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Evaluation of facial attractiveness for patients with malocclusion

A machine-learning technique employing Procrustes

Xiaonan Yua; Bin Liub; Yuru Peic; Tianmin Xud

ABSTRACT
Objective: To establish an objective method for evaluating facial attractiveness from a set of
orthodontic photographs.
Materials and Methods: One hundred eight malocclusion patients randomly selected from six
universities in China were randomly divided into nine groups, with each group containing an equal
number of patients with Class I, II, and III malocclusions. Sixty-nine expert Chinese orthodontists
ranked photographs of the patients (frontal, lateral, and frontal smiling photos) before and after
orthodontic treatment from ‘‘most attractive’’ to ‘‘least attractive’’ in each group. A weighted mean
ranking was then calculated for each patient, based on which a three-point scale was created.
Procrustes superimposition was conducted on 101 landmarks identified on the photographs. A
support vector regression (SVR) function was set up according to the coordinate values of
identified landmarks of each photographic set and its corresponding grading. Its predictive ability
was tested for each group in turn.
Results: The average coincidence rate obtained for comparisons of the subjective ratings with the
SVR evaluation was 71.8% according to 18 verification tests.
Conclusions: Geometric morphometrics combined with SVR may be a prospective method for
objective comprehensive evaluation of facial attractiveness in the near future. (Angle Orthod.
2014;84:410–416.)
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INTRODUCTION

The subject of beauty has been the topic of much
debate throughout history, and methods for the
evaluation of beauty have been the focus of many
research projects. According to recent reports, the
evaluation of beauty is influenced by factors such as

sex, race, and stage of development and involves
integration of social knowledge and physical cues.1–3

The concept of beauty also changes with time,4,5 and
people who inherit the same culture usually share
similar concepts of beauty.6 Our perception of beauty
is related to attractiveness, and facial attractiveness in
particular is an important physical attribute. An
attractive facial appearance invites positive social
responses, which have a profound effect on a person’s
self-esteem and capacity for social adjustment. Ortho-
dontists have the ability to change a patient’s facial
features and subsequently impact his or her life.
Hence, there is a need for orthodontists to understand
the esthetic standards for an attractive face.

Clinical evaluation methods for facial attractiveness
involve measurement of linear aspects, proportions,
and angles. The esthetic line,7 the profile line,8 and the
Holdaway line9 are common clinical linear measure-
ments. Although they are quite convenient and popular
in clinical practice, they are not very precise, and it is
difficult to use them for comparison across patients
because of the nonuniformity of photographic dimen-
sions. Proportions and angles, on the other hand, are
size-independent variables and are commonly used for
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photographic evaluation. The golden proportion and
the Fibonacci sequence1 have been used for hundreds
of years, and many new angles and proportions have
been proposed in the last century. Lower face
proportion, nasofacial angle, mentocervical angle,
and many other proportions and angles are thought
be related to facial attractiveness.10 Pallett et al.11 even
found a ‘‘new golden proportion,’’ according to which
individual attractiveness is optimized when the vertical
distance between the eyes and the mouth is approx-
imately 36% of the face’s length and the horizontal
distance between the eyes and the mouth is approx-
imately 46% of the face’s width. However, there are
too many correlated variables for an individual to
determine facial attractiveness using them. Further-
more, Kiekens et al.12 showed that significantly
correlated variables only explained 28.7% of the
variance and that this variance was too small to be
of clinical importance. Similarly, a study done by
Schmid et al.,13 which was based on neoclassical
canons, symmetry, and golden ratios, showed a weak
predictability of 24.3%.

Orthodontists typically use image analysis methods
to examine attractiveness. A standard orthodontic set
of photographs includes frontal smiling, lateral, and
frontal views; these are the most common records
used to establish a treatment plan, compare changes
after treatment, and evaluate treatment results. Xu
et al.14 and Liu et al.15 used this standard trio of views
to analyze the attractiveness preferences of Chinese
and US orthodontists. Shafiee et al.16 studied the
weight of each type of image in the evaluation of the
three views and found that the smiling image played
the most important role. The lateral photo is used
primarily for angular and linear measurements, while
the frontal photo is used mainly to evaluate propor-
tions; smile esthetic analysis often focuses on local
manifestations around the mouth and not on the whole
face.17,18 However, the evaluation of facial attractive-
ness should and must consider these three types of
images together for a comprehensive judgment.
Conventional evaluation methods assess each image
using different variables. Only the research of Kiekens
et al.12 considered angles and proportions in frontal
and lateral photos together, but the result was not
satisfactory, as mentioned.

Geometric morphometrics, also known as statistical
shape analysis, might be more valid for describing
biological shape than angles and proportions and is
widely used in other branches of biological science. In
statistical terminology, the rotation, translation, and
scale parameters that are not of scientific interest are
known as nuisance parameters. Morphometrics can
help to eliminate the interference of nuisance
parameters. Furthermore, morphometrics allows the

integration of distinct information present in photo-
graphs.19 Procrustes superimposition is a sophisticat-
ed morphometric technique that attempts to minimize
the apparent effects of translation, rotation, and scale
to reveal pure shape discrepancies. Landmarks are
used in the superimposition to resize the shape,
achieve the best fit, and obtain a uniform coordinate
system. In investigations of facial attractiveness,
researchers have also used Procrustes superimposi-
tion to analyze the effect of averageness and
symmetry20; Kagian et al.21 presented a machine-
learning model to predict facial attractiveness ratings,
but their research was limited to the frontal view.

Another popular method is objective conclusions, in
the form of rankings or scores, drawn from observers’
subjective judgments. A group of observers is invited
to evaluate a series of photos, and the evaluations are
statistically analyzed to obtain results. In our study, we
used a combination of the aforementioned methods
with the aim of obtaining more accurate facial
attractiveness results. We attempted to create a more
effective objective evaluation system for clinical use
based on size adjustment with Procrustes superimpo-
sition by using a set of orthodontic photographs. The
effect of the variables on the rankings given by a group
of orthodontists was studied.

The general linear regression model is the most
common method used by orthodontists to create an
evaluation system. However, facial attractiveness is so
complex that its relationship with photographic vari-
ables may not be a simple linear one; this model
therefore has low predictability. Instead, in our study,
we used support vector regression (SVR), which is
based on the computation of a linear regression
function in a high-dimensional feature space in which
the input data are mapped via a nonlinear function.
The accuracy of the function was tested on each of the
groups in turn to determine the reliability of the SVR
model.

MATERIALS AND METHODS

Patients

The data analyzed in this study were collected from
a project involving six universities in China. Ethical
approval was obtained from Peking University before
the start of the project. The subjects included 2383
patients who underwent orthodontic treatment in the
six universities during the years 2003–2008. Written
consent for participation was obtained by the univer-
sities, and in the case of children under 18 years old,
consent from a parent was obtained. Eighteen patients
were selected randomly from each of the universities,
with an equal number of Class I, Class II, and Class III
malocclusion patients included. These 108 patients
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(30 male and 78 female patients; age range, 10–
29 years) were randomly arranged into nine groups
containing 12 patients each; in each group, four
patients were classified as Class I before treatment,
four as Class II before treatment, and four as Class III
before treatment. The procedure used for sampling
and grouping is shown in Figure 1. The frontal, frontal
smiling, and lateral photographs before and after
orthodontic treatment for each patient were then
printed in a row.

Subjective Attractiveness Evaluation

The judges for the experiments were 69 orthodontic
experts (at the level of associate professor or higher) in
China, who had more than 10 years of experience in
clinical experiments, from 32 universities or hospitals
covering 19 provinces of China. They were asked to
rank the photographic sets of each group, before and
after treatment, in the order of ‘‘most attractive’’ to ‘‘least
attractive,’’ so that rankings for 18 groups were obtained
(nine groups before treatment and nine groups after
treatment). The ranking was done on a scale of 1 to 12,
with 1 assigned to the ‘‘most attractive’’ patient and 12 to
the ‘‘least attractive’’ patient.

Analysis of the Rankings

A frequency chart (Figure 2) of all the rankings was
created for each patient. The four adjacent bars in the
central area, which accounted for the largest percent-
age of rankings, were used for analysis, and the
remaining data were excluded. This was done to
eliminate inconsistent data that did not agree with the
majority. Then, the weighted mean was calculated for
each case and was used in the correlation analysis
and stepwise linear regression. The weighted mean
values were sequenced from the minimum to the
maximum. Then, patients with a ranking of 1 to 4 were
placed in the ‘‘most attractive’’ subgroup, those with a
ranking of 5 to 8 were placed in the ‘‘moderately
attractive’’ subgroup, and those with a ranking of 9 to
12 were placed in the ‘‘least attractive’’ subgroup. A
three-point grading scale was thus obtained.

Attractiveness Evaluation Using
Procrustes Superimposition

Custom-made computer software was used to
identify 26 landmarks on the frontal photo, 52
landmarks on the frontal smiling photo, and 23
landmarks on the lateral photo (Table 1; Figures 3–5).
The selected landmarks were those frequently used in
the orthodontic literature, and all landmarks were easily
identifiable, had good repeatability, and were only
minimally affected by changes in head position.

For images of each type, Procrustes superimposi-
tion was used to eliminate any error introduced by
different image sizes and improper head positioning.
The configuration of landmarks was first scaled to the
same size. The Procrustes superimposition algorithms
translate the configurations to superimpose the cen-
troids and iteratively rotate the configurations to
minimize the squared differences between the land-
marks of the configurations. Landmarks that were not
consistently found in all images were eliminated. For
example, 26 landmarks were identified on the frontal
photo in a few patients, but three of these landmarks
were not found in the frontal photos in the other cases;
therefore, only the 23 consistently found landmarks
were used for Procrustes superimposition of the frontal
photos. Through superimposition, coordinate values of
all these landmarks were obtained within the same
coordinate system of each image type.

Figure 1. Procedure for sampling and grouping.

Figure 2. Frequency chart for case A1.
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For each set of photographs, 24 angles and 81
proportions were calculated according to their coordi-
nate values using a computer-based program. All the
variables were used as input data for Pearson
correlation analysis with the weighted means of the
rankings. Subsequently, stepwise linear regression
was performed to ascertain the effect of the variables
on the subjective rankings.

SVR Analysis

Rather than angles and proportions, the configura-
tion of landmarks generated from Procrustes superim-
position, together with the corresponding three-point
scale grade, was used directly as the input data for the
SVR model. SVR was used to analyze the input data,
and a function was generated according to the

landmark configuration corresponding to the different
grades. The generated function was used to evaluate
the facial attractiveness grading of the new photo-
graphic set. Seventeen groups of cases were used to
establish the SVR model; then a test was performed
on the group of cases that remained. This procedure
was repeated for each group.

RESULTS

As shown in Table 2, of the 81 proportions and 24
angles that were investigated, only three proportions
and one angle were significantly correlated with
subjective rankings. The explained variance with
stepwise regression was only 23.5%.

The SVR function was determined for all 18 sets of
rankings, with data from any one of the 18 groups kept

Table 1. Definition of Landmarks Used in This Study

Landmark Definition

Eb Points between the eyebrows

Ns Soft tissue nasion

Ex Exocanthion

ExR, ExL Exocanthion on the right side, exocanthion on the left side

EnR, EnL Endocanthion on the right side, endocanthion on the left side

Prn Pronasale

1/2 Ns-Prn The midpoint between soft tissue nasion and pronasale

1/4 Ns-Prn The superior 1/4 point between soft tissue nasion and pronasale

3/4 Ns-Prn The inferior 1/4 point between soft tissue nasion and pronasale

Tr Tragion

Ala Alare

AlR, AlL Alare on the right side, alare on the left side

Cm Columella nasi

Sn Subnasale

As Soft tissue point A, the deepest point on the curve from subnasale to labrale superior

Bs Soft tissue point B, the deepest point from labrale inferior to the chin

Pos Soft tissue pogonion, the most anterior point on the chin

Mes Soft tissue menton, the most inferior point of the chin in the midline

Gns Soft tissue gnathion, the most anterior and inferior point on the chin

C Cervical

Ls Labrale superior

Li Labrale inferior

UL Most protrusive point of the upper lip

LL Most protrusive point of the lower lip

Stoms Stomion superior

Stomi Stomion inferior

Com Corner of the mouth

CmR, CmL Corners of the mouth on the right and left sides

imUL The midpoint of internal margin of the upper lip

imLL The midpoint of internal margin of the lower lip

Lp R/L The points of lip peak on the right and left sides

X1, X2 The midpoints between lip peak and Com on the right and left sides

X3, X4 The midpoints between labrale inferior and Com on the right and left sides

X5, X6 The midpoints between Com and imUL on the right and left sides

X7, X8 The midpoints between Com and imLL on the right and left sides

CrsR, CrsL The superior points of the buccal corridor on the right and left sides

CriR, CriL The inferior points of the buccal corridor on the right and left sides

UR1, 2, 3; UL1, 2, 3 The midpoints of the cutting edge of upper anterior teeth on the right and left sides

LR1, 2, 3; LL1, 2, 3 The midpoints of the cutting edge of lower anterior teeth on the right and left sides

Gu1, 2, 3, 4, 5 The tips of gingival papillae in the upper alveoli

Gl1, 2, 3, 4, 5 The tips of gingival papillae in the lower alveoli
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aside each time for verification of the prediction using
SVR. The predictive grading using SVR for this one
group (whose data were not entered into the SVR
model) was compared with the grading obtained from
the rankings of the 69 orthodontists; the rate of
coincidence was determined, which reflected the
accuracy of the SVR method. As shown in Table 3,
the average rate of coincidence was 0.718 and varied
from 0.58 to 0.83.

DISCUSSION

Although the concept of beauty varies to a great
extent across cultures, there have been many
attempts to find universal agreement based on a
subjective esthetic view of populations, and several
variables, such as linear measurements, proportions,
and angles, have been proposed and are in use.
Consideration of the average values of the linear
measures, angles, and proportions in a given human
group or esthetic group is the typical method. Average
values are considered ideal, based on the assumption
that average faces are attractive and that average

Figure 3. Landmarks identified in the frontal view. Figure 4. Landmarks identified in the smiling view.

Figure 5. Landmarks identified in the lateral view.
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facial proportions could provide a basis for quantitative
assessment of facial esthetics. However, recent
studies have reported that, whereas average faces
are attractive, they are not among the most attractive
ones22; facial attractiveness goes beyond the merely
average and is far more complex. Thus, some
controversy remains about the popular attractiveness
variables currently in use. In an attempt to address
this, in the current study we combined these conven-
tional methods with morphometric methods to produce
a prediction model for facial attractiveness.

Objective conclusions drawn from observers’ sub-
jective judgments are a recent focus; however,
researchers have found differences in judgment based
on the observers’ race, social role, and occupation,
among other variables.6,23,24 Although we used this
method, we tried to reduce these influences as much
as possible by choosing Chinese specialists from a
similar professional background. The purpose of the
selection was to reflect the overall esthetic under-
standing of Chinese orthodontists. Two kinds of
subjective judgment techniques have generally been
used: scoring and ranking. We chose the ranking
method to obtain exact relative priorities across
patients. A limitation of this method is that the exact
relative priority can be determined only for cases within
the same group; no observer can rank hundreds of
photos within the same group, and comparability
between groups is difficult. This problem was over-
come by random sampling and grouping.

According to our results, although some proportions
and angles were closely correlated with facial attrac-
tiveness, the explained variance in stepwise regres-
sion was only 23.5%, similar to the results reported by
Kiekens et al.12 and Schmid et al.13 In contrast with the
poor predictability of the proportions and angles, a
71.8% coincidence rate was obtained with the predic-
tion model established using morphometric data.
Although the final grading was based on only a
three-point scale, this is still fairly good for clinical use.

The selection of landmarks strongly affects the
results. There are several rules for landmark selection.
Reproducibility of the landmarks and stability with
changes in the head position are the primary criteria.
Kiekens et al.12 found 45 landmarks with acceptable
reproducibility from among 61 landmarks on full-face
and profile images. In our study, most landmarks were

similar to those used by Kiekens et al.12 With regard to
the full-face photographs, there were two major
differences. The number of landmarks around the
eyes was reduced, while the number of landmarks in
the lower one-third of the face (around the mouth) was
increased. These modifications were made because
the lower one-third of the face is the most important
area of concern for orthodontists and orthognathic
surgeons. The other difference was that the landmarks
located on the periphery were abandoned because of
their instability with changes in head position. For the
smiling image, we introduced some landmarks related
to incisor exposure, gingival display, and buccal
corridors on the basis of the landmarks used for the
full-face image. The smiling images used in our research
were regular orthodontic records and were not taken in
accordance with any standard conditions for smiling
research. This is why we did not choose the same
landmarks as other research papers, especially those
related to smiling.17,18 Moreover, some other modifica-
tions to the landmarks on the lateral images were made
so that landmarks more relevant to orthodontists were
used: the pupil was replaced with a more stable
landmark, the exocanthion; points Go (gonion) and lo
(infraorbital), which can only be located precisely by
palpation, were eliminated; and point C was added.

CONCLUSIONS

N Although some ratios and angles were found to have
a close correlation with facial attractiveness, they
could not be used to comprehensively evaluate facial
attractiveness from a set of orthodontic photographs.

N The SVR function generated was found to be quite
reliable for the evaluation of facial attractiveness.

Table 2. Variables Significantly Correlated with Weighted

Mean Rankings

Variable Meaning r P

R20 Sn-Mes/ExR-ExL (frontal) 0.147 .031

R55 Ns-Sn/Ns-Mes (lateral) 20.165 .015

R56 Sn-Mes/Ns-Mes (lateral) 0.173 .011

A13 Nasolingual angle (lateral) 20.220 .001

Table 3. Results of the Verification Test

Verifying groupa Coincidence rate

Pre A 0.75

Pre B 0.83

Pre C 0.75

Pre D 0.67

Pre E 0.67

Pre F 0.75

Pre G 0.67

Pre H 0.75

Pre I 0.67

Post A 0.67

Post B 0.75

Post C 0.83

Post D 0.75

Post E 0.58

Post F 0.75

Post G 0.67

Post H 0.67

Post I 0.75

Average 0.718

a Pre indicates pretreatment; post, posttreatment.

EVALUATION OF FACIAL ATTRACTIVENESS 415

Angle Orthodontist, Vol 84, No 3, 2014



Therefore, a combination of geometric morphomet-
rics with SVR may be a prospective method for
comprehensive evaluation of facial attractiveness.
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