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Structured Abstract

Objectives – To differentiate a symmetric face from an asymmetric face

by analyzing a three-dimensional (3D) facial image and plotting the

asymmetry index (AI) on a facial symmetry diagram.

Setting and Sample Population – Sixty healthy Chinese adults (30

men and 30 women, mean age: 27.7 + 4.9 years old) without any

craniofacial deformity were recruited on a voluntary basis from a

medical center.

Material and Methods – A 3D facial image of each participant was

captured by a GENEX 3D FACE CAM system. Sixteen facial landmarks,

as defined by Farkas, were selected on each 3D facial image. The AI

was calculated for each landmark.

Results – The norm for the AI varied from 0.76 to 2.82. The landmarks

located on the upper face had a smaller AI than the landmarks located

on the lower face. A facial symmetry diagram was designed according to

the mean, one standard deviation, and 2 standard deviations of AI for

each landmark.

Conclusions – The 3D facial asymmetry can be documented with AI.

The landmarks located on the upper face had a smaller AI than the

landmarks located on the lower face. The facial symmetry diagram can

identify efficiently the location of asymmetry on a face.

Key words: asymmetry index; facial asymmetry; facial symmetry

diagram; surface scan; three-dimensional facial image

Introduction

Facial asymmetry is a three-dimensional (3D) problem that is

common in patients with dentofacial deformity (1–5). Tradition-

ally, two-dimensional (2D) cephalometric radiography (e.g., lat-

eral and postero-anterior views) was commonly used to evaluate

facial symmetry (1, 6). However, it is difficult, and impossible, to

Date:
Accepted 3 November 2012

DOI: 10.1111/ocr.12009

© 2012 John Wiley & Sons A/S. Published by

Blackwell Publishing Ltd



evaluate 3D craniofacial structures with 2D

cephalometry (7, 8), in addition to the concern

of radiation haphazard. Recently, clinical evalua-

tion of craniofacial deformities became available

with the introduction of a non-invasive 3D sur-

face image technique (9–15). Faces can be

viewed from various angles with accurate mea-

surements in length, angle, area, and volume by

using a non-invasive 3D surface imaging tech-

nique. In clinical practice, it is crucial to differ-

entiate an asymmetric face from a symmetric

face. A face is basically a symmetric structure in

regard to right and left (3, 16, 17). It is crucial to

first determine the factors that constitute a nor-

mal face and the extent of deviation that can be

allowed in a normal face before further consid-

eration of orthodontic or combined orthodontic

and orthognathic treatments. A 3D surface

image of a facial coordinate system was estab-

lished to evaluate facial symmetry in adults that

appeared to have symmetrical faces. The pri-

mary goal of this study was to delineate the

degree of facial asymmetry that can be allowed

in a so-called normal face. A facial symmetry

diagram was designed to delineate the asymmet-

ric range allowed in a normal face for each ana-

tomical facial landmark.

Material and methods
Participants

A group of 60 healthy Chinese adults without

any craniofacial deformity were recruited on a

voluntary basis from a medical center, and

included 30 men and 30 women, aged 20–

35 years, with a mean age of 27.7 � 4.9 years

(mean � SD). The participants were selected

according to the following criteria:

• Dental occlusion Angle Class I.

• No craniofacial deformity.

• No facial trauma history.

• No prior orthodontic or orthognathic surgery.

• Face regarded as normal symmetry by an

orthodontist, a plastic surgeon, and a nurse.

Informed consent was obtained from each par-

ticipant before the face scan.

Three-dimensional face scan

The 3D facial images were captured with the GE-

NEX 3D FACE CAM System (Genex Technolo-

gies, Inc. Kensington, MD, USA). The scan time

for a face was 400 ms. During the scan, the par-

ticipants sat comfortably in a cushioned chair

with back support, and their heads were main-

tained in a natural head position. The use of

spectacles or earrings was not allowed during

the scan. All image data were processed by a

personal computer to generate a surface model

suitable for subsequent visualization and analy-

sis by custom-designed software (Beauty 3D,

V1.5; Logistic Technology, Taoyuan, Taiwan).

The 16 facial landmarks, as defined by Farkas

(18), were selected on the 3D facial images

(Table 1). The landmarks were digitized on the

computer screen by an experienced operator

(XQL), and the x, y, and z coordinates were

recorded. As shown in Fig. 1, the midfacial plane

(yz plane) was determined by a plane passing

through the nasion and perpendicular to the

transverse plane (xy plane) connecting the nasion

Table 1. The definition and abbreviation of sixteen land-
marks, defined by Farkas (18)

Landmarks Abbr. Definition

Glabella Gla Most prominent midline point between

eyebrows

Nasion Na Deepest point of nasal bridge

Pronasale Prn Most protruded point of the apex nasi

Subnasale Sn Midpoint of angle at columella base

Labial

superius

Ls Midpoint of the upper vermilion line

Stomion Sto Midpoint of the mouth orifice

Labial inferius Li Midpoint of the lower vermilion line

Menton Me Most inferior point on chin

Exocanthion* Exc Outer commissure of the eye fissure

Endocanthion* End Inner commissure of the eye fissure

Alar

curvature*

Ala Most lateral point on alar contour

Cheilion* Ch Point located at lateral labial

commissure

The landmarks indicated with * are paired landmarks, those
without * are midline landmarks.
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and bilateral exocanthion. The coronal plane was

defined as the xz plane perpendicular to the mid-

facial plane and passing through the nasion. The

transverse plane was defined as xy plane perpen-

dicular to the midfacial plane and the coronal

plane and passing through the nasion. Each land-

mark can be assessed by zoom-in, translation,

and rotation movements of the surface model to

ensure accurate 3D location of landmarks.

To evaluate facial asymmetry, the distances of

each landmark to three reference planes were

measured as dx, dy, and dz in millimeters

(Fig. 1). The values of dx, dy, and dz of the

nasion were zero. For each paired bilateral land-

mark, the differences in dx, dy, and dz between

the right side and left side indicated the discrep-

ancy of the paired landmarks in three dimen-

sions. For perfect symmetrical paired bilateral

landmarks, the discrepancy in dx, dy, and dz

must approach zero. No difference must occur

between dy and dz values between the right and

left side for the facial midline landmarks located

on the midfacial plane, and dx represents the

discrepancy from the facial midline. To evaluate

facial symmetry, an asymmetry index (AI):

AI = √(Ldx � Rdx)2 + (Ldy � Rdy)2 + (Ldz � Rd-

z)2 was calculated for each landmark, where

L = left and R = right.

Intra-observer error in identifying each land-

mark was conducted on 10 randomly selected

samples at 2-week intervals using the following

formula: D = √(Δx)2 + (Δy)2 + (Δz)2, where D is

the total error for each landmark, Δx is the dif-

ference in the X coordinate, Δy is the difference

in the Y coordinate, and Δz is the difference in

the Z coordinate.

Results

Intra-observer errors in identifying landmarks

ranged from 0.31 to 0.95 mm, with a mean of

0.52 mm. Table 2 shows the norm for the AI in

60 participants. The mean AI varied from 0.76 to

2.82, with a standard deviation (SD) from 0.42 to

1.50. For the midline landmarks, AI exhibited

greater variation in the lower face, compared to

those in the upper face. Point menton in the

lower midface exhibited the largest AI (1.54 �
1.50), whereas glabella in the upper face exhib-

ited the smallest AI (0.76 � 0.59). The bilateral

landmarks also demonstrated a similar tendency

with greater AI and more variation in the lower

face (i.e., cheilion: 2.82 � 1.42) and smaller AI

and less variation in the upper face (i.e., exocan-

thion: 1.00 � 0.62). Figure 2 shows a diagram to

indicate the mean and standard deviation (SD)

of AI for each landmark. The mean and SD are

represented in light green and green, respec-

tively, for normal variation. The deviation from

Fig. 1. Three-dimensional (3D) reference planes (i.e., xy

plane, xz plane, and yz plane) shown on a three-quarter view

of a 3D face scan image. Point of right cheilion illustrates the

linear measurements of dx, dy, and dz to each respective

plane.

Table 2. Asymmetry index of landmarks in normal adults
(n = 60)

Landmarks Abbr. Mean SD Max Min

Glabella Gla 0.76 0.59 3.28 0.03

Pronasale Prn 0.88 0.68 2.78 0.04

Subnasale Sn 0.78 0.55 2.16 0.02

Labial superius Ls 0.86 0.70 3.05 0.02

Stomion Sto 0.98 0.75 3.28 0.06

Labial inferius Li 1.19 0.80 3.05 0.06

Menton Me 1.54 1.50 6.40 0.06

Exocanthion Exc 1.00 0.62 3.04 0.32

Endocanthion End 1.21 0.57 2.65 0.22

Alar curvature Ala 2.33 1.07 4.88 0.62

Cheilion Ch 2.82 1.42 6.50 0.40

All units are in mm.
Asymmetry index (AI) was measured using formula:
AI = √(Ldx � Rdx)2 + (Ldy � Rdy)2 + (Ldz � Rdz)2, L: left, R:
right.
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one SD to 2 SD for each landmark is defined as

asymmetry and is represented in yellow. The

deviation from more than 2 SDs is defined as

marked asymmetry and is represented in red.

This facial symmetry diagram was used to evalu-

ate the degree of facial asymmetry for each par-

ticipant.

Figure 3 shows a 3D surface scan of a 24-year-

old man with a repaired left unilateral complete

cleft lip and palate. Marked asymmetry is pre-

sented in the alar curvature, cheilion, and men-

ton. Figure 4 shows the AI value of each

landmark plotted on a normal AI symmetry dia-

gram. The blue line represents the AI value for

the patients. The current clinical evaluation of

Fig. 2. Facial soft tissue asymmetry indices in normal adults.

A visual graphic diagram represents the mean and standard

deviation (SD) of asymmetry indices of each facial landmark

on participants. In frontal view, if Ldx � Rdx is a negative

value, the landmark deviates more toward the right. If

Ldx � Rdx is a positive value, the landmark deviates more

toward the left. The light green zone represents the range of

asymmetry index mean for all facial landmarks. The

Ldx � Rdx value determines the plot of each landmark on

the positive or negative range. For each landmark, the green

area represents symmetry with deviation of <1 SD. The yel-

low area represents asymmetry area with deviation of more

than 1 SD, but <2 SD. The red area represents marked asym-

metry area with the deviation of more than 2 SD.

Fig. 3. Three-dimensional surface scan of 24-year-old man

with repaired complete cleft lip and palate. Red dots indicate

the locations of 16 landmarks.

Fig. 4. The asymmetry index values plotted on a facial sym-

metry diagram. Marked asymmetry was identified for those

landmarks located in the red zone. Right- and left-side devia-

tion was determined by dx value. For each landmark, dx

value was calculated by subtracting x coordinate on left with

x coordinate on right. The positive dx value indicates that

the landmark deviates toward the left, and the negative dx

value indicates that the landmark deviates toward the right.
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facial asymmetry is mainly based on the discrep-

ancy located in the x coordinate for each land-

mark. For each landmark, the value of dx

represents the subtraction of the left x coordi-

nate from the right x coordinate. The positive dx

value indicates that the deviation is more toward

the left side, and vice versa.

Discussion

Perfect symmetry in the bilateral body is a theo-

retical concept that is rarely observed in real-

world biology (16). Slight facial asymmetry is a

common biological variation in ‘normal’ humans

(17). A midfacial plane must be determined first

to assess facial asymmetry accurately. The

proper selection of the midfacial plane is the

crucial step in the clinical evaluation of facial

asymmetry. For 2D cephalometric analysis, the

midfacial plane can be constructed by two or

three midsagittal landmarks (19, 20). If three

midsagittal landmarks are used, these three

landmarks are often not located in a straight

line. Vig and Hewitt (1) noted the difficulty in

drawing a straight line connecting sella, anterior

nasal spine, and the midpoint between right and

left orbitals. Therefore, they used the best-fit line

of these three anatomical landmarks to represent

the midline of the face. For a 3D coordinate sys-

tem, the midfacial plane can be formed by three

points located at facial midline structures (21,

22). However, the midfacial plane constructed

by three reference point-based internal midline

structures of the skull (e.g., sella, basion, and

opisthion) may differ from the midfacial plane

constructed by three reference points based on

the external midline structure (e.g., nasion, ante-

rior nasal spine, and menton) (23, 24). For clini-

cal evaluation, the midfacial plane must be

closely related to the external facial structures,

as perceived by patients and clinicians. Reconfir-

mation of the chosen midfacial plane on real

patients is possible if these reference points are

located on external facial structures. In addition

to the location of these three reference points on

external facial structures, they must be separated

as widely as possible to include the whole

dimension of the face, and can also be used to

reconstruct three reference planes (i.e., midfacial

plane, coronal plane, and axial plane) simulta-

neously. Therefore, several researchers (4, 20, 23,

25) chose a midfacial plane perpendicular to the

line that connects bilateral external facial or

skeletal landmarks. Ras et al. (20) used stereo-

photogrammetry to assess 90 participants with-

out craniofacial anomalies. They compared four

reference planes perpendicular to the bilateral

exocanthion, endocanthion, superalare, and

cheilion. They concluded that the optimal refer-

ence plane to assess 3D facial asymmetry is the

plane perpendicular to and bisecting the line

that connects the bilateral exocanthion. How-

ever, the point bisecting the bilateral exocanthi-

on line may differ from the location of midfacial

landmarks (e.g., nasion) in the x coordinate. For

clinical application, a number of studies (4, 23,

25) indicated that it is preferable to choose the

midfacial plane passing through the nasion and

perpendicular to the plane connecting the two

exocanthions and nasion. In this study, the mid-

facial plane was defined by the plane passing

through nasion and perpendicular to the bilat-

eral exocanthions. Soft tissue nasion is located

at a distinctly depressed area directly between

the eyes and slightly above the bridge of the

nose. The reproducibility of point nasion is usu-

ally superior to other anatomical facial land-

marks. In the frontal view, soft tissue nasion is

usually located at the intersection of medially

extended bilateral eyebrows. Exocanthion is

located at the outer corner of the eye fissure at

which the eyelids meet. The bilateral exocanthi-

on is separated by a large distance that can

reduce the effect of a slight error derived from

landmark identification. Most maxillofacial sur-

geries are usually performed below eye level.

The reference plane using both exocanthions

can be used for superimposition between pre-

and post-operative facial images.

The AI was first proposed by Katsumata et al.

(19) for the assessment of facial asymmetry in

3D CT images. However, they did not differenti-

ate the right- or left-side deviation for each land-

mark because of a small sample size. The AI on

a 3D CT was modified and applied to a 3D facial

Orthod Craniofac Res 2013;16:97–104 | 101
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surface scan analysis in this study. The right–left

asymmetry in the x coordinate is crucial in clini-

cal treatment because it is easier to detect by

patients when they look into a mirror from the

frontal view. Right–left discrepancy must be

delineated first in the clinical evaluation of facial

asymmetry. A facial symmetry diagram was

designed for clinicians to easily identify the loca-

tion of facial asymmetry. The dx value of each

landmark represents the deviation in the x coor-

dinate from the midfacial plane. The positive dx

value indicated more deviation toward the left,

and vice versa. By plotting the AI value for each

landmark, facial asymmetry can be clearly repre-

sented in the facial symmetry diagram. The cli-

nician can immediately detect the location of

the asymmetry, and further 3D analysis can be

performed for the component of facial asymme-

try in the x, y, and z coordinates. Because nasion

is used to reconstruct the axial plane and midfa-

cial plane, the AI value for nasion must be zero.

The random error in identifying nasion is in the

range of 0.31–0.95 mm. The position of nasion

must be validated first to reconstruct a clinical

and meaningful midfacial plane. Furthermore,

the position of nasion may be distorted due to

nasofrontal trauma or in craniofacial anomalies.

The location of nasion must be feasible to con-

struct the midfacial plane before further AI anal-

ysis is performed.

The results of our study show that facial asym-

metry is more obvious when moving downward

on the face. Similar findings have been reported

in several previous studies (18, 20, 26–28). Farkas

(18) found that the facial asymmetry that occurs

in normal people is lower than 2% for the eye

and orbital region, lower than 7% for the nasal

region, and approximately 12% for the oral

region. The greatest asymmetry identified in this

study was located at the cheilion, with a mean

and SD of 2.82 � 1.42 mm, respectively. This

finding is consistent with that of Farkas and

Cheung (17), who stated that facial asymmetry,

if <3 mm or 3% of right–left difference, is indis-

cernible in a normal face. Peck et al. (28)

analyzed 52 well-balanced Caucasian adult faces

for skeletal asymmetry using a posteroanterior

cephalogram. They concluded that the means

and ranges of deviation were 0.87 mm, 0–4 mm

at the laterosuperior orbit, 2.25 mm, 0–9 mm at

the lateral zygoma, and 3.54 mm, 0–12 mm at

the gonion, respectively. Less asymmetry and

more dimensional stability were observed as

the cranium was approached. The difference

between right and left laterosuperior orbital can

be as large as 4 mm without the appearance of

facial asymmetry. The location and laterosuperi-

or orbit on the bone corresponds to the exocan-

thion on skin. The maximal tolerance of

asymmetry at the exocanthion was 3.04 mm in

normal adults in this study. For normal adults,

the asymmetry between bilateral orbital cavities

must not be >3.0 mm at soft tissue and 4.0 mm

at hard tissue. Ras et al. (20) used stereophoto-

grammetry to assess facial asymmetry in 90 par-

ticipants without craniofacial anomalies and

found that the difference was greater for the

bilateral landmarks from cranial to caudal (e.g.,

exocanthion, alare, and cheilion). Katsumata

et al. (19) used 3D CT to assess 16 patients

whose 3D CT scans were assessed by three radi-

ologists with the impression of no craniofacial

asymmetry. The AI for midline skeletal and den-

tal landmarks was greater when moving from

the upper face to lower face. The AI values for

the anterior nasal spine, upper central incisor,

lower central incisor, and menton were 0.8, .0.9,

1.2, and 1.8, respectively. For the corresponding

points on soft tissue, the AI values identified in

this study for the subnasale, labial superior,

labial inferior, and menton were 0.78, 0.86, 1.19,

and 1.54, respectively. A greater variation in

facial asymmetry was identified in both hard

and soft tissue landmarks when moving from

the upper to lower face. Greater asymmetry can

be allowed in lower faces of adults with normal

appearance. The maximal asymmetry allowed in

the menton and cheilion can be as high as

6.50 mm.

The limitations of this study are as follows: All

participants were Chinese. Various ethnic groups

must be included to delineate the range of varia-

tion in the AI value. All participants were

recruited from a medical center. Therefore, this

sample may not represent the whole population.

The speed of facial scan was relatively slow
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(400 ms per scan). Facial asymmetry can only be

evaluated under a static position without any

dynamic movement (e.g., smiling and speech).

Functional facial movement must be studied

with higher-speed facial scanning in the future.

The number of participants in this study was

insufficient to detect sex differences in facial

asymmetry. An increase in the number of partic-

ipants of both sexes may be required in future

studies to differentiate the role of sex in affecting

the AI value. For this study, the age range was

limited to 20–35 years. The age range can be

expanded to include younger and older adults. A

facial scan of soft tissue must be matched with a

hard tissue scan (e.g., computerized tomogra-

phy) to study the correlation between soft tissue

symmetry and hard tissue symmetry.

Facial asymmetry is common in so-called nor-

mal faces. The AI using the formula AI =

√(Ldx � Rdx)2 + (Ldy � Rdy)2 + (Ldz � Rdz)2 was

proposed and delineated on 16 facial landmarks.

The landmarks located on the upper face exhib-

ited smaller AI, compared to the landmarks

located on the lower face. The facial symmetry

diagram can efficiently identify the location of the

asymmetry on the right or left side of the face.

Clinical relevance

Facial asymmetry is a biological variation that

commonly occurs in humans. It is crucial for cli-

nicians to differentiate a symmetrical face from

an asymmetrical face. A 3D facial surface scan

can be used to establish an asymmetric index

for each facial landmark. The AI can be plotted

on a facial symmetry diagram to delineate the

part of the face that is asymmetric.
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