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Three-dimensional cone beam computed tomographic image reorientation

using soft tissues as reference for facial asymmetry diagnosis

Jae-Kyu Leea; Pil-Kyo Junga; Cheol-Hyun Moonb

ABSTRACT
Objective: To investigate discrepancies in results of facial asymmetry analysis using different
cone beam computed tomography (CBCT) image reorientation methods and the effectiveness of
soft tissue as a reorientation reference for analysis of facial asymmetry.
Materials and Methods: An asymmetric group of 30 patients with 4 mm or more of chin point
(menton [Me]) deviation and a symmetric group of 30 patients with less than 4 mm of deviation of
Me were chosen as study subjects. Three orientation methods were used to calculate and compare
Me deviation values of the 60 subjects. Two methods used only skeletal landmarks for reference,
and one method included the soft tissue landmarks around the eye. Preferences of an expert group
for the facial midline as determined by each reorientation method were also examined.
Results: The examinations showed significant discrepancies in Me deviation values between the
three reorientation methods. The expert group showed the greatest preference for the facial
midline reorientation method that incorporated soft tissue landmarks of the eye.
Conclusions: These study findings suggest that the inclusion of soft tissue landmarks, especially
those around the eyes, is effective for three-dimensional CBCT image reorientation for facial
asymmetry analysis. (Angle Orthod. 2014;84:38–47.)

KEY WORDS: Facial asymmetry; Cone beam computed tomography image reorientation; Soft
tissue reference

INTRODUCTION

Appropriate symmetry is an essential factor in facial
esthetics.1 However, a person with a reasonably
symmetric face cannot achieve complete facial sym-
metry.2 Therefore, accurate judgment of the degree of
asymmetry is necessary when diagnosing and plan-
ning treatment for facial asymmetry, because the
prescribed treatment will vary depending on the
recognition of the severity of the asymmetry and the
symptoms of facial asymmetry.

Facial asymmetry is generally assessed using
objective values.3 The posteroanterior (PA) cephalo-

graph has traditionally been used, and it has been
reported that some indices of the PA cephalograph are
reliable for evaluating asymmetry.4 However, the
accuracy of quantitative evaluation is limited because
of the overlapping of structures and magnification
discrepancies by site, because PA cephalographs
require that a three-dimensional (3D) solid structure
be projected onto a 2D surface.5,6 The 3D approach to
the diagnosis of facial asymmetry has been actively
tried recently.3 Three-dimensional digital image diag-
nosis data go through a process called reorientation,
which involves the adjustment of the head position on
software images. However, just as the results of
asymmetry analysis based on different head positions
differ when traditional 2D cephalometry is used,7,8

reorientation also significantly influences the results
obtained using 3D digital imaging data, especially in
cone beam computed tomography (CBCT).

Patient satisfaction with treatment decision making
and treatment outcomes is determined subjectively,9

and it is mainly the soft tissue results that are used by
patients to judge treatment outcomes. However, the
results of cephalometric analysis of skeletal asymme-
try may differ from the results of soft tissue analysis.10

In other words, although skeletal asymmetry exists, it
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may be disguised by the soft tissues, or although a face
may possess skeletal symmetry, it could be asymmetric
because of asymmetric soft tissues. Accordingly, con-
siderations of the soft tissues are as important as those
of the hard tissues when diagnosing facial asymmetry.11

The purposes of this study were to investigate
discrepancies between assessments of facial asym-
metry obtained using different CBCT image reorienta-
tion methods and to examine the effectiveness of soft
tissue as a reorientation reference for analysis of facial
asymmetry.

MATERIALS AND METHODS

Subjects

This retrospective study was performed by the
Institutional Review Board of Gachon University Gil
Hospital. Patients who visited the Department of
Orthodontics, Gil Hospital, Gacheon Medical School,
between August 2010 and March 2012 with the chief
complaint of a need for orthodontic treatment were
selected as potential subjects. Deviation of menton
(Me) was measured using the vertical bisection line
of bilateral latero-orbitale, which is used as a facial
midline in 2D cephalometry. Thirty patients with ,4 mm
of unilateral deviation were allocated to a symmetric
group and 30 patients with $4 mm of unilateral
deviation were allocated to an asymmetric group.12

Subjects included 27 male patients and 33 female
patients (mean age: 21.1 6 7.1 years).

Inclusion criteria were as follows:

N A completely formed occlusal plane, ie, fully erupted
bilateral upper and lower first molars and permanent
incisors.

N No congenital midfacial abnormality.

N No particular abnormalities of the periocular soft
tissues.

N The availability of CBCT images with evaluable
resolution.

Acquisition of CBCT Images

CBCT (3D eXam scanner, KaVo Dental GmbH,
Biberach, Germany) scanning was performed at
120 kV, 5 mA, and 17.8 seconds. The field of view
was 230 3 170 mm and the voxel size was 0.3 mm.
CBCT was performed with the patients sitting com-
fortably. Each patient was asked to close his or her
mouth in maximum intercuspation and to stare at his or
her own eyes with a neutral facial expression in a
mirror that was 1.5 m away. CBCT images for all
patients were taken for the purpose of orthodontic
treatment. Digital image data were obtained from
CBCT images and transmitted to a computer for 3D
image construction using InVivoDental (Anatomage
Inc, San Jose, Calif).

Settings of Reorientation Methods

Three types of reorientation methods were estab-
lished using hard tissue landmarks, ie, crista galli,
anterior nasal spine, basion, orbitale, porion, and
medial point of the frontozygomatic suture, and soft
tissue landmarks, ie, endocanthion, palpebrale super-
ius, palpebrale inferius, and the midpoint of palpebrale
superius and palpebrale inferius (Table 1).

N Method A: The plane perpendicular to the horizontal
reference plane and passing through right and left Po
and right Or and including Cg and Ba was
established as the midsagittal reference plane
(Figure 1).

N Method B: A midsagittal reference plane passing
through Cg, ANS, and Ba was established. The pitch
was controlled by equating the z-coordinate value of
right Po and right Or (Figure 2).

N Method C: The yaw was adjusted by equating the y-
coordinate values of right and left FZ, the pitch was
adjusted by equating the z-coordinate values of right
Po and right Or, and the roll was adjusted by
equating the z-coordinate values of right and left

Table 1. Definitions of Skeletal and Soft Tissue Landmarks

Abbreviation Definition

Skeletal landmarks

Crista galli Cg The most superior point of crista galli of the ethmoid bone

Anterior nasal spine ANS The tip of anterior nasal spine

Basion Ba The midpoint on the anterior margin of the foramen magnum

Orbitale Or The deepest point on the infraorbital margin

Porion Po The highest point on the roof of the external auditory meatus

Medial point of frontozygomatic suture FZ The point at the medial margin of the orbital rim at the zygomatic frontal suture

Menton Me The most inferior point of the symphysis

Soft tissue landmarks

Endocanthion En The soft tissue point located at the inner commissure of each eye fissure

Palpebrale superius Ps The highest point in the midportion of the free margin of each upper eyelid

Palpebrale inferius Pi The lowest point in the midportion of the free margin of each lower eyelid

Midpoint of Ps and Pi Pm The middle point of Ps and Pi
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Pm. Finally, the sagittal plane that passes through
the median point of right and left En was established
as the midsagittal reference plane (Figure 3).

Examining Me Deviation Values Using Different
Reorientation Methods

Designation of landmarks and reorientation were
performed by one examiner. When a landmark was
designated on a CBCT image, the 3D volume-
rendering view and a multiplanar reconstruction view
were used. The value for deviation of Me was defined
as the shortest x-axis coordinate value from Me to the
midsagittal reference plane and measured using the
3D analysis function in InVivoDental (Anatomage Inc).
For convenience, right deviations of Me were given
negative values.

Subjective Evaluation of Facial Midline (Expert
Preference in the Midsagittal Reference Plane)

The midsagittal reference planes were evaluated
subjectively by 12 orthodontists, each with at least
5 years of clinical experience (2 women, 10 men).

One-hundred eighty frontal-view soft tissue CBCT
images, including the midsagittal reference planes
derived using the three methods, were constructed for
subjective evaluations of the midsagittal reference
plane. Three images were made of each subject (60 3

3 5 180) (Figure 4). Evaluators were provided with
group identities (asymmetry or symmetry) and the
division criterion used (4 mm). No training was
provided regarding techniques for establishing a
midsagittal reference plane. With a 22-inch monitor,
evaluators scored the reconstructions as follows.

N Score 3 points: Image including facial midline was
considered to be the most appropriate among the
three images of the subject.

N Score 2 points: Image including facial midline was
considered to be the second most appropriate
among the three images of the subject.

N Score 1 point: Image including facial midline was
considered to be the least appropriate among the
three images of the subject.

When scoring images, evaluators were allowed to
use each point score only once.

Figure 1. Reorientation method A showing the horizontal reference plane (right Po, left Po, right Or) and the midsagittal reference plane (Cg, Ba),

which is perpendicular to the horizontal reference plane.
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Figure 2. Reorientation method B showing the midsagittal reference plane (Cg, ANS, Ba) and pitch adjustment (vertical components of the z

coordinate values of right Po, and right Or).
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Statistical Analyses

SPSS for Windows 17.0 (SPSS, Chicago, Ill) was
used for statistical analyses. Thirty of the 60 study
subjects were randomly chosen to assess the repro-
ducibility of asymmetry analysis. Me deviation values
were measured twice by one examiner, with an interval
of 2 weeks between measurements. Reproducibility
of Me deviation values was verified using the paired
t-test.

Discrepancies in Me deviation values between
reorientation methods and subjective evaluations of

facial midline preferences were analyzed using re-
peated-measures analysis of variance and Bonferro-
ni’s post hoc test.

RESULTS

No significant differences were found between the
first and second measurements of Me deviation (P .

.05).
Distances between Me and the midfacial sagittal

reference planes established using the three reorien-
tation methods were measured and compared using

Figure 3. Reorientation method C, which used soft tissue landmarks. (a) After performing rolling adjustment by matching the z-values of Pm

bilaterally. (b) The plane that passed through the midpoint of the x-values of En bilaterally was established as the midsagittal reference plane.
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Figure 4. Images of facial midline and soft tissues of one subject, obtained using the three different reorientation methods.
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the paired t-test. A statistically significant difference in
Me deviation values was found between the symmetric
and asymmetric groups (P , .05) (Table 2).

In the asymmetric group, method C produced
significantly larger values for deviation than methods
A or B (Figure 5). In the symmetry group, method A
produced significantly smaller values for deviation than
methods B or C (Figure 5).

DISCUSSION

A single specific reorientation method cannot be
standardized and used for every diagnosis when
CBCT is used. Appropriate CBCT reorientation meth-
ods must be selected based on the purpose and use
of CBCT.8 Therefore, this study was undertaken to
determine which reorientation method is the most
useful for the diagnosis of asymmetry by investigating
Me deviation value discrepancies and examining the
facial midline preferences of an expert group using
different reorientation methods.

Determination of the facial midline is significantly
influenced by head position. In previous conventional
cephalometric imaging studies, a cephalostat, such as

an ear rod or head holder, was used to standardize
subject positioning.13 However, 3D CBCT enables
reorientation using software, avoiding the need for
physical restraints. When evaluating asymmetry using
CBCT, image reorientation is a critical step because
the midsagittal reference plane is determined by
appropriate reorientation, and quantitative judgments
of right and left facial asymmetry can be done using
this reference plane.

We intended to determine which reorientation
method was most effective for the analysis of facial
asymmetry. We examined two reorientation methods
(methods A, B) that use hard tissue landmarks and a
third method (method C) that uses a combination of
hard tissue and soft tissue landmarks. Me deviation
was chosen to represent facial asymmetry, because it
has the greatest influence on the recognition of facial
asymmetry14 and it changes sensitively by reorienta-
tion because it is located at the farthest end of the
face.15 Study subjects were allocated to asymmetric or
symmetric groups to determine whether the presence
of clinical facial asymmetry affects the establishment
of facial midline.

Table 2. Me Deviation Values (in Millimeters) by Three Types of Reorientation Methods*

Asymmetry Group Symmetry Group

Subject Method A Method B Method C Subject Method A Method B Method C

1 22.3 2.4 22.4 1 21.3 0.4 21.2

2 26.5 26.5 5.1 2 22.7 0.6 23.1

3 21.2 26.4 25.6 3 23.1 22 23

4 26.2 26.1 28 4 22 23.8 0.1

5 24.5 2.5 21.5 5 0.3 22.4 21.7

6 25.2 0.7 24.5 6 2 1.5 20.3

7 22 5.8 3.9 7 2 1.1 22.3

8 8 3.8 3.4 8 24.4 21.9 22.7

9 21.3 20.9 22.8 9 24.5 2.1 22.2

10 210.2 25.8 28.5 10 23.6 21 25.2

11 6 6 7 11 21.8 22.1 20.5

12 6.1 4.5 7.2 12 20.4 2.3 0

13 5.7 7.1 7.2 13 21.2 2.3 0.3

14 29.2 23.8 24.6 14 24.1 21.4 21

15 25.5 2.7 23.4 15 2.3 2.6 1.7

16 1 22.1 24.2 16 21.4 21.7 20.4

17 7.3 9.3 7 17 20.23 1.4 20.1

18 27.7 27.8 29 18 23 23.7 21.7

19 5.3 3.6 5.7 19 22.5 0.5 21.5

20 6.9 3.7 5.9 20 25.9 20.8 22

21 3.3 3.3 4.5 21 0.7 0.2 23.7

22 2.5 5.9 7.6 22 22.4 20.3 23.1

23 24.1 23.1 27.4 23 0.9 22.1 1.9

24 3.6 4.5 4.9 24 1.8 20.6 1.6

25 25.2 21.5 25.2 25 1.6 0.2 20.4

26 23.6 1.9 24 26 21.8 2.4 1.1

27 14.4 8.2 9.2 27 2.2 2.4 20.9

28 5.8 14.5 10.3 28 24 0.5 20.5

29 23.6 1.1 24 29 0.8 1.2 21

30 26.1 21.6 25.7 30 1.5 3.2 1.9

* Negative values indicate deviation of Me to the right.
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Statistically significant differences in Me deviations
between reorientation methods were seen in both
groups (Table 2). This result concurs with that of Kim
et al.8 Accordingly, if the results of facial asymmetry
analysis are dependent on the method of reorientation,
it must be determined which method most accurately
indicates the degree of facial symmetry or asymmetry.

In general, a person with a symmetric face also has
some right/left differences in the soft tissue structures,
and thus, considerations of facial soft tissue priorities
for establishing the facial midline require subjective
judgement.10

In this study, efforts were made to find an
appropriate reorientation method based on expert
group preferences regarding facial midline using three
reorientation methods. Twelve orthodontists with at
least 5 years of clinical experience showed significant-
ly greater preference for the facial midlines of method
C than those of method A in both symmetric and
asymmetric groups. In a previous study, among the
adjustment factors of reorientation that were exam-
ined, roll adjustment was found to be the most
significant influence on Me deviation.16

In method A, roll adjustment was performed by using
bilateral Po, and in method C, it was done by using the
bilateral periocular soft tissue landmarks. It is assumed
that the soft tissue structures related to the eyes have
a greater influence on overall symmetry when the soft
tissue structures around the external ear and eye are
not identical and symmetric. This coincides with a
previous report, which concluded that the closer a
structure is to the midline, the more strongly its
asymmetry affects the recognition of overall asymme-
try.17,18

From the perspective of treatment of facial asym-
metry, the facial midline is not the center line that
bisects the pretreated face but an imaginary center line
that bisects the right and left halves of the posttreat-
ment face. In other words, the soft tissues that will not
be included in the treatment should be expressed
symmetrically, and in the parts of the face that will be
treated, a facial midline that appropriately expresses
the asymmetry should be established. This ultimately
determines which part of the face should be included
in the treatment plan or in which facial regions the
changes after treatment are most crucial in terms of

Figure 5. Rod graph of average scores of subjective evaluations. (a) The asymmetric group. (b) The symmetric group. * P , .05; ** P , .001.
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establishing a facial midline. Severt and Proffit19 found
that the frequencies of asymmetry were 5% in the

upper face, 36% in the middle face, and 74% in the
lower face. Farkas20 found that the incidence of

periocular asymmetry was less than 2% in the normal
population and that the periocular tissues were more
symmetric than the nose (7%) or mouth (12%). For this

reason, eye landmarks were included in method C.
Establishment of the facial midline using the eyes is

commonly used in the analysis of a frontal view of the
eyes.21 Ras et al.,22 in a stereophotographic study,

reported that the vertical bisector of the lateral angle of
the eye was the most appropriate facial midline. In this

study, roll adjustment was done using z-coordinate
values of Pi and Ps of the eyes bilaterally and the x-
coordinate values of En bilaterally.

The eyes are important reference points that

determine the overall impression of the face, but
they may lack reproducibility as a reorientation

reference in comparison to hard tissue. In this study,
consistent capturing of the soft tissue morphology

was attempted by asking each patient to stare at his
or her own eyes in a mirror 1.5 m away while seated
in a comfortable posture with a neutral facial

expression when CBCT was performed. Furthermore,
reproducibility of the results of analysis of facial

asymmetry was reinforced by the inclusion of hard
tissue reference landmarks in adjustment of pitch and

yaw, which are relatively less sensitive in terms of
establishing the facial midline.

The midsagittal plane derived by CBCT image
reorientation is not always the final facial midline, and

modification is often necessary depending on the
patient’s habitual head posture or treatment needs.

However, if soft tissue reference marks are actively
considered during the reorientation stage, the degree

of modification could be minimized, and thus, this
method could be used as a means of determining a

facial midline that appropriately expresses the actual
soft tissue symmetry. Soft tissue landmarks were

limited to the eyes in this study; studies of different soft
tissue landmarks would be desirable.

CONCLUSIONS

N There was a statistically significant difference be-
tween reorientation methods in terms of Me deviation
value in both asymmetric and symmetric patients.

N The study shows that method C, in which periocular
landmarks were used along with skeletal landmarks
as references, was significantly more accurate than
other two methods, which used only hard tissue
cephalometric landmarks for reference purposes in
the asymmetric group.

N The study shows that method C was significantly
more accurate than method in the asymmetric/
symmetric group.

N The results of this study suggest that the inclusion of
soft tissue landmarks, especially those around the
eye, in an analysis of facial asymmetry provides an
effective means of establishing an appropriate facial
midline in 3D CBCT image reorientations.
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