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Introduction: The majority of previous research delineating the morphological characteristics of the
orolabial region has been on Caucasian populations, with very minor research on Mediterranean pop-
ulations, and none on the Lebanese population.
Aim: The primary aim was to collect information on the gender-specific 3D morphology of the mouth
and lips in young Middle Eastern adults. The secondary aim was to explore the presence of associations
between orolabial morphology and age and body mass index (BMI), and to assess correlations between
linear orolabial dimensions and area/volume measures.
Methods: The study used non-invasive stereophotogrammetry to collect information on gender-specific
3D labial morphology (linear distances, areas, and volumes) for 122 adult Lebanese subjects, aged 18e30
years (47 males, 75 females). Associations between labial morphology and age and body mass index were
assessed, in addition to correlations between linear orolabial dimensions and area/volume measures.
Results: All linear, angular, area, and volume lip measurements displayed significant variability. Both lip
area and volume were smaller in the upper than in the lower lip. Eighteen out of the 20 linear mea-
surements were significantly larger in males. The ratio, area, and volume measurements mostly dis-
played no statistically significant gender dimorphism.
Conclusions: Alongside presenting the first documented report on anthropometric labial measurements
of a young Lebanese adult population, this research highlights the presence of gender dimorphism in
linear and angular measurements, but not in area and volume measurements, and a strong association
between certain linear labial measurements and lip area and volume. In addition, it presents pilot data
on the association between labial anthropometry and body mass index.

© 2018 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The human face plays a vital role in interpersonal communica-
tion, individual identification, and in portraying the underlying
health of the individual, and therefore has historically received
much interest from artists and scientists alike (Hennessy et al.,
2005; Tollefson and Sykes, 2007; Kochel et al., 2010; Mutsvangwa
et al., 2010, 2011; Sforza and Ferrario, 2010; Smeets et al., 2010;
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Fang et al., 2011; Ritz-Timme et al., 2011; Verze et al., 2011). The
mouth and lips, in particular, play an important role in the evalua-
tion and recognition of the craniofacial complex (Sforza et al., 2010).

Existing research on the morphology of the orolabial region
highlights the variability of the lips between genders (Ferrario et al.,
2000; Sawyer et al., 2009; Sforza et al., 2010; Al-Khatib et al., 2012)
in addition to the effects of age (Sforza et al., 2010, 2016). These
features underscore the importance of reference databases on lip
morphology in providing essential information for personal iden-
tification and/or discrimination between persons (Sforza et al.,
2010), an area of study with a variety of applications in the fields
of forensics, criminology, and medicine (Aeria et al., 2010; Smeets
et al., 2010; Arca et al., 2012). Practical forensic applications
include facial reconstruction from skeletal remains, age estimation
Elsevier Ltd. All rights reserved.
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of living individuals, and artificial aging of facial records of missing
children (De Greef et al., 2006; Cattaneo et al., 2009; Claes et al.,
2010; Wilkinson, 2010; Ritz-Timme et al., 2011; Hwang et al.,
2012; Lee et al., 2012). Additionally, the dimensions, spatial posi-
tions, and relative proportions of the structures in the nasolabial
region are integral to diagnosis and treatment planning for patients
in orthodontic, maxillofacial, and plastic surgery settings (Mack,
1991; Lundstr€om et al., 1992; Skinazi et al., 1994; Ferrario and
Sforza, 1997).

Themajority of previous research delineating themorphological
characteristics of the orolabial region has been on Caucasian pop-
ulations (Ferrario et al., 1999; Fern�andez-Riveiro et al., 2003; Sforza
and Ferrario, 2010; Sforza et al., 2011; M€oller et al., 2012; Vahdettin
and Altu�g, 2012), with a considerable amount also on Chinese
subjects (Dong et al., 2010; Jayaratne et al., 2014; Li et al., 2014).
Assessment methodologies have included two-dimensional
photography and radiography, direct anthropometry, and three-
dimensional (3D) digital anthropometry (Sforza et al., 2013).
Amid the various advances in digital anthropometry (computed
tomography, magnetic resonance imaging, laser scanning), ster-
eophotogrammetry is a safe, radiation-free, and non-invasive
method that retrieves excellent-quality 3D photographs of the
face (Sforza et al., 2013).

To our knowledge, the only assessment of lip morphology in the
Middle East and North African region has been on the Sudanese
population (Sforza et al., 2010), with no investigations being per-
formed on Mediterranean populations, including the Lebanese one.
Although an Arab country, Sudan's ethnic makeup is reflective of its
geographical location in North Africa, and is ethnically distinct from
Middle Eastern populations. Moreover, compelling genomic
research highlights the predominance of non-Arab Canaanite
ancestry (specifically Bronze-Age Phoenician) in the present-day
Lebanese population (Haber et al., 2017), thereby reinforcing the
importance of population-specific investigations in the Arab region.

The primary aim of this study was therefore to collect infor-
mation on gender-specific 3D morphology (linear distances, areas,
and volumes) of the mouth and lips in young Lebanese adults using
digital anthropometry. A secondary aim was to explore the pres-
ence of associations between orolabial morphology and age and
body mass index (BMI), and also to assess correlations between
linear orolabial dimensions and area/volume measures.

2. Materials and methods

2.1. Study population

This cross-sectional study assessed 122 adult Lebanese subjects
(47 males, 75 females), of mean age 23.2 ± 2.8 years (range
Fig. 1. Facial landmarks used in the study in frontal (A) and lateral (B) views. Midline landm
(Sl). Bilateral landmarks designated (r) for right and (l) for left: subalare (Sbal); crista philt
18.10e30.0 years) who were selected from the database of patients
attending the Lebanese University. Inclusion criteria were as fol-
lows: non-growing subject (age > 16 years for females and >18
years for males); balanced profile; class I molar and canine re-
lationships; and normal overjet and overbite (2 ± 2 mm). Subjects
with craniofacial anomalies, and history of orthodontic treatment
and/or surgical treatment involving the head and neck were
excluded. The study was approved by the Institutional Review
Board (CUEMB 36/AA) and patients provided written, informed
consent.

2.2. Imaging system

Vectra® M3 3D imaging for the face and neck captures 3D
stereophotogrammetry images of the surface shape, contour, and
color of the face, with 1.2 mm geometrical resolution and a capture
time of 3.5 milliseconds (Vectra M3, Canfield Scientific Inc, USA).
The system consists of six mounted digital cameras, a calibration
kit, and a computer.

2.3. Collection of 3D facial landmarks

Subjects were seated in natural head position on an adjustable
stool facing the Vectra system. All jewelry and makeup were
removed, and the hair was secured away from the face, ears, and
neck. The patient was then positioned according to system guide-
lines: 1) patient and stool were moved closer or further away until
the patient's eyes were centered between the vertical lines in each
of the two side preview images; 2) the position of the face in the
right preview window mirrored the position in the left preview
window; 3) the stool was lowered or raised until the patient's eyes
were centered between the horizontal lines in the center preview
image.

The patient was asked to gently close his/her mouth and remain
in a neutral expression. The image was then captured and auto-
matically processed to create the 3D model, which was stored as a
file on the Vectra computer and displayed on the screen. Images
were then imported into the Mirror® software, which was used to
locate all relevant nasolabial landmarks (Fig. 1). The Canfield Mirror
imaging software was then used to measure the linear, angular,
area, and volume measurements (Table 1).

2.3.1. Statistical analysis
Descriptive statistics were generated for all labial measure-

ments for the entire sample and in males and females separately.
The ShapiroeWilk test of normality confirmed that the data were
normally distributed (p > 0.05). Independent t-tests were carried
out to evaluate differences in labial morphology between genders.
arks: subnasale (Sn); labiale superius (Ls); stomion (Sto); labiale inferius (Li); sublabiale
ri (cph); chelion (ch); tragion (T).



Table 1
Lip morphology measurement abbreviations and definition.

Abbreviation Description

Linear lip measurements
Cph-Cph Width of philtrum
Chr-Chl Width of mouth
Sn-Sto Total height of upper lip
Sn-Ls Height of cutaneous upper lip
Ls-Sto Vermilion height of upper lip
Li-Sl Height of cutaneous lower lip
Sto-sl Total height of lower lip
Sto-li Vermilion height of lower lip
Ls-Li Total vermilion height of both lips
Sn-Sl Total cutaneous height of both lips
Ch-ls-ch ¼ ch-Ur-Cph-Ls-
Cph-Ul-ch

Vermilion surface arc of upper lip

Ch-li-ch ¼ Ch-L(l)-LL(l)-Li-
LL(r)-L(r)-Ch

Vermilion surface arc of lower lip

Ch(r)-Sto Right labial fissure half width
Ch(l)-Sto Left labial fissure half width
Sbal(r)-Ls Right lateral lip height
Sbal(l)-Ls Left lateral lip height
Sbal(r)-Cph(r) Right upper lip lateral height
Sbal(l)-Cph(l) Left upper lip lateral height
Ch(r)-Cph(r) Right length from crest of philtrum to

commissure
Ch(l)-Cph(l) Left length from crest of philtrum to

commissure
Ch(r)-T(r) Right labiotragal distance
Ch(l)-T(l) Left labiotragal distance

Angular lip measurements
UL inclin Inclination of upper lip
LL inclin Inclination of lower lip
Lab-ment ang Labiomental angle

Area/volume/ratio lip measurements
Ls-Li/Ch-Ch Ratio (%) of total lip vermilion height to

width
Ch(r)-ls-Ch(l)-sto Upper lip vermilion area
Ch(r)-li-Ch(l)-sto Lower lip vermilion area
Ch(r)-ls-Ch(l)-li Total lip vermilion area
UL vol Upper lip volume
LL vol Lower lip volume
Tot lip volume Total lip volume

Notes. Linear lip measurements recorded in mm, angular lip measurements in de-
grees, lip area measurements in mm2, and lip volume measurements in mm3.

Table 2
Descriptive statistics for age, bodymass index (BMI), and lip morphology in assessed
Lebanese sample (n ¼ 122).

Descriptive statistics

Minimum Maximum Mean SD

Background characteristics
Age 18.10 29.95 23.16 2.79
BMI 17.24 33.22 22.59 3.17

Linear lip measurements
Cph-Cph 5.42 16.75 11.62 2.19
Chr-Chl 41.89 60.79 50.56 3.46
Sn-Sto 17.63 30.25 22.97 2.69
Sn-Ls 10.44 29.93 16.22 3.38
Ls-Sto 4.16 12.05 7.89 1.66
Li-Sl 5.67 24.29 12.93 3.13
Sto-sl 12.65 27.21 20.02 2.62
Sto-li 2.30 14.48 8.71 2.17
Ls-Li 6.72 24.29 15.26 3.36
Sn-Sl 30.28 55.17 42.79 4.48
UL verm S arc 57.08 84.96 69.48 5.01
LL verm S arc 51.99 82.70 64.74 5.49
Ch(r)-Sto 18.66 35.74 28.17 2.51
Ch(l)-Sto 23.28 36.03 29.08 2.47
Sbal(r)-Ls 14.02 33.27 21.23 3.60
Sbal(l)-Ls 15.18 34.81 21.67 3.63
Sbal(r)-Cph(r) 12.13 25.74 17.99 3.20
Sbal(l)-Cph(l) 12.67 26.21 18.16 3.08
Ch(r)-Cph(r) 20.08 32.78 27.49 2.41
Ch(l)-Cph(l) 21.25 33.75 27.63 2.30
Ch(r)-T(r) 81.68 118.86 103.22 7.21
Ch(l)-T(l) 81.28 119.70 102.68 7.40

Angular lip measurements
UL inclin 15.06 103.73 43.69 14.62
LL inclin 10.01 44.42 19.78 6.33
Lab-ment ang 95.20 158.59 127.37 12.20

Area/volume/ratio lip measurements
Ls-Li/Ch-Ch 13.01 45.13 30.32 6.94
Ch(r)-ls-Ch(l)-sto 77.85 313.17 195.52 46.70
Ch(r)-li-Ch(l)-sto 59.60 398.27 222.14 60.59
Ch(r)-ls-Ch(l)-li 190.87 667.39 417.66 87.91
UL vol 234.75 2517.00 1530.76 430.60
LL vol 521.55 4084.30 1740.44 536.05
Tot lip volume 1656.44 6377.22 3271.21 837.91

Notes. Measurement abbreviations and definitions detailed in Table 1. Age recorded
in years. Linear lip measurements recorded in mm, angular lip measurements in
degrees, lip area measurements in mm2, and lip volume measurements in mm3.
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Pearson productemoment correlations were performed to inves-
tigate linear associations between lip morphology and age and BMI,
in addition to correlations between the various labial
measurements.

To assess intra-observer reliability, all measurements were
repeated by the same investigator on 20 randomly selected images
at least 14 days after the initial assessment. Another set of 20
randomly selected images were digitized by another investigator to
check the inter-observer reliability. The repeated measures were
evaluated using two-way, mixed-effects, intra-class correlations for
absolute agreement on single measures. Data were processed using
the Statistical Package for Social Sciences (SPSS®, version 23.0,
IBM®) and Stata/SE™ 11.1. Statistical significance was set at 0.05.
3. Results

Reliability of repeated measurements within and between op-
erators was high, with correlation coefficients ranging between
0.982 and 0.998 for intra-observer reliability, and between 0.978
and 0.996 for inter-observer reliability.

All linear, angular, area, and volume lipmeasurements displayed
significant variability among the assessed Lebanese sample, as
indicated by minimum values, maximum values, and standard
deviations (Table 2). Among the linear measurements, the greatest
variability was displayed by the right and left labiotragal distances
(69.45 ± 5.01 mm; range 57.08e84.96 and 64.73 ± 5.49 mm; range
51.99e82.70, respectively), followed by the upper and lower lip
vermilion surface arcs (103.22 ± 7.21 mm; range 81.86e118.86 and
102.68 ± 7.40 mm; range 81.28e119.70, respectively). Among the
angular lip measurements, lower lip inclination displayed the least
variability (19.78 ± 6.33�; range 10.01e44.42). Upper and lower lip
volumes exhibited significant variation, with values ranging be-
tween 234.75 and 2517.00 mm3 for the upper lip and between
521.55 and 4084.30 mm3 for the lower lip. On average, both lip area
and volume were smaller in the upper than in the lower lip
(195.52 ± 46.70 mm2 compared with 222.14 ± 60.59 mm2 and
1530.76 ± 430.60 mm3 compared with 1740.44 ± 536.05 mm3).
3.1. Sexual dimorphism

The majority of the assessed linear and angular lip morphology
measurements displayed statistically significant gender differences
(p � 0.037; Table 3), the only exceptions being the vermilion height
of the upper lip (p ¼ 0.077), left upper lip lateral height (p ¼ 0.053),
and lower lip inclination (p ¼ 0.708). For 18 out of the 20 linear
measurements with statistically significant differences between
genders, the values were larger in males by a difference ranging



Table 3
Gender differences in lip morphology (n ¼ 122).

Males (M) (n ¼ 47) Females (F) (n ¼ 75) Difference (M � F) Student's t-test

Mean (SD) Mean (SD) Mean (SE) Test statistic p-value

Linear lip measurements
Cph-Cph 12.96 (1.71) 10.87 (2.05) 2.09 (0.35) 5.934 <0.001**

Chr-Chl 52.35 (3.36) 49.45 (3.19) 2.90 (0.59) 4.909 <0.001**

Sn-Sto 24.40 (2.5) 22.06 (2.33) 2.34 (0.43) 5.397 <0.001**

Sn-Ls 18.15 (3.41) 14.97 (2.63) 3.18 (0.57) 5.533 <0.001**

Ls-Sto 7.58 (1.82) 8.10 (1.46) �0.52 (0.29) �1.784 0.077
Li-Sl 14.75 (2.9) 11.60 (2.64) 3.15 (0.5) 6.337 <0.001**

Sto-sl 21.39 (2.52) 18.99 (2.3) 2.40 (0.43) 5.551 <0.001**

Sto-li 8.16 (2.62) 9.07 (1.72) �0.90 (0.43) �2.127 0.037*

Ls-Li 14.17 (3.8) 15.93 (2.77) �1.77 (0.58) �3.061 0.003**

Sn-Sl 45.63 (3.81) 40.85 (3.83) 4.79 (0.7) 6.882 <0.001**

UL verm S arc 72.12 (5.01) 67.88 (4.48) 4.24 (0.85) 4.996 <0.001**

LL verm S arc 67.13 (6.05) 63.33 (4.75) 3.81 (1.02) 3.130 0.002**

Ch(r)-Sto 29.01 (2.54) 27.63 (2.35) 1.38 (0.44) 5.376 <0.001**

Ch(l)-Sto 30.46 (2.42) 28.22 (2.22) 2.24 (0.42) 8.527 <0.001**

Sbal(r)-Ls 24.15 (3.26) 19.55 (2.35) 4.60 (0.54) 8.486 <0.001**

Sbal(l)-Ls 24.53 (3.23) 19.94 (2.45) 4.59 (0.54) 8.415 <0.001**

Sbal(r)-Cph(r) 20.61 (3.07) 16.45 (1.92) 4.16 (0.49) 8.463 <0.001**

Sbal(l)-Cph(l) 20.65 (2.95) 16.62 (1.87) 4.02 (0.48) 1.950 0.053
Ch(r)-Cph(r) 28.01 (2.23) 27.17 (2.44) 0.84 (0.43) 3.820 <0.001**

Ch(l)-Cph(l) 28.55 (2.38) 27.02 (2.11) 1.53 (0.4) 10.090 <0.001**

Ch(r)-T(r) 109.26 (5.45) 99.38 (5.35) 9.88 (0.98) 9.649 <0.001**

Ch(l)-T(l) 108.71 (5.75) 98.85 (5.56) 9.87 (1.02) �4.017 <0.001**

Angular lip measurements
UL inclin 37.32 (12.15) 47.17 (14.15) �9.84 (2.45) �2.440 0.016*

LL inclin 18.09 (4.84) 20.80 (6.72) �2.71 (1.11) �0.375 0.708
Lab-ment ang 126.64 (10.72) 127.47 (12.82) �0.83 (2.2) �4.627 <0.001**

Area/volume/ratio lip measurements
Ls-Li/Ch-Ch 27.04 (6.97) 32.34 (5.9) �5.30 (1.15) �0.300 0.765
Ch(r)-ls-Ch(l)-sto 194.52 (53.36) 197.21 (40.86) �2.69 (8.96) �0.723 0.472
Ch(r)-li-Ch(l)-sto 216.62 (75.25) 225.48 (50.15) �8.86 (12.25) �0.731 0.466
Ch(r)-ls-Ch(l)-li 411.14 (105.92) 422.69 (74.5) �11.54 (15.8) 1.628 0.106
UL vol 1612.61 (418.69) 1489.12 (416.64) 123.49 (75.87) 1.455 0.148
LL vol 1797.64 (647.38) 1704.57 (449.75) 93.07 (106.29) 5.934 <0.001**

Tot lip volume 3410.25 (888.64) 3193.7 (777.91) 216.55 (148.84) 4.909 <0.001**

Notes. Measurement abbreviations and definitions detailed in Table 1. Age recorded in years. Linear lip measurements recorded in mm, angular lip measurements in degrees,
lip area measurements in mm2, and lip volume measurements in mm3.
*Statistically significant at p < 0.05.
**Statistically significant at p < 0.01.
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between 0.84 ± 0.43 mm and 9.88 ± 0.98 mm (p < 0.001). The
vermilion height of the lower lip and of both lips combined, on the
other hand, was on average larger in females, with a difference of
0.9 ± 0.43 mm (p ¼ 0.037) and 1.77 ± 0.58 mm (p ¼ 0.003),
respectively. Both upper lip inclination and labiomental angle were
more pronounced in males, with mean differences of 9.84 ± 2.45�

(p ¼ 0.016) and 0.83 ± 2.2� (p < 0.001), respectively.
Unlike the linear and angular lip measurements, the ratio, area,

and volume measurements mostly displayed no statistically sig-
nificant gender dimorphism (p � 0.106). The only exceptions were
lower lip and total lip volumes, which were larger in males bymean
differences of 93.07 ± 106.29 mm3 (p < 0.001) and
216.55 ± 148.84 mm3 (p < 0.001), respectively.
3.2. Exploratory pilot data on associations with BMI

The majority of the assessed individuals (74.6%) were catego-
rized as having a healthy BMI (18.5e24.9). Only eight individuals
were underweight (BMI < 18.5) and 22 were overweight
(BMI � 25), which precluded the application of robust statistical
analyses on the association between BMI and lip morphology.
Nonetheless, preliminary exploratory analysis using non-
parametric tests (data not shown) suggests the presence of a sta-
tistically significant general trend for increased linear lip mea-
surements in overweight individuals, and a decreased inclination of
the upper lip. None of the area or volume lip measurements dis-
played any significant associations with BMI category, whereas the
percent ratio of total lip vermilion height to width was statistically
significantly smaller in overweight individuals. Exploratory corre-
lations between BMI and lip area and volume measurements were
almost negligible (<0.1 and non-significant), whereas correlations
with linear lip measurements were moderate for 10 out of the 22
linear lip measurements (0.32e0.59) (data not shown).
3.3. Correlations between linear measurements and lip area and
volume

Five linear lip measurements, in addition to the ratio between
total lip vermilion height to width, were strongly correlated with
measurements of lip area and volume (r � 0.5; p < 0.001; Table 4).
Vermilion height for each of the upper and lower lips was strongly
and significantly correlated with the respective lip area and vol-
ume, in addition to total lip area and volume (r � 0.573; p < 0.001).
In addition, the total cutaneous height of both lips was strongly
correlated with lower and total lip volumes, whereas the vermilion
surface arc of the lower lip was strongly correlated only with lower
lip volume. Finally, the ratio of total lip vermilion height to width
was significantly and strongly correlated with upper, lower, and
total lip areas, and to lower and total lip volumes (r � 0.547;
p < 0.001).



Table 4
Linear correlations between linear lip measurements and area/volume measurements displaying strong associations (r � 0.5) (n ¼ 122).

Ch(r)-ls-Ch(l)-sto Ch(r)-li-Ch(l)-sto Ch(r)-ls-Ch(l)-li UL vol LL vol Tot lip vol

ls-Sto 0.765** 0.715** 0.647** 0.573**

Sto-li 0.896** 0.868** 0.844** 0.763**

Ls-Li 0.690** 0.813** 0.927** 0.582** 0.716** 0.757**

Sn-Sl 0.542** 0.547**

ch-li-ch ¼ Ch-L(l)-LL(l)-Li-LL(r)-L(r)-Ch 0.551**

Ls-Li/Ch-Ch 0.592** 0.683** 0.785** 0.574** 0.611**

Note. Correlation coefficients are Pearson productemoment correlation coefficients (r).
**Statistically significant at p < 0.01.
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4. Discussion

Studies assessing morphometric measurements of the lips re-
mains scarce. Benchmark studies on North American Caucasians,
using direct anthropometry, were performed by Farkas et al. and
the data have since been used extensively as references for facial
soft tissue norms (Farkas and Posnick, 1992; Farkas, 1994; Farkas,
1994b; Hajnis et al., 1994). However, a comprehensive analysis of
short tandem repeat (STR) loci in a sample of unrelated Lebanese
adults has highlighted the presence of statistically significant dif-
ferences in 6 of the 17 assessed loci in comparison with a European
Caucasian population (Chouery et al., 2010). The authors addi-
tionally report significant differences in selected loci between the
Lebanese population and Egyptian, Iraqi, and Syrian samples. These
data emphasize both the inapplicability of data from studies carried
out on European Caucasians to the Lebanese population, and the
inappropriateness of generalizing about populations of the Medi-
terranean basin until genomic mapping clarifies the similarities
and differences between them.

While conventional direct anthropometry remains the gold
standard for the in-vivo assessment of soft tissue norms, its
applicability to research studies is limited by its tedious and time-
consuming nature, its high sensitivity to level of operator training
and experience, its proneness to error, and the lack of permanent
records, which are essential for data quality control in research
studies (Sforza and Ferrario, 2006). In line with contemporary
technological advancements, more recent studies have replaced
conventional anthropometry with digitized or computerized 3D
anthropometry, which not only addresses the abovementioned
drawbacks but also allows for the estimation of more complex soft
tissue morphometric dimensions, such as surface area and volume
(Sforza et al., 2016). In particular, stereophotogrammetric digital
anthropometry is a non-contact procedure, which eliminates the
distortion possibly caused by surface pressure from calipers, is in-
dependent of head posture and provides rapid, non-invasive, and
accurate measurements of facial soft tissue (Weinberg et al., 2004;
Ardehali et al., 2007; Sawyer et al., 2009; Wong et al., 2010). The
method's validity compared with manual anthropometry, in addi-
tion to its precision and reliability, have been confirmed by previ-
ous research studies (Ghoddousi et al., 2007; de Menezes et al.,
2010).

Among the most notable findings of our study was the general
trend for gender dimorphism to affect linear and angular mea-
surements rather than labial area and volume, with the exception
of lower lip volume (and, as a consequence, total lip volume). The
gender dimorphism displayed by several of the linear labial di-
mensions in our sample corroborates the findings reported in
previous research, but confirms that larger linear values in males
are not a universal finding, and do not apply to all linear labial
measurements (Ferrario et al., 2009; Al-Khatib et al., 2012).
Although the lack of gender dimorphism in upper lip vermilion
height supports previous reports (Ferrario et al., 2009; Sawyer
et al., 2009; Sforza et al., 2010), the significantly larger lower lip
vermilion height in females described in our Lebanese sample is a
distinct finding. This is perhaps reflective of the unique Levant,
Iranian, and Eurasian ancestry of the present-day Lebanese popu-
lation (Haber et al., 2017). The gender dimorphism displayed by the
lips in our sample endorses previous findings of sex-related dif-
ferences in mandibular angle morphology (Ayoub et al., 2009),
mandibular canine width and intercanine distance (Ayoub et al.,
2014), and various hard tissue cephalometric norms (Ayoub et al.,
2008) between Lebanese males and females.

Ferrario et al. (2009) and Sforza et al. (2010) reported no gender
differences for lower lip vermilion height inwhite Italians, whereas
Sawyer et al. (2009) reported significantly larger values in males in
the United Kingdom (UK). In line with our data on the Lebanese
sample, Sawyer et al. (2009) reported that upper lip volume did not,
on average, differ between males and females in the UK. However,
the authors also reported the absence of gender differences for
lower and total lip volumes, which is in contrast with the results of
our study. Ferrario et al. (2009) and Sforza et al. (2010), on the other
hand, reported significantly larger volumes for both upper and
lower lip in Italian males compared with females.

When compared with recent digital anthropometric data on
other previously assessed populations, many of the linear Lebanese
norms described in our research were similar (within 2 mm) to the
norms described for Italian (Ferrario et al., 2000, 2009; Sforza et al.,
2010) and UK white populations (Sawyer et al., 2009). However,
total and cutaneous upper lip height, in addition to the total cuta-
neous height of both lips combined, were considerably larger in our
Lebanese sample. Many measurements were also similar to those
described for the Malay population (Al-Khatib et al., 2012), with
notable exceptions: the cutaneous height of the upper lip was
larger in the Lebanese sample, while the vermilion height of the
upper lip and the cutaneous height of the lower lip were smaller;
right and left lateral lip heights and right and left upper lip lateral
heights were larger in Lebanesemales comparedwithMalaymales,
but similar between females of the two populations. Although none
of these studies assessed the angular positions of the lips,
compared with the direct anthropometric values reported by
Farkas (1994a) for Caucasians, Lebanese males and females possess
considerably more proclined upper lips, more retroclined lower
lips, and a deeper labiomental sulcus.

Although linear morphometric measurements are relatively
resistant to methodological differences in data collection, area and
volume measurements are highly technique sensitive, show
considerable variations across studies, and must be compared with
caution. Lip surface areas in Lebanese adults were similar to those
described for northern Italians (Sforza et al., 2010) but smaller than
described in the UK (Sawyer et al., 2009), whereas lip volumes were
much smaller in our sample than described for either the Italians or
the British. Our results nonetheless support previous research
illustrating larger vermilion areas in the lower than in the upper lip
(Ferrario et al., 2009; Sforza et al., 2010) although such a difference
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was not found by Sawyer et al. (2009). Published data on the dif-
ference in volume between upper and lower lips contrast with our
results, with larger upper than lower lip volumes reported for the
Italian and UK samples (Sawyer et al., 2009; Sforza et al., 2010). The
only regional study assessing anthropometric lip measurements
has been carried out by Sforza et al. (2016) on the Sudanese pop-
ulation, but with considerable differences in methodology and
measurements assessed, comparison is very limited. It is note-
worthy, however, that our Lebanese sample displayed smaller
norms for the labiomental angle, and thereby a deeper average
sulcus, than the Sudanese norm.

Few studies have investigated the correlations between the
various labial dimensions and, to our knowledge, none has reported
the correlations between linear and area/volume labial measure-
ments. Al-Khatib et al. (2012) noted significant correlations be-
tween horizontal labial dimensions but weak ones between the
vertical and horizontal measurements. Notably, our data illustrate
strong and statistically significant correlations between the
vermilion height of each of the lips with the respective lip area and
volume, a finding that, to our knowledge, has not been confirmed in
previous literature.

The presence of an association between larger patient BMI and
increased linear lip measurements, but a lack of influence of BMI on
area and volumetric labial dimensions, is a novel finding that has
not previously been reported. This perhaps suggests that the effects
of increased BMI are linked to targeted stretching of the soft-tissue
lips and consequent alterations in specific linear dimensions, but
not to structural differences in lip areas and volumes. These effects
appear to be similar to those noted in aging lips, whereby it has
been shown that aging does not result in a decrease in labial vol-
ume, but rather a redistribution of labial dimensions, which man-
ifest as a reduction in vermilion height and increased mouth width
(Sforza et al., 2010). Nonetheless, the exploratory nature of our data
and the small sample sizes for underweight and overweight in-
dividuals necessitate the validation of our findings by future studies
before generalization.

Additional research considerations include the need to stan-
dardize methodology for patient positioning while taking labial
measurements (lips relaxed, closed, open, or displaying varying
degrees of contraction), because these variations have been shown
to cause significant variability in resulting linear, area, and volume
measurements (Johnston et al., 2003; Sawyer et al., 2009). Recent
technological refinements in stereophotogrammetric technology
have made it more accessible and should encourage further similar
research on various populations, utilizing consistently comparable
data acquisition methodology in order to allow meaningful con-
trasts between assessed populations. With respect to Middle-
Eastern populations, future research may aim for sufficient repre-
sentation of a wide range of age groups and BMI in order to
adequately assess the effects of both factors.

5. Conclusion

This study generated the first database for the quantitative 3D
description of labial anthropometric features in the Lebanese
population. Linear and angular lip measurements exhibited gender
dimorphism, whereas lip area and volume measurements were
generally similar across both sexes. Five linear lip measurements
(upper and lower lip vermilion heights; total cutaneous height of
upper and lower lips; vermilion surface arc of lower lip), in addition
to the ratio between total lip vermilion height to width, were
strongly correlated with measurements of lip area and volume.
Preliminary exploratory data highlighted the presence of larger
labial linear measurements in overweight individuals, but no ef-
fects on labial area or volume. The values provided by this study
should prove useful as population-specific norms in treatment
planning for patients with Lebanese ancestry attending orthodon-
tic, maxillofacial, or plastic surgery clinics. Future research to
include a sample over a wider age range is recommended.
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