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1.INTRODUCTION e Aged18-30years.

Contemporary orthodontic and orthognathic treatment planning ¢ Currently receiving orthodontic treatment.

prioritizes facial aesthetics, with particular emphasis on lip *  Nohistory of facial trauma or craniofacial anomalies.
morphology as a critical determinant of facial balance and *  Full permanent dentition present.

attractiveness." The lips serve not only as a functional component but
also as a primary aesthetic frame for dental structures, influencing
overall facial perception.” Recent evidence highlights the importance
of considering both hard and soft tissue relationships, including the
impact of systemic factors like body composition, to achieve optimal
aesthetic outcomes. This paradigm shift reflects the growing
recognition that comprehensive treatment must address both occlusal
function and facial harmony, with lip morphology serving as a key
interface between skeletal foundations and soft tissue drape. As the
primary frame for dental structures, lip characteristics significantly
influence overall facial balance."”’

Conventional assessments of lip morphology have focused on
dentoskeletal relationships, incisor positioning, and soft tissue
composition. “’ However, recent research suggests that systemic
factors particularly Body Mass Index (BMI) may also impact facial
soft tissue structure, including lip dimensions. BMI, a widely used
measure of body fat, has well-established links to general health, but its
effects on facial and lip morphology remain understudied. Studies by
Chu et al. ™ and Buyuk et al. ' indicate a positive correlation between
BMI and soft tissue thickness, implying that higher BMI may lead to
increased facial volume.

Additionally, vertical growth patterns (normodivergent,
hypodivergent, and hyperdivergent) are known to influence
craniofacial structure, including lip orientation and proportions.
Investigating how BMI interacts with these growth patterns could
enhance diagnostic precision and personalized treatment strategies in
orthodontics.

This cross-sectional study examines the relationship between BMI and
lip morphology across different vertical growth patterns in adult
orthodontic patients."

2.MATERIALSAND METHODS

2.1 Study Design

This cross-sectional study was conducted in the Department of
Orthodontics and Dentofacial Orthopaedics at Best Dental Science
College, Madurai, Tamil Nadu, India, between June 2024 and October
2025. The study aimed to investigate the association between Body
Mass Index (BMI) and lip morphology across different vertical growth
patterns.

2.2 Sample Size And Selection

The sample size was determined using G-Power 3.1 software, based on
an effect size of 0.498822 (derived from Chen et al., 2023 ), with an
alpha error probability of 0.05 and a power of 0.95. The initial
calculation yielded 66 participants, but the final sample was expanded
to 72 individuals (aged 18-30 years) to ensure balanced representation
across groups. Participants were selected via simple random sampling
from patients undergoing orthodontic treatment with a complete
permanent dentition.

2.3 Inclusion Criteria:

2.4 Exclusion Criteria:

» Facial trauma or craniofacial anomalies

»  Previous orthodontic treatment or lip surgery

*  Systemicillnesses or obesity (BMI> 30 kg/m?)

2.5Data Collection And Tools

The Following Measurements Were Obtained:

« BMI: Calculated using a calibrated weighing scale and
stadiometer.

¢ Cephalometric Analysis: Pre-treatment lateral cephalograms
were traced using 0.3mm microtip pencils, lead acetate tracing
paper, a metal ruler, and a protractor.

2.6 Group Stratification

A. Vertical Growth Patterns: Categorized by the Frankfort
Mandibular Plane Angle (FH-MP):

*  Group 1 (Horizontal growers): FH-MP <22° (n=24)

*  Group 2 (Vertical growers): FH-MP>28° (n=24)

*  Group 3 (Average growers): FH-MP 22°-28° (n=24)

B. BMI Subgroups:

¢ Underweight(BMI<18.5)

»  Normal weight (BMI 18.5-24.9)
*  Overweight (BMI125-29.9)

2.7 Lip Morphology Parameters
Seven Cephalometric Measurements Were Analyzed:"
Upper lip length

Basic upper lip thickness

Upper lip strain

Upper sulcus depth

Lower lip length

Lower sulcus depth

Lower lip thickness

Nk WN -~

Table 1: Cephalometric Landmarks

LANDMARKS |DEFINITION

S (sella) The geometric center of the pituitary fossa.

N (nasion) The most anterior point on the frontonasal
suture.

N'(Soft tissue The point of greatest concavity in the midline

nasion) between the forehead and the nose.

Pronasale (Pn) The most prominent point of the tip of the nose.
Subnasale (Sn) The point between the columella and the upper
lip in the mid-sagittal plane.

Point A The most posterior midline point in the
concavity between ANS and prosthion.

Point B The most posterior midline point in the
concavity of the mandible between the most
superior point in the alveolar bone overlying
mandibular incisors and pog.
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perpendicular to the line connecting Subnasale
(Sn) and Labrale Superius (Ls).
Lower Lip Length| Vertical distance from Stomion Inferius (Stmi,

(LLL) the lowest vermilion point of the lower lip) to
Soft Tissue Menton (Me', the lowest chin
contour point).

Lower Lip Horizontal distance from Labrale Inferius (Li,

Thickness (LLT) [the most anterior point of the lower lip) to the

soft tissue B-point (B', the deepest concavity of
the chin).

Linear distance from the deepest point of the
labiomental fold to the outer border of the lower
lip along a perpendicular line to the Li-Me'
plane.

2.8 Statistical Analysis

Data were analyzed using IBM SPSS v25.0. One-way ANOVA
compared lip morphology differences across BMI categories and
growth patterns, with p<0.05 considered statistically significant.

Lower Sulcus
Depth (LSD)

3.RESULT

The study evaluated 72 participants (aged 18-30 years) equally
distributed among horizontal (FH-MP <22°), vertical (FH-MP >28°),
and average (FH-MP 22°-28°) growth patterns, with 24 subjects per
group. Each growth pattern category was further stratified into
underweight (BMI <18.5), normal weight (BMI 18.5-24.9), and
overweight (BMI25-29.9) subgroups (n=24 each).

The study demonstrated consistent associations between BMI
categories and lip morphology across all growth patterns. Overweight
individuals exhibited significantly greater upper and lower lip length
and thickness compared to underweight groups (e.g., upper lip length:
20.13-26.13 mm vs. 15.88-21 mm; p < 0.05), with pairwise
comparisons confirming robust differences (p = 0.000-0.049).
Conversely, lip strain and sulcus depth were markedly higher in
underweight participants (e.g., upper lip strain: 10.38-14.13 mm vs.
8.25-10.13 mm; sulcus depth: 7.38—13.13 mm vs. 5.25-7.38 mm; p <
0.05).

Table 3: Intergroup Comparison Of Upper & Lower Lip
Parameters Between Various Bmi Among Horizontal Growth
Pattern

Oneway ANOVA- HORIZONTAL GROWTH PATTERN

N Mean 5td. Deviation 5% Confidence Imterval for Mean Sig
Lewer Bound Upper Bound

NORMAL 8 1935 3327 1697 253

ULLH |UNDERWEIGHT 5 1588 2696 1362 1513 025
OVERWEIGHT 3 2013 3643 1708 2317
NORMAL 8 1425 3770 1110 1740

ULTH [UNDERWEIGHT 5 1135 1126 1093 1282 034
OVERWEIGHT 8 1625 3655 1319 1931
NORMAL 3 10.13 2031 843 1182

ULSH [UNDERWEIGHT 3 1038 1547 883 18 045
OVERWEIGHT s 825 1282 718 931

Pog' (Soft tissue | The most prominent point on the soft tissue chin e [ . L L 2 222 e
pogonion) in the midsagittal plane. QUERNEIGHT i L2 A 231 i
Labrale superious | A point indicating mucocutaneous border of the LLLH | UNDERWEIGHT [ s 299 20 nn o
(Ls) upper lip. Usually the most anterior point of the ot : B T B o
upper llp LLTH |t T B 1088 835 1018 1087 o7
Stomion superius |The lower most point on the vermillion of the o : ) F¥ iy i
1 LSDH |UNDERWEIGHT g 600 1414 a8 18
(stms) upper lip. o
B . . . . . . | OVERWEIGHT g 363 44 3.00 425
Superior Labial [ The point of greatest concavity in the midline of] L. K X
Sulcus (Sls) the upper lip between Sn and labrale superius. Table 4: Palr.wme Comparison Of I‘Jpper & Lower Lip Parameters
Labrale Inferius | The most anterior point of the lower lip. Eektvreen Various BMIAmong Horizontal Growth Pattern
(Ll) . ;:;wm\'wblg mBMI ] BN ‘ ‘Mean Difference (1) [ Sig
Stomion Inferius |The lowest point of the lower lip vermilion rorau %‘é‘%‘ﬁ“ i = —
(Stml) border. . - OVERWEIGHT I EF I ]
Inferior Labial It is the deepest point of the concavity between oma e ] e  —
Sulcus(Ils) the lower lip and the soft tissue menton. " [ovswsn i E¥iss —
Soft Tissue The lowest point on the soft tissue chin. NoRMAL %‘W } i —=
Menton (Me") e G \ s —=—
Ul Labial surface of upper central incisors. oraiai %&'i}" 1 S ——
. - OVERWEIGHT I FIVI I (7]
Table 2: I.Jmear Measureme-nts ‘ o oG } = =
Upper Lip Length|Linear distance from the point Subnasale Lk — E— : — —
(ULL) (Sn) to stomion superius (sts) — ‘ - o
- - - - NORMAL ovERWEIGHT I “3% 1 67
Upper lip Llr_lear distance from a point 2mm below_ the L P— i : — —
Thickness (ULT) |point A to the outer border of the upper lip. — : — —
Upper Lip Strain |Linear measurement from the vermillion border Lot — Ve ‘ Lo —
(ULS) of upper lip to the labial surface of upper incisor. ‘ ERNECT e
Upper Sulcus Linear distance from the deepest point of the Table 5: Intergroup Comparison Of Upper & Lower Lip
Depth (USD lip sul hilt it i
epth ( ) upper lip sulcus (philtrum concavity) Parameters Between Various BMI Among Average Growth

Pattern

Oneway ANOVA - AVERAGE GROWTH PATTERN

N Mean $1d Deviatson ks ubersce lenerial for Mean Sig
Lowes Bousd Uppes Bound

NORMAL (] 2063 1.408 19.45 2180

ULLA |UNDERWEIGHT ] 2025 1581 1893 2157 046
OVERWEIGHT L3 ni 1458 2091 nH
NORMAL ] 15.50 1690 1408 1651

ULTA |UNDERWEIGHT ] 1538 1408 1420 1655 007
OVERWEIGHT i s 1389 1639 1891
NORMAL [ 100 2878 859 1341

ULSA |UNDERWEIGHT i 127 21z 1098 1452 033
OVERWEIGHT ] 575 856 801 10.49
NORMAL 3 113 3563 415 10.10

USDA |UNDERWEIGHT ] 9.63 1302 854 1071 43
OVERWEIGHT ] 630 1927 450 811
NORMAL [ 3758 4412 3418 as?

LLLA |UNDERWEIGHT ] 36,50 4036 3313 3987 o3l
OVERWEIGHT 8 4225 4062 3585 45.65
NORMAL [ 150 2330 .55 1545

LLTA |UNDERWEIGHT i 013 1126 518 o7 000
OVERWEIGHT ] 1575 212 1398 152
NORMAL [l 583 [RE 483 662

LSDA |UNDERWEIGHT [ 650 1604 516 754 038
OVERWEIGHT i 475 886 401 549

Table 6: Pairwise Comparison Of Upper & Lower Lip Parameters
Between Various BMI Among Average Growth Pattern

3t Hoe Tests
Depeasdent Vanable MM EMI ‘ Miean Difference (1-7) | Sig
INDERWEIGHT. 1 7: 1 570
FORMAL [OVERWEIGHT I 1.500 I 132
LA UNDERWEIGHT
> (GVERWEIGHT I BE i I (3
UNDERWEIGHT T 175 | 985
NORMAL OVERWEIGHT 1 2250 I I —
A
UNDERWEIGHT OVERWEIGHT T 2375 T [T5)
UNDERWEIGHT I B I 255
HORMAL OVERWEIGHT 1 1350 I 350
msa
UNDERWEIGHT [GVERWEIGHT. T EX T 7
. TNDERWEIGHT T BET) T T
HORMAL OVERWEIGHT 1 625 1 868
oA UNDERWEIGHT I—
& [GVERWEIGHT T 3135 T [T
. UNDERWEIGHT T 37 T )
HORMAL OVERWEIGHT 1 478 I 15
LA UNDERWEIGHT
. OVERWEIGHT. I T I T
. NDERWEIGHT fEi] a7
HORMAL GVERWEIGHT 350 )
1A UNDERWEIGHT SRS = 5
TNDERWEIGHT P 73
NORMAL [OVERWEIGHT 875 365
1sDA
UNDERWEIGHT GVERWEIGHT I 1750° I ()

Table 7: Intergroup Comparison Of Upper & Lower Lip
Parameters Between Various BMI Among Vertical Growth
Pattern

Oueway ANOVA- VERTICAL GROWTH PATTERN

N Mean St Deviation 939 Confidence Interval for Mean Siz
Lower Bound Upper Bound

NORMAL 3 2100 1604 1966 234

ULLV [UNDERWEIGHT 3 2075 2493 1867 28 000
(OVERWEIGHT B 2613 835 2543 2652
NORMAL B 1563 2326 1368 17.57

ULTV [UNDERWEIGHT B 1475 1488 1351 1599 001
(OVERWEIGHT 3 1935 2315 1731 FINT]
NORMAL B 1063 516 956 1138

ULSY [UNDERWEIGHT B 1413 835 1343 1482 000
(OVERWEIGHT = 1013 1126 918 107
NORMAL B 813 1642 675 .50

USDY [UNDERWEIGHT 5 [ENES 1508 1161 1464 000
OVERWEIGHT B 738 1685 597 578
NORMAL B 4363 2825 4126 1599

LLLY |UNDERWEIGHT B 3738 6186 3230 4235 001
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(OVERWEIGHT & 4700 2878 4459 4941
NORMAL s 14.63 2.066 1290 1635

LLTV |UNDERWEIGHT § 1375 1488 1251 1498 042
OVERWEIGHT & 1575 1035 1488 1662
NORMAL g 138 1768 290 585

LSDV |UNDERWEIGHT 5 830 1198 750 250 000
(OVERWEIGHT & 613 [E] 461 764

Table 8: Pairwise Comparison Of Upper & Lower Lip Parameters
Between Various BMI Among Vertical Growth Pattern

Post Hoc Tests
Dependent Varible G J [T | Vean Diereace (1) I ED
. UNDERWEIGHT 1 250 1 557
NORMAL OVERWEIGHT I T 05
vy
UNDERWEIGHT OVERWEIGHT I 5375 I 000
BERWEIGHT T 7 T ]
NORMAL }—mﬂ\\ﬂcs’r I YTy | 008
vV
NDERWEIGHT i:u\};ﬁ\\}.lcm I ELT I 01
. URDERWEIGHT. I EXT T 01
NORMAL OVERWEIGHT I 00 I 564
sy UNDERWEIGHT
; GVERWEIGHT T [TTa T o
. URDERWEIGHT T BT T 1
NORMAL OVERWEIGHT T 750 T 61
usov
UNDERWEIGHT OVERWEIGHT I S50 I 000
UNDERWEIGHT | 6250 T 01
NORMAL }70\11\\11537 I L3378 I 275
Ly UNDERWEIGHT
OVERWEIGHT I 9625 I 901
CNDERWEIGHT I G5 T 55
ORMAL '_:m;mmm I ENF I 350
e
NDERWEIGHT |overwEicHT | 2000 | 050
N UNDERWEIGHT I 415" | 020
NORMAL OVERWEIGHT I L350 T 100
o UNDERWEIGHT
‘ OVERWEIGHT. I 2375 I 909

These Trends Were Similarly Observed In Lower Lip
Measurements: overweight individuals had greater length and
thickness (e.g., 43.88—47.00 mm vs. 34.88-37.38 mm; p < 0.031),
while underweight participants showed deeper sulci (6.00-8.50 mm
vs. 3.63-6.13 mm; p < 0.029). Post hoc analyses (Tukey's test)
highlighted the strongest contrasts between underweight and
overweight groups (p = 0.000-0.021), with normal-weight individuals
typically intermediate. All findings were statistically significant,
underscoring the influence of BMI on lip structure.

4.DISCUSSION

This study thoroughly examines the relationship between Body Mass
Index (BMI) and lip morphology in orthodontic patients aged 18 to 30,
while also considering how vertical craniofacial growth patterns
influence this association. Using detailed cephalometric
measurements including upper and lower lip length, thickness, strain,
and sulcus depth the findings confirm that BMI significantly affects lip
dimensions.””"" Overweight individuals consistently exhibited
greater lip thickness and length, likely due to increased subcutaneous
fat deposition in the perioral region.In contrast, underweight patients
showed higher lip strain and deeper sulci, suggesting reduced soft
tissue volume leads to greater muscular tension. These results align
with previous research demonstrating that BMI directly correlates
with facial soft tissue thickness, particularly in the lips. ®'"”

Further analysis revealed that vertical growth patterns modify how
BMI influences lip morphology. In horizontal (hypodivergent) growth
patterns, normal BMI was associated with balanced lip structure, while
higher BMI led to elongated and bulkier lips. Vertical (hyperdivergent)
growth patterns amplified these effects, with overweight individuals
displaying the most pronounced increases in lip dimensions.""*"" This
suggests that skeletal elongation combined with excess soft tissue
mass intensifies lip changes. However, average (normodivergent)
growth patterns showed minimal BMI-related variations, indicating
that balanced facial structure may buffer against weight-related soft
tissue alterations. """

Clinically, these findings emphasize the importance of considering
BMI in orthodontic diagnosis and treatment planning. Overweight
patients may require adjustments to account for thicker lips that could
obscure underlying skeletal relationships, while underweight
individuals might need special attention to achieve lip competence and
profile harmony. Since extreme growth patterns (hyperdivergent or
hypodivergent) are more susceptible to BMI-related changes,
orthodontists should integrate BMI assessment with cephalometric
analysis for more accurate and personalized treatment outcomes."”
This study not only reinforces existing knowledge on BMI's role in soft
tissue morphology but also highlights its interaction with skeletal
growth patterns, offering valuable insights for clinical practice.

4.1 Clinical Implications

The study findings have important clinical implications for
orthodontic practice. Higher BMI patients often show increased soft
tissue thickness that can obscure underlying skeletal relationships and
influence treatment outcomes, particularly during incisor retraction

and orthognathic surgery planning. This necessitates BMI-specific
modifications to diagnosis and treatment approaches, including
adjusted torque values, enhanced anchorage strategies, and modified
retention protocols. For orthognathic cases, surgeons should account
for BMI-related soft tissue variations in their planning. These
considerations highlight the importance of incorporating BMI
assessment into routine orthodontic evaluation to optimize treatment
planning and improve outcome predictability, especially for patients
with vertical growth patterns or those undergoing combined surgical-
orthodontic treatment. Patient education about maintaining stable
weight during therapy may further enhance treatment stability and
aesthetic results."*"”

Future studies with longitudinal designs could further elucidate
whether BMI changes during treatment directly affect lip morphology
and stability. Additionally, 3D imaging techniques could provide more
comprehensive soft tissue analysis across BMI spectra.”"!

5.CONCLUSION

This cross-sectional study demonstrates a significant association
between Body Mass Index (BMI) and lip morphology among adult
orthodontic patients, with vertical growth patterns modulating these
effects. Key findings reveal that overweight individuals exhibit greater
lip length and thickness, while underweight participants show
increased lip strain and deeper sulci, reflecting differences in soft tissue
volume and tension. These trends are most pronounced in
hyperdivergent (vertical) and hypodivergent (horizontal) growth
patterns, whereas normodivergent (average) patterns exhibit more
stable lip dimensions across BMI categories.

Clinically, the study underscores the necessity of integrating BMI
assessment into orthodontic and orthognathic treatment planning. For
overweight patients, adjustments may be needed to address thicker lips
that obscure skeletal relationships, while underweight individuals may
require interventions to achieve lip competence and aesthetic
harmony. The interaction between BMI and growth patterns highlights
the importance of personalized approaches, particularly in extreme
skeletal morphologies.

Future research should explore longitudinal BMI changes during
treatment and employ advanced 3D imaging to enhance soft tissue
analysis. These insights will further refine diagnostic precision and
therapeutic outcomes, ensuring holistic care that balances occlusal
function with facial aesthetics.
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