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Abstract. The aim of this work was to evaluate the agreement between the
clinical Research Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD) examination and magnetic resonance (MR) findings of
temporomandibular joint (TMJ) disc position abnormalities in a sample of
clinically symptomatic patients, recruited from a population seeking TMD
treatment. Two-hundred and thirty-two TMJs of 116 patients were evaluated
to detect disc position abnormalities by means of a standardized clinical
assessment according to RDC/TMD guidelines and MR performed blind by a
radiologist. The overall kappa value for agreement between clinical examination
according to RDC/TMD classification system and MR imaging for assessment of
the disc–condyle relationship was fairly good (K = 0.63). The kappa values for
the agreement between RDC/TMD and MR diagnosis of disc displacement
with reduction (DDR), disc displacement without reduction (DDNR) and normal
disk position were 0.69, 0.57, and 0.61, respectively. The observation that
clinically predicted cases of DDR and DDNR show good to excellent
agreement with MR findings, and the potential MR over-diagnosis of DDR and
s. Published by Elsevier Ltd. All rights reserved.
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DDNR in the absence of clinical symptoms, support the usefulness of a
standardized examination conducted by a trained investigator in the evaluation of
patients with TMD.
Keywords: temporomandibular joint; RDC/
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Temporomandibular joint (TMJ) disc dis-
placement is one of the most common
forms of temporomandibular disorder
(TMD)5,15,17,18,34. At present, magnetic
resonance (MR) is considered the standard
of reference for non-invasive diagnosis of
TMJ disc displacement32, on the basis of
studies which compared MR findings with
surgical and autopsy specimens, and
reported an accuracy of about 90%–95%
for detecting disc position abnormalities
when both coronal and sagittal images are
evaluated2,4,26.

The assumption that a single imaging test
(i.e. MR) allows disease definition may be
questionable from a clinical viewpoint.
Some recent works pointed out the exis-
tence of a significant number of asympto-
matic and non-problematic cases with disc
position abnormalities that would never be
clinically typified as diseased12,14,31. The
use of MR must be reserved for cases in
which treatment choice and outcome might
be altered by the information thereby
gained3. Given these premises, it appears
logical that the decisional process leading
to the choice of a MR examination must be
based on the most accurate clinical diag-
nosis.

A number of studies were conducted to
evaluate the accuracy of clinical diagnosis
of TMJ disc displacement, but findings are
controversial due to the different criteria
adopted1,10,35,36.

Although the Research Diagnostic Cri-
teria for Temporomandibular Disorders
(RDC/TMD) are considered the standard
of reference for classification of TMD and
for a comparison of diverse studies5,6,28,
providing guidelines and specifications to
diagnose disc displacement as well, only a
few studies have compared RDC/TMD
and MR diagnosis of disc position1,8,27,29.
This study, which is part of an ongoing
investigation of the predictive value of
clinical assessment, attempts to evaluate
the agreement between RDC/TMD and
MR diagnoses of disc displacement.
Materials and methods

Study Sample and Design

Participants were selected from patients
presenting during the period January–
December 2006 for TMD treatment.
One hundred and fifty patients underwent
both a clinical assessment according to the
RDC/TMD6 and bilateral MR of the
TMJs. Thirty-four patients selected for
MR were excluded from statistical analy-
sis due to the presence of systemic dis-
eases affecting joint and/or masticatory
muscles, such as fibromyalgia or other
rheumatic diseases diagnosed according
to the American College of Rheumatology
criteria33. Therefore, a comparison of clin-
ical RDC/TMD and MR TMJ disc position
diagnoses was made for 116 patients (88
females, 28 males; mean age 48.6, range
18–65).

The study was carried out in a single-
blind fashion, so each patient received a
clinical RDC/TMD examination and
underwent MR with the clinicians and
the radiologist not knowing the result of
the other investigation. The two examina-
tions were conducted within 2 weeks of
each other, and the patients underwent no
treatment during this period. All clinical
assessments were performed by the same
two trained investigators who performed
clinical assessments in accordance to the
RDC/TMD guidelines. MR images were
interpreted by the same radiologist with
expertise in TMJ imaging, who made the
diagnosis of disc displacement according
to parameters selected from the litera-
ture12,20,21,30.
RDC/TMD assessment

Clinical assessment was conducted using a
standardized clinical protocol including
evaluation of patient history, palpation
of TMJs, auscultation of joint noises and
measurement of mandibular range of
motion. According to the guidelines of
RDC/TMD6, disc position was categor-
ized as: normal; disc displacement with
reduction; disc displacement without
reduction (DDR), with or without limited
opening. Criteria for inclusion of joints in
the different categories were as follows.

RDC/TMD axis I group IIa, diagnosis
of DDR:
� r
eciprocal clicking in TMJ (click on
both vertical opening and closing that
occurs at a point at least 5 mm greater
interincisal distance on opening than on
closing and is eliminated on protrusive
opening) reproducible on two of three
consecutive trials; or

� c
licking in TMJ on both vertical range

of motion (either opening or closing)
reproducible on two of three consecu-
tive trials, and click during lateral
excursion or protrusion reproducible
on two of three consecutive trials.
RDC/TMD axis I group IIb, diagnosis
of DDNR with limited opening:
� h
istory of significant limitation in open-
ing;

� m
aximum unassisted opening�35 mm;

� p
assive stretch increases opening by

4 mm or less over maximum unassisted
opening;

� c
ontralateral excursion <7 mm and/or

uncorrected deviation to ipsilateral side
on opening;

� a
bsence of joint sounds or presence of

joint sounds not meeting criteria for
DDR.
RDC/TMD axis I group IIc, diagnosis
of DDNR without limited opening:
� h
istory of significant limitation of man-
dibular opening;

� m
aximum unassisted opening>35 mm;

� p
assive stretch increases opening by

5 mm or more over maximum unas-
sisted opening;

� c
ontralateral excursion �7 mm;

� p
resence of joint sounds not meeting

criteria for DDR.
Magnetic resonance

MR was carried out with a 1.5 Tesla (GE
Signa Contour; GE Medical Systems, Buc,
France) with a bilateral dedicated circular
(8-cm diameter) surface coil for concomi-
tant right and left TMJ study. The inves-
tigation protocol provided for a first axial
scan ‘‘scout’’ from which were estab-
lished seven sagittal-oblique slices in a
lateral-medial direction and coronal sec-
tions deviated obliquely in a postero-ante-
rior direction. Gradient Echo sequences
were performed: 2D T1-weighted in sagit-
tal-oblique sections at closed and open
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Table 1. RDC/TMD diagnosis versus MRI findings: cross-tabulation

MRI diagnosis

Normal DDR DDNR

RDC/TMD diagnosis Normal 98 22 20
DDR 4 60 6
DDNR – – 22

Table 2. Measurement of agreement between RDC/TMD and MR diagnoses of TMJ disc
position

Po Pe k-value S.E. (k) Z

Normal 0.80 0.49 0.61 0.062 9.85
DDR 0.86 0.56 0.69 0.065 10.55
DDNR 0.89 0.74 0.57 0.059 9.65
Overall 0.78 0.39 0.63 0.047 13.34

Legends: Po = proportion of observed agreement; Pe = proportion of chance-expected agree-
ment; k-value = indices of agreement; S.E. (k) = standard error of kappa; Z = standard norma
distribution.
mouth and coronal sections at closed
mouth (TR = 340 ms, TE = 16 ms, field
of view = 15 cm, slice thickness = 3 mm,
matrix 256 � 192) with an interslice gap
of 0.5 mm. Sequential bilateral images in
both closed mouth and maximum opening
mouth positions were made. The latter
position was obtained by means of a woo-
den intermaxillary device at the same
opening as measured clinically.

The articular disc was directly identi-
fied, in sagittal-oblique images, as an area
of hypointensity with a biconcave shape
above the condylar structure, and its posi-
tion was categorized according to litera-
ture data12,20,21,30 as follows.

Superior (normal) disc position (N):
posterior band of articular disc located
above the apex of the condylar head (at
12 o’clock position) in both intercuspal
and maximum opening mouth positions.

Disk displacement with reduction
(DDR): posterior band of the disc located
anteriorly to the condylar head at the
closed mouth position, but normal disk
condyle�relationship established in max-
imal opening position.

Disk displacement without reduction
(DDNR): posterior band positioned ante-
riorly to the condyle either at closed or
maximal opening mouth positions.
Statistical analysis

The agreement between the clinical and
MR imaging diagnoses was assessed by
means of the kappa statistic11. The sub-
categories of DDNR (with or without
limited opening) were grouped together,
since no validated MR parameters exist to
discriminate between these two condi-
tions. All statistical procedures were per-
formed with the Statistical Package for the
Social Sciences (SPSS 11.0, SPSS Inc.,
Chicago, IL, USA).
Results

MR showed DDR in 82 of the 232 TMJs
(35%) and DDNR in 48/232 (21%). A
normal superior disc position was diag-
nosed in 102/232 joints (44%).

Clinical RDC/TMD assessment agreed
with 60 of the 82 MR-diagnosed DDR,
while a normal disc position was clinically
diagnosed in the remaining 22 joints. Six
joints which received a MR diagnosis of
DDNR and 4 presenting a normal disc
position were erroneously given a clinical
diagnosis of DDR (Table 1). The resulting
kappa value for the agreement between
RDC/TMD and MR diagnoses of DDR
was 0.69 (Table 2).
DDNR was clinically diagnosed in 22
out of 48 MR-diagnosed DDNR cases. In
12 of these cases the patient showed lim-
ited opening (RDC/TMD axis I group IIb),
so it was supposed that they had been
intercepted in the acute stage. The other
10 cases did not present a limited opening
and had crepitus noises, and the patients’
clinical histories suggested a RDC/TMD
axis I group IIc diagnosis. In the other 26
joints which received a MR diagnosis of
DDNR, the clinical diagnosis was normal
in 20 cases and DDR in 6 joints. The
resulting kappa value for the diagnosis
of DDNR was 0.57.

A clinical diagnosis of normal dis-
k�condyle relationship was established
in 140 joints. In 98 of these joints MR
confirmed the diagnosis of a normal disc
position, in 22 showed a DDR and in 20 a
DDNR. A clinical diagnosis of DDR was
made in 4 of the 102 joints MR revealed to
have a normal superior disc position. The
kappa value for the assessment of normal
disk-condyle relationship was 0.61.

The overall kappa value for agreement
between the clinical examination accord-
ing to the RDC/TMD classification system
and MR imaging for the assessment of
disk�condyle relationships was fairly
good (K = 0.63)28.
Discussion

The agreement between clinical and ima-
ging-based diagnoses of disc displacement
varies among different studies, ranging
from 59% to 90%, and seems to depend
mostly upon the diagnostic clinical criteria
adopted2,4,9,10,12. Most authors suggest
that clinical evaluation does not allow
an accurate assessment of the disc�con-
condyle relationship1,10,36, but such obser-
vations may be due to MR over-diagnosis
l

(false positive results) rather than clinical
under-diagnosis (false negative results).
This raises concerns about the role of
MR as an appropriate standard of refer-
ence for the diagnosis of disk-condyle
relationship, and results of different stu-
dies are contrasting.

EMSHOFF and RUDISCH
10 reported a poor

agreement between clinical assessment and
MR findings for the diagnosis of DDR
(k = 0.13), DDNR (k = 0.33) and normal
disc position (k = 0.18), also observing that
Clinical Diagnostic Criteria for TMD
(CDC/TMD), from which the RDC/TMD
classification system was derived, have
only a 44% positive predictive value for
the diagnosis of DDR7. In a successive
paper, the conclusion was made that MR
diagnoses cannot be considered dominant
for the study of TMJ27. This last observa-
tion came also from works by YATANI

et al.35,36 who, despite claiming the poor
predictability of historical or clinical find-
ings to diagnose DDNR, suggested that
anterior DDR can be diagnosed with con-
siderable accuracy through the use of a
clinical examination only.

Divergence between studies is likely to
be due to differences in patient recruit-
ment and assessment. To the authors’
present knowledge, the RDC/TMD6,
which are recommended as a classification
system to allow comparison of diverse
studies, have been adopted in only a few
studies1,8,27,29. In one of these works, an
investigation similar to the present study
was conducted by one of the authors at his
previous academic centre, and some diver-
gences from the other similar papers in the
literature had already emerged27.

A work by BARCLAY et al.1 reported a
high number of clinical false-negative
results, which determined a low agree-
ment (53.8%) between clinical RDC/
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TMD assessment and MR findings. Such
results suggest that MR provided evidence
of an abnormal disk–condyle relationship
for a number of clinically asymptomatic
joints, and confirmed observations from
previous MR studies on symptom-free
subjects showing disk anteriorization in
33% of subjects with clinically normal,
undisturbed jaw function14,31. Contrasting
results emerged from a work by WATT-
SMITH et al.29, who carried out arthroto-
mography and MR in 50 joints of 48
patients with internal derangements
undergoing TMJ surgery. The clinical
diagnosis of internal derangement was
confirmed in every case by imaging and
at surgery and, above all, the authors
stated that MR over-diagnosed DDNR.

In the present investigation, agreement
between clinical RDC/TMD examination
and MR findings was fairly good
(K = 0.63)11, with disagreement in 22%
of cases. Clinical assessment was found to
be more accurate than in other studies to
detect DDR (K = 0.69). MR confirmed the
clinical diagnosis of DDR in 60/70 joints,
depicting DDNR (n = 6) and normal disc
position (n = 4) in the remaining 10 joints.
The agreement between RDC/TMD and
MR diagnoses for DDR was higher than
that reported by BARCLAY et al.1, who
found a positive predictive value of 68%
for the clinical diagnosis of DDR.

The 10 cases of disagreement between
clinical and MR findings were due to the
presence of click sounds, which erro-
neously led to a clinical diagnosis of
DDR. Such findings lend support to the
body of literature suggesting that a click
sound may be present in joints with a
normal disk–condyle relationship as well
as those with DDNR13,16,19,21. In line with
other investigations1,14,21,23,30, a click
sound was not always present in joints
with DDR, since 22 of the 42 joints in
which MRI showed a DDR were clinically
silent. Taken together, these findings sug-
gest that anamnestic data gathering in
accordance with RDC/TMD is of basic
importance to improve the accuracy of
clinical diagnosis of disc position.

As for DDNR, RDC/TMD assessment
allowed prediction of only 22 of the 48
joints with a MR diagnosis of DDNR, of
which 12 had a limited range of movement
and 10 non-restricted jaw movement. Of
the remaining 26 joints which received a
MR diagnosis of DDNR, 20 were clinically
diagnosed as having a normal disc–condyle
relationship and 6 were diagnosed as DDR.
Disagreement between clinical and MR
findings was due to a combination of factors
such as the absence of limitation24, the
misinterpretation of crepitus sounds, whose
presence leads to the diagnosis of osteoar-
throsis but may be also related to long-term
disc displacement36, and the concurrent
presence of muscle disorders, which often
confounds the diagnosis of intrarticular
disorders25. Such observations are in agree-
ment with other studies3,36, and give plau-
sible explanations for the lower agreement
between clinical and MR diagnosis of
DDNR (K = 0.57).

These results suggest some further con-
siderations which may be important in
terms of clinical and decision-making
impact. While clinical RDC/TMD assess-
ment seems not to be appropriate to detect
all cases of DDNR, it is notable that all the
clinical diagnoses of DDNR were con-
firmed by MR. This last observation has
huge importance since, in terms of ther-
apeutic perspectives, the absence of false-
positive results is very useful in non-life-
threatening disorders such as TMD, and
DDNR cases identified by means of clin-
ical assessment are probably those most in
need of some form of therapy. This con-
sideration has been noted by other
authors9. As for joints which were clini-
cally diagnosed as having a normal disk–
condyle relationship, MR showed a cor-
rect disk–condyle relationship in 70% of
cases (98/140), but revealed DDR in 22
joints and DDNR in 20 joints. These find-
ings are in agreement with other stu-
dies19,21,22 reporting a high variability of
disc position in asymptomatic subjects or
highly variable symptoms in abnormal
subjects. These results give a kappa value
of 0.61 for the diagnosis of normal disc–
condyle relationship.

The overall findings suggest that clin-
ical RDC/TMD assessment agrees well
with MR in the diagnosis of TMJ disc
position (K = 0.63), but generalization of
results and conclusions about clinical
implications have to be tempered by some
considerations of the study sample. The
absence of control asymptomatic subjects
makes it impossible to draw strong con-
clusions about the agreement between
clinical and MR findings, and about the
specificity of clinical assessment in parti-
cular, and may be responsible for diver-
gences between the present investigation
and other similar works in the literature.
The study sample was not constituted of
all patients seeking TMD treatment, since
MR cannot be requested as a routine exam
for all patients. This means that informa-
tion about TMJ disc position gained by
clinical assessment alone might have been
sufficient in the simplest cases for which
MR was not requested and, consequently,
that agreement between clinical and MR
diagnoses would be even higher if all
cases were considered for statistical ana-
lysis. The choice to adopt the RDC/TMD
classification system was forced by the
need for data comparable with those from
other similar studies, but the RDC/TMD
were never meant to be the most accurate
clinical diagnostic criteria. This means
that the accuracy of a comprehensive clin-
ical assessment to diagnose disc position
might be higher than that reported in the
present investigation.

Considering these limitations, which
seem to prevent the achievement of an
even higher rate of agreement between
clinical and MR diagnosis, the contrast
between the findings of the present inves-
tigation and those of previous similar stu-
dies appears to be even more striking and
worthy of further investigation.

In conclusion, findings from the present
investigation suggest that cases of DDR
and DDNR that are predicted by clinical
RDC/TMD assessment show good to
excellent agreement with MR findings.
MR diagnosis of disc displacement in
the absence of bothersome symptoms sug-
gests over-diagnosis when this is used as
the only diagnostic test.
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