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ABSTRACT
Objective: The aim of the present study is to evaluate the relationship of gingival thickness and width of keratinized gingiva with
different malocclusion groups and amount of crowding.
Methods: A total of 181 periodontally healthy subjects were enrolled in the present study. The study participants were divided into
three malocclusion groups: Angle Class I, Angle Class II, and Angle Class III. Each group was divided into subgroups according to the
amount of dental crowding, namely mild, moderate, and severe. The width of keratinized gingiva was calculated as the distance
between mucogingival junction and free gingival margin, whereas gingival thickness was determined by a transgingival probing
technique.
Results: Tooth numbers 13 and 23 were observed to have thin gingival biotype. The width of keratinized gingiva for tooth numbers
13 and 23 was narrower in the severe crowding group than in the moderate and mild crowding groups. The relationship of gingival
thickness and width of keratinized gingiva with Angle classification was not found to be significant.
Conclusion: Although it is thought that there is a relationship between gingival thickness, width of keratinized gingiva, and Angle
classification with regard to malaligned teeth, this cross-sectional evaluation of 181 patients failed to show a significant relationship.
Keywords: Malocclusion, crowding, gingival biotype, transgingival probing

INTRODUCTION
Some researchers consider the position of the upper incisors as a fundamental parameter during orthodontic
diagnosis and treatment planning (1). Since the upper incisors support the upper lip and affect the vertical lip
thickness, the correct position of these teeth is very important esthetically (2). Vertical positioning of the upper
incisors is sufficient to permit the exposure of the incisal edge 4-5 mm beneath the upper lip. Horizontally, several clinical and cephalometric parameters, such as nasal projection, upper lip support, and thickness and angulation of the upper lip, should be taken into consideration for positioning the upper incisors (2, 3).
Anteroposterior tooth movements, for positioning the upper incisor, made in the anatomical limits of the alveolar bone by controlled orthodontic forces do not cause any pathological problems (4). However, dehiscence and
fenestrations are observed as a result of tooth movements exceeding the anatomical limits of the alveolar bone.
Such tooth movements enhance susceptibility to gingival recession particularly in individuals with thin gingival
biotype due to the gingiva losing its alveolar bone support (4, 5).
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‘Gingival biotype’ is a term used to define buccolingual thickness
of the gingiva (6). Gingival thickness, which is determined by
the shape and size of the dental root and contour of the alveolar
bone, is classified into two types: thin and thick (6, 7). The thin
biotype is identified as gingival thickness <1 mm, whereas the
thick biotype is identified as gingival thickness ≥1 mm (8).
The width of keratinized gingiva is one of the other factors that
need to be evaluated in order not to encounter any periodontal
problems during orthodontic treatment (9, 10). The width of keratinized gingiva, which has been recommended to be at least 2
mm to maintain periodontal health, could be increased by mucogingival surgical procedures such as free gingival grafts, coronal advancement flaps, subepithelial connective tissue grafts,
acellular dermal grafts, and enamel matrix proteins in cases with
narrow keratinized gingiva (4, 10).
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The present study aims to investigate the relationship of gingival thickness, which is considered to be a significant risk factor
for periodontal problems that may be observed in the maxillary
anterior region due to orthodontic tooth movements, and width
of keratinized gingiva with different malocclusion groups and
amount of crowding. The hypothesis was that different malocclusion groups may have a relationship with gingival thickness
and keratinized gingival width of the maxillary anterior region.

Figure 1. Transgingival probing with an endodontic file

METHODS
A total of 181 subjects aged 11-28 years, who presented to
Yüzüncü Yıl University Faculty of Dentistry, Department of Orthodontics, were enrolled in the study. A total of 118 of the patients
in the study group were females (mean age: 17.27±3.96 years)
and 63 were males (mean age: 15.82±2.56 years). The study
was commenced after obtaining approval from the Yüzüncü
Yıl University School of Medicine, Research Ethics Committee
(B.30.2.YYU.0.01.00.00/141).
The study group consisted of periodontally healthy subjects,
who have not undergone orthodontic treatment before, have
completed permanent dentition, and had no congenital anomaly, dental structural disorder, loss of attachment, or a pocket
deeper than 4 mm. In addition, informed consent was obtained
from all patients.
The participants were divided into three groups: Angle Class I,
Angle Class II, and Angle Class III according to dental malocclusion. The mesiobuccal cusp of the maxillary first molar was noted
to be occluded with the mesiobuccal groove of the mandibular
first molar in Angle Class I malocclusion. Further, the mandibular
first molar was distally positioned in Angle Class II malocclusion
and mesially positioned in Angle Class III malocclusion relative to
the upper first molar (11).
Each Angle classification group was divided into subgroups according to the amount of dental crowding in the maxillary anterior region as mild (0-3 mm), moderate (4-6 mm), and severe

Figure 2. Measurement points

(>6 mm) (12). It was determined that there were 71 (39.2%), 80
(44.2%), and 30 (16.6%) patients in the Angle Class I, Class II, and
Class III malocclusion groups, respectively. In addition, there
were 57 (31.5%), 40 (22.1%), and 84 (46.4%) patients in the mild,
moderate, and severe crowding groups, respectively (Table 1).
Plaque index (PI; Silness and Löe, 1964), gingival index (GI; Löe and Silness, 1963), and probing depth (PD) measurements of the periodontal pocket were performed from the mesial and distal surfaces and
vestibular and palatinal midpoints of the maxillary anterior teeth. In
addition, keratinized gingival widths of the maxillary anterior teeth
were determined by the distance between free gingival margin and
mucogingival junction. All these measurements were achieved using a periodontal probe (PQW7; Williams, Hu Friedy, Chicago, USA).
For transgingival probing, if necessary, Xylocaine spray (Vemcain
10% Lidocaine) was applied over the examination area to relieve
pain. Gingival thickness of each tooth was me asured by piercing
the soft tissue perpendicular to the long axis of the tooth using
a 10 mm endodontic file with a rubber stopper until the alveolar bone is reached (Figure 1). While in this position, the rubber
stopper of the endodontic file was fixed on the soft tissue. After
removal, gingival thickness was measured using a digital compass (Mitutoyo Corp., Kanagawa, Japan) with 0.01 mm sensitivity.
Gingival thickness of each tooth was measured at the apical from
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free gingival margin and coronal from mucogingival junction
(Figure 2). After the measurements were repeated twice in these
regions, gingival thickness of each tooth was determined by
the arithmetic mean of these four measurements. If the gingival
thickness was <1 mm, the gingiva was classified as thin biotype;
if it was >1 mm, the gingiva was classified as thick biotype (8).
The distributions of thin and thick gingival biotypes according to
gender, Angle classification, and amount of crowding were evaluated in the present study.
All measurements were performed by the same researcher (YK).
The intra-examiner repeatability of the researcher was analyzed
at 20 patients and found to be high (Pearson correlation coefficient: 0.895, p<0.001).
Statistical Analysis
Power analysis was performed, and sample size was determined
according to 80% power value. Descriptive statistics for the considered parameters were presented as mean, standard deviation,

and maximum and minimum values. The normality test of data
was evaluated using the Kolmogorov–Smirnov test, and the homogeneity was evaluated using the Levene test. After these tests,
the distribution of data was observed to be normal, and the variances were homogeneous. Then, factorial variance analysis was
performed to determine whether there was a difference according to Angle classification and amount of crowding. Following
variance analysis, Duncan’s multiple range test was performed
to determine the crowding groups and different classes of Angle
classification. The relationship of gingival biotype with Angle classification, amount of crowding, and gender was determined using
chi-square test. Probability values <5% were considered as significant. Statistical analysis of data was completed using SPSS for Windows version 22.0 (IBM Corp.; Armonk, NY, USA) package software.
RESULTS
No statistically significant difference was found between genders
in terms of number and mean age of patient. In addition, there

Table 1. Distribution and percentage of patients
			
		
Angle Class I

Mild

Moderate

Severe

22

17

32

% within Angle classification

31%

23.9%

45.1%

% within crowding amount

38.6%

42.5%

38.1%

% of total

12.2%

9.4%

17.7%

Count

Angle Class II

Count

Angle Class III

15

Amount of crowding

24

14

42

% within Angle classification

30%

17.5%

52.5%

% within crowding amount

42.1%

35%

50%

% of total

13.3%

7.7%

23.2%

11

9

10

% within Angle classification

36.7%

30%

33.3%

% within crowding amount

19.3%

22.5%

11.9%

% of total

6.1%

5.0%

5.5%

Count

p<0.05

Table 2. Distribution of plaque index, gingival index, and probing depth measurements according to Angle classification and crowding amount
		

Mild crowding

Moderate crowding			

Mean±SD

Mean±SD

Mean±SD

Mean±SD

Severe crowding

Total

p*

Plaque index

Angle Class I

1.20±0.34

1.08±0.11

1.14±0.20

1.14±0.24

0.334

Angle Class II

1.18±0.23

1.06±0.12

1.13±0.12

1.11±0.16

Angle Class III

1.17±0.12

1.12±0.28

1.15±0.29

1.17±0.26

Total

1.18±0.26

1.08±0.18

1.14±0.19

1.13±0.21

Angle Class I

0.38±0.48

0.41±0.50

0.40±0.47

0.39±0.48

Angle Class II

0.39±0.51

0.39±0.67

0.38±0.42

0.38±0.49

Angle Class III

0.37±0.29

0.38±0.09

0.40±0.47

0.38±0.35

Total

0.38±0.46

0.39±0.53

0.39±0.44

0.35±0.47

Angle Class I

1.89±0.53

1.60±0.63

1.77±0.55

1.75±0.56

Angle Class II

1.86±0.40

1.78±0.68

1.87±0.35

1.82±0.44

Angle Class III

1.89±0.35

1.87±0.16

1.96±0.35

1.91±0.30

Total

1.87±0.45

1.75±0.58

1.84±0.44

1.79±0.48

Gingival index

Probing depth

SD: standard deviation
*Two-way (factorial) ANOVA (interaction is not statistically significant)

0.634

0.086
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Table 3. Distribution and percentage of gingival biotype according
to Angle classification, amount of crowding, and gender
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Angle Class I
Count
% of total
Angle Class II
Count
% of total
Angle Class III
Count
% of total
Mild crowding
Count
% of total
Moderate crowding
Count
% of total
Severe crowding
Count
% of total
Females
Count
% of total
Males
Count
% of total
Total
Count
% of total

Gingival biotype
Thick
Thin
50
21
27.6%
11.6%
57
23
31.5%
12.7%
20
10
11%
5.5%
39
18
21.5%
9.9%
27
13
14.9%
7.2%
61
23
33.7%
12.7%
78
40
66.1%
33.9%
49
14
77.8%
22.2%
127
54
70.2%
29.8%

p
0.895
0.895
0.895
0.794
0.794
0.794
0.102
0.102

p<0.05

was no statistically significant difference in terms of number of
patients between Angle classification and amount of crowding
groups (Table 1).
PI, GI, and PD measurements of patients and distribution of
these parameters according to Angle classification and amount
of crowding are shown in Table 2. No statistically significant difference was found between the groups.
Distribution of the patients with thin and thick gingival biotypes
according to Angle classification, amount of crowding, and gender is shown in Table 3. The prevalence of thin gingival biotype
was 29.8%. Although thin biotype was more common in the
Angle Class II malocclusion group, severe crowding group, and
females, the difference was not statistically significant (p<0.05).
The keratinized gingival width and gingival thickness of the
maxillary anterior teeth according to Angle classification and
amount of crowding are shown in Tables 4 and 5, respectively.
The width of keratinized gingiva of tooth numbers 13 and 23 was
determined to be narrower in the severe crowding group than
in the mild and moderate crowding groups. The relationship between the width of keratinized gingiva and Angle classification
was not found to be statistically significant.

Table 4. WKG of maxillary anterior teeth according to Angle classification and amount of crowding
		
Angle classification
WKG of tooth number 11
Angle Class I
Angle Class II
Angle Class III
Total
WKG of tooth number 12
Angle Class I
Angle Class II
Angle Class III
Total
WKG of tooth number 13
Angle Class I
Angle Class II
Angle Class III
Total
WKG of tooth number 21
Angle Class I
Angle Class II
Angle Class III
Total
WKG of tooth number 22
Angle Class I
Angle Class II
Angle Class III
Total
WKG of tooth number 23
Angle Class I
Angle Class II
Angle Class III
Total

Mild crowding
Mean±SD
5.20±1.71
4.94±1.41
4.18±0.98
4.89±1.49
7.41±2.56
7.23±1.96
5.91±2.34
7.04±2.31
5.05±1.81
5.06±2.13
3.14±1.47
4.68A±2.02
4.89±1.68
4.83±1.58
4.23±1.25
4.74±1.56
7.14±2.10
6.90±1.78
6.00±2.14
6.82±1.99
5.25±2.78
5.00±2.38
3.82±2.04
4.87A±2.50

WKG: width of keratinized gingiva; SD: standard deviation
Two-way (factorial) ANOVA (interaction was not statistically significant)
A and B: Statistically significant difference between amount of crowding (p<0.05)
a, b, c: Statistically significant difference between Angle classification (p<0.05)

Moderate crowding
Mean±SD
5.22±1.47
5.43±1.83
5.00±2.24
5.24±1.75
7.06±1.48
7.79±1.85
6.56±3.09
7.21±2.07
3.72±1.62
4.54±1.93
3.72±2.93
4.01AB±2.07
4.84±1.06
5.07±1.64
5.06±2.40
4.97±1.61
6.22±1.82
7.71±1.94
6.17±2.83
6.74±2.19
4.25±1.85
4.21±2.15
4.17±2.21
4.22A±1.99

Severe crowding
Mean±SD
4.70±1.88
4.74±1.18
4.90±1.37
4.75±1.49
7.28±2.02
6.93±1.95
6.80±2.20
7.05±1.99
3.28±2.45
3.44±2.00
2.70±1.48
3.29B±2.12
4.70±1.47
4.56±1.29
4.70±1.40
4.63±1.36
6.56±1.90
6.51±2.01
7.10±2.28
6.60±1.99
3.50±2.21
3.38±1.87
2.80±1.34
3.36B±1.95

Total
Mean±SD
4.98±1.74
4.92±1.39
4.67±1.56
4.90±1.56
7.27±2.08
7.17±1.94
6.40±2.49
7.08±2.10
3.94±2.21
4.13±2.14
3.17±1.99
3.89±2.15
4.79±1.44
4.73±1.44
4.63±1.69
4.74±1.48
6.66±1.95
6.84±1.96
6.42±2.38
6.70±2.02
4.22±2.43
4.02±2.18
3.58±1.92
4.03±2.24
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Table 5. GT of maxillary anterior teeth according to Angle classification and amount of crowding
		
GT of tooth number 11

GT of tooth number 12

GT of tooth number 13

GT of tooth number 21

GT of tooth number 22

GT of tooth number 23

Mild crowding

Moderate crowding

Severe crowding

Total

Angle classification

Mean±SD

Mean±SD

Mean±SD

Mean±SD

Angle Class I

1.16±0.27

1.22±0.24

1.21±0.24

1.20±0.25

Angle Class II

1.28±0.30

1.30±0.43

1.22±0.27

1.25±0.31

Angle Class III

1.12±0.17

1.11±0.20

1.48±0.22

1.24±0.26

Total

1.20±0.27

1.22±0.32

1.25±0.26

1.23±0.34

Angle Class I

1.00±0.37

1.13±0.40

1.39±0.53

1.21±0.49

Angle Class II

1.01±0.28

1.19±0.47

1.38±0.49

1.23±0.46

Angle Class III

1.11±0.36

1.21±0.39

1.60±0.53

1.30±0.47

Total

1.02B±0.33

1.17B±0.42

1.41A±0.51

1.24±0.55

Angle Class I

0.94±0.23

0.88±0.26

0.83±0.26

0.88±0.26

Angle Class II

0.96±0.22

0.99±0.17

0.83±0.29

0.89±0.26

Angle Class III

0.86±0.28

0.78±0.33

0.94±0.25

0.86±0.29

Total

0.93±0.25

0.90±0.26

0.84±0.28

0.88±0.30

Angle Class I

1.27±0.40

1.19±0.27

1.21±0.26

1.22±0.32

Angle Class II

1.35±0.35

1.18±0.27

1.24±0.28

1.27±0.31

Angle Class III

1.17±0.27

1.13±0.43

1.43±0.27

1.25±0.33

Total

1.27±0.36

1.17±0.31

1.26±0.28

1.25±0.32

Angle Class I

1.10±0.45

1.11±0.50

1.33±0.46

1.20±0.47

Angle Class II

1.14±0.40

1.27±0.47

1.45±0.64

1.33±0.56

Angle Class III

1.15±0.48

1.16±0.49

1.60±0.55

1.30±0.54

Total

1.13B±0.43

1.18B±0.49

1.25A±0.23

1.23±0.53

Angle Class I

0.92±0.33

0.89±0.26

0.81±0.26

0.86ab±0.28

Angle Class II

0.98±0.32

1.01±0.33

0.88±0.32

0.93a±0.32

Angle Class III

0.83±0.21

0.77±0.24

0.81±0.33

0.81b±0.25

Total

0.93±0.31

0.90±0.30

0.84±0.29

0.88±0.30

GT: gingival thickness; SD: standard deviation.
Two-way (factorial) ANOVA (interaction is not statistically significant)
A and B: Statistically significant difference between amount of crowding (p<0.05)
a and b: Statistically significant difference between Angle classification (p<0.05)

When the gingival thickness of the maxillary anterior teeth was
evaluated, only tooth numbers 13 and 23 were observed to
have thin biotype, and that gingival thickness of tooth number 23 was higher in the Angle Class II group than in the Angle
Class I and Angle Class III groups. However, not only the difference between Angle Class I and Angle Class II groups but also
the difference between Angle Class I and Angle Class III groups
was not found to be statistically significant. Gingival thickness
of tooth numbers 12 and 22 with thick biotype was higher in
the severe crowding group than in the mild and moderate
crowding groups.
DISCUSSION
Careful evaluation of the periodontal tissues of the subjects is
of critical importance in order not to be faced with pathological
conditions such as gingival recession in cases undergoing protrusion of the incisors. While determining the amount of protrusion in such cases, biological factors such as biotype and quality
of periodontal tissues in the relevant region should also be taken
into account together with the width of keratinized gingiva (4,

13, 14). Wenström et al. (15) and Yared et al. (5) noted that the
gingival biotype is more important than these other parameters,
which should be evaluated during treatment planning. At this
point, the present study aims to evaluate the relationship of the
width of keratinized gingiva and gingival thickness of the maxillary anterior teeth that are prone to periodontal problems, with
different malocclusion groups and amount of crowding.
The literature review demonstrated that visual assessment, ultrasonic devices, cone beam computed tomography, periodontal
probe, and transgingival probing techniques have been used
in determining gingival thickness (6, 12, 16-22). It has been observed that visual assessment, which is a simple method, is not
reliable as clinical experience is an important issue and thin biotype cannot always be identified correctly (12, 17). Furthermore,
small changes cannot be detected correctly by the measurements performed by ultrasonographic devices, which yield more
reliable and repeatable assessments (18, 19). It is observed that
cone beam computed tomography provides the closest results
to reality, but is not preferred owing to the potential side effects
of radiation in routine clinical practice (20).
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Today, periodontal probing and transgingival probing are generally preferred in determining gingival biotype. Kan et al. (12)
in their study in which they compared the reliability of visual assessment, periodontal probing, and transgingival probing techniques in determining gingival thickness of the maxillary anterior
teeth determined similar and reliable outcomes with periodontal probing and transgingival probing techniques. However,
Alkan et al. (23) compared the transgingival probing and periodontal probing in 2184 maxillary and mandibular anterior teeth
and concluded that although similar results were obtained with
both techniques for the teeth with thick biotype and teeth with
gingival thickness <0.8 mm, the coherence was lower between
two techniques for the teeth with gingival thickness of 0.8-1
mm. Further, Greenberg et al. (21) compared transgingival probing and surgical flap procedure in measuring gingival thickness
and concluded that there was no significant difference between
these two techniques, but transgingival probing technique was
less traumatic. In the present study, we preferred transgingival
probing technique, which allows assessment of gingival thickness from two points in millimeters.
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Some studies, which investigated the relationship of gingival biotype with different malocclusion groups and amount of anterior
crowding, took the central teeth as the reference in determining
gingival biotype of the subject (6, 24). However, Wennström (8)
and Hirschfeld (25) reported that gingival thickness may change
depending on the position of the teeth in the dental arch. For
this reason, the present study evaluated the relationship of gingival thickness of each maxillary anterior tooth with different
malocclusion groups and amount of crowding.
Gingival thickness is reportedly influenced by the changes in
the location of the teeth during the eruption period, and that it
decreases with increasing age as the connective tissue becomes
denser, cell count decreases, epithelium becomes thinner, and
keratinization increases (22, 26). Ramesh et al. (27), in their study
in which they investigated the relationship between gingival
thickness and age, allocated the subjects aged between 14 and
29 years to the young-age group and the subjects aged between
30 and 59 years to the advanced-age group. For this reason, the
present study group consisted of subjects aged <29 years who
had all permanent teeth erupted for gingival thickness to be less
influenced by age-related changes.
Studies evaluating the relationship of gingival biotype with gender reported that gingival thickness is lower in females than in
males (6, 22, 27). In the present study, it was also observed that
thin gingival biotype was more common in 11.7% of females
than males, with the difference being not statistically significant.
In the literature, there are different opinions on keratinized gingival width that would maintain periodontal health during orthodontic treatment. Lang and Löe (10) and Yared et al. (5) reported
that keratinized gingival width <2 mm would be insufficient to
maintain periodontal health, whereas Coatoam et al. (28) noted
that keratinized gingival width <2 mm would be sufficient in
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the subjects with good oral hygiene. Wennström et al. (15) reported that whether the attached gingiva is sufficient cannot be
determined by measuring only the width of keratinized gingiva, but that the gingival thickness should be measured as well.
In the present study, keratinized gingival width of the maxillary
anterior teeth was found between 3.29±2.12 mm and 7.21±2.07
mm. With regard to the relationship with different malocclusion
groups and amount of crowding, it was determined that only
the keratinized gingival widths of tooth numbers 13 and 23 were
smaller in the severe crowding group than in the mild and moderate crowding groups. The relationship with Angle classification
was not found to be statistically significant.
When the gingival thickness of the maxillary anterior teeth was
evaluated, it was found that gingival thickness of the canine
teeth was lower than that of the central and lateral teeth, which
is consistent with the results of the studies conducted by Younes
et al. (29) and Müller et al. (30) Since permanent canine tooth
germs, which are localized in the same direction with the roots
of deciduous canine teeth, show vestibular eruption when there
is no adequate space in the dental arch, it is known that these
teeth have less alveolar bone, narrow keratinized gingiva, and
lower gingival thickness (8, 25, 31, 32).
The literature contains a limited number of studies evaluating
the relationship of gingival biotype with the amount of crowding. Among these studies, Zawawi and Al-Zahrani (24) reported
that there was no significant relationship between the amount
of crowding and gingival thickness in the maxillary anterior region. Kaya et al. (33) observed that when the crowding increases
in the mandibular anterior jaw, the gingival thicknesses of the
mandibular incisors increased, whereas the gingival thicknesses
of the canines decreased. In the present study, it was also observed that gingival thicknesses of tooth numbers 12 and 22
were greater in the severe crowding group than in the mild and
moderate crowding groups. This was attributed to the greater amount of alveolar bone, wider keratinized gingiva, and increased gingival thickness due to the eruption of permanent lateral tooth germs, which are localized in the lingual aspect of the
lateral deciduous teeth roots, without correcting their positions
in the event of crowding (8, 31, 32).
Zawawi et al. (6) investigated the relationship between gingival
biotype and Angle classification and reported no statistically significant relationship between them. In the present study, it was
observed that gingival biotype of the individuals was determined
only from the maxillary central teeth by periodontal probing.
Further, Kaya et al. (33) investigated the gingival thickness of the
mandibular anterior teeth, determined by transgingival probing,
with different malocclusion groups. It was concluded that the
mandibular anterior teeth have thin gingival biotype, and there
was no association between Angle classification and mean gingival thickness of the mandibular anterior region. Since the gingival
thicknesses of the upper and lower jaws may vary, the relationship between gingival thicknesses of the maxillary anterior teeth,
determined by transgingival probing, with different malocclusion
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groups was evaluated in the present study. No statistically significant relationship was found between Angle classification and
gingival thickness excluding tooth number 23. Gingival thickness
of tooth number 23 was found to be higher in the Angle Class II
group than in the Angle Class I and Angle Class III groups. However, neither the difference between Angle Class I and Angle Class II
groups nor the difference between Angle Class I and Angle Class
III groups was found to be statistically significant. Even so, teeth
movement in this region should be done within the anatomical
limits of the alveolar bone with controlled orthodontic forces.
When incisor protrusion is planned, it is necessary to increase the
gingival thickness with mucogingival surgical methods (13).

Alkan et al. Gingival Thickness of Maxillary Anterior Region

2.

3.

4.

5.

CONCLUSION
•
•

•

•
•

•

No relationship was determined between Angle classification and gingival thickness and keratinized gingival width.
The width of keratinized gingiva of the maxillary anterior
teeth was determined to be wider than 2 mm, which was
considered necessary for the maintenance of periodontal
health.
The width of keratinized gingiva of the maxillary canine
teeth was determined to be smaller in the severe crowding
group than in the mild and moderate crowding groups.
The maxillary canine teeth were observed to have thin gingival biotype in all groups.
Gingival thickness of the maxillary lateral incisors was determined to be higher in the severe crowding group than in the
mild and moderate crowding groups.
Gingival thickness and keratinized gingival width are observed to have been influenced by the position of the teeth
in the dental arch.
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