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Aim The aim was to compare the degree of back symmetry 
in two groups of subjects with and without pathologic facial 
asymmetry and to assess any possible associations between 
face and back asymmetry evaluated on three-dimensional 
surface face and back scans.

Material and methods The study design consisted 
of allocation of 70 subjects (35 females, 35 males) aged 
6.4±0.5 years, according to the percentage of whole face 
symmetry assessed on three-dimensional (3D) facial scans 
into a ‘symmetric’ (symG; symmetry ≥70%) and ‘asymmetric’ 
(asymG; symmetry <70%). The 3D face and back scans were 
analysed using colour deviation maps and percentages of 
symmetry of the whole face and back surfaces as well as their 
three separate areas: forehead, maxillary and mandibular 
areas for the face and neck, upper and middle trunk areas for 
the back, were calculated. Non-parametric statistical tests 
were used for between-group comparisons (Mann-Whitney 
U test). Within each group, differences between each face or 
back area were tested with the Friedman test. Correlations 
between face and back symmetry were assessed with the 
Spearman rho coefficient. 

Results The symG exhibited a significantly higher symmetry 
in each facial area than the asymG. The mandibular area was 
the least symmetric area of the face within each group, with 
significantly smaller values than the maxillary area in the 
symG and significantly smaller values than the forehead and 
maxillary area in the asymG. The percentage of whole back 
symmetry did not significantly differ (p>0.05) between the 
symG ( 82.00% [67.4;88.00]) and asymG (74.3% [66.1;79.6]). 
The only significant between-group difference was observed 
for the symmetry of the upper trunk area (p=0.021), with lower 
symmetry values in the asymG. No significant associations were 
detected between face and back parameters. 

Conclusions The percentages of symmetry in each facial 
area were significantly higher among subjects without 
pathologic facial asymmetry. The most asymmetric area of 
the face, regardless of the degree of whole face symmetry, was 
its mandibular area. No significant differences were detected 
within different back areas; however, subjects with asymmetric 
faces showed significantly smaller symmetry of their upper 
trunk area.  
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Introduction

Facial symmetry is associated with a state of balance and 
the correspondence in size, shape, and arrangement of facial 
structures on opposite sides of the mid-sagittal plane, while 
asymmetry indicates imbalance [Ercan et al., 2008]. Although 
asymmetry ranges from clinically undetectable to a distinct 
abnormality [Stauber et al., 2008, Van Elslande et al., 2008, 
Djordjevic et al., 2011], minor, non-pathologic facial asymmetry 
is relatively common [Shah and Joshi, 1978]. The difference in 
the degree of growth between the right and left sides may be 
caused by genetic factors, environmental factors, or a combina-
tion of both [Lundstrom, 1961, Melnik, 1992], and the develop-
ment of facial asymmetry can also be related to the functional 
activity of the skeletal, muscular system [Ferrario et al., 1993, 
Ras et al., 1995]. It has been claimed that craniofacial growth 
is associated with the cervico-vertebral anatomy in subjects 
without evident orthopaedic anomalies [Huggare and Cooke, 
1994, Solow and Siersbaek-Nielsen, 1992]. Although some 
attempts have been made to assess the correlation between 
asymmetric occlusion and body posture, mainly all the studies 
were performed on subjects in the pubertal [Sidlauskiene et al., 
2015] or post-pubertal phase [Ben-Bassat et al., 2006, Lippold et 
al., 2012, Lopatiene et al., 2013], with a known spine anomaly 
[Ben-Bassat et al., 2006, Zhou et al., 2013] using either two-
dimensional and invasive methods [Korbmacher et al., 2007]. 
There is an increased occurrence of orthopaedic disorders 
among children with unilateral malocclusion [Korbmacher et 
al., 2007], and a statistically significant correlation between 
midline deviation and oblique pelvis [Lippold et al., 2000] were 
reported. On the contrary, a recent study concluded that back 
asymmetry was not significantly more frequent among subjects 
with functional posterior crossbite than in subjects with normal 
occlusion [Primozic et al., 2019]. Moreover, a systematic review 
of the literature revealed limited evidence to withdraw sound 
conclusions on the potential effects of malocclusion on body 
posture [Perinetti et al., 2013]. 

KEYWORDS 3D facial scan, facial symmetry, symG, asymG.



DEVELOPING DENTITION AND OCCLUSION IN PAEDIATRIC DENTISTRY

125EuropEan Journal of paEdiatric dEntistry vol. 24/2-2023

There is still a scarcity of knowledge regarding the association 
between face and back asymmetry, to our best knowledge. 
Therefore, the aim of the present study was to compare the 
degree of back symmetry in two groups of subjects with and 
without pathologic facial asymmetry and to assess any possible 
associations between face and back asymmetry evaluated on 
three-dimensional surface face and back scans.

Material and Methods

Ethical approval for this study was obtained (No. 111/12/14) 
from the National Medical Ethics Committee, and informed 
consent was obtained from the parents of all subjects before 
inclusion. The present study was conducted following the ethi-
cal standards of the Helsinki Declaration. 

The sample size was calculated based on the results reported 
in a previous study [Primozic et al., 2019], and a sample size of 
at least 34 subjects per group was necessary for between-group 
comparisons, with an alpha set at 0.05 and a power of 0.80. 
Subjects for this study were randomly selected from a larger 
group of subjects having their face and back scanned in the 
early mixed dentition period and clustered into two groups, 
according to the percentage of facial symmetry and regardless 
of their occlusion condition. Allocation was performed until, 

in both groups, the sample size of 35 subjects was reached. 
In the ‘symmetric’ group (symG), subjects with percentages of 
facial symmetry equal or greater than 70 percent were included, 
while subjects with lower percentages were allocated to the 
‘asymmetric’ group (asymG). Finally, the symG consisted of 18 
females and 17 males aged 6.4±0.5 years, while in the asymG, 
there were 17 females and 18 males aged 6.5±0.5 years.  Of 
note, in the symG, the majority of subjects had a normal occlusion 
(68.6%), 22.9 % had a distal and 8.6 % a mesial jaw relation-
ship. Of the latter, two had a bilateral while one subject had a 
unilateral crossbite. In the asymG, 62.9% had a normal sagittal 
jaw relationship with a unilateral functional crossbite, 14.3% a 
distal and 22.9% a mesial jaw relationship. 

Three-dimensional (3D) surface images of the face were ob-
tained using the 3dMDface System (3dMDLtd., United Kingdom) 
stereophotogrammetric cameras. These devices are eye-safe, 
with a scanning time of about 0.015 seconds and a reported 
manufacturing accuracy of 0.2 mm. Natural Head Posture was 
adopted for this study, as this has been shown to be clinically 
reproducible. Three-dimensional surface back images were ob-
tained using the ArtecTM MHT 3D Scanner (Artec 3D, Luxem-
bourg) [Ettl et al., 2012]. The scanning procedure was performed 
by two researchers, one moving the scanner around the subject 
at a distance of 70-100 cm and the other checking carefully for 

FIG 2 Assessment of symmetry of the whole back and its neck, upper and middle trunk areas on colour deviation maps, obtained by 
superimpositions of three-dimensional mirrored back shells. Planes through the attachment of the hair and the neck point, through the left 
and right points at the lower border of the scapula prominence, and below the lower scapula, the plane through the hips were used as areas’ 
boundaries. Black colour on the deviation map indicates symmetric areas, while blue and red areas show negative and positive deviations of 
the mirrored shells, respectively.

FIG 1 Assessment of symmetry of the whole face and its forehead, maxillary and mandibular areas on colour deviation maps, obtained by 
superimpositions of three-dimensional mirrored facial shells. Planes through the endocanthions and mouth commissures were used as areas’ 
boundaries. Black colour on the deviation map indicates symmetric areas, while blue and red areas show negative and positive deviations of 
the mirrored shells, respectively.
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prominent points of the left and right hip). 
Statistical analysis
Balancing of the groups by age and sex was assessed by a 

Student t-test and a chi-squared test, respectively. After testing 
the normality of the data with the Shapiro-Wilk test and Q-Q 
normality plots of the residuals, and the equality of variance 
among the datasets using the Levene test, non-parametric 
methods were used for data analysis. Median and the 25th and 
75th percentile values of every tested face or back parameter 
are reported. The between-group differences for either the face 
or back parameters were calculated using the Mann-Whitney U 
test. Within each group, differences in the percentages between 
each of the three face areas (forehead, maxillary, mandibular) 
and between each of the three back areas (neck, upper trunk, 
middle trunk) were assessed using the Friedman test. The Wil-
coxon test with Bonferroni’s correction was used for pair-wise 
comparisons. The Spearman rho was used to assess any possible 
correlations between face and back symmetry. 

Method error for each face and back parameter was cal-
culated based on 10 pairs of randomly selected face or back 
asymmetry assessments performed one week apart. The method 
of moments variance estimator was used, and mean with 95% 
confidence interval (CI) values were calculated for each face 
and back parameter. The Statistical Package for Social Sciences 
software 21.0 (SPSS® Inc., Chicago, Illinois, USA) was used to 
perform the statistical analyses, and a p-value less than 0.05 
was considered significant.

Results

Method errors were 0.2 (0.1-0.4) for the percentage of sym-
metry of the whole face, 0.4 (0.2-0.7) for its upper, 0.8 (0.5-1.4) 
for its middle and 1.3 (0.9-2.4) for its lower area, respectively. 

Method errors were 1.9 (1.3-3.5) for the percentage of sym-
metry of the whole back, 5.4 (3.7-9.8) for its upper, 2.6 (1.8-4.8) 
for its middle, and 2.8 (1.7-5.1) for its lower area, respectively. 

No statistically significant difference was seen between the 
groups for sex and age distribution.

For the whole group of subjects (symG and asymG pooled 
together), the percentage of face symmetry was 66.5±13.9 
percent. The percentage of symmetry of the forehead area 
(75.8±10.9 %) was significantly higher (p<0.01) than the 
percentages of the maxillary (68.1±18.1 %) and mandibu-
lar (56.1±21.0 %) areas. Moreover, the percentage of the 

any subject’s movements. In case of any subject’s movements 
during scanning, the procedure was repeated. Natural Body 
Posture with adjacent feet was adopted during scanning.

The 3D face/back data were imported into a reverse modeling 
software package, Rapidform ™ 2006 (@ INUS Technology 
Inc, Seoul, Korea). Each scan of the face/back was processed to 
remove unwanted data and to obtain a face/back shell, correctly 
aligned to the mid-sagittal (Y-Z) and transverse planes through 
the left and right endocanthion (for the face) and left and right 
upper scapula (for the back) points (X-Z). The original face/back 
shell was flipped horizontally to obtain a mirrored face/back 
shell, and then the two were superimposed using the best-fit 
technique, based on the iterative closest point algorithm, to 
achieve a perfectly symmetric structure. The symmetry plane of 
this structure was used as the mid-sagittal plane of the original 
face/back. The face/back was oriented using a vertical cylinder 
that fits all face/back data points of the original-mirror symmet-
ric face/back structure. To ensure proper vertical orientation in 
the virtual space, three manually set landmarks for the face (left 
and right endocanthions and pogonion) and four landmarks 
for the back (left and right upper scapula point at the most 
prominent point of the scapulae and left and right hip point), 
were used. To check for symmetry of the left and right side, 
colour deviation maps of the superimposed original and mir-
rored face (Fig. 1) and back (Fig. 2) shells were analysed, and 
the facial or back area symmetry percentages were calculated. 
The percentage of facial symmetry was defined as the percent-
age of the facial surface area of the mirrored shells coinciding 
within 0.5 mm, while the percentage of back symmetry was 
defined as the percentage of the back surface area of the mir-
rored shells coinciding within 2 mm. The face shell was divided 
into three areas: 1) the forehead area, defined as the area of 
the face above the endocanthion plane, 2) the maxillary area, 
from the endocanthion plane to the plane through the outer 
commissures of the lips, and 3) the mandibular area, below 
this plane. Percentages of symmetry were calculated for the 
whole face and each facial area separately. The back shell was 
also divided into three areas: 1) the neck area, defined as the 
area between the planes through the attachment of the hair 
and the neck point, 2) the upper trunk area, between the neck 
plane and the plane through the left and right points at the 
lower border of the scapula prominence (lower scapula plane), 
and 3) the middle trunk area, below the lower scapula plane 
to the plane through the hips (constructed through the most 

Parameter symG (N=35) asymG (N=35) Diff.
Face area symmetry

forehead (%) 80.99[73.53;87.02] 71.19[65.00;81.22] p=0.011

maxillary (%) 82.25[73.02;88.21] 54.77[43.59;69.33]a p<0.001

mandibular (%) 71.80[58.95;82.24]b 47.41[30.9;54.77]a.b p<0.001

Diff. p=0.001 p<0.001

Back area symmetry

neck  (%) 78.00[61.00;90.00] 69.87[59;87.34] NS

upper trunk (%) 77.00[68.96;90.00] 72.00[54.52;83.33] p=0.021

middle trunk (%) 81.08[68.81;89.95] 75.83[62.84;88.47] NS

Diff. NS NS

Diff.- difference; NS- not statistically significant; a-significantly different from upper; b- significantly different from middle

TABLE 1 Percentages of symmetry of the face and back areas for the symG and asymG expressed as medians with the 25th and 75th 
percentiles values and within and between-group differences. 
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maxillary area was significantly higher (p<0.001) than that of 
the mandibular area. The percentage of back symmetry was 
74.8±13.3 %, with no significant differences between the neck 
(72.9±19.2 %), upper trunk (72.8±17.1 %), and middle trunk 
(75.9±16.9 %) areas. 

The percentage of whole face symmetry was significantly 
higher (p<0.001) for the symG (77.79 % [72.93;81.92]) than 
for the asymG (57.51 % [46.84;64.18]). Percentages of sym-
metry of each facial area (forehead, maxillary and mandibular) 
according to the group along with p-values indicating significant 
differences if present are reported in Table 1. The symG exhib-
ited a significantly higher symmetry in each facial area than the 
asymG. The mandibular area was the least symmetric area of 
the face within each group, with significantly smaller values 
than the maxillary area in the symG and significantly smaller 
values than the forehead and maxillary area in the asymG. Of 
note, in the symG, the most symmetric areas were the forehead 
and maxillary areas, while in the asymG, the significantly most 
symmetric was only the forehead area. 

The percentage of whole back symmetry did not significantly 
differ (p>0.05) between the symG (82.00% [67.4;88.00]) and 
asymG (74.3% [66.1;79.6]). The percentage of symmetry of 
each back area (neck, shoulder-scapula, and trunk-pelvis) ac-
cording to group and p-values indicating significant differences 
are reported in Table 1. The only between-group significant 
difference was observed for the upper trunk area (p=0.021), 
with the asymG (72%) having a significantly lower percentage 
of symmetry in that area compared to the symG (77%). No 
specific back area exhibited a significantly different percent-
age of symmetry within each group compared to the others. 
Moreover, no significant correlations were detected between 
face and back parameters. 

Discussion

The present study did not evidence any significant differ-
ences in the percentages of back symmetry among subjects 
with or without facial asymmetry. Moreover, no significant 
correlations were detected between face and back symmetry 
percentages, based on the assessment of three-dimensional 
face and back scans. 

In the present study, subjects were allocated either the symG 
or asymG according to the percentage of whole face symmetry; 
faces exhibiting coincidence of the left and right side in 70% 
or more of their surface within a tolerance level of 0.5 mm, 
were considered as symmetric. A previous longitudinal study 
[Primozic et al., 2012] on subjects undergoing the transition 
from the primary to the mixed dentition phase using a land-
mark independent three-dimensional method reported that the 
percentage of facial asymmetry considered as non-pathologic is 
around 30% among growing subjects with normal occlusion. 

The whole face symmetry was significantly smaller in the 
asymG than in the symG, mainly due to the allocation proto-
col. However, the mandibular area was significantly less sym-
metric than the forehead and maxillary areas in both groups. 
This would be in accordance with previous studies reporting 
higher percentages of facial asymmetry in the mandibular area 
[Djordjevic et al., 2011, Primozic et al., 2012]. Among the causes 
of facial asymmetry, either skeletal or functional, several are 
related to malocclusion [Lundstrom, 1961]. In particular, facial 
asymmetry at early developmental phases has been associated 
with functional activities of the masticatory musculoskeletal 
system [Ferrario et al., 1993, Ras et al., 1995], including asym-
metric mastication or functional mandibular shifts [Primozic et 

al., 2013], leading to a smaller percentage of symmetry in the 
mandibular area as seen in the present study. 

Moreover, in subjects with unilateral malocclusion, a higher 
frequency of orthopaedic anomalies in the transverse plane 
has been reported [Korbmacher et al., 2007]. Although an 
increasing number of patients with malocclusion are seeking 
at the same time treatment for postural disorders [Michelotti 
et al., 2007], only a few studies have investigated the possible 
relationship of an asymmetric occlusion and trunk asymmetry 
in patients without known pathological orthopaedic anomalies 
[Dußler et al., 2002, Lippold et al., 2012, Zepa et al., 2003], 
reporting contrasting results. On the one hand, children with 
unilateral functional crossbite showed more often an oblique 
shoulder, scoliosis, an oblique pelvis, and a functional leg length 
difference than children without this malocclusion [Lippold et 
al., 2012]. Therefore, it has been claimed that crossbite could 
reflect the asymmetry of the body [Prager, 1980] or a com-
pensatory body curvature [Hirschfelder and Hirschfelder, 1983 
]. On the other hand, unilateral crossbite was not necessarily 
combined with a pathological orthopaedic variable [Primozic 
et al., 2019], and there is no correlation between crossbite and 
leg length inequality [Michelotti et al., 2007].

Nevertheless, the present study aimed to assess differences 
in the percentages of back symmetry among subjects with 
symmetric and asymmetric faces and evaluate any possible as-
sociations between face and back symmetry, regardless of the 
occlusion condition. Using a landmark independent method, 
which takes into account all available facial/back points and 
allows a full face or back symmetry assessment [Meyer-Marcotty 
et al., 2010, Djordjevic et al., 2011, Primozic et al., 2012], no 
significant differences were seen regarding back symmetry 
between subjects with symmetric and asymmetric faces. The 
only exception was related to the upper trunk asymmetry, 
which was significantly larger among subjects with asymmetric 
faces. This finding would be in contrast with previous studies, 
reporting that a moderate trunk asymmetry did not affect 
facial asymmetry [Dußler et al., 2002, Prager, 1980, Zepa et 
al., 2003]. The contrasting results of the present and previous 
studies could be related to the assessment of the upper and 
middle trunk areas separately, which might have evidenced a 
more localized asymmetry. Nevertheless, confirming the results 
of other studies, no association was seen between face and 
back symmetry [Prager, 1980, Zepa et al., 2003]. It should be 
further noted that, the present study included only subjects in 
the pre-pubertal growth phase, which is indeed a novelty, how-
ever, worsening either of the face or back asymmetry at later 
developmental phases could not be excluded. In fact, during 
the pubertal growth spurt, accelerated mandibular as well as 
body growth might lead to a worsening of either facial or back 
asymmetry in selected subjects, resulting in an association which 
remains undetectable during the pre-pubertal growth phase.

Conclusions

The percentages of symmetry in each facial area (forehead, 
maxillary, mandibular) were significantly higher among subjects 
without pathologic facial asymmetry. The most asymmetric 
area of the face, regardless of the degree of whole face sym-
metry, was its mandibular area. No significant differences were 
detected within different back areas; however, subjects with 
asymmetric faces showed a significantly smaller percentage of 
back symmetry in their upper trunk area. 
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