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Soft Tissue Facial Morphology in Obese Adolescents:
A Three-Dimensional Noninvasive Assessment

Virgilio F. Ferrario, MDa; Claudia Dellavia, DDSb; Gianluca M. Tartaglia, DDS, PhDc;
Michela Turci, PhDb; Chiarella Sforza, MDa

Abstract: The number of obese adolescents is increasing in the Western society. For a deeper un-
derstanding of the mechanisms underlying this pathology, the quantitative characteristics of the facial
soft tissues should also be investigated. The three-dimensional coordinates of 12 soft tissue facial
landmarks were obtained by computerized digitizers in 11 male and 14 female adolescents aged 13–
17 years, all with a body mass index larger than 30 kg/m2 (mean 31.67 kg/m2, SD 1.58). From the
landmarks, several facial dimensions were calculated. Data were compared with those collected in
normal individuals of the same age, ethnicity, and sex by computing z scores. Significant (paired
Student’s t-test, P , .05) larger dimensions were found for skull base width (girls), mandibular width
(both sexes), lower face depth (girls), and mandibular corpus length (girls). In the pooled sample (boys
plus girls), the faces of obese adolescents were significantly wider transversally (skull base width,
mandibular width), deeper sagittally (mid and lower face depth, mandibular corpus length), and shorter
vertically (upper facial height) than those of their normal school companions. ‘‘Borderline’’ obese
adolescents possessed some facial characteristics typical of patients with more substantial obesity. The
effect of an increased body weight-per-height was therefore present also in subjects not already referred
to a medical control. (Angle Orthod 2004;74:37–42.)
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INTRODUCTION

In European and North American children and adoles-
cents, the prevalence of obesity is increasing.1–4 An obese
child has an increased risk of becoming an obese adult,2,3
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a condition considered a risk factor for several cardio-
vascular and metabolic pathologies.3,5–7 Also, obesity is
a major risk factor for obstructive sleep apnea.8

The effects of an altered body growth on craniofacial
structures have been studied in children, adolescents, and
adults with reduced somatic growth of different causes (en-
docrine diseases, such as growth hormone deficiency, or
short stature of prenatal origin).9,10 In contrast, there is only
scanty data on the reactions of the craniofacial complex to
an overall increase in the body mass. A recent quantitative
investigation performed on obese adolescents analyzed the
hard-tissue situation of the craniofacial skeleton, as depict-
ed by lateral plane radiographs.11 Unfortunately, radio-
graphic analyses are invasive, and for ethical reasons, it is
often difficult to obtain data on normal individuals.12 In
contrast, anthropometry is noninvasive. Furthermore, it is
three-dimensional, and it considers all the facial structures,
thus providing a more complete evaluation of the single
patient.13–16 The collection of normative data does not in-
fringe any current ethical consideration. Simple anthropo-
metric assessments have already been used as a screening
tool to predict whether a patient has obstructive sleep ap-
nea.17

Currently, anthropometric evaluations are also consid-
ered an important low-cost method for the first assessment
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of the nutritional level and general health condition of ad-
olescents.18,19 In particular, the body mass index (BMI, the
ratio of body weight to squared standing height, kg/m2) has
been found to possess a high specificity and to be efficient
as an indicator of overweight in nutritional and general
health screenings.3,5,6,19–21 In adolescents, BMI is strongly
associated with fatness.

The quantitative assessment of craniofacial variations is
commonly used for the characterization of diseased sub-
jects14,16,22 and it may play a role in the anatomical and
clinical description of obese individuals also.17 Both skel-
etal and soft tissue structures should be analyzed to provide
a complete evaluation of any given individual in all three
dimensions.

Current technology provides several image analysis
systems for indirect computerized facial anthropometry:
stereophotogrammetry, laser scanning, range cameras,
optoelectronic instruments, and electromagnetic digitiz-
ers.15,22–26 These instruments provide the three-dimen-
sional coordinates of selected landmarks, and Euclidean
geometric calculations can then be used to obtain three-
dimensional linear distances of selected facial struc-
tures.15,24

To the best of our knowledge, no previous analysis has
quantified the three-dimensional characteristics of the facial
soft tissues of obese adolescents. In the present study, the
facial soft tissues of a group of adolescents with a BMI
larger than 30 kg/m2 have been measured in the three-di-
mensional space and their facial dimensions calculated and
compared with a reference normal population.

MATERIALS AND METHODS

Sample

From the database of the Laboratorio di Anatomia Fun-
zionale dell’Apparato Stomatognatico (University of Milan,
Italy), data from 25 adolescents (11 boys, 14 girls) aged 13
to 17 years (mean 15.43 years, SD 1.25) all with a BMI
larger than 30 kg/m2 were retrieved (Table 1). Mean z
scores of standing height of the adolescents were 20.60
(boys, SD 1.61) and 20.16 (girls, SD 1.25). All adolescents
were white northern Italians. The adolescents were not en-
rolled in a clinical contest and were not seeking medical
intervention, but their measurements were taken during our
previous longitudinal and cross-sectional investigations of
craniofacial growth and development performed in schools
of Milan (northern Italy) and its surrounding areas.25,26 Each
adolescent entered the study only once. Subjects with pre-
vious history of craniofacial trauma or congenital anomalies
were not included in the samples.

From the same database, reference data collected on nor-
mal subjects of the same ethnic group, age, and sex were
also obtained.25,26 Each reference group (for each age and
sex) comprised at least 60 subjects, and normal adolescents,
456 girls and 324 boys, were considered in the current

study. Boys had a mean BMI of 20.36 kg/m2; girls had a
mean BMI of 21.3 kg/m2.

All the analyzed individuals, and their parents or legal
guardians gave their informed consent to the experiment.

Collection of three-dimensional facial landmarks

A detailed description of the data collection procedure
can be found elsewhere.15 In brief, for each subject, a single
experienced operator located and marked 50 landmarks on
the cutaneous surface. Three-dimensional coordinates of the
facial landmarks were then obtained with a computerized
electromagnetic digitizer (3Draw, Polhemus Inc., Colches-
ter, Vt). Three-dimensional (x, y, z) coordinates were re-
corded and analyzed using customized computer algorithms
written by one of the authors. The reproducibility of land-
mark identification, marker positioning, and data collection
procedure has been previously reported and found to be
reliable.15 Landmark positions were defined according to
Farkas.13

The following soft tissue landmarks were used in the
present study (Figure 1).

• Midline landmarks—tr, trichion; n, nasion; sn, subnasale;
pg, pogonion.

• Paired landmarks (right and left side noted r and l)—exr,
exl, exocanthion; tr, tl, tragion; chr, chl, cheilion; gor, gol,
gonion.

Midlandmarks were also mathematically derived as the
midpoint between two homologous landmarks and noted as
landmarkm.

Data analysis

Computer programs devised and written by one of the
authors were used for all the subsequent calculations. Ac-
cording to the geometric models of the face defined by
Ferrario et al,15,24 the x, y, z coordinates of the landmarks
obtained on each subject were used to calculate the follow-
ing facial dimensions (in mm).

• Transverse distances (widths)—biorbital width, exr-exl;
skull base width, tr-tl; mandibular (intergonial) width, gor-
gol; mouth width, chr-chl.

• Vertical distances (heights)—forehead height, tr-n; upper
facial height, n-sn; lower facial height, sn-pg; facial
height, n-pg.

• Anteroposterior distances (depths)—upper face depth,
n-tm; mid face depth, sn-tm; lower face depth, pg-tm; man-
dibular corpus length, pg-gom.

All the measurements were performed in the three-di-
mensional space, ie, the position of the points relative to
all three planes (frontal, lateral, and horizontal) was con-
sidered at the same time (no projections).
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TABLE 1. Descriptive Statistics of z Scores Computed in 25 Obese Adolescentsa

Boys (n 5 11)

Mean SD P

Girls (n 5 14)

Mean SD P

Pooled

Mean SD P

Age (y)
BMI (kg/m2)

14.68b

30.88b

1.07
0.79

—
—

16.02b

32.29b

1.07
1.78

—
—

15.43
31.67

1.25
1.58

—
—

z Scores

ex-ex
t-t
go-go
ch-ch
tr-n
n-sn

0.19
0.28
1.11

20.32
0.33

20.45

1.38
1.21
1.11
1.41
0.98
1.46

NS
NS
.01
NS
NS
NS

0.59
0.94
1.48
0.22

20.20
20.61

1.60
1.42
1.27
1.65
0.99
1.11

NS
.033
.001
NS
NS
NS

0.41
0.65
1.32

20.01
0.04

20.54

1.49
1.34
1.19
1.55
1.00
1.25

NS
.026
.001
NS
NS
.045

sn-pg
n-pg
n-tm
sn-tm
pg-tm
pg-gom

0.48
0.17
0.23
0.19
0.99
0.43

0.74
1.07
1.29
1.16
1.16
1.11

NS
NS
NS
NS
NS
NS

0.09
20.32

0.55
0.76
0.81
0.70

1.10
1.13
0.76
0.82
0.82
0.91

NS
NS
NS
NS
.003
.016

0.26
20.10

0.41
0.51
0.89
0.58

0.96
1.11
1.02
1.00
0.97
0.99

NS
NS
NS
.02
.001
.008

a P indicates probability of Student’s t-test for paired samples; NS, not significant (P . .05).
b Boys and girls differ significantly (Student’s t-test for independent samples, 23 degrees of freedom, P 5 .007 for age, P 5 .028 for BMI).

FIGURE 1. Soft tissue facial landmarks digitized on all patients.

Statistical calculations

Individual measurements obtained in the 25 adolescents
were transformed to z scores by subtracting from each value
its sex and age reference mean value and dividing by the
relevant reference standard deviation. Descriptive statistics
(mean and standard deviation) were computed for the val-
ues of the z scores separately for boys and girls, as well as
for the pooled sample.

Statistical comparisons were performed by paired Stu-
dent’s t-tests (null hypothesis—the z scores should be zero
if facial dimensions in obese adolescents do not differ from
the reference population; alternative hypothesis—z scores

significantly different from zero) and unpaired Student’s t-
tests (null hypothesis—values obtained for boys are not dif-
ferent from those for girls; alternative hypothesis—values
obtained for boys are different from those for girls). A P
value of .05 or smaller was considered significant.

RESULTS

On average, adolescent girls were significantly older (1.7
years) than adolescent boys and had a significantly larger
BMI (Table 1). In contrast, the z scores did not differ sig-
nificantly between sexes (Student’s t-test for independent
samples, P . .05 in all occasions), and pooled values were
computed.

Overall, most variables were larger in obese adolescents
than in their normal peers (positive z values), even if they
did not all reach statistical significance. Significant (paired
Student’s t-test, P , .05) positive differences were found
for skull base width (girls), mandibular (intergonial) width
(both sexes), lower face depth (girls), and mandibular cor-
pus length (girls). Obese adolescents boys had a smaller
mouth (ch-ch) and a smaller upper facial height (n-sn) than
normal adolescents. In obese adolescent girls, three vertical
dimensions were smaller (forehead, upper facial height, and
total facial height) than those measured in normal adoles-
cents. None of these negative values was significantly dif-
ferent from zero (P . .05).

In the pooled sample (boys plus girls), obese adolescents
appeared to possess faces that were significantly wider
transversally (skull base width, mandibular width), deeper
sagittally (mid and lower face depth, mandibular corpus
length), and shorter vertically (upper facial height) than
those of the reference group. As an example, the soft tissue
facial features of an obese adolescent boy as compared with
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FIGURE 2. Facial soft tissues of an obese adolescent boy (gray lines and dots) superimposed on the tissues of the sex- and age-related
normal adolescents (black lines and dots). (A) Frontal view. (B) Lateral view.

his sex- and age-related normal reference group are de-
picted in Figure 2.

DISCUSSION

Reference anthropometric data of the face are not only
essential for the quantitative description of normal individ-
uals, but they could also be used profitably in diagnostic
procedures.14,16,22,23 To differentiate between different pa-
thologies as well as between individual morphologic vari-
ations, measurements are essential.16

In the present study, a three-dimensional noninvasive
system allowed the quantitative analysis of the soft tissue
facial characteristics in a group of obese adolescents. Data
were compared with those collected in normal subjects of
the same age, sex, and ethnic group by using z scores. This
method allows standardization of single measurements ob-
tained from individuals of different ages and sexes and
comparison of equivalent values.14,16 The use of z scores
allowed the comparison of adolescent boys and girls of dif-
ferent ages. Facial dimensions are modified during growth
and development with sex-related characteristics,11,24–26 and
the analysis of simple (nonstandardized) facial dimensions
may not be informative.

The obese adolescents who participated in this study
were not enrolled in a clinical contest and were not seeking
medical intervention, but their measurements were taken
during our longitudinal and crosssectional investigations of
craniofacial growth and development performed within ju-
nior high schools and high schools.25,26 Therefore, their obe-

sity was limited, with BMI ranging between 30.03 and
36.69 kg/m2. In contrast, the adolescents analyzed by Ohrn
et al11 ranged at a minimum between 33.44 and 45.1 kg/m2

(an approximate calculation computed from their mean and
standard deviation).

The threshold value chosen in the current study was sug-
gested by Ohrn et al.11 In nutritional studies, an obese ad-
olescent is defined as a subject with a BMI larger than 30
kg/m2 or larger than the 95th percentile for age and sex,
whichever is smaller.3,6,20,27 The use of the 95th percentile
of the relevant age-, sex-, and race-specific distribution of
BMI may be more accurate,5,19 but the present criterion of
inclusion could be considered correct as a first screening.

A further confounding factor in the definition of a thresh-
old for adolescent obesity is the general maturation of the
subject as related to the timing of puberty.11,18,27 Subjects
tall for their age and with a faster maturation are often with
extreme BMI,27 and therefore a combination of BMI, skin-
fold thickness, and maturation state may be more appro-
priate, especially in a clinical context.18

Unfortunately, no data (such as modifications in facial
hair or voice changes) on the maturation state of the pre-
sent adolescents were available. The mean z scores of
standing height of the present subjects were within a nor-
mal range, especially in girls, and their general somatic
growth could be considered within the normal varia-
tions.9,27 Therefore, the differences in their facial dimen-
sions seem to be directly related only to obesity, as sug-
gested in the study by Ohrn et al11 for differences be-
tween obese and normal adolescents similar to those
found in the current investigation.
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Soft tissue facial morphology has been sparingly studied
in obese patients, and a limited number of investigations
can be found, for instance, the use of oral diameters, neck
circumference, and BMI as a screening tool for obstructive
sleep apnea.17 In the radiographic study by Ohrn et al,11 the
analysis was limited to the growth patterns of skeletal struc-
tures, and no data were reported on facial soft tissues. In
the present study, computerized indirect anthropometry al-
lowed a fast investigation (less than one minute of data
collection, the complete set of data of one subject is avail-
able off-line in 10 minutes) of all three facial thirds in all
three spatial dimensions.15 The adolescents had no biolog-
ical price to pay, a crucial consideration when analyzing
nonpatient growing subjects.12

Overall, the current results are in good agreement with
the findings obtained by Ohrn et al11 in a somewhat larger
number of patients: a general increment in facial dimen-
sions of obese adolescents, an increase in mandibular
length, a reduction in upper anterior facial height. Apart
from the already mentioned variations in BMI values, some
differences between the two investigations have to be un-
derlined: the girls who participated in this study were about
0.3 years older, the study was three-dimensional and not
limited to the sagittal plane, both hard and soft facial tissues
were considered. Although the age difference may probably
have not influenced the results in normal (nonobese) ado-
lescent girls,24–26 there are no data about its effect in obese
girls. The introduction of a third dimension also allowed
the assessment of transverse facial measurements. The in-
crement in transverse facial dimensions found in the obese
adolescents is in general agreement with previous findings
of larger facial dimensions in the anterior-posterior and ver-
tical dimensions.11

CONCLUSIONS

The analysis of the global facial appearance, obtained
by the soft tissue cover of an underlying skeletal frame,
allowed a more comprehensive study of obese subjects.17

The most important finding is that ‘‘borderline’’ obese
adolescents (mean BMI 31.67 kg/m2) also possessed
some facial characteristics typical of patients with a more
substantial obesity (mean BMI 38.2 kg/m2). The effect
of an increased body weight-per-height is therefore pre-
sent also in the face of subjects not already referred to a
medical control.
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