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Disk Position and Temporomandibular Joint Structure Associated with
Mandibular Setback in Mandibular Asymmetry Patients

Masayoshi Kawakamia; Kazuhiko Yamamotob; Tomohiro Inouec; Atsuhisa Kajiharac;
Masaki Fujimotod; Tadaaki Kiritae

ABSTRACT
Objective: To determine the changes in articular disk position and the temporomandibular joint
(TMJ) structure in patients who had an asymmetric setback of the mandible performed by a
bilateral sagittal split ramus osteotomy with manual positioning of the condyle.
Materials and Methods: Twenty-two patients with skeletal Class III malocclusion being treated
at Nara Medical University Hospital were evaluated using clinical examination and pre- and post-
operative magnetic resonance images of their TMJs.
Results: Changes in articular disk position after asymmetric setback surgery were not statistically
significant, although a tendency of anterior displacement in the fossa was noted. The anterior and
posterior joint spaces did not show significant changes, whereas the condyle head of the deviated
or contralateral side tended to be positioned downward.
Conclusion: The asymmetric setback of the mandible with intraoperative manual positioning of
the condyle does not significantly change the disk position in the fossa. (Angle Orthod. 2009;79:
521–527.)

KEY WORDS: Articular disk; MRI; Mandibular asymmetry; Mandibular setback; Temporomandib-
ular joint

INTRODUCTION

Patients with mandibular prognathism have an
asymmetric face with a jaw deviation to either the left
or right side. The asymmetry is the result of not only
mandibular rotation but also significant structural dif-
ferences between the right and left temporomandibular
joints (TMJs) that include unilateral condylar hyperpla-
sia.1–3 The TMJ on the deviated side of the mandible
is characterized by a smaller condyle and a higher in-
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cidence of disk displacement compared with the non-
deviated side.2

Differences between the left and right TMJs may
represent anatomic disorders that dispose affected in-
dividuals to joint sounds and TMJ symptoms. Internal
derangement of the TMJ is a relatively common prob-
lem in patients with mandibular lateral displacement or
rotation, and facial asymmetry in adults can often be
corrected with asymmetric mandibular setback per-
formed with a bilateral mandibular osteotomy or two-
jaw surgery.4 Because of the structural differences of
bilateral TMJs, it is likely that the asymmetric setback
causes a different change in condylar position and an-
gulation because of rotation of the mandible.5,6

A few studies address changes in the temporoman-
dibular joint after a bilateral sagittal split ramus oste-
otomy (BSSO) of the mandible and the influence of
the condylar position. These studies reported that ra-
diographic and computed tomography (CT) images
showed significant changes in the position of the con-
dyle after forward or backward movement of the man-
dible related to BSSO.7,8 The disk position in the fossa
was independent of the condylar position, and radio-
graphs and CT images do not provide any information
regarding that position. When performing an asym-
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Table 1. Setback

Asymmetry (N � 15)

Left deviation
(N � 8)

Right deviation
(N � 7)

Symmetry
(N � 7)

Midline deviation at
L1 (mm) 5.5 � 2.4L 7.0 � 3.2R 0.3 � 0.7R

Setback (mm)
Left 5.4 � 2.3 10.4 � 2.0 6.4 � 3.2
Right 9.4 � 1.9 6.9 � 3.0 6.9 � 2.0

metric setback of the mandible in a patient with jaw
deviation, little is known regarding changes of the disk
position in the articular fossa. The purpose of the pres-
ent study was to evaluate the effects of asymmetric
setback of the mandible on articular disk position using
magnetic resonance (MR) images of the TMJ, as an
MRI examination of the articular disk and surrounding
soft tissues of the TMJ is a routine diagnostic method
for temporomandibular disorders.

MATERIALS AND METHODS

Twenty-two Japanese patients (5 men, 17 women;
mean age � 24 years 1 month; range � 17 years 5
months to 38 years 9 month) who had received or-
thognathic surgery between 2001 and 2007 were en-
listed as subjects. All had been diagnosed with man-
dibular prognathism and needed combined surgical or-
thodontic treatment. None of the subjects had congen-
ital craniofacial anomalies. TMJ function was clinically
evaluated in each subject in terms of TMJ pain, joint
sounds, and limitation of mouth opening.

All subjects received preoperative orthodontic treat-
ment and asymmetric setback of the mandible with a
BSSO procedure. No subject underwent two-jaw sur-
gery or rotation of the mandible in the frontal plane. In
all cases osteosynthesis of the mandibular segment
was performed by bicortical semirigid fixation with two
screws on each side after manual intraoperative po-
sitioning of the condylar process. The proximal seg-
ment was set and fixed to maintain the preoperative
distance between the anterior ridge of the mandibular
ramus and the orthodontic bracket hook of the upper
canine on the right and left sides. Intermaxillary fixa-
tion (IMF) was maintained for about 1 week, and post-
operative orthodontic treatment using intermaxillary
elastics was done after IMF removal.

An anteroposterior cephalogram of each patient was
obtained before surgery in centric occlusion and
traced twice by one of the authors. The jaw deviation
of each patient was analyzed on the traces using a
method described previously.1 Deviation of the menton
(Me) from the facial midline on the frontal plane of
more than 3 mm was considered to indicate an asym-
metric condition. Based on the results, all subjects
were assigned to one of two asymmetry groups (left
deviation n � 8; right deviation n � 7) or the symmetry
group (no deviation n � 7). Table 1 presents the
amounts of jaw deviation from the facial midline at Me
and the setbacks of the mandible on the right and left
sides in the subjects.

MR Imaging

MR sagittal and coronal images taken with GE Sig-
na MR/I scanner (GE Medical Systems, Milwaukee,

WI) 1.5T (repetition time � 600 millisecond and echo
time � 10.5 millisecond) were used to evaluate the
morphology of the TMJ, including displacement of the
articular disk in a closed mouth as described previ-
ously.1 Briefly, axial scout images were first obtained
to identify exact mid-condylar sections. The head of
the patient was positioned so that the Frankfurt plane
was perpendicular to the floor, in order to get a con-
sistent orientation of sagittal images. Six contiguous 3-
mm thick parasagittal images were obtained. The
scans were obtained at least 1 month before and more
than 1 year after surgery.

Measurements were made on the sagittal MR im-
ages using a line that passed through the center of the
condyle, as described previously, though the lateral
MR image was often so impeded that it could not be
evaluated (Figure 1).1 Briefly, using the method of
Gökalp,9 the eminence slope was defined as the angle
between the horizontal plane and a tangent drawn
from the deepest point of the glenoid fossa (Gf) to the
slope of the anterior eminence (a). Next, the angle was
measured between the lines drawn from the geomet-
rical center of the condyle head (Cc) to Gf and from
the Cc to the posterior margin of the posterior band of
the disk (b). A positive value indicated that the disk
was in an anterior position in the glenoid fossa, and a
negative value indicated that it was in a posterior po-
sition. The narrowest anterior (c) and posterior (d) dis-
tances between the surface of the condyle and the
inner face of the glenoid fossa were also measured.

Statistical Analysis

All the measurements were performed twice with a
minimum interval of 1 month by the same investigator
(MK). The angular and linear variables showed a co-
efficient of reliability as previously described.1 Right
and left TMJ variables were compared using a paired
t-test or the Wilcoxon signed-rank test using Microsoft
Excel for Windows XP (Microsoft, Redmond, Wash).
A level of P � .05 was considered to be significant.

RESULTS

The distribution of TMJ symptoms in all subjects be-
fore and after surgery is shown in Table 2. Of the 15
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Figure 1. Measurements of the temporomandibular joint on MR images. (Gf) Uppermost point of the roof of the glenoid fossa. (Cc) Center of
the condylar head. (a) Eminence slope angle between the horizontal reference line and a line from the Gf to the anterior slope of the glenoid
fossa. (b) Disk position angle between the line from the Gf to the Cc and the line from the posterior edge of the disk to the Cc. (c) Anterior
joint space. (d) Posterior joint space.

Table 2. TMJ Symptoms

Asymmetry
(N � 15)

Deviation Side

Pretreatment Posttreatment

Nondeviation Side

Pretreatment Posttreatment
Symmetry
(N � 7) Pretreatment Posttreatment

Clicking 3 2 4 5 Clicking 3 4
Crepitus 0 0 0 1 Crepitus 1 0
Pain 0 0 0 0 Pain 0 1

subjects in the two asymmetry groups, 7 (3 on the
deviated side and 4 on the nondeviated side) reported
preoperative TMJ clicking. After setback of the man-
dible, 5 reported improved TMJ clicking, 2 were un-
changed, and another 5 had postoperative clicking. In
the symmetry group (n � 7), three subjects had pre-
operative TMJ clicking on the right side; after surgery
those symptoms were unchanged and one patient had
new TMJ clicking on the left side. Crepitus in the TMJ
was reported on the nondeviated side by one subject
with asymmetry and on the right side by one subject
with symmetry, which disappeared after the surgery in
both. In addition, one subject in the symmetry group
had reported postoperative TMJ pain. None of the

subjects had mouth opening limitations before and af-
ter the surgery.

In our previous study, we found that the eminence
slope angle of the deviated side was steeper than that
of the contralateral side before performing mandibular
setback.1 In all of the present subjects, the steepness
of the articular eminence was maintained after the
mandibular surgery for both the right and left TMJs
(Figure 2). The value of the disk position angle to the
condylar axis (Cc-Gf) was positive on the deviated
side before surgery, which indicated that the articular
disk was in an anterior position in the fossa. After the
setback, the disk position angle showed no significant
change, and the disk was maintained in its preopera-
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Figure 2. Change of eminence slope angle.

Figure 3. Change of disk position angle. Positive values show the anterior position of the disk to the Gf-Cc line and negative values indicate
the posterior position of the disk.

tive position on the deviated side (left deviation group,
P � .576; right deviation group, P � .820). Similarly,
the negative value for the disk position on the non-
deviated side was maintained after surgery (left devi-
ation group, P � .129; right deviation group, P � .741).
In the symmetry group, there were no significant dif-
ferences in the right and left sides after surgery (left
side, P � .869; right side, P � .845) (Figure 3). The
anterior joint space was narrower on the deviated side
than on the nondeviated side of the asymmetry group
preoperatively. However, neither side showed chang-
es in the anterior space after surgery (Figure 4). Fur-
thermore, the posterior joint space was not signifi-

cantly different between the deviated and nondeviated
side in the two asymmetry groups or the symmetry
group after undergoing the setback (Figure 5).

DISCUSSION

On our previous study, we found that jaw asymmetry
is associated with significant differences in TMJ mor-
phology, as there was a steeper slope of eminence
and a narrower joint space compared with the contra-
lateral side regardless of right or left deviation.1 The
present results revealed that the TMJ structure and the
relationship between the condyle head and the fossa

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



525DISK POSITION IN MANDIBULAR ASYMMETRY PATIENTS

Angle Orthodontist, Vol 79, No 3, 2009

Figure 4. Change of anterior joint space.

Figure 5. Change of posterior joint space.

were maintained in our subjects after undergoing
asymmetric mandibular setback, though there was a
slight tendency for forward displacement of the disk
with backward movement of the condyle. Overall,
there was no significant difference in TMJ signs or
symptoms between the subjects with asymmetry and
those with symmetry.

It has been reported that the mandibular setback
causes slight forward and downward movement of the
condylar head. Hu et al10 showed posterior displace-
ment of the condyle on the sagittal view radiographs
of the TMJ after mandibular setback obtained by a
muscle pull of the anterior and posterior temporalis
and masseter. There is a possibility that changing the

condyle influences the disk position after surgery. The
mandibular asymmetry may have different influences
on the disk position that result from the displacement
of the condylar position. On the other hand, another
study reported that the amount of the mandibular set-
back does not correlate statistically with condylar dis-
placement.11 In addition, Lee et al12 noted that there
was no significant change in the articulate disk posi-
tion shown in MR images after a simple BSSO in skel-
etal Class III patients.

In our study, we analyzed the disk displacement af-
ter asymmetric setback surgery using MR images and
found no significant change of the disk position in the
articular fossa after surgery. We also found no signif-
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icant changes in the anterior or posterior joint space
after surgery, which suggests there were no changes
of condylar position in the articular fossa. Although
there were slight increases in the anterior joint space
and disk position angle after the surgery, likely be-
cause of the backward movement of the condyle, they
were not significant.

Few studies have examined the influence of man-
dibular setback on the TMJ postoperatively. Alter-
ations in condylar position by such surgery can lead
to an early relapse, and patients may develop signs
and symptoms of temporomandibular disorders.13 An-
other report stated that the position of the condyle is
influenced by the position of the patient during the op-
eration, fixation method, surgical technique, and bony
interference between the proximal and distal seg-
ments.14 Increased setback can cause a more back-
ward rotation of the condyle, whereas rigid fixation with
screws tends to eliminate the gaps between the prox-
imal and distal segments, which can cause internal
rotation of the condylar head.11

To prevent postoperative temporomandibular disor-
ders, several positioning devices have been proposed
and applied. Intraoperative fixing of the condylar pro-
cess in the center of the articular fossa with an inter-
positional splint and titanium miniplates prevented post-
operative structural changes in the TMJ.15 Other surgi-
cal techniques include asymmetric setback by intraoral
vertical ramus osteotomy on the deviated side during
axial movement of the proximal segment and by sagittal
split ramus osteotomy on the nondeviated side by slid-
ing the distal segment. However, in case of symmetric
mandibular setback or advancement, use of a position-
ing device does not provide a better functional out-
come, and manual positioning results in equally ac-
ceptable TMJ function.13 A variety of transmission er-
rors can occur from recording centric relation to the in-
traoperative fixation of the fragments. In our
department, we do not use positioning devices but sim-
ply maintain the preoperative distance between the an-
terior margin of the mandibular ramus and the upper
canine bracket on each side to keep the preoperative
relationship of the condylar to the fossa. Baek et al11

reported that the condylar process did not change its
original position in the fossa after asymmetric setback.
Our study supported those results and showed that
manual positioning of the proximal segment intraoper-
atively at least maintains the relationship between the
disk and the fossa and does not lead to any significant
signs or symptoms in the TMJ after the mandibular set-
back regardless of symmetry or asymmetry. These
changes in disk position may be within the range of
adaptability for patients. Condylar displacement and
changes of muscle tone led to bony apposition of post-
superior areas of the condyle and the temporomandib-

ular fossa,16 which suggests that some bony remodeling
of the TMJ fossa occurs after surgery.

CONCLUSION

• There was no significant change in disk position af-
ter differential setback of the mandible. Furthermore,
BSSO is effective for preventing the displacement of
the disk and condyle during asymmetric setback.

ACKNOWLEDGMENT

This study was partially supported by Grants-in-Aid for Sci-
entific Research (19592362) from the Japan Society for the Pro-
motion of Science.

REFERENCES

1. Kawakami M, Yamamoto K, Inoue M, Kawakami T, Fujimoto
M, Kirita T. Morphological differences in the temporoman-
dibular joints in asymmetrical prognathism patients. Orthod
Craniofac Res. 2006;9:71–76.

2. Goto TK, Nishida S, Nakayama E, Nakamura Y, Sakai S,
Yabuuchi H, Yoshiura K. Correlation of mandibular devia-
tion with temporomandibular joint MR dimensions, MR disk
position and clinical symptoms. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2005;100:743–749.

3. Nitzan DW, Katsnelson A, Bermanis I, Brin I, Casap N. The
clinical characteristics of condylar hyperplasia: experience
with 61 patients. J Oral Maxillofac Surg. 2008;66:312–318.

4. Yamada K, Tsuruta A, Hanada K, Hayashi T. Morphology
of the articular eminence in temporomandibular joints and
condylar bone change. J Oral Rehabil. 2004;31:438–444.

5. Lee WL, Park JU. Three-dimensional evaluation of position-
al change of the condyle after mandibular setback by means
of bilateral sagittal split ramus osteotomy. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2002;94:305–309.

6. Magalhaes AE, Stella JP, Tahasuri TH. Changes in con-
dylar position following bilateral sagittal ramus osteotomy
with setback. Int J Adult Orthod Orthognath Surg. 1995;10:
137–145.

7. Harris MD, Van Sickels JE, Alder M. Factors influencing con-
dylar position after bilateral sagittal split osteotomy fixed with
bicortical screws. J Oral Maxillofac Surg. 1999;57:650–654.

8. Kundert M, Hadjianghelou O. Condylar displacement after
sagittal splitting of the mandibular rami. A short-term radio-
graphic study. J Maxillofac Surg. 1980;8:278–287.
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