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Changes in the condylar head after orthognathic surgery in Class III

patients: a retrospective three-dimensional study

Betul Nazli Gulceka; Elvan Onem Ozbilenb; Sibel Birenc

ABSTRACT
Objectives: To evaluate the axial and dimensional changes of the condylar head after orthognathic
surgery, including Le Fort I and bilateral sagittal split ramus osteotomies, and to assess condylar
remodeling through three-dimensional (3D) surface superimposition.
Materials and Methods: Twenty-four patients (15 females, 9 males; mean age: 32.22 6 6.92
years) with skeletal Class III deformity were included in the study. Cone-beam computed
tomography data obtained in the preoperative (T0) and postoperative (T1) periods were examined
using Mimics and 3-Matic software. The height, depth, and width of the condylar head and its
angular changes were measured. The volumes of the 3D reconstructed models were calculated,
and remodeling amounts were evaluated through regional surface superimposition. Statistical
significance was set at P , .05.
Results: Following the surgery, there was a significant decrease in the size of condyles (P , .05).
An inward rotation of the condyles was found in the axial plane (T0: 79.60 6 6.018, T1: 76.6 6

6.488, P , .05). The maximum resorption, maximum apposition, mean remodeling, and mean
absolute remodeling were�2.63 6 1.23 mm, 1.15 6 0.4 mm,�0.30 6 0.34 mm, and 0.73 6 0.43
mm, respectively. No correlation was found between the angular changes and remodeling
parameters or linear and volumetric changes of the condylar head (P . .05).
Conclusions: Condyles undergo a remodeling process with a resorptive character following
orthognathic surgery, without clinically significant effects in the present study. (Angle Orthod.
2023;93:168–175.)

KEY WORDS: Condylar head; Cone-beam computed tomography; Orthognathic surgery;
Remodeling; Superimposition

INTRODUCTION

Orthognathic surgery provides an improvement in

facial esthetics, airway, and temporomandibular joint

(TMJ) functions as well as correction of dental and

skeletal malocclusions. The effect of orthognathic

surgery on the TMJ has been discussed extensively.

One of the main concerns is that the resorption/

remodeling process seen in mandibular condyles after

orthognathic surgery can affect postoperative stability

and compromise results.

Among orthognathic surgery procedures, bilateral

sagittal split ramus osteotomy (BSSRO) is one of the

most common, and it has many advantages, such as

increased contact between the bony segments, rigid

fixation, and rapid recovery of oral functions.1 However,

rigid fixation may cause major changes in the condylar

position and condylar axis as well as create temporo-

mandibular disorders.2 Several studies3,4 have eluci-

dated the changes in the position of the condyles after

mandibular setback surgery and its effects on TMJ

morphology. These positional and accompanying

morphological changes did not seem to cause TMJ

dysfunction because the changes, such as condylar

remodeling, glenoid fossa remodeling, and reposition-

ing of the condyles in the fossa, occurred within the

limits of the natural adaptation mechanism that

alleviated the incidence of TMJ dysfunction.5,6 Howev-
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er, only a few studies6–8 have examined physiological
condylar head remodeling after orthognathic surgery
and found predominance of bone resorption in patients
with skeletal Class III deformity using cone-beam
computed tomography (CBCT) data.

Cranial base superimposition on CBCT images has
been used frequently to evaluate the effects of
orthognathic surgery on the TMJ. However, with this
superimposition technique, only the positional changes
of the mandibular condyles can be evaluated, and
condylar remodeling cannot be assessed.9,10 Instead,
the regional superimposition technique is preferred to
evaluate condylar remodeling, as it eliminates the
deviations caused by possible displacement.11,12

The purpose of the present study was to evaluate
the possible axial and dimensional changes of the
condylar head with angular, linear, and volumetric
measurements in patients with skeletal Class III
malocclusion treated with double-jaw orthognathic
surgery. In addition, the type and amount of remodeling
of the condyles were investigated by regional surface
superimposition of three-dimensional (3D) reconstruct-
ed models.

MATERIALS AND METHODS

Study Design and Sample

The present retrospective study was approved by
the Ethical Committee of Marmara University, Faculty
of Dentistry (07.08.2020, 2020/54, Istanbul, Turkey).
The sample size was calculated using G*Power 3.1.9.2
software (Heinrich-Heine-University, Düsseldorf, Ger-
many).6 The analysis indicated that a minimum of 20
patients was required (60.3 deviations, 95% confi-
dence level, 80% power).

The material of the study consisted of records of 24
individuals (15 females, 9 males; mean age: 32.22 6

6.92 years) selected from the archives of Marmara
University, Department of Orthodontics. The inclusion

criteria were as follows: (1) skeletal Class III patients
(N?A ,�1 mm, SNB . 808, Wits appraisal ,�1 mm),
(2) normal vertical growth pattern (inner angles: 396 6

38), (3) BSSRO þ Le Fort I, and (4) presence of
preoperative (T0: immediately before surgery) and
postoperative (T1: 4 months after the surgery on
average) CBCT images. The exclusion criteria were
(1) severe jaw asymmetry, (2) congenital anomaly,
genetic syndrome, and (3) history of trauma or
pathology in the maxillofacial region. According to the
anamnesis forms, patients did not report any tempo-
romandibular disorder symptoms before surgery, and
no problem was encountered in the TMJ during the
surgery.

Data Collection, Management, and Analyses

CBCT images were taken using an Iluma Imtec
Imaging Machine (3M, Ardmore, Pa). The Digital
Imaging and Communications in Medicine (DICOM)
data were transferred to Mimics v.23.0 software
(Materialize, Leuven, Belgium). First, a head mask
was created with a threshold value for bony structures
(minimum 226, maximum 3071 Hounsfield units). Then
the mandibular condylar area was separated from the
cranial base by the manual editing tool in axial, sagittal,
and coronal sections (Figure 1). Definitions of the
anatomical landmarks and measurements are shown
in the Supplementary Table and Figures 2a–c and 3a–
c.13 In order not to be affected by possible positional
changes after the operation, linear measurements
were evaluated by measuring direct distances.

In order to determine the amount and type of
remodeling in the mandibular condyles, initially the
postoperative ramus area was cut from the upper part
of the BSSRO incision line with a plane parallel to the
Frankfort horizontal plane (FHP). The cut right and left
postoperative condyles were approximated to the
preoperative condyles by marking the coronoid and

Figure 1. Manual editing.
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inferior sigmoid notch points. The approximated

images were transferred to 3-Matic software (Material-

ize), and the final surface superimposition was made

using the best-fit algorithm (Figure 4a,b).

Following superimposition, a new plane passing

through the inferior sigmoid notch point and parallel

to the FHP was created. The condylar area above that

plane was separated, and preoperative and postoper-

ative condyles were segmented and compared using

the ‘‘part comparison’’ tool in the software for each

condyle separately. 3D deviation analyses were

performed. After ‘‘part comparison,’’ the software

created a histogram and color map (Figure 5). In the

histogram, the maximum apposition, maximum resorp-

tion, mean remodeling, and mean absolute remodeling

(root mean square; RMS) values were given as

remodeling parameters (Supplementary Table).

In addition, the maxillary advancement and mandib-

ular setback amounts were measured as the horizontal

displacement of A and B points according to a posterior

reference plane parallel to the true vertical line passing

through the Sella point. All measurements were

repeated after 14 days by the same examiner (BNG).

Figure 2. (a) Axial, (b) sagittal, and (c) coronal condylar angles.

Figure 3. (a) Condylar width. (b) Condylar depth. (c) Condylar height.
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Statistical Analysis

Statistical analysis was performed using the Number

Cruncher Statistical System (NCSS) 2007 Statistical

Software package program (NCSS, Kaysville, Utah).

Conformity of the parameters to the normal distribution

was examined with the Shapiro-Wilk test. The paired

samples t-test was used for the comparison of

variables with a normal distribution before and after

the surgery, and the Pearson correlation test was used

to determine relationships among the variables. Sta-

tistical significance was set at P , .05.

RESULTS

The demographic variables, duration between pre-

operative and postoperative CBCT images, and

descriptive statistics for the initial skeletal values of

the patients are shown in Table 1. The mean maxillary

advancement and mandibular setback amounts were

4.08 6 2.04 mm and 4.76 6 2.04 mm, respectively

Figure 4. (a) Superimposed and (b) segmented condyles.

Figure 5. Color map and histogram data.
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(Table 1). The intraclass correlation coefficients of all

parameters ranged from 0.993 to 0.999, showing a

high level of agreement.

Evaluation of Angular, Linear, and Volumetric

Measurements

No statistically significant differences were observed

in the measurements between the right and left

condyles. This allowed for the unification of both

condylar measurements; next, a single value was used

for each patient.

The only statistically significant change for angular

measurements was seen in the ‘‘axial condylar angle,’’

which was decreased after surgery (T0: 79.60 6 6.018;

T1: 76.60 6 6.488, P , .001). No statistically significant

differences were observed in the ‘‘sagittal and coronal

condylar angles’’ between T0 and T1 (P . .05) (Table

2).

After orthognathic surgery, ‘‘condylar height,’’ ‘‘con-

dylar depth,’’ and ‘‘condylar width’’ decreased signifi-

cantly (P , .05 and P , .001; Table 2). The condylar

volume also showed a statistically significant decrease

after surgery (T1: 1577.71 6 578.78 mm3) compared to

the preoperative value (T0: 1753.82 6 571.99 mm3, P

, .001) (Table 2).

Remodeling Parameters

Descriptive data of remodeling parameters before

and after orthognathic surgery are shown in Table 3.

The maximum resorption, maximum apposition, mean

remodeling, and RMS were�2.63 6 1.23 mm, 1.15 6

0.4 mm, �0.30 6 0.34 mm, and 0.73 6 0.43 mm,

respectively.

Correlation Analyses

When the correlation between the condylar angular

changes and remodeling parameters was evaluated,

no significant correlation was found (P . .05) (Table 4).

Additionally, no statistically significant correlation was

found between the condylar angular changes and

linear and volumetric changes of the condylar head (P

. .05) (Table 4).

DISCUSSION

Positional changes in the condyles caused by

orthognathic surgery create physical pressure on the

condylar surface, and as a result, condylar remodeling

occurs as an adaptation to the new functional

requirements.14 Post-operative instability is usually

the result of pre-existing, unrecognized and untreated

TMJ pathology or conditions due to orthognathic

surgery, such as joint damage after excessive,

invasive surgery or overloading of the TMJ.15 Even

without these conditions, severe condylar changes and

deterioration in skeletal stability can be observed, the

cause of which is still mostly unknown.16 There are still

very few studies that analyze postoperative condylar

remodeling using 3D reconstruction and condylar

superimposition technique in skeletal Class III pa-

tients.6–8 For this reason, in the present study, we

aimed to evaluate the dimensional changes of the

condylar head and the type and amount of remodeling

of the condyles by regional surface superimposition.

Table 1. Descriptive Statistics for the Study Groupa

N

Gender 9 (37.50%) Male

15 (62.50%) Female

Mean 6 SD

Age (Years) 32.22 6 6.92

Preoperative skeletal values

SNA (8) 79.2 6 4.38

SNB (8) 82 6 4.89

Wits (mm) �10.53 6 3.92

N?A (mm) �4.35 6 3.29

Inner angles (8) 394.92 6 7.13

GoMeSN (8) 37.75 6 6.47

T0-T1 (months) 4.74 6 1.25

Surgical movements (mm)

Maxillary advancement 4.08 6 2.04 (maximum: 8.92;

minimum: 1.03)

Mandibular setback 4.76 6 2.04 (maximum: 8.42;

minimum: 1.00)

a T0 indicates preoperative period; T1, postoperative period; and
SD, standard deviation.

Table 2. Evaluation of the Angular, Linear, and Volumetric Changes of the Condylar Head After Orthognathic Surgerya

T0, Mean 6 SD T1, Mean 6 SD P

Axial condylar angle, 8 79.60 6 6.01 76.60 6 6.48 .0001***

Sagittal condylar angle, 8 77.21 6 4.58 77.54 6 4.56 .589

Coronal condylar angle, 8 83.96 6 2.76 84.21 6 3.36 .494

Condylar height, mm 19.74 6 3.04 19.51 6 3.06 .048*

Condylar depth, mm 7.34 6 1.04 6.99 6 1.13 .0001***

Condylar width, mm 19.67 6 2.59 19.12 6 2.75 .0001***

Condylar volume, mm3 1753.82 6 571.99 1577.71 6 578.78 .0001***

a T0 indicates preoperative period; T1, postoperative period; and SD, standard deviation.
* P , .05; *** P , .001; paired-samples t-test.
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The axial condylar angle showed a significant
decrease after surgery, on average, 38 in the present
study. Ha et al.,6 Park et al.,8 and Kim et al.17 reported
decreases of 5.748, 6.168, and 5.048, respectively, in
the right axial condylar angle and decreases of 5.338,
5.228, and 5.848, respectively, in the left axial condylar
angle after Class III orthognathic surgery. In other
studies,8,18–20 inward rotation of the condyles in the axial
plane was reported after BSSRO. Similarly, a signifi-
cant decrease in the axial condylar angle caused
inward rotation of the condyles in the present study.

No statistically significant difference was observed in
the sagittal condylar angle in the present study, as was
the case in some previous studies.6,8,17,19,21 However,
Ueki et al.18 and Hsu et al.20 reported a decrease in the
sagittal condylar angle after surgery, which means that
the condyles rotated backward in the sagittal plane. In
contrast, Kim et al.22 stated that the condyles rotated
forward after the surgery. When the coronal condylar
angles were evaluated, no significant change was
found, as was the case in the studies of Kim et al.17,21

However, Podčernina et al.19 found a significant
increase, which had resulted in a mesial bend of the
condyles. The differences in the findings have been
attributed to differences in the methods used for
positioning of the condyles, the type of internal fixation,
the direction and amount of surgical movement, and
the interaction of many other factors.

According to the present study, an average 0.23-mm
decrease in the height, 0.35-mm decrease in the depth,
and 0.55-mm decrease in the width of the condyles
were observed. In the studies of Ha et al.6 and Park et
al.,8 although a significant decrease had been found in
condylar height in the sagittal and coronal planes (as
was the case in the current study), no significant
change in depth and width of the condyle in the axial
plane was reported. Additionally, Park et al.8 found the
linear changes of the condylar head in the range of 0.5
mm and reported that these changes had no adverse
effect on the structure of the condylar head. However,
linear measurements at the condylar head in those
studies6,8 were measured separately in x, y, and z
coordinates. The displacement of the proximal seg-
ment after the operation may affect these linear

measurements made in different coordinates. For this
reason, in the present study the direct distance was
measured between the anatomical landmarks so that
the effect of possible changes of the proximal segment
on linear measurements was prevented.

Because the mandibular condyles adapt to the
changing functional stimuli after orthognathic surgery,
the changes in condylar volume may change postop-
erative stability. Xi et al.23 reported that the loss of more
than 17% of the condylar volume was a sign of
pathological condylar resorption. In the present study,
the mean condylar volume in the postoperative period
was found to be approximately 176 mm3 lower than in
the preoperative period, which constituted approxi-
mately 10% of the total volume. Podčernina et al.19 also
reported a 5.3% reduction in condylar volume in a 1-
year follow up after double-jaw surgery.

In the current study, the maximum amount of
resorption was �2.63 6 1.23 mm, and the maximum
amount of apposition was 1.15 6 0.41 mm, on
average. The mean amount of remodeling showed a
resorption value of �0.3 6 0.34 mm, while RMS was
0.73 6 0.43 mm. Although a predominance of bone
resorption was observed in the present study, bone

Table 3. Descriptive Data of the Remodeling Parameters of the

Condylesa

Parameter Minimum Maximum Average SD

Maximum resorption �4.76 �0.68 -2.63 1.23

Maximum apposition 0.39 2.44 1.15 0.41

Mean remodeling �1.05 0.14 -0.30 0.34

Mean absolute remodeling

(RMS)

0.24 1.66 0.73 0.43

a SD indicates standard deviation; RMS, root mean square.

Table 4. Correlations Between the Condylar Angular Changes and

the Remodeling Parameters and Condylar Head Changesa

Axial

Condylar Angle

T0-T1 Difference

Sagittal

Condylar Angle

T0-T1 Difference

Coronal

Condylar Angle

T0-T1 Difference

Remodeling parameters

Maximum resorption

r .071 .010 .09

P .631 .948 .543

Maximum apposition

r .011 .037 �.055

P .942 .805 .711

Mean remodeling

r .071 .021 .039

P .631 .887 .790

Mean absolute remodeling (RMS)

r �.057 .088 �.053

P .703 .553 .719

Condylar head changes

Condylar height T0-T1 difference

r .037 �.092 �.202

P .803 .536 .168

Condylar depth T0-T1 difference

r �.272 �.019 .159

P .061 .900 .281

Condylar width T0-T1 difference

r �.279 �.217 �.104

P .055 .138 .482

Condylar volume T0-T1 difference

r .054 �.098 �.073

P .718 .509 .620

a T0 indicates preoperative period; T1, postoperative period; and
RMS, root mean square; r indicates Pearson correlation coefficient.
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apposition was also found in the condyles, which is
supported by previous findings.6–8,24 Condylar axis
rotation, changed mechanical loading, and rigid fixation
might affect the condylar head and create different
bone resorption and apposition areas as a result of its
trabecular pattern and mineralization.3,4,6,8,18

Correlation analysis was also performed between
the condylar angular changes and remodeling param-
eters, which showed no significant relationship. In
addition, no significant correlation was observed
between the axial condylar angle change and changes
in the linear and volumetric measurements of the
condyles. On the contrary, previous studies7,8 suggest-
ed that the inward rotation of the condyle seen in the
axial plane following mandibular setback surgery may
be an important factor that induces remodeling. An et
al.7 reported a positive correlation between the inward
rotation of the condyles and RMS after the surgery,
which meant that as the inward rotation of the condyles
in the axial plane increased, the amount of condylar
remodeling increased, independent of the apposition
and resorption pattern. The change in the long axis of
the condyle was related to remodeling caused by
pressure loading in the condyle and glenoid fossa.
Different results among previous studies and the
present study may be attributed to the fact that the
amount of change in the axial condylar angle was
slightly less in the current study compared to the other
studies.6,18

Individual adaptation capacity is associated with
many factors, which may create resorptive changes as
a result.25 Although many patients can adapt to
occlusion and condylar positions that are not consid-
ered ideal, the physiological adaptation range should
be investigated further in orthognathic surgery patients
because surgery changes the stomatognathic environ-
ment.

In the present study, more than one surgeon
performed the surgeries, which is a confounder for
the study in terms of possible different techniques in
condyle stabilization. Judgement of the natural phys-
iological condylar position by the surgeon plays a
crucial role in postoperative TMJ stability, and
positioning the condyles in the glenoid fossa has
been hypothesized8,20 to lead to remodeling; however,
none of the previous studies evaluated the effect of
different positioning techniques on condylar remodel-
ing. Another limitation of this study was that the
patients in the present study had normal vertical
growth patterns, and there were no significant
changes in vertical facial height, which might also
affect the condylar response. Future studies with
different extents of sagittal and vertical skeletal
movements should be completed to assess the
impact of these variables on the condyles.

CONCLUSIONS

� In the present study, following orthognathic surgery,
the axial condylar angle decreased, resulting in
inward rotation of the condyles.

� A remodeling process with a resorptive pattern was
found in the condyles after orthognathic surgery,
according to the 3D deviation analyses, supporting a
decrease in condylar height, depth, width, and
volume.

� No correlation was found between the condylar
angular changes and remodeling parameters or with
the linear and volumetric changes of the condylar
head.

� However, in the present study no clinically significant
effects were noted as a result of the resorptive
pattern in the condyles following surgery.

SUPPLEMENTAL DATA

Supplementary Table 1 is available online.
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