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Assessment of asymmetry in a normal occlusion sample and asymmetric
patients with three-dimensional cone beam computed tomography

A study for a transverse reference plane

Je Uk Park?; Yoon-Ah Kook®; Yoonji Kime

ABSTRACT

Objective: To characterize symmetrical features of patients with facial asymmetry and thus to find
the most reliable horizontal reference lines easily used in three-dimensional images. The
hypothesis was that there is a difference in the location of bilateral landmarks of the upper skull
between the normal occlusion sample and skeletal Class Il patients with asymmetry.

Materials and Methods: Group 1 (normal occlusion sample) was composed of 20 Korean adults with
normal occlusion and no noticeable asymmetry. Groups 2 through 4 were selected from patients who
were diagnosed as skeletal Class Il malocclusion and grouped according to the extent of asymmetry
(group 2: symmetric mandible, no maxillary cant; group 3: asymmetric mandible, no maxillary cant;
group 4: asymmetric mandible, more than 4 mm maxillary cant measured at maxillary first molars).
Three-dimensional cone beam computed tomography images were taken before treatment, and
bilateral landmarks of the skull were located and their vertical and horizontal differences compared.
Results: No statistically significant difference was noted in the position of bilateral landmarks
between groups, except for AG (P < .05). AG showed significant differences in vertical dimension
(P < .001) and in horizontal dimension (P < .0001) between groups. The mean of the difference
was clearly greatest at FM.

Conclusions: The hypothesis is rejected. All groups had a similar pattern of asymmetry in the
upper third of the face. Therefore, the transverse reference line of the bilateral Z or orbitale may be
used even in patients with severe asymmetry of the maxilla with reference to the clinical photos.
(Angle Orthod. 2012;82:860-867.)
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INTRODUCTION

Just as beauty is in the eye of the beholder,
asymmetry depends on the beholder’s viewpoint,
closely correlating with head position and the resultant
determination of the facial midline." Traditionally, facial
asymmetry has been diagnosed primarily with postero-
anterior (PA) cephalometric images and clinical pho-
tos. The reliability of PA cephalometric measurement
for the evaluation of facial asymmetry, however, is
limited because some landmarks are difficult to identify
because of the overlapping of the complex anatomical
structures in the skull.>** Therefore, it may be difficult to
determine whether hidden asymmetries in the poste-
rior regions are caused by dental factors, skeletal
factors, or both. Also, head positioning, which is
usually determined by the position of the external
auditory meatus, may modify the symmetric features of
some landmarks,>® and natural head position (NHP)
cannot be always ensured, especially in these asymmetric
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Figure 1. (A) Initial cone beam computed tomography image. (B-1) Establishing the midsagittal plane in the axial section reorients the head image
in the bottom view. (B-2) Clipping the axial section of the maxilla helps the operator determine the maxillary dental midline (white arrow) by
visualizing the maxillary central incisors. (B-3) In this case, the maxillary dental midline coincided with the facial midline determined by clinical photos
and examination. (C-1) After reorienting the head image to the frontal view, clipping the anterior part of the face in the coronal section aids in
visualizing the lower borders of the orbital floors. (C-2) The horizontal reference plane (tangent dotted line) is established in maximum contact with
the lower borders of the orbital floors. The Or-3D is indicated. (D) Final adjustment of head position after comparison with clinical photographs. All
images are from Kook and Kim?® courtesy of the Journal of Clinical Orthodontics.
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Table 1. Definitions of Reference Points Used in This Study

PARK, KOOK, KIM

Reference Point lllustration Definition

4 Zygomatic suture point Medial and anterior junction of zygomatic bone with the frontal bone located in the front view

FM Frontomalar suture point ~ Most lateral point of the suture and malar bones located in the 45° rotated view

Or-3D Orbitale in 3D Contact point where a tangent line in maximum contact with the bilateral orbital floors located
in the frontal view

Po Porion The most superior point of anatomic external auditory meatus located in the sagittal view

Zy Zygion The most lateral point of each zygomatic arch located in the frontal view

Ag Antegonion The highest point in the antegonial notch located in the sagittal view

patients.' For more accurate and thorough evaluation of
asymmetry in the three-dimensional (3D) manner, 3D
images should therefore be reoriented.

Comparisons using bilateral differences or indices”
and using mirror images® have been reported recently.
Both methods are critically based on which planes are
to be used in assessment. In the era of the soft tissue
paradigm, the assessment of asymmetry with the
midsagittal plane based only on skeletal landmarks
may not be well suited for establishing treatment
objectives. A previous report by our group had proposed
a practical strategy for evaluating facial asymmetry that
involves a new method of setting a transverse reference
plane in cone beam computed tomography (CBCT)
scans.® In the 3D imaging, although accurate enough for
craniofacial analysis, landmark location is problematic
because there are no generally accepted 3D definitions
of the conventional 2D landmarks.’®"2 Rather than
connecting two anatomic landmarks, our new reference
plane used a tangent line in maximum contact with the
bilateral orbital floors, where the contact point can be
called orbitale in 3D (Or-3D). This reduces the time
needed for landmark identification. However, it was not
established that bilateral Or-3Ds are symmetric in
patients with varying degrees of asymmetry and can
then be used as a horizontal reference plane in
asymmetric patients.

Therefore, the purpose of this study was to
compare the horizontal and vertical differences of
the bilateral landmarks in normal occlusion samples
with no asymmetry and skeletal Class Il patients with
varying degrees of asymmetry and thus to find the
most reliable and stable transverse reference planes
of 3D images even in patients with severe asymmetry.
The hypothesis was that there is a difference in the
location of bilateral landmarks between the normal
occlusion sample and skeletal Class Il patients with
asymmetry.

MATERIALS AND METHODS

Class | normal occlusion (group 1) and skeletal
Class Il malocclusion subjects (groups 2 through 4)
were selected for this study. Group 1 consisted of 20
subjects (10 male, 10 female; mean age, 22.1 years)
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selected from the normal occlusion sample data in the
Department of Orthodontics, The Catholic University of
Korea. The subjects were screened and selected from
480 Korean students (mean age, 24.3 years; range,
19.1 to 34.6 years) at WonKwang University, Iksan,
Korea, by the following selection criteria. Exclusion
criteria included (1) missing or decayed teeth, (2)
prosthetic crowns, (3) crowding more than 3 mm or
spacing more than 1 mm, (4) facial asymmetry with
midline deviation more than 1 mm, and (5) noticeable
periodontal diseases. All subjects had fully developed
permanent dentitions with normal overbite and overjet
between 1 and 3 mm.

Group 2 (10 male, 10 female; mean age, 24.0 years),
group 3 (10 male, 10 female; mean age, 25.7 years),
and group 4 (10 male, 8 female; mean age, 24.0 years)
were selected from patients who visited the Depart-
ment of Orthodontics, Seoul St. Mary’s Hospital,
Seoul, Korea, and were diagnosed as skeletal Class
Il malocclusion and indicated a need for orthognathic
surgery. They were grouped according to the extent of
asymmetry with routine diagnostic records and CBCT.
Group 2 had symmetric maxilla and mandible with no
midline deviation. Group 3 had asymmetric mandible
and no maxillary cant and asymmetry. Group 4 had
asymmetric mandible and more than 4 mm maxillary
cant measured at the buccal cusp of the maxillary first
molars and can be considered as having severe
asymmetry. Patients with noticeable periodontal dis-
eases and with other craniofacial anomalies and
history of facial trauma were excluded. The experi-
mental protocols were approved by the Institutional
Review Board of The Catholic University of Korea
(KC11EISI0740, KCO9EISIO146).

CBCT images were taken before orthodontic treat-
ment with an iCAT scanner (Imaging Science Interna-
tional, Hatfield, Pa) at a 200- X 400-mm field of view,
120 kVp, 47.7 mA, resulting in a voxel size of 0.4 mm.
All scanning planes were included from the glabella to
the chin. The obtained data were exported in DICOM
format into InVivo Dental software (Anatomage, San
Jose, Calif), and 3D reconstructions were performed.
Additional cephalograms and panoramic radiographs
were taken. All measurements were made by the
same operator.
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Figure 2. lllustrations and identification of landmarks used in this study.

The CBCT images were reoriented with methods
previously reported® (Figure 1), and the vertical midline
and horizontal reference planes were set accordingly.
The antero-posterior line was not set because this study
focused on asymmetry in the frontal view. After reorien-
tation, bilateral anatomical landmarks of the skull were
located, and the vertical and horizontal differences in their
location in each group were compared by absolute values

863

in millimeters. Landmarks used are summarized in
Table 1 and Figure 2. Definition of the landmarks was
modified from the study by Miyashita.’® According to the
ease of visibility of each landmark, Z, Or-3D, FM, and AG
were located with the images in bone mode and Zy and
Po in teeth mode, preset by the manufacturer. All
measurements were repeated within a 2-week interval,
and intraclass correlations were calculated.

Angle Orthodontist, Vol 82, No 5, 2012
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Table 2. Comparison of Cephalometric Characteristics of the Sample®

PARK, KOOK, KIM

Group 1 Group 2 Group 3 Group 4
Parameter Mean SD Mean SD Mean SD Mean SD P

Il age 22.09 2.07 24.02 6.37 25.67 9.28 24.07 5.11 NS
SNA 80.75 2.45 81.36 3.45 82.87 2.46 81.66 3.22 NS
SNB 78.65% 2.43 81.13 4.57 83.74° 3.55 81.51 3.77 .0006**
ANB difference 2.10° 1.59 0.23 2.55 —-0.87° 2.16 0.15 3.09 .0022*
Wits —5.11 3.04 —6.09 4.33 —8.99 4.53 —7.54 5.27 .0341*
APDI 85.64° 4.40 89.72 7.07 94.05° 6.85 91.63 7.75 .0014*
Facial height ratio 65.77 3.29 64.10 4.11 63.80 5.87 63.66 7.87 NS
Mandibular plane angle 25.972 3.32 36.45° 4.42 36.79° 7.26 36.08b 9.90 <.0001***
U1 to FH 112.09° 5.61 117.55 7.80 120.94° 7.06 118.37 6.37 .001*
IMPA 93.10° 6.48 87.58 10.80 84.73° 9.29 86.58 9.03 .0294*
Interincisal angle 131.49 15.55 127.58 14.21 125.87 11.92 126.86 8.76 NS

a Groups with different letters (a, b) are significantly different from each other. NS indicates no statistical significance between groups (one-way

analysis of variance and Scheffé test).
* P =.05; ** P=.001; *** P = .0001.

Statistical Analyses

All reorientation procedures and measurements were
repeated after 2 weeks by the same investigator, and
the mean of the two measurements was used in the
statistical analysis. The systematic intraexaminer error
between the two measurements was determined using
a paired ttest. In addition, the magnitude of the
measurement error was assessed by calculating the
intraclass correlation coefficient (ICC) based on a two-
way mixed analysis of variance (ANOVA). For statistical
analyses, the Mann-Whitney test, one-way ANOVA,
and Scheffé test were used with a standard statistical
software package (SAS version 9.1, Cary, NC). A P <
.05 level of significance was used for all tests.

RESULTS

The systematic intraexaminer error was evaluated at
P < .05 and found to be statistically insignificant. The
ICC measurement indicated good reliability with a
mean ICC of .925 (ICC = .620-.991). The mean ICC
was .951 when the measurement of FM, which
showed the largest standard deviation, was excluded.
Cephalometric characteristics of the samples are
described in Table 2 and showed statistically signifi-
cant differences between group 1 and group 3 in the
measurement for describing sagittal discrepancies, for
example, SNB (P < .001), ANB difference (P < .05),
and APDI (P < .05). Wits analysis showed a significant
difference by one-way ANOVA and Scheffé test (P <
.05); however, there was no statistically significant
difference between groups by multiple comparison
afterward. Group 3 showed statistically significant
labioversion of upper incisors and linguoversion of
lower incisors compared with group 1 (P < .05). In
addition, groups 2 and 3 had a significantly steeper
mandibular plane angle than did group 1 (P < .0001).

Angle Orthodontist, Vol 82, No 5, 2012

In Table 2, groups with different letters (a, b) are
significantly different from each other.

Vertical Difference in the Position of
Bilateral Landmarks

The vertical differences in the bilateral landmarks
were compared by their absolute values. Table 3 and
Figure 3 show no statistically significant differences
between groups, except for AG (P < .001). Multiple
comparison of AG indicated that groups 1 and 2 had
statistically significant differences compared with
group 4, showing that group 4 had significantly more
vertical differences than did groups 1 or 2. Although
there was no statistical test, the mean of the absolute
value of difference was greatest at FM, and the value
was clearly much larger than others. All groups had
similar mean differences in other landmarks.

Horizontal Difference in the Position of
Bilateral Landmarks

Table 4 and Figure 4 show no statistically significant
differences between groups, except for AG (P <
.0001). Multiple comparison of AG showed groups 1,
2, and 3 had statistically significant differences
compared with group 4, indicating that group 4 had
statistically fewer horizontal differences than groups 1,
2, and 3. The mean of the absolute value of difference
was also greatest at FM, and the values were clearly
very much larger than others.

DISCUSSION

Proper evaluation of asymmetry depends on the
accurate establishment of the horizontal or vertical
reference plane in relation to the facial midline
because the midline serves as the origin for measure-
ments.'™ With conventional PA cephalograms, the
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Table 3. Mean Values of Vertical Differences in the Bilateral Landmark Location?

Group 1 Group 2 Group 3 Group 4
Measurement Mean SD Mean SD Mean SD Mean SD P
Zz 0.09 1.27 0.54 1.33 0.17 1.19 0.14 1.49 NS
FM 23.65 3.34 23.58 2.78 23.07 3.00 23.11 2.52 NS
Or-3D 0.26 0.19 0.28 0.25 0.30 0.26 0.32 0.31 NS
Po 0.39 1.56 0.17 1.90 0.21 1.18 0.60 1.68 NS
Zy 0.16 1.20 0.43 1.24 0.16 1.12 0.10 1.18 NS
Ag 0.312 2.10 0.552 1.57 1.02 2.58 1.68° 6.32 .0005**

@ Groups with different letters (a, b) are significantly different from each other. NS indicates no statistical significance between groups (one-way

analysis of variance and Scheffé test).
** P = .001.

horizontal reference line is determined based on the
superiorly located landmarks in the skull, followed by
the vertical line mostly connecting crista galli, nasion, or
dental midline, or vice versa.'® The landmarks used for
setting up the horizontal reference line can be influ-
enced by improper head positioning during PA cepha-
logram.® The combined error of the magnification and
distortion due to the divergent x-ray beam' and
incorrect head position produced inaccurate images.

The advanced 3D images enabled us to assess the
spatial relationship of the dentofacial complex, rather
than merely viewing in the antero-posterior dimension,
providing the view of the so-called yaw, pitch, and
roll."”” This leads to inconvenience in evaluation
because all three axes are actually changeable, and
it is up to the clinician to set up all three planes if he or
she wants to evaluate asymmetry accurately, as head
rotation introduces a misleading image. Although NHP
has been advocated for a long time,® it may be difficult
to reproduce accurately the same NHP in 3D. In
patients with asymmetry, NHP is not always ensured
because compensating for head tilting is common.’
Therefore, we proposed a method of head reorienta-
tion based on the horizontal reference line of the inter—
Or-3D line, which does not need to locate points.® This
may be more practical in clinical situations, but it was
not known that these lines can also be used in
asymmetric patients, in whom there may be a
significant difference between the location of the right
and left landmarks.

The prevalence of skeletal Class Il malocclusion is
considerably high in Korea,' and several investigators
reported a higher prevalence of facial asymmetry in
skeletal Class Ill malocclusion patients.®>?° There are
increasing numbers of Class Ill patients undergoing
orthognathic surgery; therefore, it is of critical impor-
tance to assess asymmetry accurately in these
patients. For this reason, groups 2 through 4 included
skeletal Class Il patients. Groups 1 and 2 represented
the symmetric group with a different skeletal pattern,
and groups 3 and 4 represented the asymmetric group,
especially group 4 with severe asymmetry. The fact
that there were no statistically significant vertical
differences between groups in the location of land-
marks in the upper and middle third of the skull
indicated that all these landmarks, such as Z, FM, Or,
Po, and Zyg, may be used in establishing the
horizontal reference line. Nevertheless, FM showed
remarkably large bilateral differences in all groups
when compared with neighboring Z or Or-3D. There-
fore, it is obviously clear that FM should not be
recommended for setting up the horizontal reference
line. One reason for this may be that FM is a point at
the suture, and its location may vary depending on the
change in brightness or contrast. More importantly, the
gap at FM is usually larger than that at Z and is under
large individual variation. This can be also confirmed
by the same large bilateral differences in all four
groups. In a clinical situation, Po should be located in
the sagittal view in 3D; therefore, Or-3D may be easily

Table 4. Mean Values of Horizontal Differences in the Bilateral Landmark Location?®

Group 1 Group 2 Group 3 Group 4
Measurement Mean SD Mean SD Mean SD Mean SD P
V4 1.22 1.97 0.59 1.97 0.84 2.48 0.03 2.30 NS
FzZ 22.59 2.67 23.03 3.04 21.91 3.06 22.50 3.02 NS
Or-3D 0.08 2.50 0.67 2.27 0.15 2.49 1.26 1.79 NS
Po 2.60 5.33 1.91 8.36 1.93 8.42 0.67 5.52 NS
Zyg 2.70 1.78 1.26 2.87 2.16 2.74 0.83 3.15 NS
Ag 1.642 3.12 1.052 3.52 2.722 5.33 0.19° 8.16 <.0001***

2 Groups with different letters (a, b) are significantly different from each other. NS indicates no statistical significance between groups (one-way

analysis of variance and Scheffé test).
*** P = .0001.
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25.00

20.00

15.00
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(mm) z FM 0r-3D

Po Zy AG

Figure 3. The vertical difference in the position of bilateral landmarks showed no statistically significant differences between groups, except for
AG (** P < .001). Multiple comparison of AG indicated groups 1 and 2 had statistically significant differences compared with group 4, showing
group 4 had significantly more vertical differences than groups 1 and 2 (one-way analysis of variance and Scheffé test).

used for setting the horizontal reference lines without
locating landmarks but to rotate the head with the line
in maximum contact with Or-3D. It was quite expected
that AG would have a significant bilateral vertical
difference; however, it may be a bit surprising that AG
had less horizontal difference in group 4 than other
groups, even less than group 1. This may imply that
severe asymmetric patients included in group 4 have
similar bilateral sizes in the horizontal dimension when
measured at AG to the midsagittal line and have

differences only in the vertical dimension. Further
study may be necessary to arrive at a definite
explanation. Also, it may be somewhat surprising that
even Zy, which is not in the upper third of skull, had no
statistically significant differences between groups.
With the proper head orientation, Zy in itself did not
show significant bilateral differences in its location, but
the contour of the zygomatic arch may be different,
and the reproducibility of Zy may be lower than other
landmarks with sharp delineation.

25.00

20.00+

15.00+

10.00

5.00

(mm)— z FM Or-3D

Po Zy AG

Figure 4. The horizontal difference in the position of bilateral landmarks showed no statistically significant differences between groups, except for
AG (*** P < .0001). Multiple comparison of AG showed groups 1, 2, and 3 had statistically significant differences compared with group 4,
indicating group 4 had statistically fewer horizontal differences than groups 1, 2, and 3 (one-way analysis of variance and Scheffé test).
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It has been reported that measurements in 3D
volumetric images only rather than simultaneously in
sets of 2D multi-planar reconstruction (MPR) images
introduces error because of the difficulty involved in
locating landmarks in 3D and because of the inaccura-
cies of the user.?' In practice, locating landmarks by
consulting 2D MPR images may take up too much time.
Given the laborious process of locating landmarks in 3D,
the time-benefit ratio of 3D analyses is likely to be lower
than that of conventional 2D analyses. Another problem
is that there are no generally accepted 3D definitions of
the 2D landmarks. For example, landmarks such as sella
and articulare are arbitrary and not anatomically present
landmarks in 3D. Also, conventional orbitale located in
the sagittal view may be different when located in the
frontal view, which we have called Or-3D. Images of
some landmarks at the suture area such as FM are
dependent on contrast and brightness, and this should
also be considered when choosing to use landmarks in
3D. It might be a stereotype of orthodontists that any
cephalometric analysis should start from locating points
and a line should come from two points. This fixed idea
may lead to inaccuracy when evaluating with 3D images,
which is inherently very accurate. A different and simple
mode of analysis should be developed for 3D analysis
with the full use of the knowledge accumulated by 2D
cephalometric analyses. Finally, it is vitally important to
readjust the skeletally constructed transverse plane by
referring to clinical photographs and also to evaluate the
soft tissue asymmetry at the same time.

CONCLUSIONS

« The hypothesis is rejected. All groups had a similar
pattern of asymmetry in the upper third of the face.

« In the lower third of the face, a statistically significant
difference was noted in the position of bilateral AG
between groups.

« Therefore, the transverse reference line of the bilateral Z
or Or-3D may be used even in patients with severe asym-
metry of the maxilla with reference to the clinical photos.
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