

Diseti biiyiimesi; enflamasyon, neoplastik kosullar, sistemik hastahklar ve ilaclar

gibi bircok faktorle iliskili olan disetindeki hacimsel bir artistir.

Diseti biiyiimesinin nedenleri nelerdir?

Diseti biiyiimeleri esas olarak dental plagin sebep oldugu enflamasyon sonucu,
ila¢c kullanimina (siklosporin, antikonvulsanlar, kalsiyum kanal blokerleri, vb),
hastanin hormonal durumuna (puberte, hamilelik, vb), bazi sistemik hastaliklara
(losemi, graniilomatoz hastaliklar) ve hastamin genetik yatkinhgina (herediter

gingival fibromatoz) bagh olarak ortaya cikar.

Diseti biiyiime boyutlar1 nasil saptanir?

Diseti biiyiime boyutlari, ya ekartor ve ayna yardimiyla cekilen tiim agiz ici
fotograflar: iizerindne o6l¢iim yapilarak belirlenir ya da 6l¢ii maddesiyle agzin

olgiisii alinarak olustulan al¢1 model iizerinden olciim yapilarak elde edilir.

Calismanin Amaci: Bu calismanin amaci arastirmacinin kendi icinde ve
arastirmacilar arasinda farkh diseti biiyiimesi indekslerinin fotograf ve algi

model iizerinde tekrar edilebilirliginin degerlendirilmesidir.
Calismanin Siiresi: Calismanin siiresi 6 aydir.

Yapilacak islemler
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e Oncelikle agiz ici fotograflar1 alinmasi,

e Devaminda aljinat 6lcii maddesi kullanilarak agzinin 6l¢iisiiniin alinmasi

ve al¢1 modellerin elde edilmesi.

o Fotograf ve al¢c1 modeler iizerinden gerekli dl¢iimlerin yapilarak sisteme

kaydedilmesi.

Goniillii Haklari, Sorumluluklar: ve Gizlilik

Arastirmada tamamiyle kendi isteginiz dogrultusunda yer almaktasimz. Eger
isterseniz bu calismada yer almayabilirsiniz. Bu ¢alismada yer aldigimiz siire
icinde adimiz ve tibbi kayitlariniz gizli tutulacaktir. Bununla birlikte kayitlariniz
etik kurula, yoklama yapanlara, arastirmacilara ve Saghk Bakanhgi’na istek
oldugu takdirde verilecektir. Bu olur formunu imzalayarak yukarida adi gecen
kurum ve Kisilerin soz konusu calisma verilerine erisebilmelerini ve bu
calismayla ilgili daha ileri arastirmalar yapilabilecegini (¢calismadan ayrilsaniz
dahi) kabul ediyorsunuz. Bu siirecte aciga ¢cikan bilgiler gizli kalacaktir. Calisma
verileri yurticinde ve yurtdisinda rapor, yayin veya teblig olarak yayinlanabilir,
ancak adimiz ve Kisisel bilgileriniz hicbir sekilde aciklanmayacak ve calismayla

ilgili veriler izlenerek size ulasilamayacaktir.

Bu c¢ahsmaya katilarak, calismadan ayrilsamiz dahi herhangi bir verinin
kullanimmmi sinirlamamayi1 kabul ediyorsunuz. Kisisel verilerinizin diinyadaki
tiim Saghk Bakanliklarina aktarilabilecegini biliyor ve kabul ediyorsunuz. Tlgili

ve koruma yasalarinca taninan haklarimz etkilenmeyecektir.
Herhangi bir sorunuz oldugunda liitfen bize danisiniz.
Prof. Dr. Leyla Kuru Tel: 0216 421 16 21 (Dahili:1141)

Dt. Ahmad Safa Alkateb Tel: 0216 421 16 21 (Dahili:1143)
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En 3. Consent Form

GONULLU ONAM FORMU

Calismanin Ismi: Periodontoloji klinigine basvuran bireylerde diseti ¢ekilmesinin

klinik olarak incelenmesi.

Yukarida, goniilliiye arastirmadan once verilmesi gereken bilgileri igceren metni
okudum (veya bu metin bana okundu). Bunlar hakkinda bana yazili veya sozli
aciklamalar yapildi bu form ile ilgili soru soracak zaman ve firsatim oldu ve tim
sorularim cevaplandi. Bu formun tiimiinii ve tanimlanan riskleri okudum. Bu
kosullarda s6z konusu klinik arastirmaya kendi rizamla, hi¢ bir baski ve zorlama
olmaksizin katilmay1 kabul ediyorum. Tibbi tarihgemi de iceren, kendim hakkinda

verdigim her tiirlii bilginin dogrulugunu da teyit ediyorum.

Goniilliiniin Adi1-Soyada:
Imzas1

Tarih:
Adresi/Tel:
Goniilliiniin Kisisel Olur Vermeye Yeterli Olmadigi Durumlarda

Veli/Vasi, Gerekiyorsa Yasal Temsilcisinin Adi-Soyadi:
Imzas1

Tarih:
Adresi/Tel:
Olur Alma Islemine Basindan Sonuna Kadar Tamklik Eden

Kurulus Gorevlisinin Adi-Soyadi:
Imzas

Tarih:
Adresi/Tel:

Aciklama Yapan Arastiricinin Adi-Soyadi:
Imzas

Tarih:
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En 4. Patient’s Card

M.U. DiS HEKiMLIGi FAKULTESI PERIODONTOLOJi A.D. HASTA KARTI

SEANS BASLANGICLARI:

Tarih : Tarih: ...... Tarih :

BOX IMZASH: cavsumsivessmsssamsseinisss  BOX IMZASH Box imzasi :

Tarih : ...... 1 B — P07 2 T em—

BOX IMZAS : vuvvvvecrurnsisesscssensssssssenene BOX IMZaSI : ceovvrrrcrircrreenrisenisnreennes (S€KTEEET)

HASTA BILGILERI:

Ad), Soyad : ... Meslek:

Yas, Cinsiyet : ... Protokolno:

TEI (CEP) : cuuveerereerseressasaresssarsnsssssssesssessesesasessassssssssssssasesesesssssnse BOMABTCIY: ..voxomussonsonssmmssssassmsanssnmsssusorsmammasaipssspassxarsssmasssus
L | L —
TEDAVI EDEN'HEKIME Adi, SoVadis s st Sinifi :

DENTAL ANAMNEZ:

Agri: ... Tek tarafli cigneme (sag/sol) :

Kanama : Tirnak yeme : ......

Disetinde 6dem/hiperplazi : Sigara kullanimi,/ BUNUe Suaasismissaranoassisiiis
Diseti gekilmesi : Daha 6nce distasi temizligi yapildi mi? @ ..coovveevvevnernnns
ABRE ROKUE 2 viscvnsirsminvmsasias (ne zaman, nerede)

Diglerde yer degistirme / sallanti : .......cccuveerverneensrseeisssesnnnens Daha 6nce diseti tedavisi yapildi mi? : ....ocooevivirnnisinnns
Dig sikma / gicirdatma : ( ne zaman, nerede)

Agizdan solunum : ...  Disfircalama sikhigi / sekli: ...

SISTEMiK ANAMNEZ:

Hastanede yattiniz mi, neden? : Kalp-damar hastaliklari :

SanilIK & iR Sindirimisist: hastaliklan :ssusaimmmasmssiimg
Toberkilloz [/AIDS 3 s Karaciger hastaligi : ............

Atesli romatizma : Babrek hastalifl $ ssmsmsisusmsmmisssiemssmsssssssivanssssssssssonses
Diabet : Solunum sist. hastaligs :

Hipertansiyon : Kan hastaligi, anemi :

Hormonal hastaliklar : Kanama zamani :

Sarekli kullanilan ilag : Pihtilagma zamani :
Ailedeki genel hastaliklar : ... Alerji:sorunu Var I s s
Ailedeki diseti hastaliklar : ......ccoeveiccinniennnns (gida, penisilin, anestezik madde, agri kesici)

RYRTE '-(‘ VY
‘.ig | 8 g H

Eksik Dis Cekimi Meveut Kuron Carnk Cep Olgamlert  Dis Hareketliligi
Gerekli Dis Dolgu (mm) ©-1-1-1un

HASTANIN SIKAYETi:
B e e e e
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En 5. Gingival Overgrowth Measuremet Card
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11. CURRICULUM VITAE

Name Ahmad Safa Surname ALKATEB

Place of Birth Damascus — Syria Date of Birth 09.04.1991
Nationality Syrian/ T.C. Tel 05465914486
E-mail Safa.alkateb@outlook.com

Educational Level

Name of the Institution where he/she was graduated

Graduation year

Postgraduate/Specialization

Marmara University — Faculty of Dentistry

Masters MASTER IN SCIENCE — Department of Periodontology -
Undergraduate Aleppo University — Faculty of Dentistry 2014
High school American High School 2009

Job Experience

Duty

Institution

Duration (Year - Year)

Foreign Languages Reading comprehension Speaking* Writing*
English Very good Very good Very good
Turkish Good Moderate Moderate
Foreign Language Examination Grade*
YDS UDS IELTS TOEFL IBT | TOEFL PBT | TOEFL CBT CAE CPE
77
Math Equally weighted Non-math
ALES Grade
(Other) Grade

Computer Knowledge

Program

Use proficiency

Microsoft office

Very good
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