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orthodontic treatment and the overall aesthetics of the 
dentition1,2. In addition, differences in the anatomy and 
blood supply of gingiva with a thin or thick periodontal 
biotype may also affect the prognosis of a tooth and its 
response to periodontal treatment2.

Thin periodontal biotype is one of the risk factors for 
gingival recession (GR), especially during orthodontic 
treatment3,4. A retrospective study of the prevalence 
and severity of GR in mandibular incisors during 
orthodontic treatment showed that a thin periodontal 
biotype before treatment was an important predictor of 
GR5. Some scholars also believe that gingiva with thin 
biotype may be more susceptible to plaque, and result 
in soft tissue defects6.

A study of the prevalence of different gingival bio-
types in patients with different Angle classifications of 
malocclusion showed over 53% of maxillary central 
incisors of patients with Class III malocclusion present 
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Objective: To evaluate the prevalence of periodontal biotypes in patients with skeletal Class III 
malocclusion and to explore its association with age, gender, other periodontal clinical par-
ameters and width of keratinized gingiva (WKG).
Methods: Data were collected for the buccal-middle site of 310 anterior teeth from 26 sub-
jects who received periodontally accelerated osteogenic orthodontics (PAOO) surgery before 
orthodontic treatment. Univariate and multivariate analysis were performed to calculate and 
test the correlations between periodontal biotype and age, gender and bleeding index (BI), 
gingival recession (GR), plaque index (PLI), probing depth (PD) and WKG. 
Results: Prevalence of thin periodontal biotype was 33.9% in the anterior region. Mean 
WKG was 4.37 mm. Univariate analysis showed that a moderately positive correlation was 
found between WKG and thick biotype (r = 0.544, P < 0.001). A low positive correlation 
was detected between mandibular teeth and thick biotype (r = 0.387, P < 0.001) and a low 
negative correlation was detected between GR and thick biotype (r = -0.308, P < 0.001). 
Multi-level logistic regression showed that biotype was significantly associated with dental 
arch (odds ratio [OR] = 0.174, P = 0.015) and WKG (OR = 2.043, P = 0.002). No significant 
associations were detected between biotype and other factors. 
Conclusion: Dental arch and WKG were associated with periodontal biotype in patients with 
skeletal Class III malocclusion.
Key words: periodontal biotype, keratinized gingiva, skeletal Class III malocclusion, ortho-
dontic treatment
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The thickness of the gingiva influences the behaviour 
of the soft tissue to any physical, chemical or bacter-

ial damage, the outcome of restorative, periodontal and 
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thin gingival biotype7. In addition, dental compensa-
tions are often present in patients with skeletal Class III 
malocclusion, which is manifested by the lingual 
inclination of the mandibular incisors and the labial 
inclination of the maxillary incisors to establish a rela-
tively normal incisor coverage and mask the dentofacial 
deformity. Preoperative orthodontic decompensation 
is often needed to correct the interference of anterior 
teeth, which consists of proclining the mandibular inci-
sors and retroclining the maxillary incisors8. However, 
teeth with thin biotype may have a higher risk of GR 
than those with thick biotype during labial tilting of 
the anterior teeth9. Therefore, a thorough evaluation 
of periodontal biotype and its influencing factors is 
particularly important for orthodontic patients with 
skeletal Class III malocclusion. The aim of the present 
cross-sectional study was to evaluate the prevalence of 
periodontal biotypes in patients with skeletal Class III 
malocclusion and explore its association with age, gen-
der, other periodontal clinical parameters and width of 
keratinized gingiva (WKG). The hypothesis was that 
periodontal biotype is associated with these factors.

Fig 1  Flowchart showing patient selection and screening.

Materials and methods

The study commenced after obtaining the approval 
of the Research Ethics Committee of Peking Univer-
sity Health Science Center (approval number: PKUS-
SIRB-2012052). All protocols were performed in 
accordance with approved guidelines and regulations, 
and informed consent was obtained from all participants.

Study population

Subjects who received periodontally accelerated osteo-
genic orthodontics (PAOO) surgery before orthodontic 
treatment at the clinic of the Periodontology Department, 
Peking University School and Hospital of Stomatology 
from December 2016 to October 2017 were enrolled in 
the present study. 

Inclusion criteria were as follows:
 Age  18 years old;
 Skeletal Class III malocclusion with the need of 

orthosurgical treatment, ANB  -5 degrees;
 Periodontally healthy: in full mouth, not more than 

two sites with probing depth (PD)  5 mm, bleeding 
on probing (BOP)  20%, plaque score  30%;

 Systemically healthy.

Exclusion criteria were as follows:
 Uncontrolled periodontal infection;
 History of orthodontic treatment or periodontal surgi-

cal treatment in anterior teeth;
 Systemic disease (e.g. diabetes mellitus, nephrosis, 

hepatopathy, hypertension, neutropenia), pregnancy, 
smoking, or taking medication known to affect peri-
odontal status;

 Cleft lip and palate or maxillofacial abnormalities.
 The process of patient selection and screening is pre-

sented in Figure 1.

Data extraction

The following parameters, measured with a Williams 
periodontal probe with notches located at 1 to 10 mm, 
were measured at the buccal-middle site of anterior teeth 
and extracted for analysis: a) Periodontal biotype cat-
egorised into thick or thin based on the transparency of 
the same periodontal probe through the gingival margin 
while probing the sulcus at the midfacial aspect of the 
tooth – if the outline of the underlying periodontal probe 
could be seen through the gingiva, it was categorised 
as thin; if not, it was categorised as thick (Fig 2)10; b) 
Plaque index (PLI) 0 to 311; c) PD measured (in mm) as 

Subjects received periodontally accelerated  
osteogenic orthodontics surgery  

before orthodontic treatment, N = 30

Excluded, N = 0

Age ≥ 18 years old, N = 30

Skeletal class II malocclusion 
Excluded, N = 3

Skeletal class II malocclusion with the need of  
orthosurgical treatment, ANB ≤ -5°, N = 27

Excluded, N = 0

Periodontally healthy 
(full-mouth number of sites with PD ≥ 5 mm ≤ 2, 

BOP% ≤ 20% and plaque scores% ≤ 20%), N = 27

Excluded, N = 0

Systemically healthy, N = 27

History of orthodontic treatment 
Excluded, N = 1

Patients included, N = 26
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the distance between the gingival margin and the base of 
the sulcus or pocket at the midfacial aspect of the tooth; 
d) GR measured (in mm) as the distance between the 
cementoenamel junction and gingival margin at the mid-
facial aspect of the tooth; e) Bleeding index (BI) of 0 to 
512; f) WKG measured (in mm) as the distance between 
the mucogingival junction and the gingival margin at the 
midfacial aspect of the tooth and dental arch (in maxilla 
vs mandible).

All measurements were performed by a single expe-
rienced clinical periodontology professor before PAOO 
surgery. The calibrations were performed before the 
examination. Kappa statistics for the intra-examiner 
agreement for periodontal biotype, PLI and BI ranged 
from 0.89 to 0.92, and the intraclass correlation coef-
ficient (ICC) for the intra-examiner agreement for 
measurements of the PD, GR and WKG ranged from 
0.92 to 0.98.  

Statistical analysis

Firstly, descriptive statistics were performed. Quantita-
tive data were recorded as the mean and standard devia-
tion. Data without Gaussian distribution were evaluated 
with the Mann-Whitney U test, whereas the Student’s 
t-test or analysis of variance (ANOVA) was used for 
data with a Gaussian distribution. Categorical data were 
compared using the chi-square test. Secondly, univariate 
analysis was performed to calculate and test the cor-
relations between periodontal biotype and age, gender 
and clinical parameters (Spearman’s correlation coeffi-
cient for quantitative variables and ordinal variables and 
contingency coefficient for nominal variables). Thirdly, 
multivariate analysis based on a three-level (patient at 
level 1, jaw at level 2 and tooth at level 3) logistic regres-
sion was used to explain the hierarchical and clustered 
structure of the periodontal data. Periodontal biotype 
(thick vs thin) at the tooth level was the dependent vari-
able of the logistic regression. 

Initially, a null model that did not include an inde-
pendent variable was constructed to investigate the vari-
ance of the dependent variables across all levels. The 
random effects were assumed to follow the Gaussian 
distribution by the Wald test at all levels. Subsequently, 
independent variables (age and gender at the patient 
level, mandible vs maxilla at the jaw level, and 
PLI [= 3, = 2, = 1, vs = 0], GR, BI [= 4, = 3, = 2, = 1, 
vs = 0] and WKG at the tooth level) were included in 
the multilevel regression model to test their associ-
ation with periodontal biotype. The significances of the 
independent variables were tested by the Wald test. The 
regression model was tested for significant improve-

ments in model fit by comparing the reduction in 
-2LL (-2 log likelihood) with a chi-square distribution. 
Finally, a sensitivity analysis was performed to assess 
the robustness of the results. First, a primary multilevel 
analysis was repeated using data from only the former 
19 (75%) subjects who participated in the present study 
to test the potential effect of the sample size (Model 
1). Then, a primary multilevel analysis was repeated 
when WKG, a quantitative variable, was transformed 
to a binary data (narrow WKG with a value < 5 mm vs 
wide WKG with a value  5 mm) based on the median 
(5 mm) of WKG (Model 2) to confirm the association 
between WKG and periodontal biotype. Furthermore, 
a primary multilevel analysis was also repeated when 
the dependent variables (tooth, BI and PLI), whose 
correlations with biotype were insignificant, were 
excluded from the multilevel analysis (Model 3) and 
when the dependent variables (age, gender and PD), 
whose correlations with biotype were few, were further 
excluded (Model 4). The significance level of all tests 
was established at P < 0.05. Data were evaluated using 
the IBM SPSS Statistics 19 software package (SPSS; 
Chicago, IL, USA). 

Results

In total, 310 teeth from 26 subjects were included for 
analysis in the present study. In two patients, a man-
dibular left lateral incisor and a maxillary left canine 
were congenitally missing. The demographic charac-
teristics of the subjects and the periodontal parameters 

Fig 2  Clinical photographs of teeth with different periodontal 
biotypes: (a) Thin biotype in maxilla. (b) Thick biotype in max-
illa. (c) Thin biotype in mandible. (d) Thick biotype in mandible.

a b

c d
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of the included teeth are shown in Table 1. The mean 
age of the patients was 23.29, and 65.4% subjects were 
female. Regarding tooth level, 33.9% of teeth were of 
a thin periodontal biotype. Mean PD, GR and WKG 
were 1.41 mm, 0.10 mm and 4.37 mm, respectively. 
Mean WKG of maxillary teeth was 5.34 mm, and mean 
WKG of mandibular teeth was 3.39 mm. Proportions of 
PLI = 0, 1 and 2 were 38.4%, 47.1% and 14.5%, respect-
ively, and proportions of BI = 0, 1, 2 and 3 were 35.8%, 
42.9%, 20.3% and 1.0%, respectively.

The distribution of periodontal biotype between 
females and males is shown in Figure 3. A significantly 
higher proportion of teeth with a thick biotype was 
detected in the males (73.8% vs 62.1%, P = 0.037). The 
distribution of periodontal biotype among different teeth 

Table 1  Demographic characteristics of subjects and periodontal parameters of included teeth.

Mean SD Min Max N %

Patient level

Age (years) 23.29 3.71 18.00 34.00

Gender Female 17 65.4

Male 9 34.6

Tooth level

BI 0 111 35.8

1 133 42.9

2 63 20.3

3 3 1.0

4 0 0.0

5 0 0.0

GR (mm) 0.10 0.39 0.00 3.00

Periodontal biotype Thin 105 33.9

Thick 205 66.1

PLI 0 119 38.4

1 146 47.1

2 45 14.5

PD (mm) 1.41 0.53 0.00 3.00

WKG (mm) 4.37 1.75 0.00 8.00

SD = standard deviation; CI confidence interval = 95%; BI = bleeding index; GR = gingival recession; PD = probing depth; PLI = plaque index; 
WKG = width of keratinized gingiva. 

Fig 3  Distribution of periodontal biotype between females 
and males. Significant difference was detected by the chi-
square test (P = 0.037).
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and between maxillary and mandibular teeth is shown 
in Figure 4a. Comparisons of WKG by tooth and den-
tal arch are shown in Figure 4b. A significantly higher 
proportion of teeth with thin biotype was detected in the 
mandible (P < 0.001). However, no significant differ-
ence in distribution of periodontal biotype was detected 
among different teeth (P = 0.281). The average WKG 
of central incisors, lateral incisors and canines were 
5.55 mm, 5.59 mm and 4.88 mm for maxillary teeth, 
respectively, and 3.49 mm, 3.68 mm and 3.02 mm for 
mandibular teeth, respectively. Significantly less WKG 
was detected in mandibular teeth and canines. A com-
parison of periodontal parameters between teeth with 
thin and thick periodontal biotype is shown in Figure 5. 
The distribution of PLI (P = 0.050) and BI (P = 0.467) 
were insignificant. However, significantly more PD 
(1.48 mm vs 1.28 mm, P = 0.001) and WKG (5.06 mm 
vs 3.02 mm, P < 0.001) and less recession (0.01 mm vs 
0.26 mm, P < 0.001) were detected in teeth with thick 
biotype. 

Correlations between age, gender and clinical param-
eters with periodontal biotype are shown in Table 2. The 
results showed that a moderately positive correlation 
was found between WKG and thick biotype (r = 0.544, 
P < 0.001). A low positive correlation was detected 
between mandibular teeth and thick biotype (r = 0.387, 
P < 0.001) and a low negative correlation was detected 
between GR and thick biotype (r = -0.308, P < 0.001). 
Age and PD had few correlations with biotype although 
their correlation coefficients were significant.

In order to explore the association between clinical 
periodontal parameters and periodontal biotype, a multi-
level logistic regression was performed. The null model 
with no independent variable included showed that 
significant variations existed at all levels (all P < 0.05). 
Then, 13 independent variables were included in the 
multilevel logistic regression. The model based on their 
odds ratio (OR) and 95% confidence interval (CI) is 
shown in Table 3. Results from the multilevel analysis 
showed that the probability of thick biotype was signifi-
cantly lower in the mandible than in the maxilla (jaw 
level, OR = 0.174) and the probability would become 
twice as much when WKG increased by 1 mm (tooth 
level, OR = 2.043). However, no significant associa-
tions were detected between age, gender, tooth, BI, GR, 
PD and PLI. Furthermore, the addition of the above 
independent variables significantly improved the fit 
of the model (P < 0.05). A sensitivity analysis showed 
the results of repeated models to be consistent with the 
primary one (Table 4, Fig 6) and proved the robustness 
of the results from the multilevel logistic regression of 
the present study.

Fig 4  (a) Distribution of periodontal biotype among different 
teeth and between maxillary and mandibular teeth. A signifi-
cant difference between maxillary and mandibular teeth was 
detected (P < 0.001) and no significant difference among dif-
ferent teeth was detected (P = 0.281) by the chi-square test. 
(b) Means and 95% CIs of WKG by tooth and dental arch. 
Significant differences of WKG tested by two-way ANOVA 
between mandibular and maxillary teeth and among central 
incisor, lateral incisor and canine were detected (P < 0.001 
and P = 0.001, respectively). Post hoc analysis showed that 
significant differences of WKG were detected between canine 
and central incisor, and between canine and lateral incisor. 
However, the difference of WKG between central incisor and 
lateral incisor was insignificant.
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Discussion

Periodontal biotype plays a significant role in the devel-
opment of mucogingival problems and in the success of 
treatment for recession13 and wound healing14, especial-
ly for patients during orthodontic treatment. Sites with 
thin biotype are more vulnerable to tissue damage and 
loss; thus, special atraumatic treatment and oral hygiene 
are needed2.

A study including 60 mandibular incisors reported 
that a higher risk of GR was found in teeth with thin 
periodontal biotype15. A study evaluated the influence 
of periodontal biotype on the outcome of localised 
Miller Class I or II GRs by the subepithelial con-
nective tissue graft plus the coronally advanced flap 

technique16. Results from the study showed that the 
percentage of root coverage of teeth with thin biotype 
was significantly lower than that for teeth with thick 
biotype. Therefore, discreet consideration and assess-
ment of the periodontal biotype is essential for treat-
ment planning, particularly in patients with skeletal 
Class III malocclusion because their anterior teeth have 
a higher prevalence of thin biotype17.  

Previous studies have reported differences in the gin-
gival thickness of the maxillary and mandibular teeth. A 
study to evaluate the facial gingival profiles of teeth with 
a healthy periodontium in an Asian population showed 
that gingival width was greater for maxillary than for 
mandibular teeth, assessed by both transgingival prob-
ing and probe visibility through the marginal gingiva18. 

Fig 5  Comparisons of periodontal parameters between teeth with thin and thick periodontal biotype. (a and b): Distributions of PLI 
(P = 0.050) and BI (P = 0.467) were insignificant according to the chi-square test. (c) Means and CIs are shown. Significant difference 
of PD (P = 0.001), GR (P < 0.001) and WKG (P < 0.001) were detected by the Student’s t-test.
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Table 2  Correlations between age, gender and clinical parameters with periodontal biotype (thick vs thin).

Correlation coefficient P

Patient level

Age (years) 0.127* 0.026

Gender (male vs female) 0.180** 0.002

Jaw level

Dental arch (mandible vs maxilla) 0.387** 0.000

Tooth level

Tooth (canine, lateral incisor vs central incisor) 0.067** 0.499

BI (0–5) 0.089* 0.240

GR (mm) -0.308* 0.000

PD (mm) 0.177* 0.002

PLI (0–3) 0.087* 0.125

WKG (mm) 0.544* 0.000

SD = standard deviation; 95% confidence interval (CI) = 95%; BI = bleeding index; GR = gingival recession; PD = probing depth; PLI = plaque index; 
WKG = width of keratinized gingiva; * Spearman’s correlation coefficient; ** contingency coefficient; significant independent variables shown in bold. 

Table 3  Association by multilevel logistic regressions between clinical periodontal parameters and periodontal biotypes (thick vs thin).

Odds ratio 95% CI P

Intercept 0.008 (0.001, 2.299) 0.094 

Patient level

Age (years) 1.152 (0.914, 1.450) 0.229 

Male (vs female) 2.287 (0.382, 13.676) 0.363 

Jaw level

Mandible (vs maxilla) 0.174 (0.043, 0.714) 0.015 

Tooth level

Canine 0.554 (0.207, 1.486) 0.240 

Lateral incisor 0.659 (0.255, 1.705) 0.389 

BI = 3 0.317 (0.009, 11.532) 0.530 

BI = 2 2.654 (0.581, 12.116) 0.207 

BI = 1 2.66 (0.732, 9.657) 0.137 

GR (mm) 0.110 (0.009, 1.38) 0.087 

PD (mm) 1.181 (0.422, 3.306) 0.751 

PLI = 2 1.339 (0.277, 6.485) 0.716 

PLI = 1 0.895 (0.297, 2.701) 0.844 

WKG (mm) 2.043 (1.301, 3.206) 0.002 

Confidence interval (CI) = 95%; BI = bleeding index; GR = gingival recession; PD = probing depth; PLI = plaque index; WKG = width of keratinized 
gingiva; significant independent variables shown in bold. 
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However, another study to evaluate the thickness of the 
gingiva in Indians and its association with age, gender 
and dental arch reported that no significant differences 
were found between gingival thickness of maxillary and 
mandibular teeth. In contrast, when a subgroup analysis 
was performed and the gingival thickness of maxillary 
and mandibular teeth was stratified by age, the gingi-
val thickness of mandibular teeth was less than that of 
maxillary teeth for both the younger (16 to 24 years) 
and older (25 to 38 years) age groups19. However, the 
exact opposite result was found when the comparison 
was made after stratification by gender. Similarly, a 
study with a similar design and population reported an 
opposite finding: results from the study showed that 
the mean width of the attached gingiva of maxillary 
teeth was greater than that of mandibular teeth in all 
age groups; however, the value of the maxillary teeth 
was less than that of the mandibular teeth when sub-
group analysis was carried out by gender. Inconsistency 
among results from various studies may be attributed to 
bias due to confounding factors such as age and gender 
as well as racial and genetic factors and also the char-
acteristics of subjects and teeth included for analysis20.

In the present study, the percentage of teeth with thin 
biotype was 33.9%, and the percentage of mandibular 
teeth with thin biotype was significantly higher than 
that of maxillary teeth (Fig 4a). Furthermore, a mul-
tiple regression analysis was also performed to adjust 
the potential confounding factors, which minimised the 

bias by age and gender of the subjects included as well 
as the clinical parameters at tooth level. Results from 
the logistic regression model showed that a significant 
association was found between the gingival biotype and 
the dental arch (Table 3), and the mandibular teeth of 
subjects with skeletal Class III malocclusion may have 
a higher risk of mucogingival problems. Therefore, spe-
cial attention should be paid to teeth with thin biotype, 
and preventive periodontal surgery such as subepithelial 
connective tissue grafts may need to be performed in 
these cases before orthodontic treatment. 

Like periodontal biotype, WKG plays an important 
role in the maintenance of periodontal health during 
orthodontic treatment17. In the present study, WKG in 
maxillary anterior teeth was significantly greater than 
in mandibular teeth (Fig 4b). A similar trend was also 
found in a classic study of the width of attached gin-
giva carried out more than 50 years ago21, and a recent 
study measuring WKG of anterior teeth in 120 healthy 
Chinese volunteers aged 20 to 30 years22. However, the 
mean WKG of all anterior teeth in the present study was 
less than those in the two previously cited studies. The 
difference in WKG may be attributed to the variation of 
subjects included: only subjects with skeletal Class III 
malocclusion were included. This supposition was sup-
ported by a study that evaluated the relationship of gin-
gival thickness and WKG with different malocclusion 
groups in an Asian population17. Results from this study 
showed that WKG of mandibular teeth of subjects with 

Fig 6  Forest plots of the primary multilevel logistic regression model and repeated models. OR (95% CI). Model 1: the former 
19 (75%) subjects who participated in the present study included for analysis; Model 2: WKG was transformed to binary data for 
analysis; Model 3: dependent variables (tooth, BI and PLI) whose correlations with biotype were insignificant were excluded from the 
logistic model; Model 4: dependent variables (age, gender and PD) whose correlations with biotype were few were further excluded 
from the logistic model. * Narrow WKG with a value of < 5 mm vs wide WKG with a value of ≥ 5 mm based on the median (5 mm) of 
WKG. Significant independent variables are shown in red.



17Chinese Journal of Dental Research

Jing et al

Angle Class III malocclusion was less than those with 
Angle Class I and II, although a significant difference 
was not detected. In addition, results from the present 
study also showed that WKG of canines was less than 
that of central and lateral incisors, which is similar to 
the results of the previously cited studies22,23.   

The results of the present study showed that WKG 
was positively associated with thick biotype (r = 0.544, 
P < 0.001), and the probability of thick biotype would 
double when WKG increased by 1 mm (Table 2). This 
finding was consistent with several extant studies focus-
ing on the correlation between periodontal biotype and 
WKG. A study to evaluate the correlation of gingival 
biotype measured by the probe transparency method 
with WKG, PD and papillary fill in maxillary anterior 
teeth in dental students reported that a moderate corre-
lation (r = 0.555, P < 0.001) was found between WKG 
and periodontal biotype24. Similar results were also 

reported in a study with a similar study design and way 
of classifying periodontal biotype, and a weaker corre-
lation (r = 0.241, P < 0.001) was found between WKG 
and periodontal biotype15. In another study, the gingival 
thickness at different apicocoronal levels was measured 
using a radiographic method25. The result of the study 
showed that correlations between WKG and gingival 
thickness at all levels were significant, and ranged 
from 0.17 to 0.27 except for the one at the coronal 
margin. In addition, in other previous studies, gingival 
thickness was also measured directly by transgingival 
probing with a periodontal probe, endodontic spreader 
or syringe with a depth marker2,26,27. Results from 
these studies showed that positive but weak correla-
tions between WKG and gingival thickness were found. 
However, a negative correlation was also detected in a 
study between WKG and gingival thickness, both in the 
maxillary and the mandibular arch28. 

Table 4  Comparison between primary multilevel logistic regression model and repeated models.

Primary model Model 1 Model 2 Model 3 Model 4

Patient level

Age (years) 1.152 (0.914, 1.450) 1.200 (0.896, 1.607) 1.197 (0.938, 1.529) 1.092 (0.880, 1.356)

Male 2.287 (0.382, 13.676) 3.513 (0.419, 29.434) 2.507 (0.372, 16.905) 2.999 (0.541, 16.62)

Jaw level  

Mandible 0.174 (0.043, 0.714) 0.077 (0.017, 0.355) 0.093 (0.025, 0.345) 0.217 (0.059, 0.793) 0.229 (0.068, 0.774)

Tooth level  

Canine 0.554 (0.207, 1.486) 0.503 (0.167, 1.512) 0.478 (0.181, 1.259)

Lateral incisor 0.659 (0.255, 1.705) 0.672 (0.227, 1.989) 0.754 (0.291, 1.956)

BI = 3 0.317 (0.009, 11.532) 0.592 (0.019, 18.361) 0.372 (0.012, 11.796)

BI = 2 2.654 (0.581, 12.116) 3.943 (0.792, 19.624) 1.959 (0.431, 8.908)

BI = 1 2.660 (0.732, 9.657) 2.557 (0.628, 10.399) 2.371 (0.661, 8.509)

GR (mm) 0.110 (0.009, 1.38) 0.044 (0.001, 1.447) 0.104 (0.010, 1.096) 0.125 (0.012, 1.333) 0.133 (0.015, 1.19)

PD (mm) 1.181 (0.422, 3.306) 1.639 (0.490, 5.482) 1.131 (0.403, 3.176) 1.241 (0.465, 3.314 )

PLI = 2 1.339 (0.277, 6.485) 2.605 (0.516, 13.152) 1.394 (0.291, 6.682)

PLI = 1 0.895 (0.297, 2.701) 2.215 (0.607, 8.091) 0.890 (0.295, 2.686)

WKG (mm) 2.043 (1.301, 3.206) 1.699 (1.067, 2.706) 4.359 (1.339, 14.192)* 2.085 (1.378, 3.155) 2.068 (1.398, 3.058)

Odds ratio (95% CI). Model 1: the former 19 (75%) subjects who participated in the present study included for analysis; Model 2: WKG was trans-
formed to a binary data for analysis; Model 3: dependent variables (tooth, BI and PLI) whose correlations with biotype were insignificant were excluded 
from the logistic model; Model 4: dependent variables (age, gender and PD) whose correlations with biotype were few were further excluded from 
the logistic model; * narrow WKG with a value of < 5 mm vs wide WKG with a value of ≥ 5 mm based on the median (5 mm) of WKG; significant 
independent variables shown in bold.
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It should be noted that ways of measuring and clas-
sifying gingival thickness may also influence results of 
the association between WKG and periodontal biotype. 
For a classification based on the transparency of the 
periodontal probe, two ways of classification were 
used: binary vs trinary. In addition, for the classification 
of gingival biotype based on the direct measurement of 
gingival thickness, different cut-offs were also utilised: 
1 mm, 1.5 mm or 2 mm. Therefore, various ways of 
classifying periodontal biotype may make it difficult 
to compare studies and also give rise to inconsistency 
among studies. However, relationship trends between 
WKG and biotype were similar despite the different 
periodontal biotype classifications used.

The results of the present and other previous stud-
ies showed that thin biotype may accompany an 
inadequate WKG. Therefore, considering the role of 
keratinized gingiva in periodontal health and the rela-
tionship between WKG and periodontal biotype, the 
findings further support the importance of more careful 
treatment planning in patients with teeth with thinner 
biotype29.

Multivariate analysis in the present study showed 
that the association between GR and biotype was insig-
nificant (Table 3) although univariate analysis showed 
that GR was negatively correlated with gingival biotype 
(Table 2). This result is also supported by a previous 
study2. Similarly, other clinical parameters such as BI, 
PLI and PD were also not associated with periodontal 
biotype (Table 3). However, it should be noted that all 
subjects included in the present study were periodon-
tally healthy, and differences of periodontal parameters 
were small. The similarity in periodontal parameters 
may affect the correlation between biotype and these 
parameters, and one should be careful not to generalise 
these results to all periodontally compromised subjects. 
In addition, further research with a larger sample size 
and including more potential confounding factors is 
needed to test the effect of these factors.

The following important limitations of the present 
explorative study should be noted. Firstly, the sample 
size was small (26 subjects and 310 teeth) and may 
have limited the statistical power of the study to some 
extent. For this reason, a power simulation model was 
used to evaluate the power of a different sample size, 
and the results from the power simulation showed that 
the sample size of the present study should be suffi-
cient to draw a conclusion. Secondly, the specificity of 
the patients included may affect the generalisability of 
the result: all the patients included in the present study 
suffered from skeletal Class III malocclusion, and it is 
unknown whether these results would be applicable to 

patients with other forms of malocclusion as well as 
periodontally healthy patients. 

Conclusion

Dental arch and WKG are associated with periodontal 
biotype in patients with skeletal Class III malocclusion. 
Further research is needed to replicate these ndings in 
other populations.
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