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ABSTRACT

Received: Determining the gingival phenotype and knowing its relationship with clinical periodontal
22 0ct 2021 parameters is critical in terms of guiding the clinician and the treatment results. The present study

. . . evaluated the prevalence of gingival phenotype and its relationship with crown shape, papilla height
Received in revised form: (PH), keratinized tissue width (KTW), and risk factors. A total of 90 individuals, 53 females and 37
18 Jan 2022 males were included in the study. Based on the transparency of a periodontal probe through the
Accepted: buccal gingival margin, was determined thin phenotype and thick phenotype groups.
19 Jan 2022 Sociodemographic data, oral hygiene status and clinical periodontal parameters, supracrestal
Available online: gingival height (SGH), crown width/crown length ratio, PH, and KTW were evaluated. No
28 Feb 2022 statistical difference (p>0.05) was detected neither for the correlation between different phenotypes

(thick/thin) and SGH nor for associating phenotypes and crown width/crown length ratio.
Additionally, there was no statistically significant difference in periodontal parameters and PH
between thick and thin phenotype groups (p>0.05). PH was higher for individuals with rectangular
crown shapes compared to individuals with square crown shapes (p<0.05). It was found that the
prevalence of rectangular and square crown shapes was equal and the thick gingival phenotype was
higher in the Turkish population. There was no correlation between the gingival phenotype and
crown shape, periodontal parameters, and papilla heights. It has been shown that individuals with a
thick phenotype have higher KTW and the shape of the crown in the anterior region of the maxilla
affects the height of the papilla.
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Introduction

Periodontal phenotype is defined as the combination of gingival phenotype and buccal bone plate thickness (bone morphotype)
[1]. The gingival phenotype refers to gingival thickness (GT) and keratinized tissue width (KTW) [2]. Gingival phenotype
affects the reaction of periodontal tissue to physical, chemical, or bacterial damage, restoration and periodontal treatment
results, root closure procedures, and overall tooth aesthetics [3-6].

In recent studies, it is stated that the gingival phenotype is affected by many factors such as gingival thickness, keratinized
tissue width, papilla height, and crown shape [7-10]. It has been shown that the morphological features of the gingiva are
affected by the crown form and the structure of the dental crown shows a significant function in the gingival architecture [11-
13]. While the thick gingival phenotype is observed more frequently in square-shaped teeth with wider contact points and
more apically located; it has been reported in many studies that the incidence of thin gingival phenotype is increased in
triangular teeth with smaller contact points and more coronally located teeth [13, 14]. Chow et al. stated that the gingival
papillae are related to the crown shape and gingival thickness, especially that there is a positive relationship between gingival
thickness and the height of the interproximal tissue, and this affects the appearance of the papilla. In the past, it has been
suggested that the width of the keratinized gingiva should be at least 2 mm and the attached gingiva should be 1 mm to ensure
periodontal health [15]. Today, although there is no keratinized tissue, it has been stated that periodontal health can be
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preserved if adequate oral hygiene measures are applied by the patient [16]. As a result, the correct evaluation of the gingival
phenotype of the patients is critical during treatment planning and before implant treatment in the aesthetic field.

In measuring the gingival phenotype; different techniques such as visual inspection, periodontal probe transparency,
transgingival probing, ultrasonic devices, parallel profile periapical radiography, and cone-beam computed tomography are
used [17, 18]. Among these techniques, periodontal probe transparency is a non-invasive method of measuring the gingival
phenotype and is a highly reproducible method with 85% agreement between records. In this method, defined by Kan et al.
the phenotype is defined as thin or thick according to the visibility of the periodontal probe from the gingival margin while
probing the sulcus on the middle face of the tooth [19]. However, clinically, patients with a thin gingival phenotype cannot be
accurately identified due to difficulties in visually distinguishing the gingival phenotypes. Approaching and evaluating the
gingival phenotype is an issue that should be considered in treatment planning for any patient. Therefore, it is essential to have
information about the incidence of the gingival phenotype in the general population and its correlation to other known clinical
parameters. The present study evaluated the gingival phenotype incidence and its connection with crown shape and keratinized
tissue width and risk factors.

Materials and Methods

A total of 90 individuals, 53 females and 37 males who applied to Necmettin Erbakan University Faculty of Dentistry,
Department of Periodontology for various reasons, were included in this study. Participation in the study was on a voluntary
basis, and the consent of those who decided to participate in the research was obtained. The research protocol was conducted
following the guidelines of the Declaration of Helsinki and was accepted by the Necmettin Erbakan University Faculty of
Dentistry Ethics Committee for Non-Pharmaceutical and Medical Device Clinical Research (Ethics Decision No: 2021/01-
16). Individuals without any systemic disease who were diagnosed with periodontally healthy after routine clinical periodontal
examination agreed to participate in the study and were included in the study. Exclusion criteria among volunteers who agreed
to participate in the study; the presence of advanced periodontal disease, probing depth more than 3 mm, presence of gingival
recession, bleeding and visual plaque index greater than 20% on probing, being in pregnancy or breastfeeding period, using
any medication that may affect the thickness of periodontal soft tissues (cyclosporine A, phenytoin or calcium channel
blockers), presence of restorations affecting the crown shape and the occlusal edge of the tooth, presence of caries on the
interproximal surface or at the enamel-cementum junction, history of tooth trauma that caused the shape of the incisors to
change, history of orthodontic treatment, craniofacial asymmetry, history of periodontal surgery involving the teeth in the
maxillary anterior region and the presence of incisal abrasion, erosion or attrition reaching dentin were determined.
Sociodemographic data, oral hygiene status, tooth brushing habits, gingival phenotype, crown shape, keratinized tissue width,
and papilla height values of the individuals included in the study were recorded.

Clinical Measurements

Clinical parameters were measured by the same operator 1 week after oral hygiene motivation was given to the patients. A
period of at least 3 weeks was given between non-surgical periodontal hygiene treatment and measurement of clinical
parameters. At the start of the study, the examiner received calibration training for the measurements. Data were compared to
another examiner up to 1 mm, and agreement was 96%. To ensure accuracy and reliability in measuring clinical parameters,
the examiner re-examined 50 patients 1 week later, and 90% calibration was achieved.

Assessment of Gingival Phenotype

The gingival phenotype was categorized as thin or thick, according to the visibility of the periodontal probe. If the outline of
the periodontal probe is reflected from the gingiva, the phenotype is thin (Score: 0); if the periodontal probe did not reflect on
the gingiva, the phenotype was determined as thick (score: 1) [19].

For measuring gingival thickness, a size 15 endodontic spreader with a rubber stopper was placed vertically at a point in the
middle of the gingival margin and mucogingival junction, and this measurement was recorded with a periodontal probe.

Measurements of Crown Shape

Crown shape was determined regarding Olsson & Lindhe's measurement [13]. To determine the crown shape by dividing it
into 2 groups, the ratio of crown width/crown length (CW/CL) of the right central incisor was calculated.

The definition of crown length is the distance between the free gingival margin and the incisal edge of the crown. The crown
width is the distance between the mesial and distal tooth surfaces at the border between the cervical and middle parts of the
tooth.

Since the 80:100 ratio seems ideal, a CW/CL above 80% is considered a wide square and below 80% a narrow rectangle [20].
In our study, the ratios considered as quadrate or square were calculated as 8\8 - 9\9 - 7\8 - 8\9, while the ratios considered as
rectangular were calculated as 8\10 - 7\9 - 7.5\9 - 8\11 [7].

Measurements of Keratinized Tissue Width

Keratinized tissue width (KTW) was measured with a periodontal probe from the gingival border at the most apical point of
the mid-facial margin of the maxilla anterior teeth to the mucogingival margin [21].
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Measurements of Papilla Height
Papilla height (PH) was evaluated as the distance from the papilla tip to the junction of two adjacent gingival zenith points
using identical periodontal probes in the mesial and distal teeth of the maxilla anterior region. The mean value of the five
measured papilla heights was calculated [14]. Measurements of all parameters were performed by an experienced clinician
(0.B.).

Statistical Analysis

SPSS V22 package program was used within the scope of the research. Descriptive data and variables of the study are specified
as mean and percentage. The Chi-square test was used to compare the parameters at the categorical level.

According to the results of the power analysis performed to test the adequacy of the sample size, the chi-square test was
performed using the G Power program (G * Power 3.1 software; Heinrich Heine University, Diisseldorf, Germany) o (margin
of error) = 0.05, 0 when the sample is 90 people. It was determined that a 0.91 power (1-B) value was achieved at a 0.35 effect
(W).

Results and Discussion

Results

A total of 90 people, 37 males, and 53 females, who applied to the Necmettin Erbakan University Faculty of Dentistry
Department of Periodontology clinic were included in the study. Sociodemographic data and clinical periodontal status of the
individuals incorporated within the research are outlined in Table 1. The mean age of the participants was 27+9.1, and 54.4%
of the study population consisted of individuals under the age of 25. When the periodontal status and oral hygiene habits of
the patients were evaluated, it was determined that 54.4% of the individuals had inadequate oral hygiene. It was observed that
28.9% of the participants had <3 mm, papilla height in the maxilla anterior region.

Table 1. Characteristics of the study sample

N %
Male 37 41.1
Gender
Female 53 58.9
<25 years 49 54.4
Age
>25 years 41 45.6
Thick 58 64.4
Gingival Phenotype

Thin 32 35.6
Rectangular 45 50.0

Crown Shape
Square/Quadrate 45 50.0
Poor 49 54.4

Oral Hygiene
High 41 45.6
0-1 62 68.9
Plaque Index 2 23 25.6
3 5 5.6
1 58 64.4
Gingival Index 2 27 30.0
3 5 5.6
<4 mm 6 6.7
Keratinized Tissue Width (KTW) 4.1-8 mm 75 83.3
>8 mm 9 10
<3 mm 26 28.9

Papilla Height (PH)

>3 mm 64 71.1

When the gingival phenotypes and keratinized tissue widths were examined, 58 individuals had a thick gingival phenotype,
32 individuals had a thin gingival phenotype, 6.7% of the participants had a keratinized tissue width of less than 4 mm, 83.3%
of them were between 4 and 8 mm and 10% of them were wider than 8 mm. There was no statistically significant difference
between gingival phenotypes and keratinized tissue width, crown shape, plaque index, gingival index and papilla heights
(p>0.05) (Tables 2 and 3).
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Table 2. Comparison of Crown Shape, PI, GI, KTW, and PH values by Gingival Phenotype
Gingival Phenotype

p
Thick Thin
Rectangular 29 (50) 16 (50)
Crown Shape 0.587
Square/Quadrate 29 (50) 16 (50)
0-1 43 (74.2) 19 (59.4)
Plaque Index (PI) 2 14 (24.1) 9(28.1) 0.078
3 1(1.7) 4 (12.5)
0-1 41 (70.7) 17 (53.1)
Gingival Index (Gl) 2 16 (27.6) 11 (34.4) 0.060
3 1(1.7) 4 (12.5)
<4 mm 4(6.9) 2(6.3)
Keratinized Tissue Width (KTW) 4.1-8 mm 46 (79.3) 29 (90.6) 0.262
>8 mm 8(13.8) 1(3.1)
<3mm 18 (31) 8 (25)
Papilla Height (PH) 0.545
>3 mm 40 (69) 24 (75)

When the crown shapes of the teeth of the participants in the maxilla region are evaluated, the number of individuals with
rectangular crowns was equal to the number of individuals with square crowns. It has been determined that the crown shapes
of teeth in the anterior region of the maxilla affect papilla heights (Table 3). The papilla heights of individuals with rectangular
crown shapes are 3 mm and higher, while the papillary heights of individuals with the square crown shape are lower than 3
mm (p<0.05).

Table 3. Comparison of Crown Shape and PH values by KTW and comparison of PH values by Crown Shape
Keratinized Tissue Width (KTW)

p
<4 4.1-8 >8
Square/Quadrate 1(16.7) 39 (52.0) 5 (55.6)
Crown Shape 0.235
Rectangular 5(83.3) 36 (48.0) 4 (44.4)
<3 mm 0(0) 23 (30.7) 3(33.3)
Papilla Height (PH) 0.267
>3 mm 6 (100) 52 (69.3) 6 (66.7)
Crown Shape
p
Square/Quadrate Rectangular
<3mm 19 (42.2) 7 (15.6)
Papilla Height (PH) 0.005*
>3 mm 26 (57.8) 38 (84.4)

As a result of the evaluation of gingival phenotype, keratinized tissue width, and papilla height according to gender and age,
a statistically insignificant difference was found (Table 4).

Table 4. Comparison of Gingival Phenotype, KTW, and PH values by Gender and Age

Gender Age
Female Male P <25 >25 P
o Thick 28 (75.7) 30 (56.6) 29 (59.2) 29 (70.7)
Gingival Phenotype - 0.063 0.254
Thin 9(24.3) 23(43.4) 20 (40.8) 12 (29.3)
<4 mm 1(1.9) 5(13.5) 3(6.1) 3(7.3)
Keratinized Tissue Width (KTW)  4.1-8 mm 45 (84.9) 30(81.1) 0.550 41 (83.7) 34 (82.9) 0.973
>8 mm 7(13.2) 2(5.4) 5(10.2) 4(9.8)
<3 mm 16 (30.2) 10 (27.0) 10 (20.4) 16 (39.0)
Papilla Height (PH) 0.745 0.520
>3 mm 37 (69.8) 27 (73) 39 (79.6) 25 (61.0)

Gingival phenotype, papillae height, and keratinized tissue width have become an important topic of interest in restorative and
periodontology from both an epidemiological and therapeutic perspective. In this study, the gingival phenotype of the
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maxillary anterior teeth in 90 individuals who applied to our clinic and the factors affecting the phenotype was investigated. It
was observed that 35% of the individuals had a thin gingival phenotype and age, gender, and crown shape did not affect the
gingival phenotype.
Evaluation of gingival phenotype has become important in periodontal treatment planning, affecting treatment outcomes [22].
In studies evaluating gingival thickness in the literature, it is stated that gingival thickness varies in different parts of the mouth.
Kydd et al. found that the mean gingival thickness between the lateral and the central incisors was just under 3 mm, and just
more than 3 mm between the premolars and molars [23]. In 2015, Shah et al. stated that in their study comparing the average
gingival thickness of the maxillary anterior teeth, observed gingival thicknesses of 1.11 mm, 1.01 mm, and 0.82 mm,
respectively. They also showed that there was a statistically substantial difference between the thicknesses of the gums of the
teeth [22]. In another study evaluating the gingival phenotype, the view that gingival thickness differs was supported [24-26].
In this study, similar to the study by Kydd et al. it was observed that the gingival thickness was higher in the posterior teeth
region.
The gingival phenotype represents the width of the keratinized tissue and the thickness of the tissue. Olsson et al. also stated
that the gingival phenotype is thick in individuals with large width of keratinized tissue, and a thin phenotype in individuals
with a small width of keratinized tissue [13]. Shah et al. reported a strong association between KTW and gingival phenotype
[22]. According to this study, the mean width of keratinized tissue of the central incisor, lateral incisor, and canine was
documented as 4.38 + 1.18, 5.18 + 1.25, 4.16 + 1.16 mm, respectively [23]. The outcomes of our research revealed that the
width of the keratinized tissue is between 4.1 and 8 mm, which is accepted as adequate keratinized gingiva in most individuals
in the Turkish population. Keratinized tissue widths in maxillary anterior teeth were found to be slightly higher in our study
compared to the studies by Shah et al. However, supporting the work of Shah et al., it was determined that the widths of
keratinized tissue were the largest for lateral incisors, followed by the central incisor and canine. These findings support the
idea that more careful treatment planning should be done in patients with a thin gingival phenotype.
Many factors such as age, gender, and crown shape can affect the gingival phenotype. Although many studies in the literature
have shown that the gingival thickness in men is higher than in women, also studies argue that there is a similar gingival
thickness in both genders [27-29]. Stipetic¢ et al. found that males have significantly thicker mucosal tissues than females [28].
Shah et al. reported that there was no significant difference between men and women in terms of gingival thickness [22]. It
has been reported that the width of the keratinized tissue differs in men and women, unlike the gingival thickness. De rouck et
al. reported that women have less width of keratinized tissue than men [30]. According to the results of our study, when male
and female individuals were compared, it was seen that women had more keratinized gingiva than men, but the gingival
thickness was similar in men and women. Moreover, it was observed that the width of the keratinized tissue did not differ with
age. In the literature, it has been stated that the width of the attached gingiva in men and the basal bone are in continuous
growth throughout the adult age with the enlargement over time, but there is no such growth in women [31, 32]. Ainamo et al.
in 1981, reported that the width of keratinized tissue in men was greater than in women [31]. The findings of our study do not
support the literature, which might be elucidated by the fact that the literature survey is in a wider age range and the population
in our study is smaller [33].
The crown shape of the maxillary central incisors influences the periodontal characteristics typical of numerous gingival
phenotypes, and there is thought to be a correlation between the crown shape and the phenotype [11]. In a study by Ochsenbein
and Ross, they said that long, conical teeth tend to have thin periodontal tissue, and wide square teeth tend to have thick,
straight periodontal tissue [34]. Olsson et al. reported that there was no statistically significant difference between thick and
thin gingival phenotypes based on the crown shape defined by the CW/CL ratio [13]. In our study, it was observed that the
crown shape did not affect the gingival phenotype, the rectangular crown shape was associated with the thinner gingival
phenotype, and the square crown shape was associated with the thicker (1.5-2.0 mm) gingival phenotype. In line with the
differences in the findings of studies examining the relationship between crown shape and gingival phenotype, Fischer et al.
stated that the CW/CL ratio is not a reliable parameter to evaluate the gingival phenotype, and according to the available data,
thin and wide teeth can be found in a gingival phenotype [21].
In recent studies, it has been argued that PH is also affected by the gingival phenotype [13, 21, 35]. It was stated that the
gingival phenotype was positively correlated with the height of the interproximal papilla and thus the papilla appearance. The
study by Olsson et al. supports the view that there is a positive relationship between PH and gingival phenotype [13]. Chow
et al. examined the gingival papillae presence concerning crown shape and gingival phenotype and argued that the thin gingival
phenotype is associated with fewer papillae height, and the thick gingival phenotype is associated with higher papillae height
[36]. In the study by Kan et al., a significantly higher interproximal papilla height was observed in the thick gingival phenotype
group compared to the thin gingival phenotype group [19]. The findings of our study agree with the literature, that there is a
higher papilla height in the thick gingival phenotype associated with the thin gingival phenotype. Additionally, in our study,
it was observed that age and gender had no effect on papillary height.

Conclusion
Within the limits of this study, it was found that the prevalence of rectangular and square crown shapes was equal and the thick

gingival phenotype was higher in the Turkish population in our study. There was no correlation between the gingival phenotype
and crown shape, clinical parameters, and papilla heights. It has been shown that individuals with a thick phenotype have
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higher KTW and the shape of the crown in the anterior region of the maxilla affects the height of the papilla. Further studies
with wide-ranging populations are needed to confirm the results of our study. Future research is needed to develop a
classification system to analyze gingival phenotype parameters in order to predict the esthetic consequences of approaches in
treatments in various fields of dentistry.
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