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A P P L I E D R E S E A R C H

Temporomandibular disorder is a collective term for
a group of conditions involving the temporo-
mandibular joint (TMJ), the muscles of mastica-

tion and associated structures. These disorders are relatively
common, affecting at least 30% of the population,1 and
they can be classified as having a muscular origin, being
restricted to the intra-articular apparatus of the TMJ or a
combination thereof. The findings may result from intra-
articular adhesions. Such adhesions may form as a result of
increased friction on the articular surface and lack of 
effective lubrication precipitated by trauma, intracapsular
bleeding and effusion resulting from microtrauma or a
macrotraumatic event. An objective classification of intra-
articular disease has been described by Wilkes,2 who classi-
fied internal derangements into various stages ranging from

normal articular surfaces to severe degenerative osseous
changes. Bronstein enriched this classification by providing
arthroscopic details.3 Motor vehicle collisions (MVCs) are
relatively common in industrialized countries and in many
cases have been implicated as a direct or indirect cause of
whiplash.4 The term “whiplash” refers to cervical
flexion–extension head injury that occurs most frequently
after rear-end or lateral MVCs.5–7 During an MVC the
torso usually moves forward relative to the head and neck.
This differential movement results in relative hyperexten-
sion of the head at the atlanto-occipital junction. There is
also a differential movement of the mandible relative to the
cranium, which results in extensive mouth opening and
hypertranslation of the disk–condyle complex.8,9
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A b s t r a c t
Purpose: To investigate arthroscopic findings for the temporomandibular joint (TMJ) in 30 patients with refractory

TMJ symptoms who had suffered cervical flexion–extension injury (whiplash).

Methods: The clinical data and operative reports of all patients with a diagnosis of TMJ whiplash injury who under-
went TMJ arthroscopic procedures from 1997 to 2002 were reviewed. All patients underwent preoperative
clinical, panoramic, arthrographic, magnetic resonance imaging evaluation or computed tomography (or
some combination). The same surgical team performed all diagnostic and therapeutic arthroscopic proce-
dures in patients for whom conservative therapy had failed. Before the arthroscopic surgery, all of the patients
had received at least 3 to 6 months of nonsurgical therapy consisting of anti-inflammatory medications,
muscle relaxants, splint therapy, physiotherapy (specifically transcutaneous electrical nerve stimulation, moist
heat, cold laser, and ultrasonography) and a soft diet.

Results: A spectrum of arthroscopic findings, ranging from chondromalacia (softening of the articular fibrocartilage) to
moderate or severe synovitis and adhesions, was observed, as well as combinations of these abnormalities.

Conclusion: The primary intracapsular pathologic changes observed during TMJ arthroscopic examination of 30 patients
who suffered cervical whiplash injury appear to be nonspecific, varying along a wide spectrum of findings.
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The treatment options for patients with temporo-
mandibular disorders can range from conservative to 
surgical modalities.10 Nonsurgical therapy may include
anti-inflammatory medications, muscle relaxants, splint
therapy, exercise, physiotherapy (including moist heat, cold
laser and ultrasonography) and a soft diet or some combi-
nation of these strategies. Surgical therapy ranges from
minimally invasive procedures such as arthroscopy to a vari-
ety of open-joint procedures. Before the advent of TMJ
arthroscopic surgery, many patients whose condition did
not improve with conservative treatment underwent open-
joint arthrotomy according to the severity of internal
derangement or degenerative joint disease and their level of
discomfort.11

Since the introduction of arthroscopic TMJ surgery,12

many reports have documented beneficial results with low
morbidity.13–21 Arthroscopy has the distinct advantage of
allowing direct visualization of the TMJ and fulfills not only
a therapeutic role but also a diagnostic one.18,19 It also
allows for lysis and lavage procedures under direct vision, as
well as guided steroid injections. Favourable outcomes of
operative TMJ arthroscopy have been reported in 60% to
90% of cases, depending on the type of internal derange-
ment.22–27 Diagnostic arthroscopic staging of internal
derangements correlating with Wilkes’s classification was
expanded by Bronstein.3 In this system, the internal
derangements are divided into 5 stages. The earliest stage
(stage I) is characterized by 80% roofing (i.e., the extent to
which the cartilaginous disk is covering the condyle) of the
fibrous disk in the closed-mouth position to 100% roofing
in the open-mouth position. Stage II exhibits early adhesive
synovitis with 50% roofing in the closed-mouth position.
Stage III is characterized by loss of flexure and redundancy.
Stage IV is characterized by fibrillations, furrowing, crater-
ing and exposure of bone. The most advanced stage, stage
V, is characterized by prominent fibrillations, perforation,
retrodiskal hyalinization and advanced synovitis, along with
bone exposure and cratering.

This article describes the arthroscopic TMJ findings for
30 patients who suffered cervical whiplash injury and 
experienced refractory TMJ pain and dysfunction.

Methods
Operative records were reviewed for 30 consecutive

patients who presented with TMJ pain and dysfunction and
a history of cervical whiplash injury related to an MVC and
who underwent surgical arthroscopy between 1997 and
2002. All patients had undergone a preoperative clinical
examination and panoramic radiography, and selected
patients had undergone additional diagnostic imaging, such
as arthrography, magnetic resonance imaging or computed
tomography. All patients had persistent painful TMJ symp-
toms following at least 3 to 6 months of conservative 
therapy consisting of anti-inflammatory medications,

muscle relaxants, splint therapy, exercise, physiotherapy
(specifically transcutaneous electrical nerve stimulation,
moist heat, cold laser, and ultrasonography) and a soft,
nonchewy diet. None of the patients in the study had
underlying arthritides, all were classified as healthy, with no
or mild systemic disease, and none had any complaints of
jaw pain before the MVC. All patients underwent operative
arthroscopy of the TMJ. Patients who had previously
undergone arthroscopic TMJ procedures and those who
had a temporomandibular disorder before the MVC were
excluded. The same team of surgeons carried out all 
arthroscopic procedures (described below). Immediately
after the surgery, patients started a regular regimen of phys-
iotherapy and adjunctive active jaw exercises to be
performed at home.

All patients underwent double-portal operative
arthroscopy consisting of adhesiolysis, lavage and manipu-
lation, and debridement of the superior joint space. Where
indicated, abrasion arthroplasty or partial synovectomy or
lateral capsular release with subsynovial injection of steroids
under direct arthroscopic guidance (or some combination
of these procedures) was also performed.

Results
The patients ranged in age from 25 to 57 years (mean

35.7 years). The sample consisted of 17 men (57%) and 
13 women (43%). The mean period between the injury 
and the arthroscopic procedure was 2 years. Most of the
patients (27 or 90%) had disk displacement without 
reduction. Fourteen (47%) of the patients had grade II–III
chondromalacia (Fig. 1), whereas 16 (53%) had grade
III–IV chondromalacia (Fig. 2). Synovial hyperplasia was
observed in 2 cases (Fig. 3). Synovitis occurred in 22 (73%)
of the patients, but severe synovitis was rare (2 cases or 7%).
In addition, 20 (67%) of the joints had mild to severe 
adhesions. Most of the adhesions were restricted to the
anterior pouch and the intermediate zone (Fig. 4). In many
cases the disk was fibrotic and relatively immobile. Twenty-
four (80%) of the joints showed mild to severe hyperemia
and hypervascularity (Fig. 5). In 21 (70%) of the patients,
posterior attachment petechiae were noted (Fig. 6).
Synovial hyperplasia and inflammation, as well as creeping
synovitis, were observed in 23 (77%) of the patients
(Figs. 7, 8).

Discussion
Whiplash or cervical flexion–extension injury is a 

relatively common result of MVCs. Some patients with this
type of injury have reported symptoms of temporo-
mandibular disorder that were not present before the
MVC.4–9 It has been suggested that hyperextension of the
neck around a fulcrum, with a delay in suprahyoid 
elongation, combined with differential inertia between the
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mandible and the cranium, ultimately leads to hypertrans-
lation of the condyle and the disk.4–9

The surgical options for the treatment of painful, 
refractory internal derangements of the TMJ include

arthrocentesis, arthroscopic surgery,
disk placation, diskectomy and condy-
lotomy. In this study, TMJ arthro-
scopic findings were reviewed for
patients with a history of whiplash
whose condition failed to improve
after a reasonable course of appropriate
nonsurgical therapy. In the authors’
experience, 74% of patients with
whiplash improved, while 26% of
these patients who failed nonsurgical
management subsequently underwent
arthroscopic surgical procedures.

Results of this study revealed a wide
range of arthroscopic observations,
including synovitis, adhesions, chon-

dromalacia or a combination thereof. These changes are
nonspecific and are identical to those found in patients
with varying stages of degenerative joint disease. One 
possible explanation for the fact that post-whiplash TMJ

Figure 1: Arthroscopic view of the TMJ
showing moderate chondromalacia (grade
II–III). The disk (A) and cartilage (B) are
evident.

Figure 2: Arthroscopic view of the TMJ
showing severe chondromalacia (grade
III–IV). The disk (A) and cartilage (B) are
evident.

Figure 3: Arthroscopic view of the TMJ
showing a synovial hyperplastic polyp
(arrow).

Figure 4: Arthroscopic view of the TMJ
showing “guitar string” adhesions (arrow) in
the medial capsule of the superior joint
space. The articular eminence (E) and the disk
(D) are visible.

Figure 5: Arthroscopic view of the TMJ
showing severe synovitis, including
hyperemia, hypervascularity and creeping
synovitis (arrow). The area of the posterior
attachment (P) is also evident.

Figure 6: Arthroscopic view of the TMJ
showing petechial hemorrhage (arrow) in the
medial capsule.

Figure 7: Arthroscopic view of the TMJ
showing creeping synovitis. Arteriolar
dilatation is visible on the disk (arrow).

Figure 8: Arthroscopic view of the TMJ
showing hyperplastic synovium (arrow). The
area of the posterior attachment (P) is also
visible.
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injuries resemble degenerative arthritis arthroscopically is
that some of these patients may have had asymptomatic
degenerative joint disease with chronic changes in the joint,
and that this silent pre-existing condition was acutely 
exacerbated with the onset of pain after cervical whiplash
injury.

Another explanation for these TMJ intracapsular find-
ings is the time elapsed between the whiplash injury and the
arthroscopic surgery (mean time of 2 years). During this
period the acute whiplash injury may have led to the 
development of chronic changes within the TMJ.

Lastly, this study did not attempt to compare findings in
patients with whiplash to findings in patients with non-
whiplash injury. The authors did not examine the variables
that could have resulted in the findings observed. However,
other studies in progress are examining these variables and
will be the subject of a future article. Prospective controlled
studies with larger groups of patients are warranted. C
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