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Abstract

Background. The relationship between gingival biotype (GB) and bone thickness is paramount
for optimal maxillary implant outcomes. This study aimed to determine the correlation between
GB and buccal bone thickness (BBT) and buccal bone height (BBH) in candidates for immediate
maxillary implant placement using cone-beam computed tomography (CBCT).

Methods. This cross-sectional study assessed 54 patients from the Periodontology Department
at llam University of Medical Sciences Dental School. Gingival thickness (GT), buccal bone
measurements (BBT and BBH), and clinical parameters, including keratinized gingival width
(KGW) and papillary height (PH), were recorded using Michigan probes and CBCT scans.
Statistical analyses (Mann-Whitney and Kruskal-Wallis tests) were conducted to evaluate
associations between variables, with P<0.05 considered significant.

Results. Of the participants, 62.96% had a thick GB and 37.04% had a thin GB. Thin biotypes
were significantly more prevalent among females (P<0.05). The thick GB group exhibited
significantly greater KGW and overall mean BBT compared to the thin GB group (P<0.05).
Conversely, no statistically significant differences were observed between thick and thin biotypes
regarding overall mean BBH or PH (P>0.05).

Conclusion. A thick gingival biotype is anatomically associated with greater buccal bone thickness
and keratinized gingival width. However, there were no statistically significant differences in
buccal or papillary bone height between the different gingival biotypes. Thin gingival biotypes

are more prevalent among females.

Introduction

Gingival biotype (GB) refers to defining the thickness
of keratinized gingiva in the buccolingual dimension.!
It plays a pivotal role in maintaining periodontal health
through the overall anatomy of the periodontium.
Gingival thickness (GT) is determined by the shape and
size of the tooth root and the contour of the alveolar
bone.* This parameter is typically categorized into two
main biotypes: the thick tissue biotype, with a thickness
exceeding 2 mm, and the thin tissue biotype, with a
thickness less than 1.5 mm.* In thin biotypes, the teeth
generally exhibit a triangular shape with shorter proximal
contacts, whereas in thick biotypes, the teeth are usually
more square-shaped.'

Keratinized gingiva plays a vital role in providing a stable
foundation for both dental and aesthetic treatments.® In
areas where keratinized mucosa is reduced, rapid loss of
attachment and bone stability can occur.® The interdental
papilla occupies a critical area and significantly influences
both the contour and health of the tissue during aesthetic
procedures. Loss of papillary height (PH) can lead to an

unaesthetic appearance, difficulties with food intake,
and speech issues.”® The appearance of the papilla is
influenced by several factors, including age, gender, tooth
shape, proximal contact height, bone height, periodontal
disease, orthodontic treatment history, and interproximal
gingival thickness.” Fischer et al.'’ reported that young
men tend to have thicker gingiva compared to women.
Additionally, a thicker gingival phenotype was more
commonly observed in the maxillary region, while the
mandibular region exhibited a higher prevalence of a
thin gingival phenotype. Some studies have indicated a
positive correlation between keratinized gingival width
(KGW) and GT. Furthermore, biotype has been identified
as a significant factor influencing papilla height.''? The
tindings of Vlachodimou et al.”* revealed that thin gingival
biotypes, particularly those with a keratinized gingival
width of <2 mm and a gingival thickness of <0.5 mm, are
more susceptible to gingival recession and periodontal
issues. This relationship between gingival phenotype and
KGW plays a fundamental role in determining periodontal
treatment plans and ensuring long-term tissue stability.
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Recently, immediate implant placement has gained
attention as an innovative and efficient approach for
treating the mid-buccal area of the maxilla, offering several
advantages, including reduced surgical procedures, shorter
treatment times, higher patient acceptance, decreased
psychological stress, and enhanced aesthetics.'*'
However, to improve the success of this method, a more
detailed understanding of the GB and the underlying bone
thickness in the mid-buccal region is essential. The GB and
underlying bone thickness are key factors that affect the
success of immediate implant placement in the maxillary
region. Patients with different gingival biotypes (GBs)
exhibit varying responses to inflammation and periodontal
treatment. Da Silva et al.'® reported that the gingival
phenotype (thin or thick) can indirectly affect the success
of immediate implant placement. They noted that patients
with different gingival types, particularly those with thin
gingiva, exhibit varying responses to inflammation and
periodontal treatments. Therefore, recognizing these
characteristics is critical when performing periodontal,
prosthetic, aesthetic, and implant treatments.'”*® Gingival
recession, particularly in patients with a thin or scalloped
GB, is a significant concern. In this context, Khursheed et
al.” highlighted that gingival recession is one of the most
common mucogingival defects, which may occur alone or
in combination with issues such as thin gingival biotypes,
shallow vestibule, high frenal attachment, and cervical
dental steps. In contrast, thick GBs are more resistant
to trauma, are more likely to form periodontal pockets,
and exhibit fibrotic responses, whereas thin biotypes are
more prone to recession and shrinkage.® Supporting
this observation, Koppolu et al.*» demonstrated that the
thick gingiva biotype is associated with good periodontal
health and the ability to resist trauma and recession. In
contrast, thin gingiva is more predisposed to recession
compared to thick gingiva.

The GB is influenced by tissue responses to physical and
chemical trauma, outcomes of periodontal and implant
surgeries, and orthodontic or restorative treatments.”
In this context, the thickness of keratinized gingiva
plays a crucial role in maintaining periodontal health.”
Gingival width is also a critical indicator in periodontal
evaluations, influencing decisions regarding the necessity
and selection of surgical techniques.? Therefore, a precise
analysis of the relationship between GB and underlying
bone thickness in the mid-buccal region is of significant
importance.

In recent years, the digitalization of dental technologies
has introduced a wide range of methods for assessing and
correlating anatomical structures within and around the
oral and maxillofacial system. These methods include
features that are not detectable through conventional
examination.” Techniques such as direct probing, probe
transparency technique, ultrasonic devices, computed
tomography (CT) scans, and cone-beam computed
tomography (CBCT) are now available.® In the probe
transparency technique, if the tip of the periodontal probe

is visible through the gingiva during probing, the gingiva
is classified as thin.”” This simple, highly reproducible,
noninvasive method is commonly used to determine
GB.? The CBCT offers several advantages over traditional
CT scans, with the most notable being lower radiation
exposure to the patient.”” This technique provides detailed
information about both hard and soft tissues, facilitating
implant placement. With its three-dimensional imaging
capabilities, CBCT offers greater diagnostic accuracy
and more comprehensive analysis compared to two-
dimensional imaging.*

The aesthetic zone in the anterior maxilla typically
extends from the first premolar on one side to the
first premolar on the other side.”» However, in some
individuals, this zone may extend to the mesial aspect of
the first molar. Although this area is of critical aesthetic
importance, limited research exists on bone resorption
following tooth extraction or bone thickness in the
premolar region among the Iranian population.”> Most
existing studies have focused on orthodontic perspectives,
primarily aiming to determine the bone thickness required
for mini-screws to provide anchorage and facilitate tooth
movement in this area.*® However, fewer studies have
investigated the bone thickness necessary for immediate
implant placement, specifically regarding the minimum
required thickness for such treatments in this region.
Therefore, given the importance of GB and the underlying
bone in immediate implant placement, this study aimed
to determine the correlation between GB, BBT, and height
in candidates for immediate maxillary implant placement
using CBCT analysis.

Methods
Sample Size and Patient Recruitment

This  cross-sectional,  descriptive, epidemiological
study was conducted on 54 patients who visited the
Periodontology Department at the Ilam University of
Medical Sciences Dental School during 2023-2024.
Written informed consent was obtained from patients
who were candidates for immediate implant placement,
and the study was approved by the Ethics Committee
of Ilam University of Medical Sciences (IR MEDILAM.
REC.1402.055). The study procedures were thoroughly
explained to each patient before the study began. Statistical
methods were employed to analyze the relationship
between GT and bone measurements. The required
sample size was estimated to be 54 individuals, based on
the study by Shah et al.,’* considering a margin of error (d)
of 0.22, a standard deviation (o) of 0.82, and a confidence
level (1-a) of 0.95 (Equation 1).
2 X62

-5 _(1.96)* x(0.82)°

N =
d> (0.22)°

=53.36=54

Inclusion and Exclusion Criteria
The inclusion criteria consisted of participants aged 18-
50 years with maxillary incisors indicated for immediate
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implant placement. Periodontal health was confirmed by
the absence of inflammation, probing depths <3 mm, and
bleeding on probing (BOP)<30%. Systemic conditions
were evaluated based on each patient’s medical history.
Following tooth extraction, the socket was required to be
intact with preserved buccal bone and a minimum of 4
mm of apical bone height.

The exclusion criteria included a history of periodontal
surgery in the anterior maxilla, systemic diseases or
medications influencing periodontal status, probing
depths>3 mm, attachment loss or gingival enlargement
at the central incisors, previous orthodontic treatment
of these teeth, traumatic injuries deforming the incisors,
pregnancy or breastfeeding, high labial frenum attachment,
interproximal or cervical caries or restorations, smoking,
crowding, or mouth breathing. All patients received
oral hygiene instructions one week before parameter
measurements, and scaling was performed at least four
weeks before the measurements if necessary.*”

Clinical Parameters
In this study, gingival thickness (GT) was measured using
the transgingival probing method, whereas keratinized
gingival width (KGW), probing depth, and papillary
height (PH) were assessed using a periodontal probe. A
single calibrated examiner performed all measurements.
Accordingly, GT was assessed after local anesthesia with
2% lidocaine, and a Michigan periodontal probe was
inserted perpendicularly into the mid-facial buccal gingiva
2 mm apical to the gingival margin until gentle contact
with the underlying bone was achieved. Gingival biotype
classification was based on the measured thickness,
with values >1 mm classified as thick and values<1 mm
classified as thin (Figure 1).®

In addition, KGW was defined as the mean distance
from the gingival margin to the mucogingival junction at
the mid-facial region of the maxillary central incisors.”
Probing depth was measured as the average depth of the
probe inserted into the gingival sulcus at the mid-facial
region of the maxillary central incisors.* Finally, PH was
the distance from the tip of the papilla to a line connecting
the gingival zenith of the adjacent teeth. The average
measurement was reported for the three papillae between

the central incisors and their distal papillae.”

CBCT Acquisition and Measurements

All CBCT examinations were performed using an
HDXWill CBCT system (HDXWill, South Korea). Image
acquisition was conducted using a standardized protocol
applied uniformly to all participants. The acquisition
parameters included a tube voltage of 85 kV, a tube current
of 7 mA, a slice thickness of 0.3 mm, and a maximum
field of view (FOV) of 16 x 9 cm. The voxel size was set at
0.2 mm for all scans. CBCT images were analyzed using
the manufacturer-provided software. All measurements
were referenced to the alveolar crest. BBT was assessed
perpendicular to the long axis of the tooth, whereas BBH
was defined as the vertical distance from the alveolar crest
to the most coronal point of the buccal bone.

Data Collection

The required information, including age, gender, GB, GT,
and bone height, width, and thickness, was collected using
a structured checklist.

Statistical Analysis

Statistical analysis was performed using SPSS 16.0 (IBM
SPSS Statistics, USA) and Stata 10.3.1 (StataCorp). Data
normality was assessed using the Shapiro-Wilk test. As
the variables did not follow a normal distribution, non-
parametric statistical tests were applied. Descriptive
statistics were reported as mean+standard deviation
(SD) for quantitative variables. The chi-square test was
used to evaluate the association between GT and gender.
Comparisons of quantitative variables between gingival
biotype groups were performed using the Mann-Whitney
U test, while the Kruskal-Wallis test was applied where
appropriate. A Pvalue of <0.05 was considered statistically
significant for all analyses.

Results

The results of the present study revealed that 34 participants
(62.96%) had a thick GT, while 20 participants (37.04%)
had a thin GT. Statistical analysis revealed a significant
association between GT and gender (chi-squared test,
P<0.05), with the thin GT being more prevalent in

Figure 1. Clinical assessment of gingival thickness using the transgingival probing method, illustrating (a) a thick gingival biotype (>1 mm) and (b) a thin gingival

biotype (<1 mm)
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females (76.2% [95% CI: 52.8-91.8%]) and the thick GT
more common in males. The results also indicated that
the mean age of males (mean and standard deviation
[SD]) (37.15%£6.58) was higher than that of females
(29.95+5.46). In addition, the mean gingival biotype for
thin GB was lower in males (26.50+7.05) compared to
females (27.75 + 3.87), while the mean gingival biotype for
thick GB was more pronounced in females (35.83 +4.83)
than in males (38.69+5.00). These differences were
statistically significant (Kruskal-Wallis test, P<0.05,
Table 1, Figure 2).

Furthermore, the findings revealed that, for the thin
GB, the mean values for KGW, probing depth, and
PH in males and females were as follows: 4.00+2.16,
226+1.24, 4.25+0.95, 3.75+1.75, 1.31+0.47, and
4.40%0.55 mm, respectively. In contrast, for the thick
GB, the corresponding values for males and females were
6.32+2.20, 1.50+0.57, 4.50+1.21, 4.75+0.98, 2.00 +0.89,
and 4.08 £ 0.66 mm, respectively (Table 1). In this regard,
a statistically significant difference in the mean KGW

50— === Male == Female
40—
=
s 30
&
$h 20—
<
10—
0=
Thick Thin
Gingival biotype

Figure 2. Mean age of male and female participants according to gingival
biotype (thick and thin)

and probing depth was observed between the thick and
thin GBs (Mann-Whitney test, P<0.05). However, no
significant difference was found in PH (Kruskal-Wallis
test, P>0.05, Figure 3).

The results of measuring buccal bone height (BBH) and
thickness in thick and thin GBs showed that the mean
BBH was greater in the thick gingival biotype (F=16.63
and M=14.91) compared to the thin GB (F=14.53 and
M=12) (Table 1, Figure 4). However, this difference was
not statistically significant (Kruskal-Wallis test, P>0.05).
Similarly, the mean BBT in the thick GB was 1.66 mm for
females and 1.34 mm for males, while in the thin GB, it was
1.03 mm for females and 1.50 mm for males (Figure 4).
This difference between the two groups was statistically
significant (Kruskal-Wallis test, P<0.05).

Discussion

In the present study, 62.96% of patients had a thick
gingival biotype, while 37.04% had a thin biotype. These
findings are similar to those reported by Shao et al.,”® who

— e KGW ® Probedepth 4 PH
8_
Fomn)
=
E 6+
e’
= {
F 4l 1ty ]
2 %
24 % E E
0 T T T T
Male Female Male Female
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Figure 3. Mean values of keratinized gingival width (KGW), probing depth,
and papillary height (PH) in males and females with thick and thin gingival
biotypes

Table 1. Comparative analysis of clinical parameters in thin and thick gingival biotypes

Thick gingival biotype

Thin gingival biotype

Variable
Gender Mean SD Min. Max. Gender Mean SD Min. Max

F 35.83 4.83 28 41 F 27.75 3.87 22 37
Age

M 38.69 5.00 27 45 M 26.50 7.05 19 36

F 4.75 0.98 4 6 F 3.75 1.75 2 7
KGW

M 6.32 2.20 2 11 M 4.00 2.16 2 7

F 2.00 0.89 1 3 F 1.31 0.47 1 2
Probe depth

M 1.50 0.57 1 2 M 2.26 1.24 0.5 6

F 4.08 0.66 3 5 F 4.40 0.55 3 5
PH

M 4.50 1.21 1 7 M 4.25 0.95 3 5

F 1.66 0.25 1.5 2 F 1.03 0.64 0.5 2.5
BBT

M 1.34 0.44 0.5 2 M 1.50 0.00 1.5 1.5

F 16.63 3.34 12.80 22 F 14.53 1.58 11.50 18
BBH

M 14.91 2.81 9.80 22 M 12.00 1.87 10.00 14.5

KGW: keratinized gingival width, PH: papilla height, BBT: buccal bone thickness, BBH: buccal bone height, F: female, M: male
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Figure 4. Mean buccal bone thickness (BBT) and buccal bone height (BBH) in
males and females with thick and thin gingival biotypes

found that 59.68% of the teeth had a thick biotype, while
40.32% had a thin biotype. Similarly, research by Assiri et
al.*®® demonstrated a higher prevalence of the thick biotype
than the thin biotype. These studies are consistent with
our findings. However, they contrast with Garcia-Cortés
et al,* who reported a higher prevalence of the thin
biotype compared to the thick biotype.

Tissue biotype plays a crucial role in determining the
outcomes of dental treatments.” The initial thickness
of the gingiva can predict the success of root coverage
procedures or restorative treatments.”” The GB is a
key factor influencing the results of dental procedures.
Individuals with a thin biotype tend to experience more
gingival recession during non-surgical treatments.*
Additionally, those with a thin biotype are more prone to
losing attached tissue and experiencing epithelial damage,
necessitating non-traumatic treatment methods and
specialized oral hygiene practices.” On the other hand,
the thick biotype is characterized by greater resistance
to physical trauma and gingival recession, resulting in
better tissue management. This distinction underscores
the importance of identifying gingival biotype to tailor
treatment plans and achieve optimal clinical outcomes.*

The results also revealed a significant correlation
between GB and gender (P<0.05). Specifically, the thin GB
was predominantly observed in women, while the thick
biotype was more frequently found in men. Consistent
with these findings, Bhat and Shetty** and Anand et
al.* reported a significant relationship between GB and
gender. Moreover, the study by Anand et al.* reported that
the thick GB was more prevalent in men, while the thin
biotype was more common in women, further supporting
the results of this study.

Building on these findings, numerous studies have
demonstrated that biological and physiological differences
between genders play a pivotal role in determining GB.**¢
Specifically, hormones like estrogen in women can lead
to thinner gingival tissue. In contrast, in men, higher
connective tissue density and stronger blood flow typically
result in a thicker biotype.*”*

Additionally, the results showed that the mean age of
patients with a thin biotype was significantly lower than
that of patients with a thick biotype (P<0.05). In this
context, Kolte et al.* reported that in younger age groups,
thinner gingival widths were more common, and women
had thinner gingiva with narrower widths compared to
men, consistent with the present study. Moreover, the
most common reason for this difference is the higher
density of collagen fibers and connective tissue in younger
individuals. This greater collagen density provides more
structural support, resulting in thicker gingiva. As age
increases, collagen density decreases, leading to thinner
gingival tissue.”

In the present study, the KGW was significantly greater
in the thick biotype compared to the thin biotype.
Patients with a thin biotype had a narrower gingival
width than those with a thick biotype. The study by Cook
et al.”! found a positive correlation between GT and the
width of keratinized tissue. They observed that thinner
biotypes had a narrower zone of keratinized tissue, while
thicker biotypes had a wider zone. These findings align
with the present study, which also shows a significant
relationship between GT and tissue width. In this regard,
wider keratinized gingiva in thick biotypes offers greater
resistance to mechanical forces and gingival recession. In
contrast, thinner biotypes, due to less connective tissue
support, have a narrower zone of keratinized gingiva.
These structural differences in gingival tissue can explain
the positive relationship between GT and keratinized
tissue width."?

In addition to soft tissue parameters, the influence of
BBT must also be considered, as it plays a pivotal role
in implant stability and esthetic outcomes. BBT has
been widely recognized as a key determinant in implant
planning and soft tissue stability.*> Aizcorbe-Vicente et
al.”® stated that no minimum facial bone thickness was
identified that would completely prevent peri-implant
boneloss or ensure soft tissue stability; however, a thickness
of approximately 2 mm has been associated with reduced
vertical bone resorption and less mid-facial mucosal
recession. When the buccal plate is thin, clinicians may
need to consider guided bone regeneration® and the use
of narrower implants or adjustments in three-dimensional
implant positioning to achieve long-term stability.”>’

Additionally, the suitability of flapless implant
placement is strongly influenced by the quality and
thickness of the buccal bone.”® Flapless surgery is more
predictable when the buccal plate is intact and sufficiently
thick, as the preservation of periosteal blood supply can
minimize crestal remodeling.”® In contrast, sites with thin
facial bone often require flap elevation and simultaneous
bone grafting to prevent dehiscence, exposure of implant
surfaces, and soft tissue complications.®*®! Furthermore,
inadequate BBT has been consistently associated with
a higher risk of mid-facial mucosal recession.”” Thin
biotype patients with limited buccal bone support benefit
from bone augmentation and, when indicated, soft tissue
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grafting to enhance peri-implant tissue volume and ensure
more predictable esthetic outcomes.*!

Regarding PH, this study observed no statistically
significant difference in mean PH between the thick and
thin GBs (P>0.05). Fischer et al.®’ reported no statistically
significant difference between PH and gingival biotype
(thin and thick), whereas Malhotra et al.64 reported a
significant difference. The findings of this section of
the study align with Fischer et al’s © study but do not
correspond with those of Malhotra et al.* The absence of
a statistically significant difference in mean PH between
thick and thin biotypes suggests that PH may be influenced
more by other factors, such as underlying bone structure
and interdental spacing, rather than directly correlating
with GB thickness. This is especially relevant for patients
with healthy periodontal features and without significant
bone loss, where the stability and integrity of the soft
tissue likely have a greater impact on the papilla height.®

This study had several limitations that should be
acknowledged. First, although gingival thickness
measurements were performed using a standardized
transgingival probing method, the possibility of observer
bias cannot be eliminated. Second, CBCT images have
inherent resolution limitations, particularly when
assessing ultra-thin buccal bone plates, which may affect
the precision of thickness measurements. Finally, the
cross-sectional design of this study does not allow for
longitudinal evaluation of how the gingival biotype may
influence long-term clinical outcomes.

Conclusion

This study demonstrated that a thicker gingival biotype is
associated with greater buccal bone thickness, as indicated
by CBCT findings in the studied population. Differences
in gingival biotype distribution were observed across age
and gender groups. No statistically significant difference
in papilla height was found between gingival biotypes.
Future studies are warranted to further investigate
biological and genetic factors influencing gingival biotype
variability.

Acknowledgments

We would like to express our sincere gratitude to Ilam University
of Medical Sciences for their financial support of this research. We
also extend our heartfelt appreciation to Mr. Ali Shojaei for his
valuable assistance in editing the English text of the manuscript.

Authors’ Contribution

Conceptualization: Narges Shojaei.

Data Curation: Razieh Azizian.

Formal Analysis: Motahare Damavandi, Razieh Azizian.
Investigation: Motahare Damavandi, Razieh Azizian.
Methodology: Narges Shojaei.

Project Administration: Narges Shojaei.

Resources: Razieh Azizian.

Software: Motahare Damavandi.

Supervision: Narges Shojaei.

Validation: Narges Shojaei.

Visualization: Motahare Damavandi.
Writing—original draft: Motahare Damavandi.

Writing—review & editing: Motahare Damavandi, Narges Shojaei,
Razieh Azizian.

Competing Interests
The authors declare that they have no competing interests regarding
authorship and/or publications of this paper.

Data Availability
The data from the reported study can be obtained upon request
from the corresponding author.

Ethical Approval

This study was conducted in compliance with the ethical principles
outlined in the Declaration of Helsinki. The protocol was reviewed
and approved by the Ethics Committee of Ilam University of
Medical Sciences (Ethics code: IR.MEDILAM.REC.1402.055).
Written informed consent was obtained from all participants before
their inclusion. Confidentiality and anonymity were maintained,
and participants were informed of their right to withdraw at any
time without consequences.

Funding
This research was financially supported by llam University of
Medical Sciences (Thesis number: 2280).

References

1. Malpartida-Carrillo V, Tinedo-Lopez PL, Guerrero ME, Amaya-
Pajares SP, Ozcan M, Résing CK. Periodontal phenotype:
A review of historical and current classifications evaluating
different methods and characteristics. J Esthet Restor Dent
2021;33(3):432-45. doi:10.1111/jerd. 12661

2. Amid R, Kadkhodazadeh M, Moscowchi A, Tavakol Davani
S, Soleimani M, Dehghani Soltani A, et al. Effect of gingival
biotype on  orthodontic  treatment-inducedperiodontal
complications: A systematic review. ] Adv Periodontol Implant
Dent 2020;12(1):3-10. doi:10.34172/japid.2020.003

3. Zhao H, Zhang L, Li H, Hieawy A, Shen Y, Liu H. Gingival
phenotype determination: Cutoff values, relationship between
gingival and alveolar crest bone thickness at different
landmarks. ] Dent Sci 2023;18(4):1544-52. doi:10.1016/j.
jds.2023.03.003

4. Manjunath RG, Rana A, Sarkar A. Gingival Biotype
Assessment in a Healthy Periodontium: Transgingival Probing
Method. J Clin Diagn Res 2015;9(5):Zc66-9. doi:10.7860/
jedr/2015/13759.5956

5. Huang JP, Liu J]M, Wu YM, Dai A, Hu HJ, He FM, et al.
Clinical evaluation of xenogeneic collagen matrix versus free
gingival grafts for keratinized mucosa augmentation around
dental implants: A randomized controlled clinical trial. J Clin
Periodontol 2021;48(10):1293-301. doi:10.1111/jcpe.13518

6. Kungsadalpipob K, Supanimitkul K, Manopattanasoontorn
S, Sophon N, Tangsathian T, Arunyanak SP. The lack of
keratinized mucosa is associated with poor peri-implant
tissue health: a cross-sectional study. Int J Implant Dent
2020;6(1):28. doi:10.1186/s40729-020-00227-5

7. Joshi K, Baiju CS, Khashu H, Bansal S, Maheswari IB. Clinical
assessment of interdental papilla competency parameters in
the esthetic zone. ] Esthet Restor Dent 2017;29(4):270-5.
doi:10.1111/jerd.12307

8. Mostafa D, Fatima N. “Gingival Recession and Root
Coverage Up To Date, A literature Review”. Dentistry Review
2022;2(1):100008. doi:10.1016/j.dentre.2021.100008

9. Kolte AP, Kolte RA, Bawankar P. Proximal contact areas of
maxillary anterior teeth and their influence on interdental
papilla. Saudi Dent J 2018;30(4):324-9. doi:10.1016/j.
sdentj.2018.05.007

10. Fischer KR, Biichel J, Kauffmann F, Heumann C, Friedmann
A, Schmidlin PR. Gingival phenotype distribution in young

J Adv Periodontol Implant Dent. 2026;18(2) | 95


https://doi.org/10.1111/jerd.12661
https://doi.org/10.34172/japid.2020.003
https://doi.org/10.1016/j.jds.2023.03.003
https://doi.org/10.1016/j.jds.2023.03.003
https://doi.org/10.7860/jcdr/2015/13759.5956
https://doi.org/10.7860/jcdr/2015/13759.5956
https://doi.org/10.1111/jcpe.13518
https://doi.org/10.1186/s40729-020-00227-5
https://doi.org/10.1111/jerd.12307
https://doi.org/10.1016/j.dentre.2021.100008
https://doi.org/10.1016/j.sdentj.2018.05.007
https://doi.org/10.1016/j.sdentj.2018.05.007

Damavandi et al

20.

21.

22.

23.

24.

25.

26.

Caucasian women and men - An investigative study. Clin Exp
Dent Res 2022;8(1):374-9. doi:10.1002/cre2.482

Nalbantoglu AM, Yanik D. Revisiting the measurement of
keratinized gingiva: a cross-sectional study comparing an
intraoral scanner with clinical parameters. | Periodontal
ImplantSci2023;53(5):362-75.doi:10.5051/jpis.2204320216
Hamasni FM, El Hajj F. Correlations between Width of
Keratinized Gingiva and Supracrestal Gingival Tissues
Dimensions: A Retrospective Clinical Study. J Contemp

Dent Pract 2021;22(1):18-22.  doi:doi.org/10.5005/jp-
journals-10024-3022
Vlachodimou E, Fragkioudakis I, Vouros I. Is There an

Association between the Gingival Phenotype and the Width
of Keratinized Gingiva? A Systematic Review. Dent ] (Basel)
2021;9(3):34. doi:10.3390/dj9030034

Gamborena |, Sasaki Y, Blatz MB. Predictable immediate
implant placement and restoration in the esthetic zone. J Esthet
Restor Dent 2021;33(1):158-72. doi:10.1111/jerd. 12716
Donker VJJ, Raghoebar GM, Vissink A, Meijer HJA. Immediate
Implant Placement and Provisionalization in the Aesthetic
Zone Using a Digital Workflow: A 1-Year Prospective Case
Series Study. Clin Implant Dent Relat Res 2025;27(4):e70079.
doi:10.1111/cid.70079

da Silva DM, Castro F, Martins B, Fraile JF, Fernandes JCH,
Fernandes GVO. The influence of the gingival phenotype on
implant survival rate and clinical parameters: a systematic
review. Evid Based Dent 2025;26(2):119. doi:10.1038/
s41432-025-01114-x

Matosinhos F, Nigro F, Barbosa B, Franco A, Carlos Eduardo
F. Analysis of buccal gingival thickness in maxillary
implants and its relation to gingival biotype. Res Soc Dev
2022;11:€46411528472. doi:10.33448/rsd-v11i5.28472
Tabanella G, Viale M. Porcine Cross-Linked Collagen
Matrix for Peri-Implant Vertical Soft Tissue Augmentation:
A Randomized Prospective Observational Study. J Funct
Biomater 2024;15(9):261. doi:10.3390/jfb15090261
Khursheed DA, Zardawi FM, Arf AN. A Review of Gingival
Recession and the Surgical Managements According
to Their Classification and Etiologic Backgrounds: A
Clinical Case Study. Case Rep Dent 2024;2024:5510846.
doi:10.1155/2024/5510846

Sarma M, Shenoy N, Bhandary R. Gingival biotype: A secret
for esthetic success. Journal of Health and Allied Sciences NU
2022;12(1):13-7. doi:10.1055/5-0041-1731116

Koppolu P, Al Arabi AA, Al Khayri MJ, Alfaraj FA, Alsafwani
WM, Alhozaimi SF, et al. Correlation between Gingival
Thickness and Occurrence of Gingival Recession. J Pharm
Bioallied Sci 2023;15(Suppl 1):5495-s501. doi:10.4103/jpbs.
jpbs_585_22

Luchian 1, Surlari Z, Goriuc A, loanid N, Zetu |, Butnaru O,
et al. The Influence of Orthodontic Treatment on Periodontal
Health between Challenge and Synergy: A Narrative Review.
Dent J (Basel) 2024;12(4):112. doi:10.3390/dj12040112

Kim DM, Bassir SH, Nguyen TT. Effect of gingival phenotype
on the maintenance of periodontal health: An American
Academy of Periodontology best evidence review. ]
Periodontol 2020;91(3):311-38. doi:10.1002/jper.19-0337
Fischer KR, Kiinzlberger A, Donos N, Fickl S, Friedmann A.
Gingival biotype revisited-novel classification and assessment
tool. Clin Oral Investig 2018;22(1):443-8. doi:10.1007/
s00784-017-2131-1

Chaturvedi S, Haralur SB, Addas MK, Alfarsi MA. CBCT
analysis of schneiderian membrane thickness and its
relationship with gingival biotype and arch form. Niger J Clin
Pract 2019;22(10):1448-56. doi:10.4103/njcp.njcp_186_19
Das G, Ahmed AR, Suleman G, Lal A, Rana MH, Ahmed
N, et al. A Comparative Evaluation of Dentogingival Tissue
Using Transgingival Probing and Cone-Beam Computed

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Tomography.  Medicina  (Kaunas)
doi:10.3390/medicina58091312

da Costa FA, Perussolo J, Dias DR, Aradjo MG. Identification
of thin and thick gingival phenotypes by two transparency
methods: A diagnostic accuracy study. J Periodontol
2023;94(5):673-82. doi:10.1002/jper.22-0488

Shao Y, Yin L, Gu J, Wang D, Lu W, Sun Y. Assessment of
Periodontal Biotype in a Young Chinese Population using
Different Measurement Methods. Sci Rep 2018;8(1):11212.
doi:10.1038/s41598-018-29542-z

Abdelkarim A. Cone-Beam Computed Tomography in
Orthodontics. Dent ] (Basel) 2019;7(3):89. doi:10.3390/
dj7030089

Jacobs R, Salmon B, Codari M, Hassan B, Bornstein MM.
Cone beam computed tomography in implant dentistry:
recommendations for clinical use. BMC Oral Health
2018;18(1):88. doi:10.1186/512903-018-0523-5

Schwarz L, Andrukhov O, Rausch MA, Rausch-Fan X, Jonke
E. Difference in Buccal Gingival Thickness between the
Mandible and Maxilla in the Aesthetic Zone: A Systematic
Review and Meta-Analysis. ] Clin Med 2024;13(6):1789.
doi:10.3390/jcm13061789

Mousavi T, Fakhari E, Roshandel G. Investigation of
the Relationship of Gingival Biotype with the Width of
Keratinized Gingiva, Depth of Probe, and Height of Papilla in
Patients Referring to the Dental School at Golestan University
of Medical Sciences. Journal of Mashhad Dental School.
2020;44(3):271-8. doi:10.22038/jmds.2020.46409.1878
[Persian]

Van Sant LA. Survey of Canadian Orthodontists Regarding
Orthodontic Miniscrew Usage. Master’s thesis. London, ON,
Canada: University of Western Ontario; 2020. Available from:
https://ir.lib.uwo.ca/etd/6911.

Shah R, Sowmya NK, Mehta DS. Prevalence of gingival
biotype and its relationship to clinical parameters. Contemp
Clin Dent 2015;6(Suppl 1):5167-71. doi:10.4103/0976-
237x.166824

Vandana KL, Shivani S, Savitha B, Vivek HP. Assessment of
gingival sulcus depth, width of attached gingiva, and gingival
thickness in primary, mixed, and permanent dentition. ] Dent
Res Rev. 2017;4(2):42-9. doi:10.4103/jdrr.jdrr_42_17

Khan S, Cabanilla LL. Periodontal probing depth measurement:
a review. Compend Contin Educ Dent 2009;30(1):12-4, 6,
8-21; quiz 2, 36.

Yang G, Cao J, Hu W, Chung KH. Measurements of the
gingival papillae architecture using cone-beam computed
tomography in young Chinese adults. Peer] 2020;8:e10006.
doi:10.7717/peerj.10006

Assiri M, Shafik S, Tawfig A. Association between gingival
tissue biotype and different facial phenotypes. Saudi Dent )
2019;31(4):476-80. doi:10.1016/j.sdentj.2019.04.002
Garcia-Cortés JO, Loyola-Rodriguez JP, Monarrez-Espino J.
Gingival biotypes in Mexican students aged 17-19 years old
and their associated anatomic structures, socio-demographic
and dietary factors.] Oral Sci2019;61(1):156-63. doi:10.2334/
josnusd.17-0370

Avetisyan A, Markaryan M, Rokaya D, Tovani-Palone MR, Zafar
MS, Khurshid Z, et al. Characteristics of Periodontal Tissues in
Prosthetic Treatment with Fixed Dental Prostheses. Molecules
2021;26(5):1331. doi:10.3390/molecules26051331

Agusto M, Salman A, Parker D, Choi D, Schincaglia GP.
Root Coverage Predictability in the Treatment of Gingival
Recessions on Mandibular Anterior Teeth. JDR Clin Trans Res
2022;7(3):224-33. doi:10.1177/23800844211009437

Sin YW, Chang HY, Yun WH, Jeong SN, Pi SH, You HK.
Association of gingival biotype with the results of scaling and
root planing. ] Periodontal Implant Sci 2013;43(6):283-90.
doi:10.5051/jpis.2013.43.6.283

2022;58(9):1312.

96

| J Adv Periodontol Implant Dent. 2026;18(2)


https://doi.org/10.1002/cre2.482
https://doi.org/10.5051/jpis.2204320216
http://doi.org/10.5005/jp-journals-10024-3022
http://doi.org/10.5005/jp-journals-10024-3022
https://doi.org/10.3390/dj9030034
https://doi.org/10.1111/jerd.12716
https://doi.org/10.1111/cid.70079
https://doi.org/10.1038/s41432-025-01114-x
https://doi.org/10.1038/s41432-025-01114-x
https://doi.org/10.33448/rsd-v11i5.28472
https://doi.org/10.3390/jfb15090261
https://doi.org/10.1155/2024/5510846
https://doi.org/10.1055/s-0041-1731116
https://doi.org/10.4103/jpbs.jpbs_585_22
https://doi.org/10.4103/jpbs.jpbs_585_22
https://doi.org/10.3390/dj12040112
https://doi.org/10.1002/jper.19-0337
https://doi.org/10.1007/s00784-017-2131-1
https://doi.org/10.1007/s00784-017-2131-1
https://doi.org/10.4103/njcp.njcp_186_19
https://doi.org/10.3390/medicina58091312
https://doi.org/10.1002/jper.22-0488
https://doi.org/10.1038/s41598-018-29542-z
https://doi.org/10.3390/dj7030089
https://doi.org/10.3390/dj7030089
https://doi.org/10.1186/s12903-018-0523-5
https://doi.org/10.3390/jcm13061789
https://doi.org/10.22038/jmds.2020.46409.1878
https://ir.lib.uwo.ca/etd/6911/?utm_source=chatgpt.com
https://doi.org/10.4103/0976-237x.166824
https://doi.org/10.4103/0976-237x.166824
https://doi.org/10.4103/jdrr.jdrr_42_17
https://doi.org/10.7717/peerj.10006
https://doi.org/10.1016/j.sdentj.2019.04.002
https://doi.org/10.2334/josnusd.17-0370
https://doi.org/10.2334/josnusd.17-0370
https://doi.org/10.3390/molecules26051331
https://doi.org/10.1177/23800844211009437
https://doi.org/10.5051/jpis.2013.43.6.283

Damavandi et al

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Bhat V, Shetty S. Prevalence of different gingival biotypes
in individuals with varying forms of maxillary central
incisors: A survey. J Dent Implants. 2013;3(2):116-121.
doi:10.4103/0974-6781.118888

Anand V, Govila V, Gulati M. Correlation of gingival tissue
biotypes with gender and tooth morphology: A randomized
clinical study. Indian ] Dent. 2012;3(4):190-5. doi:10.1016/j.
ijd.2012.05.006

Gandhi V, Singh P, Bakshi R, Singh R, Sood R, Brar AS.
Analysis of Age and Gender-Related Changes in Gingival
Width in Patients of Known Population: A Cross-sectional
Study. ) Pharm Bioallied Sci 20271;13(Suppl 1):5436-s9.
doi:10.4103/jpbs.JPBS_584_20

Joshi N, Agarwal MC, Madan E, Gupta S, Law A. Gingival
biotype and gingival bioform: determining factors for
periodontal disease progression and treatment outcome. Int J
Sci Stud. 2016;4(3):220-5. doi:10.17354/ijss/2016/357

Jafri Z, Bhardwaj A, Sawai M, Sultan N. Influence of female sex
hormones on periodontium: A case series. J Nat Sci Biol Med
2015;6(Suppl 1):5146-9. doi:10.4103/0976-9668.166124

Le NM, Song S, Zhou H, Xu]J, Li Y, Sung CE, etal. A noninvasive
imaging and measurement using optical coherence
tomography angiography for the assessment of gingiva: An
in vivo study. ] Biophotonics 2018;11(12):e201800242.
doi:10.1002/jbio.201800242

Kolte R, Kolte A, Mahajan A. Assessment of gingival thickness
with regards to age, gender and arch location. ] Indian
Soc Periodontol 2014;18(4):478-81. doi:10.4103/0972-
124x.138699

Simancas-Escorcia V, Leal-Betancur ), Diaz-Caballero A.
Expression of type Ill collagen in hypertrophic gingival tissue
of patients with orthodontic treatment: a pilot study. Rev Fac
Odontol Univ Antiog. 2020;32(2):53-63. doi:10.17533/udea.
rfo.v32n2a5

Cook DR, Mealey BL, Verrett RG, Mills MP, Noujeim ME,
Lasho DJ, et al. Relationship between clinical periodontal
biotype and labial plate thickness: an in vivo study. Int J
Periodontics Restorative Dent 2011;31(4):345-54.

Monje A, Roccuzzo A, Buser D, Wang HL. Influence of buccal
bone wall thickness on the peri-implant hard and soft tissue
dimensional changes: A systematic review. Clin Oral Implants
Res 2023;34(3):157-76. doi:10.1111/clr.14029
Aizcorbe-Vicente J, Penarrocha-Oltra D, Canullo L, Soto-
Pefaloza D, Pefdarrocha-Diago M. Influence of Facial Bone
Thickness After Implant Placement into the Healed Ridges
on the Remodeled Facial Bone and Considering Soft Tissue
Recession: A Systematic Review. Int] Oral Maxillofac Implants
2020;35(1):107-19. doi:10.11607/jomi.7259

Albassal A, Al-Khanati NM, Zenati M. Buccal plate fracture
during dental implant insertion after mandibular alveolar
ridge splitting and expansion managed with bone grafting
alone: A case report. Int J Surg Case Rep 2025;135:111933.
doi:10.1016/j.ijscr.2025.111933

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Dos Santos ]G, Oliveira Reis Durdo AP, de Campos Felino
AC, Casaleiro Lobo de Faria de Almeida RM. Analysis of
the Buccal Bone Plate, Root Inclination and Alveolar Bone
Dimensions in the Jawbone. A Descriptive Study Using
Cone-Beam Computed Tomography. | Oral Maxillofac Res
2019;10(2):e4. doi:1 0.5037/jomr.2019.10204

Su K, Zhou Y, Hossaini-Zadeh M, Du J. Effects of implant
buccal distance on peri-implant strain: A Micro-CT based
finite element analysis. J Mech Behav Biomed Mater
2021;116:104325. doi:10.1016/j.jmbbm.2021.104325

Buser D, Martin W, Belser UC. Optimizing esthetics for
implant restorations in the anterior maxilla: anatomic and
surgical considerations. Int) Oral Maxillofac Implants 2004;19
Suppl:43-61.

Al-Juboori MJ, AbdulRahaman SB. The Effect of Flapless
and Full-thickness Flap Techniques on Implant Stability
During the Healing Period. Open Dent J 2015;9:243-9.
doi:10.2174/1874210601509010243

Majid OW. Does flapless immediate implant placement
lead to significant preservation of buccal bone compared to
flap surgical protocol? Evid Based Dent 2024;25(1):9-10.
doi:10.1038/s41432-023-00934-z

Romero-Ruiz MM, Mosquera-Perez R, Gutierrez-Perez JL,
Torres-Lagares D. Flapless implant surgery: A review of the
literature and 3 case reports. ] Clin Exp Dent 2015;7(1):e146—
52. doi:10.4317/jced.51985

Jurado CA, Andretti F, Guzman-Perez G, Antal MA, Rojas-
Rueda S, Floriani F, et al. Soft and Hard Tissue Grafting in
Immediate Implant Therapy: A Narrative Review. Medicina
(Kaunas) 2025;61(10):1769. doi:10.3390/medicina61101769
Wu XY, Shi JY, Buti J, Lai HC, Tonetti MS. Buccal bone
thickness and mid-facial soft tissue recession after various
surgical approaches for immediate implant placement: A
systematic review and network meta-analysis of controlled
trials. J Clin Periodontol 2023;50(4):533-46. doi:10.1111/
jcpe. 13771

Fischer KR, Grill E, Jockel-Schneider Y, Bechtold M,
Schlagenhauf U, Fickl S. On the relationship between gingival
biotypes and supracrestal gingival height, crown form and
papilla height. Clin Oral Implants Res 2014;25(8):894-8.
doi:10.1111/clr.12196

Malhotra R, Grover V, Bhardwaj A, Mohindra K. Analysis
of the gingival biotype based on the measurement of
the dentopapillary complex. ] Indian Soc Periodontol
2014;18(1):43-7. doi:10.4103/0972-124x.128199

de Aratjo LNM, Borges SB, Dos Santos MT, Lima KC, Gurgel
BCV. Assessment of gingival phenotype through periodontal
and crown characteristics: a cluster analysis. J Int Acad
Periodontol 2020;22(1):21-8.

Bennani V, Ibrahim H, Al-Harthi L, Lyons KM. The periodontal
restorative interface: esthetic considerations. Periodontol
2000 2017;74(1):74-101. doi:10.1111/prd.12191

J Adv Periodontol Implant Dent. 2026;18(2) | 97


https://doi.org/10.4103/0974-6781.118888
https://doi.org/10.1016/j.ijd.2012.05.006
https://doi.org/10.1016/j.ijd.2012.05.006
https://doi.org/10.4103/jpbs.JPBS_584_20
https://doi.org/10.17354/ijss/2016/357
https://doi.org/10.4103/0976-9668.166124
https://doi.org/10.1002/jbio.201800242
https://doi.org/10.4103/0972-124x.138699
https://doi.org/10.4103/0972-124x.138699
https://doi.org/10.17533/udea.rfo.v32n2a5
https://doi.org/10.17533/udea.rfo.v32n2a5
https://doi.org/10.1111/clr.14029
https://doi.org/10.11607/jomi.7259
https://doi.org/10.1016/j.ijscr.2025.111933
https://doi.org/10.5037/jomr.2019.10204
https://doi.org/10.1016/j.jmbbm.2021.104325
https://doi.org/10.2174/1874210601509010243
https://doi.org/10.1038/s41432-023-00934-z
https://doi.org/10.4317/jced.51985
https://doi.org/10.3390/medicina61101769
https://doi.org/10.1111/jcpe.13771
https://doi.org/10.1111/jcpe.13771
https://doi.org/10.1111/clr.12196
https://doi.org/10.4103/0972-124x.128199
https://doi.org/10.1111/prd.12191

