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Abstract. This retrospective study evaluated the potential influence of the sagittal
fracture pattern and articular disc displacement on the development of
temporomandibular joint (TMJ) ankylosis. 33 sagittal fractures of mandibular
condyles (SFMCs) in 19 patients were treated conservatively and were divided into
non-ankylosis and ankylosis groups based on their prognosis. Using computed
tomography (CT) images, the SFMCs were classified into types I, II and III, and the
displacement of the articular disc was investigated using magnetic resonance
imaging (MRI). There were 19 (58%) SFMCs in the non-ankylosis group: 5 were
type I SFMCs, which did not show any disc displacement; the other 14 were type II
SFMCs, which included 5 cases without disc displacement and 9 cases with disc
displacement. In the non-ankylosis group, the lateral poles were completely or
incompletely covered by the discs. There were 14 (42%) SFMCs in the ankylosis
group, all of which were type III SFMCs showing disc displacement, and the lateral
poles in these cases were not covered by the discs. This investigation confirmed that
the disc position was highly associated with the position of the fractured fragment
and that some SFMC patterns, especially type III SFMCs, indicated a high risk of
TMJ ankylosis.
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Condylar fracture accounts for 80–98% of
cases of temporomandibular joint (TMJ)
ankylosis2,12,15. Post-traumatic TMJ anky-
losis is rare with an incidence of approxi-
mately 0.4%7. The incidence of TMJ
ankylosis is considered to be highly
related to the severity and patterns of joint
injuries, and sagittal fracture of the man-
dibular condyle (SFMC) is noted for its
susceptibility to TMJ ankylosis17,19. Dis-
placement of the articular disc results in
the loss of the physical impediment to
transarticular bony fusion, thereby playing
a key role in inducing TMJ ankylosis7,8.
Several investigations using magnetic
resonance imaging (MRI) and arthroscopy
have revealed the positions of the articular
discs in the cases of condylar fractures4–
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Fig. 1. Duck rostra shaped, jaw dilation prop.
6,9,13,14. The variation in the disc position
according to the sagittal fracture patterns
and its relation to TMJ ankylosis has not
been elucidated. In this retrospective
study, the authors aimed to evaluate the
potential influence of the sagittal fracture
pattern and joint disc displacement on the
development of TMJ ankylosis.

Materials and methods

19 patients with 33 SFMCs confirmed by
computed tomography (CT) were
included in this study, which was con-
ducted from January 2004 to April
2007. 13 patients underwent the complete
treatment procedure at the authors’ hospi-
tal, and 6 patients were treated conserva-
tively for 2–12 months at other hospitals
and were transferred to the authors’ hos-
pital with a complaint of persistent limited
mouth opening.

The SFMCs were initially treated using
conservative procedures, including inter-
maxillary elastic traction for 1–2 weeks,
followed by mouth-opening exercises for
at least 2 months. The patients who initi-
ally visited the authors’ clinic received a
duck rostra shaped, jaw dilation prop
(Fig. 1) and underwent physical therapy
using ultrasonic waves or infrared rays
with calcium or iodide infiltration to facil-
itate rehabilitation. The concomitant body
or symphysis fractures were treated by
open reduction and plate fixation.

Although all the patients cooperated
with the conservative treatment, seven
patients showed a serious deterioration
in maximal mouth opening (range, 12–
25 mm); this group included six patients
who were initially treated in local hospi-
tals and one patient who underwent initial
treatment at the authors’ hospital. Surgical
intervention was performed to release the
supposed ‘ankylosed’ joint, and the inter-
vention was followed by mouth-opening
exercises and physical therapy. The sup-
posed ‘ankylosed’ joints were validated by
intraoperative visualization of fibrous
adhesions or partial bony fusion between
the lateral pole of the condyle and the
lateral rim of the joint fossa. During the
follow-up period (6–24 months; average,
8.7 months), all but one of the patients
showed considerable improvement in
mandible movement (maximal mouth
opening, 30–50 mm); in the patient who
did not show considerable improvement,
the maximal mouth opening was 2 mm,
and a second operation had to be per-
formed to dissect the right condyle and
release the left joint. The surgically repo-
sitioned disc on the right side was found to
be displaced again.
On the basis of the prognosis of the
conservative treatment, the patients were
divided into two groups. The non-ankylo-
sis group contained 12 patients (6 women
and 6 men) with 19 SFMCs. The ages of
the patients in this group ranged from 6
years to 21 years, except for one patient
who was 45 years old (mean age, 15
years). 11 patients had suffered injuries
due to falls, and 1 patient had suffered an
injury in a traffic accident. Six patients had
concomitant body or symphysis fractures.
The ankylosis group contained seven
patients (one woman and six men) with
14 SFMCs. In this group, three patients
had suffered injuries in traffic accidents,
and the rest had suffered injuries due to
falls. The mean age of the patients in this
group was 20 years (range 6–33 years),
and all patients had sustained concomitant
symphysis fractures.

In order to interpret the displacement of
the fractured fragment on the coronal sec-
tions of the CT images, the SFMCs were
classified into three types (Fig. 2). In type I
(fissure type), the medial part of the con-
dyle split and formed a V-shaped gap
between the fragment and the lateral pole
of the condyle. In type II (displacement
type), the fractured fragment was antero-
medially displaced, and the lateral pole of
the condyle was located within the fossa.
In type III (dislocation type), the fractured
fragment was anteromedially displaced,



136 Duan and Zhang
[()TD$FIG]

Fig. 2. CT images of SFMCs. (A) Type I, a V-shaped gap was formed between the fragment (hollow triangle) and the lateral pole (solid triangle)
of the condyle. (B) Type II, the fractured fragment (hollow triangle) was anteromedially displaced, and the lateral pole was still located within the
joint fossa. (C) Type III, the lateral pole (solid triangle) of the condyle was superolaterally displaced, and the fractured fragment (hollow triangle)
was anteromedially displaced.
and the lateral pole of the condyle was
laterally or superolaterally dislocated out
of the fossa. In the MRI images, the disc
position relative to the joint fossa in the
sagittal section was visualized, and the
SFMCs were classified into displacement
and non-displacement groups. The cases
were also classified into covered, incom-
pletely covered, and uncovered groups on
the basis of the relative position of the disc
to both the fractured fragment and the
lateral condyle pole.

Results

19 (58%) SFMCs were classified into the
non-ankylosis group, of which 5 (15%)[()TD$FIG]
Fig. 3. MRI images of type I and type II SFMCs.
fractured fragment (hollow triangle) and latera
articular disc (arrow) on the sagittal (A) and cor
type II SFMC, both fractured fragment (hollow
covered by the articular disc (arrow) on the sagi
another case of type II SFMC, the fractured fra
lateral pole (solid triangle) was incompletely cov
(E) and coronal (F) sections.
were type I (Fig. 2A) SFMCs showing no
signs of articular disc displacement
(Fig. 3A and B). The remaining 14
(42%) SFMCs were type II (Fig. 2B)
SFMCs, including 5 cases with no displa-
cement of the articular disc (Fig. 3C and
D) and 9 cases with disc displacement
(Fig. 3E and F). In this group, all the
fractured fragments (19 cases) were super-
iorly covered by the articular discs. The
lateral poles were completely or incom-
pletely covered by discs on the sagittal (18
cases) and coronal planes (14 cases)
(Tables 1 and 2).

14 (42%) SFMCs were classified into
the ankylosis group. All the fractures were
type III (Fig. 2C) SFMCs showing displa-
(A and B) In the case of the type I SFMC, both
l pole (solid triangle) were covered by the

onal (B) sections. (C and D) In the case of the
triangle) and lateral pole (solid triangle) were
ttal (C) and coronal (D) sections. (E and F) In
gment (hollow triangle) was covered, and the
ered by the articular disc (arrow) on the sagittal
cement of the articular discs (Fig. 4A and
B). In all the cases in this group, the
articular discs were anteromedially dis-
placed and located between the fractured
fragments and the cranial bases (Fig. 4A
and B), while the lateral poles were in
contact with the joint fossa and were not
covered by the articular disc on the sagittal
(12 cases) and coronal planes (6 cases)
(Fig. 4C and D) (Tables 1 and 2).

Discussion

Clinically, SFMC was not commonly
detected because it was easily missed on
conventional radiographs1,16. With the
introduction of CT, the incidence of
SFMC appeared to increase and was
reported to be 9–29% in the cases of
condylar fractures3,18. Anatomically, the
medial pole of the condyle extends far
beyond the condylar neck and has a
greater chance of being split in the sagittal
plane, resulting in SFMC. The sagittal
fracture line usually passes through an
area between the lateral one-third and
the medial one-third of the condyle3.
Along with the displaced condylar frag-
ment, the change in disc position has been
investigated using arthroscopy or MRI.
GOSS & BOSANQUET

5 and JONES & VAN SICK-

ELS
6 indicated that even after gross dis-

placement of the condyle, the disc
appeared to be intact in the fossa. How-
ever, MERRILL

9 and others4,13,14 demon-
strated anteromedial disc displacement
along with the fracture in the condylar
fragment. In this study, the SFMCs were
associated with a high rate of disc displa-
cement (70%); there were 9 (27%) cases
with type II SFMCs and 14 (42%) cases
with type III SFMCs. None of the cases of
type I SFMCs showed displacement of the
disc, and all the cases of type III SFMCs
showed displacement of the disc. Among
the cases of type II SFMCs, there were five
cases with no signs of disc displacement
and nine cases with disc displacement. All
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Table 1. The sagittal view of articular disc in available 30 joints.

Articular disc on sagittal section

Covered Incompletely covered Uncovered

Non-ankylosis group
fissure type (5) 5 0 0
displacement type (13) 5 8 0

Ankylosis group
dislocation type (12) 0 0 12

Table 2. Coronal view of articular disc in available 20 joints.

Articular disc on coronal section

Covered Incompletely covered Uncovered

Non-ankylosis group
fissure type (5) 5 0 0
displacement type (9) 4 5 0

Ankylosis group
dislocation type (6) 0 0 6

[()TD$FIG]

Fig. 4. MRI images of type III SFMCs. (A and B) The fractured fragment (hollow triangle) was
covered by an articular disc (arrow) on the sagittal (A) and coronal (B) sections. (C and D) The
lateral pole (solid triangle) was not covered by the articular disc on the sagittal (C) and coronal
(D) sections.
the fractured fragments were covered
superiorly by the discs, independent of
the SFMC type. These findings indicated
that the position of the articular disc was
highly associated with the position of the
fractured fragment.

Several factors were thought to contri-
bute to post-traumatic TMJ ankylosis.
Firstly, an intact disk may act as a physical
impediment to transarticular bony fusion.
Secondly, the type of fracture may deter-
mine the prognosis of condylar fracture.
Thirdly, the age of patient at the time of
injury is a key factor. Finally, the absence
of mouth-opening exercise accelerates
transarticular bony fusion.

This investigation revealed that SFMC
was associated with a high risk of TMJ
ankylosis, which was consistent with the
results of previous studies18,19. In this
study, the SFMCs associated with TMJ
ankylosis were type III SFMCs, in which
the lateral poles of the condyle are dis-
located out of the joint fossa, resulting in
mechanical locking and mandibular hypo-
mobility, which subsequently accelerated
TMJ ankylosis11.

Apart from the influence of the fracture
type, the position of the articular discs
would play a more critical role. In this
study, the SFMCs that progressed to anky-
losis demonstrated fibrous adhesion or
partial bony fusion between the lateral
pole of the condyle and the lateral rim
of the joint fossa rather than between the
fractured fragment and the joint fossa, and
these findings were validated by MR
images showing that the lateral poles con-
tacted the lateral rim of the joint fossa
without the barrier of the articular disc on
the sagittal (12 cases) and coronal planes
(6 cases). In the cases showing good prog-
nosis without surgery, the lateral poles
were completely or incompletely covered
by discs on the sagittal (18 cases) and
coronal (14 cases) planes. The possible
reason for this phenomenon was that the
absence of the articular disc between the
lateral pole of the condyle and the lateral
rim of the joint fossa played a key role in
TMJ ankylosis, owing to the loss of a
physical impediment to the transarticular
bony fusion triggered by the post-trau-
matic response7,8,10.

In conclusion, the results of this study
confirmed that the displacement of the
fractured fragments entailed the displace-
ment of the articular discs in SFMCs. In
addition, type III SFMCs with severe dis-
placement of the articular disc were asso-
ciated with a high risk of TMJ ankylosis
and were a potential indication for sur-
gery.
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