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ABSTRACT

Background: Facial soft-tissue morphology plays an
important role in orthodontic diagnosis and treatment
planning. Body mass index may influence the
thickness and contour of facial soft tissues,
particularly during adolescence, when rapid changes
in growth and body composition occur.

Aim: To evaluate the effect of body mass index on
facial soft-tissue characteristics in adolescents with a
skeletal Class I pattern and normal facial height.
Material and Methods: This hospital-based cross-
sectional analytical study included 65 adolescents
aged 12-18 years attending the Department of
Orthodontics and Dentofacial Orthopaedics at a
tertiary care hospital. Participants were classified as
underweight, normal weight, overweight, or obese
according to BMI-for-age z-scores. Standardized
anthropometric measurements and  lateral
cephalometric radiographs were obtained. Skeletal,
dental, linear, angular, and proportional facial soft-
tissue parameters were evaluated.

Results: The mean age of the participants was 15.22
+ 1.57 years, and 52.31% were female. Of the 65
participants, 13.85% were underweight, 52.31% had
normal weight, 21.54% were overweight, and
12.31% were obese. Skeletal and dental
cephalometric measurements were comparable
among the BMI groups. Upper lip, lower lip, Point A,
Point B, pogonion, and menton soft-tissue
thicknesses increased significantly with increasing
BMI (all p<0.001). BMI-for-age z-score showed
significant positive correlations with these soft-tissue
thickness measurements and remained an
independent predictor after adjustment for age, sex,
skeletal pattern, and incisor inclination. Lip length,
lip position, facial convexity, and angular facial
parameters did not differ significantly among the
groups.

Conclusion: Increasing BMI was significantly
associated with greater facial soft-tissue thickness in

adolescents with skeletal Class I pattern and normal
facial height. BMI should therefore be considered
during orthodontic soft-tissue evaluation and
individualized treatment planning.

Keywords: Adolescents; Body mass index;
Cephalometry; Facial profile; Soft-tissue thickness

I. Introduction

Adolescence is a critical period during
which major changes occur in body composition,
craniofacial growth, dental development, and facial
appearance. Pubertal growth may alter the relative
dimensions of the maxilla, mandible, lips, nose, and
chin. Nutritional status can influence skeletal
maturation, adipose-tissue deposition, and somatic
growth. Body mass index is widely used as an
indicator of weight status; however, in adolescents it
must be interpreted according to age and sex because
body proportions change throughout growth. The
increasing frequency of overweight and obesity has
therefore made the relationship between body
composition and craniofacial development relevant
to orthodontic assessment.! Modern orthodontic
diagnosis extends beyond dental alignment and
occlusion. Facial harmony, profile balance, and the
appearance of the lips and chin are important
determinants of treatment planning and patient
satisfaction. Orthodontic tooth movement can modify
lip support, facial convexity, nasolabial relationships,
and the lower facial profile. Consequently, decisions
based only on skeletal and dental measurements may
not accurately predict the visible facial response.
Body weight may also influence orthodontic care
through its relationship with growth, tissue biology,
and clinical outcomes, supporting BMI assessment in
adolescent records.” Craniofacial morphology
develops through a complex interaction of genetic,
developmental, metabolic, and environmental
factors. Increased body mass during growth may be
associated with differences in skeletal maturation,

DOI: 10.35629/6018-0804250259

| Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal Page 250



<l

‘_9 International Journal Dental and Medical Sciences Research
g Volume 8, Issue 4, Jul-Aug 2026 pp: 250-259 www.ijdmsrjournal.com

mandibular form, maxillary dimensions, and overall
facial shape. Such influences are especially important
during adolescence, when growth modification and
comprehensive treatment are commonly undertaken.
Adolescents with different BMI levels may not
exhibit identical facial characteristics even when they
have similar dental relationships. Recognizing this
association can improve cephalometric interpretation
and prediction of facial growth.3 The facial soft-tissue
envelope consists of skin, subcutaneous fat, muscles,
connective tissues, lips, nasal tissues, and the soft-
tissue chin. Its thickness varies at different landmarks
and may conceal or exaggerate the form of the
underlying skeleton. Increased adipose deposition
may modify soft-tissue depth in the forehead,
nasolabial region, lips, labiomental region, pogonion,
and menton. The influence of BMI may also differ
according to sex and skeletal pattern. Studies
involving mixed skeletal relationships may therefore
make it difficult to determine whether a profile
difference is related to body composition or skeletal
discrepancy.*Facial development is not uniform
during childhood and adolescence. Changes in height
and weight occur together with alterations in facial
size, depth, and proportion, while their timing differs
among individuals. Longitudinal three-dimensional
assessment has emphasized the importance of
considering somatic growth when interpreting facial
development.’ Soft-tissue measurements are also
influenced by age, sex, and skeletal relationship.
Variations in lip thickness, subnasal depth, chin
thickness, and facial profile can occur among skeletal
Classes I, II, and IIl because soft tissues may
compensate for underlying maxillomandibular
discrepancies.®

II.  Material and Methods

The present hospital-based cross-sectional
analytical study was conducted in the Department of
Orthodontics and Dentofacial Orthopaedics at a
tertiary care hospital. A total of 65 adolescent patients
of both sexes with skeletal Class I maxillomandibular
relationships and normal facial height were included.
Participants attending the orthodontic outpatient
department were screened according to predefined
eligibility criteria and selected using consecutive
sampling.  Standardized clinical examination,
anthropometric assessment, lateral cephalometric
radiography, and measurement of linear and angular
facial soft-tissue parameters were performed. The
sample size was based on detecting a moderate
correlation between body mass index and facial soft-
tissue characteristics at a 5% significance level and
80% statistical power.

Inclusion Criteria

Adolescents between 12 and 18 years of age
were included in the study. Participants were required
to have a skeletal Class I relationship, defined by an
ANB angle between 0° and 4°, a clinically acceptable
facial profile, and a normal vertical growth pattern.
Normal facial height was determined using the SN-
GoGn angle, with values between approximately 27°
and 37° considered within the normal range.
Participants were also required to have a permanent
dentition, except for third molars, no significant
facial asymmetry, and good-quality lateral
cephalometric radiographs. Only participants whose
parents or legal guardians provided written informed
consent and who provided assent were included.

Exclusion Criteria

Participants with skeletal Class II or skeletal
Class III relationships, increased or reduced vertical
facial proportions, craniofacial anomalies, cleft lip or
palate, facial syndromes, or clinically evident facial
asymmetry were excluded. Adolescents with a
history of previous orthodontic treatment,
orthognathic surgery, craniofacial surgery, facial
trauma, or cosmetic procedures involving the lips,
nose, or chin were not included. Participants with
systemic disorders, endocrine abnormalities, growth
disturbances, long-term corticosteroid therapy, or
medical conditions capable of influencing body
weight, facial growth, or soft-tissue thickness were
excluded. Patients with severe crowding, marked
dentoalveolar protrusion, missing anterior teeth,
impacted anterior teeth, or poor-quality radiographs
were also excluded.

II. Methodology

Clinical Examination: A  detailed clinical
examination was performed for every participant.
Demographic information, including age and sex,
was recorded using a structured data collection form.
Extraoral examination was performed to assess facial
symmetry, facial proportions, profile type, lip
competence, chin position, and the presence of any
visible  craniofacial ~ abnormality.  Intraoral
examination included assessment of molar
relationship, canine relationship, overjet, overbite,
dental crowding, spacing, missing teeth, incisor
inclination, and occlusal characteristics. Facial
profile assessment was carried out with the
participant standing in a natural head position, with
the teeth in centric occlusion and the lips relaxed.
Participants with marked facial asymmetry, abnormal
vertical facial proportions, or visibly disproportionate
sagittal relationships were excluded before
radiographic analysis.
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Anthropometric Measurements: Body weight was
measured using a calibrated digital weighing scale.
Participants were measured without footwear and
while wearing light clothing. Weight was recorded to
the nearest 0.1 kg. Height was measured using a wall-
mounted stadiometer, with the participant standing
upright without footwear, heels together, knees
straight, shoulders relaxed, and the head positioned in
the Frankfurt horizontal plane. Height was recorded
to the nearest 0.1 cm.

Body mass index was calculated for each participant
using the following formula:

Body mass index = Weight in kilograms / Height
in metres?

Because the participants were adolescents
and were still undergoing physical growth, body
mass index was interpreted according to age- and
sex-specific BMI-for-age standards. The BMI-for-
age z-score was calculated and used as the principal
indicator in correlation and regression analyses.
Participants were categorized as underweight when
their BMI-for-age z-score was below —2 standard
deviations, normal weight when the z-score ranged
from —2 to +1 standard deviation, overweight when
the z-score was above +1 to +2 standard deviations,
and obese when the z-score was above +2 standard
deviations.

The same calibrated equipment was used for
all anthropometric measurements. Height and weight
were measured twice, and the average of the two
readings was used for analysis. When the difference
between repeated measurements exceeded 0.5 kg for
weight or 0.5 cm for height, a third measurement was
obtained and the two closest measurements were
averaged.

Lateral Cephalometric Radiography:
Standardized = digital  lateral  cephalometric
radiographs were used for skeletal, dental, and facial
soft-tissue evaluation. The radiographs were obtained
with the participants standing or sitting in a
standardized natural head position. The teeth were
maintained in maximum intercuspation, the lips were
kept relaxed without voluntary contraction, and the
Frankfurt horizontal plane was positioned parallel to
the floor.

All radiographs were obtained using the same
cephalometric unit with standardized exposure
parameters and a fixed subject-to-film distance.
Participants were instructed not to swallow or move
during image acquisition. Radiographs with blurred
outlines, incorrect head positioning, lip strain, open-
mouth posture, or inadequate visualization of skeletal
and soft-tissue landmarks were excluded.

Assessment of Skeletal Class I Pattern: The sagittal
skeletal relationship was determined primarily using
the SNA, SNB, ANB, and Wits appraisal
measurements. Skeletal Class I was defined as an
ANB angle between 0° and 4°, along with a Wits
appraisal within the clinically acceptable Class I
range. The SNA angle was used to assess the
anteroposterior position of the maxilla relative to the
cranial base, while the SNB angle was used to assess
the mandibular position.

Assessment of Facial Height Pattern: The vertical
skeletal pattern was evaluated using the SN-GoGn
angle, Frankfort mandibular plane angle, total
anterior facial height, lower anterior facial height,
posterior facial height, and the Jarabak ratio.
Participants were included only when the overall
cephalometric findings indicated a normal vertical
facial growth pattern.

The SN-GoGn angle was used as the principal
criterion for vertical classification. Values between
approximately 27° and 37° were considered
representative of a normal facial height pattern. The
Frankfort mandibular plane angle and Jarabak ratio
were used as supplementary measurements to
confirm that the participant did not have a
hyperdivergent or hypodivergent growth pattern.
Skeletal and Dental Cephalometric Parameters:
The skeletal parameters recorded included the SNA
angle, SNB angle, ANB angle, Wits appraisal, SN-
GoGn angle, Frankfort mandibular plane angle, total
anterior facial height from nasion to menton, lower
anterior facial height from anterior nasal spine to
menton, posterior facial height from sella to gonion,
and the Jarabak ratio.

Dental parameters included the upper incisor to NA
angle and linear distance, lower incisor to NB angle
and linear distance, interincisal angle, upper incisor
inclination relative to the sella-nasion plane, lower
incisor inclination relative to the mandibular plane,
overjet, and overbite. These measurements were
recorded because incisor position and inclination
could influence lip protrusion and facial soft-tissue
profile independently of body mass index.

Facial Soft-Tissue Parameters: Facial soft-tissue
characteristics were evaluated using selected linear
and angular measurements related to the forehead,
nose, lips, chin, and facial convexity. The landmarks
used included soft-tissue glabella, nasion, pronasale,
columella, subnasale, labrale superius, stomion
superius, stomion inferius, labrale inferius, soft-
tissue B-point, soft-tissue pogonion, and soft-tissue
menton.

Statistical Analysis
The data were analysed using IBM SPSS
Statistics version 27.0. Continuous variables were
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expressed as mean + standard deviation or median
with interquartile range, while categorical variables
were presented as frequencies and percentages.
Group comparisons were performed using one-way
ANOVA or the Kruskal-Wallis test, and correlations
were assessed using Pearson’s or Spearman’s
correlation coefficient. Multiple linear regression
was used to determine the independent effect of BMI-
for-age z-score on facial soft-tissue parameters, with
a p-value <0.05 considered statistically significant.

IV.  Results

A total of 65 adolescents with skeletal Class
I skeletal relationships and normal facial height were
included in the study. The mean age of the
participants was 15.22 + 1.57 years. Females
constituted 34 (52.31%) of the study population,
while males accounted for 31 (47.69%). Based on the
BMI-for-age classification, 9 (13.85%) participants
were underweight, 34 (52.31%) had normal weight,
14 (21.54%) were overweight, and 8 (12.31%) were
obese.

Table 1. Demographic and anthropometric characteristics of participants according to BMI category
Parameter Underweight Normal Overweight Obese Total p-
(n=9) weight (n=14) (n=8) (n=65) value
(n=34)
Age, years,mean+ | 14.96 + 1.54 15.18+1.63 15.42+1.48 1531 £ | 1522 £|0915
SD 1.57 1.57
Male, n (%) 4 (44.44%) 16 (47.06%) 7 (50.00%) 4 31 0.993
(50.00%) | (47.69%)
Female, n (%) 5 (55.56%) 18 (52.94%) 7 (50.00%) 4 34 0.993
(50.00%) | (52.31%)
Height, cm, mean | 161.20 + 7.40 16240790 | 163.10+£8.10 | 162.70 + | 16242 + | 0.953
+SD 7.60 7.75
Weight, kg, mean | 42.10 £+ 4.80 53.20+6.20 | 66.10+7.30 77.40 +| 5742 + | <0.001
+ SD 8.60 12.25
BMI, kg/m?, mean | 16.20 +0.80 20.10+1.60 | 24.80+1.20 2920 £ |21.69 £ | <0.001
+SD 2.10 4.36
BMI-for-age  z- | —2.28 £0.24 -0.14+0.61 1.46 £0.29 2.39 +|0.22 + | <0.001
score, mean = SD 0.34 1.36
Table 1 presents the demographic and overweight, and obese groups, respectively

anthropometric characteristics of the participants
according to BMI category. The mean age was
comparable among the underweight (14.96 + 1.54
years), normal-weight (15.18 =+ 1.63 years),
overweight (15.42 + 1.48 years), and obese (15.31 +
1.57 years) groups, with no statistically significant
difference (p=0.915). Similarly, the distribution of
sex was nearly equal across all BMI categories, with
males accounting for 44.44%, 47.06%, 50.00%, and
50.00% of the wunderweight, normal-weight,

(p=0.993). Female participants showed a comparable
distribution across the BMI groups (p=0.993). Mean
height also remained similar among all four groups
(p=0.953), indicating that differences in facial soft-
tissue characteristics were unlikely to be influenced
by stature. In contrast, body weight increased
progressively from 42.10 + 4.80 kg in the
underweight group to 77.40 £+ 8.60 kg in the obese
group, demonstrating a highly significant difference
(p<0.001).

Table 2. Comparison of skeletal and dental cephalometric parameters according to BMI category
Cephalometric parameter | Underweight Normal weight | Overweight Obese p-
(n=9) (n=34) (n=14) (n=8) value
SNA angle, degrees 81.72+2.18 82.31+2.31 82.84+£2.22 82.10 =+ | 0.693
2.14
SNB angle, degrees 79.34 +£2.01 79.96 £2.16 80.42 +2.08 79.78 £ | 0.680
1.94
ANB angle, degrees 2.38+0.71 2.35+0.76 2.42 +0.69 2.32 + | 0.988
0.72
Wits appraisal, mm -0.12+0.83 0.21+0.91 0.38+0.86 0.08 + | 0.591
0.79
SN-GoGn angle, degrees 3148 £2.74 32.17+£2091 33.02 £2.68 3241 £+ 0.629
2.79
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Frankfort mandibular plane | 24.01 + 2.38 24,77 +2.51 2542 +2.42 24.65 £ | 0.606

angle, degrees 2.36

Upper incisor—NA angle, | 21.34 +3.12 22.28 +3.34 23.12+3.18 22.01 + | 0.635

degrees 3.27

Lower incisor—-NB angle, | 24.18 £ 3.46 25.21+3.62 26.07 +3.38 25.03 £ | 0.659

degrees 3.51

Interincisal angle, degrees 131.82+£5.28 130.15 £ 5.61 128.94 £ 5.44 130.37 =+ | 0.677
5.17

Overjet, mm 2.44 +0.64 2.66+0.71 2.91+0.66 2.73 + | 0.434
0.61

Overbite, mm 2.57+0.58 2.49 +0.63 2.31+0.60 242 + | 0.741
0.56

Table 2 compares the skeletal and dental
cephalometric characteristics among the different
BMI categories. The mean SNA angle ranged from
81.72 £+ 2.18° in underweight participants to 82.84 +
2.22° in overweight participants, without significant
variation (p=0.693). Similarly, the SNB angle
remained consistent across all groups (79.34 + 2.01°
to 80.42 £ 2.08° p=0.680), while the ANB angle
varied minimally between 2.32° and 2.42° (p=0.988),
confirming that all participants maintained a skeletal

Class 1 relationship irrespective of BMI. Wits
appraisal values also showed no statistically
significant differences (p=0.591). The vertical
skeletal measurements, including the SN-GoGn
angle and Frankfort mandibular plane angle,
remained comparable among the four groups
(p=0.629 and p=0.606, respectively), indicating that
all participants had a normal vertical facial growth
pattern.

Table 3. Comparison of linear facial soft-tissue measurements according to BMI category

Soft-tissue parameter Underweight Normal weight | Overweight Obese p-
(n=9) (n=34) (n=14) (n=8) value

Upper lip thickness, mm 10.21 £ 1.04 11.08 £ 1.12 12.34 £ 1.18 13.46 <0.001
1.21

Lower lip thickness, mm | 11.32+1.11 12.16 £ 1.19 13.41+1.24 14.52 <0.001
1.27

Soft-tissue  Point A | 11.84+£1.16 12.73 £ 1.25 14.02 £ 1.31 15.18 £ | <0.001

thickness, mm 1.36

Soft-tissue  Point B | 10.62 £ 1.08 1143 +1.16 12.56 +1.21 13.64 £ | <0.001

thickness, mm 1.24

Soft-tissue pogonion | 11.48+1.17 12.26 +1.23 13.31+1.29 1424 + | <0.001

thickness, mm 1.31

Soft-tissue menton | 7.46 = 0.82 7.98 +0.89 8.72+0.94 9.38 + | <0.001

thickness, mm 0.97

Upper lip length, mm 21.28 +1.72 21.54+1.85 21.83+1.79 21.72  + | 0.901
1.76

Lower lip length, mm 42.14+2.84 4248 +2.97 42.86 +2.91 42,61 +|0.949
2.76

Upper lip to E-line, mm -342+1.21 —-3.18+1.28 -291+1.24 272 +£|0.621
1.19

Lower lip to E-line, mm -1.58+1.14 -1.32+1.19 -1.04 £ 1.17 -0.86 + | 0.543
1.12

Table 3 demonstrates the comparison of
linear facial soft-tissue measurements according to
BMI category. A significant progressive increase in
soft-tissue thickness was observed with increasing
BMI. Mean upper lip thickness increased from 10.21
+ 1.04 mm in the underweight group to 13.46 + 1.21
mm in the obese group (p<0.001). Similarly, lower

lip thickness increased significantly from 11.32 +
1.11 mm to 14.52 + 1.27 mm (p<0.001). Soft-tissue
thickness at Point A also increased steadily from
11.84 £ 1.16 mm in underweight participants to 15.18
+ 136 mm in obese participants (p<0.001).
Comparable significant increases were observed in
Point B thickness (10.62 + 1.08 mm to 13.64 + 1.24
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mm), pogonion thickness (11.48 £ 1.17 mm to 14.24
+ 1.31 mm), and menton thickness (7.46 = 0.82 mm

to 9.38 = 0.97 mm), with all differences being highly
significant (p<0.001).

Table 4. Comparison of angular and proportional facial soft-tissue parameters according to BMI category

Parameter Underweight Normal weight | Overweight Obese p-
(n=9) (n=34) (n=14) (n=8) value
Soft-tissue facial convexity | 169.72 + 3.62 168.56 +£3.78 167.42 £3.71 166.81 =+ | 0.328
angle, degrees 3.66
Total facial convexity angle, | 140.84 +4.11 139.42 £4.26 138.16 £4.18 137.62 + | 0.338
degrees 4.05
Nasolabial angle, degrees 105.18 £ 8.42 102.74 £ 8.76 99.82 + 8.51 9796 +]0.259
8.29
Mentolabial angle, degrees | 134.62+9.18 131.36 £ 9.46 127.94 +£9.31 12588 + | 0.181
9.05
Z-angle, degrees 76.82+£4.72 75.14 £ 4.89 72.96 + 4.81 71.84 + | 0.099
4.63
Interlabial gap, mm 1.62+1.14 2.02+1.21 2.58+1.18 2.94 + | 0.069
1.16
Nasal prominence, mm 1548 £1.68 15.86 £1.74 1642 +1.71 16.71 + | 0.365
1.66
Soft-tissue anterior facial | 115.62 + 5.68 117.02 +5.91 119.14 £5.76 118.92 =+ | 0.436
height, mm 5.62
Soft-tissue  lower facial | 64.42 +£3.82 65.48 +3.96 67.16 = 3.88 6691 | 0.308
height, mm 3.79
Lower-to-total facial height | 55.71 + 1.42 55.96 +1.49 56.36 = 1.46 56.28 £ | 0.698
ratio, % 1.41

Table 4 compares the angular and
proportional facial soft-tissue measurements across
the BMI categories. Although a gradual reduction in
facial convexity and profile angles was observed with
increasing BMI, none of these differences were
statistically significant. The soft-tissue facial
convexity angle decreased from 169.72 + 3.62° in
underweight participants to 166.81 + 3.66° in obese
participants (p=0.328), while the total facial
convexity angle decreased from 140.84 + 4.11° to
137.62 = 4.05° (p=0.338). Similarly, the nasolabial
angle demonstrated a decreasing trend from 105.18 £

8.42° to 97.96 + 8.29°, but this variation was not
statistically significant (p=0.259). The mentolabial
angle and Z-angle also showed decreasing trends
with increasing BMI (p=0.181 and p=0.099,
respectively). Interlabial gap increased modestly
from 1.62 + 1.14 mm in underweight participants to
2.94 £ 1.16 mm in obese participants; however, the
difference did not achieve statistical significance
(p=0.069). Likewise, nasal prominence, soft-tissue
anterior facial height, soft-tissue lower facial height,
and the lower-to-total facial height ratio remained
comparable across all BMI groups (all p>0.05).

Table 5. Correlation and multivariable regression analysis of BMI-for-age z-score with facial soft-tissue

parameters
Facial soft-tissue | Correlation Correlation p- | Adjusted B | Standardized | Regression p-
parameter coefficient (r) value (95% CI) B value
Upper lip | 0.61 <0.001 0.78 (0.48 to | 0.55 <0.001
thickness 1.08)
Lower lip | 0.63 <0.001 0.86 (0.54 to | 0.58 <0.001
thickness 1.18)
Point A thickness | 0.66 <0.001 0.96 (0.62 to | 0.61 <0.001
1.30)
Point B thickness | 0.59 <0.001 0.75 (0.44 to | 0.53 <0.001
1.06)
Pogonion 0.56 <0.001 0.68 (0.35 to | 0.49 <0.001
thickness 1.01)
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Menton thickness | 0.52 <0.001 0.44 (0.23 to | 0.46 <0.001
0.65)

Upper lip length 0.11 0.384 0.12 (-0.21 to | 0.09 0.469
0.45)

Upper lip position | 0.19 0.129 0.15 (—0.11 to | 0.14 0.254

to E-line 0.41)

Soft-tissue  facial | —0.22 0.079 -0.35 (=0.90 | —0.17 0.203

convexity angle to 0.20)

Nasolabial angle -0.25 0.044 -0.58 (-1.31 | -0.21 0.118
to 0.15)

Z-angle -0.27 0.030 -0.62 (-1.39 | —0.22 0.112
to 0.15)

Interlabial gap 0.29 0.019 0.17 (=0.03 to | 0.23 0.095
0.37)

Table 5 presents the correlation and
multivariable regression analysis evaluating the
association between BMI-for-age z-score and facial
soft-tissue parameters. Pearson correlation analysis
demonstrated  significant positive  correlations
between BMI-for-age z-score and upper lip thickness
(r=0.61, p<0.001), lower lip thickness (r=0.63,
p<0.001), Point A thickness (r=0.66, p<0.001), Point
B thickness (r=0.59, p<0.001), pogonion thickness
(r=0.56, p<0.001), and menton thickness (r=0.52,
p<0.001). These findings indicate that facial soft-

tissue thickness increased proportionately with
increasing BMI. Weak positive correlations were
observed for upper lip length (r=0.11, p=0.384) and
upper lip position relative to the E-line (r=0.19,
p=0.129), but these relationships were not
statistically significant. Weak negative correlations
were found between BMI-for-age z-score and facial
convexity angle (r=—0.22, p=0.079), nasolabial angle
(r=—0.25, p=0.044), and Z-angle (r=—0.27, p=0.030),
suggesting a tendency toward a flatter facial profile
with increasing BMI.

Figure 1. 1,(G-G'); 2,(N-N'); 3, (A-Sn); 4,(Pr-Ls);
5,(Is-Sto); 6,(id-Li); 7,(B Lm); 8,(Pog-Pog’);
9,(Gn-Gn"); 10,(Me-Me')

Figure 2. 11, Subnasale-Upper Labial Bottom (Sn-ULB); 12,
Lower Lip Bottom-Lower Lip Vermillion (LLB-LLV); 13,
Subnasale-Lower Lip Vermillion (Sn-LLV).

V.  Discussion
The present study included 65 adolescents
with a mean age of 15.22 £+ 1.57 years, comprising 34
(52.31%) females and 31 (47.69%) males. Normal-
weight adolescents formed the largest group at
52.31%, followed by overweight participants at
21.54%, underweight participants at 13.85%, and

obese participants at 12.31%. Age, sex distribution,
and height were comparable among the four BMI
categories, with p-values of 0.915, 0.993, and 0.953,
respectively. This comparability reduced the
possibility that the observed soft-tissue differences
were caused primarily by demographic or general
stature-related variation. Gibas-Stanek et al. (2025)
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studied 113 growing children, including 55 boys,
with a mean age of 11.8 + 1.9 years and a mean BMI
of 18.9 + 3.4 kg/m? They found no significant sexual
dimorphism in overall facial dimensions (p=0.070)
and no significant relationship of BMI with facial
centroid size (p=0.209). Their findings support the
observation that sex and general facial size may not
independently explain BMI-related differences in a
relatively homogeneous growing population.’

The skeletal and dental cephalometric
findings showed that the BMI groups were well
matched for sagittal and vertical craniofacial
relationships. The SNA angle ranged from 81.72 +
2.18° in the underweight group to 82.84 + 2.22° in
the overweight group (p=0.693), while the SNB angle
ranged from 79.34 + 2.01° to 80.42 + 2.08°
(p=0.680). The ANB angle remained between 2.32°
and 2.42° across the groups (p=0.988), confirming a
consistent skeletal Class I pattern. The SN-GoGn and
Frankfort mandibular plane angles were also
comparable, with p-values of 0.629 and 0.606,
respectively. In contrast, Hancock et al. (2024), in a
longitudinal study of 326 adolescents consisting of
168 overweight or obese and 158 normal-weight
participants, found that adolescents with elevated
BMI had greater mandibular length, maxillary length,
and lower anterior facial height. BMI percentile
significantly predicted final Ar-Gn, Co-ANS, ANS-
Me, SNA, SNB, and facial-height proportions. The
difference from the present findings may be
explained by the strict inclusion of only skeletal Class
I adolescents with normal facial height in the current
study, which deliberately restricted skeletal
variability.®

The most prominent finding of the present
study was the progressive increase in facial soft-
tissue thickness with increasing BMI. Upper lip
thickness increased from 10.21 + 1.04 mm in
underweight adolescents to 11.08 £ 1.12 mm in
normal-weight, 12.34 + 1.18 mm in overweight, and
13.46 £ 1.21 mm in obese adolescents (p<0.001).
Lower lip thickness demonstrated a similar increase
from 11.32 £ 1.11 mm to 14.52 + 1.27 mm (p<0.001).
Karsli et al. (2023) evaluated 72 adolescents with
skeletal Class I relationships and normal vertical
growth, with 24 participants each in the underweight,
normal-weight, and overweight groups. Their mean
BMI values were 16.54 £ 0.99, 19.80 + 1.67, and
25.96 + 2.13 kg/m?, respectively. They reported that
almost all soft-tissue thickness measurements were
greater in the overweight group. Significant
differences between underweight and overweight
participants were identified at the glabella, labrale
superius, stomion, labrale inferius, pogonion,
gnathion, and menton regions (p<0.005). These
observations closely agree with the present study,

particularly the marked increases in upper and lower
lip thickness. The larger differences found in the
current investigation may be related to the inclusion
of a separate obese group with a mean BMI of 29.20
+ 2.10 kg/m?, thereby demonstrating a clearer dose-
related increase in facial soft-tissue thickness across
the complete BMI spectrum.’

Soft-tissue thickness over the maxillary,
mandibular, and chin regions also increased
substantially with BMI. Point A thickness increased
from 11.84 £ 1.16 mm in underweight participants to
15.18 = 1.36 mm in obese participants, while Point B
thickness increased from 10.62 = 1.08 mm to 13.64 +
1.24 mm. Pogonion thickness rose from 11.48 £1.17
mm to 14.24 + 1.31 mm, and menton thickness
increased from 7.46 + 0.82 mm to 9.38 + 0.97 mm.
All these differences were highly significant
(p<0.001). Buyuk et al. (2019) evaluated 80
adolescents  categorized as normal weight,
overweight, or obese and reported significant BMI-
related differences in soft-tissue thickness at the
glabella, nasion, pogonion, and gnathion regions
(p<0.05). The nasion was thicker in overweight
adolescents, while the glabella, pogonion, and
gnathion showed their greatest thickness in obese
participants. Nevertheless, they did not observe
significant differences in transverse cranial skeletal
widths among BMI groups (p>0.05). Their results are
consistent with the current observation that BMI
predominantly influenced the soft-tissue envelope
rather than the underlying craniofacial skeletal
relationship.'®

Although facial soft-tissue thickness
increased with BMI, lip length and lip position did
not differ significantly among the groups. Upper lip
length varied only from 21.28 + 1.72 mm in
underweight participants to 21.72 £+ 1.76 mm in obese
participants (p=0.901), while lower lip length ranged
from42.14 £2.84 mm to 42.61 + 2.76 mm (p=0.949).
Upper and lower lip positions relative to the E-line
showed slight anterior movement with increasing
BMI, but the differences were not significant
(p=0.621 and p=0.543, respectively). Chen et al.
(2023) analysed 1,185 Chinese participants and
found that, after adjustment for demographic,
skeletal, dental, and other lip variables, each unit
increase in BMI was independently associated with
increases in upper lip length by 0.039 mm (95% CI:
0.002-0.075), soft-tissue pogonion thickness by
0.120 mm (95% CI: 0.073-0.168), inferior sulcus
depth by 0.040 mm (95% CI: 0.018-0.063), and
lower lip length by 0.208 mm (95% CI: 0.139—
0.276). The difference from the current study may be
attributable to their substantially larger sample, wider
age and craniofacial variation, and greater statistical
power to detect small changes in lip length. Their
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analysis also identified nonlinear relationships
among obese participants.'!

Angular and proportional facial
measurements demonstrated gradual BMI-related
trends, but none of the between-group differences
reached statistical significance. Soft-tissue facial
convexity decreased from 169.72 + 3.62° in
underweight participants to 166.81 = 3.66° in obese
participants (p=0.328), while total facial convexity
decreased from 140.84 + 4.11° to 137.62 + 4.05°
(p=0.338). The nasolabial angle declined from
105.18 + 8.42° to 97.96 + 8.29° (p=0.259), the
mentolabial angle declined from 134.62 + 9.18° to
125.88 + 9.05° (p=0.181), and the Z-angle declined
from 76.82 + 4.72° to 71.84 + 4.63° (p=0.099).
Ferrario et al. (2004) assessed 25 obese adolescents
aged 13-17 years, including 11 males and 14
females, whose mean BMI was 31.67 £ 1.58 kg/m?2.
Three-dimensional assessment showed that their
faces were significantly wider transversely, deeper
sagittally, and shorter in upper facial height than
those of normal-weight controls (p<0.05). The more
pronounced differences in that study may reflect the
inclusion of adolescents with BMI values
consistently above 30 kg/m?, whereas the obese
group in the present study had a lower mean BMI of
29.20 £ 2.10 kg/m? and consisted of only eight
participants.'?

Correlation analysis further confirmed a
moderate-to-strong positive relationship between
BMI-for-age z-score and facial soft-tissue thickness.
The strongest correlation was observed for Point A
thickness (r=0.66, p<0.001), followed by lower lip
thickness (r=0.63), upper lip thickness (r=0.61), Point
B thickness (r=0.59), pogonion thickness (r=0.56),
and menton thickness (r=0.52), with all p-values
below 0.001. In comparison, Jia et al. (2016) used
ultrasonography to measure soft-tissue depth at 19
facial points in 135 young Northern Chinese Han
participants, including 64 males and 71 females.
They found that soft-tissue thickness at 11 facial
points in males and 11 points in females was
significantly related to BMI, with most measured
sites becoming thicker as BMI increased. They also
observed that females had greater thickness at the
majority of facial landmarks. The present study
similarly demonstrated that BMI was related to
thickness at multiple anatomically distinct sites rather
than at a single localized region. However, the almost
equal sex distribution and the adjustment for sex in
the present analysis suggest that the associations were
not merely due to greater representation of one sex.
Collectively, these findings indicate that BMI-for-
age should be considered during cephalometric soft-
tissue evaluation because individuals with
comparable skeletal relationships may have

substantially different lip and chin thicknesses
according to nutritional status.'3

The multivariable regression findings
demonstrated that BMI-for-age z-score remained an
independent predictor of soft-tissue thickness after
adjustment for age, sex, ANB angle, SN-GoGn angle,
and upper and lower incisor inclination. The largest
standardized effect was observed for Point A
thickness (f=0.61, p<0.001), followed by lower lip
thickness ($=0.58), upper lip thickness (B=0.55),
Point B thickness (B=0.53), pogonion thickness
(B=0.49), and menton thickness (B=0.46), with all
associations remaining highly significant. In contrast,
the initially significant correlations involving
nasolabial angle, Z-angle, and interlabial gap did not
remain significant after adjustment, indicating that
these variables were partly influenced by skeletal,
dental, age-related, or sex-related factors. Johari et al.
(2017) assessed 12 midline facial landmarks using
magnetic resonance imaging in 179 participants and
reported that soft-tissue thickness increased with
BMI at most landmarks. Significant BMI-group
differences were particularly evident at the glabella,
nasion, nasal endpoint, mental eminence, and
submental region among females. Their MRI-based
observations support the independent association
between body composition and facial tissue depth
found in the present study.'

VI.  Conclusion

The present study demonstrated that
increasing body mass index was significantly
associated with greater facial soft-tissue thickness in
adolescents with skeletal Class I pattern and normal
facial height. Upper and lower lip thickness, Point A,
Point B, pogonion, and menton thickness increased
progressively across BMI categories. However, lip
length, lip position, facial convexity, and other
angular or proportional parameters were not
significantly affected. These findings indicate that
BMI should be considered during orthodontic
diagnosis, soft-tissue assessment, and treatment
planning in adolescents.
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