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Diagnostic validity of clinical protocols to assess
temporomandibular disk displacement disorders:
a meta-analysis
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Objective. To evaluate the diagnostic validity of clinical examination protocols compared with magnetic resonance imaging

(MRI) in adults with temporomandibular joint disk displacement disorders.

Study Design. According to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, a

systematic review was undertaken using a selection process in 2 phases; 283 different references were identified, and 10

articles were included for qualitative analysis and 7 for meta-analysis. Temporomandibular joint disorders were assessed

through clinical diagnosis protocols with the aid of Research Diagnostic Criteria for Temporomandibular Disorders, Diagnostic

Criteria for Temporomandibular Disorders, or Clinical Diagnostic Criteria for Temporomandibular Disorders. The authors

searched the following electronic databases: Cochrane, LILACS, PubMed, Science Direct, SCOPUS, and Web of Science.

Additional search of gray literature was performed. Selected studies were evaluated by using the Quality Assessment Tool for

Diagnostic Accuracy Studies-2. Two subgroups were analyzed: Disk displacement with reduction (DDwR) and disk

displacement without reduction (DDwoR).

Results. The validity of clinical protocols compared with MRI performed in studies evaluating only DDwR presented

sensitivity of 44% (39%-49%) and specificity 51% (46%-57%). In studies evaluating only DDwoR, sensitivity was 22%

(16%-30%) and specificity 93% (85%-98%). The area under the curve value for validity of clinical protocols in all studies

was 0.63, 0.56 for studies evaluating DDwR and 0.64 for studies evaluating DDwoR. Area under the curve values were

considered poor.

Conclusions. Clinical examination protocols have poor validity to diagnose DDwR and DDwoR compared with MRI. MRI

should be used to increase the diagnostic accuracy when the information provided can influence clinical decisions. (Oral Surg

Oral Med Oral Pathol Oral Radiol 2016;122:572-586)
Temporomandibular disorder (TMD) is an umbrella
term, embracing conditions that involve the temporo-
mandibular joint (TMJ) and/or the masticatory muscles
and the associated structures.1 TMD signs and symptoms
include pain, which is usually aggravated by function;
muscle tenderness to palpation; mouth opening
limitation; and joint sounds, such as clicking, popping,
and crepitus.2 The prevalence of TMD is about 5% to
12%,3 and about 16% of patients require treatment.4
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TMD is a condition that used to be diagnosed on a
clinical basis, and the well-defined Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/
TMD)5 has been available since 1992.6 Furthermore, in
2014, the same RDC consortium published an update for
a new evidence-based assessment protocol, the Diag-
nostic Criteria for Temporomandibular Disorders (DC/
TMD),7 which can be implemented immediately in a
Statement of Clinical Relevance

In adults with intracapsular temporomandibular
disorder, the clinical examination protocols Research
Diagnostic Criteria for Temporomandibular Disor-
ders, Diagnostic Criteria for Temporomandibular
Disorders, and Clinical Diagnostic Criteria for
Temporomandibular Disorders have poor validity to
diagnose disk displacement with reduction and disk
displacement without reduction compared with
magnetic resonance imaging, which should be used
to increase the diagnostic accuracy when the results
of this kind of examination could change the treat-
ment protocol.
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clinical and research setting. In 2016, the RDC/TMD
Consortium agreed that the TMJ diagnostic criteria
should be reformulated and that imaging requirements
of disk displacement might be further reviewed on the
basis of cost and the disorder’s impact.8 The indication
for magnetic resonance imaging (MRI) and the real
necessity of a definitive disk displacement diagnosis
should be based on how imaging may influence the
treatment of and prognosis for the patient. MRI has
since been established as the gold standard in the
diagnosis of TMJ disk displacement.9,10

Studies on diagnostic accuracy providing a carefully
considered methodology should be encouraged to enable
identification of biases and to ascertain the clinical appli-
cability of the results.11 In 2012, a systematic review of
observational studies aiming to determine the diagnostic
validity of clinical measurements for internal
derangement relative to MRI findings was published.12

The search of this systematic review included reports
published up to 2009. Instead of investigating the clinical
protocols as an outcome in itself, the authors of this
review aimed to assess the validity of different clinical
measurements in the diagnosis of TMJ disorders.
Although some of the clinical measurements are part of
important protocols, such as RDC/TMD, DC/TMD, or
Clinical Diagnostic Criteria for Temporomandibular
Disorders (CDC/TMD),13 the authors did not consider
any of them a standardized unique protocol so the
validity of a clinical diagnostic protocol compared with
MRI has not been evaluated yet.

The purpose of this systematic review was to answer
the following focused question: In adults with TMJ disk
displacement disorders, what is the diagnostic validity
of clinical protocols compared with MRI?

MATERIALS AND METHODS
This systematic review was performed in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Checklist.14

The systematic review protocol was registered at the
International Prospective Register of Systematic
Reviews15 (CRD42015027885).15
Study design
A systematic review of human studies that evaluated
the diagnostic validity of clinical protocols compared
with MRI (gold standard) in adults with TMJ disk
displacement disorders was undertaken.
Eligibility criteria
Studies evaluating the diagnostic accuracy of clinical
protocols to assess TMJ disorders in adults were included.
No language and time restrictions were applied. TMJ
disorders were assessed through clinical diagnosis
protocols with the aid of RDC/TMD,6,7 DC/TMD,7 or
CDC/TMD.13

Studies were selected in 2 phases. In phase 1,
assessment of titles and abstracts, the following
exclusion criteria were applied: (1) reviews, letters,
conference abstracts, editorials; (2) studies in children
(aged <18 years); (3) studies assessing patients with
muscular TMD only or mixed TMD; and (4) studies
not using RDC/TMD, DC/TMD, or CDC/TMD
criteria for TMD diagnosis. In phase 2, full text
reading, the following exclusion criteria were added:
(5) different target conditions; and (6) full paper copy
not available.

Information sources
Detailed individual search strategies were developed for
each of the following bibliographic databases:
Cochrane, LILACS, PubMed, Science Direct, SCO-
PUS, and Web of Science. A partial gray literature
search was undertaken using Google Scholar, Open-
Grey, and Proquest. Google Scholar search was limited
to the first 100 most relevant articles published in the
last 5 years. The end search date was January 4, 2016,
across all databases. The references cited in the selected
articles were also checked for any incremental refer-
ences that could have been inadvertently omitted during
the electronic database searches.

Search
Appropriate truncation and word combinations were
selected and adapted for each database search. More
information on the search strategies is provided in
Appendix 1 (available at www.oooojournal.net), which
can be found in the supplemental data in the online
version of this article. All references were managed
by reference manager software (EndNote X7.4,
Thomson Reuters, New York, NY), and duplicate hits
were removed.

Study selection
The selection was completed in 2 phases. In phase 1, 3
reviewers (Y.M.P., L.Q.P, and F.F.V.) independently
examined the titles and abstracts of all identified elec-
tronic database citations. Any studies that did not fulfill
the inclusion criteria were discarded. The same 3 re-
viewers (Y.M.P., L.Q.P, and F.F.V.) independently
participated in phase 2, that is, full text reading. The
reference lists of all the included articles were critically
assessed. Any disagreements in either phase were
resolved through discussion and mutual agreement. A
fourth author (J.S.N.) was involved when controversy
arose in the process of reaching a final decision. Final
selection was always based on the full text of the
publication.

http://www.oooojournal.net
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Data collection process
Three reviewers (Y.M.P., L.Q.P, and F.F.V.)
collected the required information from the selected
articles. A fourth author (J.S.N.) cross-checked all of
the collected information and confirmed its accuracy.
Again, any typographical error or disagreement was
resolved through discussion and mutual agreement
among the 4 reviewers. A fifth author (A.L.P) was
involved, as required, to reach a final decision about
the data.

Data items
For all included studies, the following descriptive
characteristics were recorded: references (authors, year
of publication, country); population characteristics
(sample, age in years); clinical diagnosis; MRI diag-
nosis; MRI acquisitions; and findings. When available,
the following complementary measurements were
recorded: prevalence, sensitivity, specificity, positive
predictive value (PPV), negative predictive value
(NPV), positive likelihood ratio (LRþ), negative like-
lihood ratio (LR�), and area under the curve (AUC).
The parameters and values considered for judging each
data item can be seen in Appendix 2 (available at www.
oooojournal.net).

Data synthesis
PPV, NPV, LRþ, and LR� were to be performed using
Review Manager 5.2 (Rev-Man 5.2, The Nordic
Cochrane Centre, Copenhagen, Denmark) for some of
the additional analysis, if necessary, following the
appropriate Cochrane Guidelines.5 If sufficient data were
obtained during development of the systematic review,
the diagnostic validity of clinical protocols of TMJ
disorders against MRI were combined through a meta-
analysis. Meta-analysis data were combined by using
random-effect models, with restricted maximum likeli-
hood estimation and the DerSimonian pooled method.
All statistical analyses were crude, without adjustment
for potential confounders. Validity measurements
described in data items were transformed to construct
receiver operating characteristic curves, graphs, and
forest plots with the aid ofMetaDisc 1.4 (Unit of Clinical
Biostatistics team of the Ramón y Cajal Hospital in
Madrid, Spain). Heterogeneity was calculated by
inconsistency indexes (I2), and a value greater than 50%
was considered an indicator of substantial heterogeneity
between studies. The significance level was set at 5.0%.5
Risk of bias in individual studies
Methodology of selected studies was evaluated using
the Quality Assessment Tool for Diagnostic Accuracy
Studies (QUADAS-2). QUADAS-2 is based on a
4-stage approach16: (1) define the scope; (2) review the
evidence base; (3) hold a face-to-face consensus
meeting; and (4) refine the tool through piloting. Three
reviewers (Y.M.P., L.Q.P, and F.F.V.) independently
scored the risk of bias as “low risk,” “high risk,” or
“unclear risk” and assessed the quality of each included
study. Disagreements among the 3 reviewers were
resolved through discussion. When they did not reach a
consensus, a fourth author (J.S.N.) made the final de-
cision about each question.
Analysis of subgroups
Subgroups analysis was performed by using the sub-
types of TMJ disorders, that is, disk displacement with
reduction (DDwR) and disk displacement without
reduction (DDwoR).
RESULTS
Study selection
In phase 1, 283 different citations were identified across
the 6 electronic databases (Cochrane, LILACS,
PubMed, Science Direct, SCOPUS, and Web of Sci-
ence). After duplicates were removed, we found 190
different citations. After a comprehensive evaluation of
these abstracts, 171 articles were excluded, and the
remaining 19 included. Additionally, 45 articles from
gray literature (35 citations from Google Scholar, 4
citations from OpenGrey, and 6 citations from Pro-
Quest) were also considered. Of these 45 articles from
gray literature, only 2 were deemed appropriate for
phase 2 assessment. Therefore, 21 articles were
retrieved for full text reading. Five more articles were
identified from the reference lists of these 21 study
reports, which might have been inadvertently missed by
the search procedures. From these 26 remaining studies,
16 articles were subsequently excluded (see Appendix
3, available at www.oooojournal.net) in phase 2 (full
text reading). Thus, only 10 studies were included in
the qualitative synthesis. Of those, only 7 presented
useful quantitative data for meta-analysis. A flow
chart of the identification process, inclusion, and
exclusion of studies is shown in Figure 1.
Risk of bias within studies
The selected studies were mostly heterogeneous. Two
studies17,18 were classified as being at low risk of bias,
62,11,19-22 presented moderate risk, and 21,23 were
classified as being at high risk. The majority of the
studies classified as being at moderate risk of bias had
at least 1 of the 4 domains of the QUADAS-2 tool
allocated as “unclear,” as they reported insufficient data
to allow for a clear judgment. Figure 2 provides more
information about the risk of bias within the studies.

http://www.oooojournal.net
http://www.oooojournal.net
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Fig. 1. Flow diagram of literature search and selection criteria.
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Results of individual studies
Studies included in the qualitative synthesis were
conducted in different countries: Austria,18 Brazil,11

Colombia,22 Germany,1 Iran,21, Italy,19,20 Spain,23

and the United States.2,17 Sample sizes ranged from
3017 to 19419 participants, and the age of participants
ranged from 1824 to 72 years.19,20 Nine studies re-
ported using the RDC/TMD protocol. One study22

used the DC/TMD, and another24 used the CDC/
TMD.



Fig. 2. Results from QUADAS-2 study quality assessment.
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The clinical diagnosis investigated was as follows:
normal disk position, DDwR,2,11,18,20-22 and
DDwoR11,20-22 Other subgroups were considered just for
qualitative analysis: arthralgia11,17,21 and osteoarthritis/
osteoarthrosis.11,21,23 One author1 did not group the
patients according to the RDC/TMD clinical diagnosis;
instead, they were classified into 2 groups: “joint
pathology” and “no joint pathology.”

Table I summarizes the descriptive characteristics
and the results of the individual studies.

Synthesis of results
A meta-analysis of the 7 studies that reported enough
quantitative data was conducted.2,11,18-22 Table II
provides the data extracted from articles that provided
complementary measurements (sensitivity, specificity,
PPV, NPV, LRþ, and LR�).

Three meta-analysis were performed: (1) validity of
clinical protocols compared with MRI (gold standard)
performed on all studies (10 quantitative results extracted
in 7 studies); (2) validity of clinical protocols for only
studies evaluating DDwR (n ¼ 5); and (3) validity of
clinical protocols for only studies evaluating DDwoR
(n ¼ 3). The diagnostic validity (sensitivity, specificity,
LRþ, LR�, diagnostic odds ratio (DOR), and 95%
confidence interval [CI]) of the studies included for meta-
analysis is shown in Figure 3.

Total analysis. The heterogeneity found among the
studies was high. The inconsistency index (I2) ranged
from 85.10% to 95.90%. The pooled sensitivity and
specificity for different selected studies were 48%
(44%-51%) and 55% (50%-59%), respectively.

DDwR. The heterogeneity found among the studies
was high, with the inconsistency index I2 ranging from
89.30% to 94.60%. The pooled sensitivity and speci-
ficity for different selected studies were 44% (39%-
49%) and 51% (46%-57%), respectively.

DDwoR. The heterogeneity found among the studies
was high, with the inconsistency index I2 ranging from
3.80% to 84.30%. The pooled sensitivity and specificity
for different selected studies were 22% (16%-30%) and
93% (85%-98%), respectively.
In addition, we chose to showcase the meta-analysis
results in receiver operating characteristic curves and
AUCs (Figure 4). Because of differences in subgroups
classification, no cutoff point measures were justified,
and thus no threshold effect was possible; therefore, a
symmetric curve was applied. Accordingly, the AUC
value for the validity of the clinical protocols in all of
the studies was 0.63, 0.56 for the studies evaluating
DDwR and 0.64 for studies evaluating DDwoR. AUC
values were considered poor.

Risk of bias among studies
The main methodologic limitations were related to the
poor reporting of domain 1 (patient selection) and
domain 4 (flow and timing), from the QUADAS-2
tool.25 Three studies19,20,22 (42.85%) did not specify
the period between clinical examination and MRI per-
formance, which indicated that natural history could
have changed the condition.
DISCUSSION
This systematic review investigated the available evi-
dence about the diagnostic validity of clinical exami-
nation protocols from RDC/TMD, DC/TMD, or CDC/
TMD in adults compared with MRI, which is the gold
standard, to detect TMJ disk displacement disorders.
The results showed low sensitivity, which indicated that
clinical examination protocols have poor validity to
diagnose DDwR and DDwoR compared with MRI.
However, the clinical protocols presented enough val-
idity in detecting healthy individuals among patients
diagnosed as having DDwoR.

Diagnostic criteria for TMD with simple, clear, reli-
able, and valid operational definitions for the history,
examination, and imaging procedures are needed to
render physical diagnoses.7 Because of the high
prevalence of TMDs in the general population, it has
been recommended that TMD diagnostic tests have a
specificity greater than 95% and a sensitivity greater
than 70% to minimize false-positive results and thus
prevent overtreatment.6

The ideal diagnostic test should always provide the
correct answer, that is, a positive result in patients with
the disease and a negative result in individuals without
it. A highly sensitive instrument is important for the
clinician to arrive at a clear diagnosis. A test with low
specificity could lead to unnecessary treatment in
healthy individuals.26

MRI represents the current gold standard for diag-
nostic imaging of soft tissues.9,10 It is a noninvasive
tool with some limitations that could influence the
final diagnostic outcome, such as the lack of stan-
dardization concerning the range of mouth opening,
and even the parameters for image acquisition, such as



Table I. Summary of descriptive characteristics of studies in included articles (n ¼ 10)

Author, year Country
Sample (no. and

gender)

Age, yr
mean � SD
(range) Clinical diagnosis MRI diagnosis MRI acquisitions

Results and diagnostic
agreement value Conclusions

Barclay et al.,
19992

USA 78 joints in 39 patients
(35 female, 5 male;
1 subject with no
gender description
was excluded)

34.9 (21-68) DDwR in at least
one TMJ (IIa)

DDwR, DDwoR,
normal disk
position or not
determined

- T: 1.5
- TE: 31/effective
- TR: 2400 ms
- FV: 12 cm
- M: 512 X 256
- ST: 2.2 mm, with a
skip of 0.3 mm and
6 slices on each side

Diagnostic agreement
RDC/TMD and MRI
was 53.8%.

k-value for agreement was
0.36.

A positive RDC/TMD
examination is
predictive for internal
derangement but not
reliable with regard to
the type of disk
displacement;
examination is of
limited value in
determining the true
disk position and its
functional
movements.

Shaefer et al.,
200117

USA 30 females
TMJ arthralgia group

(n ¼ 14) and the
control group
(n ¼ 16)

TMJ arthralgia
group:
31.3 � 9.0

Control group:
31.6 � 6.0

Arthralgia (IIIa) Effusion - T: NA
- TE: NA
- TR: NA
- FV: 10 cm or less
- M: NA
- ST: NA

TMJ effusions were
detected in 24 of 28
TMJ MRI scans (85%)
in patients with
arthralgia and 23 of 32
TMJ MRIs (72%) in
patients without
arthralgia.

The reliability of the
radiologist to detect
TMJ effusions and disk
diagnoses yielded k
coefficients of 0.85 and
0.74, respectively.

MRI-identified
effusions lack
adequate specificity
relative to a diagnosis
of TMJ arthralgia.

The diagnostic value of
the finding of MRI
effusions to establish
the source of a
patient’s pain
complaint is
inadequate.

In an individual with
MRI-depicted TMJ
effusions, the
clinician should
consider this an
indication of
increased joint fluid
with no predictable
relationship to TMJ
pain.

Emshoff et al.,
200218

Austria 168 joints in 84
patients (69
females/15 males)

35.5 � 12.0
(18-65)

DDwR (IIa)
Used CDC/TMD

instead RDC/
TMD

Normal disk
position, DDwR
and DDwoR

- T: 1.5
- TE: 15 ms
- TR: 2800 ms
- FV: 145 mm
- M: 512 � 256

Agreement in DDwR was
47.6%, and the k value
0.05%.

The k value for internal
derangement rated

Validation of the CDC/
TMD system has
failed to prove the
subgroup IIa valuable
predictor of

(continued on next page)
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Table I. Continued

Author, year Country
Sample (no. and

gender)

Age, yr
mean � SD
(range) Clinical diagnosis MRI diagnosis MRI acquisitions

Results and diagnostic
agreement value Conclusions

- ST: 3 mm 0.10, indicating poor
agreement of the
clinician and MRI
diagnoses of internal
derangement and
DDwR.

MRI-related
diagnosis of TMJ
DDwR. Patients
assigned a clinical
TMJ-related
diagnosis of internal
derangement may
need to be
supplemented by
evidence from MRI
to determine the
functional diske
condyle relationship.

Schmitter et al.,
20061

Germany 76 joints in 40 patients 21 patients
(39.12 � 16.7)
who had
complained
exclusively of
arthrogenic
problems and
19 patients
(40.00 � 15.95)
who did not
complain about
arthrogenic
problems.

- Clinical
examination was
performed strictly
according to the
RDC/TMD

- Joint pathology
and no joint
pathology

“Deformation of the
condyle” and “No
deformation of
the condyle.”

- T: 1.5
- TE: 10.2 ms
- TR: 208 ms
- FV:
120 mm � 120 mm

- M: 256 � 256
- ST: 3 mm

The interrater reliability
for the assessment of
the condition of the
TMJ in MRIs
demonstrated an
acceptable agreement
(k ¼ 0.7).

PRs are not a reliable
method of accurately
judging the presence
of joint-related TMD.

Manfredini et al.,
200819

Italy 194 patients (153
females/47 males)

55.3 (18-72) - RDC/TMD
- DDwR
(IIa) Presence of
TMJ click sound

Superior (normal)
disk position,
DDwR and
DDwoR

- T: 1.5
- TE: 16 ms
- TR: 340 ms
- FV: 15 cm
- M: 256 � 192
- ST: 3 mm

Agreement in the DDwR
group was 45.6%.
Among the 90 DDwR
MRI-diagnosed joints,
click has been observed
in 41 joints (45.6%),
whereas in the
remaining 49 of 90
joints (54.4%) no click
sounds were revealed.

A click sound has been
clinically detected in 56
of 165 joints (33.9%)
that have been

There is a weak form of
dependence between
click and MRI
diagnosis, and the
MRI diagnosis of
DDwoR seems to be
more positively
associated with the
presence of click
sounds than the other
categories, which did
not show significant
positive associations
with click (i.e., there

(continued on next page)
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Table I. Continued

Author, year Country
Sample (no. and

gender)

Age, yr
mean � SD
(range) Clinical diagnosis MRI diagnosis MRI acquisitions

Results and diagnostic
agreement value Conclusions

classified as having a
normal diskecondyle
relationship by MRI.
Among the 133
DDwoR MRI-
diagnosed joints, the
proportion of joints
showing click was 65
of 133 (48.9%).

is negative
association between
click presence and
normal disk position
and no association
between click
presence and DDwR
joints).

Manfredini,
Guarda-
Nardini,
200820

Italy 232 TMJs of 116
patients (88
females/28 males)

48.6 (18-65) DDwR (IIa);
DDwoR (IIb and
IIc)

Superior (normal)
disk position (N);
DDwR (IIa);
DDwoR (IIb and
IIc)

- T: 1.5
- TE: 16 ms
- TR: 340 ms
- FV: 15 cm
- M: 256 � 192
- ST: 3 mm

MRI showed that the
resulting k values for
the agreement between
RDC/TMD and MRI
diagnoses were 0.69 for
DDwR and 0.57 for
DDwoR. The overall
k value was 0.63.

DDwR in 82 of the 232
TMJs (35%) and
DDwoR in 48 of 232
(21%). A normal
superior disk position
was diagnosed in 102
of 232 joints (44%).

The observation that
clinically predicted
cases of DDwR and
DDwoR show good
to excellent
agreement with MRI
findings, and the
potential MRI
overdiagnosis of
DDwR and DDwoR
in the absence of
clinical symptoms,
support the usefulness
of a standardized
examination
conducted by an
investigator trained in
the evaluation of
patients with TMD.

Galhardo et al.,
201311

Brazil 67 patients (all
female)

60.1 � 3.1 DDwR (IIa);
DDwoR and limited

mouth opening
(IIb);

DDwoR and without
limited mouth
opening (IIc);

Arthralgia (IIIa);
Osteoarthritis (IIIb);
Osteoarthrosis (IIIc)

The radiologists’
detailed criteria
for this study
were as follows:

(1) normal disk
position (open
mouth); (2) IIa;
(3) IIb or IIc; (4)
IIIb or IIIc.

- T: 3.0
- TE: 8.6 ms (sagittal,
closed-mouth posi-
tion); 25 ms (coronal
and sagittal proton
density, closed-
mouth position);
224 � 168 cm
(sagittal, closed-
mouth position);
14 ms (sagittal
dynamic).

Of the 67 patients analyzed
in this study, 44 (66%)
showed articular TMDs
and 23 (34%) had no
clinically diagnosable
characteristics. Of the
clinical diagnosis, 32%
(21 of 67) did not agree
with imaging findings,
whereas 68.0% (46 of
67) were confirmed by
MRI.

MRI does not always
detect features that
could be related to the
clinical diagnoses of
arthralgia. RDC/
TMD is a good
research tool, but the
high rate of false-
positive results limits
its use in clinical
practice.

(continued on next page)
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Table I. Continued

Author, year Country
Sample (no. and

gender)

Age, yr
mean � SD
(range) Clinical diagnosis MRI diagnosis MRI acquisitions

Results and diagnostic
agreement value Conclusions

- TR: 550 ms
(sagittal T1
(closed-mouth
position); 1500 ms
(coronal and sagittal
proton density,
closed-mouth posi-
tion); 41 ms
(sagittal dynamic).

- FV: NA
- M: 224 � 160 cm
(sagittal, closed-
mouth position);
200 � 152 cm
(coronal proton
density, closed-
mouth position);
224 � 168 cm
(sagittal, closed-
mouth position);
172 � 127 cm
(sagittal dynamic).

- ST: 3 mm

Imanimoghaddam
et al., 201421

Iran 80 joints in 40 patients
Study group: 26

patients (20 female/
6 male) with
unilateral or
bilateral TMJ click

Control group: 14
patients (10 female/
4 male)

Study group:
26.5 � 6.4

Control group:
28.4 � 7.5

DDwR (IIa);
DDwoR with
limited opening
(IIb); DDwR
without limited
opening (IIc);
Arthralgia (IIIa);
Osteoarthritis of
the TMJ (IIIb);
OA of the TMJ
(IIIc)

Normal disk
position, DDwR,
DDwoR,
effusion, and
osteoarthritis

- T: 1.5
- TE: 42 ms (PD) and
73 ms (T2)

- TR: 3400 ms
- FV: 14 cm
- M: 512 � 512
- ST: 3 mm

From 42 patients with click
sound and DDwR by
RDC/TMD, only 47%
was confirmed by the
MRI.

Out of 80 joints, 48 (60%)
were normal concerning
disk position while
DDwR prevalence was
shown to be 35% (28), as
opposed to a mere 4
(5%) for DDwoR

There was a significant
correlation between
effusion and disk
position on MRI
(P ¼ .006).

The correlation between
the presence of click
and disk
displacement, disk
deformity and
effusion emphasizes
the importance of
MRI for an accurate
diagnosis and
development of an
appropriate treatment
plan in these cases
and shows that
clinical examination
is not sufficient for
these purposes.

(continued on next page)

O
R
A
L
M
ED

IC
IN

E
O
O
O
O

580
P
upo

et
al.

N
ovem

ber
2016



Table I. Continued

Author, year Country
Sample (no. and

gender)

Age, yr
mean � SD
(range) Clinical diagnosis MRI diagnosis MRI acquisitions

Results and diagnostic
agreement value Conclusions

Poveda-Roda
et al., 201523

Spain 168 joints in 84
patients with TMJ
disease.

76 females (90.5%)/8
males (9.5%)

48.6 � 17.3 OA (IIIb or IIIc) OA - T: 1.5
- TE: NA
- TR: NA
- FV: NA
- M: NA
- ST: NA

OA was clinically
diagnosed based on the
RDC/TMD (coarse
crepitus) in 46 patients
(54.8%), and by MRI in
59 patients (70.2%).
The global concordance
between the 2
procedures for the
global patients was
41.7% (35 of 84), with
a k index of 0.19 (95%
CI: 0.06-0.33).
According to joints, the
global concordance was
62.5%, with a k index
of 0.21 (95% CI: 0.06-
0.36).

Panoramic radiography
has poor diagnostic
validity in
temporomandibular
osteoarthrosis when
taking MRI or clinical
criteria of RDC/TMD
as gold standards.

Osorio et al.,
201522

Colombia 36 patients (33
females/3 males)

Female: 31.0
(18-60)

Male: 39.0 (32-58)

DDwR (IIa);
DDwoR (IIb and
IIc)

NDP
DDwR (IIa);

DDwoR (IIb and
IIc)

- T: 1.5
- TE: 16 ms
- TR: 340 ms
- FV: 15 cm
- M: 256 � 192
- ST: 3 mm

Agreement k index 0.53
for NDP, DDwR and
DDwoR.

The RDC/TMD can be
considered reliable,
especially for the
DDwR; however,
invasive, permanent
or surgical treatments
would require
confirmation with
imagenologic
diagnoses to avoid
false-positive results.

CDC/TMD, clinical diagnostic criteria for temporomandibular disorders; DDwoR, disk displacement without reduction; DDwR, disk displacement with reduction; MRI, magnetic resonance imaging; NA, not
available; NDP, normal disk position; OA, osteoarthrosis; RDC/TMD, Research Diagnostic Criteria for Temporomandibular Disorders; SD, standard deviation; TMJ or TMD, temporomandibular joint or
temporomandibular disorder.
MRI acquisitions: FV, Field of view; M, matrix; PD, proton density; ST, slice thickness; T, Tesla; T2, T2-weighted; TE, echo time; TR, repetition time.
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Fig. 3. Forest plot with the diagnostic accuracy (sensitivity, specificity, LRþ, LR�, DOR and 95% CI) of each study. A, Total
analysis with all Studies; B, Only studies evaluating Disk Displacement with Reduction (DDwR); C, Only studies evaluating Disk
Displacement without Reduction (DDwoR).

Table II. Diagnostic capability values for each study

Author, year Diagnosis subgroup Prevalence (%) Sensitivity (%) Specificity (%) PPV NPV LRþ LR�
Barclay et al., 1999 A2 DDwR 53 78 51 0.65 0.66 1.60 0.42
Barclay et al., 1999 B2 DDwoR 34 10 94 0.50 0.66 1.90 0.95
Emshoff et al., 200218 Both 64 87 28 0.68 0.54 1.21 0.45
Manfredini et al., 200819 DDwR 38 27 49 0.25 0.51 0.53 1.47
Manfredini and

Guarda-Nardini, 2008 A20
DDwR 75 38 81 0.86 0.30 1.97 0.77

Manfredini and Guarda-
Nardini, 2008 B20

DDwoR 74 18 100 1.00 0.30 N 0.82

Galhardo et al., 201311 Both 52 83 53 0.66 0.74 1.77 0.32
Imanimoghaddam et al.,

201421
DDwR 53 51 18 0.42 0.25 0.63 2.58

Osorio et al., 2015A22 DDwR 57 57 70 0.72 0.55 1.94 0.60
Osorio et al., 2015-B22 DDwoR 64 88 60 0.80 0.74 2.22 0.19

DDwR, disk displacement with reduction; DDwoR, disk displacement without reduction; Both, DDwR and DDwoR; LRþ, positive likelihood ratio;
LR�, negative likelihood ratio; PPV, positive predictive value.
Data not available in the original article. We calculated data from information available in the article. The use of A and B designations for some
references refer to different subsets created by the authors to analyze subgroups.
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surface coil, time of repetition, field of view, and slice
thickness.27

In the protocols investigated in this review, the
clinical examination involves a cluster of
measurements, such as palpation, range of motion
measurement, and detection of joint sounds. The
features clinically characterizing the articular diag-
nostic groups are simplified: (1) the presence of click



Fig. 3. (continued).
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sound for DDwR, (2) limitation of mouth opening
and absence of joint sounds for DDwoR, (3) pain on
joint palpation for arthralgia, and (4) crepitation for
osteoarthritis or osteoarthrosis. However, according
to a recent meta-analysis, the majority of the clinical
tests studied were of little importance in determining
the presence or absence of TMJ disorders. Contrary
to the standard criteria, click sounds did not
demonstrate significant importance in detecting
DDwR.12

For the most commons muscular TMD, RDC/TMD
has acceptable reliability.28 However, the agreement
between clinical and imaging diagnoses for articular
pathologies varied among studies2,11,18-20,22,23 and
seemed to depend on the calibration of examiners and
the diagnostic subgroup observed.

Concerning TMJ disk displacement disorders, the
RDC/TMD validation project asserts the validity
without imaging for DDwR as having a sensitivity of
38% and a specificity of 98% when intermittent locking
was present and a sensitivity of 80% and a specificity of
97% in patients with limited opening. For DDwoR, a
sensitivity of 34% and a specificity of 92% were
confirmed.7 In all cases, imaging was the reference
standard for this diagnosis.8

The result of our meta-analysis showed low pooled
sensitivity and specificity for clinical protocols, which
indicated their poor diagnostic validity in disk
displacement disorders. In analyzing subgroups, the
results were similar for studies evaluating only DDwR.
For studies evaluating only DDwoR, the pooled sensi-
tivity was much lower than the reference, but the
specificity was high (93%), which indicated that the
clinical protocol is able to avoid false-positive cases and
thus identify healthy patients.

The sensitivity and specificity requirements for
diagnosis are often different among researchers per-
forming a clinical trial and among clinicians treating
patients. Researchers need inclusion criteria with high
specificity at the expense of sensitivity, which can result
in a homogeneous test population with a high proba-
bility of having the disease in question. In contrast,
clinicians need to identify patients presenting the entire
spectrum of a particular disease. This will likely require
high sensitivity at the expense of specificity.

Some authors suggest that clinical examination
does not allow for an accurate assessment of the
diskecondyle relationship, but for clinical purposes,
the necessity for correct treatment with regard to
relieving symptoms, limiting damage, and recovering
function should guide practitioner decisions. Thus,
although a clinical examination is considered insuf-
ficient to determine disk position, imaging should
only be performed after a whole physical examination
indicates that more information is necessary and if the
information provided by the MRI is likely to change
the clinician’s diagnosis.29 Furthermore, the use of
MRI may increase the number of false-positive



Fig. 3. (continued).
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results, as it could show disk displacement in
asymptomatic individuals.11,20,23,30

Clinicians must be cautioned against unnecessary
treatment of subclinical disease based on the presence
of benign signs and symptoms that are very common in
the general population.3 However, in symptomatic
individuals, the correct diagnosis may increase the
efficacy of therapy and improve patient outcome.
More accurate diagnosis provided by imaging allows
the clinician to plan treatment if the information can
influence the choice of therapy. In these patients,
assessing the disk position has a primary role in
evaluating the status of a TMD. In addition, because
symptoms differ in perception, vary during the day,
and are affected by general disease or psychosocial
factors, it is hard to distinguish the stages of disease
progression.31

Mainly for patients with DDwR, some studies have
suggested that joint clicking sound is not an accurate
sign.19,12,31 This meta-analysis showed the lowest
sensitivity and specificity for this subgroup clinical
diagnosis. If we assume that joint sounds have multiple
causes (reduction, osseous changes, cartilaginous
changes), then MRI can deliver precise information and
thereby support therapy in uncertain cases.31

For the DDwoR subgroup, the results of this meta-
analysis demonstrated that the clinical protocol could
be useful for the first trial of a clinical plan, to avoid
false positive results and overtreatment.

Our systematic review had 2 main limitations.32

First, we detected statistical heterogeneity among the
included studies. The studies differed mostly in
methodologic quality, patients’ clinical spectrum, and
interpretation of results. Second, we included one
study19 that evaluated clinical tests as part of RDC/
TMD; however, the clinical diagnosis proposed was
not based on RDC but on the patient’s symptoms, for
example, the “click sound,” which was used as a
parameter to classify DDwR. This study was not
excluded because, according to the author, the click
sound has to be considered to be positively associated
with a DDwR diagnosis.

This review highlights that fact that in a clinical
setting, diagnostic protocols allow for the differenti-
ation of healthy patients from those with disorders,
which should reduce costs and complications. A
stronger and more accurate diagnosis, with the aid of
MRI, should be reserved for those few cases with
diagnostic difficulties or when the results of imaging
may influence treatment and prognosis for the
patient.
CONCLUSIONS
Clinical examination protocols have poor validity to
diagnose DDwR and DDwoR compared with MRI.
MRI imaging, however, should be only used to increase
the diagnostic accuracy when the information provided
can influence clinical decisions. Further studies with a
higher level of evidence and more representative sam-
ples should be conducted to better predict the validity of
clinical examination of TMJ disorders.



Fig. 4. Receiver operating characteristic (ROC) curves for each group. The number in the graphs refer to the articles reference
numbers. A, Total analysis with all Studies; B, Only studies evaluating Disk Displacement with Reduction (DDwR); C, Only
studies evaluating Disk Displacement without Reduction (DDwoR).
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