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Impact of facial asymmetry in visual perception:

A 3-dimensional data analysis

Philipp Meyer-Marcotty, Georg W. Alpers,® Antje B. M. Gerdes,® and Angelika Stellzig-Eisenhauer®
Wuerzburg, Germany

Introduction: The aim of this controlled study was to analyze the degree and localization of 3-dimensional (3D)
facial asymmetry in adult patients with cleft lip and palate (CLP) compared with a control group and its impact
on the visual perception of faces. Methods: The degree of 3D asymmetry was analyzed with a novel method
without landmarks in 18 adults with complete unilateral CLP and 18 adults without congenital anomalies. Fur-
thermore, the CLP and control faces were rated for appearance, symmetry, and facial expression by 30 par-
ticipants. Results: The results showed that adults with CLP had significantly greater asymmetry in their facial
soft tissues compared with the control group. Moreover, the lower face, and particularly the midface, had
greater asymmetry in the CLP patients. The perceptual ratings showed that adults with CLP were judged
much more negatively than those in the control group. Conclusions: With sophisticated 3D analysis, the
real morphology of a face can be calculated and asymmetric regions precisely identified. The greatest asymme-
try in CLP patients is in the midface. These results underline the importance of symmetry in the perception of
faces. In general, the greater the facial asymmetry near the midline of the face, the more negative the evaluation

of the face in direct face-to-face interactions. (Am J Orthod Dentofacial Orthop 2010;137:168.e1-168.€8)

espite the speed with which we make decisions
about attractiveness, the process of judging fa-
cial appearance is complex. Several interacting
factors that determine how attractive faces are perceived
are discussed in the literature.' In addition to facial ex-
pressions and secondary sexual characteristics, symme-
try is considered a main factor in the visual perception
of faces.'” It has been reported for several species,
including humans, that symmetrical body shape is
a central cue for attractiveness.*®
This fact allows the assumption of a potential disad-
vantage in the visual perception of patients with cleft lip
and palate (CLP). Although the face of a patient with
CLP clearly appears more symmetrical after surgery,
even the most advanced interventions do not result in
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a completely normal facial appearance.”'® Even when
surgery was completed early in infancy and followed
by comprehensive therapeutic rehabilitation, asymme-
try around the nose and upper lip appears to characterize
the facial appearance in CLP patients.'’ This slight but
visible asymmetry might evoke interference in visual
perception.

To capture facial asymmetry, a 3D imaging tech-
nique is required for correct analysis. Various methods
have been developed for acquisition of these data.'*"”
In radiologic image capturing, 3D computed tomogra-
phy has gained considerable popularity and is used in
various orthodontic and surgical analyses, but, with re-
gard to facial analysis in orthodontics, the exposure to
a high dose of ionizing radiation allows no standardized
use, 1416

For analysis of soft-tissue asymmetries, the routine
diagnosis is still based on the analysis of patients’ facial
photographs. This 2-dimensional method analyzes
asymmetries by determining a symmetry plane and
measuring linear and planar differences between hemi-
faces.'”'® The landmarks used to determine the midline
of the face—nose, philtrum, and chin—are often not ex-
actly in the midline of the face; this calls into question
the precision of the symmetry-plane measurement.
Even in patients with CLP, nasal morphology has been
reported to be more asymmetric than that of the con-
trols.'” Therefore, the measurements of facial soft
tissues should be conducted with a noninvasive and
landmark-independent 3D method.
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Noninvasive soft-tissue data have been reported in sev-
eral studies of the facial surface in CLP patients.'®*
Unfortunately, only a few studies have quantified facial
asymmetry in adults with CLP.'*?! Moreover, the analysis
of asymmetry was confined to a few landmarks, not taking
advantage of all points on the facial surface.'”*' Thus a 3D
noncontact technique must be proven for quantification of
facial analysis.

Several studies have assessed how various tech-
niques for 3D reconstruction such as laser scanning, ho-
lography, and stereophotogrammetry quantify the 3D
facial asymmetry of soft tissues.'”**® Stereophotog-
rammetry is based on converging images to build up
a 3D model that can be viewed from any perspective
and measured from any direction to provide a more
comprehensive and accurate evaluation of the object.
This provides information about the 3D coordinates of
any facial landmark, so that linear, angular, and volu-
metric measurements can be calculated to detect
changes in facial morphology.'? This technique has
been used to study facial asymmetry in patients who
had orthognathic treatments and CLP. The approach
was to identify an objective indicator of facial asymme-
try by using various mathematical methods.***>2°

The aim of this prospective controlled study was to
analyze the following with a novel 3D landmark-inde-
pendent method developed by Benz et al*’: (1) the
degree of the facial asymmetry in adults with CLP com-
pared with a control group without congenital anoma-
lies, (2) the localization and shape of the asymmetric
regions in each face of the 2 groups, and (3) the visual
impact of 3D asymmetry on the perception of facial
appearance, symmetry, and expreession.

MATERIAL AND METHODS

All patients were treated at the Department of Or-
thodontics of the University of Wuerzburg in Germany.
All were white, and 2 groups were assembled.

Group I (CLP) included 18 adults (9 women, 9 men)
aged 17 to 35 years (mean, 21.6 years) with complete
unilateral CLP (uCLP) (with no other associated mal-
formations or distinctive features in the face such as
piercing or tattoos); they were randomly selected.
Four patients (1 woman, 3 men) had a uCLP on the right
side; the other 14 (8 women, 6 men) had a uCLP on the
left side. All patients were operated on by the same team
of maxillofacial surgeons. Primary closure of the lip
was conducted according to the methods of Tennison™”
and Randall®' between the sixth and ninth months of
age. No primary rhinoplasty was performed. Closure
of the hard and soft palates was done at 12 to 18 months
of age. All patients underwent preoperative infant ortho-
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Fig 1. Picture of a patient’s face used for the rating task.

pedic treatment by wearing an acrylic plate shortly after
birth until palatal closure.>” Twelve patients received
a secondary alveolar bone graft between ages 10 and
13 years. During eruption of the permanent teeth, inter-
ceptive orthodontic treatment was started to prevent
transverse collapse of the dental arch and to control
and develop maxillofacial growth. In all patients, a fixed
orthodontic appliance was placed afterward to align the
permanent teeth. At the end of facial growth, 1 boy had
correction of the lip and nose, and 1 girl had correction
of the nose. Orthognathic surgery was performed in 4
patients (2 women, 2 men).

Group II (control) included 18 skeletal Class I, sex-
matched adults of the same ethnicity, aged 22 to 30
years (mean, 25.5 years), randomly selected as the con-
trol group. These subjects were treated for various types
of malocclusions, but none had surgical treatment. None
had distinctive features in the face such as piercing or
tattoos.

For the picture-rating task, 30 volunteers (mean age,
26.8 years; 15 women, 15 men) were chosen. The raters
were recruited from newspaper announcements. Volun-
teers who worked in health care services or had a con-
genital or other noticeable anomaly in their face were
excluded from the study.

Black and white pictures of the faces were taken of all
patients in the 2 groups for rating. All photos were taken
with a neutral facial expression and eyes looking straight
ahead (Fig 1). All pictures were taken with the same dark
background and masked with Photoshop (version 7.0,
Adobe, San Jose, Calif) under the chin and around the
head, so that ears, hair, and other peripheral features
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Fig 2. FaceScan optical 3D sensor based on phase-
measuring triangulation of the stripe pattern being
projected onto the facial surface.

were eliminated. The picture size was set to 412 X 581
pixels with a resolution of 96 pixels per inch.

For presentation of the pictures, the raters were
seated comfortably 50 cm in front of a 17-in monitor
(resolution 1024 X 768). The presentation of the
pictures was controlled by the software Presentation
(version 0.90, Neurobehavioral System, Albany, Calif).

All 36 pictures of the faces were presented sepa-
rately in random order on the monitor. To prevent any
bias between the right and left sides, all faces were
shown twice, once in the original direction and once
mirrored.* This resulted in a set of 72 faces to rate.
All participants rated each face separately on
a 9-point-scale 3 times for 3 conditions: appearance
(1, very bad appearance; 9, very good appearance),
symmetry (1, very asymmetric; 9, very symmetric),
and facial expression (1, very negative; 9, very positive).

Each condition was rated in random order, so that
a total of 216 pictures were rated by each participant.
The presentation time for each face was defined by
the participants themselves. For the picture-rating
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task, the mean rate and the standard error of the mean
were used for each condition.

The FaceScan optical 3D sensor (3D-Shape GmbH,
Erlangen, Germany) was used for data acquisition of the
patients’ facial surfaces. The sensor is based on a phase-
measuring triangulation method (accuracy in z-direc-
tion is 0.2 mm, with a measurement time of 0.3 seconds.
There was no need for special safety precautions to pro-
tect the patient because the light intensity was low. A
mirror construction especially designed for orthodontic
purposes allowed the patient’s face to be captured from
ear to ear in 1 recording (Fig 2). The software Slim3D
(3D-Shape) was used for triangulation, merging, and
postprocessing the 3D data. The final 3D output was
a triangulated polygon mesh.

For analyzing the facial asymmetry of the patients’
3D data, it was first necessary to determine the symme-
try plane of the face. The method of Benz et al*® was
used for this. Their approach was to base the determina-
tion of the symmetry plane on a registration problem,
whereas the symmetry’s plane position could be deter-
mined by superimposing the original 3D data onto its
mirror image obtained by a reflection along an initially
arbitrary plane. Hence, the symmetry plane is character-
ized by the registration between the original face’s
spatial arrangement and its mirror image.

The method used is illustrated in Figure 3. First, the
triangulated polygon meshes of the original faces were
mirrored. Then the original and mirror images were reg-
istered with a rough registration followed by a fine reg-
istration to superimpose the original and the mirror
images more precisely. For each point of the original
data set, the closest point in the superimposed mirror
data set was determined. Thus, the distance of the 2
data sets was reduced to a minimum. A detailed descrip-
tion of the algorithm for the registration procedure can
be found in the literature.’® After the fine registration,
the symmetry plane was determined from correlating
points of the original and mirror images.*

Subsequently, for computing facial asymmetry, the
distance between the original image and its mirrored
image was measured by quantitative analysis. There-
fore, the local point distances for every triangle of the
3D data to the corresponding triangle in the superim-
posed images were analyzed. Figure 4 shows the com-
puting for 1 local point distance for 1 corresponding
triangle. The basic algorithm was described by Benz
et al.** The mean absolute distances were calculated
from all local point distances between the original and
the mirror images. The greater the face’s asymmetry,
the greater the mean absolute distance (Dabs).
Therefore, the Dabs was defined as the index of facial
asymmetry.
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Fig 3. A, 3D surface scan of the same patient as in Fig 1; B, mirrored data of the 3D surface scan; C,
registration of the original and mirrored data. The symmetry plane and the distances between both
data sets were computed by means of corresponding points.

mirrored data

local peint distance (d)

Fig 4. Magnification of an area with the superimposed
original and mirrored data. One local point distance of
a corresponding triangle between both images.

The maximum index of asymmetry was calculated
in the control group to furnish a threshold value for
the definition of asymmetry as suggested by Farkas.*>

The high reliability and validity for computing the
facial symmetry plane and the degree of asymmetry
were shown in previous studies.”*%*

In addition to the analysis of the asymmetry of the
entire face, the face was divided into 2 parts to investi-
gate the asymmetry separately for each part: midface
(nasion to subnasale) and lower face (subnasale to
gnathion).

For each part of the face, the Dabs (index of facial
asymmetry) was calculated from all local distances
between the original and the mirror images.

To estimate the method error, the 3D data of 10 ran-
domly selected patients and 10 randomly selected con-
trols were analyzed a second time 6 weeks later. The

method error was calculated according to Dahlberg’s
formula.>® A repeated-measures  test was performed
to assess the systematic error.

Statistical analysis

SPSS software (version 14.0, SPSS, Chicago, IlI)
was used for the statistical analyses. The 7 test for paired
groups was used to assess differences between both
groups in facial asymmetry and to analyze the rating
task. A stepwise multiple linear regression analysis
was performed for all patients to determine whether
the asymmetric degree of the entire face, the midface,
or the lower face plays a role in prediction for appear-
ance, symmetry, and facial expression. The levels of
significance were set at P <0.05 and P <0.001.

RESULTS

In all patients, the acquisition of the 3D data and the
objective calculation of the facial asymmetry were suc-
cessful. The repeated measures ¢ test yielded no signif-
icant results, indicating no relevant systematic error.

Analysis of the method error showed no significant
difference between the first and second measurements
of 3D asymmetry. The measurement error was less
than 0.006 mm. Thus, good reproducibility could be
shown for each parameter.

The quantitative analyses of facial asymmetry in
CLP patients compared with the control group are
shown in the Table. The Dabs as the index of facial
asymmetry is given for the entire face as well as for
the midface and the lower face.

The results show that entire-face asymmetry was
significant higher in the CLP patients than in the con-
trols (P = 0.001). Furthermore, the paired ¢ test indi-
cated significant differences for the midface and the
lower face between the groups. Again, asymmetry of
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Table. T test for the quantitative analysis of facial asym-
metry in the CLP patients compared with the control
subjects

CLP patients Control subjects
(n=18) (n=18)

Mean Mean
Index of Dabs Dabs
asymmetry (mm) SD (mm) SD P value
Entire face 0.87 0.26 0.59 0.11 0.001*
Midface 1.15 0.44 0.65 0.14 <0.001"
Lower face 0.79 0.23 0.59 0.13 <0.001"

#P <0.01; "P <0.001.

the midface and the lower face was significantly greater
in the CLP patients than in the controls. In these analy-
ses, the highest mean difference was found in the mid-
face in CLP patients compared with the controls
(P <0.001), followed by the lower face (P <0.001).

The results of the picture-rating task indicated a sig-
nificant difference between both groups in each condi-
tion (Fig 5). The CLP pictures were rated significantly
more negative in terms of appearance, symmetry, and
facial expression than the control pictures. The highest
mean difference was found in symmetry (CLP patients:
mean, 3.18 = 0.52; controls: mean, 6.37 * 0.79;
P <0.001), followed by appearance (CLP patients:
mean, 3.04 = 0.68; controls: mean, 5.75 = 0.94;
P <0.001), and facial expression (CLP patients: mean,
3.78 = 0.74; controls: mean, 5.79 = 1.13; P <0.001).

The ratings were not influenced by the sex of either
the patients or the raters. Furthermore, no significant
difference was observed for normal vs mirrored faces
in either the CLP or the control pictures.

A stepwise multiple linear regression analysis was
conducted to analyze whether asymmetry of the entire
face, the midface, and the lower face can predict the rat-
ings of appearance, symmetry, and facial expression.

Asymmetry of the midface was identified as the sig-
nificant predictor affecting how symmetry and facial ex-
pression were rated. Asymmetry of the midface was
positively correlated with the rating task for symmetry
and facial expression (symmetry: b = —-.696, r =
—6.921, P <0.001; facial expression: b = —.490, r =
—4.012, P <0.001). No significant correlation was found
between asymmetry of the entire face and the lower face
in the rating of symmetry and facial expression (entire
face: symmetry, P = 0.29, and facial expression, P =
0.33; lower face: symmetry, P = 0.57, and facial expres-
sion, P = 0.69).

Asymmetry of the entire face was identified as the
significant predictor of how facial appearance was rated.
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Fig 5. A, Results of the picture-rating task for appear-
ance for the CLP and control groups (means and stan-
dard errors of the mean); B, results of the picture-rating
task for symmetry for the CLP and control groups (means
and standard errors of the mean); C, results of the pic-
ture-rating task for facial expression for the CLP and con-
trol groups (means and standard errors of the mean).
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Asymmetry of the entire face was positively correlated
with the rating for appearance (appearance: b = —.593,
t = -5.263, P <0.001). The other variables were re-
moved from the analysis (midface: appearance,
P = 0.62; lower face: appearance, P = 0.77).

DISCUSSION

We measured the degree of the 3D asymmetry of the
facial soft tissues in adults with uCLP and a control
group with no facial anomalies. Perceptual ratings of
the CLP and control faces were also make by raters
who were not health care workers and did not have con-
genital or other noticeable anomalies in their faces.

For analyzing the facial asymmetry of the patients’
3D data, the method of Benz et al*® was used. This
method requires no single landmarks, unlike other tech-
niques used to analyze facial asymmetry. Recently, the
3D plane of symmetry was defined as the vertical plane
passing through nasion and perpendicular to the plane
connecting the 2 exocanthi.?' Nasion and eye landmarks
are widely used as soft-tissue references even in CLP
patients.'®?*?° The technique used in this study takes
advantage of all data points of a 3D facial surface in-
stead of using single landmarks for determination of fa-
cial asymmetry. When single-landmark measurements
are used for symmetry analysis, only localized asymme-
try can be detected by comparison between both facial
halves.** By contrast, using all data points of a 3D facial
surface permits a more precise and global evaluation of
the facial surface. The advantages of the method we
used are its high degree of reproducibility and valid-
ity.?%?%-3%3% The absence of relevant systematic error
and random error for the measurements shows that
this technique is appropriate for clinical use.*’

This 3D approach has proven to be a simple, fast,
and precise diagnostic instrument for analysis of the fa-
cial soft tissues and determination of facial asymmetry.
Additionally, this standardized procedure does not re-
quire manual definition of the landmarks, resulting in
independence of interobserver differences. Moreover,
it is advantageous that the measurement time of 0.3 sec-
onds is extremely short, and the capture of the patient’s
face from ear to ear is done in 1 recording. Other
methods, such as anthropometric measurements, re-
quire complex and time-consuming data acquisition
and more patient cooperation.”'**> These limitations
make data collection more demanding for the clinician
and the patient.

These results showed that adults with CLP have
much asymmetry in facial soft tissues compared with
the control subjects. Unfortunately, previous studies of
facial soft-tissue asymmetry in CLP patients mostly an-
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alyzed children and adolescents.”>*® There was greater
asymmetry, particularly in the midsagittal landmarks in
children at 7 years of age, than in age-matched con-
trols.® Also, Duffy et al?? found obvious nasal asymme-
try in children with CLP at 8 to 11 years of age.

Kyrkanides et al'® compared nasal asymmetry in
cleft patients and controls in 3 age groups (6-10,
11-14, and 15-16 years). The results showed fewer dif-
ferences over time and during maturation between the
cleft patients and the controls. Furthermore, they re-
ported greater nasal asymmetry in the controls than in
the patients with CLP after puberty. They concluded
that facial asymmetry in patients with CLP was less
than expected.

Contrary to these results, our patients with CLP had
a significantly greater asymmetry index of the entire
face compared with the controls. Moreover, the lower
face and particularly the midface had greater asymme-
try in the CLP patients. These results might be explained
by the different methods used to determine asymmetry.
The evaluation of nasal asymmetry of Kyrkanides et al'®
was based on 6 landmarks on 2-dimensional photo-
graphs. Our quantification of asymmetry rested on
10,000 to 20,000 point pairs for each face. This proce-
dure prevents inaccuracies when only individual land-
marks are used, since these landmarks are frequently
located in asymmetric regions.

Additionally, by using the degree of asymmetry as
the Dabs of all point pairs between the original and
mirror images, it was possible to compute individually
the asymmetry of various facial regions. Thus, it was
found that the greatest asymmetry was in the midface
in the CLP patients compared with the controls. This
finding is consistent with previous results in the litera-
ture, whereas landmarks characterizing the nose
exceeded the maximum asymmetry threshold in
adults.?' Furthermore, Ferrario et al'® reported greater
nasal and alar base widths in adults with CLP, but, in
contrast to our results, they found no difference in
the nasal surface between the CLP patients and the
controls. These contrary findings could be explained
by how they analyzed the nasal surface. By connecting
single landmarks with linear planes for analyzing the
nasal surface, the complex 3D structure cannot be
reflected. Therefore, calculations based on single
landmarks cannot provide the actual morphology. Con-
sequently, a global landmark independently acquired
on the facial surface, as used in this study, is a prereq-
uisite for a precise digital reconstruction of the real
morphology. Moreover, the study by Ferrario et al'
was conducted with only 18 patients: 5 with bilateral
cleft lip and palate and 13 with uCLP. No separate
analysis according to cleft type was performed,
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resulting in an inhomogeneous group of patients This
suggests that patients must be separated into groups
by cleft type to effectively analyze facial asymmetry.

Our results of facial asymmetry agreed with the per-
ceptual ratings of appearance, symmetry, and facial ex-
pression because they showed that adults with CLP
were judged much more negatively than the members
of the control group, as described previously.*?

In uCLP patients, the nose and mouth mostly show
visible deviations from the midline of the face. Possibly,
this aspect leads to an automatic irritation in a person’s
initial cognition of a CLP face, explaining the more neg-
ative ratings. Therefore, it can be concluded that sym-
metry is a decisive factor in visual perception and rating.

Moreover, stepwise multiple linear regression anal-
ysis showed that the asymmetry of the midface signifi-
cantly influenced the perceptual ratings of symmetry
and facial expression. This finding can be explained as
follows. Although a person’s face is generally one of
the most revealing parts of his or her body, evidence
suggests that most people focus on the region of the
eyes, nose, and mouth.** In an eye-tracking study, Mert-
ens et al*> showed that eyes, nose, and mouth are the
preferred targets during visual perception of faces.
The center of the gaze is in the center of the face near
the symmetry plane, defined by an inverted triangle
with vertices in the center of the eyes and the mouth.
Conversely, when people look at an object such as
a vase, the focus of the gaze is contrary to the symmetry
plane on the contours and prominent ornaments.*’
These findings support the hypothesis that, for people,
the center of the face, especially the midface, is crucial
in judgments of symmetry.

For judging facial appearance, asymmetry of the en-
tire face was the significant predictor. This result can be
explained by how we humans perceive faces. It has been
shown that faces are processed rapidly and holistically
along a specialized subcortical route.***® This special
initial processing might explain why asymmetry of the
entire face is the main factor when judging facial
appearance.

Furthermore, in this study, the faces of patients with
CLP were perceived much more frequently to be ex-
pressing negative emotions. This result could be attrib-
uted to the functional organization of human facial
expressions across the upper-to-lower facial axis. Both
vertical hemifaces express emotion, but the lower face
prevails for happy and pleasant expressions.** The
more negative ratings of the facial expressions in adults
with CLP can be explained by how residual scars or no-
ticeable asymmetries are situated in a decoding area for
normally happy and pleasant expressions.
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CONCLUSIONS

Our findings showed a higher soft-tissue asymmetry
index in postoperative adults with CLP compared with
the controls. Additionally, we found the greatest asym-
metry in the midface of the patients with CLP compared
with the controls. With sophisticated 3D analysis, the
real morphology of a face can be calculated, and asym-
metric regions can be precisely identified. By using the
method of Benz et al,”” local asymmetry can be found
without losing the complex arrangement of the whole
facial morphology. The improvement of soft-tissue di-
agnostics might result in differentiated therapeutic deci-
sions related to surgical and orthodontic interventions.

These results also underline the importance of sym-
metry in the perception of faces concerning appearance,
symmetry, and facial appearance. In general, the greater
the facial asymmetry near the midline of the face, the
more negative the evaluation of the faces in direct
face-to-face interactions.
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