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Abstract

Purpose—Meeting patient desires for enhanced facial esthetics requires that providers have
standardized and objective methods to measure esthetics. We evaluated the effects of objective 3-
dimensional (3D) facial shape and asymmetry measurements derived from 3D facial images on
perceptions of facial attractiveness.

Patient and Methods—3D facial images of 313 adults in lowa were digitized with 32
landmarks and objective 3D facial measures capturing symmetric and asymmetric components of
shape variation, centroid size and fluctuating asymmetry were obtained from the 3D coordinate
data using geo-morphometric analyses. Frontal and profile images of study participants were rated
for facial attractiveness by ten volunteers (5 females and 5 males) on a 5-point Likert-scale and a
visual analogue scale (VAS). Multivariate regression was used to identify the effects of the
objective 3D facial measurements on the attractiveness ratings.

Results—Several of the objective 3D facial measures had significant effects on attractiveness
ratings. Shorter facial heights with protrusive chins, mid-face retrusion, faces with protrusive noses
and thin lips, flat mandibular planes with deep labio-mental folds, any cants of the lip
commissures and floor of the nose, larger faces overall and increased fluctuating asymmetry were
rated as significantly (p<0.001) less attractive.
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Conclusion—Perceptions of facial attractiveness can be explained by specific 3D measures of
facial shapes and fluctuating asymmetry, which has important implications for clinical practice
and research.

Introduction

Physical attractiveness continues to be an important factor in today’s society, and facial
appearance remains one of the most defining components of attractiveness. Individuals who
are perceived as more attractive are commonly shown to achieve better social and labor
market outcomes such as dating/marriage or greater earnings [1-6]. It is accepted that the
face is a key factor in determining the perception of physical attractiveness [7].
Consequently, individuals often seek out dental/surgical treatments (i.e., orthodontic
treatment, orthognathic surgeries, and cosmetic treatments) in an attempt to increase
physical attractiveness by altering facial esthetics. Therefore, it is imperative that
professionals providing these services have access to reliable objective measures of facial
esthetics, in order to maximize the benefit to individuals seeking these treatments.
Furthermore, it is important for individuals, providers, and researchers to better understand
what aspects influence perceptions of facial attractiveness.

Given the increased demand for esthetic services, much research has been conducted to
examine the aspects/components of the face that predict facial attractiveness. Previous
studies have utilized a variety of 2-dimnesional (2D) imaging techniques [8-15]. With the
recent advent of 3-dimensional (3D) imaging techniques however, it is now possible to
quickly and accurately acquire full facial landscapes in a non-invasive manner. Three-
dimensional imaging has become increasingly popular, with applications to the evaluation of
facial growth patterns, facial asymmetries and assessment of orthodontic and orthognathic
surgery outcomes [16-19]. The increasing reliance on 3D imaging for orthodontic treatment
and orthognathic surgery creates greater need for understanding how objective esthetics
measures derived from 3D data relate to individuals’ perceptions of facial attractiveness.

In this study, we present comprehensive evidence on the relationships between multiple
objective 3D measures of facial shape and symmetry derived from 3D images with
perceptions of facial attractiveness. Specifically, we examine the effects of objective 3D
facial shape and asymmetry measurements generated from 3D facial images from a large
sample of individuals on attractiveness ratings provided by a group of raters who evaluated
these images. The extant research is focused on how objective 2D measures of the face
correlate with attractiveness ratings. Our key contribution is deriving objective 3D facial
measures directly from 3D data by using advanced geo-morphometric methods, thus
capturing more complex aspects of facial shape variation than what is captured by 2D
measures. Furthermore, previous evidence remains largely based on small samples, and we
employ one of the largest samples to date for examining this question.
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Sample and Data Collection
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The Institutional Review Board at the associated university approved the protocol for this
study. Three-dimensional images were collected by the study investigators between 2009
and 2013 from 325 adult males (n=102) and females (n=223) of varying ages (mean=35.6
years, range=18 to 70 years). Individuals were required to be adults living in lowa. These
individuals were recruited for studies of oral clefts or facial variation. About 37% of these
individuals were parents of children with oral clefts, but none of the participants had oral
clefts. Nearly 90% of the sample self-reported their race as White. Three-dimensional
images of each participant were captured using a 3dMD system and software (3dMD,
Atlanta, GA, USA). The 3dMD system combines both stereophotogrammetry and structured
light mechanisms to capture facial surface images very quickly (~1.5 milliseconds) and
accurately (RMS of 0.2 mm) [20]. Thirty-two landmarks were located and marked on each
participant’s 3dMD image (Figure 1, Table I). Twelve of the 325 3D images were excluded
from the analysis due to poor image quality; hence, a total of 313 images remained for
analyses. Procedures for landmark placement reliability testing, described earlier [21],
indicated good to excellent reliability with intra-class correlation values exceeding 0.8.

Objective 3D Measures of Facial Shape and Symmetry Derived from 3D Images

The 3D coordinates of the 32 landmarks were exported and submitted to geo-morphometric
shape procedures implemented in the software Morpho J for data with object symmetry [21-
24]. Object symmetry implies that both the left and the right side of the face are mirrored
images from each other, divided by the midsagittal plane. A comprehensive shape analysis
of structures with object symmetry should take into account variation in both sides (i.e.,
halves of a face) as well as how they relate to each other (i.e., variation in the midsagittal
plane). Also, locations of bilateral landmarks (i.e., left and right endocanthion), even in the
presence of asymmetries are correlated with each other which can lead to statistical
problems due to collinearity. To overcome these issues, methods implemented in Morpho J
for data with object symmetry partition the total shape into components of symmetric and
asymmetric variation as follows. All original landmark configurations were reflected and
relabeled. Subsequently, both the original and the relabeled mirrored configurations were
registered using the Procrustes fit procedure and the variation observed is portioned into
each of the two components. The symmetric component of shape variation constitutes the
variation among individuals in the average between their original and reflected landmark
configurations. Despite any left-right asymmetry present in the original landmark
configuration in any given individual, the average configuration between the original and its
reflection is always a symmetric shape [23]. In symmetric variation, bilateral paired facial
landmarks can vary in any direction but midfacial unpaired landmarks can only vary along
the midsagittal plane. In contrast, the asymmetric component of shape variation quantifies
the differences between the original and reflected configurations within individuals. For the
paired landmarks, asymmetry can be in any direction, but for the unpaired landmarks
variation can only be in a direction perpendicular to the midsagittal plane [23]. Covariance
matrices for both the symmetric and asymmetric components were generated and
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subsequently submitted separately to principal component analyses (PCA) to determine the
main components of symmetric and asymmetric facial shape variation [23, 24].

In PCA by construction, the first principal component (PC) accounts for the largest amount
of variance followed by the second component, third, and fourth successively. In this study
we utilized the first 4 PCs of each symmetric and asymmetric variations as our first and
second categories of objective measures of facial shape. We also measured overall facial size
via centroid size, calculated as the square root of the sum squared distances between the
centroid and all other points in the landmark configurations. Finally, we evaluated
fluctuating asymmetry (FA) which represents the overall magnitude to which an individual is
asymmetric based on a zero mean value (laterality and directionality are not considered)
using Mahalanobis distances (scaled relative to the variation of asymmetry in the sample)
which complement the PCA of the asymmetric component of shape variation. While
Asymmetric PCs provide detailed resolution on the particular aspects of asymmetry that
explain the most variation in all the faces, individual FA scores capture overall levels of left—
right differences in each individual. In summary, a total of 4 categories of objective facial
shape measurements were obtained including: 4 PCs of symmetric and asymmetric
variation, centroid size, and Mahalanobis FA scores.

Rating of Facial Attractiveness

Ten university students and staff (5 females and 5 males) were identified from a convenience
sampling approach to rate facial attractiveness. Frontal and lateral (left and right) facial
image views of each study subject were presented to the study raters. The frontal and lateral
views presented to the raters sufficiently captured facial shape and symmetry features for the
purpose of evaluating how one would view attractiveness in real life. We did not provide the
images to the raters in a 3D viewing software that allows them to see the image in whatever
position they wanted because it would unlikely add measurement precision and may instead
introduce measurement error and noise. Humans typically view faces and assess facial
attractiveness in frontal and profile dimensions in real life and not in flipped, rotated,
reversed, or horizontal positions. Thus, allowing raters to manipulate images for rating
attractiveness could bias attractiveness perceptions. For instance, seeing a vertically or
obliquely flipped face is not meaningful for capturing how one may rate facial attractiveness
in real life and may bias the rating downward. Furthermore, such manipulations could
reduce rater sensitivity to meaningful and real differences in attractiveness between faces.
Therefore, it is important to standardize how images are presented to the raters in order to
reduce as much as possible random noise and systematic biases in how images are viewed
and rated.

The raters were asked to rate overall facial attractiveness based on the frontal and lateral
views on a 5-point Likert-scale (1=very unattractive, 2=unattractive, 3= average
attractiveness, 4=attractive, 5=very attractive) and a 100-point visual analogue scale (VAS)
(from 0 very unattractive to 100 very attractive); the VAS had no pre-markings other than the
anchoring points. Thirty-three images were randomly duplicated to assess test-retest
reliability.
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Statistical Analysis

We employed linear regression analysis to examine the effects of the objective facial shape
and symmetry measures on attractiveness ratings. Our regression model was based on the
following specification:

Rij=ao+Fif+o1Gi+aoMj+uj+ei.

The dependent variable /2 was the rating of overall facial attractiveness of study subject 7by
rater /. \We estimated a separate regression for the Likert-scale ratings and for the VAS
ratings. The unit of the analysis was an image rating, with each image rated 10 times (once
by each of 10 raters). Only one of the duplicated images (included for reliability testing) was
retained for these regressions. The regressions were therefore based on a total of 313 images
and 3130 ratings/observations (313 photos times 10 raters; 12 of the full set of 325 photos
were excluded due to poor quality). We regressed the Likert-scale and VAS ratings on each
category of objective facial measures, represented in vector F above, first one category at a
time. Our main parameters of interest are the regression coefficients of these facial measures
(vector B), which represent the effects of the facial shape and symmetry indicators derived
from 3D images on subjective ratings of attractiveness. The categories of the facial measures
in vector F were 1- the four symmetry PCs (Symm PC1-PC4); 2- the four asymmetry PCs
(Asymm PC1-PC4); 3- centroid size; and 4-Mahalanobis FA score. Since all of the objective
measures of facial shape are continuous, they were represented by binary (0/1) indicators for
their quintiles with the 40-60™" percentile as the reference category (i.e., 4 indicators for
each measure) in order to capture non-linear effects of deviations from intermediate values.
For example, four binary (0/1) indicators were used to represent the first symmetric PC,
another four indicators represented the second symmetric PC, and so on. Finally, we
estimated a regression that simultaneously included all these four categories of objective
measures of facial shape in order to jointly assess their effects on attractiveness ratings.

The regression controlled for subject’s gender (G) and rater’s gender (M). In sensitivity
models, we also controlled for subject’s age and an indicator for White versus non-White
race. We also accounted for other raters’ influences (4). Our main approach was to model
rater effects as random since raters’ characteristics are unlikely to be correlated with the
objective facial measures; in other words, there are no unobserved rater confounders since
the raters were not selected in any way based on the images they were rating and the 3D
facial measures derived from these images. Therefore, we estimated the model using
generalized least squares linear regression including random effects for the raters.

In order to further account for potential dependence of the error terms within raters (e.g.,
some raters may tend to rate in the high, low, or medium range), we estimated the variance-
covariance matrix using the Huber-type estimator with standard errors clustered at the rater
level; this estimator is robust to both heteroscedasticity and non-independence of the errors
within clusters [25]. We evaluated the robustness of our inference by estimating the standard
errors alternatively using bootstrap with 1000 replications and generally found similar
results.
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We also estimated an alternative model to the random effects that included rater fixed effects
(equivalent to including 0/1 binary indicators for the raters; raters’ gender was omitted as it
is accounted for by the fixed effects), also clustering the errors at the rater level. This model
relaxes the assumption of no unobservable rater-level confounders. That model yielded
similar regression coefficients but with less precision (higher standard errors) than the
random effects model as expected [25]. Therefore, we focus on reporting the results from the
random-effects model. All statistical analyses were done using Stata 14 [26].

Descriptive Analysis

Regression

Table Il provides descriptive statistics for the Likert-scale and VVAS attractiveness ratings and
the objective measures of facial shape. Mean attractiveness ratings were 2.7 on the Likert-
scale and 39.8 on the VAS. The Likert-scale and VVAS ratings were strongly correlated
(r=0.87). By construction, the PCs of symmetry and asymmetry are made to have a mean of
zero. Thirty-one percent of the study participants were males. The test-retest reliability for
overall facial attractiveness ratings was 0.69 on the Likert-scale and 0.75 on the VAS
indicating overall acceptable reliability amongst raters. There were no significant differences
in reliability by raters’ gender (p=0.68 for Likert-scale and p=0.61 for VAS).

Results

Table I11 describes the main aspects of shape variation captured by each of the 4 categories
of objective facial shape measurements along with phenotypic shape extremes that occur at
the 15t and 5% quintiles for each of the components. Table 111 also reports the results of the
regressions of the Likert-scale and VAS ratings on the objective 3D facial shape and
symmetry indicators grouped into 4 categories — symmetric and asymmetric variation,
centroid size and Mahalanobis FA — all included simultaneously in the regression. A
separate regression was estimated for each rating scale (Likert-scale and VAS) including
rater random effects as noted above. Each objective 3D facial measure was represented by
binary indicators for its quintiles with the middle quintile (i.e., the 3™ quintile, 40-60t"
percentile) as the reference category. We also report the results for the regressions when each
of the four facial measure categories was included in the regression on its own without the
other categories in Supplementary Tables S1-S4 online. The results were overall comparable
when including all these measures jointly so we focus on discussing the results from the full
model (Table I11). The standard errors and significance levels in Table 111 are based on the
clustered standard error estimator discussed above; we observe similar results using the
bootstrap standard error estimator (Supplementary Table S5 online). We also observe similar
results when adding subject’s age and indicator for White versus non-White race as
covariates (Supplementary Table S6 online).

All categories of objective 3D facial variation were significantly related to the attractiveness
ratings when included simultaneously in the regression, indicating that each is capturing
unique variation in perception of attractiveness. Beginning with the first four principal
components of symmetry, all of these had significant effects on one or both of the rating
scales (Likert-scale or VAS). Individuals who were farther from the intermediate scores (40—
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60t percentile) in either direction had lower attractiveness ratings, but reductions were more
prominent for those in the first two quintiles. The first PC of symmetry (Symm PC1)
accounted for 21.2% of the total variation in symmetric shape. It captured variation in total
face height, chin projection, facial width and profile convexity or concavity as shown in
Figure 2a. Individuals with shorter face heights and protrusive chins (0-40t" percentile) were
perceived as less attractive. The second PC (Symm PC2) accounted for 13.2% of the total
variation in symmetric shape and captured variation ranging from mid-face protrusion and
profile convexity to mid face retrusion and profile concavity (Figure 2b). Individuals with
mid face protrusion and profile convexity (0-40t" percentile) were perceived as more
attractive, while those with mid face retrusion and profile concavity (60-100t" percentile)
were perceived as less attractive. Symm PC3 accounted for 10.3% of the total variation in
symmetric facial shape and captured variation in lip height (i.e., lip thickness) and nose
prominence as shown in Figure 2c. Based on Symm PC3, individuals with thinner lips in the
vertical dimension and larger noses in the anterior-posterior dimension with a downturned
tip of the nose (2040 percentile) were perceived as less attractive. Symm PC4 accounted
for 8.9% of variation in symmetric facial shape and reflected variation in lower facial height,
mandibular plane inclination and depth of the labio-mental fold as (Figure 2d). Individuals
with short lower faces and deep labio-mental folds (0-20t" percentile) were perceived as less
attractive.

The components of asymmetric facial variation also had significant effects on attractiveness
ratings yet to a lesser extent than the symmetric components above. Some asymmetry
components showed slightly inconsistent results for their effects on attractiveness ratings.
The first PC of asymmetry (Asymm PC1) accounted for 17.3% of the variation in
asymmetric facial shape and captured variation in the tip of the nose and chin, relative to the
midsagittal plane as shown in Figure 3a. Asymm PC1 effects on attractiveness ratings were
somewhat inconsistent. Results indicated that individuals with marked nose tip deviations to
the right and chin deviations to the left (0—20™ percentile) were perceived as more attractive,
whereas individuals with less deviation in the same direction were less attractive (20—40t
percentile). Asymm PC2 accounted for 14.9% of the variation in asymmetric facial shape
and depicted orbital cants and asymmetry in the length of the mandibular border as shown in
Figure 3b. This component only had a small effect on attractiveness ratings for individuals
with larger inferior left to right orbital cants and right shorter mandibular border (0-20t"
percentile), who were perceived as slightly more attractive. Asymm PC3 accounted for 7.5%
of the variation in asymmetric facial shape and reflected cants of the commissures of the lips
and of the floor of the nose as seen in Figure 3c. Asymm PC3 had the largest effects on
attractiveness ratings of the four asymmetry components. Individuals displaying cants of the
lip commissures and nose floor (0-40th and 60-100™ percentile) regardless of direction
were perceived as significantly less attractive. Finally, Asymm PC4 accounted for 6.7% of
the variation in asymmetric shape and represented deviations in the root and bridge of the
nose relative to the midsagittal plane (Figure 3d). Asymm PC4 only had a significant effect
for ratings on the Likert-scale. Individuals with more severely deviated nasal root and bridge
to the left side (80-100™ percentile) were perceived as less attractive.

Centroid size capturing facial size also had significant effects on attractiveness. Large faces
(60-100™ percentile) were perceived as less attractive whereas smaller faces (0-20t
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percentile) were considered more attractive. Finally, fluctuating asymmetry, as determined
by Mahalanobis distances, also had significant effects on perceived facial attractiveness.
Individuals with greater facial asymmetry (60—100t" percentile) were perceived as less
attractive overall. However, the effect was only significant for those in the 60-80t
percentile.

Male study participants were rated overall as more attractive than female participants.
However, there were overall no major differences in ratings between male and female raters;
male raters had lower VAS scores on average but the difference was only marginally
significant.

In summary, 3D facial shape components related to facial height, midfacial projection, chin
and nose prominence, lip thickness, mandibular plane inclination as well as specific and
overall 3D aspects of facial asymmetry were significantly related to attractiveness ratings on
the Likert-scale and VAS (0<0.001). Specifically, the following facial shape variations, all
relative to individuals in the middle quintile of each measure (40-60th percentile), were
associated with increased attractiveness ratings: Mid face protrusion (0-40th percentile), less
prominent noses and thicker lips (80-100t" percentile), steeper mandibular plane angle,
shallow labio-mental folds (60-80™ percentile) and smaller faces (0-20t" percentile).
Conversely, the following facial shapes were related to lower ratings of facial attractiveness:
Shorter facial heights with protrusive chins (0-40th percentile); mid face retrusion (80—100t
percentiles); faces with protrusive noses and thin lips (20-40%); flat mandibular planes with
deep labio-mental folds (0-20%™ percentile); any cants of the lip commissures and floor of
the nose (0-40th and 60-100th percentiles); larger faces (60 —100th percentile); and
increased FA (60-100th percentile).

Discussion

We examined the relationships between objective 3D measures of facial shape and symmetry
directly derived from 3D images and subjective ratings of facial attractiveness in a large
sample of images. We found several of these 3D measures to be significantly related to
perceptions of attractiveness including those related to facial height, midfacial projection,
chin and nose prominence, lip thickness, lower facial height, mandibular plane inclination
and labio-mental fold depth as well as specific and overall aspects of facial asymmetry (FA).
Furthermore, our analysis examined how deviations from the “average” values of these
measures in either direction and in magnitude matter for attractiveness ratings. When
considering the principal components (PCs) of symmetry, the first and the second PCs had
the largest impact on perceived attractiveness. Symm PC1 and Symm PC2 depicting
variation mainly on total facial height and midfacial protrusion/retrusion were associated
with large changes in facial attractiveness ratings, with both extremes of total facial height or
midfacial retrusion being perceived as less attractive. With regards to facial asymmetry,
Asymm PC3 was associated with the greatest impact on perceived facial attractiveness
indicating that cants of the lip commissures or of the floor of the nose in any direction have
negative impacts on perceived facial attractiveness. Facial size, as measured by centroid size,
also had effects of large magnitude on facial attractiveness that were observed at the
extremes. Very small faces were perceived as more attractive, while very large faces were
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perceived as less attractive. While some facial shape indicators such as overall facial size
and FA have unidirectional effects on perceived attractiveness, measures captured by the
symmetric and asymmetric components have bidirectional effects for deviations from
intermediate values that are more prominent at the extremes. This observation of decreased
facial attractiveness as facial shape components approach the extremes is consistent with the
averageness theory of facial attractiveness, which postulates that within a given population
of faces, those closer to the mathematical average face are perceived as more attractive than
faces that deviate from the average [27].

Upper face retrusion with lower face protrusion was found to be associated with reduced
attractiveness ratings, consistent with other studies [15, 28]. However, unlike those studies,
we found upper face protrusion with lower face retrusion to be related to higher not lower
attractiveness ratings. Observing a different study population and utilizing different
measurements of lower facial retrusion may explain this discrepancy. The study described by
Khosravanifard et al. (2013) was conducted with Iranian participants, and it was noted that
on average Iranians’ mandibles were 6 mm more retruded than their American counterparts.
This may indicate that their population displayed more extreme lower facial retrusion that
was associated with reduced attractiveness [15]. Naini et al. (2012) found that profiles with
extreme mandibular retrusion (-24mm) were also rated as less attractive [28]. In contrast,
our study may not have captured individuals with extreme low facial retrusion hence
explaining the favorable attractiveness ratings related to low facial retrusion obtained in our
study. Related to that, our study sample may have captured severe midfacial retrusion
instead, given that one third of it consisted of parents of children with clefts but who
themselves had no clefts. Previous studies on this population have shown a higher tendency
for midfacial retrusion and longer facial heights compared to populations without cleft risk
[21, 29]. This may skew the range of variation away from severe mandibular retrusion.
However, in additional analyses that control for being a parent of a child with a cleft or not,
we found similar results, suggesting that including this group did not seem to bias our
findings.

The impact of facial asymmetry on perceived attractiveness has been generally inconsistent
in the literature, with some studies finding it to be a significant predictor of facial
attractiveness [8, 30] while others finding significant effects [31, 32]. Our study provides
evidence that different 3D aspects of asymmetry including those captured by PCA as well as
by overall FA have effects on perceptions of facial attractiveness. Our study showed that
cants of the lip commissures and floor of the nose had the most impact in decreasing
attractiveness ratings. On the other hand, higher scores of FA decreased attractiveness
ratings overall with a significant effect for individuals in the 60-80t" percentile. Thus, our
study supports an impact of facial asymmetry on perceived attractiveness however not as
significant as other aspects of facial variation.

Our study has important implications for clinical practice as well as research. For practice,
the study identifies several objective 3D measures of facial shape that clinicians can consider
in planning treatments aimed at improving facial esthetics such as orthodontic treatments
and orthognathic surgeries and, in consultation with patients, add these into the set of
objective indicators of treatment success, especially the ones with large effects. Our findings
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indicate that perceptions of facial attractiveness are complex in being related to several
aspects of 3D facial variation in unique ways. Follow-up studies to examine the interplays
between these objective 3D indicators including how they influence each other’s effects can
be useful to further understand how individuals perceive attractiveness. For social scientists
interested in examining how attractiveness modifies social and economic outcomes such as
labor market participation, earnings, and marriage opportunities, our study provides strong
evidence that taking 3D images of study participants when possible can provide objective
3D assessment of attractiveness in lieu of subjective ratings.

A limitation of our study is generalizability of results. Our study sample included mainly
White individuals from the Midwest and all raters reported their race/ethnicity as non-
Hispanic Whites. Therefore, findings may not be fully applicable across racial/ethnic groups
and geographic areas due to cultural differences in perceptions of attractiveness. We are
unable to evaluate in our study if and how race and ethnicity modify the relationships
between objective facial measures and attractiveness ratings. Examining this question in
racially/ethnically diverse populations is needed to evaluate generalizability of our results.

Conclusions

Objective 3D measures of facial shape variation derived from 3D images have significant
effects on perceived attractiveness. Aspects of symmetric shape variation have the most
impact and include facial height, midfacial projection, chin and nose prominence, lip
thickness, lower facial height, mandibular plane inclination and labio-mental fold depth.
Components of asymmetric variation such as cants of the lip commissures and the base of
the nose have the most impact along with higher levels of fluctuating asymmetry and overall
facial size.
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Figure 1.
A graphical representation of the location of all 32 coordinate landmarks.

of landmarks names see Table I.
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Figure 2.
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A) Frontal and lateral view of the facial shape symmetric variation depicted by Symm PC1.
From this figure on, light blue represents the average facial shape configuration and dark
blue represents a configuration with an arbitrary negative (top) or positive (bottom) PC

score. Symm PC1 captured variation ranging from individuals with short faces and
protrusive chins (negative PC scores, top) to those with long faces and retrusive chins
(positive PC scores, bottom). B) Frontal and lateral view of the facial shape symmetric
variation depicted by Symm PC2 which captured variation ranging from midfacial

protrusion and profile convexity (negative PC scores, top) to midfacial retrusion and profile

concavity (positive PC scores, bottom). C) Frontal and lateral view of the facial shape

symmetric variation depicted by Symm PC3 which captured variation ranging from thin lips
and protrusive noses (negative PC scores, top) to thick lips and retrusive noses (positive PC
scores, bottom). D) Frontal and lateral view of the facial shape symmetric variation depicted
by Symm PC4 which captured variation ranging from short lower facial heights and deep
labio-mental folds (negative PC scores, top) to long lower facial heights and shallow labio-

mental folds (positive PC scores, bottom).
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Asymm PC4 0-20 percentile

Figure 3.
A) Frontal view of the facial shape asymmetric variation depicted by Asymm PC1. From

this figure on, light blue represents the average facial shape configuration and dark blue
represents a configuration with an arbitrary negative (left) or positive (right) PC score.
Asymm PC1 shows variation ranging from deviations of the nose tip to the right and chin to
the left side (left image, negative PC scores) to the exact opposite configuration (nose tip to
the left and chin to the right side, right image, positive PC scores). B) Asymm PC2 shows
variation ranging from inferior left to right orbital cants and larger left mandibular border
(left image, negative PC scores) to the exact opposite configuration (right image, positive PC
scores). C) Asymm PC3 shows variation ranging from inferior right to left cants of lip
commissures and floor of the nose (left image, negative PC scores), to the exact opposite
morphology (right image, positive PC scores). D) Asymm PC4 shows deviations on the base
and bridge of the nose to the right (left image, negative PC scores) or the left side (right
image, positive PC scores).
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Table 1

Anthropometric Landmarks used for Facial Shape Analysis

Number | Landmark Number | Landmark

1 Glabella 17 Left Exocanthion

2 Nasion 18 Left Palpebrale Inferius

3 Pronasion 19 Right Alare

4 Subnasale 20 Right Alar Curvature Point
5 Labiale Superius 21 Right Subalare

6 Stomion 22 Right Columnella

7 Labiale Inferius 23 Left Alare

8 Sublabiale 24 Left Alar Curvature Point
9 Pogonion 25 Left Subalare

10 Gnathion 26 Left Columnella

11 Right Endocanthion 27 Right Chelion

12 Right Palpebrale Superior | 28 Right Crista Philtri

13 Right Exocanthion 29 Left Chelion

14 Right Palpebrale Inferius | 30 Left Crista Philtri

15 Left Endocanthion 31 Right Otobasion Inferius
16 Left Palpebrale Superius 32 Left Otobasion Inferious
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Table 2
Descriptive Statistics of Study Variables
Standard
Mean  Deviation Min Max

Attractiveness Ratings

Likert-Scale 2.68 0.75 1 5

VAS 39.84 17.46 0 93
Facial Symmetry Components

PC1 0.00 0.03 -0.08 0.09

PC2 0.00 0.03 -0.08 0.07

PC3 0.00 0.02 -0.06 0.10

PC4 0.00 0.02 -0.06 0.06
Facial Asymmetry Components

PC1 0.00 0.01 -0.03 0.03

PC2 0.00 0.01 -0.02 0.02

PC3 0.00 0.01 -0.02 0.02

PC4 0.00 0.01 -0.01 0.01
Centroid Size 269.50 13.18 238.70 302.72
Fluctuating Asymmetry

Procrustes distance 0.02 0.00 0.01 0.03

Mahalanobis distance 6.25 0.91 4.00 8.98
Male participant 0.31 0.46 0 1
Male rater 0.50 0.50 0 1

Page 21

Notes: The descriptive statistics are shown for the continuous objective measures. In the regression analyses, these measures are represented by

dummy variables for their quintiles.

J Oral Maxillofac Surg. Author manuscript; available in PMC 2018 September 01.



Page 22

Hatch et al.

uIyo pue diy 8sou Jo UOHEIABP Y-

TOd AswwAsy [e1oeq

(0£8°0) 80T'T (9£0°0) 0£0°0 plo} [ewusw-olqe| mojjeys ‘aueld puew dsals ajnuinb g

(896°0) 80v'T (0£0'0) #0400 aqnuinb ¢

(e85°0) 9050 (9z00) 6100 1 ajnumb p,g

(655°0) #xx889T  (£20°0) sx €900~ ploy [eyusw-olqe| deap ‘aueld ‘puew 1e|4 apnumnb T
yidap pjo} [eiuaw-oige| 7 uoireuljoul aueld ‘puew ‘(H47) ybiay adey Jomo] 0d A1BwwAS |e1oe4

(Ly0'T) 992'T (T70°0) 9700 sdi] Y911 79 950U BAISNIIBY aInuInb g

(20s0)  9sL0-  (6200)  T2OO- ajnunb

(1SG°0)  #xx 09T~ (220°0) e 1900~ 1 ainunb g

(ev0)  o080- (82000  Lz00- sdi] Uiy *® asou aAIsn.joid 3|uINb T
ssauxaIyy dij pue uonosfoud asoN £0d ABwwiAs [e1oeq

(OVTT)  »xxBE6L= (BE0°0)  yonn €5C 0~ UOISNIIAI 898} PIIA aqnumb g

(L0'0)  xxxEEEE™  (g20°0)  LSVO0- ainumnb

(€2g0) €890  (820'0) xS9O0 1 ainuInb pyz

(6250) #xLC€T  (GZ00)  wxx 7800 uorsnjoad 80y PIA aInuInb T
uonosfoid aoey pIN 20d AnswwiAs eroe4

(096'0)  T250-  (c€00)  6€0°0- ajnumnb g

(Lv50) 9S€'0 (0z00)  ¥T0°0- 4 ajnunb iy

(2290)  #xx888T=  (2h0'0) s 6CT O~ uIyd anIsnRl ‘H41 Buo ajnuInb pz

(888°0) »xx 9207~ (4p0°0) yrn VC O~ uIyd anisnijoid ‘Ho1 Hoys amunb T
uonaafosd uiyd 7 (H41) wbiay adey |10l T1Od ABwwAs |e1oe4

as d as d

SVA 9[eas-MaI painided uonerreA adeys [eroey 40 10adse uren| sainses|\ g annoslqo

sBuney ssauaANdRMY [210B UO UoIssaifiay suQ Ul AJJUIor Papnjou| Usym sainsea\ g aAnslqo [eloed |1 10 s1083

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Oral Maxillofac Surg. Author manuscript; available in PMC 2018 September 01.



Page 23

Hatch et al.

(G90T)  xxxBC6S™  (1€0°0) xxFECO" aqnumnb
(zev0) 6.T°0 (T20°0) 1200 0 ajnuInb pug
(686'0) xxxCEGY  (££0°0)  wxx88C0 3715 19| [eWS anuInb 7
9ZIS [e108] |[eI8A0 92IS plosjusd
(952°0) +++977€= (0v00)  S90°0- Yo sajeinap abpLig % 100y apnuInb g
(etzr0) 2801~  (Sv0°0) 0200 ajnumnb
(toot)  9TT-  (Lv00) ¥100 1 ajuinb pg
(2€6'0)  cz0T-  (2500) 8700 1611 sereInsp 8bplg % 1004 a|nuInb 1
UOIBIASP 350U 3y} Jo abpLig 79 100y ¥0d AswiwAsy |eroe
(655°0)  wxx VOBY=  (220°0)  sexx PLTO0- JUBD 3INSSILULIOD 79 350U 8} JO JOO[) JoLIaJul 1B 01 o] ajnuinb g
(6V6'0) 5xx 95V (520°0) wrn 89T O~ apunb iy
(€6L°0) #xx6E0G™  (£60°0) s LT 0~ 4 alnuInb 2
(T9G'0)  #xx VOCV~  (880°0)  sxes 0LT0- JUD BINSSILULLO 79 350U U} JO J00) JoLIajul Ya| 01 1ybry a|uInb T
SJUBD 3SOU 8} JO J00]} PUB BINSSILUWOD £0d AlsWwAsy [eroe
(s190)  covo-  (2€00)  ¥00°0- 18pJ0g Yo "puBw JB|[eWS 7 13| SIRIASP UIYD ‘JULD [eHdI0 JoLiBjul 4aj 03 1ybry a|nunb G
(ze90)  «9€CT-  (6z00)  L£00- 1 ainunb
(rog0)  €zv'o-  (1200)  T20°0- ajnuInb pug
(03%740)] «EV870 (52000)  £CVO0- Japlog bl “puew Jajjews 7 1B saeIASp UIYD YU [eligJo Joridul 1ybi 01 o] 3uINb T
J13pioq “puew Jo Aouedaldsip azIs [esale] pue UOITRIASP UIYD ‘SIUeD [ellqIO 20d AnswiwAsy [eroe
(525°0) 1570 (5€0°0) 1200 b uIyd ‘Ya) serelrap diy asoN ajnumnb S
(8s20)  sero-  (6€00)  LT0°0- ajnumnb vy
(1290)  «890T=  (60°0) wxn €600~ 1 ainuinb pz
(889°0) xxx 86T (220°0) s 1900 Ya| uiyo ‘1ybu sereiAsp dn asoN anuInb T
as d as d
SVA 3[eoS-14ax1 paamded uoneLeA adeys [eroe) Jo 199dse Urejy saanses|\ dg aAnoelqo

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Oral Maxillofac Surg. Author manuscript; available in PMC 2018 September 01.



Page 24

Hatch et al.

‘(swuedionued Apnis £T€ Buires yoes siayes OT) sBultes OSTE J0) palewsa ale suolssalbal ay |

'700>d
*

22

S00>d

*¥

10>d

"Jusuodwod [edidounid=0d “Jorewnss adAl-1agnH e Buisn [aA3] Jatel U} e Palalsn|o aJe SI0LI PJepuelS 'SSaUsAnoee Jo sBulel Sy SUl pue a[eas Lay1T sy}
10} PaYeWIISA a1aMm suolssalbal aresedas “(A11Asiq Joy umoys 1ou) Japuab siuedionsed Apnis pue siared 1oy Buljjo)iuod pue sialel syl 4oy S198)8 wopues Buipnjoul uoissalbal Jeaul] sasenbs ises| pazijesauab
Buisn parewnss alam sainseaw g 93[O 8y} JO S108448 81 “2InseaW ey} Jo 3juInb (G U 01 a1uInb 16T 8yt woy Buiuonisues uaym adeys [eroe) ut 9BUBYD ||e1aA0 Y} SUasaIdal MOLIE PAEMUMOD

p1]0S 8y} pue ‘ainseaw g 8Anvalgo yaes Aq paimdes adeys [eloe) ay1 saqLIasap ,.painded uonelieA adeys [e1oey Jo 10adse UrelA,, Pajage] uwnjod sy usuodwod jedioulid 1ey) Jo ajnuinb payl syl ur Buuel
asoy) 0] patedwoo abesane Uo s)uN  IN0ge AQ SAIORINE SSB] Se pares aJam jusuodwod fedioutid AnswwAS 1s11y 8y Jo ajnuINb 1s11y 8Y) Ul PaxuR OYM S[eNpIAIPUL Jey) sa1edlpul 9/0'y— JO SWA Japun g
15414 8y} ‘adwexa Jo4 ajnuinb pJ€ 83U} 0} 8ANE[a] SSBUBATIOR.IE UO sa|nuInb asay) Jo 1098 ay) Juasaidal sg ay ) A1oBa1e0 souaiajel ay) se (ainseaw yoes Aq painded adeys abesane ay) Bunussaidas) sjnuinb

pI€ AU} UM sa|nuInb (S PUB ‘¥ “pu ‘jsT SH 10} SajceLeA Awwnp  Agq paiussaidal si ainseaw g aAnalgo yoes ‘sbuitel sssusAnoBie ay) 104 UoIssaiBal ay) ul A|SnosuB)NLWIS PBPN|OUl 8. S8INseaw

8119800 8s8Y) UBYM SSBUBAIORINE JO SBUITRI SWA PUR 8]20S 1831 U UO UoIeLIeA pue adeys [eloey JO sainseaw g aAnalqo syl Jo (3S) siolls plepuels J1ay) pue (d) s10ay8 ay) suodal ajqel 8y :Se10N

(tozo) €107~ (6200) 6200~ AnpwiwAsy 1sabie ajnuInb g
(8T9°0) +xxEV8E™  (£20°0) s VG110~ anunb yy
(998°0) 2910 (0v0°0) 1000 4 ajnunb p,z
(8T0)  szvo-  (2200)  vEOO- AnawiwAsy iss|fews a|nuInb T
AnswwAsy |[esen0 V4 siqouefeyen
(T20T)  5sxCTEB™  (£€0°0)  rn CVE O~ az15 1506187 anuInb g
as d 3s g
SVA 8]B9S-1I paamyded uoirelten adeys [e1oey Jo 19adse ure|y sainses|N g aAndalqo

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 September 01.

1

ipt

llofac Surg. Author manuscr|

J Oral Maxi



	Abstract
	Introduction
	Materials and Methods
	Sample and Data Collection
	Objective 3D Measures of Facial Shape and Symmetry Derived from 3D Images
	Rating of Facial Attractiveness
	Statistical Analysis

	Results
	Descriptive Analysis
	Regression Results

	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

