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ABSTRACT 

Objective: To evaluate the association between gingival tissue phenotype and different vertical facial patterns. 
Study Design: Cross-sectional study. 
Place and Duration of Study: Department of Orthodontics, Armed Forces Institute of Dentistry, Combined Military Hospital, 
Rawalpindi Pakistan, from May 2021 to Nov 2022. 
Methodology: Sixty-nine patients with good periodontal health who had not yet begun orthodontic treatment were chosen. 
The gingival phenotype was evaluated clinically. Patient face type was evaluated on the basis of two angles: 
maxillomandibular plan angle (MMA) and cranial base to mandibular plan angle (SN-MP) on lateral cephalograms.  
Results: The age of subjects ranged from 16 to 34 years (mean age 20.3±4.9) with nearly equal number of males 33(47.8%) and 
females 36(52.2%) subjects. Gingival type was not found to be correlated with both gender as well as age (p>0.05). However, a 
significant correlation was seen between gingival and vertical facial types (p=0.01).  A significant difference was also seen 
between the attached maxillary and mandibular gingival widths and the vertical facial types (p=0.005 and p=0.05, 
respectively).  
Conclusion:  The hyperdivergent face form is associated with a thin gingival phenotype, and the hypodivergent face form is 
associated with a thick gingival biotype. The normodivergent face type had a higher frequency of thin gingival biotypes in the 
studied population.  
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INTRODUCTION 

Patients seek orthodontic treatment not only for 
functional improvement but also for enhancement of 
esthetics.1 Esthetic outcome of orthodontic treatment is 
primarily influenced by the patient’s gingival tissue 
phenotype. Gingival phenotype can be defined as a 
three-dimensional volume of gingival tissue that 
includes the labiolingual thickness of the gingiva and 
the width of attached keratinized mucosa.2 
Orthodontic treatment and the health of periodontal 
tissue are closely related. According to available 
evidence, during fixed orthodontic therapy, there is a 
significant increase in the accumulation of subgingival 
microorganisms and plaque deposition, resulting in 
gingival inflammation and bleeding on probing.3 
When there is inflammation, thin gingival biotypes are 
more likely to have gingival recession, and thick 
gingival biotypes are more likely to develop 
periodontal pockets.4 Similarly, the width of the 
keratinized gingiva (WKG) is another important factor 
that needs to be evaluated before the commencement 
of orthodontic therapy. A minimum of 2mm of WKG 

is essential for successful orthodontic treatment 
without periodontal problems.5 Therefore, it is crucial 
to precisely determine gingival phenotype during the 
planning and execution of orthodontic therapy.  A 
systematic review, found a positive association 
between gingival thickness and attached gingival 
width.6 

Based on vertical cephalometric analysis, face 
form can be divided into hyperdivergent, 
hypodivergent and normodivergent. Hyperdivergent 
face form is characterized by increased vertical growth 
and is associated with increased sella-nasion at the 
gonion-gnathion and maxillary-mandibular plane 
angles. Normodivergent is characterized by normal 
vertical face growth. Hypodivergent face form is 
characterized by reduced vertical facial growth, 
decreased sella-nasion to gonion-gnathion angle, and 
decreased maxilla-mandibular plane angle.7 

The maxilla and mandible have distinct alveolar 
bone cortical thicknesses that are influenced by 
growth patterns, with horizontal facial growth 
patterns exhibiting increased cortical bone thickness.8 
Similarly, it can be assumed that the vertical growth 
pattern of the face might affect the phenotypic 
characteristics of soft tissue such as gingiva. Therefore, 
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the objective of this study was to evaluate the 
relationship between gingival phenotype and different 
vertical facial types. 

METHODOLOGY  

The cross-sectional study was performed at 
Armed Forces Institute of Dentistry, Rawalpindi, 
Pakistan after approval from the Research Ethical 
Committee of the (ERC# 918/Trg), from May 2021 to 
September 2022. The sample size was calculated using 
OpenEpi software, taking the effect size assumed to be 
1.00.9  

Inclusion Criteria: Patients with permanent upper 
and lower anterior teeth and good oral hygiene, were 
included. 

Exclusion Criteria: Patients undergoing orthodontic 
treatment, patients with a history of periodontitis or 
patients showing signs of active periodontitis, patients 
taking any medications known to have an impact                 
on periodontal soft tissue, systemic conditions like 
diabetes, hypertension and leukaemia, pregnant or 
lactating mothers, smokers, oral breathing pattern and 
lip incompetency, patients who had restorations or 
prosthesis in their upper and lower anterior teeth 
involving gingival margins, were excluded.  

Around 500 patients presented to                                     
the Orthodontics Department of the Armed Forces 
Institute of Dentistry during our study period. Of 
these, 75 subjects were consecutively selected. 
However, six subjects were dropped out as they did 
not fall under the inclusion criteria, leaving a sample 
of 69 subjects. Once selected, informed written consent 
was obtained from all participants after giving them a 
brief overview of our study. The probe transparency 
method was used to measure gingival thickness.10                  
A standardized WHO probe was used for all 
measurements. The probe was inserted gently in the 
gingival sulcus at the centre of the facial surface                       
of maxillary and mandibular anterior teeth. When the 
probe was not visible through the gingiva, it was 
categorized as thick gingiva, and when it was visible 
through transparency, it was categorized as thin 
gingiva. Gingiva was examined under a dental 
operating light.11 

To measure the width of the attached gingiva, the 
distance from the gingival margin to the mucogingival 
junction was measured and subtracted from the sulcus 
depth, which was calculated as the distance between 
the gingival margin and the sulcus base. A marked 

WHO periodontal probe and millimetre scale were 
used for these measurements. 

Pretreatment lateral cephalograms were obtained 
using Sirona Dental System D64625. Rigid head 
fixation stabilized the patients' heads while keeping 
the Frankfurt horizontal plane parallel to the ground. 
Additionally, subjects were told to relax their lips and 
close their teeth in centric occlusion. All lateral 
cephalometric films were traced, and angles were 
drawn and measured using a conventional manual 
method. Following cephalometric measurements were 
used to evaluate face type; SN-MP angle (the relation 
between the mandible and cranial base) and 
Maxillomandibular plane angle (the relation between 
maxillary and mandibular skeletal bases).12  Subjects 
were divided into three groups, as shown in Figure. 
 

 
Figure: Cephalometric Tracing showing SN-MP Angle 
(Upperline) and MMA  (Lowerline) 
 

Data was analyzed using Statistical Package for 
the Social Sciences version 24.0 (SPSS). Categorical 
variables were measured as frequencies and per-
centages. Continuous numerical variables                           
were measured as mean and standard deviation. The 
association between gingival phenotype and face type 
was evaluated using the chi-square test. In addition, 
the statistical difference between gingival widths and 
vertical facial type was evaluated using one-way 
ANOVA. The p-value of ≤0.05 was considered 
statistically significant. 

RESULTS   

A total of 69 subjects were included in this study; 
their ages ranged from 16 to 34, with a mean age of 
20.3± 4.9. Of these, 33 males (47.8%) and 36 females 
(52.2%) were present. In our study, the sample was 
classified into three groups on the basis of facial types: 
Hypodivergent 22(31.9%), Normodivergent 24(34.8%), 
and Hyperdivergent 23(33.3%). 
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The gingival type was not found to be correlated 
with both gender as well as age (p>0.05) (Table-I). 
However, a significant correlation was seen between 
gingival and vertical facial types (p=0.01) (Table-II).  A 
significant difference was also seen between the 
attached maxillary and mandibular gingival widths 
and the vertical facial types (p=0.005 and p=0.05, 
respectively) (Table-III). 

DISCUSSION 

Periodontal evaluation is of paramount 
importance before and during comprehensive fixed 
orthodontic treatment.11 It can aid in identifying the 
risk and preventing the occurrence of pathological 
periodontal problems such as gingival recession and 
deep periodontal pocketing. It is well known that the 
thick gingival biotype is more likely to produce 
periodontal pockets, and the thin gingival biotype is 
more likely to experience gingival recession. Gingival 
thickness can be measured using different methods 
such as visual inspection, transparency of probe, 
transgingival probing, ultrasonic method, and three-
dimensional imaging techniques such as cone beam 
computed tomography. Visual inspection is not very 
reliable as it is very much dependent on clinicians’ 
experience and expertise.12 Transgingival probing is 
considered the gold standard for evaluating gingival 
thickness,13 but it is invasive and requires the 
administration of local anaesthesia. Although the 

ultrasonic approach is non-invasive and provides 
exact readings, it is less practical because of the 
expensive equipment and limited availability.14 CBCT 
gives the most accurate measurements,15 without any 
pain to the patient, but it exposes the patient to 
unnecessary high radiation doses. Transparency of the 
probe method is a simple, minimally invasive and 
reliable option that can be easily used in a clinical 

setting.16 Considering all the pros and cons of each 
method, we selected the transparency of the probe 
method to measure gingival thickness. All 
measurements were done by one trained clinician. 
 This study evaluated the correlation between gingival 
biotype and vertical facial type. We found that there is 
a statistically significant correlation between the two. 
Long face form (hyperdivergent) is strongly related to 
thin gingival biotype and smaller WKG. On the other 
hand, short face form (hypodivergent) is strongly 
related to thick gingival biotype and greater WKG. 
Thin gingival biotype was more prevalent in subjects 
with normal face type (normodivergent). These 
findings can be supported by the fact that subjects 
with hyperdivergent face types generally have smaller 
maximal bite forces than those with hypodivergent 
face types.17 Patients with long faces have weaker 
masseter muscle and medial pterygoid muscle.18 The 
cortical bone thicknesses of the maxilla and the 
mandible are directly affected by muscle forces, so 

Table-I: Association of Gingival Thickness with Age and Gender (n=69) 

Parameters Thin Gingival Thickness n=38 (%) Thick Gingival Thickness n=31 (%) p-value 

Age (years) 

<20 19(50.0%) 22(71.0%) 
 

0.13 
21-30 16(42.1%) 6(19.4%) 

>31  3(7.9%) 3(9.7%) 

Gender 

Male 17(44.7%) 16 (51.6%) 
0.57 

Female 21(53.3%) 15 (48.4%) 
 

Table-II:  Association of Gingival Thickness with Vertical Face Type (n=69) 

Parameters 
Hypodivergent 
Face Type n=22 

Normodivergent 
Face Type n=24 

Hyperdivergent  
Face Type n=23 

p-value* 

Gingival thickness 

Thick Gingival Thickness 15(68.2%) 10(41.7%) 6(26.1%) 
0.01 

Thin Gingival Thickness 7(31.8%) 14(58.3%) 17(73.9%) 

*chi-square test 
 

Table-III:  Comparison of Gingival Width with Vertical Face Type (n=69) 

Parameters 
Hypodivergent 
Face Type n=22 

Normodivergent  Face 
Type n=24 

Hyperdivergent 
Face Type n=23 

p-value 

Width of Attached Maxillary Gingiva 

Mean±SD 6.6±1.4mm 5.5±1.3mm 5.2±1.6mm 0.005 

Width of Attached Mandibular Gingiva 

Mean±SD 5.5±1.3mm 4.7±1.5mm 4.4±1.6mm 0.05 
# ANOVA test 
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hypodivergent subjects are more likely to have thicker 
cortical bone than hyperdivergent subjects due to 
increased muscle function. Gaffuri et al.,19 found a 
statistically significant correlation between face types 
and alveolar bone thickness; subjects with hyper-
divergent face forms have thin cortical bone. Various 
studies have been conducted to determine the 
correlation between gingival phenotype and thickness 
of underlying bone, but the results are contradictory.4 
However, a recent systemic review by Shafizadeh et 
al.,20 concluded that a thick gingival phenotype is 
associated with a thick alveolar bone plate. A study by 
Salti et al.,21 concluded that gingival recession and 
clinical attachment loss are more common in 
individuals with long face forms. This further backs 
up the findings of our study that hyperdivergent 
patients are more likely to have a thin gingival 
phenotype. Contrary to our findings, a study by Kaya 
et al.,22 found no association between sagittal and 
vertical craniofacial morphology and gingival 
phenotype. Valleta et al.,7 found that thin gingiva is 
less prevalent in subjects with a decreased 
SNMe/NMe ratio. However, he found no significant 
relation between gingival thickness and facial types 
categorized based on the SN-GoGn and CoGoMe 
angles.  Descriptive statistics of our study showed that 
the thin gingival phenotype was more prevalent in our 
population. Moreover, individuals with 
normodivergent face forms tended to exhibit a thin 
gingival phenotype more significantly. This is 
consistent with the findings of a similar study on the 
Middle Eastern population.9 Age and gender did not 
show any significant relationship to gingival 
phenotype. Examining periodontal phenotype before 
starting comprehensive fixed orthodontic therapy can 
help plan orthodontic treatment and avoid harmful 
periodontal sequelae. 

CONCLUSION 

Hyperdivergent face form is associated with the thin 
gingival phenotype, while hypodivergent face form is 
associated with the thick gingival phenotype. The 
normodivergent face type had a higher prevalence of the 
thin gingival phenotype in the studied population. 

Conflict of Interest: None.  

Funding Source: None.  

Authors’ Contribution 

The following authors have made substantial contributions 
to the manuscript as under: 

NA & EA: Study design, data interpretation, drafting the 
manuscript,  critical review, approval of the final version to 
be published. 

AM & QUAT: Conception, data analysis, drafting the 
manuscript, approval of the final version to be published. 

ZN: Data acquisition, critical review, approval of the final 
version to be published. 

Authors agree to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. 

REFERENCES 

1. Geoghegan F, Birjandi AA, Xavier GM, DiBiase AT. Motivation, 
expectations and understanding of patients and their parents 
seeking orthodontic treatment in specialist practice. J Orthod 
2019; 1; 46(1): 46–50.  
https://doi.org/10.1177/1465312518820330 

2. Jepsen S, Caton JG, Albandar JM, Bissada NF, Bouchard P, 
Cortellini P, et al. Periodontal manifestations of systemic 
diseases and developmental and acquired conditions: 
Consensus report of workgroup 3 of the 2017 World Workshop 
on the Classification of Periodontal and Peri-Implant Diseases 
and Conditions: Classification and case definitions for 
periodontal manifestations of systemic diseases and 
developmental and acquired conditions. J Clin Periodontol 2018; 
45: S219–229.  
https://doi.org/10.1002/JPER.17-0733 

3. Verrusio C, Iorio-Siciliano V, Blasi A, Leuci S, Adamo D, Nicolò 
M, et al. The effect of orthodontic treatment on periodontal 
tissue inflammation: A systematic review. Quintessence Int 2018; 
49(1) :69–77. https://doi.org/10.3290/j.qi.a39225  

4. Kao RT, Curtis DA, Kim DM, Lin GH, Wang CW, Cobb CM, et 
al. American Academy of Periodontology best evidence 
consensus statement on modifying periodontal phenotype in 
preparation for orthodontic and restorative treatment. 
J.Periodontol 2020; 91(3): 289–298. 
https://doi.org/10.1002/jper.19-0577  

5. Coatoam GW, Behrents RG, Bissada NF. The Width of 
Keratinized Gingiva during Orthodontic Treatment: Its 
Significance and Impact on Periodontal Status. J.Periodontol 
1981; 52(6): 307–313. https://doi.org/10.1902/jop.1981.52.6.307 

6. Vlachodimou E, Fragkioudakis I, Vouros I. Is There an 
Association between the Gingival Phenotype and the Width of 
Keratinized Gingiva? A Systematic Review. Dent J 2021; 9(3): 34.  
https://doi.org/10.3390/dj9030034 

7. Valletta R, Pango A, Tortora G, Rongo R, Simeon V, Spagnuolo 
G, et al. Association between Gingival Biotype and Facial 
Typology through Cephalometric Evaluation and Three-
Dimensional Facial Scanning. Appl Sci 2019; 9(23): 5057. 
https://doi.org/10.3390/app9235057 

8. Menezes CC de, Barros SE, Tonello DL, Aliaga-Del Castillo A, 
Garib D, Bellini-Pereira SA, et al. Influence of the growth pattern 
on cortical bone thickness and mini-implant stability. Dental 
Press J Orthod 2021; 25:33–42.   
https://doi.org/10.1590/2177-6709.25.6.033-042.oar 

9. Assiri M, Shafik S, Tawfig A. Association between gingival 
tissue biotype and different facial phenotypes. Saudi Dent J 
2019; 31(4): 476-480. 
https://doi.org/10.1016/j.sdentj.2019.04.002 

10. Kloukos D, Kalimeri E, Koukos G, Stähli A, Sculean A, Katsaros 
C. Gingival thickness threshold and probe visibility through soft 
tissue: a cross-sectional study. Clin Oral Invest 2022; 26(8): 5155–
5161.  
https://doi.org/10.1007/s00784-022-04483-0 

https://doi.org/10.1177/1465312518820330
https://doi.org/10.1002/JPER.17-0733
https://doi.org/10.3290/j.qi.a39225
https://doi.org/10.1002/jper.19-0577
https://doi.org/10.1902/jop.1981.52.6.307
https://doi.org/10.3390/dj9030034
https://doi.org/10.3390/app9235057
https://doi.org/10.1590/2177-6709.25.6.033-042.oar
https://doi.org/10.1016/j.sdentj.2019.04.002
https://doi.org/10.1007/s00784-022-04483-0


DDiiffffeerreenntt  FFaaccee  FFoorrmmss  aanndd  GGiinnggiivvaall  TTiissssuuee  PPhheennoottyyppee 

Pak Armed Forces Med J 2025; 75(1): 77 

11. Wang CW, Yu SH, Mandelaris GA, Wang HL. Is periodontal 
phenotype modification therapy beneficial for patients receiving 
orthodontic treatment? An American Academy of 
Periodontology best evidence review. J Periodontol 2020; 91(3): 
299–310.  
https://doi.org/10.1002/JPER.19-0037 

12. Yilmaz MNN, Inonu E. The evaluation of gingival phenotype by 
clinicians using the visual inspection method. Quintessence Int 
2023; 54(7): 600-606.  
https://doi.org/10.3290/j.qi.b3974881 

13. Kloukos D, Koukos G, Gkantidis N, Sculean A, Katsaros C, 
Stavropoulos A. Transgingival probing: a clinical gold standard 
for assessing gingival thickness. Quintessence Int 2021; 52(5): 
394–401.  
https://doi.org/10.3290/j.qi.b937015 

14. Sarma M, Shenoy N, Bhandary R. Gingival Biotype: A Secret for 
Esthetic Success. J Health Allied Sci 2022; 12(1): 13–17. 
https://doi.org/10.1055/s-0041-1731116 

15. De Freitas Silva BS, Silva JK, Silva LR. Accuracy of cone-beam 
computed tomography in determining gingival thickness: a 
systematic review and meta-analysis. Clin Oral Invest 2023; 
27(5): 1801-1814.  
https://doi.org/10.1007/s00784-023-04905-7 

16. Da Costa FA, Perussolo J, Dias DR, Araújo MG. Identification of 
thin and thick gingival phenotypes by two transparency 
methods: A diagnostic accuracy study. J Periodontol 2023; 94(5): 
673-682. 
https://doi.org/10.1002/JPER.22-0488 

17. Kaur H, Singh N, Gupta H, Chakarvarty A, Sadana P, Gupta N, 
et al. Effect of various malocclusion on maximal bite force- a 
systematic review. J Oral Biol Craniofac Res 2022; 12(5): 687–93. 
https://doi.org/10.1016/j.jobcr.2022.08.009 

18. Yamada T, Sugiyama G, Mori Y. Masticatory muscle function 
affects the pathological conditions of dentofacial deformities. 
Jpn Dent Sci Rev 2020; 56(1): 56-61. 
https://doi.org/10.1016/j.jdsr.2019.12.001 

19. Gaffuri F, Cossellu G, Maspero C. Correlation between facial 
growth patterns and cortical bone thickness assessed with cone-
beam computed tomography in young adult untreated patients. 
Saudi Dent J 2021; 33(3): 161-167. 
https://doi.org/10.1016/j.sdentj.2020.01.009 

20. Shafizadeh M, Amid R, Tehranchi A, Motamedian SR. 
Evaluation of the association between gingival phenotype and 
alveolar bone thickness: A systematic review and meta-analysis. 
Arch Oral Biol 2022; 133: 105287. 
https://doi.org/10.1016/j.archoralbio.2021.105287 

21. Salti L, Holtfreter B, Pink C. Estimating effects of craniofacial 
morphology on gingival recession and clinical attachment loss. J 
Clin Periodontol. 2017; 44(4): 363-371. 
https://doi.org/10.1111/jcpe.12661 

22. Kaya Y, Alkan Ö, Alkan EA, Keskin S. Gingival thicknesses of 
maxillary and mandibular anterior regions in subjects with 
different craniofacial morphologies. Am J Orthod Dentofacial 
Orthop 2018; 154(3): 356-364. 
https://doi.org/10.1016/j.ajodo.2017.11.039 

 

https://doi.org/10.1002/JPER.19-0037
https://doi.org/10.3290/j.qi.b3974881
https://doi.org/10.3290/j.qi.b937015
https://doi.org/10.1055/s-0041-1731116
https://doi.org/10.1007/s00784-023-04905-7
https://doi.org/10.1002/JPER.22-0488
https://doi.org/10.1016/j.jobcr.2022.08.009
https://doi.org/10.1016/j.jdsr.2019.12.001
https://doi.org/10.1016/j.sdentj.2020.01.009
https://doi.org/10.1016/j.archoralbio.2021.105287
https://doi.org/10.1111/jcpe.12661
https://doi.org/10.1016/j.ajodo.2017.11.039

