
The Research Diagnostic Criteria for Temporomandibular
Disorders. V: Methods Used to Establish and Validate
Revised Axis I Diagnostic Algorithms 

The Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD) are a widely employed diagnostic
protocol for TMD research.1 This taxonomic system includes

an Axis I physical assessment and diagnostic protocol and an Axis II
assessment of psychological status and pain-related disability. The
RDC/TMD Validation Project was conducted to comprehensively
characterize the reliability and the validity of the RDC/TMD Axis I
and II protocols.

The third article in this series of articles reported on the validity
of the original RDC/TMD Axis I protocol.2 None of the eight Axis
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Aims: To derive reliable and valid revised Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD) Axis I
diagnostic algorithms for clinical TMD diagnoses. Methods: The
multisite RDC/TMD Validation Project’s dataset (614 TMD com-
munity and clinic cases, and 91 controls) was used to derive
revised algorithms for Axis I TMD diagnoses. Validity of diagnos-
tic algorithms was assessed relative to reference standards, the lat-
ter based on consensus diagnoses rendered by two TMD experts
using criterion examination data, including temporomandibular
joint imaging. Cutoff points for target validity were sensitivity ≥

0.70 and specificity ≥ 0.95. Reliability of revised algorithms was
assessed in 27 study participants. Results: Revised algorithm sensi-
tivity and specificity exceeded the target levels for myofascial pain
(0.82, 0.99, respectively) and myofascial pain with limited opening
(0.93, 0.97). Combining diagnoses for any myofascial pain
showed sensitivity of 0.91 and specificity of 1.00. For joint pain,
target sensitivity and specificity were observed (0.92, 0.96) when
arthralgia and osteoarthritis were combined as “any joint pain.”
Disc displacement without reduction with limited opening demon-
strated target sensitivity and specificity (0.80, 0.97). For the other
disc displacement diagnoses, osteoarthritis and osteoarthrosis, sen-
sitivity was below target (0.35 to 0.53), and specificity ranged
from 0.80 to meeting target. Kappa for revised algorithm diagnos-
tic reliability was ≥ 0.63. Conclusion: Revised RDC/TMD Axis I
TMD diagnostic algorithms are recommended for myofascial pain
and joint pain as reliable and valid. However, revised clinical crite-
ria alone, without recourse to imaging, are inadequate for valid
diagnosis of two of the three disc displacements as well as
osteoarthritis and osteoarthrosis. J OROFAC PAIN 2010;24:63–78

Key words: reference standard, reliability, research diagnostic 
criteria, temporomandibular disorders, temporo-
mandibular muscle and joint disorders, validity
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I diagnostic algorithms met the target sensitivity of
≥ 0.70 and specificity of ≥ 0.95. Only myofascial
pain with limited opening (Ib) demonstrated target
sensitivity (0.79) with specificity close to target
(0.92). The criterion validity for the other seven
Axis I diagnostic algorithms showed poor to
marginal sensitivity, with specificity in the range of
0.86 to 0.99. The only diagnostic category that
exhibited adequate levels for both sensitivity and
specificity occurred when myofascial pain (Ia) and
myofascial pain with limited opening (Ib) were
combined into “any myofascial pain.” The
Validation Project’s results strongly suggest a need
for revising the eight Axis I RDC/TMD diagnostic
algorithms or combining some of the diagnoses.  

This article reports on the model-building meth-
ods employed to revise the RDC/TMD diagnostic
algorithms, and the procedures for testing their cri-
terion validity against reference-standard diagnoses.
The reliability and validity of the revised algorithms
are reported, and are compared with the reliability
and validity of the original RDC/TMD algorithms.
Finally, this article describes the changes in the
revised diagnostic algorithms and the questions and
clinical tests that they incorporate.

Materials and Methods

Overview 

Revised Axis I diagnostic algorithms were derived,
tested, and validated by using the RDC/TMD
Validation Project dataset.3 Items included in the
revised algorithms were selected from among both
the original RDC/TMD clinical tests and from the
additional clinical tests that were performed as
part of the criterion data collection specified for
the RDC/TMD Validation Project. All clinical tests
employed for the algorithm model building are
listed in Table 2 of the first article of this series of
articles.3 The validity of the revised algorithms,
relative to reference-standard diagnoses, was then
compared with that of the original RDC/TMD
algorithms in a randomly selected half of the data
that had been reserved for the validation purposes.
Interexaminer reliability was assessed in 27 study
participants for the revised algorithms that will be
recommended in this article for clinicians and
investigators. 

RDC/TMD Validation Study Participants

Seven hundred and twenty-four participants com-
pleted the data collections required for the

RDC/TMD Validation Project study. Five of these
participants were unclassifiable using the inclusion
and exclusion criteria described in the first article
in this series,3 and were excluded from further
analyses. Fourteen additional cases were excluded
from the Axis I analyses due to the concurrent
presence of chondromatosis (n = 2), fibromyalgia
(n = 9), or rheumatoid arthritis (n = 3). Persons
with fibromylagia and rheumatoid arthritis were
originally enrolled in the study if there was a docu-
mented medical diagnosis. Chondromatosis was
excluded based on suspicion of the presence of the
disorder as detected on magnetic resonance imag-
ing (MRI) by the participating radiologist.
Therefore, the final sample size utilized for Axis I
analyses was 705 participants: 614 TMD cases
and 91 controls. The first article of this series pro-
vides additional details on study settings and loca-
tion, recruitment methods, informed consent pro-
cess, participant reimbursement, and institutional
review board oversight.3

Revised RDC/TMD Axis I Diagnostic Algorithm
Model-Building Methods

From the dataset collected for the formal valida-
tion study, two subsets of data were used for revi-
sion of the Axis I algorithms: (1) algorithm model-
building dataset that was drawn from the criterion
examination data, and (2) reference-standard diag-
noses dataset. Methods for both of these data col-
lections are briefly described here; complete
descriptions are available in the first and third arti-
cles in this series.2,3 

Criterion examinations. Two criterion examiners
(CE-1 and CE-2), blinded to each other’s findings,
evaluated each study participant using the stan-
dardized criterion examination that was composed
of the original RDC/TMD clinical tests as well as
additional clinical tests as previously described.1,3

These additional clinical tests included both ques-
tionnaire responses and clinical measurements. The
CE-2 data were collected for each participant on
the same day that the reference-standard diagnosis
was established. The algorithm model-building
dataset included all of the criterion examination
diagnostic tests performed by the CE-2,  the partici-
pants’ responses to the published RDC/TMD
Questionnaire,1 questions from the Supplemental
History Question naires that were developed for
this project, and the occlusal test data that were
collected uniquely by the CE-1.

Reference-standard diagnoses. For each study
site, the consensus diagnoses for the reference-stan-
dard dataset were established by the two CEs with
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the participant present.3 All data collections per-
formed by the two CEs were considered and veri-
fied as necessary. The two CEs reexamined the par-
ticipant together if they encountered any diagnostic
disagreement during their consensus deliberations.
Their final diagnostic decisions were supported by
radiologist-interpreted panoramic radiographs and
bilateral temporomandibular joint (TMJ) magnetic
resonance imaging (MRI) and computed tomogra-
phy (CT).2,3 The radiologist was consulted as
needed in the determination of the reference-stan-
dard diagnoses. Details of the image analysis crite-
ria used by the radiologists to identify MRI-dis-
closed disc displacements and CT-disclosed
osteoarthrosis, as well as assessment of their relia-
bility using these criteria, are described elsewhere.4

Statistical procedures for revised algorithm model
building. Diagnostic algorithm model building
required random division of the criterion examina-
tion dataset described above into two parts with
352 participants in the first part and 353 in the sec-
ond. Part I was the model-building dataset used to
derive the revised algorithms, and Part II was the
validation dataset that was reserved for validity test-
ing of the derived models. This procedure avoided
the problem of circularity associated with deriving
and validating an algorithm in the same dataset.
Two methods were used for the revised diagnostic
algorithm derivation that can be described as data-
driven and expert-driven. The Part I dataset was
used for model building by both methods. 

Data-driven method. The rpart statistical pro-
gram5 was used to identify the best combination of
variables in order for the data-driven algorithms to
have optimum sensitivity and specificity relative to
the reference standards. The advantage of this pack-
age is that it outputs its resultant diagnostic algo-
rithms so that the operator can assess whether the
item selection makes clinical sense. This methodol-
ogy uses procedures described previously.6,7 A 10-
fold cross-validation strategy was specified for the
model-building step. For each of 10 repetitions of
this exercise, the Part I dataset was subdivided into
two parts: 90% was randomly assigned to a train-
ing dataset and 10% was randomly assigned to a
testing dataset. The rpart method was specified as
class. This “class” designation in the formula is
appropriate for differentiating the mutually exclu-
sive diagnoses within a single group. For example,
the Group II dependent variable for this formula
was the reference-standard diagnoses that included
IIa, IIb, IIc, and no Group II. The independent vari-
ables for this equation were selected as those exami-
nation items that best predicted these target diag-
noses when arranged in the most mathematically

relevant order. This process was repeated nine times
in other randomly selected sets of training and test-
ing data within the Part I dataset. Based on these
results, the “best-fit” model was realized for predic-
tion of the reference-standard diagnoses. With the
rpart method, the operator may choose various
complex formulas. However, the study employed
the simplest rpart formula with no weights or other
parameters added to the model. 

The main usefulness of these data-based studies
was to assist in diagnostic item selection, and to
provide estimates of sensitivity and specificity
associated with this statistical method. However, it
was anticipated that the algorithmic outputs might
be complex, and that they might include diagnostic
items that were mathematically associated with the
target diagnoses, but were not consistent with cur-
rent TMD constructs.

Expert-driven method. The Part I dataset was
also used for empirical trials that substituted new
clinical tests for the original tests of the
RDC/TMD. In all, 175 clinical tests were consid-
ered, all being tests that were part of the criterion
examination. Some were measures related to diag-
nostic criteria from the American Academy of
Orofacial Pain and the American College of
Rheumatology.8,9 Other tests included pressure
pain threshold algometry, static and dynamic tests,
soft and hard end-feel, bite test with unilateral and
bilateral placement of cotton rolls, 1-minute clench
test, and orthopedic joint play tests including com-
pression, traction, and translation.10–17 The
observed improvements in sensitivity and speci-
ficity with respect to the reference-standard diag-
noses were the basis for subsequent additions and
deletions to the clinical tests defining the diagnos-
tic algorithms. The primary goal of the expert-
driven method was to preserve the original
RDC/TMD classification tree structures as much
as possible while redefining the “split condition”
nodes with new tests for measuring the same con-
structs. Additional goals included the development
of parsimonious diagnostic trees, and using, as
much as possible, parallel tree structures to define
the muscle pain (Ia and Ib) and joint pain (IIIa and
IIIb) constructs. The revised split-condition nodes
are described below.

Validity Assessment of Revised Diagnostic
Algorithms

The primary purpose of this analysis was to test
criterion validity of the best performing revisions
for the eight Axis I RDC/TMD diagnostic algo-
rithms. In addition, four grouped diagnoses were
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evaluated: any Group I Muscle Disorders (Ia or
Ib); any Group II Disc Displacements (IIa, IIb, or
IIc); and combinations of Group III Arthralgia,
Arthritis, Arthrosis; any joint pain diagnosis (IIIa
or IIIb); and any arthrosis (IIIb or IIIc). 

Cutoff points for determination of validity.
Diagnostic validity was estimated by computing
sensitivity and specificity of the revised diagnostic
models relative to the reference-standard diagnoses.
In the development process for the RDC/TMD, the
desired goal for sensitivity was set at ≥ 0.70 and
specificity at ≥ 0.95.1 Assuming a prevalence of
10% for TMD, the authors showed that a positive
predictive value of at least 0.75 for this diagnostic
protocol would require specificity > 0.95 while sen-
sitivity could be as low as 0.70. Based on these
expectations, they intended to declare as valid a
given diagnosis if its estimated sensitivity was at
least 0.70 and its estimated specificity was at least
0.95.

Statistical procedures for validity testing.
Validity testing was performed in Part II (n = 353)
of the randomly divided dataset. Because Group II
and III diagnoses are side-specific, the problem of
multiple diagnoses within participants involving
correlated data (right versus left sides) required the
use of generalized estimate equation (GEE)
methodology to generate adjusted confidence
intervals around point estimates for sensitivity and
specificity. The study participants included for
specificity estimates were all the controls plus all
the TMD cases that did not have the specific TMD
diagnosis being assessed. 

Reliability Assessment of 
Revised Diagnostic Algorithms

Reliability testing was performed only for the
expert-driven revised algorithms for reasons dis-
cussed below. The reliability assessment was per-
formed in calibration exercises conducted at two
study sites with a total of 27 participants:
University of Minnesota (n = 18) and University of
Washington (n = 9). The study design specified
that each participant would be examined by one
study site CE as well as the study site test examiner
(TE). The two examiners alternated the order of
the first and second examinations, and each was
blinded to the examination findings of the other.
These methods were similar to those used for relia-
bility testing described in the second paper in this
series,18 with the exception that the revised exami-
nation protocol was used here.

Statistical procedures for reliability assessment.
Interexaminer reliability for diagnoses and for the

individual clinical tests included in the revised
examination protocol was estimated using GEE
methodology to generate kappa estimates.19 Data
from both the right and left TMJs were used to
yield the GEE kappa estimates for Group II and III
reliability. The GEE estimates of variance used in
the 95% confidence intervals (CIs) were adjusted
for correlated side-to-side data within participants.
Diagnostic percent agreement was computed from
contingency tables generated by SAS version 9.1.
The reliability estimates were based on 27 partici-
pants for Group I diagnoses and 54 joints for the
Groups II and III diagnoses.

Results 

Validity of the Revised Algorithms: 
Data-driven and Expert-driven 

Table 1 shows the sensitivity and specificity, relative
to the reference-standard diagnoses, for the three
types of diagnostic algorithms (the original
RDC/TMD algorithms, the data-driven revised algo-
rithms, and the expert-driven revised algorithms).
Since RDC/TMD examination items were included
as a part of the CE-2 examination protocol, the CE-
2 data could be used for the estimates of sensitivity
and specificity shown for the RDC/TMD algorithms
in Table 1. This allowed for an appropriate compari-
son of the RDC/TMD algorithms to the expert-
driven and data-driven algorithms since the latter
algorithms were derived using the CE-2 examination
findings. RDC/TMD algorithmic sensitivity and
specificity estimates that are based on CE-2 data in
Table 1 (column 6) of the third article of this series2

vary slightly from the parallel results shown in Table
1 of the present article since the former results are
based on 705 participants whereas the results
reported in this article are computed from only the
353 participants reserved for the validation of these
algorithms. To make strictly comparable estimates,
the original RDC/TMD algorithms were tested with
the same partial dataset as was used for validation of
the data-driven and expert-driven diagnostic algo-
rithms.

Superior Performance of the Expert-driven
Algorithm for Pain Diagnoses

The revised diagnostic algorithms for Group I
Muscle Disorders, derived by both the data-driven
and expert-driven methods, showed target validity
for both sensitivity (≥ 0.70) and specificity (≥ 0.95)
for the individual diagnoses of myofascial pain (Ia)
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and myofascial pain with limited opening (Ib).
When combined into one diagnosis, “any myofas-
cial pain” (Ia or Ib), target validity was obtained
only with the expert-driven algorithm. In addition,
only the expert-driven algorithm showed target
validity for the measurement of joint pain, and
then only when arthralgia (IIIa) and osteoarthritis
(IIIb) were combined as “any joint pain” (IIIa or
IIIb). In summary, the expert-driven revised algo-
rithms alone met target validity for all categories
of myofascial pain and for “any joint pain.”

For Groups II and III, only a diagnosis of disc
displacement without reduction with limited open-
ing (IIb) demonstrated target sensitivity and speci-
ficity for both the expert-driven and the data-
driven algorithms. About one-half of the
CT-detected cases of osteoarthritis or osteoarthro-
sis (see the “any arthrosis” estimate in Table 1)
failed to be detected by either the expert-driven
model or the data-driven model. 

CIs for sensitivity and specificity of the expert-
driven algorithm are presented in Table 1. Despite
use of only a partial dataset for this validation test-
ing, the total width of all but two CIs was  0.19,
thus falling within the limit of 0.20 (on a 0.0 to
1.0 scale) that was specified as the desired preci-
sion for the validity estimates for the RDC/TMD
Validation Project.2,3 The two exceptions were the
total CI width of 0.27 for IIb sensitivity, and 0.26
for IIIc sensitivity (Table 1). No CIs are presented
for the data-driven model. Due to its incorporation
of clinical data that are not consistent with TMD
constructs, it could not be proposed as a diagnos-

tic scheme for other investigators. The utility and
problems associated with data-driven algorithms
are further explained in the Discussion.

Reliability of the Expert-driven Revised
Algorithms

Reliability estimates for the expert-driven algo-
rithms are based on intrasite calibration exercise
data from two study sites. At each site, indepen-
dent diagnostic findings of one CE were compared
with those of the TE. Combining the data between
the two sites (n = 27), kappas for interexaminer
agreement and their percent agreement for each
diagnosis are shown in Table 2. The kappa esti-
mates from the original RDC/TMD algorithms
were abstracted from “Table 2: Intrasite
Reliability” of the second article of this series18 for
comparison to the kappas of the revised algo-
rithms. Point estimates for the reliability of the
revised algorithms for all diagnoses exceeded the
paired estimates for the original RDC/TMD algo-
rithms by differences in kappa ranging from 0.01
to 0.59. Of special note, all kappas for the revised
algorithm were ≥ 0.63, and mean percent agree-
ment for the eight RDC/TMD diagnoses was 92%.

The estimates of reliability of questionnaire and
examination items incorporated in the revised pro-
tocol are shown in Table 3. The reliability for the
detection of muscle pain and detection of disc click
was good (0.73 and 0.70, respectively). The relia-
bility for diagnosing joint pain and coarse crepitus
was excellent (0.78 and 0.85, respectively). 

Table 1  Sensitivity and Specificity for Original and Revised RDC/TMD Axis I Diagnostic Algorithms, and 95% 
Confidence Intervals for the Expert-driven Revised Algorithms

Algorithm models

Original RDC Data-driven Expert-driven 95% CI 95% CI 
point estimates point estimates point estimates expert-driven expert-driven 

Diagnostic groupings sensitivity/specificity sensitivity/specificity sensitivity/specificity sensitivity specificity

Any Group I muscle disorders 0.82/0.98 0.95/0.92 0.91/1.00 0.88–0.95 1.00
Myofascial pain (Ia) 0.75/0.97 0.82/0.97 0.82/0.99 0.74–0.89 0.98–1.00
Myofascial pain w/ limited opening (Ib) 0.83/0.99 0.98/0.95 0.93/0.97 0.89–0.97 0.95–0.99
Any Group II disc displacements 0.35/0.96 0.81/0.54 0.71/0.67 0.65–0.76 0.60–0.74
Disc displacement w/ reduction (IIa) 0.42/0.92 0.73/0.53 0.46/0.90 0.40–0.52 0.87–0.93
Disc displacement w/o reduction (IIb) 0.26/1.00 0.77/0.98 0.80/0.97 0.63–0.90 0.95–0.98
Disc displacement w/o reduction (IIc) 0.05/0.99 0.18/0.97 0.53/0.80 0.43–0.62 0.75–0.84
Any Group III joint pain (IIIa or IIIb) 0.42/0.99 0.90/0.83 0.92/0.96 0.88–0.95 0.93–0.98
Any Group III arthrosis (IIIb or IIIc) 0.14/0.99 0.46/0.90 0.52/0.86 0.44–0.60 0.82–0.89
Arthralgia (IIIa) 0.38/0.90 0.78/0.81 0.74/0.88 0.67–0.79 0.85–0.91
Osteoarthritis (IIIb) 0.13/1.00 0.48/0.92 0.51/0.91 0.42–0.60 0.88–0.94
Osteoarthrosis (IIIc) 0.12/0.99 0.20/0.97 0.35/0.95 0.23–0.49 0.93–0.96

CI = confidence interval.

63_Schiffman 522_Layout 1  1/14/10  3:22 PM  Page 67

© 2009 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE 
MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Schiffman et al

68 Volume 24, Number 1, 2010

The Expert-driven Revised Diagnostic Algorithms 

Some of the clinical tests that were selected for the
expert-driven algorithms were obtained from item
selection by the data-driven methodology. Certain
items in the expert-driven algorithms had been pre-
viously incorporated in the original RDC/TMD
algorithms. Others were newly specified tests that
were part of the criterion examination protocol. All
model building of the expert-driven algorithms was
done in concert with expert opinion from the
Validation Project team and from experts outside
this project as well as from review of the current lit-
erature.3 The basic classification tree designs
employed for the original RDC/TMD algorithms
were retained for the revised models (Figs 1 to 3).
These classification trees are composed of nodes
defined by a “split condition” that can consist of a
single variable or several variables. Examination
data from an individual either satisfy or fail to sat-
isfy each split condition, leading to a terminal node
with its associated diagnosis. The main difference
between the original RDC/TMD algorithms and
the revised algorithms is that some of the split-con-
dition nodes are defined by new clinical tests,
although the condition being evaluated is the same.
These differences are described by diagnostic
grouping below.

Table 2  Diagnostic Reliability of Revised Expert–driven Algorithms: Kappa and
Percent Agreement Compared with the Diagnostic Reliability of the
Original RDC/TMD Protocol

Revised Revised algorithm Original RDC/TMD 
Diagnostic grouping algorithm kappa* percent agreement† intrasite kappa‡

Any Group I muscle disorders 0.83 93 0.82
Myofascial pain (Ia)  0.73 89 0.60
Myofascial pain with
limited opening (Ib) 0.92 96 0.70

Any Group II disc displacements 0.84 93 0.58
Disc displacement w/ reduction (IIa) 0.70 89 0.60
Disc displacement w/o reduction
w/ limited opening(IIb) 0.63 93 0.51

Disc displacement w/o reduction 
w/o limited opening (IIc) 0.72 89 0.13

Any Group III joint pain (IIIa or IIIb) 0.85 93 0.55
Any Group III arthrosis (IIIb or IIIc) 0.87 94 0.33
Arthralgia (IIIa) 0.81 93 0.52
Osteoarthritis (IIIb) 0.71 93 0.36
Osteoarthrosis (IIIc) 0.79 94 0.28

*Kappa estimates were computed using GEE.
†Percent agreement was computed from single contingency tables for Group I diagnoses (27 participants) and
from two contingency tables (right and left sides) for the Groups II and III diagnoses (n = 54 joints).
‡Estimates abstracted from Table 2 of the second article in this series.18

Table 3  Reliability of Binary Clinical Tests
Incorporated in the Expert–driven Revised
Algorithms

Kappa for item 
Clinical test reliability*

History of pain (RDC/TMD question 3†) 1.00
History of jaw locking (RDC/TMD question 14†) 1.00
Temporalis or masseter familiar pain to palpation 0.75
Temporalis or masseter familiar pain with opening 0.63
Detection of muscle pain 0.73 
(familiar pain to palpation or jaw movement)

Pain–free unassisted interincisal opening 0.92
plus vertical incisal overlap < 40 mm 

Detection of disc click 0.70
Maximum assisted interincisal opening (regardless 0.63
of pain) plus vertical incisal overlap < 40 mm 

Familiar joint pain with 1 lb palpation pressure 0.86
Familiar joint pain with 2 lb palpation pressure 0.89
Familiar joint pain with opening 0.61
Familiar joint pain with lateral excursion 0.63
Detection of joint pain (familiar pain to palpation 0.78
or with jaw movements)

Examiner–detected coarse crepitus 0.80
Participant–reported crepitus 0.91
Detection of crepitus (examiner–detected or 0.85 
participant–reported crepitus)

*Kappa estimates were computed using GEE.
†Reference 1.
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Revised Group I Muscle Disorders algorithm.
The revised Group I Muscle Disorders algorithm
for myofascial pain (Ia) and myofascial pain with
limnited opening (Ib) that was derived by the
expert-driven method requires a report of pain, the
location of which is verified by the examiner to be
present in a masticatory structure, plus the report
of familiar muscle pain associated with at least one
of several clinical tests (Fig 1). Just as in the origi-
nal RDC/TMD algorithm for myofascial pain, the
first node includes the question, “Have you had
pain in the face, jaw, temple, in front of the ear, or
in the ear in the past month?” Unlike the original
algorithm, it is now proposed that the examiner
should confirm that the location of the pain
endorsement is in a masticatory structure. A second
difference is that the original RDC/TMD criterion
for a positive finding of muscle pain required ≥ 3 of
20 muscle palpation sites to be painful, with one of
them on the side of the pain complaint. The revised
algorithm requires a minimum of one site among a

total of 12 sites to be painful to palpation, and
these test sites are located in only the masseter or
temporalis muscles. A third difference is that the
original algorithm did not include pain in these
muscles associated with movement. The revised
algorithm now includes, as an alternate method
for detecting muscle pain, a report of pain in mas-
seter or temporalis muscles associated with maxi-
mum unassisted opening or maximum assisted
opening. Finally, the revised algorithm requires
that any pain provoked with palpation or opening
must be familiar pain. 

The sensitivity of the revised algorithm was not
improved by the inclusion of the other muscle test
sites specified by the original RDC/TMD protocol,
nor was performance improved by inclusion of
familiar pain with lateral or protrusive move-
ments. These tests provided no additional informa-
tion to that which was collected by using the tests
that were retained. 

Fig 1 Revised Group I
Muscle Disorders diagnostic
algorithm (expert–driven).

Pain History with Examiner Confirmation of Pain Location:

Have you had pain in the face, jaw, temple, in front of the ear,
or in the ear in the past month?

PLUS

Report of Familiar Pain on Examination:

(1) Palpation of muscle sites with a minimum of 2 pounds of pressure 
(range 2 to 3 pounds) results in a report of familiar pain:
(a) Palpation of temporalis: Anterior, middle, or posterior; or 
(b) Palpation of masseter: Origin, body, or insertion 

OR

(2) Mandibular opening results in report of familiar pain anywhere in the
temporalis or masseter muscles during:
(a) Maximum unassisted opening; or 
(b) Maximum assisted opening (passive stretch)

Ia Myofascial pain
Ib Myofascial pain with

limited opening

Unassisted opening without pain of ≥ 40 mm
(interincisal opening plus vertical incisal overlap)

No Group I Diagnosis

Positive pain history and positive report
of familiar pain on examination

Yes No

Negative history and/or negative 
report of familiar pain on examination
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The second node distinguishes Ia (myofascial
pain) from Ib (myofascial pain with limited open-
ing). The original RDC/TMD algorithm had a pas-
sive stretch measurement requirement. In contrast,
the only requirement for rendering a diagnosis of
Ia by the revised RDC/TMD is that unassisted
opening without pain would be ≥ 40 mm. The
threshold of 40 mm employed in the original
RDC/TMD algorithm was not changed, as there
were no compelling data to invalidate it. 

Revised Group II Disc Displacements algorithm.
Group II Disc Displacements diagnoses are typically
detected by TMJ clicking noise and limited opening
assessed from history or as a current clinical find-
ing. In the revised Group II algorithm derived from
the expert-driven method, the first node defines the

presence or absence of clicking noise (Fig 2). This
node varies from the original RDC/TMD in that it
uses a less rigorous criterion for assigning a positive
finding for clicking noises, notably, that a click is
diagnostic if it occurs during just one of three repe-
titions of the specified jaw movements instead of
the original requirement for detection of a click
during a minimum of two of three repetitions. The
same jaw movements specified for the original
RDC/TMD protocol (jaw opening, closing, lateral
excursion, and protrusion) are retained for the
revised protocol. Unlike the original RDC/TMD
algorithm, there is no requirement for reciprocal
clicking to be eliminated with protrusive position-
ing of the jaw, or that the distance between the
opening and closing clicking be ≥ 5 mm since the

Fig 2 Revised Group II Disc
Displacements diagnostic algo-
rithm (expert–driven).

Presence of Disc Click:

Opening AND closing (reciprocal) click during at least one of
three repetitions of jaw opening and closing 

OR

Either an opening or closing click during at least one of three repetitions AND 
a click in at least one of the excursive movements 

• Three left lateral jaw movements 
• Three right lateral jaw movements 
• Three protrusive jaw movements 

Have you ever had your jaw lock or catch
so that it won’t open all the way, and was
this limitation in jaw opening severe
enough to interfere with your ability to eat?

IIa Disc displacement with reduction

Yes No

Maximum assisted open-
ing; interincisal opening
plus vertical incisal
opening overlap ≥ 40 mm

No Group II Diagnosis

Yes No

IIb Disc displacement
without reduction
with limited opening

IIc Disc displacement
without reduction
without limited opening

No Yes
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sensitivity of the revised algorithm was not
improved by the inclusion of these tests. The first
node differentiates disc displacement with reduction
(IIa) from disc displacement without reduction with
limited opening (IIb) and disc displacement without
reduction without limited opening (IIc) based on
the presence or absence of clicking noise. A diagno-
sis of IIa is defined by the presence of clicking noise
as described in the original RDC/TMD as a distinct
sound, of brief and very limited duration, with a
clear beginning and end, which usually sounds like
a “click.”1 For this study the authors also defined a
click as including “snap” or “pop.” The absence of
joint clicking noises or presence of joint clicking
sounds not meeting criteria for IIa are indicative of
IIb, IIc, or no Group II diagnosis.

The second node differentiates “No Group II
Diagnosis” from IIb and IIc. A determination of
“No Group II Diagnosis” results when the partici-
pant has a negative history of jaw locking with
limited opening that was severe enough to interfere
with eating. This information is based on ques-
tions 14a and 14b from the original RDC/TMD
Questionnaire.1

Finally, the third node is based on whether the
combined measurement of maximum assisted open-
ing plus vertical incisal overlap is < 40 mm (IIb) or
≥ 40 mm (IIc). Maximum unassisted opening is no
longer required. The revised third node also differs
from the original RDC/TMD for IIb and IIc in that
no additional criteria regarding passive stretch and
contralateral movement are needed since sensitivity

Fig 3 Revised Group III
Arthralgia, Arthritis, and Ar -
thro sis diagnostic algorithm
(expert–driven).

Pain History with Examiner Confirmation of Pain Location:

Have you had pain in the face, jaw, temple, in front of the ear, 
or in the ear in the past month?

PLUS

Report of Familiar Pain on Examination:

(1) Palpation of joint results in a report of familiar pain:
(a) Palpation of the lateral pole with 1 pound of pressure;
(b) Palpation around lateral pole with a minimum of 2 pounds of pressure

(range 2 to 3 pounds)

OR

(2) Mandibular movement results in report of familiar pain in the joint during:
(a) Maximum unassisted opening; or
(b) Maximum assisted opening (passive stretch); or
(c) Lateral excursive movements

IIIa Arthralgia IIIb Osteoarthritis 

(1) Coarse crepitus detectable by
palpation and audible 6 inches from the
joint with any jaw movement

OR

(2) Participant report of crepitus with
any jaw movement

(1) Coarse crepitus detectable by
palpation and audible 6 inches from
the joint with any jaw movement

OR

(2) Participant report of crepitus with
any jaw movement

Positive pain history and positive report
of familiar pain on examination

No Yes

IIIc Osteoarthrosis
No Group III 
Diagnosis

Yes No

Negative pain history and/or negative
report of familiar pain on examination
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was not improved by including them. Finally, for
IIb, there is no requirement for uncorrected devia-
tion to the ipsilateral side on opening as in the orig-
inal RDC/TMD since sensitivity was not improved
by including it. 

Revised Group III Arthralgia, Arthritis, and
Arthrosis algorithm. Group III diagnoses include
joint pain diagnoses of arthralgia (IIIa) and
osteoarthritis (IIIb) as well as diagnoses related to
osseous joint changes of osteoarthritis or
osteoarthrosis (IIIc). In the revised Group III algo-
rithm derived from the expert-driven method, the
first node consists of structure that is parallel to
the Group I pain diagnoses with a history of pain
plus a report of familiar joint pain provoked with
palpation or jaw movements (Fig 3). Unlike the
original RDC/TMD algorithm for arthralgia, the
revised algorithm now includes the same history of
pain used for myofascial pain with examiner con-
firmation that the reported pain involves a masti-
catory structure. Like the original RDC/TMD
algorithm, the revised algorithm includes the
report of pain with palpation of the lateral pole
with 1 pound of pressure. Palpation of the poste-
rior attachment is replaced with the modified joint
palpation test of palpating around the lateral pole
with a target of at least 2 pounds of pressure
(range 2 to 3 pounds).3 Also retained is a report of
pain with maximum unassisted opening, assisted
opening, or with lateral excursive movements.
However, unlike the original algorithm, the pro-
voked pain must be familiar and joint-related for
diagnoses of IIIa (arthralgia) or IIIb (osteoarthri-
tis). The sensitivity of the revised algorithm was
not improved by the inclusion of palpation of the
posterior attachment as specified by the original
RDC/TMD protocol, nor was performance
improved by inclusion of familiar pain with pro-
trusive movement. 

In the second node, the revisions for IIIb
(osteoarthritis) and IIIc (osteoarthrosis) now
include the addition of a report by the participant
of crepitus during any examination jaw movement.
Participant report of crunching, grinding, or grat-
ings sounds was recorded as crepitus.  

This finding serves as an alternate to the original
RDC/TMD criterion that was limited only to
coarse crepitus detected by the examiner.
Although the original RDC/TMD method for the
detection of coarse crepitus by palpation is
retained for the revised algorithm, the revised
method also stipulates that the noise must be audi-
ble to the examiner 6 inches from the joint. 

Observations regarding muscle and joint palpa-
tion pressure. It is recommended above that palpa-

tion of the masseter and temporalis muscles as well
as the alternative palpation around the lateral pole
of the joint employ at least 2 pounds of pressure.
The data analyses demonstrate that diagnostic
validity was not necessarily improved by using the
myofascial palpation test (allowing 2 to 4 pounds
of pressure) with sensitivity for a myofascial pain
diagnosis increased by 0.02 and specificity
decreased by 0.03.3 But it can be concluded that
palpation pressures greater than 2 pounds are not
associated with significantly more false positive
diagnoses, given the familiar pain requirement for
a positive diagnosis. 

The modified joint palpation test using a range
of 2 to 3 pounds of pressure with a target of at
least 2 pounds around the lateral pole accounted
alone for a 10-point (0.10) increase in diagnostic
sensitivity for arthralgia (IIIa).3 In combination
with the other revised examination tests for
arthralgia, this test helped increase the overall sen-
sitivity for any joint pain (IIIa or IIIb in Table 1)
from 0.42 for the original RDC/TMD to 0.92 for
the expert-driven revised algorithm. Finally, relia-
bility for joint palpation as in the original
RDC/TMD when 1 pound is applied to the lateral
pole is equivalent to the reliability of using a target
of at least 2 pounds applied around the pole. Their
respective estimates for reliability were  = 0.86
and  = 0.89 (Table 3).

Association between TMD pain and jaw move-
ments. One of the questions tested for its statistical
influence was: “In the last month, did any of the
following activities change your pain?” The
response options were related to jaw movement,
function, parafunction, and/or rest. This question
reflected the principle that TMD pain can be influ-
enced by these jaw activity states. Ninety-nine per-
cent (495 out of 500) of the participants with a
TMD pain diagnosis reported that their pain was
modified by movement, function, parafunction,
and/or rest. However, 8.6% of these participants
indicated that at least one aspect of their pain was
improved specifically by movement. Because each
pain location (masseter, TMJ, temporalis, ear) was
assessed separately, a participant could report that
one pain was aggravated by movement while
another was improved by movement. The inclu-
sion of this clinical information in the analyses had
no effect on the validity of the revised diagnostic
algorithms for “any joint pain.” For myofascial
pain (Ia or Ib), sensitivity increased by 0.06 and
specificity decreased by 0.02.  

Problematic results observed with data-driven
algorithms. Item selection for the data-driven mod-
els was observed at times to be clinically illogical.
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For example, range of motion cutoff points for a
number of algorithms ranged from 37 to 51 mm.
Other observations that were not consistent with
TMD constructs were crepitus as a diagnostic pre-
dictor in the data-driven model for Group II, and
muscle pain in the Group III model.

Discussion

Progress in TMD pain diagnoses

Based on the expert-driven model derivation
method, the revised algorithms for Group I Muscle
Disorders showed target validity of sensitivity 
≥ 0.70 and specificity ≥ 0.95 for myofascial pain
(Ia) and myofascial pain with limited opening (Ib),
either as two discrete diagnostic disorders or when
these two disorders were combined. For Group III
Arthralgia, Arthritis, and Arthrosis, the diagnosis
of “any joint pain” (ie, arthralgia) well exceeded
the targets for sensitivity and specificity if the dis-
tinction was dropped between arthralgia (IIIa)
alone versus arthralgia associated with
osteoarthrosis (ie, osteoarthritis—IIIb). If IIIa is
differentiated from IIIb, then the sensitivity for IIIa
was barely adequate (0.74), and its specificity was
below target (0.88). This finding regarding the
diagnosis of any joint pain (IIIa or IIIb) is signifi-
cant. In the third article in this series, it was sug-
gested that the original RDC/TMD examination
protocol could be recommended as a simple clini-
cal examination for the detection of muscle pain,
but it was inadequate for joint pain.2 This conclu-
sion held true whether for diagnosis of IIIa alone
or for the combination of any joint pain (IIIa or
IIIb). These new validity data suggest that the
revised protocol can now be recommended as a
simple clinical test for muscle and joint pain in
TMD patients. This recommendation is also sup-
ported by the interexaminer reliability of  ≥ 0.73
observed for the diagnoses of myofascial pain (ie,
Ia, Ib, or in combination), arthralgia, and any joint
pain by using the revised examination protocol.

Diagnosis of Disc Displacements, Osteoarthritis,
and Osteoarthrosis

The clinical diagnosis of IIa is dependent on the
presence of a diagnostic click. Subject report of
clicking noises was assessed with questionnaires as
well as during the examination. Clicking noises
were also assessed during range of motion of the
jaw with palpation, auscultation with a stetho-
scope, and during superior loading of the joint.

The inadequate sensitivity of the algorithm for disc
displacement with reduction likely resulted from
the findings that clicking noises are often not pre-
sent, or are present only with a single movement.
The diagnosis of IIa had a sensitivity of 0.46, sug-
gesting that the presence of a diagnostic clicking
noise during at least one of three repetitions of the
specified jaw movements was associated with less
than 50% of IIa diagnoses. This result is consistent
with a prior report of sensitivity of 0.51 and speci-
ficity of 0.83 for the diagnostic accuracy of click-
ing noises to predict IIa when MRI is used as the
reference standard.20 The diagnostic importance of
clicking is further undermined by the fact that
clicking may occur with normal disc position, disc
displacement with reduction, or disc displacement
without reduction.20–29 Disc displacement without
reduction without limited opening often presents
with inconsistent or the lack of signs or symptoms
thus making difficult a valid clinical diagno-
sis.20,21,25,30 Therefore, rendering a valid joint-spe-
cific diagnosis of IIa and IIc requires TMJ MRI. 

The expert-driven revised algorithm for disc dis-
placement without reduction with limited opening
(IIb) had target sensitivity (0.80) and specificity
(0.97). This was based upon a history of jaw lock-
ing, absence of clicking noises, or presence of noise
not meeting criteria for IIa, and limited opening
with assisted opening (passive stretch). A prior
study, using only maximum unassisted opening,
reported disc displacement without reduction to
have diagnostic sensitivity of 0.69 and specificity of
0.81.20 Taken together, these two reports suggest
that the use of the passive stretch measurement
may improve diagnostic accuracy for IIb. One
inherent difficulty with this diagnosis is that the
TMJs are not independent, and therefore limitation
in opening may be joint-specific. Given that the jaw
is biarticulate, limited condylar translation on one
side may be associated with an inaccurate clinical
joint diagnosis on the contralateral side.20,21,30

About one-half of the diagnoses for radiographi-
cally detected frank osseous joint changes, either
osteoarthritis (IIIb) or osteoarthrosis (IIIc), were
missed by the expert-driven algorithm. In contrast,
Table 3 demonstrates compellingly that coarse
crepitus can be detected much more reliably (� =
0.85) by using this revised protocol than was
reported for the original RDC/TMD protocol (� =
0.53) for coarse crepitus in Table 4 of the second
article of the series.18 Regardless, the problem
remains that the clinical finding of crepitus has
been shown to be a poor indicator of frank
osseous changes revealed by TMJ MRI.29,31 Given
that TMJ MRI can miss osseous changes that may

63_Schiffman 522_Layout 1  1/14/10  3:22 PM  Page 73

© 2009 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE 
MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Schiffman et al

74 Volume 24, Number 1, 2010

be identified by CT,4,32 a definitive ruling in or out
for a diagnosis of osteoarthritis (IIIb) /osteoarthro-
sis (IIIc) should be accomplished with CT imaging. 

To sum up this section on Groups II and III, it is
reasonable to ask whether a clinical examination
based on signs and symptoms for detection of
intra-articular disorders of the TMJ is an attainable
goal.33–37 This is despite the fact that this study
used an extensive number of clinical tests including
the 16 tests that have been reported to be the most
important for differentiating intra-articular disor-
ders.38 Clearly, the original RDC/TMD suggested
supplementation of the examination findings with
imaging, and that recommendation cannot yet be
changed. The one possible exception to this rule is
for the diagnosis of IIb. 

Improved Reliability of the Revised 
Diagnostic Algorithms

In comparison to the original RDC/TMD algo-
rithms, Table 2 shows improved reliability to be
associated with the revised diagnostic algorithms.
This improvement may be explained by the follow-
ing considerations: (1) Examination item reliability
tends to be higher for the revised diagnostic proce-
dures (Table 3); (2) The revised algorithms include
fewer items on which multiple examiners need to
agree for their findings to be consistent; (3)
Interexaminer agreement is facilitated by the fact
that the first algorithmic node for each of the
Groups I to III can be satisfied by any of multiple
items. Thus, multiple examiners for a given subject
may not detect the same sign, but their finding of
an alternate sign allows their agreement on the con-
dition being assessed; and (4) The influence of
chance in the improved estimates of reliability must
also be considered. The preliminary results in this
report should be replicated in other study popula-
tions.

Diagnostic Model Choices and Model Building 

Classification tree models are preferred for diag-
nostic decisions. Both clinicians and investigators
prefer a diagnostic structure that is interpretable
and intuitively consistent with theoretical con-
structs that describe the health or disease condi-
tions being studied. However, as noted above in
Results, data-driven algorithms can be inconsistent
with these constructs. It needs to be emphasized
for this study that the authors’ purpose for the
data-driven methods was to help in selection of
candidate items, and to establish likely maximum
estimates of sensitivity and specificity that might

be attainable when using the diagnostic tests
included in our dataset. The focus of this study
was to present revised RDC algorithms that were
consistent with current constructs in TMD and
that would be potentially usable for clinicians and
investigators.

All methods for joint noise detection were
assessed, including clinician-based tests (ausculta-
tion with stethoscope and loading of the joint),
participant report of noise (from the history or
during the exam), and all combinations of sounds
with any jaw movement. No method for detection
of joint clicking was associated as highly with
Group II diagnoses as the less rigorous clicking cri-
terion used in the expert-driven model. Additional
clinical provocation maneuvers were also tested
for possible inclusion in the revised algorithms for
joint or muscle pain.10–17 However, these clinical
tests were not selected as strong diagnostic predic-
tors by the data-driven methodology. Since they
are also more technique-sensitive than palpation
and jaw movement assessment, their inclusion in
the expert-driven models was not justified. 

Case Definitions for Musculoskeletal Disorders

Case definitions are a set of diagnostic criteria that
establish the boundaries by which a disorder can
be considered to be present or absent. The discus-
sion that follows defines and examines the ratio-
nales for the “expert-driven” decisions to retain
certain clinical tests from the original RDC/TMD,
to incorporate some new clinical tests, and to not
incorporate others. 

Diagnostic questions for pain diagnoses. The
expert-driven revised diagnostic algorithms for
“any joint pain” (IIIa or IIIb) and Group I Muscle
Disorders (Ia or Ib) now include the same global
question concerning the presence of pain: “Have
you had pain in the face, jaw, temple, in front of
the ear, or in the ear in the past month?”1 The orig-
inal RDC/TMD algorithms employed this question
only for Group I Muscle Disorders. As reported in
Results, the association between pain in the masti-
catory structures and jaw movement, function,
parafunction, and rest was also evaluated. TMD
pain is orthopedic in nature, that is, it can be influ-
enced by jaw activities. The results suggest that jaw
activities do, in fact, modify jaw pain, but that such
activities do not necessarily always aggravate the
pain complaint. Finally, whether this characteristic
is a necessary hallmark of TMD, as a muscu-
loskeletal pain disorder, or is a broader characteris-
tic of trigeminally mediated pain disorders where
convergence from multiple structures occurs in the
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trigeminal brainstem nucleus could not be deter-
mined in the context of this study due to the com-
position of the study sample.39

The data analysis showed no incremental
improvement in the validity of the diagnostic algo-
rithms for “any joint pain” or for myofascial pain
that was related to the participants’ reports as to
whether their pain condition was changed by jaw
movement, function, parafunction, or rest.
However, when these revised diagnostic criteria are
further tested in populations with comorbid condi-
tions, especially those that are trigeminally medi-
ated, it may be possible to differentiate TMD from
these conditions based on pain associated with jaw
movement, function, parafunction, or rest. Given
the study exclusion criteria, this hypothesis could
not be tested in the current study sample. 

Clinical tests for pain diagnoses. The study elim-
inated muscle palpation sites with low reliability
and those difficult to examine. These included the
posterior mandibular and submandibular areas, as
well as the intraoral palpation of the lateral ptery-
goid area and the temporalis tendon. Apart from
the inaccessibility of the lateral pterygoid and pos-
terior digastric muscles, it has been recommended
that these sites be omitted from the protocol due
to low reliability.40–44 The revised algorithm for
myofascial pain (Ia or Ib) now specifies a total of
just 12 sites for the masseter and temporalis mus-
cles bilaterally while maintaining excellent sensitiv-
ity, specificity, and reliability.  For myofascial pain
with limited opening (Ib), there is no longer a
requirement that pain-free unassisted opening
would be increased at least 5 mm with assisted
opening. This clinical information did not improve
sensitivity. Although an unassisted opening that is
limited by pain may indicate a different treatment
than one without this limitation, future research
will need to determine the actual clinical utility of
a Ib diagnosis. 

An increase of muscle palpation pressure by
using 2 to 4 pounds did not improve diagnostic
validity for myofascial pain over that which can be
detected with the RDC-specified 2-pounds muscle
palpation pressure. However, it should be noted
that the revised myofascial palpation test is not the
same as the method specified by RDC/TMD. The
revised palpation method uses motion as described
in the first article of the series3 whereas the
RDC/TMD palpation method is static. Although
increased palpation pressure was not associated
with improved diagnosis of myofascial pain, the
addition of the modified joint palpation test with a
target of at least 2 pounds pressure around the lat-
eral pole substantially improved the diagnostic

validity of the arthralgia (IIIa) algorithm. A previ-
ous investigation using algometry suggested that
2.5 pounds of palpation pressure was optimal for
diagnosis of TMJ arthralgia (sensitivity, 0.81;
specificity, 0.97).45 Consequently, a range of 2 to 3
pounds of pressure is recommended with a target
of at least 2 pounds of pressure for both the
myofascial and the modified joint palpation tests.
This 2- to 3-pound range is suggested because the
collective experience of the authors confirmed that
it is not always possible to apply an exact pres-
sure, even with static palpation. The only way to
apply a specific amount of pressure is to use an
algometer. Therefore, giving the examiner a “mini-
mum target” of palpation pressure to use for these
structures simply addresses this clinical reality. 

Familiar pain for pain diagnosis. Positive provo-
cation tests were followed with a question regard-
ing whether the provoked pain was “familiar,”
that is, pain similar to or like that he/she had been
experiencing from the target condition outside the
examination setting.

The intent was to reproduce the participant’s
pain complaint, if one was present.46,47 Inclusion of
this question in the revised examination protocols
significantly improved the sensitivity of the diag-
nostic algorithms for myofascial pain by nine
points (0.09), and “any joint pain” by > 0.40, with
little effect on specificity. This question embodies
the principle that provoked duplication of the pain
complaint suggests the anatomical source of the
pain. It also eliminates diagnostic confounding due
to false-positive pain endorsements in pain-free
participants, because such pain would not be
“familiar” to them. The concept of “familiar pain”
likewise eliminated the requirement of the original
RDC/TMD for pain to palpation to be present on
the side of the participant’s pain complaint in the
case of myofascial pain. Finally, the “familiar pain”
concept addresses the inconsistency of the original
RDC/TMD myofascial pain algorithm that resulted
in a positive diagnosis based on pain to palpation
in any muscle, as long as it was on the side of the
pain complaint. The concept of “familiar pain” is
well established in the pain literature, and has been
used for identifying other musculoskeletal, cardiac,
and visceral pain disorders.48–55

Application of the Revised RDC/TMD Diagnostic
Algorithms

The rules for assigning diagnoses are unchanged
from the original RDC/TMD1 and are reiterated
here. A subject can be assigned a maximum of one
muscle (Group I) diagnosis (either myofascial pain
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or myofascial pain with limited opening). In addi-
tion, each joint may be assigned, at most, one diag-
nosis from each of Group II and Group III, result-
ing in a maximum possible of five diagnoses.
Diagnoses within any given group are mutually
exclusive. The reader is advised that before apply-
ing the revised algorithms, it is necessary to assess
for and rule out other pathology, including the con-
ditions that are listed in the exclusion criteria for
the RDC/TMD Validation Project.3 Guidelines for
ruling out other orofacial pain disorders by using a
comprehensive history and examination protocol
are available.56,57 Further investigation is needed to
determine whether other orofacial pain conditions
can be differentiated from TMD pain by the fact
that TMD pain can be aggravated by jaw
function.46,47

Limitations

The recommendation of the revised RDC/TMD
algorithms for myofascial pain and “any joint
pain” has essentially three limitations. First, the
derivation of the revised algorithms was accom-
plished using half of the RDC/TMD Validation
Project dataset, because the remaining half of the
original dataset was reserved for the validity test-
ing. Although the resulting 95% CIs for the point
estimates for sensitivity and specificity in Table 1
are, with two exceptions, associated with the
desired precision that was specified for the validity
testing of the original RDC/TMD protocol, the
diagnostic validity of the revised algorithms should
be confirmed by future assessment in other large
populations. 

Second, the currently reported estimates of relia-
bility of the revised algorithms require additional
assessment. Given the limited sample size (n = 27),
the results should be considered preliminary. For
one notable example, the high reliability associated
with the IIc diagnosis could be chance-related in a
small sample size situation. 

Third, generalizability of the results is con-
strained by the characteristics of the study sample.
The sample includes controls and cases without
significant comorbid conditions to meet the recom-
mendations of Standards for Reporting of
Diagnostic Accuracy (STARD).58 STARD advo-
cates that preliminary studies of diagnostic accu-
racy answer the question, “Do the test results in
patients with the target condition differ from the
results in healthy people?” The RDC/TMD
Validation Project addressed this question.
Affirmation of the first question then leads to a
second question, “Are patients with specific test

results more likely to have the target disorder than
similar patients with other test results?”58

Investigation of the second question requires a
study sample of patients with the target condition,
as well as a sufficient number of those participants
with possible comorbid conditions such as odon-
talgia, fibromyalgia, rheumatoid arthritis, or active
migraine headache. So few cases with comorbid
conditions were recruited for the RDC/TMD
Validation Project (n = 14) that a meaningful esti-
mate of the statistical effect associated with comor-
bid conditions was not possible, and they were
excluded from the analyses. 

Revised Examination and History Data Collection

The revised history questionnaire, specifications
for TMD examination, and examination forms for
the revised Axis I algorithms are located on the
Inter national RDC-TMD Consortium Network
website.59

Conclusions

It is recommended that the expert-driven algo-
rithms described here be used for Axis I diagnoses
of myofascial pain, either as two discrete diagnoses
or as a combined diagnosis of “any myofascial
pain” (Ia or Ib), and for TMJ pain when there is
no need to differentiate between arthralgia (IIIa)
and osteoarthritis (IIIb). For two of the three TMJ
disc displacement diagnoses, as well as for TMJ
osteoarthritis and osteoarthrosis, an accurate diag-
nosis of these conditions requires that the revised
Axis I diagnostic algorithms be supplemented with
the use of MRI and CT, respectively. The one
exception to this rule would be for the diagnosis of
disc displacement without reduction with limited
opening (IIb) that was observed to have adequate
sensitivity and specificity based only on the recom-
mended clinical tests and questions, without
recourse to imaging.

Given that the diagnosis and management of
masticatory muscle and joint pain are the primary
focus of TMD research and clinical care, the
results of this study will be useful to both the
researcher and clinician. The methods and findings
of the entire RDC/TMD Validation Project will
facilitate comparisons for outcomes from both
observational and experimental projects. These
future studies will allow for an improved taxo-
nomic system based on signs and symptoms, and
ultimately lead to a diagnostic system based on
mechanism and etiology. 
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