
Vol. xx No. x Month 2012
Comparison of joint pain in patients diagnosed with and without
articular disc displacement without reduction based on the
Research Diagnostic Criteria for Temporomandibular Disorders
Masanori Fujiwara, DDSa, Kosuke Honda, DDS, PhDb, Yoko Hasegawa, DDS, PhDc,
Makoto Hasegawa, DDS, PhDb, and Masahiro Urade, DDS, PhDd

Department of Dentistry and Oral Surgery, Hyogo College of Medicine, Hyogo, Japan

Objective. We compared joint pain (JP) in patients diagnosed with and without articular disc displacement without reduction
(ADD) based on the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) and identified the
characteristics of each JP.
Study Design. Fifty-eight patients with restricted mouth opening and pain in temporomandibular joint (TMJ) and with a
magnetic resonance imaging diagnosis of ADD were selected. Diagnosis of ADD � JP and nonADD � JP was made with the
use of the RDC/TMD.
Results. A multiple regression analysis of the data disclosed a positive correlation between range of motion on maximum
assisted mouth opening and visual analog scale (VAS) (severity of JP) in the ADD � JP group, and between chronic pain
grade (CPG) and VAS in the nonADD � JP group. A significant difference was observed between ADD � JP and nonADD �
JP groups in CPG; CPG was higher in the nonADD � JP than in the ADD � JP group.
Conclusions. It is suggested that JP related and unrelated to ADD can indicate different types of disease. (Oral Surg Oral Med

Oral Pathol Oral Radiol 2012;xx:xxx)
It is well known that magnetic resonance imaging
(MRI) is effective in the diagnosis of temporomandib-
ular disorders (TMDs).1,2 If patients with joint pain (JP)
and restricted mouth opening are found to have articu-
lar disc displacement on MRI examination, a diagnosis
of internal derangement accompanied by disc abnor-
mality is usually made. MRI is the only examination in
which an articular disc abnormality can be diagnosed
noninvasively and objectively. It is effective in provid-
ing information about the disc position,3 the amount of
joint effusion,4,5 and condylar bone marrow abnormal-
ity.6 In contrast, there is a low incidence of a definite
diagnosis of disc perforation if it is not accompanied
with a severe synovial response and fibrous ankylosis in
the MRI findings.7 Accordingly, MRI examinations for
the diagnosis of TMD have both potential and limita-
tions at present. On the other hand, abnormal MRI
findings do not always reflect the pathologic state of the
TMJ. Some authors have shown overdiagnosis of TMD
based on MRI findings.8,9 One report has suggested that
disc displacement is prevalent in the asymptomatic
temporomandibular joint (TMJ) in almost 30% of pa-
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tients.10 Furthermore, although studies11-13 have been
made of the relationship between JP and disc disorders,
there seems to be little agreement on how disc position
and configuration abnormalities contribute to such pain.
The Research Diagnostic Criteria for Temporomandib-
ular Disorders (RDC/TMD) has been established as the
standardized diagnostic system for TMD.14 The RDC/
TMD is a diagnostic protocol consisting of a dual axis
assessment system, a physical diagnosis (axis I) and a
psychologic assessment (axis II). Axis I of the RDC/
TMD is performed on the basis of a clinical assessment
with diagnostic algorithms for myofascial pain, disc
displacement, JP, and osteoarthrosis (osteoarthritis).
Axis II of the RDC/TMD includes an assessment of
psychologic, behavioral, and psychosocial factors and
evaluates the psychologic condition and disabilities of
TMD patients. However, the RDC/TMD does not in-
volve concurrent examination with MRI. It is consid-
ered that the RDC/TMD without MRI examination

Statement of Clinical Relevance

The assumption that articular disc displacement
without reduction (ADD) has ill effects on joint
pain (JP) is open to discussion, because JP in pa-
tients diagnosed with and without ADD based on
the Research Diagnostic Criteria for Temporoman-
dibular Disorders can indicate different types of
disease.
1
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does not significantly impair the accuracy of the clinical
diagnosis of TMD. Several reports concerned with the
reliability and diagnostic accuracy of the RDC/TMD
have compared it with image diagnoses.10,15-21 Ahmad
et al.15 showed that the agreement rate between diag-
noses by RDC/TMD and image diagnoses varies de-
pending on the group classification in the RDC/TMD
assessment.

The present study was undertaken to analyze the
characteristics of patients with JP and restricted mouth
opening and a positive MRI who were not diagnosed
with anterior disc displacement without reduction
(ADD) in the RDC/TMD compared with patients with
JP and diagnosed as ADD based on the RDC/TMD on
the basis of the clinical and questionnaire categoric
factor and the MRI findings.

MATERIALS AND METHODS
Fifty-eight patients, 55 women and 3 men, with a
history of restricted mouth opening and JP in 1 TMJ
and with an MRI diagnosis of ADD were selected as
subjects for this study. Patients with bony changes on
the condylar surfaces were excluded to evaluate the
characteristics of JP unaffected by degenerative joint
disease. The mean age of the patients was 46.2 � 15.1
years, ranging from 16 to 73 years. The Ethics Com-
mittee of Hyogo College of Medicine approved the
study.

Each patient had MRI of the TMJ performed with a
1.5-T MRI machine (Magnetom Vision; Siemens, Er-
langen, Germany) with the use of 3-mm-thick sagittal
slices during centric occlusion and unassisted mouth
opening to configure and position the articular discs.
The configurations of the discs on the proton density
images were divided into 5 types according to Westes-
son et al.’s18 classification: biconcave, even thickness,
posterior band enlargement, convex, and folded. The
amount of joint effusion was assessed on T2-weighted
MRI scans and classified as reported by Larheim et al.3

into 4 grades according to the amount of joint fluid: no
or minimal, moderate, marked, and extensive. These
assessments were performed in a blind manner by 1
radiologist, who did not know the results of the RDC/
TMD assessment, using more than 2 consecutive sec-
tions of each MRI scan (256 � 256 dots/in; each image
constructed of 300 pixels), all of which clearly showed
the disc and the joint effusion.

A program to evaluate the clinical signs, parafunc-
tional behaviors, and psychologic and psychosocial
states of the TMD patients using the touch-panel-type
PC was developed using Visual Basic (Microsoft Corp.,
New York, NY, USA) according to the contents of the
examinations and questionnaires described in the RDC/

TMD publication.
Each patient underwent an RDC/TMD clinical ex-
amination (Table I). In addition, the initial severity of
JP on mouth opening, while chewing, and at rest was
recorded with the use of a 100-mm visual analog scale
(VAS). Subjects diagnosed as RDC/TMD category IIIa
and IIb or IIc, i.e., JP with ADD, were classified into
the ADD � JP group. Subjects diagnosed as IIIa with-
out IIb or IIc, i.e., JP not accompanied by ADD, were
classified into the nonADD � JP group. Differences in
JP in cases diagnosed as ADD � JP and those diag-
nosed as nonADD � JP based on the RDC/TMD clin-
ical examination were evaluated statistically from the
standpoint of clinical signs and MRI findings. Further-
more, we assessed which group, ADD � JP or non-
ADD � JP, was dependent on the psychologic status
(depression and nonspecific physical symptoms
[NSPS]) and psychosocial level of function (chronic

Table I. Diagnostic classification of axis I in the Re-
search Diagnostic Criteria for Temporomandibular Dis-
orders clinical examination
Group I. Muscular Disorders

Ia. Myofascial Pain
Ib. Myofascial Pain with limited opening
No Group I dx

Group II. Disc Displacements
IIa. Disc Displacement with reduction
IIb. Disc Displacement without reduction, with limited opening
IIc. Disc Displacement without reduction, without limited
opening
No Group II dx

Group III. Arthralgia, Arthritis, Arthrosis
IIIa. Arthralgia
IIIb Osteoarthritis of the TMJ
IIIc. Osteoarthrosis of the TMJ
No Group III dx

Table II. Grade classification in psychologic and psy-
chosocial domains of the Research Diagnostic Criteria
for Temporomandibular Disorders assessment
Grade of chronic pain (0–4)

Grade 0 No TMD pain
-Low Disability-

Grade 1: Low Intensity
Grade 2: High Intensity

-High Disability-
Grade 3: Moderately Limiting
Grade 4: Severely Limiting

Score of depression and nonspecific physical symptoms (pain
items included or excluded) severity (0–4)

Score 0: Not at all
Score 1: A little bit
Score 2: Moderately
Score 3: Quite bit
Score 4: Extremely
pain grade) by performing axis II assessment (Table II).
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Statistical analysis
A stepwise multiple regression was used to determine
the variations among the severity of JP (VAS), patient’s
age, range of motion (ROM), MRI findings (disc con-
figuration and presence of joint effusion), psychologic
status (depression and NSPS), and psychosocial level
of function (chronic pain grade) among the subjects.
We used VAS (mouth opening, chewing, and at rest) as
an outcome variable and other factors as predictor
variables. Significance needed for removal was set at
P � .10 and significance for reentry at P � .05.
One-way analysis of variance (ANOVA) was used to
compare means among 5 disc groups classified on the
basis of disc configuration in the ADD � JP and
nonADD � JP groups. On detection of significant
differences by ANOVA, post hoc analyses were per-
formed with Fisher least significant difference test
with the level of statistical significance taken as P �
.05. �2 tests and unpaired t test were used to deter-
mine the significance of differences between ADD �
JP and nonADD � JP groups for the clinical and
questionnaire categoric factors in the RDC/TMD ex-
amination index: patient’s age, ROM, initial severity
of JP (VAS), psychological status (depression and

Table III. Comparing the ADD � JP and nonADD �
Classification n

Age, y ADD � JP 17
nonADD � JP 22

ROM (unassisteda), mm ADD � JP 17
nonADD � JP 22

ROM (assistedb), mm ADD � JP 17
nonADD � JP 22

VAS (restc) (0-100) ADD � JP 17
nonADD � JP 22

VAS (mod) (0-100) ADD � JP 17
nonADD � JP 22

VAS (chewe) (0-100) ADD � JP 17
nonADD � JP 22

Joint effusion (0-4) ADD � JP 17
nonADD � JP 22

CPG (0-4) ADD � JP 17
nonADD � JP 22

Depression (0-4) ADD � JP 17
nonADD � JP 22

NSPS (P�) (0-4) ADD � JP 17
nonADD � JP 22

NSPS (P�) (0-4) ADD � JP 17
nonADD � JP 22

ADD, Articular disc displacement without reduction; JP, joint pain;
NSPS, nonspecific physical symptoms; P�, pain included; P�, pain
aOn assisted mouth opening.
bOn unassisted mouth opening.
cAt rest.
dOn mouth opening.
eWhile chewing.
NSPS), and psychosocial level of function (chronic
pain grade). Differences of P � .05 were considered
to be significant.

RESULTS
Thirty-one patients were diagnosed with ADD (IIb and
IIc) based on the diagnostic classification of the RDC/
TMD clinical examination, and the other 27 with non-
ADD (without IIb and IIc). Statistical analysis of the
data disclosed an agreement rate of only 53.4% be-
tween the RDC/TMD diagnosis and the MRI clinical
diagnosis of ADD. The subjects classified into ADD �
JP totaled 17 and into nonADD � JP totaled 22. Con-
sequently, 29.3% of the subjects with ADD on the MRI
examination had ADD � JP, and 37.9% had nonADD �
JP based on the RDC/TMD clinical examination. The
average subject age was 37.9 � 11.1 years in the ADD �
JP group and 53.8 � 12.9 years in the nonADD � JP
group, and the age of patients was significantly lower in
the ADD � JP group than in the nonADD � JP group.

The results of comparing the ADD � JP and non-
ADD � JP groups for each clinical and questionnaire
categoric factor in the RDC/TMD examination index
are presented in Table III.

Determining the variations among the subjects, a

ups for each clinical and questionnaire categoric factor
Mean SD SE 95% CI

37.94 11.07 2.68 32.25-43.64
53.82 12.91 2.75 48.09-59.54
30.29 2.44 0.59 29.04-31.55
34.36 4.57 0.95 32.34-36.39
32 2.09 0.5 30.92-33.08
36.4 4.3 0.92 34.5-38.32
20.06 22.02 5.34 8.74-31.38
29.86 26.01 5.55 18.33-41.40
54.12 25.97 6.3 40.77-67.47
51.64 22.95 4.89 41.46-61.81
62.06 20.61 4.99 51.46-72.66
48.32 25.11 5.35 37.19-59.45
2 0.93 0.22 1.42-2.2
2.14 0.94 0.2 1.51-2.3
1.59 0.8 0.19 1.18-2.0
2 0.62 0.13 1.73-2.27
0.62 0.75 0.18 0.24-1.01
0.64 0.39 0.08 0.49-0.81
0.49 0.65 0.18 0.15-0.82
0.65 0.56 0.12 0.40-0.90
0.4 0.68 0.17 0.05-0.75
0.57 0.52 0.11 0.33-0.80

ange of motion; VAS, visual analog scale; CPG, chronic pain grade;
ed.
JP gro

ROM, r
exclud
strong positive correlation was found between ROM on
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maximum assisted mouth opening and VAS (mouth
opening), and between ROM on maximum assisted
mouth opening and VAS (chewing) in the ADD � JP
group (Table IV). In the nonADD � JP group, a strong
positive correlation was found between the NSPS and
VAS (mouth opening), and between CPG and VAS

Fig. 1. Relationship between disc displacement and config
variance. Differences between individual groups were estim
Articular disc displacement without reduction; JP, joint pain

Table IV. Variables identified by stepwise regression
ADD � JP group

Model Variable R R2
Unstan

coeffi

VAS (moa) ROM (assisted) 0.893 0.786
VAS (restb) Depression 0.745 0.556 2
VAS (chewc) ROM (assisted) 0.944 0.891

Abbreviations as in Table III.
aOn mouth opening.
bAt rest.
cWhile chewing.

Table V. Variables identified by stepwise regression
nonADD � JP group

Model Variable R R2
Unsta

coe

VAS (moa) ROM (unassisted) — —
NSPS (P�) 0.923 0.838

VAS (restb) NSPS (P�) 0.823 0.663
VAS (chewc) CPG 0.897 0.795

Abbreviations as in Table III.
aOn mouth opening.
bAt rest.
cWhile chewing.
(chewing) (Table V).
The configuration of the articular discs in the 17
subjects diagnosed with ADD � JP was biconcave in
64.7%, which was a significantly higher prevalence
than in those diagnosed with nonADD � JP (Figure 1).
The data revealed a relationship between JP relative to
ADD and nonADD and CPG (Figure 2). In particular,

n. Significant differences were determined by analysis of
ith the use of Fisher least significant difference test. ADD,

sis as a correlation between VAS and other factors in

ed
)

Unstandardized
coefficient (SE)

Standardized
coefficient (�) t P value

0.209 0.893 7.956 .001
5.093 0.745 4.473 .001
0.295 0.530 3.651 .002

is as a correlation between VAS and other factors in

zed
(�)

Unstandardized
coefficient (SE)

Standardized
coefficient (�) t P value

0.208 0.699 5.451 .001
9.466 0.276 2.152 .044
6.363 0.823 9.729 .001
2.506 0.897 9.282 .001
uratio
ated w
analy

dardiz
cient (�

1.663
2.779
1.079
analys

ndardi
fficient

1.136
20.375
42.319
23.26
a significant difference was noted between the ADD �
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JP and nonADD � JP groups in CPG 1 (low disability,
low intensity) and CPG 2 (low disability, high inten-
sity). Therefore, the prevalence of CPG 2 was signifi-
cantly higher in the nonADD � JP group than in the
ADD � JP group (Figure 3).

DISCUSSION
Pain in the TMJ is often attributed to ADD. Such
patients usually have restricted mouth opening and JP.
However, ADD is not always responsible for the JP,
because it is occasionally present in cases in which the
disc is greatly displaced, presumably not associated
with jaw movement pain.22 The RDC/TMD does not

Fig. 2. Relationship between JP relative to ADD and graded

Fig. 3. Relationship between JP relative to ADD and CPG s
and 2.
involve imaging, and a diagnosis of disc displacement
is made on the basis of clinical findings only. Barclay et
al.10 have shown that diagnostic agreement between
MRI and the RDC/TMD was 53.8%, and most of the
disagreement was due to false negative diagnoses of
asymptomatic joints. Our study showed an agreement
rate of 53.4% between the RDC/TMD and MRI clinical
diagnoses of ADD. However, our study was different
from Barclay et al.’s in that all subjects had a history of
restricted mouth opening and JP, and subjects who did
not correspond to any clinical diagnoses in RDC/TMD
axis I were excluded. Therefore, it is necessary to
demonstrate whether MRI diagnoses are affected by
joint symptoms, particularly pain in the RDC/TMD.

ic pain grade scale (CPG). Abbreviations as in Figure 1.

omparing CPG 1 and CPG 2). Abbreviations as in Figures 1
cale (c
Look et al.20 indicated that reliability estimates for
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myofacial pain (Ia, Ib), disc displacements with reduc-
tion (IIa), and arthralgia (IIIa) were generally good, but
for disc displacements without reduction (IIb, IIc), os-
teoarthritis (IIIb), and osteoathrosis (IIIc) were poor.
Such results suggest that MRI examinations are desir-
able for providing images of the disc and condylar
abnormality and call into question the reliability of
diagnoses of disc displacements without reduction (IIb,
IIc), osteoarthritis (IIIb), and osteoathrosis (IIIc) in the
RDC/TMD. Clark et al.16 stressed the necessity of
visualizing of the disc to categorize disc displacement
in the RDC/TMD. Joint problems involving JP can be
interpreted as being due to articular disc displacement
to the condyle; however, reliability of a clinical diag-
nosis of internal derangement is never high with the use
of diagnostic criteria for TMD,23 because it may be
difficult to identify and establish distinctive symptom-
atic clinical parameters to distinguish internal derange-
ment from other joint diseases. Therefore, great care
must be taken in the diagnosis of JP, and the specifies
of the pain should be examined as accurately as possi-
ble regarding whether it is related or not related to
articular disc displacement in the RDC/TMD so as not
to interfere with appropriate treatment for pain relief.

Our study suggests that such pain, regarded as unre-
lated to disc displacement, is reflected in the duration of
the illness. JP unrelated to disc displacement (nonADD �
JP) was shown not to be exceptional compared with JP
related to disc displacement (ADD � JP); however, it
was demonstrated that the average patient age and CPG
in the nonADD � JP group was significantly higher
than in ADD � JP group, and a strong positive corre-
lation was found between NSPS and VAS (mouth
opening), and between CPG and VAS (chewing) in the
nonADD � JP group. Additionally, disc deformation
showed a significantly higher prevalence in subjects
with nonADD � JP than those with ADD � JP. These
results suggest that JP related and unrelated to disc
displacement can indicate different types of disease, not
only on the basis of the clinical signs, which are char-
acterized as a disturbance of mouth opening or jaw
movement abnormality, but also from differences in the
patient’s age, deformation of the discs, and the effect of
psychosocial disability and psychologic status.

Patients with an image diagnosis of degenerative
bony changes of the condylar surfaces accompanied
with crepitus sounds were excluded as subjects of the
present study because, assuming that JP is produced
from degenerative bony change, it is difficult to deter-
mine whether disc displacement is causing the JP. We
reported previously that pathologic bony changes of the
condylar surfaces, such as erosion, tend to induce ad-
vanced disc displacement and JP in patients with os-

teoarthrosis of TMJ24-26; however, crossover diagnoses
of arthralgia (IIIa) and osteoarthritis (IIIb) or osteoath-
rosis (IIIc) can not be made, despite a diagnosis of disc
displacements without reduction (IIb, IIc) in addition to
arthralgia (IIIa) in the RDC/TMD. Therefore, it is con-
sidered that such a diagnostic classification in the RDC/
TMD prevents the distinction of JP related to osteoar-
throsis or osteoarthritis from unrelated JP.

The assumption that disc displacement without re-
duction can cause JP is now widely accepted; however,
whether this hypothesis can be proved is open to dis-
cussion because of JP in patients diagnosed without
ADD based on the RDC/TMD despite confirming disc
abnormality by MRI. A future direction of this study
will be to provide more evidence to support these
results.

CONCLUSION
JP in patients diagnosed with and without ADD accord-
ing to the RDC/TMD can indicate different types of
disease, not only on the basis of the clinical signs,
which are characterized as disturbance of mouth open-
ing or jaw movement abnormality, but also from dif-
ferences in the patient’s age, deformation of the disc,
and the effects of psychosocial disability and psycho-
logic status.
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