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Abstract: This study aimed to compare the pre- and post-operative temporomandibular joint (TMJ)
condylar position in dentofacial deformity (DFD) patients who had orthognathic surgeries using cone
beam computed tomography (CBCT). A retrospective study evaluating the pre- and post-operative
CBCT for 79 DFD patients (equivalent to 158 TMJs) (mean age = 26.62 ± 9.5 years) with a bilateral
sagittal split osteotomy with or without Le Fort I surgeries (n = 29 Class II DFD, n = 50 Class III
DFD) was performed. This included the compartmental measurement of TMJ spaces, in addition to
the measurement of intercondylar distances and angles. Condylar position centricity was assessed
using the Pullinger and Hollender formula. Clinical data were analysed for DFD class, the type of
surgery and post-operative CBCT timing. Pre- and post-operative measurements were compared
statistically using a paired t-test, Wilcoxon signed-rank test, and Stuart–Maxwell test. TMJ condyles
tended to relocate post-operatively in a posterosuperior position with internal rotation in Class II DFD
and a superior position with internal rotation in Class III DFD. However, the overall changes were
within <0.5 mm translation and <4◦ rotation and the number of concentrically positioned condyles
(according to the Pullinger and Hollender formula) did not change significantly. Orthognathic surgery
is associated with minor post-operative translational and rotational condylar positional changes in
Class II and III DFDs.

Keywords: orthognathic surgical procedures; dentofacial deformity; temporomandibular joint; cone
beam computed tomography

1. Introduction

Dentofacial deformities (DFDs) are significant changes in the normal proportions
of the maxillomandibular complex that affect facial profile, occlusion, and the integrity
of the temporomandibular joint (TMJ). They have several forms; the most common are
sagittal plane deformities such as prognathism and retrognathism, which are the forward
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(prognathic) or backward (retrognathic) displacement of one or both jaws relative to the
base of the skull [1]. Temporomandibular joint morphology may be compromised in
patients with dentofacial abnormalities due to abnormal forces exerted on the joint. These
changes may predispose to various temporomandibular joint pathologies such as disc
perforation, disc displacement, and osteoarthritis [2].

In the last few decades, orthognathic surgery has become the standard treatment for
dentofacial deformities. It is generally considered a safe treatment method with a low
rate of complications. The most frequent method for orthognathic operations is a bilateral
sagittal split osteotomy (BSSO) with and without a Le Fort I osteotomy [3]. This means
the positional relationship of the lower jaw and/or upper jaw is changed by means of a
conversion osteotomy [4].

The radiological assessment of the TMJ can be done using panoramic radiography,
conventional radiography, computed tomography (CT) and magnetic resonance imaging
(MRI). Cone beam CT (CBCT) is now considered a valuable tool for imaging in the context
of orthognathic operations [5,6]. With a relatively low radiation dose, CBCT can replace
X-rays and CT in TMJ imaging [7,8]. In addition, CBCT can enable a 3-D cephalogram to
accurately display important landmarks and aid in virtual surgical preoperative planning.
In post-operative imaging, CBCT also offers a high-resolution visualization of high-contrast
structures with low susceptibility to metallic artifacts [9,10].

To date, some studies have examined changes in condylar position after orthognathic
surgery; however, it is still unclear how orthognathic surgical procedures change condylar
position and whether these changes deviated significantly from preoperative temporo-
mandibular joint position [11–14].

The purpose of this study was to retrospectively examine and compare temporo-
mandibular condylar position and joint spaces in the pre-operative and post-operative
CBCT of patients with Class II and Class III DFDs who underwent BSSO ± Le Fort I surgery
to investigate whether changes in mandibular position in orthognathic surgeries cause
significant changes in TMJs or not.

2. Materials and Methods
2.1. Study Design and Population

This single-centre retrospective study was approved by the local institutional review
board with a waiver for informed consent. Patients who had BSSO ± Le Fort surgeries
for the correction of DFDs in addition to CBCT examinations before and after surgery
(with a median of 6 weeks post-operatively) between January 2017 and October 2021 were
included regardless of their age or gender. Out of 102 patients retrieved, 23 patients were
excluded as shown in Figure 1. The final study population consisted of 79 patients with
a mean age of 26.62 ± 9.5, including, 29 (36.7%) patients with Class II DFD (mandibular
retrognathism/maxillary prognathism or both), and 50 (63.3%) patients with Class III DFD
(mandibular prognathism/maxillary retrognathism or both).

2.2. Operative and Post-Operative Data Evaluation

Operative and post-operative records of the patients were gained using the local insti-
tutional database (ORBIS, Hospital information system (HIS), Agfa Health Care Systems
Group, Bonn, Germany). Analysed patients’ data included age, gender, the class of DFD,
the type and date of orthognathic surgery, the date of pre- and post-operative CBCT studies,
the presence of cleft palate and previous history of facial fractures.

2.3. Cone-Beam CT (CBCT)

CBCT scans were obtained from bilateral TMJs in a closed mouth intercuspation
position with 120 KV and 7.1 mA in a field of view of 230 mm/160 mm using a PLANMECA
ProMax-3D Max CBCT device (Planmeca Oy, Helsinki, Finland).
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Figure 1. Flowchart showing included study population and exclusion criteria.

2.4. Image Evaluation

Image data sets were evaluated after anonymization by an experienced head and
neck radiologist (10 years of experience) and an experienced oral surgeon (11 years of
experience) in consensus, being blinded to the clinical data (age and gender) of the patients.
The evaluation was carried out on certified diagnostic screens (RadiForce RX240; Eizo,
Ishikawa, Japan) with a special dedicated PACS viewer (Centricity 7.0; GE Healthcare,
Germany). Measurements were taken on the three main reformatted projections (axial,
sagittal and coronal). The pattern of measurement was adopted from Chen et al. and
Draenert et al. [14,15].

2.4.1. Axial Projection: Measurements Were Conducted on the Slice with the Largest
Condylar Dimensions in the Axial Plane (Figure 2)

• Intercondylar distance: defined as the distance between midpoint of right and left
condylar heads.

• Intercondylar angle: defined as the angle formed between lines connecting medial
and lateral poles of the condylar heads on both sides.
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Figure 2. Axial CBCT images of a patient showing the measurement of the axial intercondylar
distance and angle. In image (A), the axial intercondylar distance equals the yellow line joining point
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(a), equivalent to the centre of the right condyle, and point (b), equivalent to centre of the left condyle.
In Image (B), the axial intercondylar angle is the angle between the lines joining the medial and
lateral pole of the right condyle (red line) and the line joining the medial and lateral poles of the left
condyle (yellow line).

2.4.2. Oblique Sagittal Projection (Figure 3): Measurements Were Carried out on the Image
in the Sagittal Plane Corresponding to the Middle Point of the Condyle in the Axial Plane
and Coronal Plane on the Slices with the Largest Condylar Dimensions

• The uppermost point of the mandibular fossa is set as point (a) from which two tangent
lines are drawn to join the most anterior and most posterior margins of the condylar
head. By drawing perpendicular lines to these tangents, anterior (AJS) and posterior
(PJS) joint spaces were measured. Another line joining point (a) and the most superior
part of the condyle was used to measure the superior joint space (SJS).

• Condylar position was assessed after that using the formula according to the method
of Pullinger and Hollender [16]:
Condylar position ratio = ln (PJS/AJS)
Ratio = ±0.25, condyle in concentric position.
Ratio < −0.25, condyle in posterior position.
Ratio > 0.25, condyle in anterior position.
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Figure 3. Oblique sagittal reformatted CBCT image showing the measurement of the anterior joint
space (AJS), posterior joint space (PJS), and superior joint space (SJS). The measurements were carried
out on the image in the sagittal plane corresponding to the middle point of the condyle on the axial
plane and coronal planes on the slices with the largest condylar dimensions. Point (a) is drawn at the
uppermost point of the mandibular fossa from which two tangents (white lines) are drawn on the
anterior (b) and posterior (c) margins of the condylar head and using a line perpendicular to these
tangents, the AJS (blue line) and PJS (green line) are measured. Another line joining point (a) and the
most superior part of the condyle (d) was used to measure the SJS (yellow line).
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2.4.3. Coronal Projection (Figures 4 and 5): Measurements Were Carried out on the Image
in the Coronal Plane Corresponding to the Middle Point of the Condyle on the Axial and
Sagittal Planes on the Slices with the Largest Condylar Dimensions

• Medial joint space (MJS): distance between the medial pole of the mandibular condyle
and medial wall of glenoid fossa.

• Lateral joint space (LJS): distance between the lateral pole of the mandibular condyle
and lateral wall of glenoid fossa.

• Intercondylar distance: defined as distance between the midpoint of the right and left
condylar heads.

• Intercondylar angle: defined as the angle formed between lines connecting the medial
and lateral poles of the condylar heads on both sides.
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Figure 4. Coronal reformatted CBCT image of a patient showing measurement of the medial (MJS)
and lateral (LJS) joint spaces. The measurements were carried out on the image in the coronal plane
corresponding to the middle point of the condyle on the axial and sagittal plane on the slices with
the largest condylar dimensions. MJS corresponds to the distance between the medial pole of the
mandibular condyle and the medial wall of the glenoid fossa (red line). LJS corresponds to the
distance between the lateral pole of the mandibular condyle and the lateral wall of the glenoid fossa
(yellow line).

2.5. Statistical Analysis

Statistical analysis was executed using IBM SPSS Statistics software (version 26.0) for
Windows (IBM Corp., Armonk, NY, USA). Qualitative data were presented as numbers,
and percentages. Quantitative data were shown as a median with inter-quartile range (IQR)
when not normally distributed and a mean ± standard deviation (SD) when normally
distributed (after being tested with Kolmogorov–Smirnov test for normality). For age, the
mean ± SD and range were also described.

Paired t-Test (normally distributed) and Wilcoxon paired signed-rank test (non-normally
distributed) were used to compare paired pre- and post-treatment quantitative measure-
ments. The marginal homogeneity/Stuart–Maxwell test was used to compare nominal
data groups in paired data between pre- and post-treatment. All tests were two-tailed and
p ≤ 0.05 was considered significant.
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Figure 5. Coronal reformatted CBCT images of a patient showing measurement of the intercondylar
angle and distance. In image (A), the coronal intercondylar distance equals the yellow line joining
the centre of the right and left condyles, In Image (B), the coronal intercondylar angle is the angle
between the lines joining the medial and lateral pole of the right condyle (red line) and the line joining
the medial and lateral poles of the left condyle (yellow line).

3. Results

The included study population was 79 patients (equivalent to 158 TMJs). The mean age
was 26.62 ± 9.5 years. The different patient-related characteristics are shown in (Table 1).

Table 1. Patients’ baseline characteristics.

Class II DFD
n = 29 (36.7%)

Class III DFD
n = 50 (63.3%)

Total
n = 79

Age (Years)
Mean ± SD 28.3 ± 8.2 25.7 ± 10.2 26.62 ± 9.5
Range 16–52 16–58 16–58
Median (IQR) 28 (10) 20.5 (12) 24 (13)

Gender
Male 13 (44.8%) 25 (50%) 38 (48.1%)
Female 16 (55.2%) 25 (50%) 41 (51.9%)

Surgical
Approach

BSSO 8 (27.6%) 11 (22%) 19 (24.05%)
BBSO + Le Fort I 21 (72.4%) 39 (78%) 60 (75.95%)

DFD, dentofacial deformity; SD, standard deviation; IQR, interquartile range; n, number; BBSO, bilateral sagittal
split osteotomy.

Radiological Assessment of TMJ Joint Spaces and Condylar Position Analysis

We measured TMJ joint spaces in the mid sagittal plane (AJS, PJS, and SJS) and in
the coronal plane (LJS and MJS) for the entire study population. This revealed statistically
significant differences between pre- and post-operative measurements in all measured
spaces on both sides except for the AJS (Table 2). In the group with Class II DFD, all
joint spaces’ measurements were statistically significant when comparing pre- and post-
operative measurements except for the AJSs (Table 3). However, in the group with Class
III DFD, in addition to the bilateral AJSs, changes in PJS bilaterally were also statistically
insignificant (Table 3).
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Table 2. Radiological assessment analysis of temporomandibular joint spaces in the study population
(in mm).

Pre-Operative Post-Operative p Value

Oblique Sagittal View

AJS (right) Median (IQR) 2.1 (1.1) 2.2 (0.9) 0.13 ‡

AJS (left) Median (IQR) 2.1 (1.2) 2.1 (1) 0.26 ‡

SJS (right) Median (IQR) 2.5 (1.5) 2.3 (1.1) 0.005 ‡

SJS (left) Mean ± SD 2.8 ± 1.1 2.6 ± 1.2 0.008 *
PJS (right) Median (IQR) 2.2 (1.4) 2 (1) 0.01 ‡

PJS (left) Median (IQR) 2.3 (1.2) 1.9 (1.3) 0.002 ‡

Coronal View

LJS (right) Median (IQR) 2.1 (1.2) 1.9 (1.2) 0.02 ‡

LJS (left) Mean ± SD 2.3 ± 1.01 2.04 ± 0.95 0.006 *
MJS (right) Median (IQR) 2.1 (1) 1.9 (1.5) 0.001 ‡

MJS (left) Mean ± SD 2.1 ± 0.6 1.9 ± 0.85 0.008 *

AJS, anterior joint space; SJS, superior joint space; PJS, posterior joint space; LJS, lateral joint space; MJS, medial
joint space; p values are written in bold when statistically significant; SD, standard deviation; IQR, interquartile
range; * Paired t-test; ‡ Wilcoxon signed rank test; p values are written in bold when statistically significant.

Table 3. Radiological assessment analysis of temporomandibular joint spaces in Class II and III
dentofacial deformity.

Pre-Operative Post-Operative p Value

C
la

ss
II O
bl

iq
ue

Sa
gi

tt
al

V
ie

w

AJS (right)

Mean ± SD

2.3 ± 1.1 2.4 ± 1 0.36 *
AJS (left) 2.3 ± 1 2.3 ± 1.1 0.4 *
SJS (right) 2.7 ± 1 2.5 ± 1 0.01 *
SJS (left) 2.9 ± 1.1 2.7 ± 1.1 0.01 *
PJS (right) 2.4 ± 1 2.1 ± 0.95 0.02 *

PJS (left) Median (IQR) 2.3 (1.2) 2 (1.2) 0.003 ‡

C
or

on
al

V
ie

w

LJS (right)

Mean ± SD

2.3 ± 1 2.1 ± 1.1 0.04 *
LJS (left) 2.3 ± 1 2.1 ± 0.9 0.008 *
MJS (right) 2.3 ± 0.8 2 ± 0.9 0.003 *
MJS (left) 2.2 ± 0.68 1.9 ± 0.8 0.002 *

C
la

ss
II

I O
bl

iq
ue

Sa
gi

tt
al

V
ie

w

AJS (right)
Median (IQR)

1.9 (1) 2 (0.7) 0.58 ‡

AJS (left) 2 (1.2) 1.9 (1.1) 0.31 ‡

SJS (right) 2.4 (1.1) 2.2 (1) 0.004 ‡

SJS (left)
Mean ± SD

2.6 ± 1.1 2.4 ± 1.1 0.02 *
PJS (right) 2.1 ± 0.81 1.98 ± 0.82 0.3 *

PJS (left) Median (IQR) 2 (1) 1.9 (1.2) 0.296 ‡

C
or

on
al

V
ie

w

LJS (right)
Median (IQR)

1.9 (1.1) 1.7 (0.7) 0.04 ‡

LJS (left) 1.95 (1.3) 1.8 (1.2) 0.02 ‡

MJS (right) 1.9 (0.7) 1.7 (0.9) 0.005 ‡

MJS (left) Mean ± SD 1.99 ± 0.59 1.76 ± 0.66 <0.001 *

AJS, anterior joint space; SJS, superior joint space; PJS, posterior joint space; LJS, lateral joint space; MJS, medial
joint space; p values are written in bold when statistically significant; SD, standard deviation; IQR, interquartile
range; * paired t-test; ‡ Wilcoxon signed-rank test; p values are written in bold when statistically significant.

Using Pullinger and Hollender’s formula, the assessment of the centricity of the
condyle in the condylar fossa also revealed overall statistically significant changes between
pre- and post-operative measurements in the entire study population, and in Class II DFD,
while changes between pre- and post-operative measurements in Class III DFD groups
were statistically insignificant. Despite significant change in the overall ratio, the number
of concentric, anteriorly positioned and posteriorly positioned condyles did not show
significant change (Table 4).
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Table 4. Position of condyle according to the Pullinger and Hollender Formula (in (PJS/AJS)).

Right Side Left Side

Pre-
Operative

Post-
Operative

p
Value

Pre-
Operative

Post-
Operative

p
Value

St
ud

y
po

pu
la

ti
on

Median (IQR) 0.078 (0.79) −0.0445 (0.69) 0.01 ‡ Median (IQR) 0.07 (0.64) 0 (0.71) 0.004 ‡

C
on

dy
la

r
po

si
ti

on Concentric 25 (31.6%) 30 (38.0%)
0.82 §

Concentric 33 (41.8%) 31 (39.2%)
0.22 §

Anterior 29 (36.7%) 21 (26.6%) Anterior 26 (32.9%) 19 (24.1%)
Posterior 25 (31.6%) 28 (35.4%) Posterior 20 (25.3%) 29 (36.7%)

C
la

ss
II

D
FD

Median (IQR) 0.13 (0.81) −0.19 (0.78) 0.002 ‡ Mean ± SD 0.18 ± 0.5 −0.24 ± 0.52 <0.001 *

C
on

dy
la

r
po

si
ti

on Concentric 9 (31%) 8 (27.6%)
0.26 §

Concentric 8 (27.6%) 9 (31%)
0.32 §

Anterior 12 (41.4%) 8 (27.6%) Anterior 14 (48.3%) 6 (20.7%)
Posterior 8 (27.6%) 13 (44.8%) Posterior 7 (24.1%) 14 (48.3%)

C
la

ss
II

ID
FD Mean ± SD −0.028 ± 0.56 −0.061 ± 0.54 0.63 * Median (IQR) 0.04 (0.53) 0.036 (0.57) 0.66 ‡

C
on

dy
la

r
po

si
ti

on Concentric 16 (32%) 22 (44%)
0.27 §

Concentric 25 (50%) 22 (44%)
0.46 §Anterior 17 (34%) 13 (26%) Anterior 12 (24%) 13 (26%)

Posterior 17 (34%) 15 (30%) Posterior 13 (26%) 15 (30%)

p values are written in bold when statistically significant; SD, standard deviation; IQR, interquartile range; * paired
t-test; ‡ Wilcoxon signed-rank test; § marginal homogeneity test/Stuart–Maxwell test; DFD, dentofacial deformity;
p values are written in bold when statistically significant.

The pre- and post-operative comparison of intercondylar distance in both axial and
coronal planes and intercondylar angle in the coronal plane in the entire study population,
Class II, and Class III were statistically insignificant. However, the intercondylar angle
significantly decreased in all groups in post-operative measurements compared to the
pre-operative ones (Table 5).

Table 5. Radiological assessment analysis of intercondylar distance (in cm) and intercondylar angle.

Pre-Operative Post-Operative p Value

W
ho

le
St

ud
y

po
pu

la
ti

on A
xi

al Intercondylar angle Mean ± SD 139.5 ± 19.6 136.6 ± 19.9 0.001 *

Intercondylar distance

Median (IQR)

10.03 (0.83) 9.997 (0.83) 0.62 ‡

C
or

on
al Intercondylar angle 150 (19) 151 (23) 0.71 ‡

Intercondylar distance 9.86 (0.67) 9.84 (0.76) 0.08 ‡

C
la

ss
II

D
FD

A
xi

al Intercondylar angle

Mean ± SD

139.61 ± 19.27 136.55 ± 19.53 <0.001 *

Intercondylar distance 10.06 ± 0.65 10.02 ± 0.61 0.66 *

C
or

on
al Intercondylar angle 149.72 ± 14.05 149.83 ± 15.06 0.88 *

Intercondylar distance 9.93 ± 0.61 9.92 ± 0.58 0.29 *

C
la

ss
II

ID
FD

A
xi

al Intercondylar angle Mean ± SD 148.16 ± 14 144.7 ± 15.8 <0.001 *

Intercondylar distance Median (IQR) 10.04 (0.79) 9.95 (0.91) 0.37 ‡

C
or

on
al Intercondylar angle Mean ± SD 150.96 ± 13.4 150.6 ± 14.3 0.61 *

Intercondylar distance Median (IQR) 9.81 (0.71) 9.83 (0.7) 0.21 ‡

p values are written in bold when statistically significant; SD, standard deviation; IQR, interquartile range;
* paired t-test; ‡ Wilcoxon signed-rank test; DFD, dentofacial deformity; p values are written in bold when
statistically significant.

4. Discussion

One of the major and common concerns in patients with DFDs is the associated TMJ
dysfunction. The repositioning of bone segments during orthognathic surgeries may lead
to mandibular condyle positional changes that can affect TMJ [17]. In the current study,
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we encountered a statistically significant decrease in the MJSs, LJSs, and SJSs in the post-
operative studies of patients with DFDs Class II and III separately. These joint space changes
indicated that the condyle has moved superiorly in the mandibular fossa, associated with a
decrease in both medial and lateral joint spaces. Furthermore, PJSs decreased significantly
in the Class II DFD group; however, this was not statistically significant in Class III DFD.
We also calculated a significant decrease in the intercondylar angle in the axial plane
without a significant change in the intercondylar distance or the coronal intercondylar
angle; this indicated an associated inward rotation of the condyles. This inward rotation
is concomitant with the results of An et al. in Class III [18] and Goncalves et al. in Class
II [11]. These results are also concordant with results of Chen et al. [15] that showed
overall posterosuperior movement in comparison with the pre-operative position in Class
II patients at 3 months post-operatively and this position remained stable after 1-year
follow-up. Similarly, the results of Harris et al. [12] showed that most condyles tended
to displace medially, posteriorly and superiorly, and angle medially, 8 weeks after BSSO
advancement for Class II DFD. On the contrary, Han et al. [19] stated that condyles in
Class III patients were displaced laterally with inward and inferior rotation immediately
post-operatively, which was followed by relative medial and superior displacement in the
3–6 month follow-up period, which supports the early follow-up results of Chen et al. and
Ma et al. [15,20]. Few studies have stated that there were no positional changes between
pre- and post-operative condylar positions [14].

The difference between studies’ results can be attributed to different time intervals
between measurements [17]. The inferior displacement can be expected in the immediate
post-operative stage because of the postsurgical soft tissue oedema, or condylar sagging
associated with the application of muscle relaxants under general anaesthesia. After the
resolution of oedematous changes and removal of the surgical stent, condyles tend to move
under the force of masticatory muscles and the strain of temporomandibular ligament. Also,
since tissues are extended in surgery, especially in mandibular advancement, the resulting
post-operative contraction may lead to the posterior displacement of the condyle [17].
The posterior displacement could be also explained in some cases by surgical manual
manipulation over proximal segments during the surgical procedure [13]. In the current
study, the assessment was done with a median duration of only 6 weeks post-operative;
however, this duration was enough for the resolution of the oedematous post-operative
changes and the results are concomitant with the studies with longer term follow-up [15,19].

Park et al. stated that the presence of the condylar head in the centre of the articular
fossa may prevent post-operative structural changes in TMJ [21]. According to the formula
of Pullinger and Hollender [16], although there was a relative shift of condyles posteriorly
in Class II, the overall change in the percentage of the centric positioned condyles did
not change significantly in Class II nor Class III patients. Kim et al. reported a shift of
the condyles posteriorly in the post-operative CBCT in Class III patients that tended to
return to their original position in follow-up and did not affect the joint stability [22].
Also, the reported changes in all joint spaces and intercondylar angles in the current study
were less than 0.5 mm and 4◦, respectively, which were concomitant with the results of
Chen et al. and Han et al. [15,19]. This may show that all changes in condylar position as a
result of orthognathic surgery were minimal and may play a minor role in post-operative
TMJ dysfunction.

Nevertheless, there were some limitations associated with this study that might com-
promise the general applicability of the study results. The limited sample size and the
relatively short-term follow-up, however, can be attributed to the small number of patients
with DFDs. Thus, larger studies with short- and long-term follow-up can still be advised
to confirm our results. In post-operative CBCT studies, the presence of osteotomies and
metallic prosthesis made it difficult to totally blind the examiners to avoid bias. Also, the
internal derangements of the TMJ could not be well assessed using CBCT alone, as the
articular disc and the articular soft tissue are not visualized. Future research including both
CBCT and MRI could be also recommended.



Diagnostics 2024, 14, 1389 10 of 11

This study extended our knowledge regarding the impact of orthognathic surgeries on
TMJ condylar position. Maxillofacial surgeons are encouraged to discuss with their patients
that major change in TMJ condylar position is not an expected outcome of orthognathic
surgery in Class II and Class III dentofacial deformities. Future studies are encouraged
to compare TMJ clinical conditions with assessment using MRI and CBCT before and
after surgery.

5. Conclusions

In conclusion, data suggest that condyles tend to relocate in a posterosuperior position
with internal rotation and superior position with internal rotation in Class II and Class
III DFDs, respectively, after BSSO (±Le Fort I) orthognathic surgeries in comparison to
pre-operative position. However, the overall changes were within <0.5 mm translation and
<4◦ rotation.
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