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Abstract: The evaluation of the symmetry of orbital and ear soft tissues is important for aesthetic and
reconstructive surgery. However, little information is available for these facial regions, especially in
children. We analyzed the orbital and auricular symmetry in 418 Italian and 206 Sudanese subadult
males divided into three age groups (8-11, 12-15, and 16-19 years old). Orbital and auricular height
and width were measured for calculating fluctuating and directional asymmetry indices. Differences
in asymmetry indices according to ethnicity and age group were assessed through the two-way
ANOVA test (p < 0.01), while differences in the prevalence of right or left asymmetry according
to ethnicity were assessed through the chi-square test. On average, directional asymmetry indices
ranged from —2.1% to 1.1%, while fluctuating asymmetry indices ranged between 2.9% and 5.4%,
corresponding to a small effect size and to 1.06-2.34 mm actual dimensions. Sudanese subjects
showed a greater asymmetry for all the indices except for the fluctuating asymmetry of orbital height
(p < 0.01). The directional asymmetry of auricular width increased with age. A prevalent right-side
asymmetry was found for all the orbital indices (p < 0.001) in both populations, although significantly
more prevalent in Sudanese individuals (over 83% for both measures), while auricular measures
showed a prevalent left asymmetry exclusively in the Sudanese but with lower percentages. Aside
from the limited effect size, the results proved the ethnic variability of asymmetry of orbital and
auricle regions in children and suggest the need to collect more population data.
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1. Introduction

Information about precise proportions and symmetry of facial structures has impor-
tant applications in several fields of research and clinical care, especially in the area of
reconstructive and aesthetic surgery [1-6]. The goal of an intervention is to obtain an
aesthetically pleasant result, having to be consistent with gender, age, ethnicity, and facial
features of the patient, and taking needs and expectations into account. In the case of
injuries of paired and symmetric structures, the contralateral is used as the reference for
the reconstruction of the injured element [7,8]. However, this approach should be based
on detailed knowledge of the actual level of symmetry of the corresponding anatomical
structures: the hypothesis of a perfect bilateral symmetry (between paired structures) has
never been supported by experimental data [1,6]. Even attractive faces show a certain
degree of asymmetry [9-11]. The influence of facial symmetry on attractiveness has been
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studied extensively with inconclusive results in the past decades. Effectively, depending
on the studies, facial symmetry was found to be alternatively essential for attractiveness,
irrelevant (if slight), or even a pejorative factor [11-13]. To explain these conflicting findings,
in a recent study, Zheng et al. hypothesized that facial symmetry increases attractiveness
only when it improves the perception of normality of the face, considering ‘normal’ a face
whose features and configuration are within the normal range of values appropriate for
sex, age, and ethnicity [13].

Therefore, the assessment of facial symmetry degree as a characteristic of a population
is fundamental to provide data useful to improve the efficacy and the expectations of
reconstructive surgical procedures [1]. For example, data concerning facial asymmetry in
relation to sex, age, and ethnicity could be usefully included among the characteristics used
for the three-dimensional simulation of a reconstructive/aesthetic surgical intervention,
not only for a better communication with patients [14] but also as a valuable part of the
strategies used in plastic surgery [15]. Besides the surgical field, the design of prostheses
and medical and professional devices such as respiratory protective equipment also needs
a detailed description of facial asymmetry and its range in normal people [6].

From a general point of view, asymmetry can be classified as fluctuating and direc-
tional [12,13,16-19]. Fluctuating asymmetry does not favor one side of the body over the
other, and it is considered as the random developmental variation in a trait that is perfectly
symmetrical, on average [20]. Specifically, it is the variance in difference between left
and right sides with values distributed around 0 for a potentially perfectly symmetrical
characteristic. Fluctuating asymmetry is believed to evidence the imprecise expression
of development instability: according to Van Valen [21], the term ‘fluctuating” indicates
that the direction of symmetry is not under genetic control but may ‘fluctuate’ from one
generation to the next. In other terms, fluctuating asymmetry is the result of random per-
turbations during the developmental process [16]. Less stressed individuals or individuals
with a larger buffering capacity should show a reduced level of asymmetry [20,22].

If, on the one hand, fluctuating asymmetry can be seen as a small difference between
the left and the right sides due to random errors in the individual development, and so it is
the amount of deviation from the genetically determined ‘target phenotype’ [18], on the
other hand, directional symmetry indicates a systematic difference in the development in
a population sample (the average asymmetry between the two sides in that population).
Thus, directional asymmetry expresses the prominence of a side in a population, gaining
the value of being a marker of the evolutionary pressure under genetic components and
environmental control [18,23].

Indeed, the investigation of both types of symmetry has gathered momentum, partic-
ularly in the ecological and evolutionary contexts, with the aim to suggest evolutionary
mechanisms behind the left-right dominance in many vertebrate species, including hu-
mans [16,17]. For instance, in humans, all of the abovementioned discussion about facial
symmetry, attractiveness, and perceived good health [13] has been related to mate choice
and the transmission of good genes to the next generation [11,17]. In other vertebrates,
investigations about limb and body symmetry, brain dominance, and occurrence of injuries
lead to hypotheses that consider left-sided individuals to have a higher mortality rate
than right-sided ones. Studies extensively analyzed some reptile species [19,24,25] and
proposed left dominance in ‘limbs’ (in comparison to right dominance) as stress-related or
functional [24]. The hypothesis may be relevant for Homo sapiens [19].

Switching from reptiles to humans, studies in the literature show extensive research
on fluctuating and directional symmetry of the face and body with both evolutionary and
biomedical perspectives. Among others, the periorbital and auricle soft tissues are often
involved in reconstructive surgical interventions [26,27]. For what concerns these facial
structures, several studies have provided information about their metric and morphological
variability among individuals of different sex, age, and ethnicity [8,26-29], but very few
authors have specifically investigated their bilateral symmetry, also known as matching
symmetry [30]. If, on the one hand, some information is available for single facial structures



Symmetry 2021, 13, 1657

30f12

such as the auricle, on the other hand, this kind of data is still limited to the adult age [6,7],
whilst data concerning the overall facial asymmetry is the only reported for subadult ages
(children and adolescents) [1,2,9,31]. Facial plastic and reconstructive surgery, as well as
maxillofacial surgery, are performed in different percentages in patients of different ages,
and the needs greatly vary across the world, requiring appropriate information for each
age [32].

Moreover, data about symmetry in human populations of different geographical
origin are still scarce in the literature; yet, ethnicity may influence metric and morpho-
logical features of the face, with obvious consequences on the choice of the reference
standards used by reconstructive surgery. The first studies focused on European Whites,
Africans, and Latin Americans, with Asian subjects being present only in more recent
investigations [1,2,6,9,22,33]. This implies the collection of reference data pertaining to
different populations, as the analysis of symmetry should consider factors such as sex, age,
growth, health status, and ethnicity.

A further consideration is about the instruments and methods used to quantify facial
symmetry; recent investigations applied geometric morphometrics and similar methods
to both two- and three-dimensional data and obtained global estimates of the differences
between the two sides of the face [1,2,6,9,10,16,17,22]. In addition, in these studies, the
facial surface was often sampled using optical instruments that collect a wealth of data;
the specialized expertise necessary for their analysis and interpretation may not be so
widespread as it should. Recently, Ekrami et al. [16,17] developed an elegant method to
quantify fluctuating asymmetry in the face of adult subjects. While these methods can
provide precious information to gain a deeper understanding of the underlying biological
processes, they may be of difficult practical application within clinical settings, where
neither the instruments nor the know-how of using computer-assisted three-dimensional
software enabling three-dimensional morphometric analyses are available, and where the
main demands are often limited to the actual quantification of asymmetry through linear
distances [10,33,34].

Therefore, this study aimed to partially fill some of the gaps existing in literature;
in particular, data on orbital and auricular symmetry were compared in two subadult
populations of different ethnicity: Italian (White European) and Sudanese (Arab descent)
children and adolescents aged between 8 and 19 years. Both ethnic groups have already
been investigated in our laboratory, but asymmetry was not studied [26,27,35]. For this
purpose, data collectable also by simply using a caliper (linear distances) were considered
and thus analyzed with basic calculations without requiring specific technical competencies.
The results will be useful to verify the possible modification of symmetry of linear distances
with age and the existence of ethnic variability among the compared populations, thus
providing important and new data paving the way to additional studies on facial region
symmetry in populations of ethnicity different from the ones examined here. In addition,
some initial, nonexhaustive considerations dealing with the current debate about symmetry
and its evolutionary role are reported.

2. Materials and Methods

Three-dimensional facial coordinates were acquired on 418 Italian and 206 Sudanese
male subjects aged between 8 and 19 years (mean age, Italian: 13.4 £ 3.3 years; Sudanese:
13.7 & 3.1 years). Possible differences of age between the two populations were assessed
through Student’s t-test. The study followed the guidelines provided by the Helsinki
Declaration and was approved by the University ethical committees (Italy: 26.03.14, no.
92/14; Sudan: Elrazi dental School, no. Dent/01). Part of the data of the Sudanese subjects
were published elsewhere [35], while data of the Italian subjects were obtained by our
laboratory database.

Acquisition was performed through a stereophotogrammetric system (VECTRA-
3D®: Canfield Scientific, Inc., Fairfield, NJ, USA) and a portable handheld laser scan-
ner (FastSCAN Cobra, Polhemus Inc., Colchester, VT, USA), respectively, in the Italian
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and Sudanese groups. Both the acquisition techniques are noninvasive and provide no
risks [36—41]. All the recruited individuals were not affected by any genetic diseases and
with no facial congenital or acquired deformities. Their face was also considered symmetri-
cal at visual inspection. Repeated landmark identifications and facial digitizations using
both stereophotogrammetry and the laser scanner were found to be free from statistically
significant systematic errors, with mean random errors (technical error of measurement) of
0.722 and 0.755 mm, respectively [36-38].

Four landmarks were assessed both for the orbital and the auricular regions (as
described in Table 1 and shown in Figure 1) according to Farkas [42]. Four measurements
were then automatically calculated from the coordinates of the abovementioned landmarks
both on the right and the left side: orbital height (os-or), orbital width (en-ex), auricular
height (sa-sba), and auricular width (pra-pa).

Table 1. Definition and abbreviation of analyzed facial landmarks.

Landmark Abbreviation Definition

Point of the superior orbital edge
corresponding to the supraorbital notch
Orbital region Orbitale Or Medial point of the inferior orbital edge
Point at which the inner end of the upper

Sopraorbitale Os

Endocanthion En and lower eyelid meet
Exocanthion Ex Point at which the outer .end of the upper
and lower eyelid meet
Superaurale Sa Most superior point of the auricle
Auricular region Subaurale Sba Most inferior point of the auricle
Preaurale Pra Most anterior point of the auricle
Postaurale Pa Most posterior point of the auricle

Figure 1. Landmarks used for the chosen measurements: os: sovraorbitale; or: orbitale; en: endocan-
thion; ex: exocanthion; sa: superaurale; sba: subaurale; pra: preaurale; pa: postaurale.

For the Italian group, the landmarks were manually identified on the stereophotogram-
metric reproduction of the face, where a textured photograph was obtained together with
the mesh of the digitized points. Details about the procedures can be found in recent
reports [34,41,43]. For the Sudanese group, the acquired facial image was analyzed through
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an interactive three-dimensional modeler software (Rhinoceros NURBS modeling for Win-
dows 4.0, RobertMcNeel & Associates, Seattle, WA). The software is based on nonuniform
Rational B-Splines and can model the geometric shape as a three-dimensional parameter
that accurately reflects the facial shape. The coordinates (x, y, z) of biologically relevant
landmarks can then be extracted for further three-dimensional measurements [35,38].

For each measurement, an asymmetry index was calculated as follows:

(R—L)* 100
R+L

where R is the right- and L the left-side measurement (directional asymmetry): positive val-
ues are obtained when the right-side distance is longer than the left-side one, and negative
values are obtained in the opposite situation, with a predominant left-side value. Moreover,
the absolute value of the above formula was calculated as well to obtain the fluctuating
asymmetry [44]. Mean asymmetry indices and corresponding standard deviations were
calculated in both the populations according to three age groups: 8-11 years, 12-15 years,
and 16-19 years, and their difference from an expected value of 0 (perfect symmetry) was
assessed by paired Student’s ¢ tests (p < 0.01). The prevalent side of directional symmetry, ei-
ther right- or left-side asymmetry (i.e., positive or negative asymmetry index, respectively),
was recorded for both the populations.

Possible significant differences in asymmetry indices for orbital and auricular height
and width according to ethnicity and age group were assessed through a two-way ANOVA
test (p < 0.01); a post hoc assessment according to age groups was performed through
Tukey’s test applying Bonferroni correction for the degrees of freedom (p < 0.003). To
estimate the effect size of significant main effects and interactions, the eta squared value
was computed. This value describes the practical importance of the statistically significant
difference: values lower than 0.02 are considered very small, up to 0.13 small, between 0.13
and 0.26 medium, and from 0.26 to 1.00 large [45].

Possible significant differences in prevalence of right or left directional asymmetry for
orbital and auricular height and width were assessed through the chi-square test using a
hypothetical sample with right- (positive asymmetry index) and left- (negative asymmetry
index) side asymmetry equally represented (p < 0.01). Possible differences in the prevalence
of right- and left-side directional asymmetry for all the measurements according to ethnicity
were assessed through the chi-square ¢-test (p < 0.01). For all comparisons, two-tailed tests
were used.

3. Results

No significant differences in age were found according to ethnicity (p > 0.05). Mean
values of the four linear distances are shown in Table 2; on average, the orbital height and
width were about 37.5 mm in the Italian population and 44 mm in the Sudanese sample.
In the Italian population, the auricular height and width were, on average, 56 mm and 34
mm, respectively, while the same measurements in the Sudanese sample were, on average,
51 mm and 32 mm. All symmetry indices were significantly different from 0 (p < 0.001),
except ear width in the Italian subjects (p = 0.205).

General results concerning indices are shown in Figure 2; the directional asymmetry
index of orbital height and width was, on average, 1.1 & 3.5% (mean £ SD%) and 1.9 + 4.8%
for the Italian and 2.4 & 2.6% and 4.3 & 5.2% for the Sudanese groups, respectively; the
corresponding values of the fluctuating asymmetry index were 2.9 & 2.2% and 3.7 4= 3.6%
for the Italian and 2.9 + 2.2% and 5.4 £ 4.0% for the Sudanese groups, respectively.
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Table 2. Orbital and auricular measurements and corresponding standard deviations in the Italian and Sudanese samples.

Orbital Measurements Auricular Measurements
Height (mm) Width (mm) Height (mm) Width (mm)

8-11 years Right side 36.3 (7.9) 36.9 (7.8) 53.3 (7.3) 32.5 (4.9)
(N =116) Left side 35.2 (7.2) 35.0 (6.4) 53.8 (6.9) 33.2 (4.4)
Halian 12-15 years Right side 36.2 (7.8) 37.5 (6.8) 56.2 (5.9) 34.4 (4.0)
(N =183) Left side 35.5 (6.8) 36.4 (5.7) 57.1 (5.7) 34.3(3.7)
16-19 years Right side 40.6 (7.5) 40.8 (8.4) 55.6 (5.3) 33.2(3.8)
(N =119) Left side 39.5 (6.5) 38.6 (6.9) 56.2 (5.5) 33.1(3.2)
8-11 years Right side 43.0 (3.0) 432 (4.5) 49.2 (3.9) 30.2 (3.1)
(N =63) Left side 412 (2.4) 39.2 (4.6) 50.4 (3.9) 32.8 (3.6)
12-15 years Right side 44.8 (3.9) 45.1 (5.0) 50.3 (3.4) 31.2 (2.9)
Sudanese (N = 86) Left side 42.8 (4.1) 416 (5.2) 52.0 (3.7) 32.2(3.3)
16-19 years Right side 46.4 (4.2) 47.0 (5.6) 53.3 (4.2) 32.1(3.4)
(N =57) Left side 43.8 (4.3) 43.3 (5.6) 53.9 (4.9) 32.5(2.7)
Orbital asymmetry indices Auricular asymmetry indices

6%

4%

1 J
0%

-2%

4%

8-11 years  12-15years 16-19 years

Height Height| Width IWidth| H |Height] ' +! IWidth|

Height Width

ltalian children | (n=116) [] (=183 [ (=119
Sudanese children | (n=63 [ (n=66) [JJ] (n=57)

Figure 2. Mean values of asymmetry indices of orbital and auricular region and corresponding standard errors according to

nationality and age groups.

The directional asymmetry index of auricular height and width was, on average,
—0.6 +2.6% and —0.3 & 4.5% for the Italian and —1.2 £ 3.1% and —2.1 &+ 5.1% for the
Sudanese groups, respectively; the corresponding values of fluctuating asymmetry were
2.0 & 1.8% and 3.4 & 3.0% for the Italian and 2.6 = 2.1% and 4.2 & 3.6% for the Sudanese
groups, respectively. Overall, the actual effect size for all the average asymmetry values
ranged between 1.06 mm (Italian group, eye height) and 2.54 mm (Sudanese group, eye
width).

Results of the one-way ANOVA test are shown in Table 3. Sudanese subjects showed a
higher asymmetry than the Italian ones for all the indices except the fluctuating asymmetry
of orbital height (p < 0.01). On the other hand, only the auricular width showed differences
according to age groups, being lower in the 8-11 years age group than in the 16-19 years
age group (post hoc test, p < 0.003). No significant ethnicity and age interactions were
found. In all occasions, the eta squared value was lower than 0.043, indicating small or
very small effect sizes.
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Table 3. Results of two-way ANOVA test applied to asymmetry indices according to nationality and age group: in bold:
p < 0.01; # differences between 8-11 years and 16-19 years (<0.001).

Ethnicity Age Group Ethnicity x Age Group
Eta Eta Eta

F P Squared F P Squared F P Squared
i Height  19.076  <0.001 0.030 1.611 0.201 0.005 1901  0.336 0.004
Orbital |Height!  0.636  0.426 0.001 3.959 0.020 0.013 2615  0.074 0.008
asymmetry Width  28.093  <0.001 0.043 1.882 0.153 0.006 0476  0.621 0.002
indices IWidth|  24.218  <0.001 0.038 3.500 0.031 0.011 2850  0.204 0.001
_ Height  7.113 0.008 0.010 1.582 0.206 0.005 0.632 0532 0.002
Auricular |Height|  13.045  <0.001 0.020 1.367 0.256 0.004 0.052  0.950 0.000
asymmetry Width 24477  <0.001 0.036 10.971  <0.001 # 0.033 4379  0.013 0.013
indices IWidth|  10.260  0.001 0.015 4158 0.016 0.013 0210 0.810 0.001

Data concerning the right- and left-side prevalence of asymmetry are reported in
Table 4. Right asymmetry was prevalent both in Italian and Sudanese populations for all
the orbital measurements (p < 0.001) with higher percentages for the Sudanese population
(86.8% and 83.4% for orbital height and width, respectively) in comparison with those of
the Italian sample (67.0% and 64.0% for orbital height and width, respectively) (p < 0.001).
Conversely, for auricular measurements, no prevalence of right- or left-side asymmetry
was found in the Italian sample (p > 0.05), whereas the left asymmetry was more frequently
observed in the Sudanese group (63.7% and 66.2% for auricular height and width, respec-
tively, p < 0.001). Finally, a significant difference was found between the two populations
only for auricular width (p < 0.001).

Table 4. Frequency of right and left asymmetry for all measurements: in bold: chi-square test,
p<0.01.

Eye Asymmetry Indices Ear Asymmetry Indices

Height Width Height Width
Right 67.0 64.0 43.9 52.0
Italian (%) (p<0.001) (p<0.001) (p:0.0714)  (p: 0.5484)
Left 33.0 36.0 56.1 48.0
(p<0.001) (p<0.001) (p:0.0714)  (p: 0.5484)
Right 86.8 83.4 36.3 33.8
Sudanese (%) (p < 0.001) (p < 0.001) (p: 0.0053) (p < 0.001)
Left 13.2 16.6 63.7 66.2
(p<0.001)  (p<0.001)  (p:0.0053) (p<0.001)
Differences according to ethnicity <0.001 <0.001 0.0718 <0.001

4. Discussion

Reconstructive surgery in the face is often based on the restoration of anatomical
structures according to the contralateral one, usually on the base of a hypothesized and
undemonstrated symmetry between the two sides. From this point of view, the assessment
of the degree of symmetry (left-right mismatch) in a normal population is fundamental as
it provides reference data appropriate for sex, age, and ethnicity [9]. Treatment planning
should consider these levels of symmetry to regain (or increase) facial normality and,
subsequently, its attractiveness [1,10,13]. A recent paper by Zheng et al. [13] explained this
link well among actual and perceived characteristics of a face: the closer to ‘normal,’ the
more pleasant the individual. Symmetry/asymmetry would augment attractiveness as far
as it increases normalcy.

Although the study of asymmetry has gathered much attention in the past decades
in many fields and with different objectives, and regardless of the ambiguity noticeable
in the literature, the dispute on its role, its measurement, meaning, and interpretation,
to our knowledge, few studies have investigated the asymmetry of singular facial re-
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gions/structures, and, in particular, none have analyzed the asymmetry of orbital and
auricle soft tissues in subadult individuals (children and adolescents).

In addition to age, the ethnic variability is a further factor scantily considered by re-
searchers. Furthermore, some of the partial data already existing in the literature have been
derived from recent studies where the data collection procedures and the employed mathe-
matical methods may be not so suitable for all clinical conditions [1,2,6,9]. In particular,
the use of geometric morphometrics and advanced mathematical and statistical methods
appears to be limited to research settings, with scanty clinical applications [1,2,6,9,17,22].
From this point of view, only optical instruments such as laser scanners and stereopho-
togrammetry units can provide the necessary dense two- or three-dimensional facial scans.
In contrast, clinicians may require simplified approaches focusing on the quantification of
asymmetry through linear distances [22].

Therefore, the present study aimed to provide more information about the orbital and
auricular symmetry (1) in a subadult population, (2) in two different ethnic groups, and
(3) with simple approaches and calculations repeatable in all clinical settings, in order to
verify the symmetry of these two facial regions and their variation with age and according
to ethnic variability.

The mean values of the orbital and auricular distances observed in the Italian popula-
tion by the present study are well in line with previous literature reports about the same
ethnic group, age, and sex [26,27]. However, data reported for Sudanese subjects were pub-
lished from our laboratory only and cannot be compared to other reports [35]. Differences
in linear distances were found between the two different ethnic groups, confirming the
role of ancestry in both orbital and auricular size [8,26,27,31,32,35,42], but no study has
reported orbital and auricular asymmetry values in these populations. As any surgical
procedure in children and teens should consider the estimated residual growth, we selected
children and teens aged 8 years or more because, in both ethnic groups, periorbital and
auricular areas have attained 90% or more of their adult dimensions around 8-9 years of
age [26,27,35].

As far as facial asymmetry is concerned, the current results provided interesting hints
related to evolutionary mechanisms behind the left-right dominance, observed in many
vertebrate species, including humans [10,16-18]. For instance, studies on reptiles have been
conducted on the asymmetry of head traits (eye): some authors have proposed that brain
laterality in lizards is also reflected in asymmetrical eyes [46,47]. A possible hypothesis
considers morphological directional asymmetry as a proxy for brain laterality, in other
words, the existence of an evolutionary mechanism involving the laterality of the brain as
an explanation of the stress and risk behavior manifested in individuals with an asymmetry
of certain structures [25].

Biological and clinical future research should focus on some of the findings; first,
asymmetry indices of the orbital and auricular area were significantly different from
0, except the ear width in Italian boys and adolescents; second, asymmetry was more
pronounced in the Sudanese than in the Italian sample; third, most of asymmetry indices
were weakly related with age, except for the auricular width, which showed a significant
difference between the extreme age groups (8-11 years and 16-19 years). We have no
specific explanations about the peculiar results obtained for auricular width, which should
be attentively reconsidered.

Cho et al. [1] investigated a group of children and adolescents aged between 0 and
18 years and found that neither age nor ethnicity influenced facial and cranial asymmetry, a
datum also reported for reptiles [19]. The lack of age-related differences could be explained
by a genetic origin of asymmetry, also modeled by prenatal stress. On the contrary, on
adult subjects, both age and ethnicity were reported in the literature to influence facial
asymmetry; in a group of males and females aged between 18 and 63 years, Quinto-Sanchez
et al. [22] found that asymmetry increased as a function of age; one explanation may be
a cumulative effect of postnatal stress. Sajid et al. [6] investigated the impact of sex and
ethnicity on the facial asymmetry variations on two-dimensional frontal face images of
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a large number of adult subjects and reported a significantly higher level of asymmetry
for most of the facial dimensions of African compared to European individuals. They
tentatively explained the finding as a different masticatory activity in the groups.

Another explanation may be the different level of socioeconomical conditions between
Italy and Sudan and the possible effect of a larger developmental instability in the Sudanese
subjects, even if recent studies performed in Latin America and in Great Britain rejected
this hypothesis, at least for adult people and adolescents [9,22].

Notwithstanding the several significant differences found in the current asymmetry
indices, their actual, practical value seems to be limited, as shown by the negligible values
of eta squared. According to Seligmann [24], in lizards, a minor directional asymmetry of
the limbs may be produced by an evolutionary process relating morphological asymmetry
and injury rate: animals may show a higher survival after injury of the morphologically
dominant side, thus producing a directional asymmetry in the long run. For what concerns
the side of orbital directional asymmetry, the right side is prevalent in both the Italian and
the Sudanese sample; moreover, this characteristic is more pronounced in Sudanese subjects
(more than 80% of subjects) than in Italian subjects. On the other hand, the auricular
measurements did not show a predominant side, but only in the Italian group; in the
Sudanese population, the left-side symmetry was significantly prevalent (in more than 60%
of cases). It is difficult to comment on this result as no literature information is available;
some possible contributing factors may be facial sidedness [8], which might influence
orbital soft tissues. Haraguchi et al. [33] reported a significant right-sided dominance of the
face in a group of Japanese orthodontic patients aged 2-59 years; neither sex nor skeletal
jaw relationships influenced the asymmetry, even if a wider left hemiface was found more
frequently in older patients and a wider right hemiface was observed more frequently in
younger patients. A larger left-side total face was found by Ercan et al. [10] in young adults.
Large left-side eyes were reported by Razzetti et al. [19] for Amiota and were related to
brain activity for stimuli given by food (right side eye, less aggressive) or enemies (left side
eye, more aggressive) [23,48].

Motion artefacts may also be a factor, especially for the Sudanese group. Indeed, while
stereophotogrammetry collects facial data in some milliseconds, laser scanning performed
with a handheld instrument may require 60-90 s, thus introducing some possible minor
bias [35] that passed the laboratory quality check.

A limitation of the present study is that it did not take into consideration all the wealth
of data provided by the optical facial scans and the possibilities of geometric morphomet-
rics [10,16,17]. Thus, the current investigation was limited to some asymmetry indices, and
multivariate studies that may unravel some of the complexity of human facial asymmetry
have not been performed. Nonetheless, all analyses were based on linear measurements
of soft tissues of two facial areas, which can also be easily acquired through direct an-
thropometry; both photographic and caliper measurements can be used, thus permitting
the clinical analysis of asymmetry even when expensive three-dimensional acquisition
devices are not available. In our laboratory, we have already tested the compatibility of
several data acquisition protocols starting from caliper measurements [49]. However, to
perform a global analysis of asymmetry through surface superimposition, good-quality
three-dimensional optical digitizers are necessary as surfaces are poorly reproducible
without adequate instruments [37,50].

The present study has the limit that measurements were acquired through the use
of two different three-dimensional image acquisition systems: the comparison of facial
virtual models obtained through different devices may lead to discordant data, but only
for what concerns volume measurement and the registration of three-dimensional sur-
faces [50]. Among studies on the similarity between facial measurements obtained by
stereophotogrammetry and laser scanning, Gibelli et al. compared facial virtual models
acquired from living subjects. They found a high degree of agreement for most of the
calculated linear distances (except for the mandibular ramus length), angles, and surface
areas, whilst volume measurements and registrations of three-dimensional surfaces were
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poorly comparable [50]. As in the present study facial models were used for the extraction
of landmark coordinates and the calculation of linear distances concerning the orbital
and auricular regions, the repeatability of measurements between laser scanning and
stereophotogrammetry can be confirmed [50].

Other limitations are related to the analyzed groups; data were collected only in two
ethnic groups of males aged between 8 and 19 years, and the current results cannot be
extended to subjects with different characteristics. Female subjects, individuals from other
age groups, and those of different geographical origins might in fact display a degree of
asymmetry different from that reported for our study sample [6,22]. In this perspective, the
present study should be considered as a preliminary investigation made in a convenience
sample.

5. Conclusions

The present study verified the existence of a clear asymmetry in orbital and auricular
measurements on healthy Italian and Sudanese male children and adolescents. Moreover,
asymmetry showed to be significantly different in the two analyzed groups, thus demon-
strating that ethnicity is a crucial influencing factor for the fluctuating and directional
symmetry of some facial regions. Therefore, results highlight the importance of collecting
population data for improving the reference standards useful for reconstructive surgery.

Nonetheless, even if statistically significant, on average, asymmetry was limited (mean
indices up to 5.4%), with actual effect size values lower than 2.6 mm. Surgical treatments
should consider these findings to plan interventions regaining facial characteristics closer to
the normal aspect of the patient’s reference group, thus enhancing attractiveness. Addition-
ally, the industrial design of protective equipment should consider appropriate reference
values and their variability to produce more comfortable and efficacious specimens.

From a broader point of view about the meaning of facial asymmetry within evolution-
ary mechanisms that may help the understanding of left-right brain laterality, morphologi-
cal and functional dominance, or the effect of stress, more specific data collections should
be planned by taking advantage of the newest instruments and mathematical modeling.
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