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Abstract

‘ideal’angles in Hong Kong Chinese.

unattractive) to 100 (very attractive).
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Background: The established recommendations and guidelines regarding ideal measurements for an attractive face
are mostly based on data gathered among Caucasian population. The aim of this study was to examine the relation-
ship between perception of 3-dimensional facial attractiveness and golden ratio, neoclassical canons, ‘ideal’ ratios and

Methods: Thirty 3-D photographs (15 males and 15 females) were shown to 101 laypersons and 60 patients seeking
orthognathic treatment. The photographs were rated based on a 100 mm visual analogue scale (VAS) from 0 (very

Results: More than half of the measurements (42/77) in females and thirty-two measurements in males were found
to be significantly different from the ideal target value (p <0.05) upon the comparison of the attractive faces with
golden ratio, neoclassical canons, ‘ideal'ratios and ‘ideal’ angles. Meanwhile, correlation tests between VAS scores and
the parameters detected significant results (p <0.05) in only six ratios, eight angles, one neoclassical canon and one

Conclusions: Despite several renowned ‘ideal’ parameters of attractive faces that have been recommended in the
literature, only a few of them were found to be significantly correlated with attractive faces in Hong Kong Chinese.

Keywords: Aesthetics, Perception, Anthropometry, Facial proportion, Facial angle

Background

Face is known to be the key factor in the perception of
physical attractiveness. Objective aesthetic criteria are
important to evaluate and analyse patients who undergo
aesthetic surgical procedures [1]. The computation of
facial attractiveness has recently emerged as a new area
of research. The groundwork, however, for the success
of such technology relies on quantitative methods to
define facial attractiveness [2]. Therefore, researchers
have intended to quantify the perception of beauty using
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different facial parameters instead of subjective interpre-
tations or individual observations of facial attractiveness
[3].

Recommendations and guidelines in the literature
regarding ideal measurements for an attractive face are
mostly based on some recommended golden ratio, neo-
classical canons, ‘ideal’ ratios and ‘ideal’ angles. Their
ideal target values are normally based on average faces,
faces perceived as ‘beautiful’ or authors’ preferences [4,
5]. Such ideal target values are presumably associated
with attractive faces regardless of age, gender and eth-
nicity. Clinically, they are aimed as reference points by
orthodontists, oral and maxillofacial surgeons and plas-
tic surgeons for final treatment outcomes in both genders
and all races. However, perception of facial attractiveness
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differs with race and ethnicity resulting in the application
of some conventional rules for ideal facial attractiveness
inappropriate [6].

Proportional or ratio analyses are considered to be
more suitable in facial aesthetic appreciation as the com-
parison of absolute values among ethnicities and between
genders is difficult due to inherent variation [7]. Up to
date, many researchers [8—11] have suggested ‘ideal’
ratios or angles based on their collected data, which ulti-
mately led to a plethora of ‘ideal’ parameters related to
facial aesthetics available nowadays in literature.

The researchers replaced the traditional cephalometric
analysis to evaluate facial attractiveness with photographs
some time ago. Today, the emerging 3-dimensional
(3-D) photographic technology provides a more vivid
and realistic appreciation of facial aesthetics. Full facial
landscapes can be acquired quickly and accurately in a
noninvasive manner using 3-D imaging techniques [12].

It is important to respect and appreciate the underly-
ing ethnic differences for the success of aesthetic surgery
[1]. Therefore, the objective of this study is to examine
the relationship between the perception of 3-dimen-
sional facial attractiveness and golden ratio, neoclassi-
cal canons, ‘ideal ratios and ‘ideal’ angles in Hong Kong
Chinese.

Materials and methods

The ethical approval for this study was granted by the
local authority (Institutional Review Board no.. UW
12-066). The study was conducted at Prince Philip Den-
tal Hospital, The University of Hong Kong. Prior written
informed consent was obtained from all the model vol-
unteers and judges.

3-D photograph

Ninety Chinese dental students ranging in age from 20
to 27 years old (mean=22.8) have volunteered and been
recruited as 3-dimensional (3-D) photograph models in
this study. These 90 volunteers consisted of 30 individuals
presenting dento-skeletal classes 1, 2, and 3 each. Each
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model obtained a 3-dimensional photograph in a neutral
facial expression using the 3dMDface stereophotogra-
phy system (3dMD, Atlanta, USA). To reduce potentially
extraneous aesthetic factors during the photo-shooting
session, their hair was covered. The make-up and jewel-
lery were also removed.

The 3-D photos of the models were imported into the
3dMDVultus software (3dMD LLC, Atlanta, GA, USA).
Five models each for three different dento-skeletal pat-
terns (classes 1, 2, and 3) of both genders were then
selected randomly using the random number generator
function of Microsoft Excel (Microsoft Office Profes-
sional Plus 2016, Microsoft Corporation). This resulted
in 15 male and 15 female 3-D photographs with diverse
dental and skeletal patterns. A 10-s video was generated
for each 3-D facial photograph rotating around its y-axis,
starting from left to right face (Fig. 1). All videos were
converted into black and white to reduce potential bias
caused by skin colour and complexion.

Judges

Judges for this study were recruited from the pool of con-
secutive patients attending the oral and maxillofacial dis-
cipline seeking orthognathic treatment, as well as from
those patients who have attended the Reception and Pri-
mary Care Clinic of the same hospital for reasons other
than potential orthognathic treatment. Only Hong Kong
Chinese between 18 to 40 years old were included.

The judges were instructed to evaluate 30 videos based
on a 100 mm visual analogue scale (VAS) from 0 (very
unattractive) to 100 (very attractive). No time limit was
set for the evaluation of the 3-D photographs. The con-
secutive videos were played only after the score for the
previous video was recorded by the judges. The mean
VAS score of each judging panel represented the final
facial aesthetic score for each 3-D photograph.

The soft tissue landmarks for each 3-D photograph
were plotted using the 3dMDVultus software (3dMD
LLC, Atlanta, GA, USA). The landmarks normally
identified in the profile view of 2-D photographs were

Fig. 1 3D photographs of a female model from different angles adopted from the video sequence
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plotted in the midline of the frontal 3-D photograph
view to prevent measurement errors due to horizontal
deviations. The soft tissue landmarks used in this study
are shown in Fig. 2.

According to already established methodologies [4,
5, 13-16], the golden ratio, neoclassical canons, ‘ideal’
ratios and ‘ideal’ angles were applied in this study
(Figs. 3, 4, 5 and 6). The differences between the meas-
ured parameters and the ‘ideal’ reference values were
calculated.

All 3-D photos were remeasured 2 weeks after the
first measurement, and the technical error measure-
ment (TEM) was calculated with the Dahlberg formula
as follows [17]:

where d; is the difference between the first and the
second measurements and N is the sample size that was
remeasured. Subsequently, the relative TEM (% TEM)
was calculated as follows:

TEM
% TEM =

x 100%

where X is the sample mean. The acceptable range for
intra-examiner % TEM is<1.5% [18].
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Fig. 2 Soft tissue anthropometry landmarks
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Statistical analysis

Descriptive statistics were used to analyse the demo-
graphic parameters of the judges. Paired ¢-test was per-
formed to examine any differences between the mean
VAS scores of orthognathic versus non-orthognathic
judges.

One-sample Wilcoxon signed-rank test was used to
examine to differences between attractive faces with the
ideal value of recommended parameters. Five female and
male models with the highest VAS scores were selected
for this analysis. Subsequently, the Pearson correlations
test was used to examine the association between the
mean VAS scores with all the measured independent
variables.

A p-value of<0.05 was considered significant for all
statistical tests. All data unless specified were analysed
using the SPSS Statistics software version 23.0 (Armonk,
NY: IBM Corp, USA).

Results

A total of 180 patients were recruited consecutively to be
judges for this study; however, incomplete data was found
in 17 of them. As a result, 163 judges (age: 27.1 £ 6.1 years
old) were analysed for this study. Among them, 25 of 62
orthognathic and 40 of 101 layperson judges were male.
All intra-assessor’s measured landmarks % TEMs were
within the acceptable range (0.12—1.23%).

While the recorded raw VAS scores ranged from 0 to
99.5, the mean VAS scores for the 3-D photographs were
49.76 £6.14 for male and 47.97+7.62 for female 3-D
photographs. No significant difference (p=0.161) existed
for the mean VAS score (—0.67 £2.57) between orthog-
nathic and layperson judges for all 3-D photos.

Attractive faces versus recommended parameters
More than half of the measurements (42/77) were found
to be significantly different from the ideal target value
(p<0.05) upon comparison of the attractive female faces
with golden ratio (Table 1), neoclassical canons (Table 2),
‘ideal’ ratios (Table 3) and ‘ideal’ angles (Table 4). An
attractive female face can be interpreted as having a
shorter (n-sn) and broader (al-al) nose, broader inter-
endocanthus and inter-exocanthus width, shorter lower
facial third, thicker vermillion of both upper and lower
lips, shorter upper lip, flatter labio-mental fold and retru-
sive mandible comparing to the recommended ideal faces
by reading these results together. Majority of these find-
ings were found significant in both orthognathic and lay-
person judges.

On the other hand, 32 measurements were found to be
statistically significant in the measured parameters for
male faces (Tables 1, 2, 3 and 4). A shorter and broader
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Fig. 3 Golden ratio-related parameters measured in this study

nose, broader inter-endocanthus and inter-exocanthus
width, shorter lower facial third, retrusive mandible,
thicker vermillion of upper lip, shorter upper lip and flat-
ter labio-mental fold than the recommended value were
found to be more attractive in male faces based on the
analyses. Again, majority of the significant findings were
found in both groups of judges.

Analyses based on VAS scores

Correlation tests between VAS scores and the param-
eters detected significant results in six ratios, eight
angles, one neoclassical canon and one proportion
(Table 5). These significant results were recorded at
ratios 3, 5,13, 17, 19 and 22, in angles 4, 7, 9, 10, 14, 15,
19, 22 and 23, in neoclassical canon 5, as well as to pro-
portion 14. In subgroup analyses, it became obvious
that significant correlations within the overall analysis
of all models turned out not to be always significant
for analyses of female or male faces and vice versa.

The same applied to the results of the overall judges’
analyses when compared with the subgroup results of
orthognathic and layperson judges respectively.

The significant findings of angles 14, 15, 19, 22 and 23
may be interpreted as an association between increased
VAS scores and decreased lower facial third height in
female models (p <0.05). As ratio 5 indicates, a signifi-
cantly positive association was observed between the
middle facial height and VAS scores in the male mod-
els (p<0.05). Ratio 17 denotes a significant association
between increased VAS scores and increased alar width
in females (p <0.05). On the other hand, the significant
results of angles 4, 9 and 10 in male models pointed to
an association between an increased VAS score and
a more retruded mandible, whereas the result of the
canon 5 suggested a significant relationship between a
narrower facial width at zygion level and an increased
VAS score in females.
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Fig. 4 Neoclassical canons measured in this study

Discussion

The perception of attractiveness is subjective and not
constant through the years. An evident observation is
a change in trends related to the ideal body shape over
decades. Therefore, the ideal facial parameters should not
be assumed to be constant too. Several previous stud-
ies have demonstrated that only a few suggested ‘ideal’
parameters were significantly associated with attractive
[4,7,19-21] or norm [13, 22] faces. Some even suggested
that the golden proportion does not relate at all to facial
attractiveness [7, 23]. This study has found significant
correlations between VAS scores and deviations of the
measured parameters from ideal target values in only
14% of the overall investigated 77 parameters. This find-
ing points out that suggested ideal values might not be
applicable at all times in every population.

Some [24, 25] think that the general principle of facial
aesthetics applies to both genders, whereas others [22,
26] noted distinct differences between genders. Signifi-
cant results in overall facial analyses do not always appear
in gender-specific subgroup analyses and vice versa. The
current study has found a preference for thicker upper
and lower vermillion in females but only thicker upper
vermillion in males. Therefore, it is worthwhile to further
investigate and develop gender-based ideal target values
in the future.

This study has found a preference for a shorter lower
facial third in both genders. In accordance with this find-
ing, Mizumoto et al. (2009) [14] reported a relatively
shorter lower anterior facial height among Japanese

female models and actresses compared to post-orthodon-
tic dento-skeletal class 1 patients. They further suggested
a trend in aesthetic perception that favours small faces,
especially small jaws. Furthermore, judges associate a
shorter upper lip with attractiveness, a finding that cor-
roborates results of other studies in the Asian population
[14, 22]. Interestingly, a broader or wider nose was found
to be more attractive in both genders. It may be hypoth-
esized that this is related to the famous ‘face reading’
among the Chinese community which relates a round,
fleshy and big nose to good fortune, wealth and success.
It has also been suggested that the relationship
between 2-D ratios and angles and facial attractiveness
is low [7]. Previous studies on facial attractiveness were
mainly based on 2-D photographs [4, 5, 27] and silhou-
ette [28] evaluations. This study has used 3-D photo-
graphs to better appreciate facial details from multiple
vantage points other than just frontal and profile views.
To ensure all judges were able to assess the model faces
at 180°, a short video clip of a rotating 3-D photograph
from the right profile view, over the frontal to the left
profile views, was produce for each model. This method
reduces restriction or biases compared with show-
ing judges only 2-D frontal and profile views of pho-
tographs. It is much more realistic when compared to
our daily life 3-D vision. It has been reported elsewhere
[7] that the dento-skeletal pattern does not affect facial
attractiveness, and one need not be class 1 to be attrac-
tive. Therefore, the models for this study comprised of
dento-skeletal classes 1, 2 and 3 patterns presenting a
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Fig. 5 ‘Ideal’ratio parameters measured in this study

wide range of faces with different characteristics. This
explains the high variation (0 to 99.5) among the raw
VAS scores recorded in this study. Additionally, only a
total of thirty 3-D photographs were presented to the
judges, as larger numbers might lead to their exhaus-
tion [29], potentially affecting their assessment.

The here investigated ‘ideal’ ratios and ‘ideal’ angles
are based on the recommendations of Kiekens et al. [4],
2008, who excluded parameters with low reproducible
landmarks. To assess intra-assessor measurement error
in this study, % TEMs of all landmarks were quantified,
yielding low results, suggesting a high reproducibility
of these landmarks.

This study has analysed the perception of facial attrac-
tiveness in layperson and orthognathic judges separately.
It has been reported that orthognathic patients perceived
their facial profile in a different way than orthodontists,
surgeons and laypersons [30]. Laypersons’ perception of
the facial profile was suggested to be superior to that of
specialists due to the lack of any eventual professional
and academic preconditioning [11]. It might be argued
that therefore due to various amounts of additional spe-
cific knowledge, orthognathic patients also might differ
from laypersons in their perception of attractiveness.
Furthermore, as facial aesthetics is one of their main
concerns, an emotional component within this specific
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Fig. 6 ‘Ideal’angle parameters measured in this study

group of patients should not be underestimated. Low sat-
isfaction with their dento-facial appearance [30], specifi-
cally concerning certain facial features, might probably
affect and influence their perception of attractiveness.
Additionally, it has been reported that self-perceived
attractiveness affects one’s aesthetical perception towards
others [31]. Therefore, judge subgroups analyses were

performed as it was assumed that orthognathic patients
might present a different beauty perception than layper-
sons. Interestingly, this study revealed that orthognathic
but not layperson judges prefer a retrusive mandible,
a somehow anticipated outcome given that Chinese
and Japanese are in favour of a retruded ‘soft’ mandible
[14]. Besides, correlations tests have revealed several
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different significant results between these two groups.
These results suggested that orthognathic patients apply
different facial attractiveness criteria when compared
to laypersons. Generally, it might be speculated that
orthognathic patients put more emphasis on facial attrac-
tiveness than others. Based on self-perceived own ‘short-
coming’ facial features, they might have a specific interest
related to certain facial ratios or angles. All these fac-
tors together with specific emotional and psychological
components might serve to explain the different results
recorded between orthognathic patient and non-orthog-
nathic layperson judges. Therefore, patients’ wishes are
of utmost importance during the orthodontic, orthog-
nathic and/or plastic surgery treatment planning, instead
of relying completely on stereotypical so-called ideal val-
ues and/or measurements. Recommended ideal values
should only serve as a rough guideline in the clinical daily
work. Furthermore, unique ethnic facial characteristics
must be considered during all facial aesthetic treatment
planning.

Conclusion

Despite several renowned ‘ideal’ parameters of attractive
faces that have been recommended in the literature, only
a few of them were found to be significantly correlated
with attractive faces in Hong Kong Chinese. In general,
a broader inter-endocanthus and inter-exocanthus width,
shorter and broader nose, shorter lower face, shorter
upper lip, flatter labio-mental fold and retrusive mandi-
ble comparing to the recommended ideal faces were per-
ceived as attractive by the judges.
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