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ABSTRACT
Background
Bilateral Sagittal Split Osteotomy (BSSO) is one of the treatment options for
Class III maxillary deficiency which may affect the condylar position and the
patient’s occlusion. We aimed to evaluate the clinical and radiographic changes of
temporomandibular joint (TMJ) following mandibular set back surgery by BSSO.
Methods
In this retrospective study, All Class III patients, aged between 18-30 years old
who underwent bimaxillary orthognathic surgery in the Oral and Maxillofacial
Surgery Ward of Ghaem Hospital, Mashhad, Iran from January 2018- January 2020
were enrolled. Radiographic changes of joint space, condylar position and clinical
changes for maximal mouth opening and joint sound were examined before and 6
months after surgery. Data were analyzed by SPSS16 software and the significance
level of the data was set at P-value < 0.05.
Results
Twenty-five patients were recruited. The axial angle of the left and right condyle and
condylar inclination on both sides reduced but this reduction was not statistically
significant. While the anterior joint space was reduced and posterior joint space
was increased in both sides, the changes on the right side were only significant (P =
0.039). In clinical examinations maximum mouth opening, lateral and protrusive
movements were also decreased but this reduction was not statistically significant.
Conclusion
The mandibular set back with BSSO surgery in class III skeletal patients had no
significant effect on the position of the condyle in the glenoid fossa as well as
clinical symptoms.
Key words
Temporomandibular joint; Orthognathic surgery; Sagittal split osteotomy; Cone
beam computed tomography

*Corresponding Author:
Ghadiri Moghaddam N
School of Dentistry, Mashhad
University of Medical Sciences,
Vakilabad Boulevard, Mashhad,
Iran
Tel.: +989388251605
Email: ghadirim89@yahoo.com
Received: 2022/03/02
Accepted: 2022/05/29

Please cite this paper as:
Kazemian M, Ghadiri Moghaddam N, Anbiaee N, Kermani H, Samiee Rad S.
The Clinical and Radiographic Changes of Temporomandibular Joint (TMJ)
Following Mandibular Set Back Surgery by Bilateral Sagittal Split Osteotomy
(BSSO). World J Plast Surg. 2022;11(2):110-116.
doi: 10.52547/wjps.11.2.110

INTRODUCTION
Class III malocclusion is a result of either excessive mandibular
growth or deficient maxillary growth, or a combination of both
discrepancies. This type of dentofacial disorders affects the occlusion
and the temporomandibular joint (TMJ) and its related structures 1-2.
At present, due to the advances in orthodontic therapy and corrective
surgery, appropriate dentoskelatal relationship, function and esthetics
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can be achieved in patients with this type of
malocclusion3-4-5. This surgery can alter the position
of the condyle and occlusion and these changes are
capable of attenuating TMD (Temporomandibular
disease) related symptoms or in some cases, even
aggravating them 6-7.
The TMJ is the most complicated joint in the body
and connects the mandible to the cranium, and
includes the mandibular condyle, the glenoid fossa
of the temporal bone, associated ligaments, and the
articular disc that divides the cavity into upper and
lower compartments8-9.
CBCT (cone beam computed tomography) provides
accurate images of the target area using a cone beam
and a two-dimensional detector. Advantages include
high-speed CT-level scanning, high resolution,
lower exposure dose than CT, and the ability to
accurately view and assess the TMJ10-11. CBCT has
proven to be a highly cost-effective method for
radiographic evaluation of the TMJ12.
The fact that BSSO surgery is able to induce
TMD symptoms or not still remains a subject of
controversy6-7. Hence, we aimed to investigate the
effect of BSSO surgery on the condylar position and
TMD signs and symptoms in skeletal class III patients.
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METHODS
In order to address the research objective a
retrospective cross sectional study was designed and
implemented.
All Class III patients, aged between 18-30 years old
who underwent bimaxillary orthognathic surgery in
the Oral and Maxillofacial Surgery Ward of Ghaem
Hospital, Mashhad, Iran from January 2018- January
Table 1 : Radiographic reference points

2020 were enrolled. Patients’ files and medical
documents were retrieved from the hospital archive.
Patients with severe skeletal asymmetry, craniofacial
syndromes as well as those with underlying
systematic diseases which could possibly complicate
the surgical procedure; were all excluded from
the study. In order to be included in the study,
having a preoperative CBCT image of the TMJ was
mandatory
All operations were performed by the same surgical
team. Mandibular setback surgery was performed
using bilateral sagittal split osteotomy (BSSO)
(Epker modification) and maxillary advancement
through Lefort I osteotomy. Patients were clinically
and radiographicaly evaluated one day prior to and
six months after orthognathic surgery.
The results of clinical TMJ examinations were
recorded in the patient’s file both pre and
postoperatively. Subjective variables as in maximum
mouth opening (MMO), protrusive and lateral
movements were measured and recorded. The
presence or absence of pathologic TMJ noises as well
as reporting pain on palpation was also evaluated.
One day before surgery and six months
postoperatively, CBCT was obtained from the TMJ
area of both sides for radiographic evaluation of the
joint. CBCT images with the mouth closed and in the
up-right position and while the FH plane was parallel
to the ground, the CBCT device with the following
specifications was used in 8.5 seconds of radiation.
KVP: mA 12MAX MA, Mm 2 / 0slice thickness).
The condyles and articular space were examined in
sagittal, coronal and axial plans according to the 25
reference points displayed in Tables 1 and 2. These
reference points were determined 6. In addition to

Table 1: Radiographic reference points

Plan
sagittal
sagittal
sagittal
sagittal
sagittal

measurement
Po’Rt.-DRt./Po’Lt.-DLt
FRt.-CoRt./FLt.-CoLt
AmRt.-LRt./AmLt.-LLt
Po’Rt.-AmRt./Po’Lt.-AmLt
Sagittal condylar angle Rt./Lt

sagittal

Axial axis between left and right condyle

sagittal

Intercondylar dystance

Distance between left and right condyle

sagittal

Coronal axis between left and right
condyle

Axis between CoN-Co and HRP

Horizontal Reference Plan
Sagittal Reference
Plane (SRP)
Coronal Reference
Plane (CRP)

definition
Distance between Po’&D
Distance between F&Co
Distance between Am&L
Distance between Po’&Am
Distance between Co-Lline&Po’-Amline
Distance between MDP-DDP and sagittal reference
plane

The plane constructed by PoRt. - OrRt. - PoLt
(Frankfort plane)
The plane perpendicular to FH plane & passing
through Na – Ba line (Midsagittal plane)
The plane perpendicular to FH plane and Midsagittal
plane passing through Na (Na - perpendicular plane)
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Table 2: Radiographic Reference points

REFERENCE POINTS
Na
S
Ba
FRt./FLt
CoRt./CoLt.
LRt./LLt.
PoRt./PoLt
Po’Rt./Po’Lt
AmRt./AmLt.
MDPRt./MDPLt
DDPRt./DDPLt.
CoNRt./CoNLt
OrRt./OrLt
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DEFENITION
THE MOST ANTERIOR POINT OF NASOFRONTAL SUTURE
ON SAGITTAL PLANE
MIDPOINT OF THE FOSSA HYPOPHYSEALIS
THE MIDPOINT ON THE ANTERIOR BORDER OF THE
FORAMEN MAGNUM
THE MOST SUPERIOR POINT OF THE (RIGHT/LEFT)
GLENOID FOSSA
THE MOST SUPERIOR POINT OF THE (RIGHT/LEFT)
CONDYLE
THE MOST POSTERIOR POINT ON ANTERIOR SURFACE
OF (RIGHT/LEFT) CONDYLE
THE MOST SUPERIOR POINT OF THE (RIGHT/LEFT)
EXTERNAL AUDITORY MEATUS
THE MOST INFERIOR POINT OF THE (RIGHT/LEFT)
EXTERNAL AUDITORY MEATUS
THE MOST INFERIOR POINT OF (RIGHT/LEFT) ARTICULAR
EMINENCE
THE MOST MEDIAL POINT OF (RIGHT/LEFT) DISC POLE
THE MOST DISTAL POINT OF (RIGHT/LEFT) DISC POLE
THE MID-POINT OF (RIGHT/LEFT) CONDYLAR NECK
ON CORONAL VIEW
THE MOST INFERIOR POINT OF THE (RIGHT/LEFT)
INFRAORBITAL MARGIN
THE INTERSECTING POINT ON POSTERIOR SURFACE OF
CONDYLE AND PO - AM LINE (RIGHT/LEFT)

Figure 1: Coronal measurements

Figure 2: Measurements of the articular spaces

Figure 1: Coronal measurements

Figure 2: Measurements of the articular spaces

these variables, condylar inclination was evaluated
which the angle of the longitudinal axis of the
condyle with the line passing through the anterior
and posterior articular ridges was measured
(Figures 1, 2). All variables were measured by the
same radiologist twice at two-week intervals. The
evaluator was blind to all surgeries.
All data were subjected to statistical analysis using
SPSS version 16 (SPSS Inc. Chicago, Illinois).
P-value<0.05 was considered statistically significant.

Ethical Approval
All procedures performed in this study involving
the human participant were in accordance with
the ethical standards of our institutional research
committee and with the 1964 Helsinki declaration.
The patient’s ethical consent form was signed and
approved by the patient. All procedures used in this
research were approved by the Ethical Committee
of Mashhad University of Medical Sciences (Ethical
code: IR.mums.sd.REC.1395.143).
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Figure 3: All clinical examination values changes after surgery
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RESULTS

Figure 3: All clinical examination values changes after surgery

A total of 25 consecutive patients with a mean age of
23.2 ±2.7 years, were enrolled.
We noticed a bilateral decrease in the condyle axial
angle and the condyle inclination after orthognathic
surgery; however this reduction was not statistically
significant. The coronal angle and the distance
between the condyles increased on both sides, but
this change was again statistically insignificant (P
=0.021).
Although radiographic evaluation revealed that
both anterior and posterior joint spaces on both
sides had decreased following orthognathic surgery;
only changes in the right posterior joint space were
statistically significant. The upper joint space and
sagittal angle of the right and left condyle did not
demonstrate any statistically significant changes.
As illustrated in Figure 3, all postoperative MMO,
protrusive movement and lateral extrusion values
were less compared to the recorded preoperative
values; however this reduction was not statistically
significant.
TMD symptoms as in joint sounds and TMJ pain
were identified in nineteen patients (76%) before
undergoing surgery. In nine patients symptoms
persisted for at least six months after surgery.
DISCUSSION
Despite its advantages in obtaining occlusion,
esthetic and function, orthognathic surgery has
been associated with some undesirable effects on

the position of mandibular condyle relative to the
temporal bone and also the position of the articular
disc3.
Bilateral Sagittal Split Osteotomy is one of the most
frequently used methods for correcting mandibular
prognathism. Many studies have investigated the
potential impact of this surgery on the position of
the condyle in the glenoid fossa and its effect on
TMD symptoms13-14.
The aim of this study was to evaluate the condylar
angle changes in coronal, sagittal and axial plans
six months after BSSO surgery in skeletal class III
patients.
Owing to the lower exposure dose, CBCT is favored
over CT scans for evaluating the TMJ structures.
In contrast to lateral cephalometric radiography,
CBCT yields it is possible to examine the condyle at
all angles15-16-17.
Our results revealed that condylar axial angle
showed reduction after surgery, although it was
not statistically significant but this might indicate
that the condyle was slightly inward, which is in
accordance with the findings of other studies15-18. In
a study by Kim et al. patients were also examined
radiographically with CBCT preoperatively and six
months afterwards, stating that during this interval
the condyle had slightly rotated inward. Nerveless,
when another CBCT image was obtained 12 months
postoperatively, they realized that the rotated
condyle returned to its previous position19.
A slight increase in the condylar coronal angle was
observed in both left and right sides, but this change
was not statistically significant, which is similar to
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the results of Choi et al. and Kim et al. studies. The
coronal angle in initially slightly increased, but after
12 months this angle decreased significantly and the
condyles rotated towards the midline19.
The intercondylar distance increased slightly, but
this amount was not statistically significant. In Kim
et al. study, after three months, the distance between
the two condyles had slightly decreased, but after
6 months, the condyles returned to their initial
position19.
In measurement of sagittal angle, the right condyle
increased slightly and the left decreased slightly, but
these changes were not statistically significant. In
other studies, the sagittal angle of the condyle also
decreased as a result to BSSO surgery18-19-20-21.
We also measured condylar inclination, which is
defined as the angle between the connection of the
anterior and posterior point of the glenoid cavity
and the longitudinal axis of the condyle. This angle
confirms the results of previous studies on reducing
the sagittal angle20-22.
In a study, the sagittal angle of the condyle did not
significantly change 23. In that study, 28 skeletal
class III patients who underwent BSSO and Lefort
I surgery were evaluated, the condylar changes were
examined using Torenes and Sund methods. Lateral
cephalometry with open and closed mouth was used
before surgery and six months after 23-24.
In the examination of joint spaces, the anterior
joint space is reduced, which indicates the forward
displacement of the disc and condyle. The results
of other studies also suggest that the condyle
moves forward in the joint space6-19. The results of
Kim et al. study showed that the condyle remains
in an anterior position 6 months after surgery and
then returns to its previous position. The cause
of this forward movement may be attributable to
postoperative edema or hemarthrosis 19.
Chen et al. also assessed class II patients and showed
that 43% of the condyles tended to move forward.
In this study, Kamelchuk method and Pullinger
- Hollender method were used to measure the
articular spaces and anterior-posterior condyle
relationship, respectively25. In Kamelchuk method,
which is used to measure anterior, posterior and
upper joint space, the most superior point of the
glenoid fossa was drawn parallel to the FH plane,
and from this point tangent lines were drawn to
the most prominent condyle point on the anterior
and posterior sides, and the vertical distance of
these lines with the glenoid fossa was considered as
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posterior and anterior space. It includes the distance
from the highest point of the condyle to the top of
the glenoid fossa.
In the Pullinger-Hollender method, the ratio of
posterior to anterior space is measured to determine
the relationship between the condyle and the glenoid
cavity. If this ratio is more than 0.25, the condyle
in the anterior position is less than -0.25 in the
posterior position and all values between the two are
considered as the concentric position25. There was
no statistically significant difference before and after
surgery in the study of the upper joint space. Other
studies also corroborate this finding20-26.
In Yoon et al. study, the upper joint space on both
sides significantly reduced immediately after the
operation due to the use of an interocclusal splint
to prevent relapse7. In Chen et al. study on class
II patients, the condyle moved in a posterior
and inferior direction immediately after surgery,
followed by a superior and inferior movement after
a 12-months postoperatively 25.
The position of the condyle depends on the thickness
of the disc and the overlying soft tissue 20. In Class
III patients, the condyle is often anteriorly inclined
and the glenoid cavity is wider and shallower, and
the condyle is in a more superior position. In fact,
there is a direct relationship between the shape of
the condyle and its position in the cavity 20.
In clinical examinations; maximal mouth opening,
lateral and protrusive movements reduced, but none
of these reductions were statistically significant.
Nineteen patients (76%) had TMD symptoms before
surgery including joint sounds and pain. Nine
patients continued to experience these symptoms
after surgery.
In the Chen et al. study, similar to ours, the most
common finding after orthognathic surgery was
clicking25. In Ghang et al. study, 60% of patients
also had these postoperative symptoms26. Longterm changes in TMJ sounds are due to improved
occlusal, skeletal, and neuromuscular balance 23-26-27.
These observations indicate that a thorough
preoperative TM examination is imperative. Moore
et al. reported five cases of condylar resorption in
patients undergoing orthognathic surgery, three
of whom presented symptoms of TMJ dysfunction
before surgery 28. Ten cases of postoperative condylar
resorption following orthognathic surgery were
reported, all of which had preoperative dysfunction
and in 6 of them this postoperative resorption
continued 29. The female gender, preoperative
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dysfunction and mandibular advancement surgery
are among the predisposing factors for condylar
resorption 30.
Suggestions and limitation
Since this study was carried out through a small
population, it would be best if similar studies with
a multicenter population were conducted across the
country. Future studies would work best if a longer
follow-up period was incorporated. Using magnetic
resonance imaging (MRI) for evaluating the TMJ
structures would also be of great diagnostic value
and would be highly beneficial.
CONCLUSION
BSSO surgery in class III skeletal patients had no
significant effect on the position of the condyle in
the glenoid cavity as well as the symptoms of TMD.
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