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Purpose: To improve the clinical evaluation of the symmetry of the zygomatic complex (ZMC), the
authors developed a new method to measure the eminence and width of the ZMC using 3-dimensional
(3D) computed tomography (CT). The accuracy and reproducibility of the ZMC symmetry evaluation us-
ing this method were investigated.

Materials and Methods:  Spiral CT was carried out in 50 volunteers with visually symmetric faces. Based
on an exact craniofacial midsagittal plane, a 3D coordinate system was constructed and used to measure
the eminence and width of the ZMC. Absolute differences between the bilateral eminences and widths
were calculated as AE and AW, respectively. The ZMC eminence also was measured based on traditional
methods using anatomic landmarks, and the bilateral absolute difference was calculated to serve as a con-
trol (AcE).

Results: The AE value was lower than the AcE value (0.6 vs 1.75 mm; P < .001). None of the results for
AE were larger than 2 mm, and 7 results (3.5%) for AW were larger than 2 mm. By comparison, 57 results
(28.5%) for AcE were larger than 2 cm (P < .001). The intraclass correlation coefficient ICC) indicated
almost perfect agreement for inter- and intraexaminer reliabilities for AE (ICC, 0.82 to 0.86) and AW
(ICC, 0.81 to 0.85) measurements, and moderate agreement for inter- and intraexaminer reliabilities

was obtained for AcE (ICC, 0.61 to 0.68) measurements.

Conclusion: This new method is practical and valuable in the clinical evaluation of ZMC symmetry.
© 2014 American Association of Oral and Maxillofacial Surgeons
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The zygomatic complex (ZMC) contributes consider-
ably to overall facial form,' and it is the second most
frequently fractured facial bone.” Therefore, ZMC sym-
metry is of interest in the fields of trauma, reconstruc-
tive surgery, and esthetic plastic surgery, and its
quantitative evaluation is essential for preoperative
planning and postoperative assessment. However,
owing to the irregular contours, lack of specific
anatomic landmarks, and difficulty of midsagittal plane

determination, there is no generally accepted method
for the measurement and evaluation of ZMC
symmetry.>*

Various methods have been reported for the assess-
ment of ZMC symmetry. /) Direct measurement of live
subjects is time consuming and requires the use of so-
phisticated and possibly invasive techniques.’’
Moreover, this approach can be influenced by the
subjective judgment of the examiners.” 2) Imaging
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measurement using anatomic landmarks of the ZMC
has been used,(’ but none of the anatomic landmarks
are located in the most prominent region of the
ZMC, which, to a large extent, determines visual
ZMC symmetry and thus midfacial symmt:t1‘y.4’s 3)
Imaging measurements, such as chromatographic
analysis, of the volume of the ZMC have been
reported,” but the available methods still have prob-
lems in the establishment of the midsagittal plane.
Moreover, volume measurements provide the average
difference in the location of the entire ZMC, rather
than the most prominent portion of the ZMC. 4) Imag-
ing measurements using the ZMC eminence have been
described. The ZMC eminence is defined as the most
prominent portion of the ZMC." The measurement in-
volves using radiogrzlphy,8 2-dimensional (2D)
computed tomography (CT),” and 3-dimensional
(3D) CT.*'” Radiography is rarely used because its
validity is limited by magnification and structural
overlap. A practical method based on simple
procedures for the measurement of bilateral ZMC
eminences using 2D CT was described by Pham
et al” in 2007. This method involves measurements
based on the axial CT slice at the level of the zygomatic
arch, just below the infraorbital rim (ZMC slice). This
is recommended because the ZMC slice is useful for
showing the status of the zygomatic arch and the pro-
jection of the malar eminences.'' However, as a 2D
measurement, the results of this method can be dis-
torted by the patient’s head position.”'*'®> When the
patient’s head position is taken improperly, no single
axial CT slice covers the most eminent points of the
bilateral ZMC."” In other words, the right and left sides
can be compared for symmetry only if scans are taken
with the head properly positioned so that similar cuts
are made bilaterally. In addition, the determination of
the center point in this method is based on anatomic
landmarks, calling its precision into question.“‘14 The
3D CT technique allows optional rotation of a virtual
skull, which avoids the distortion caused by head
position and provides an independent observation of
organs and structures.'” Thus, the 3D CT technique al-
lows accurate quantitation of ZMC symmetry. Howev-
er, the reported methods involve intricate procedures
and lack evidence of their clinical practicability for the
evaluation of ZMC symmetry. Therefore, in the present
report, the authors propose a new 3D CT measure-
ment method of the ZMC eminences based on a modi-
fication of the method of Pham et al, and they
investigated its accuracy and reproducibility in the
evaluation of ZMC symmetry in 50 volunteers.

Materials and Methods

The study was conducted at the Peking University
School and Hospital of Stomatology (Beijing, China).

QUANTITATION OF ZYGOMATIC COMPLEX SYMMETRY

Fifty healthy volunteers (25 men, 25 women; median
age, 25 yr; age range, 18 to 35 yr) from northern China
were included using the following criteria: 7) a visu-
ally symmetric face meeting the esthetic standards of
a clinician and a layperson and 2) the absence of
congenital craniofacial anomalies, injuries, or sur-
geries. This study was approved by the ethics commit-
tee for human experiments at the Peking University
School and Hospital of Stomatology (PKUSSIRB-
2011008) and was conducted in accordance with
the Declaration of Helsinki guidelines for human
research. All volunteers gave written informed con-
sent to participate.

MEASUREMENTS OF ZMC EMINENCE AND WIDTH

All spiral CT scans were acquired using the same ma-
chine (helical with 1.25-mm slice thickness; Bright
Speed 16, GE Healthcare, Buckinghamshire, UK). Pro-
cessed CT data were evaluated with iPlan CMF (Brain-
LAB, Feldkirchen, Germany) using Digital Imaging and
Communications in Medicine files. Measurements of
the ZMC eminence and width were carried out in
3 steps.

Step 1: Construction of Midsagittal Plane

A reconstructed 3D view of the skull was built with
the auto-segmentation function in iPlan CME To pre-
vent information bias, the 3D skull (Fig 1A) was recon-
structed without bilateral ZMCs using Boolean
subtraction. A preliminary cephalofacial midsagittal
plane was built passing through the nasion and sella
points and perpendicular to the Frankfurt horizontal
(FH) plane, which is a horizontal plane represented
in profile by a line between the orbitales (the lowest
points on the margin of the orbit) and the auriculares
(the highest points on the margin of the auditory
meatus). Based on this plane, a mirrored skull (Fig
1B) was generated from the 3D skull. Then, the con-
tour of the 3D skull was superimposed onto the
mirrored skull to account for the fact that human skulls
are not completely symmetric. After the best fit was
achieved, the plane of symmetry was extracted and
used as the final cephalofacial midsagittal plane
(Fig 10).

Step 2: Construction of 3D Coordinate System

A 3D coordinate system was created using 3 planes
of reference. 1) The final midsagittal plane was used to
compensate for the lateral obliqueness of a partici-
pant’s head position. 2) Then, the FH plane was
included and the skull was rotated slightly along the
final midsagittal plane (like nodding up and down) to
adjust the FH plane to be parallel to the horizontal
plane (using the middle points when the bilateral orbi-
tales and auriculares were not in a plane). This
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FIGURE 1. Determination of the final cephalofacial midsagittal plane. The B, mirrored skull was superimposed on the A, original skull. C, After
fitting, the combined skulls were regarded as an entirely new symmetric object, meaning that the new symmetric object is symmetric within itself
and has an internal plane of symmetry so that the left and right halves are mirror images. This plane of symmetry was extracted and used as the

final cephalofacial midsagittal plane (dotted line).

Gong et al. Quantitation of Zygomatic Complex Symmetry. J Oral Maxillofac Surg 2014.



2053.e4

procedure was used to compensate for the sagittal
obliqueness of a participant’s head position and create
a single axial image slice covering most of the bilateral
ZMC (ZMC slice). 3) To construct a 3D coordinate sys-
tem and to determine an origin point on the ZMC slice,
the coronal plane was built vertically to the final ceph-
alofacial midsagittal plane and passed through though
the bilateral auriculares (using the middle points when
the bilateral auriculares were not in a plane; Fig 2).

Step 3: 3D-Based Measurements

After selecting the ZMC slice in the 3D coordinate
system, the most prominent point of the zygomatic
contour was identified and verified in the sagittal and
coronal views. The ZMC eminence was defined as
the linear distance between the most prominent point
and the origin of the coordinate axis (Fig 3). The abso-
lute difference between the bilateral eminences of the
ZMC was calculated and recorded as AE. Similarly, the
linear distance between the most lateral point on the
zygomatic arch and the final midsagittal plane was
defined as the ZMC width (Fig 4). AW was calculated
as the absolute difference between the bilateral
ZMC widths.

A 3D coordinate system based on the preliminary
midsagittal plane, the FH plane, and the coronal plane
was generated as a control. The axial image slice

QUANTITATION OF ZYGOMATIC COMPLEX SYMMETRY

covering most of the bilateral ZMC in this control
3D coordinate system (control slice) was selected.
The linear distance between the most prominent
point of the zygomatic contour and the center point
based on the clivus at the skull base” was measured
(Fig 5). AcE was calculated in the same manner as
the control.

REPRODUCIBILITY AND ACCURACY OF ZMC
SYMMETRY EVALUATION

All measurements were repeated twice by each of 2
examiners in all 50 participants within a 1-week inter-
val. All measurements were performed on the left and
then on the right side of the ZMC. The 2 examiners
were residents in oral and maxillofacial surgery with
more than 1 year of experience in operating the iPlan
CMF software. To minimize bias, the participant’s in-
formation on the display screen of the computer was
hidden from the examiners and the measurements
were recorded by another assessor.

Skull measurements with differences larger than
2 mm between the right and left sides are considered
clinically acceptable.'”'® Therefore, for the par-
ticipants in the present study with visually symmetric
faces, AE, AW, and AcE values larger than 2 mm were
regarded as inconsistent with clinical perception.
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FIGURE 2. Construction of the 3-dimensional coordinate system. A 3-dimensional coordinate system was created using 3 planes of reference:
the final midsagittal plane (red), the Frankfort horizontal plane (blue), and the coronal plane passing though the bilateral auriculares (green).

Gong et al. Quantitation of Zygomatic Complex Symmetry. J Oral Maxillofac Surg 2014.
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FIGURE 3. Measurement of the zygomatic complex eminence. The most prominent points (e of the zygomatic contours were identified on the
zygomatic complex slice (axial slice covering most of the bilateral zygomatic complex) determined by the final cephalofacial midsagittal plane.
Then, the point was then adjusted in the sagittal and coronal views. The zygomatic complex eminence (E) was calculated as the linear distance

between point e and the origin of the 3-dimensional coordinate system.

Gong et al. Quantitation of Zygomatic Complex Symmetry. J Oral Maxillofac Surg 2014.

STATISTICAL ANALYSIS

The median and interquartile range were computed
for numerical data, and the proportion was calculated
for categorical data. Values of AE and AcE were
compared using the Wilcoxon signed-rank test. Differ-
ences larger than 2 mm in the measurement rates be-
tween AE and AcE were evaluated with the x? test.
A P value less than .05 (2-tailed) was considered statis-
tically significant. Intra- and interexaminer reliabilities
were assessed with the intraclass correlation coeffi-
cient (ICC) for the classes of measured values (AE,
AW, AcE). ICC values range from O to 1; values of
0.61 to 0.8 are interpreted as substantial agreement,
and values of 0.81 to 1.0 indicate almost perfect agree-
ment.'” Statistical analyses were carried out using SPSS
19.0 (SPSS, Inc, Chicago, IL).

Results

The AE values were lower than the AcE values (0.6
vs 1.75 mm; P < .001). More importantly, no AE values

exceeded 2 mm, whereas AcE values exceeding 2 mm
occurred in 53 cases (28.5%; P < .001). The median
value of AW was 1.00 mm (interquartile range, 0.50
to 1.48), with 3.5% of results being larger than
2 mm (Table 1).

The ICCs for the intraexaminer reliability of AE for
the 2 examiners were 0.86 and 0.83, showing almost
perfect agreement. Almost perfect agreement was
shown by the interexaminer analysis for AE (ICC,
0.86). The ICC of AW also showed almost perfect
agreement for intra- and interexaminer analyses (ICC,
0.81 to 0.84). For AcE measurements, moderate agree-
ment was obtained for the 2 examiners (ICCs, 0.63 and
0.68) and between examiners (ICC, 0.61; Table 2).

Discussion

The objective of this study was to develop a
clinically applicable, reliable, and quantitative
method for the evaluation of ZMC symmetry. In this
study, the technique for exact determination of the
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FIGURE 4. Measurement of the zygomatic complex width. The most lateral points (w) of the zygomatic arches were identified on the zygomatic
complex slice (axial slice covering most of the bilateral zygomatic complex) and adjusted in the coronal view. The width of the zygomatic com-
plex (W) was calculated as the linear distance between point w and the final midsagittal plane.

Gong et al. Quantitation of Zygomatic Complex Symmetry. J Oral Maxillofac Surg 2014.

cephalometric midsagittal plane was introduced to the
ZMC symmetry evaluation. Based on this midsagittal
plane and the 3D CT technique, the present study
developed a standard cephalofacial 3D coordinate sys-
tem, in which a simple method for the measurement of
the ZMC eminence and width was defined. Then, the
measurements were performed repeatedly in 50 vol-
unteers to test the value of this system for ZMC symme-
try evaluation. The results showed very good
reproducibility and accuracy.

Accurate identification of the midsagittal plane is
critical in evaluating symmetry.>'>'® The methods
reported for the evaluation of ZMC symmetry most
commonly used a midsagittal plane (or a center
point) generated from anatomic landmarks.””® In
the present study, the authors developed an
improved technique to determine the cephalometric
midsagittal plane. This technique, which was first
described by Greiner et al,'® takes advantage of all
data points in intact regions of the skull instead of us-
ing single anatomic landmarks. This technique was
first used in the evaluation of the eyeball position,'®

and then in a facial asymmetry evaluation in adult pa-
tients with cleft lip and palate.' It has been shown to
produce accurate and reliable midsagittal planes that
can be used in comparative studies.'*'®'” In
contrast, 6 frequently used cephalometric midsagittal
planes described in the literature were investigated
by Damstra et al' They concluded that care must be
taken when using these planes for diagnosis and treat-
ment planning for craniofacial asymmetry. This tech-
nique was modified in the present study because the
3D skull was reconstructed without the bilateral
ZMC using Boolean subtraction, to prevent matching
of the 3D skull and the mirrored skull through the
bilateral ZMC. This procedure is important because
construction of the midsagittal plane based on the
use of the bilateral ZMC to match the skulls will inval-
idate the subsequent measurement of the difference in
bilateral ZMC eminences.

The FH plane also was used in the present study.
Adjustment of the FH plane to be parallel to the hori-
zontal plane is important, because it could compen-
sate for the sagittal obliqueness of a patient’s head
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FIGURE 5. Measurement of the zygomatic complex eminence without the final cephalofacial midsagittal plane as a control. The most prom-
inent points (ce) of the zygomatic contours were identified on the control zygomatic complex slice (axial slice covering most of the bilateral zygo-
matic complex) in relation to the preliminary cephalofacial midsagittal plane. The control eminence of the zygomatic complex (cE) was
calculated as the linear distance between point ce and the cephalofacial center point determined by an anatomic landmark (the clivus at the

base of the skull).
Gong et al. Quantitation of Zygomatic Complex Symmetry. | Oral Maxillofac Surg 2014.

position. Correct adjustment of the FH plane creates
the correct ZMC slice, which provides the critical cir-
cumstances for measurement of the ZMC eminence
and width.

Identifying the exact locations of the measuring
points is essential for an accurate, reproducible, and

quantitative measurement of ZMC symmetry. The
ZMC eminence (the most prominent portion of the
ZMC") determines the visual zygoma symmetry to a
large extent.™'" However, its location appears
different when  observed from  alternative
viewpoints, making its exact position difficult to

Table 1. ABSOLUTE DEVIATION OF BILATERAL ZYGOMATIC COMPLEX EMINENCES AND WIDTHS

Examiner 1 (First) Examiner 1 (Second)

Examiner 2 (First)

Examiner 2 (Second) Sum

AE (mm) 0.70 (0.40-1.10) 0.70 (0.30-1.10)
AW (mm) 1.00 (0.30-1.50) 1.00 (0.50-1.40)
AcE (mm) 1.50 (1.08-2.00) 1.50 (1.08-1.90)

0.85 (0.40-1.30)
1.00 (0.50-1.53)
1.60 (0.88-2.23)

0.85 (0.38-1.20)
0.90 (0.50-1.43)
1.35 (0.68-2.43)

0.80 (0.40-1.20)*
1.00 (0.50-1.48)
1.50 (0.83-2.10)"

Note: Values are presented as median (interquartile range).

Abbreviations: AcE, control absolute deviation of bilateral eminences; AE, absolute deviation of bilateral eminences;

AW, absolute deviation of bilateral widths.
* P < .05 by Wilcoxon signed-rank test.

Gong et al. Quantitation of Zygomatic Complex Symmetry. J Oral Maxillofac Surg 2014.
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Table 2. INTRACLASS CORRELATION COEFFICIENTS
WITH 95% CONFIDENCE INTERVALS FOR INTRA-
AND INTEREXAMINER AGREEMENT FOR THE
ZYGOMATIC COMPLEX EMINENCE AND WIDTH
Interexaminer

Examiner 1 Examiner 2

ICC 95%CI ICC 95%CI ICC 95%CI

AE 0.86 0.75-092 0.83 0.71-091 0.82 0.67-0.90
AW 0.81 0.67-0.89 0.85 0.74-0.92 0.83 0.69-0.90
AcE 0.63 0.35-0.79 0.68 0.44-0.82 0.61 0.32-0.78

Abbreviations: CI, confidence interval; ICC, intraclass corre-
lation coefficient; AcE, control absolute deviation of bilateral
eminences; AE, absolute deviation of bilateral eminences;
AW, absolute deviation of bilateral widths.

Gong et al. Quantitation of Zygomatic Complex Symmetry. | Oral
Maxillofac Surg 2014.

identify.” The cephalofacial center point is tradition-
ally determined by the anatomic landmarks of the skull
base.” However, this determination is questionable
because there are no anatomic landmarks located
exactly at the center point. In the present study, the au-
thors improved on these methods by creating a 3D co-
ordinate system in which the origin is defined as the
cephalofacial center point, and the viewpoint of
different examiners is standardized to improve the ac-
curacy and reproducibility of locating the ZMC
eminence. In addition, adjustments of the sagittal
and coronal views make this new method even
more accurate.

Based on the exact midsagittal plane, the 3D coor-
dinate system, and the exact location of the
measuring points, the present method shows good
clinical practicability. The differences between bilat-
eral ZMC eminences for all study participants with
visually symmetric faces were smaller than 2 mm,
which is consistent with visual facial esthetic appreci-
ation. In contrast, only 71.5% of results obtained us-
ing the control measurement method, which was
based on the determination of a midsagittal plane
and a center point as commonly described in the
literature,14 met this criterion. The new method
also is more reproducible than the control method.
In addition to the eminences, ZMC width is of
concern to some patients who complain of an exces-
sively wide or narrow face. For this reason, width
measurement with good accuracy and precision is
included in this method for ZMC symmetry
evaluation.

This method can be used to assess the degree of
ZMC asymmetry in patients with unilateral facial defor-
mity and provide surgical targets for preoperative
computer-aided design in trauma or esthetic plastic
surgery. This method also is valuable for comparing

QUANTITATION OF ZYGOMATIC COMPLEX SYMMETRY

the treatment effects of different surgical techniques
involved in ZMC asymmetry.

The authors have proposed a new method for the
quantitative measurement of the eminence and width
of the bilateral ZMC and showed that this new method
provides good reproducibility and consistency
compared with the clinical perception of the ZMC
symmetry evaluation.
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