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Abstract
Objectives To determine the relationship between nasolabial
symmetry and esthetics in subjects with orofacial clefts.
Material and methods Eighty-four subjects (mean age
10 years, standard deviation 1.5) with various types of non-
syndromic clefts were included: 11 had unilateral cleft lip
(UCL); 30 had unilateral cleft lip and alveolus (UCLA); and
43 had unilateral cleft lip, alveolus, and palate (UCLAP). A
3D stereophotogrammetric image of the face was taken for
each subject. Symmetry and esthetics were evaluated on
cropped 3D facial images. The degree of asymmetry of the
nasolabial area was calculated based on all 3D data points
using a surface registration algorithm. Esthetic ratings of var-
ious elements of nasal morphology were performed by eight

lay raters on a 100 mm visual analog scale. Statistical analysis
included ANOVA tests and regression models.
Results Nasolabial asymmetry increased with growing sever-
ity of the cleft (p=0.029). Overall, nasolabial appearance was
affected by nasolabial asymmetry; subjects with more
nasolabial asymmetry were judged as having a less esthetical-
ly pleasing nasolabial area (p<0.001). However, the relation-
ship between nasolabial symmetry and esthetics was relatively
weak in subjects with UCLAP, in whom only vermilion bor-
der esthetics was associated with asymmetry.
Conclusions Nasolabial symmetry assessed with 3D facial
imaging can be used as an objective measure of treatment
outcome in subjects with less severe cleft deformity. In sub-
jects with more severe cleft types, other factors may play a
decisive role.
Clinical significance Assessment of nasolabial symmetry is a
useful measure of treatment success in less severe cleft types.

Keywords Cleft lip . Cleft palate . Esthetics . Face .

Morphology . Imaging . Three dimensional

Introduction

Facial appearance plays an important role in social interac-
tions in children, teenagers, and adults. Attractive faces acti-
vate reward centers in the brain [1, 2], and they elicit positive
personality attributions according to the Bwhat is beautiful is
good^ stereotype [3, 4]. Facial attractiveness has also been
demonstrated to influence initial impressions [5], helping be-
havior [6], and teacher judgments of student intelligence and
future academic potential [7]. These effects are robust and
extend beyond initial impressions of strangers to long-term
interactions with people [4].
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For many years, facial attractiveness was thought to reflect
arbitrary standards of beauty set by cultures. However, several
observations suggest that esthetic preferences may be a part of
biological rather than cultural heritage. For example, (1) people
from different cultures generally agree on which faces are at-
tractive, (2) men and women agree on attractiveness [4, 8–11],
and (3) preferences for facial attractiveness emerge early in
development, before cultural standards of beauty are likely to
be assimilated [12–17]. These data suggest that esthetic prefer-
ences might be by-products of the way the brain processes
information [18–20]. A possible mechanism is that the faster
the perceiver can process an object (i.e., decode the information
included in the object), the more positive his/her esthetic re-
sponse. One of the features that facilitate fluent processing is
symmetry. In principle, symmetric shapes contain less informa-
tion than asymmetric shapes; hence, they are easier to process
and are thus more pleasing [8]. Experimental studies have con-
firmed that perfectly symmetric faces are more attractive than
the original, slightly asymmetric faces [21, 22].

In patients with cleft lip and palate (CLP), one of the treat-
ment goals is to minimize asymmetry of the nasolabial area in
order to improve facial appearance. However, the association
between nasolabial symmetry and facial esthetics in patients
with CLP is not clear. Some authors found correlations between
esthetic ratings and objectively measured nasolabial symmetry
[23–25], whereas others did not [26, 27]. A possible reason for
these conflicting findings is that symmetry and esthetics were
assessed primarily on 2D nasolabial images [24, 25, 27].
Although Russell et al. [23] and Russell and Tompson [26]
used nose casts for the evaluation of symmetry, they performed
relatively few measurements, which may not have reflected the
true nasolabial asymmetry. Moreover, the esthetics of the
nasolabial area should be assessed on a 3D stimulus, as the face
is a 3D structure. Therefore, the aim of this study was to eval-
uate the association between nasolabial symmetry and esthetics
assessed on 3D photogrammetric images in a sample of pread-
olescent children with various types of CLP: (1) unilateral cleft
lip (UCL); (2) unilateral cleft lip and alveolus (UCLA); and (3)
unilateral cleft lip, alveolus, and palate (UCLAP). Our research
hypothesis was that there is a relationship between the symme-
try and the esthetics of the nasolabial region.

Materials and methods

Subjects

The files of the Cleft Palate Craniofacial Unit at the Radboud
University Medical Center, Nijmegen, The Netherlands were
searched to identify all patients meeting the following inclu-
sion criteria: (1) diagnosis of nonsyndromic UCL, UCLA, or
UCLAP, ascertained by the clinical geneticist of the team and

(2) available 3D stereophotogrammetric images of the face
taken at approximately 10 years of age.

The patient group consisted of 84 patients with a mean age
of 10 years (range: 8.6–12.3 years). Eleven of the patients
presented with UCL, 30 had UCLA, and 43 had UCLAP.
All patients were treated in accordance with the standardized
protocols used at the unit.

The use of anonymous data gathered during routine patient
care is in accordance with Dutch law on medical research. A
written statement of the institutional review board (IRB) was
obtained stating that this study does not fall within the remit of
the Medical Research Involving Human Subjects Act (WMO).
Therefore, the present investigation could be carried out with-
out an individual approval by an accredited research ethics
committee. No formal waiver of approval by the IRB was
obtained. All parents/legal guardians gave written informed
consent for the use of images of their children in the study.

Three-dimensional photographs of all patients were taken
with the same stereophotogrammetrical camera setup (3dMD
face System; 3dMD LLC, Atlanta, GA, USA) under standard-
ized conditions. Patients were positioned in the natural head
position and asked to keep their eyes open and to relax their
facial musculature. All images were taken by an experienced
photographer. Based on the 3D images, (1) mean absolute
nasolabial asymmetry and (2) nasolabial esthetics were assessed.

Calculation of mean absolute nasolabial asymmetry

The four-step method to quantify soft-tissue facial
asymmetry described by Verhoeven et al. was applied
in this study [28]. Because the original method evalu-
ates facial asymmetry and the aim of this study was to
quantify nasolabial asymmetry, the method was supple-
mented with additional steps. The additional steps are
described below.

Positioning Maintaining the line through the right and left
exocanthi horizontal, the head was rotated until the line pass-
ing through the exocanthion-superaurale became horizontal.
A midpupillar point (positioned on the crossing of the midline
of the nose and the bipupilar line) was then placed. This was
necessary to create a 3D positioning of the head with the
sagittal, coronal, and transversal planes indicated.

Cropping In order to define the area to be cropped, the fol-
lowing points were placed on the 3D images: right and left
endocanthion, right and left exocanthion, right and left
stomion, and the point indicating the lowest position on the
curvature of the labrale inferius (Fig. 1).

We created limiting planes passing through (A) the left
endocanthion and left stomion, perpendicular to the sagittal
pane; (B) the right endocanthion and right stomion, perpendic-
ular to the sagittal plane; (C) the right and left exocanthion,
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perpendicular to the transverse plane; and (D) the lowest point
of the labraleinferius, parallel to the plane passing through both
exocanthi (Fig. 1). The area confined within these four planes
was defined as the nasolabial area (Fig. 1). Subsequently, a
distance map of this area was calculated (Fig. 2). Two authors
performed the analysis of nasolabial asymmetry: DD analyzed
all images, whereas YC analyzed 25 randomly selected images
to determine inter-rater reliability.

Assessment of nasolabial esthetics

Eight postgraduate students (four men and four women;
age range: 25–31 years) from the Department of
Orthodontics and Craniofacial Biology at Radboud UMC
who had no experience with CLP treatment were asked to

rate nasolabial esthetics on 3D images with the modified
Asher–McDade esthetic index [29]. According to the orig-
inal index, four elements of nasolabial morphology—nasal
form, nasal deviation, vermilion border, and nasolabial
profile—are assessed on a five-point scale (1 corresponds
with the best, 5 with the worst outcome). In the present
study, a 100 mm visual analog scale (VAS) instead of a
five-point scale was used. The overall esthetic score was
calculated as the mean of scores assigned to four nasolabial
components. In the VAS scale, 0 mm corresponded with
the least and 100 mm with the most esthetic outcome. The
raters evaluated the cropped 3D images on their own lap-
tops (see Fig. 3). They could manipulate the pictures in all
directions, and there was no time limit for scoring. All
raters gave informed consent.

Fig. 1 Nasolabial area used for
analysis. 1 exocanthion right, 2
endocanthion right, 3 midpupillar
point, 4 endocanthion left, 5
exocanthion left, 6 stomion right,
7 lowest position on the curvature
of labraleinferius, and 8 stomion
left. The following areas were
created: A left endocanthion and
left stomion, perpendicular to the
sagittal pane; B right
endocanthion and right stomion,
perpendicular to the sagittal
plane; C right and left
exocanthion, perpendicular to the
transverse plane; and D lowest
point of labraleinferius, parallel to
the plane passing through both
exocanthi. Yellow area is defined
as the nasolabial area
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In order to determine intra-rater reliability, two rating ses-
sions were carried out, with a 1 month interval. During the
first rating session, 84 patients were rated, and during the
second, 35 randomly selected patients from the first rating
session were re-rated.

Statistical analysis

Error of the method of the evaluation of nasolabial asymmetry
was assessed by computing duplicate measurement errors
(DMEs), reliability coefficients, and differences between the

means. Paired t tests were run to assess if there were system-
atic errors among observers. To evaluate whether there was a
difference in the mean absolute asymmetry among the UCL,
UCLA, and UCLAP groups, analysis of variance (ANOVA)
was performed.

Judgment of esthetics can produce considerable variation
of scores among raters [29, 30]. The scores for different ob-
servers can be averaged for each individual nasolabial com-
ponent (nasal form, nasal deviation, vermilion border, and
nasolabial profile), provided that there is sufficient coherence
among the observers. Cronbach’s alpha reliability coefficient
[31] was calculated for each individual component to evaluate
the inter-rater coherence. If an inter-observer coherence was
adequate (Cronbach’s alpha>0.80) [32], the mean scores of
the eight observers were used in the BResults^ section. To test
the reproducibility of the esthetic rating, a paired t test was
performed using the mean scores of the eight observers from
the first and second rating sessions. To test if there was a
difference between the mean esthetic score for the different
cleft types, an ANOVAwas run.

Regression analyses were performed to investigate an as-
sociation between the mean absolute nasolabial asymmetry
(independent variable) and nasolabial esthetic scores overall
and for four components of nasolabial morphology (depen-
dent variables). All statistical analyses were done with SPSS
software (version 20).

Results

Method reliability

Analysis of the measurement quality of the absolute nasolabial
asymmetry was satisfactory. The inter-rater DME was
0.05 mm, the reliability coefficient was 0.99, and the difference
in the means between the observations was 0.008mm (95%CI
0.019 to 0.035). There was no systematic difference (p=0.545).

Fig. 3 A 3D nasolabial image used for esthetic rating. Judges were free
to manipulate the image in all directions

Fig. 2 Distance map of the
nasolabial segment. Red color
represents surface points that lie
behind the surface of the mirrored
image (indicated with a negative
number, scale maximum is
−5 mm) and green color
represents surface points that lie
in front of the mirrored image
(indicated with a positive number,
scale maximum is +5 mm)
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The values of Cronbach’s alpha coefficients ranged from
0.83 to 0.91, which indicated good coherence among the eight
observers. As a result, the average scores of all observers were
used in further reliability analyses (Table 1). For three of the
four nasolabial components, there was a systematic difference
between the scores from the two sessions. However, the dif-
ference was relatively small.

Absolute nasolabial asymmetry

The mean absolute nasolabial asymmetry ranged from 0.75 to
1.14 mm and displayed increasing asymmetry with increasing
severity of cleft type (Table 2). ANOVA tests showed signif-
icant differences among the three groups (p=0.029). Post hoc
Tukey tests demonstrated a statistically significant difference
between the UCLAP and UCL groups (p=0.022) (Table 3).

Nasolabial esthetics

Overall esthetic score The mean overall esthetic scores
ranged from 59.40 to 50.53 and implied decreasing esthetics
with increasing cleft severity (Table 4). ANOVAwith post hoc
Tukey tests demonstrated statistically significant differences
between the UCL andUCLAP groups (p=0.018) and between
the UCLA and UCLAP groups (p=0.033) (Table 5).

Esthetic scores of nasolabial components The mean esthetic
scores for the nasolabial components in the UCL,
UCLA, and UCLAP groups are shown in Table 4.
ANOVA with post hoc Tukey tests demonstrated that
the esthetics of nose shape were different between the
UCL and UCLAP groups (p=0.04), whereas the es-
thetics of nose deviation were different between the
UCL and UCLAP groups (p=0.037) and between the
UCLA and UCLAP groups (p=0.039). The vermilion
border and profile view had comparable esthetics in
the various cleft type groups.

Association between nasolabial esthetics and absolute
nasolabial asymmetry irrespective of cleft type

Table 6 presents the results of the regression analyses, with
mean absolute nasolabial asymmetry as the independent var-

iable and esthetic scores as dependent variables. Both asym-
metry and esthetics were evaluated in a sample of 84 subjects
that comprised all cleft types. In the pooled group, nasolabial
asymmetry was associated with the esthetics of all nasolabial
components. However, with the exception of nasolabial pro-
file, the amount of variance of esthetic scores was explained
relatively poorly by nasolabial asymmetry (R2 ranged from
0.11 to 0.25).

Association between nasolabial esthetics and absolute
nasolabial asymmetry with respect to cleft type

In general, subjects with less severe cleft types (UCL
and UCLA) showed a tendency toward a stronger asso-
ciation between nasolabial asymmetry and esthetics than
subjects with the more severe cleft type (UCLAP)
(Table 7). The esthetics of nasal shape and nose devia-
tion were related to nasolabial asymmetry in the UCL
and UCLA groups only. For vermilion border, the es-
thetic score was associated with nasolabial asymmetry
in the UCLAP group only, whereas for the profile view,
the esthetic score was related to nasolabial asymmetry
in subjects from the UCL group. Overall, nasolabial
esthetics was associated with nasolabial asymmetry in
the UCL and UCLA groups only.

Discussion

One of the primary goals in the treatment of patients
with CLP is to restore the anatomy of the orofacial
region to create a good facial appearance. If treatment
outcome is poor, psychological problems may develop
[33]. However, assessment of facial esthetics in CLP is
burdened with methodological difficulties, such as the
subjectivity of judgment and the choice of raters (lay
vs. professional). An evaluation of facial symmetry with
3D imaging techniques can aid in esthetic assessment.
The rationale is that in subjects without a cleft anomaly,
a symmetric face is regarded as more esthetic than an
asymmetric face. Because this hypothesis has not been
proven in CLP subjects, our objective was to assess the

Table 1 Reliability of nasolabial
esthetic assessment

Bold font denotes statistical
significance

DME duplicate measurement
error, CI confidence interval

Nasolabial component Reliability coefficient DME Difference between
the means

p 95 % CI

Nose shape 0.825 5.32 0.79 0.539 −1.80 to 3.38

Nose deviation 0.761 5.14 −2.69 0.035 −5.19 to −0.20
Vermilion border 0.818 4.57 2.76 0.016 0.54 to 4.98

Profile 0.805 4.94 −3.70 0.040 −6.10 to −1.30
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association between nasolabial symmetry and esthetics
in preadolescent children with various types of cleft.

Our findings demonstrate that, overall, absolute
nasolabial asymmetry is associated with esthetics and
can be used as an outcome measure in CLP. In the
present study, subjects with more nasolabial asymmetry
were judged to have a less esthetically pleasing
nasolabial region, whereas subjects with less asymmetry
of the nose and upper lip were rated as having a better
nasolabial appearance. Other studies in which nasolabial
symmetry and esthetics were evaluated on 3D images
[23, 34] yielded ambiguous results. On one hand, the
findings of Russell et al. (2001) showed that in subjects
with UCLP, nasal symmetry and esthetics were weakly
associated [23]. The authors evaluated nasal symmetry
on plaster casts of the nose. Parameters that were mea-
sured were nasal area, perimeter, centroid, moments of
area about the major and minor axes, angle to principal
axis, anisometry, bulkiness (i.e., irregularity of the nasal
shape), lateral offset, and projected and true inter-nostril
angles. Of these variables, only perimeter and bulkiness
showed positive correlations with esthetics of the nose.
A possible explanation for the difference between the
results of our study and those of Russell et al. is in
the methodology. We calculated the distance map, which
is a global measure of asymmetry, whereas Russell
et al. used several nasal measurements, which reflect
local asymmetry only. On the other hand, the findings

of Meyer-Marcotty et al. (2010), who used a 3D imag-
ing method comparable to ours, are in keeping with our
results [34]. The authors found that the greater the fa-
cial asymmetry near the midline of the face, the more
negative the perception of the facial appearance in
adults with UCLAP.

Analysis of the association of nasolabial symmetry
and esthetics with respect to cleft type (i.e., UCL,
UCLA, and UCLAP) demonstrated that in subjects with
the most severe cleft type (UCLAP), esthetic ratings
were weakly correlated with the degree of asymmetry.
Of the four assessed nasolabial components, only the
perception of the vermilion border was affected by sym-
metry. This could be explained by the fact that a poor
nasal form, frequently present in children with repaired
UCLAP, could have a dominant effect on perception of
the nasolabial appearance during esthetic evaluation.
Earlier studies showed that obtaining a good nasal shape
remains a challenge for the surgeon. The results of the
Eurocleft study [30], the Warsaw-Nijmegen comparison
[35], and the Americleft study [36] demonstrated that
nasal shape receives more negative esthetic scores than
other nasolabial components. This implies that creating
normal nasal morphology in children with UCLAP is
difficult and that many of them present with poor nasal
form. Although we did not assess the extent to which
nasal form in UCLAP deviates from the norm, it is
likely that many subjects with UCLAP had an abnor-
mally shaped nose and that this feature affected the
raters’ perception more than nasal asymmetry.
Evidence supporting this hypothesis was presented by
Meyer-Marcotty et al. [34]. The authors compared facial
symmetry and esthetics between adults with cleft lip
and palate and subjects surgically treated due to a se-
vere skeletal class III malocclusion. No difference in
facial symmetry was found, but the facial attractiveness
of subjects with a cleft was rated as poorer. Although
the authors suggested that the visibility of the residual
lip scarring present only in patients with the cleft had
an influence on facial attractiveness, it is also possible
that abnormal nasolabial form, observed in subjects with
clefts but not in subjects with class III malocclusion,
had a considerable effect on esthetic rating. However,
this hypothesis requires further research.

Our findings show that nasolabial asymmetry in-
creased as the severity of the cleft increased. The abso-
lute nasolabial asymmetry in subjects with UCL was
significantly less than in subjects with UCLAP. This is
likely to have been caused by differences in the bone
support of the soft tissues: In UCL, the alveolar bone is
intact and the repaired lip is supported by the alveolus
in a manner similar to that in subjects without cleft,
whereas in UCLAP, there is a bony defect resulting in

Table 2 Mean absolute nasolabial asymmetry, expressed in mm

Groups Mean SE 95 % CI

UCL 0.75 0.12 0.49 to 1.01

UCLA 1.04 0.77 0.88 to 1.20

UCLP 1.14 0.69 1.01 to 1.28

SE standard error, CI confidence interval, ULC unilateral cleft lip, UCLA
unilateral cleft lip and alveolus, UCLAP unilateral cleft lip and alveolus

Table 3 Results of comparison of absolute nasolabial asymmetry in
UCL (N=11), UCLA (N=30), and UCLAP (N=43) groups assessed
with ANOVA and post hoc Tukey tests

Groups Mean difference
between groups
(in mm)

SE p 95 % CI

UCL vs. UCLA 0.29 0.152 0.141 −0.07 to 0.66
UCL vs. UCLAP 0.40 0.146 0.022 0.05 to 0.74

UCLA vs. UCLAP 0.10 0.103 0.575 −0.14 to 0.35

Bold font denotes statistical significance

SE, standard error; CI, confidence interval; UCL, unilateral cleft lip;
UCLA, unilateral cleft lip and alveolus; UCLAP, unilateral cleft lip, alve-
olus, and palate
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poor labial support and hence increased asymmetry.
Other authors have reported similar results [37–39].

To date, research on human facial attractiveness has
been done mostly with the use of frontal 2D images.
However, our primary visual experience with faces is in
three dimensions. Moreover, perception of the face in
the human visual system is viewpoint specific, i.e., es-
thetic judgment based on one viewpoint may not be
generalizable to other viewpoints [40]. The use of 3D
images may overcome this problem, because manipula-
tion of 3D photographs allows facial esthetics to be
rated from all viewpoints. Indeed, Tigue et al. showed
that application of 3D stimulus media enhanced the
ability of raters to assess facial attractiveness [40].
This could indicate that the more information retrieved
from the stimulus medium and processed during rating
of facial esthetics, the more accurate the esthetic
assessment.

In this study, we used a modified Asher–McDade’s esthetic
index, with a 0–100 VAS in place of a five-point scale. The
advantage of the VAS is that biases toward preferred values
that are found when using categorical or equal-appearing in-
terval scales are avoided [41, 42]. Furthermore, the use of

VAS producesmore objective reproducible and reliable results
[43]; VAS is also more sensitive [41, 42] than categorical
rating scales with or without verbal descriptors [32, 44].
However, the disadvantage of VAS is that the obtained numer-
ic values cannot be connected with certain categories or or-
dered scales, because the data are usually not normally distrib-
uted [45, 46].

The composition of the rating panel can influence the
outcome of evaluation of facial appearance in subjects
with a cleft. Previous studies showed that rating panels
comprising laypersons were more critical [32, 47, 48],
less critical [49, 50], or equally critical [51] to rating
panels consisting of professionals (i.e., persons involved
in the treatment of cleft lip and palate). These contra-
dictory findings do not imply that rating facial esthetics
is unfeasible because of a high risk of inconsistent re-
sults. In fact, the variation in scores assigned by various
panels indicates that some panels are more critical and
some are less critical than others. Nevertheless, there is
strong evidence that if panels are asked to rank facial
attractiveness (i.e., to order from least to most attrac-
tive), the obtained rankings are likely to be comparable
irrespective of the panel composition [4]. Therefore, the

Table 4 Mean esthetic scores (overall and for four nasolabial components) in subjects with UCL, UCLA, and UCLAP

UCL UCLA UCLAP
Mean (SE, 95 % CI) Mean (SE, 95 % CI) Mean, (SE, 95 % CI)

Overall score 59.40 (2.30, 54.27 to 64.53) 56.27 (2.00, 52.17 to 60.36) 50.5, (1.32, 47.85 to 53.20)

Nose shape 61.78 (2.27, 56.74 to 66.83) 57.47 (2.62, 52.10 to 62.83) 51.17 (1.90, 47.34 to 55.00)

Nose deviation 61.67 (2.48, 56.15 to 67.19) 59.01 (2.20, 54.50 to 63.51) 52.85 (1.46, 49.91 to 55.79)

Vermilion border 56.89 (2.27, 51.83 to 61.94) 55.41 (2.25, 50.80 to 60.02) 50.70 (1.48, 47.70 to 53.70)

Profile 57.26 (3.54, 49.38 to 65.14) 53.18 (2.49, 48.10 to 58.29) 47.37 (1.96, 43.41 to 51.34)

SE, standard error; CI, confidence interval; UCL, unilateral cleft lip; UCLA, unilateral cleft lip and alveolus; UCLAP, unilateral cleft lip, alveolus, and
palate

Table 5 Inter-group differences in esthetic scores (overall and for four nasolabial components) among subjects with UCL, UCLA, and UCLAP
assessed with ANOVA and post hoc Tukey tests

UCL vs. UCLA UCL vs. UCLAP UCLA vs. UCLAP

Mean difference
(SE)

p (95 % CI) Mean difference
(SE)

p (95 % CI) Mean difference
(SE)

p (95 % CI)

Overall score 3.13 (3.33) 0.617 (−4.82 to 11.09) 8.88 (3.19) 0.018 (1.25 to 16.50) 5.74 (2.25) 0.033 (0.38 to 11.11)

Nose shape 4.32 (4.47) 0.601 (−6.36 to 15.00) 10.61 (4.29) 0.040 (0.04 to 20.85) 6.30 (3.02) 0.099 (−0.91 to 13.50)
Nose deviation 2.66 (3.66) 0.748 (−6.08 to 11.40) 8.82 (3.51) 0.037 (0.44 to 17.20) 6.16 (2.47) 0.039 (0.26 to 12.06)

Vermilion border 1.47 (3.71) 0.917 (−7.39 to 10.34) 6.19 (3.56) 0.197 (−2.31 to 14.68) 4.71 (2.51) 0.151 (−1.27 to 10.69)
Profile 4.07 (4.59) 0.650 (−6.89 to 15.04) 9.88 (4.40) 0.070 (−0.63 to 20.40) 5.81 (3.10) 0.153 (−1.59 to 13.21)

SE, standard error; CI, confidence interval; UCL, unilateral cleft lip; UCLA, unilateral cleft lip and alveolus; UCLAP, unilateral cleft lip, alveolus, and
palate

Bold font denotes statistical significance
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choice of the rating panel can be based on issues such
as the research question or the availability of judges.

In the current investigation, we evaluated nasolabial
symmetry based on all data points of the 3D facial
surface. This is in contrast with most previous works,
in which single soft-tissue landmarks were used to de-
termine facial asymmetry. Our method allows for a
more global and precise evaluation of the facial surface.
Additionally, the standardized procedure that we utilized
does not require any manual definition of single land-
marks and is believed to result in better inter-observer
reliability [52]. The high degree of reproducibility and
validity described in previous studies [53–55], along
with the absence of relevant systematic errors in the
method, implies that the technique of determination of
facial asymmetry presented herein is appropriate and
can be recommended for future research.

In summary, a starting point of this study was a
search for factors affecting nasolabial appearance in

CLP. We also planned to clarify the role of nasolabial
symmetry in perception of facial esthetics. We were sur-
prised that only few studies [23–27] dealt with the re-
lationship between symmetry and esthetics in CLP (and
none used 3D imaging). Moreover, their findings were
equivocal. We suspected that this paucity of publications
might have resulted from prevailing opinion that Bwhat
is symmetrical is more beautiful^ and most researchers
just did not bother to confirm the obvious. However,
our clinical impression was that in more severe forms
of CLP, the nasolabial symmetry was less important
than the shape of this region for esthetic judgment.
Our findings seem to confirm our impression—the more
severe the cleft, the less important the symmetry is for
perception of nasolabial appearance. Thus, this study
demonstrates for the first time that using nasolabial
symmetry as a main measure of quality of treatment
of severe forms of CLP is not sufficient and may be
unrelated with patient’s perception of facial appearance.

Table 6 Results of regression analyses with overall esthetics and esthetics of four nasolabial components as dependent variables and absolute
nasolabial asymmetry as independent variable

Nasolabial component Effect of nasolabial asymmetry p 95 % CI R2

Overall esthetics −9.61 <0.001 (−14.04 to −5.19) 0.19

Nose shape −9.72 0.002 (−15.83 to −3.61) 0.11

Nose deviation −12.08 <0.001 (−16.72 to −7.44) 0.25

Vermilion border −8.53 0.001 (−13.46 to −3.59) 0.13

Profile view −8.12 0.013 (−14.47 to −1.78) 0.73

Subjects with various cleft types (UCL, UCLA, and UCLAP) were pooled together. Bold font denotes statistical significance

CI, confidence interval; UCL, unilateral cleft lip; UCLA, unilateral cleft lip and alveolus; UCLAP, unilateral cleft lip, alveolus, and palate

Table 7 Results of regression
analyses with esthetics of
nasolabial components as
dependent variables and absolute
nasolabial asymmetry as
independent variable in groups
with various cleft types (UCL,
UCLA, and UCLAP)

Bold font denotes statistical
significance

CI, confidence interval; UCL,
unilateral cleft l ip; UCLA ,
unilateral cleft lip and alveolus;
UCLAP, unilateral cleft lip,
alveolus, and palate

Nasolabial
component

Cleft type
group

Effect of
nasolabial
asymmetry

p 95 % CI R2

Overall esthetics UCL −14.814 0.008 (−24.78 to −4.85) 0.56

UCLA −13.837 0.002 (−22.32 to −5.35) 0.29

UCLAP −3.858 0.199 (−9.83 to 2.11) 0.04

Nose shape UCL −13.604 0.017 (−24.17 to −3.04) 0.49

UCLA −18.228 0.002 (−29.32 to −7.13) 0.29

UCLAP −0.874 0.841 (−9.60 to 7.85) 0.01

Nose deviation UCL −17.757 0.002 (−26.70 to −8.82) 0.70

UCLA −21.325 <0.001 (−28.65 to −14.00) 0.56

UCLAP −3.577 0.281 (−10.19 to 3.04) 0.03

Vermilion border UCL −9.050 0.152 (−22.12 to 4.02) 0.21

UCLA −7.994 0.143 (−18.86 to 2.87) 0.08

UCLAP −7.443 0.024 (−13.88 to −1.01) 0.12

Profile view UCL −18.845 0.043 (−36.93 to −0.76) 0.38

UCLA −7.799 0.198 (−19.92 to 4.32) 0.06

UCLAP −3.540 0.430 (−12.51 to 5.43) 0.02
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Conclusions

Based on our findings, we conclude that, overall, the percep-
tion of nasolabial esthetics is influenced by nasolabial sym-
metry. As a result, objectively quantified nasolabial symmetry
can be used as a measure of outcome of the treatment of cleft
lip and palate. However, in patients with unilateral cleft lip,
alveolus, and palate, factors other than nasolabial asymmetry
can influence the rating of nasolabial esthetics.
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