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Main Points
No relationship was observed between Angle’s classification of malocclusion and the Gingival Biotype (GT)
Keratinized gingival width was narrow among individuals with thin GT.
Definitive relationship between GT among individuals with severe crowding cannot be established.
Medium followed by thin GT was prevalent among individuals with pro-inclination of incisors.

ABSTRACT

Objective: To systematically review the relationship between gingival biotype (GT) and malocclusion.

Methods: The review followed PRISMA standards of quality for systematic reviews and meta-analyses reporting with PROSPERO
registration number CRD42020126543. The systematic database search included MEDLINE, Scopus, Embase, PsychINFO, CINAHL,
and other key journals; the article search was performed until February 2020. Cochrane’s risk of bias in non-randomized studies-of
interventions (ROBINS-I) was used to grade the methodological quality of the included studies.

Results: The systematic search identified 105 studies, six studies satisfied the inclusion criteria for eligibility. The study participants
ranged from 26 to 200 (total n=812), with a mean of 135. Study participants were aged between 14 and 32 years. Five studies were
graded as the moderate risk of bias and one study as low risk of bias. Two studies showed thin GT among individuals with severe
crowding compared to mild crowding. Three studies showed a thin GT with a narrow zone of the keratinized gingival width compared
to a thick GT. No relationship was found between GT and Angle’s classification of malocclusion.

Conclusion: No relationship was observed between Angle’s classification of malocclusion and GT. Thin GT was prevalent among
individuals with pro-inclination of incisors. Keratinized gingival width was narrow among individuals with thin GT.
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INTRODUCTION

Gingival biotype (GT) refers to different characteristics and thickness of gingiva in the buccolingual dimension.!
They are categorized into different types depending upon their thickness as a thin, medium, thick, or very
thick.”?The quantitative differences in the gingival thickness are important because they respond differently to
inflammation and surgical insult, which further influences the prognosis of the treatment.' In clinical practice,
proper diagnosis of the GT is central to the decision making because it affects the outcome of periodontal therapy,
orthodontic tooth movement, implant treatment, and root coverage procedures.*> Many factors contribute to
differences in GT like age, gender, tooth morphology, tooth position, growth type, and genetics.> GT plays a critical
role during the orthodontic movement of the tooth because teeth with thin biotype are more prone to gingival
recession and soft tissue defects compared to thick biotypes.®’ The literature suggests that the gingival recession
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is acommon anecdotal observation in periodontal - orthodontic
interrelation.®® Experimental evidence suggest that orthodontic
tooth movement creates an environment favorable for plaque
accumulation around the appliances leading to gingival
inflammation and periodontal breakdown.®'® However, the root
movement within the alveolar housing may lead to dehiscence,
gingival recession, and root exposure.” Hence, the pre-treatment
evaluation of the quantitative differences in the biotype
should be considered as a factor that influences the successful
outcome in root coverage procedures, implant restoration, and
orthodontic treatment.**'® Previously authors have studied the
correlation between GT and different types of malocclusion.'"13
When the authors searched for the literature, could not find any
systematic review, which assessed the relationship between GT
and malocclusion. Therefore, the present systematic review was
conducted with the aim of identifying the relationship between
GT and malocclusion.

METHODS

The planning, conduct, and reporting of this systematic
review follows PRISMA standards of quality for reporting
systematic reviews and meta-analyses with register number
CRD42020126543.'® Approval from the Institutional Review
Board was not required.

Questions

The area of focus was to examine the GTs in different dental
malocclusion. The research question was defined according to
the PICO format as follows:

P (Population/Patients): Original studies in human subjects with
permanent teeth having skeletal or dental malocclusion.

I (Intervention): Subjects not undergoing any orthodontic
treatment, only the descriptive studies with measurement of
GTs among individuals with malocclusion.

C (comparison): GT in subjects with normal occlusion were
compared with GTs in subjects with malocclusion.

O (Outcome): Measurement of GTs (thick, thin, mean thickness),
the width of keratinized gingiva (WKG).

Study Eligibility

Research published in the English language that investigated
the different types of GTs in permanent teeth among individuals
with malocclusion were included in the study. The subjects were
not undergoing any orthodontic intervention. The editorial
letter, case reports, in vitro studies, and studies not investigating
the types of GTs in permanent teeth were excluded at this stage.

Study Identification

The scientific database search included, Cochrane library
(Cochrane review, Trails), Embase, MEDLINE (PubMed, OVID
Medline, and Ebsco), Web of Knowledge (Social science,
conference abstract), SCOPUS, CINAHL (Nursing and allied
health), Psycinfo (Psychology and psychiatry), ERIC (Education)
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using key terms focused on the specific search strategy
(malocclusion, skeletal, occlusion, Class|, Class I, Class I, gingival,
biotypes, periodontal, morphotypes, thickness, associations,
prevalence, dimensions, changes, evaluation). Besides, four key
orthodontic journals (American Journal of Orthodontics and
Dentofacial Orthopedics, Angle Orthodontics, European Journal
of Orthodontics, and Journal of Clinical Orthodontics) and two
periodontal journals (Journal of Periodontology and Journal of
Clinical Periodontology) were searched for relevant articles. The
research publications until February 2020 were searched. Any
additional studies meeting the inclusion criteria were identified
from the reference lists of all included articles.

Study Selection

The inclusion of studies was by screening all titles and abstracts
independently and in duplicate. The intra-class correlation
coefficient of 0.84 was achieved in inter-rater agreement for
study inclusion. The Conflicts between the two reviewers were
resolved through consensus discussion.

Risk of Bias Assessment

Cochrane’s tool of risk of bias in non-randomized studies - of
interventions (ROBINS-I)'” was used to assess the risk of bias.
Each domain is graded as a low risk of bias, moderate risk of bias,
serious risk of bias, critical risk of bias, or no information.

Data Extraction and Data Synthesis

Two reviewers extracted the data independently using a data
extraction sheet. Discrepancies between the reviewers were
resolved by consensus through discussion. The following
data were extracted from each included study: first author,
year of publication, the type of study, study quality, sample
size, inclusion criteria, treatment type, malocclusion type,
measurement criteria, GTs, dimensions, statistical analysis used,
and the conclusions by the authors.

RESULTS

Trail Flow

The search strategy identified 98 articles, with an additional
seven identified from a review of references and screening of
key journal indices. Of these, six articles were identified by the
authors for inclusion in this systematic review (Figure 1).

Study Quality

Five studies were graded as a moderate risk of bias and one
study as low risk of bias (Table 1). The data were available from
2012 to 2020.

Study characteristics in relation to age, gender, ethnicity,
diagnostic criteria, and the type of malocclusion used.

The number of study participants ranged from 26 to 200 (total
n=812, male=340, female=472), with a mean of 135. The study
participants were aged 14 to 32 years. Two of the included
studies were conducted in Saudi Arabia, two in Turkey, one in
China, and one in Italy (Table 2). Three of the included studies
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used trans-gingival probing to measure the GT and three studies ~ of malocclusion, Jing et al.’? used skeletal malocclusion, and

used periodontal probing. Four studies (Matarese etal.’, Alkanet ~ Zawawi and Al-Zahrani' measured GT in inclined or protruded

al.'", Kaya et al.’’, Zawawi et al.’*) considered Angle’s classification incisors (Table 3).
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Figure 1. Study selection flow diagram of systematic review

Table 1. Risk of bias assessment of included studies using Cochrane’s risk of bias in non-randomized studies - of interventions (ROBINS-I)

Author/Year

ROBINS-I criteria Jing et al.” Alkan et al.” Kayaetal.” Matareseetal.’ Zawawiand Al-Zahrani'® Zawawi etal.”*
(2019) (2018) (2017) (2016) (2014) (2012)

BC L L L L L L

BSP L L L L L L

BCI S L M L S L

BDI M M L M M M

BMD M M L L M M

BMO M L L M M L

BSR L L L M L L

Overall score M M L M M M

BC, Bias due to confounding; BSP, Bias in selection; BCl, Bias in classification of interventions; BDI, Bias due to deviations from intended interventions;

BMD, Bias due to missing data; BMO, Bias in measurement of the outcomes; BSR, Bias in selection of the reported result; L, Low risk of bias; M, Moderate risk of bias;

S, Serious risk of bias.
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Table 2. Descriptive data of the included studies
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X Sample size (Male/ . )
i L. Population Statistical analysis X
Author/Year  Study type Inclusion criteria . Female), mean age Authors conclusion
studied X used
(range) in years
Significant correlation
Periodontally (PD =5 between WKG and
mm) and systemically Analysis of variance GT. Higher prevalence
Jing et al."? Cross- 26 (9/17
9 . healthy subjects China ( ) (ANOVA) and chi- of thick GT in
(2019) sectional . 23.29 £+ 3.71 years . .
with skeletal Class Il square test maxillary anterior
malocclusion teeth compared to
mandibular teeth
No significant
, 181(63/118) . e
Periodontally (PD >4 Factorial variance relationship of WKG
Alkan et al." Cross- . Male 15.8 + 2.6 years . .
) mm) and systemically ~ Turkey analysis and chi- and the mean GT
(2018) sectional . Females 17.3 +3.9 X
healthy subjects square test according to the Angle
years o
classification
Systemically and
periodontally healthy No significant
subjects (Free from Factorial variance relationship of WKG
Kaya et al.” Cross- 187 (66/121) . .
) attachment loss and Turkey analysis and chi- and the mean GT
(2017) sectional . Less than 29 years i
PD <4 mm) with square test according to the Angle
complete permanent classification
dentition
Prevalence of thick
gingival biotype in
patient with Class Il
malocclusion and a
Matarese et . , .
al’ Cross- Systemically and Italy 76 (38/38) Student’s t-test slight prevalence of
(2'01 6) sectional periodontally healthy Age-14.7 years and the chi-square test thin gingival biotype
in patient with Class
I malocclusion.
Difference not
statistically significant
Systemically and A high prevalence of
Zawawi and 4 . v § . g p .

. Cross- Periodontally healthy . . 142 (64/78) Student’s t-test and thin GT in proclined and
Al-Zahrani' . ) . Saudi Arabia . )
(2014) sectional subjects with age more 26.56 £+ 2.55 chi-square test protrused mandibular

than 18 years anterior teeth
A high prevalence of
. 200 (100/100) thin GT among females
. Systemically and .
Zawawi et . Male -324+£11.0 and smokers had thicker
Cross- Periodontally healthy . . Student’s t-test and . .
al." ) ) . Saudi Arabia years . GT. No relationship was
sectional subjects with age more chi-square test
(2012) Female-31.7 £ 11.1 found between GT and
than 18 years , . .
years Angle’s classification of
malocclusion.
WKG, Width of keratinized gingiva; MGJ, Muco gingival junction; GT, Gingival biotype; PD, Probing depth.

The type of GT according to malocclusion type and WKG: Jing
et al.’? showed 72.5% to 96.2% thick GT in maxillary teeth and
44.2% to 47.1% thick GT in mandibular teeth (p=0.001). The WKG
was 4.88 mm to 5.59 mm in maxillary teeth and 3.02 mm to 3.68
mm in mandibular teeth. Alkan et al."' showed 11.6% of thin
GT in subjects with Class Il malocclusion, 12.7% in Class |, and
5.5% in Class Il malocclusion (p=0.895). Subjects with severe
crowding presented with 12.7% thin GT (p=0.794). Kaya et al.”®

showed a mean GT of 0.73 £ 0.17 mm in Class | occlusion and
0.66 + 0.7 mm in Class Il occlusion (p=0.140). Severe crowding
subjects presented with a mean GT of 0.71 £ 0.16 mm (p=0.321).
Matarese et al." showed 34.9% prevalence of thick GT in Class |
occlusions and 32.6% thick GT in Class Il and Class Ill occlusions
(p=0.143). Zawawi et al."* showed 57.1% prevalence of thick GT
in Class | occlusion, 55.9% thick GT in Class Il, and 46.2% thick GT
in Class lll occlusion (p=0.6) (Table 4).
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Table 4. Outcomes of the included studies
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Author GT (mean or % prevalence) WKG (mean or % prevalence) p value
Maxillary teeth Thick GT- 72.5% to 96.2% 4.88 mm to 5.59 mm
Jing et al.' 0.001
Mandibular teeth Thick GT- 44.2% to 47.1% 3.02 mm to 3.68 mm
Thin - 21 (11.6%)
Class | . 49+1.7t07.3£2.1mm
Thick - 50 (27.6%)
Thin - 23 (12.7%)
Class Il . 402+22t07.2+1.9mm 0.895
Thick - 57 (31.5%)
Thin - 10 (5.5%)
Class Il i 47+1.6t06.4+25mm
Thick - 20 (11%)
Alkan et al." Thin - 18 (2.9%)
n- 970
Mild crowdin 31+15t07.4+ 2.6 mm
fid crowding Thick- 39 (21.5%)
Moderate crowdin Thin - 13 (7.2%) 42+22t07.8+1.8mm 0.794
wdi 2+2. 8+1. ;
d Thick - 27 (14.9%)
. Thin - 23 (12.7%)
Severe crowding . 27+15t07.3+2.02mm
Thick - 61 (33.7%)
Class | 0.73£0.17 mm (0.299-1.388) 2.13+£1.27t03.97 £ 1.43 mm
Class Il 0.72£0.16 mm (0.333-1.182) 194 £1.48t03.99 £ 1.73 mm 0.140
Class Il 0.66 +0.17 mm (0.275-0.961) 1.90 £ 1.08 t0 3.58 £ 1.93 mm
Kaya etal.” ) )
Mild crowding 0.71 £0.16 mm (0.324-1.218) 246 +1.29t03.8 £1.24 mm
Moderate crowding 0.69 +0.21 mm (0.275-1.388) 244 +1.39t03.84 £ 1.45 mm 0.321
Severe crowding 0.75 £ 0.14 mm (0.448-1.056) 2.15+1.08t02.73 £ 1.48 mm
Class | Thin -19 (57.6%), Thick- 15 (34.9%) NA
Class Il Thin - 7 (21.2%), Thick- 14 (32.6%) NA 0.143
Class Il Thin - 7 (21.2%), Thick- 14 (32.6%) NA
4.08 + 0.78 mm at baseline
Medium, followed by thin biotype more
Matarese et al.! Pro-inclination y P 3.42 +0.78 mm at 9 month of NA
prevalent
treatment
4.50 + 0.85 mm at baseline
Retro-inclination Thick biotype more prevalent 4.97 £0.87 mm at 9 month of NA
treatment
Inclination in Thin GT-25.5+3.4 NA 085
mm Thick GT - 25.4 + 3.3 NA '
Maxillary Thin GT-6.3 + 2.1 NA
. Position in mm 0.87
incisor Thick GT-6.3+2.2 NA
Crowding in Thin GT-2.07 +£1.7 NA 085
Zawawi and mm Thick GT-2.01+1.8 NA ’
Al-Zahrani™ Inclination in Thin GT-97.05+6.3 NA 002
mm Thick GT - 94.6 + 5.9 NA ’
Mandibular Thin GT-5.7 +£2.8 NA
L. Position in mm 0.02
Incisor Thick GT-4.7 £2.7 NA
Crowding in ThinGT-3.2+24 NA 052
mm Thick GT-3.5+2.3 NA '
Thin - 60 (42.9%)
Class | NA
Thick - 80 (57.1%)
Thin - 15 (44.1%
Zawawi et al." Class Il !n ( ) NA 0.6
Thick - 19 (55.9%)
Thin - 14 (53.8%)
Class lll NA
Thick - 12 (46.2%)
NA, Not available; GT, Gingival biotype; WKG, Width of keratinized gingiva
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DISCUSSION

Various risk factors are associated with gingival recession,
particularly in the mandibular anterior region in orthodontic
patients. These risk factors include: age of the patient,
periodontal health status, tobacco smoking, duration of
orthodontic treatment, amount of force applied, the amount
and type of tooth movement, GTs, and WKG.**5° GT is central
to maintaining the periodontal health by determining the
periodontium behavior to various bacterial, chemical and
physical insults. Individuals with a thin GT are more prone to
gingival recession following orthodontic treatment.”'? This
systematic review was conducted to check the relationship
between GT and malocclusion. The review included six cross-
sectional studies."'"""

The method of assessment of GT: Different methods are
used for assessing the GT like invasive and non-invasive.
The noninvasive methods include visual assessment, probe
transparency, ultrasonic devices, and cone-beam computed
tomography. However, they have limitations like lack of
reliability, need of repeatable measurements, and potential
side effects of radiation exposure in routine clinical practice.’®?
Invasive methods include trans-gingival probing, parallel profile
radiography technique, and histological section. In this review,
three studies™ ' used periodontal probing, three studies' '
used trans gingival probing.The mostfrequently used techniques
in modern orthodontic practice for GT measurements are
periodontal probing and transgingival probing because it is
easy to perform, reproducible, reliable, objective centered and
less expensive.” 14

Tooth position, and GTs: GTs change with the position of the
teeth during the eruption period. With the increasing age, these
changes will reduce because the connective tissue becomes
denser, the epithelium becomesthinner, the cell count decreases,
and keratinization increases.®” GT varies with tooth position in
the arch. In this review, four studies showed medium to thin GT
among individuals with pro-inclination of incisors.”'"'3'* Gingival
thickness varies according to arch type and in the present review
Jing et al.’?showed a significantly higher prevalence of thin GT in
mandibular teeth compared to maxillary teeth among subjects
with skeletal Class Ill malocclusion.

GT and malocclusion type: GT changes with facial
characteristics, facial profile, and tooth position.® In this
review, four studies compared GT among subjects with Angle’s
classification of malocclusion."”'*'* No relationship was
observed between Angle’s classification of malocclusion and GT.

Relationship between GT and the WKG: The adequate
WKG is an essential component in maintaining periodontal
health.?’ Keratinized gingiva provides a firm and stable basis
for maintaining good oral hygiene and during restorative and
esthetic procedures. Studies have reported contradictory results
regarding the WKG that would maintain periodontal health
during orthodontic treatment.” 3% In this review, three studies
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assessed the WKG and the results showed thin GT with a narrow
zone of the WKG compared to thick GT.""

The limitation of the present systematic review is, the meta-
analysis cannot be performed due to heterogeneity of data
amongincludedstudy. A future research based onhomogeneous
data derived from valid randomized control trials would help to
substantiate the finding of this review.

CONCLUSION

In conclusion, the present systematic review cannot show a
definite association between thin GT among individuals with
severe crowding compared to mild crowding. Thin GT presented
with a narrow zone of the WKG compared to a thick GT. No
relationship was observed between the Angle’s classification of
malocclusion and GT. Further, future studies with the inclusion
of vertical and sagittal skeletal relationship, tooth position, and
overjet/overbite are needed to arrive at the conclusive evidence
in this field of research.
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