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ABSTRACT

Purpose: This study was performed to evaluate condylar surface changes and remodeling after orthognathic surgery
using three-dimensional computed tomography (3D CT) imaging, including comparisons between the right and left
sides and between the sexes.

Materials and Methods: Forty patients (20 males and 20 females) who underwent multi-detector CT examinations
before and after surgery were selected. Three-dimensional images comprising thousands of points on the condylar
surface were obtained before and after surgery. For the quantitative assessment of condylar surface changes, point-
to-point (preoperative-to-postoperative) distances were calculated using 3D processing software. These point-to-
point distances were converted to a color map. In order to evaluate the types of condylar remodeling, the condylar
head was divided into six areas (anteromedial, anteromiddle, anterolateral, posteromedial, posteromiddle, and
posterolateral areas) and each area was classified into three types of condylar remodeling (bone formation, no
change, and bone resorption) based on the color map. Additionally, comparative analyses were performed between
the right and left sides and according to sex.

Results: The mean of the average point-to-point distances on condylar surface was 0.11 £0.03 mm. Bone resorption
occurred more frequently than other types of condylar remodeling, especially in the lateral areas. However, bone
formation in the anteromedial area was particularly prominent. No significant difference was found between the
right and left condyles, but condylar surface changes in males were significantly larger than in females.

Conclusion: This study revealed that condylar remodeling exhibited a tendency towards bone resorption, especially
in the lateral areas. Condylar surface changes occurred, but were small. (Imaging Sci Dent 2016; 46: 25-31)
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teraction between the mechanical forces sustained by the

Introduction TMIJ and the adaptive capacities of the condyle.'?

Condylar remodeling is a physiological process in which
the structure of the temporomandibular joint (TMJ) is
adapted to meet functional demands. It is based on an in-

*This study was supported by grant no. 04-2015-0081 from the SNUDH Research Fund.
Received October 12, 2015; Revised November 10, 2015; Accepted November 18,2015
*Correspondence to : Prof. Soon-Chul Choi

Department of Oral and Maxillofacial Radiology, School of Dentistry, Seoul Nation-
al University, Dachak-ro 101, Jongno-gu, Seoul 03080, Korea

Tel) 82-2-2072-2622, Fax) 82-2-744-3919, E-mail) raychoi@snu.ac kr

For patients with skeletal Class III deformities, correc-
tive orthognathic surgery improves both oral function and
related esthetics.” The effect of orthognathic surgery on
condylar remodeling is a poorly understood and contro-
versial issue.' However, orthognathic surgery inevitably
results in condylar positional changes.” These positional
changes can induce functional stresses in TMJ structures,
thereby causing condylar remodeling, and are considered
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to be a possible etiology of skeletal relapse following or-
thognathic surgery.1

Three-dimensional (3D) imaging has been shown to be
effective in examinations and treatment relating to the
oral and maxillofacial region.* Several studies have used
3D images to assess condylar remodeling and positional
changes after orthognathic surgery.”” ® Carvalho et al.®
used a superimposition technique on 3D imaging and
suggested that the condyles tended to move, on average,
<2 mm superoposteriorly after surgery, and this small
positional displacement was maintained one year after
surgery. An et al.’ also used a 3D image superimposition
technique and colored scales to evaluate condylar head
deviation before and after orthognathic surgery. They
found that condylar surface changes after surgery were
significant.

However, few studies have evaluated condylar remod-
eling according to the area of the condylar head and quan-
tified condylar surface changes. Moreover, no studies
have assessed the differences between the right and left
condyles and between the sexes.

The purpose of this study was to assess the frequency
of remodeling types in each area of the condyles and to
analyze condylar surface changes quantitatively using 3D
images based on multi-detector computed tomography
(MDCT) data. Furthermore, this study compared condylar
surface changes and condylar remodeling types between
the right and left side and between the sexes.

Materials and Methods

Selection of patients

The present study was approved by the Institution-
al Ethics Review Board of Seoul National University
Dental Hospital (IRB No.CRI15014). This study was a
retrospective analysis of patients with skeletal Class III
malocclusion who underwent mandibular setback sagittal
split ramus osteotomy with Le Fort I osteotomy at Seoul
National University Dental Hospital from 2012 to 2015.
Patients who had any underlying diseases, facial trauma,
or temporomandibular joint disorders were excluded. Ul-
timately, forty patients (20 males, with a mean age of 21.6
years, and 20 females, with a mean age of 21.0 years)
who had undergone 3D MDCT (SOMATOM Sensation
10®, Siemens, Erlangen, Germany) examinations pre-
and post-orthognathic surgery were selected. The images
were obtained an average of 1.3 months (range, 0.6-2.0
months) prior to surgery and 6.7 months (range, 5.4-13.5
months) after surgery.

Three-dimensional image analysis

Three-dimensional images of mandibular condyles
were reconstructed and reformatted into the WRL data
format (the file name extension of a Virtual Reality Mod-
eling Language [VRML] file) using 3D imaging software
(VworksTM, version 4.0, Cybermed Inc., Seoul, South Ko-
rea). The images were then imported into a 3D data pro-
cessing program (Geomagic Studio® 12, 3D Systems Inc.,

Fig. 1. Superimposition of pre-
(upper left) and postoperative seg-
mented images (upper right). These
images were superimposed over
three prominent registration points
around the condylar neck (numbers
1,2, 3). The registered image (lower
part) was generated automatically.
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Fig. 2. A color map of condylar
remodeling after orthognathic sur-
gery. Red coloration shows bone
formation, blue coloration shows
bone resorption, and green color-
ation shows no change.

Fﬂ

Fig. 3. The six areas of the condylar head. A, anterior surface; B, superior surface; C, posterior surface; Ant-Lat, anterolateral; Ant-Mid,
anteromiddle; Ant-Med, anteromedial; Post-Lat, posterolateral; Post-Mid, posteromiddle; Post-Med, posteromedial.

Morrisville, NC, USA).

In order to quantitatively evaluate condylar surface
changes, pre- and post-operative segmented condylar im-
ages were superimposed over three prominent registration
points around the condylar neck using the manual regis-
tration function in Geomagic Studio® 12 (Fig. 1). After
the manual registration, the global registration function
provided by Geomagic Studio® 12 was used, and the re-
constructed images were fitted automatically. Observer
bias was eliminated since the procedures were automat-
ically conducted. Using the Geomagic Studio® 12 tool,
we calculated thousands of distances automatically (in
millimeters) between the pre- and postoperative points on
the registered image, such that the differences between
two surfaces at any location could be quantified. These
point-to-point distances were defined as condylar surface

Table 1. Quantitative assessment of condylar surface changes
using point-to-point distances on the registered three-dimensional
condylar images.

n Mean + SD (mm)
Maximum distance 80 0.41+0.06
Total Average distance 80 0.11+£0.03
Standard deviation 80 0.09£0.02

SD, standard deviation.

changes. The maximum distance, average distance, and
standard deviation of these thousands of point-to-point
distances were automatically calculated by Geomagic
Studio® 12 for each condyle. Using these numeric val-
ues, we could identify how much the condylar surfaces
changed after surgery.

A tool in Geomagic Studio® 12 converted the surface
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Table 2. Frequencies of condylar remodeling types using color maps on the registered three-dimensional condylar images (n = 80).

Area
. Anteromedial Anteromiddle Anterolateral Posteromedial Posteromiddle Posterolateral Total

Remodeling
type
Bone
resorption 13(16.3%) 24 (30.0%) 44 (55.0%) 29(36.3%) 32 (40.0%) 42(52.5%) 184 (38.3%)
Bone
formation 44 (55.0%) 26(32.5%) 10 (12.5%) 22(27.5%) 13 (16.3%) 18 (22.5%) 133 (27.7%)
lc\;(;nge 23 (28.8%) 30 (37.5%) 26 (36.3%) 29 (36.3%) 35(43.8%) 20 (25.0%) 163 (34.0%)

distances into a color map for each registered 3D condy-
lar image. Relative to the preoperative model, the pos-
itive (+) values of surface distances were expressed as
red coloration (bone formation), the negative (—) values
of surface distances were expressed as blue (bone resorp-
tion) and values close to zero were expressed as green (no
change) (Fig. 2).

The color maps were used to evaluate the condylar
remodeling types. The registered 3D images were cut
through one plane, which was located around the condylar
neck, and the area below that plane was erased. The plane
used in this study was drawn over the thinnest portion of
the condylar neck and parallel to a plane having the larg-
est area among a number of areas for cross sections. The
cross sections included the condylar long axis, which in-
tersected the medial and lateral pole of the condylar head.
An adjusted version of the method of An et al.” was used
to classify remodeling types on the remaining condylar
head. The cutting plane used by An et al.” intersected the
medial and lateral pole areas of the condyle, but the loca-
tion of the plane in this study was adjusted down to near
the condylar neck area. The condylar head was divided
into six areas (anteromedial, anteromiddle, anterolateral,
posteromedial, posteromiddle, and posterolateral areas;
Fig. 3) and each area was classified into three types of
condylar remodeling (bone formation, no change, and
bone resorption). The process of classifying the remodel-
ing types of each condylar area was carried out twice (two
weeks apart), and the degree of agreement of the classifi-
cations was evaluated to ensure intraobserver reliability.

All of the above procedures were performed to compare
the condyle surface changes and remodeling types be-
tween the right and left condyles and between the sexes.
All procedures were conducted by a single oral and max-
illofacial radiologist.

Statistical analysis
All statistical analyses were performed using the Sta-

Table 3. Quantitative assessment of condylar surface changes
using point-to-point distances on the registered three-dimensional
condylar images between the right and left condyles.

Right Left P-value
(n=40, mm) (n=40, mm)

Maximum 0.40+0.06 0.42+0.05 >0.05
distance
Average 0.10£0.02 0.11£0.03 >0.05
distance
Standard 0094001 0094001 >0.05
deviation

tistical Package for Social Sciences for Windows version
21.0 (IBM Corp., Armonk, NY, USA). Differences were
considered to be significant at p <0.05. The mean values
of the maximum distances, average distances, and stan-
dard deviations of each condyle were calculated, reflect-
ing condylar surface changes.

The condylar remodeling types were evaluated by fre-
quency.

The Wilcoxon signed-rank test was performed to com-
pare the condylar surface changes between the right and
left condyles. The marginal homogeneity test, which
evaluated the uniformity of the distribution of two related
variables, was performed to compare the frequencies of
condylar remodeling types between the right and left con-
dyles.

Additionally, the t-test and Mann-Whitney test were
conducted to compare the condylar surface changes be-
tween the sexes. In order to compare the frequency of
condylar remodeling types between the sexes, the chi-
square test and Fisher’s exact test were performed. In-
traobserver reliability was evaluated using Cohen’s kappa
index.

Results

The mean values of the maximum distances, average
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Table 4. Frequencies of condylar remodeling types using color maps on the registered three-dimensional condylar images between the

right and left condyles (n =40).

Area  Anteromedial Anteromiddle Anterolateral Posteromedial Posteromiddle Posterolateral
g;r:"del‘“g Right  Left  Right  Left  Right  Left  Right  Left  Right  Left  Right  Left
Bone 8 5 10 14 19 25 17 12 14 18 21 21
resorption  (200%) (12.5%) (250%) (35.0%) (47.5%) (62.5%) (425%) (300%) (35.0%) (450%) (52.5%) (52.5%)
Bone 23 21 13 13 5 8 14 8 5 10 8
formation  (57.5%) (52.5%) (32.5%) (325%) (12.5%) (12.5%) (20.0%) (350%) ((20.0%) (12.5%) (25.0%) (20.0%)
No 9 14 17 13 16 10 15 14 18 17 9 11
change (22.5%) (35.0%) (425%) (325%) (40.0%) (250%) ((B7.5%) (B50%) (450%) (42.5%) 22.5%) (27.5%)
P-value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

distances, and standard deviations of condylar surface
changes after orthognathic surgery were 0.41£0.06 mm,
0.11+£0.03 mm, and 0.09 =£0.02 mm, respectively (Table
1).

The intraobserver reliability for the classification of
condylar remodeling types on the condylar head showed
almost perfect agreement (Cohen’s kappa index; average,
0.895). Bone resorption occurred more frequently (38.3%)
than other types of condylar remodeling. However, bone
formation in the anteromedial area and bone resorption in
the anterolateral and posterolateral areas were observed
to a much greater extent (>50%) than other remodeling
types (Table 2).

No statistically significant differences were found in
condylar surface changes or the frequency of condylar re-
modeling types between the right and left condyles (Table
3, Table 4). However, condylar surface changes in males
were significantly larger than in females (p <0.05; Table
5). No significant differences were found in the frequen-
cies of condylar remodeling types between the sexes (Ta-
ble 6).

Discussion

The evaluation of condylar morphology after orthog-
nathic surgery is critical for predicting the clinical prog-
nosis. Progressive condylar resorption has been found to
be an irreversible complication and a factor in the devel-
opment of late skeletal relapse after bilateral sagittal split,
Le Fort I, or bimaxillary osteotomy.” Recently, 3D images
have been widely used to assess this condylar morphol-
ogy. Xi et al® presented a reproducible tool for the 3D
rendering of the condyle, which enabled the longitudinal
follow-up and quantitative analysis of condylar changes.
Schilling et al.” showed that condylar registration was
reliable and could be used to quantify subtle bony differ-

Table 5. Quantitative assessment of condylar surface changes
using point-to-point distances on the registered three-dimensional
condylar images according to sex.

Male Female Pvalu
(n=20, mm) (n=20, mm) ¢
g’.la’“m“m 0.43+0.05 0.39+0.03 p<0.05
1stance
Average 0.11+£0.03 0.10+0.03 p<0.05
distance
Standard 0.10+001 0.09+0.01 p<0.05
deviation

ences in 3D condylar morphology.

For these reasons, this study used 3D condylar images
to assess condylar surface changes and remodeling types.
Moreover, to the best of our knowledge, this was the first
study to compare the right and left condyles and to com-
pare these parameters according to sex.

In this study, three registration points on the pre- and
postoperative 3D condylar images were used for super-
imposition. These points were selected from around the
condylar neck area, since the condylar neck area exhibit-
ed relatively less change than other areas. Moreover, the
registration points were needed to align the images, be-
cause the pre- and postoperative reconstructed 3D images
from one patient were not exactly the same size. After this
manual registration, an automatic global registration was
then conducted once more in order to increase the accura-
cy.

In this study, the method proposed by An et al? was
used to evaluate the frequency of condylar remodeling
types, but the location of the cutting plane on the regis-
tered 3D condylar images was adjusted down to near the
condylar neck area. The cutting plane in the study of An
et al.” intersected the medial and lateral pole areas of the
condyle. However, it was hypothesized that the medial
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Table 6. Frequencies of condylar remodeling types using color maps on the registered three-dimensional condylar images according to sex

(male, n=20 [40 sides]; female, n=20 [40 sides]).

Area Anteromedial Anteromiddle Anterolateral Posteromedial Posteromiddle Posterolateral
ge;r:odelmg Male  Female Male Female Male Female Male  Female Male  Female Male Female
Bone 8 5 10 14 20 24 13 16 15 17 21 21
resorption  (20.0%) (12.5%) (250%) (35.0%) (500%) (60.0%) (32.5%) (40.0%) (37.5%) (42.5%) (52.5%) (52.5%)
Bone 20 24 14 12 4 6 11 7 7 6 7 11
formation (500%) (60.0%) ((350%) ((B0.0%) (100%) (150%) (27.5%) (175%) (17.5%) (150%) (17.5%) (27.5%)
No chanee 12 11 16 14 16 10 16 13 18 17 12 8

N & 30.0%) (27.5%) ((40.0%) ((35.0%) (40.0%) ((250%) (40.0%) (32.5%) (450%) (42.5%) (30.0%) (20.0%)
P-value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

and lateral pole areas could change after surgery, and in-
deed, this change was confirmed by the color map, which
presented the condylar remodeling types of the registered
3D condylar images.

Table 1 shows that the extent of condylar surface change
after surgery, expressed as the mean of the average point-
to-point distance, was 0.11 £0.03 mm in this study, which
was larger than the mean and standard deviation (0.01 =
0.09 mm) reported by An et al.’ and smaller than the aver-
age displacement of all surfaces reported by Cevidanes et
al.'’(0.77+£0.17 mm).

We found that bone resorption occurred more frequent-
ly (38.3%) than other types of condylar remodeling (bone
formation, 27.7%; no change, 34.0%). However, it can-
not be suggested that bone resorption after surgery was
the predominant pattern because the frequencies of these
three remodeling types were similar. However, bone for-
mation was the predominant pattern in the anteromedial
area (55.0%), while bone resorption predominated in the
anterolateral (55.0%) and posterolateral (52.5%) areas (Ta-
ble 2). In other words, condylar remodeling after surgery
was most commonly achieved through bone resorption.
These results were similar to those of the previous studies
by An et al.” and Park et al ”

Comparisons between the right and left condyles and
between the sexes have not been explored in previous
studies. In this study, no significant differences were
found in the frequency of condylar remodeling types in
each area between the sexes or between the right and left
condyles (Tables 4 and 6). However, males exhibited sig-
nificantly greater condylar surface changes than females
(Table 5).

Some researchers have proposed that forced condylar
positioning in orthognathic surgery could lead to condylar
remodeling.”’12 Hwang et al.” suggested that a posterior-
ly inclined condylar neck should be considered a relevant

nonsurgical risk factor in condylar resorption following
orthognathic surgery. An et al.’ found that inward condy-
lar rotation after orthognathic surgery was closely related
to condylar surface change. Nonetheless, the exact cause
of condylar surface change remains controversial.

However, these changes on the condylar surface could,
in turn, induce post-operative TMJ symptoms and early
or late postoperative skeletal relapse.”'*'> We found that
bone resorption in the lateral area and bone formation in
the anteromedial area were especially prominent. Addi-
tionally, condylar surface changes after orthognathic sur-
gery occurred; in particular, the condylar surface change
in males was greater than in females.

However, this study had some limitations. In particular,
each group consisted of a small sample (20 males, 20 fe-
males). Additionally, the clinical significance of the val-
ues in this study is a potential limitation, since all quan-
titative values were smaller than the slice thickness (0.75
mm). For these reasons, further studies are needed.
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