
The Research Diagnostic Criteria for
Temporomandibular Disorders. II: Reliability of 
Axis I Diagnoses and Selected Clinical Measures 

For the purposes of research addressing temporomandibular
disorders (TMD), the most commonly used diagnostic classi-
fication protocol is the Research Diagnostic Criteria for

Temporomandibular Disorders (RDC/TMD).1 The full acceptance
of the RDC/TMD by dental and medical personnel as a taxonomic
system for TMD is necessarily predicated on a rigorous assessment
of its reliability and validity, and this was the aim of the multisite
RDC/TMD Validation Project.
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Aims: The primary aim was to determine new estimates for the
measurement reliability of the Research Diagnostic Criteria for
Temporomandibular Disorders (RDC/TMD) Axis I diagnostic
algorithms. A second aim was to present data on the reliability of
key clinical measures of the diagnostic algorithms. Methods:
Kappa (�), computed by generalized estimate equation procedures,
was selected as the primary estimate of interexaminer reliability.
Intersite reliability of six examiners from three study sites was
assessed annually over the 5-year period of the RDC/TMD
Validation Project. Intrasite reliability was monitored throughout
the validation study by comparing RDC/TMD data collections
performed on the same day by the test examiner and a criterion
examiner. Results: Intersite calibrations included a total of 180
subjects. Intersite reliability of RDC/TMD diagnoses was excellent
(� > 0.75) when myofascial pain diagnoses (Ia or Ib) were
grouped. Good reliability was observed for discrete myofascial
pain diagnoses Ia (� = 0.62) and Ib (� = 0.58), for disc displace-
ment with reduction (� = 0.63), disc displacement without reduc-
tion with limited opening (� = 0.62), arthralgia (� = 0.55), and
when joint pain (IIIa or IIIb) was grouped (� = 0.59). Reliability
of less frequently observed diagnoses such as disc displacements
without reduction without limited opening, and osteoarthrosis
(IIIb, IIIc), was poor to marginally fair (� = 0.31–0.43). Intrasite
monitoring results (n = 705) approximated intersite reliability esti-
mates. The greatest difference in paired estimates was 0.18 (IIc).
Conclusion: Reliability of the RDC/TMD protocol was good to
excellent for myofascial pain, arthralgia, disc displacement with
reduction, and disc displacement without reduction with limited
opening. Reliability was poor to marginally fair for disc displace-
ment without reduction without limited opening and osteoarthrosis.
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It has been postulated that the reliability of a
diagnostic instrument sets the upper limit for its
validity.2 However, a review of past reliability
studies reveals that the entire RDC/TMD protocol
has not been adequately tested. Some single-center
studies were designed only to evaluate certain clin-
ical signs and a subset of RDC/TMD diagnoses for
purposes of examiner calibration prior to initiation
of subsequent research.3,4 Other studies assessed
the reliability of modified RDC/TMD-type palpa-
tion procedures by employing palpation pressures
up to two times greater than the pressures speci-
fied for the RDC/TMD.5–8

A major advance in reliability studies of the
RDC/TMD occurred with the formation of the
International Consortium for RDC/TMD-based
Research. Reliability testing by international clini-
cal TMD researchers has been performed for all
eight RDC/TMD diagnoses. There are now such
estimates of reliability from 10 international sites
with a total of 30 examiners and 230 partici -
pants.9 Three of the 10 sites have also published
individual findings in greater detail.10–12 This inter-
national initiative has provided good heterogeneity
with respect to participants and examiners, and
offers greater potential for generalizability of the
findings than do the previous single-site studies.
However, the evidence for establishing the reliabil-
ity of the RDC/TMD protocol, from both the
international and the single-site studies, must still
be characterized as weak because the sample sizes
have been too low for estimation of 95% confi-
dence intervals. Thus, the role of chance as it
might affect the magnitude of the point estimates
of reliability has not been assessed.

The primary aim of this study was to determine
new estimates for the measurement reliability of
the RDC/TMD Axis I diagnostic algorithms. A
second aim was to present data on the reliability of
key clinical measures of the diagnostic algorithms. 

Materials and Methods

Setting

Data collections were carried out at three sites: the
University at Buffalo (UB), the University of Min -
nesota (UM), and the University of Washington
(UW). A total of nine clinicians served as the exam-
iners for the RDC/TMD Validation Project, includ-
ing two criterion examiners (CEs) and one test
examiner/dental hygienist (TE) for each study site.
All six CEs were TMD and orofacial pain experts
with between 12 and 38 years of experience in

research and treatment of TMD. The three TEs
were dental hygienists who were trained and cali-
brated to perform the RDC/TMD examination pro-
tocol. The separate data collections for the reliabil-
ity and validity assessments in this project were
performed concurrently so that the reliability esti-
mates would be temporally relevant to support the
credibility of the validity estimates reported in the
third article in this series.13

Intersite and Intrasite Training, Calibration, and
Reliability Assessment

At the beginning of the study, the nine examiners
were convened for a 3-day meeting at UM to
review the operational definitions of the published
RDC/TMD, to formally operationalize the new
diagnostic tests authorized by the External
Advisory Panel (AP) appointed by the US National
Institute of Dental and Craniofacial Research
(NIDCR) for the project, and to undergo training
for all of the clinical measurements. Following the
initial session, ongoing reliability assessment for
the clinical measurements and algorithmic diag-
noses was based principally on two methods.  

The first method for reliability assessment
involved formal intersite calibration studies that
were conducted annually over the 5-year project
period with six examiners, including all three TEs
but just one CE from each site. These calibration
exercises consisted of measurement of all examina-
tion items as specified by the operational defini-
tions of the RDC/TMD. For categorical measures,
including the RDC/TMD diagnoses, kappa (�) =
0.4 was set as the minimum acceptable level for
agreement. A kappa of 0.4 represents 70% agree-
ment when the characteristic being measured has
50% prevalence in the participant sample. The
minimum goal for intraclass correlation coeffi-
cients (ICC) was 0.70. All intersite reliability ses-
sions were carried out at UM. The methodological
details for the assessment of intersite reliability are
provided in detail below.  

The second method for reliability assessment
was focused on intrasite reliability, and was
accomplished concurrently with the validation
study that assessed the eight Axis I diagnoses
against the reference standard diagnoses that are
described in the third article in this series.13 During
the formal validation study, one of the CEs and
the TE from each site each performed examina-
tions of the same participant the same day while
blinded to the other’s findings. The criterion exam-
ination protocol included all the RDC/TMD exam-
ination items as well as a much-expanded set of
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diagnostic procedures described in the first article
in this series.14 Thus, the reliability of the TE rela-
tive to the CE could be monitored with respect to
RDC/TMD examination items and the algorithmic
diagnoses based on the exam findings. Because the
two CEs at each site alternated between successive
participants in their role as first or second exam-
iner, the reliability of the TE was compared to
both CEs over the course of the validation study. 

Participant Recruitment for Intersite Reliability
Assessment

One of the design goals for the intersite calibrations
was for the participants to be as similar as possible
to the participants recruited for the formal valida-
tion study. Putative case status, as specified for the
validation study, included individuals who reported
minimum or mild TMD symptoms. Thus, calibra-
tion cases and controls were drawn from lists of
available participants, irrespective of the severity of
their TMD condition. Putative controls for the vali-
dation study required a report of a lifetime absence
of jaw pain, temporomandibular joint (TMJ)
sounds or jaw locking, and this was also specified
for the reliability studies. A complete presentation
of the inclusion and exclusion criteria for the vali-
dation study is reported in the first article of this
series.14 In brief, exclusions from participation as a
calibration participant were based on any of the
following findings obtained from history, medical
reports, examination, or joint imaging:

• Medical conditions: Systemic rheumatic, neuro-
logic/neuropathic, endocrine, collagen vascular
or (auto)immune conditions; pregnancy. 

• Prior history: head/neck radiation; TMJ surgery;
internal derangements of the TMJ other than
disc displacement or arthrosis; trauma from any
cause ≤  2 months. 

• Orofacial conditions: any non-TMD orofacial
pain/ neuralgia/neuropathy; odontogenic pain/
infection.

• Medications: unable to discontinue use of muscle
relaxants, narcotic and nonsteroidal anti-inflam-
matory pain relievers ≥ 3 days prior to any study
visit; unstable dose for anti-depressant therapy
during prior 60 days; current illicit drug use.

Calibration participant recruitment differed
from that of the validation study by the fact that
no attempt was made to selectively enrich the cali-
bration participant sample for the less common
diagnoses (IIb, IIc, IIIb, and IIIc), although this
practice was needed for the validation study as it
progressed. Also, no calibration participants were

respondents to study flyers and advertisements. All
were participants of record with their temporo-
mandibular status having been established at the
TMD and Orofacial Pain Clinic of UM, or by their
participation in either the validation study or
another TMD study at UM. 

Participant Enrollment and Preparation for
Intersite Reliability Assessment 

The research manager at UM assessed, by phone or
in-person interview, all calibration study partici-
pants based on the same inclusion and exclusion
criteria as those for the formal validation study
described in the first article in this series.14 The
research manager also had the responsibility for
ordering or preparing all calibration participant
charts, securing all data collection forms, training
of recorders, scheduling of participants, and prepa-
ration of the examination cubicles. After seating the
participant, the research manager reviewed the par-
ticipant’s medical history for change in status,
requested the participant read the participant infor-
mation sheet, answered any questions the partici-
pant had, and reminded the participant not to dis-
cuss any prior examination with a subsequent
examiner. The principal investigator then deter-
mined that the participant fully understood the
procedure and obtained consent. All procedures
were reviewed and approved by the Institutional
Review Boards overseeing each study site. 

Examination Sequence for Intersite
Reliability Assessment

All calibration participants underwent three exam-
inations in a single visit. The study epidemiologist
prepared a randomly ordered examination
sequence by first assigning examiners to a partici-
pant in groups of three, with each examiner desig-
nated a, b, or c. Their within-group order of exam-
ination was then randomly selected from among
abc, acb, bca, bac, cab, or cba. If, for example,
“bca” was selected, then the next participant for
the same group of examiners was ordered “cab,”
and the third “abc.” This rotation was designed to
control for order effects related to examination-
induced sensitization of the participant. The prin-
ciple was to equalize among examiners, as much as
possible, the differential bias that is associated
with changes in the participant’s temporo-
mandibular status due to repeated examinations
being done. After completion of the third examina-
tion, the three examiners involved with a given
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participant regrouped with this participant still
present to discuss any differences that they found,
but their data collections were not altered. 

Each annual intersite calibration exercise had a
total of 36 participants (with two additional alter-
nates). Typically, 33 participants were TMD cases,
and three were normal participants. All examina-
tions were performed with the examiners blinded
to the participants’ temporomandibular status.
Each examiner examined 18 participants, and
examination pairings were structured to allow eight
out of the 18 participants to be also examined by
each of the two examiners from the other two cen-
ters. Thus, there were 12 pair-wise examiner com-
parisons of interest that matched each examiner
from a site with the four examiners from the two
other sites (Table 1). Examiners from the same site
were not paired with each other; this assessment
was left for informal within-site training exercises
and intrasite monitoring.

Reliability Estimates Specified for this Study 

RDC/TMD Diagnoses. The primary purpose was
to evaluate the reliability of the eight RDC/TMD
Axis I diagnoses that include: 

• Group I Muscle Disorders: (Ia) myofascial pain;
(Ib) myofascial pain with limited opening. 

• Group II Disc Displacements: (IIa) disc displace-
ment with reduction; (IIb) disc displacement
without reduction with limited opening; (IIc)
disc displacement without reduction without
limited opening. 

• Group III Arthralgia, Arthritis, Arthrosis: (IIIa)
arthralgia; (IIIb) osteoarthritis; (IIIc) osteo -
arthrosis. 

Additional collapsed groups of diagnoses speci-
fied for testing: (1) Ia or Ib: any Group I diagnosis,
(2) IIa, IIb, or IIc: any Group II diagnosis, (3) IIIa
or IIIb: any joint pain diagnosis, and (4) IIIb or
IIIc: any arthrosis. 

For each of these diagnoses or collapsed groups
of diagnoses, the study measured study sample
prevalence, overall percent agreement, point esti-
mates for kappa and the ICC, and the 95% confi-
dence intervals (CIs) for kappa and the ICC. 

Individual Clinical Measures Selected for Their
Explanatory Value Relative to the Reliability of
RDC/TMD Diagnoses  

All of the RDC/TMD Axis I diagnoses are derived
from diagnostic algorithms using a classification
tree design. The theory and the uses of classifica-
tion tree methods are reviewed in the Discussion.
The Group I algorithm includes 5 nodes, or diag-
nostic decision branches, some of which are
defined by multiple clinical measures. The Group
II algorithm has 12 nodes involving many exam
and questionnaire variables. The Group III algo-
rithm has 3 nodes, each involving multiple vari-
ables as well. The reliability of each of these diag-
nostic algorithms is a function of the reliability of
the clinical measures that make up the trees. For
example, the diagnosis of myofascial pain (Group
I) is limited by the reliability of the report of pain
in response to muscle palpation. 

As a secondary analysis, key clinical examina-
tion measures with TMD diagnostic importance
were selected for reliability assessment. These
examination measures were muscle pain, limited
opening, disc click, joint pain, and coarse crepitus,
and all employed a dichotomous scoring system
that facilitated assessment of kappa and percent
agreement among examiners. Muscle pain is based
on the sum of positive pain responses to palpation
of 16 extraoral masticatory muscle sites and 4
intraoral muscle sites. In the diagnostic algorithm
for myofascial pain (Group I), this variable is
dichotomous; 0 to 2 positive pain sites (a negative
finding) are differentiated from 3 to 20 positive
pain sites (a positive finding). Thus, assessment of
agreement was based on this dichotomy.
Differentiation of Ib from Ia in Group I is a func-
tion of another dichotomous variable, limited
opening. This variable is positive when the maxi-
mum pain-free unassisted jaw opening, corrected
for vertical overbite, is less than 40 mm. Disc click
is fundamental to the diagnosis of a displaced disc
(Group II) as defined by the RDC/TMD. For this
dichotomous variable to be positive, the disc click
must occur during a minimum of 2 out of 3 open-
ings/closings of the jaw, either reciprocally (both
opening and closing) or during one such move-
ment plus during an excursive movement. Diagnosis
of TMJ pain is fundamental to the diagnosis 

Table 1  Twelve Pair-wise Comparisons Required for
Intersite Calibration Studies

B1 B2 M3 M4 W5 W6

B1 X X X X
B2 X X X X
M3 X X
M4 X X

B1 and B2 represent the two examiners from UB, M3 and M4 are those
from UM, and W5 and W6 are those from UW. X: required pairing. 
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arthralgia (Group IIIa). This dichotomous item is
positive if there is pain to palpation of either the lat-
eral pole of the joint or the posterior attachment of
the joint. Joint palpation was performed with 1
pound of pressure as specified by the RDC/TMD.
The absence or presence of coarse crepitus is used
diagnostically to differentiate IIIb/IIIc from IIIa. 

Statistical Procedures

Prevalence of diagnoses in the study sample and
overall percent agreement for diagnoses were com-
puted using the Proc Freq procedure (SAS Institute).

A generalized estimate equations (GEE) proce-
dure has been described by Williamson et al15 for

kappa estimates. Kappa point estimates were com-
puted with this procedure as well as variance esti-
mates for calculating 95% CIs. This mathematical
model yields estimates adjusted not only for
chance but also for correlated data between the
right and left joints within the same participant. In
addition, this GEE kappa procedure allows for
assessment of agreement between multiple examin-
ers. Based on this model, estimates of agreement
over the six examiners were computed for the
intersite calibration study (n = 180) in Table 2.
The GEE kappa procedure was also used for esti-
mating agreement between two examiners at each
site (one CE and the TE) for the intrasite reliability
assessment (n = 705) presented in Table 3, and for

Table 2  Intersite Reliability (n = 180, Three Examinations per Participant)

Prevalence GEE kappa ICC for 
based on for diagnostic 95% CI for Percent diagnostic 95% CI for ICC 

Diagnosis detection rates* agreement GEE kappa agreement† agreement (by bootstrap)

Any Group I 0.63 0.84 0.74 – 0.94 93 0.84 0.77 – 0.91
Ia 0.41 0.62 0.53 – 0.72 81 0.62 0.53 – 0.71
Ib 0.22 0.58 0.41 – 0.74 85 0.58 0.46 – 0.68
Any Group II 0.36 0.60 0.48 – 0.72 82 0.60 0.54 – 0.67
IIa 0.34 0.63 0.51 – 0.75 84 0.64 0.57 – 0.70
IIb 0.01 0.62 0.00 – 1.00 99 0.60 0.00 – 0.87
IIc 0.02 0.31 0.00 – 0.86 97 0.30 0.00 – 0.59
Any joint pain (IIIa or IIIb) 0.23 0.59 0.45 – 0.73 85 0.59 0.51 – 0.67
Any arthrosis (IIIb or IIIc) 0.07 0.39 0.16 – 0.63 91 0.38 0.25 – 0.51
IIIa 0.19 0.55 0.39 – 0.71 86 0.55 0.45 – 0.64
IIIb 0.04 0.40 0.06 – 0.74 95 0.38 0.22 – 0.56
IIIc 0.03 0.43 0.09 – 0.78 96 0.42 0.22 – 0.60

*Prevalence based on the probability of any examiner making a positive diagnosis within this study sample. 
†Percent agreement is computed as an overall agreement based on three pairings for Group I diagnoses, and six pairings for the side-specific diagnoses
(Groups II and III).

Table 3  Intrasite Reliability (n = 705, Two Examinations per Participant)

GEE kappa for 
diagnostic 

Prevalence based on Prevalence of reference agreement 95% CI for Percent 
Diagnosis detection rates* standard diagnoses† between TE & CE GEE kappa agreement‡

Any Group I 0.61 495/705 = 0.70 0.82 0.77 – 0.87 91
Ia 0.25 210/705 = 0.30 0.60 0.51 – 0.69 85
Ib 0.36 285/705 = 0.40 0.70 0.64 – 0.76 86
Any Group II 0.24 898/1410 = 0.64 0.58 0.49 – 0.66 84
IIa 0.21 532/1410 = 0.38 0.60 0.52 – 0.69 87
IIb 0.02 91/1410 = 0.06 0.51 0.20 – 0.82 98
IIc 0.01 275/1410 = 0.20 0.13 -0.10 – 0.36 98
Any joint pain (IIIa or IIIb) 0.27 689/1410 = 0.49 0.55 0.47 – 0.62 82
Any arthrosis (IIIb or IIIc) 0.05 343/1410 = 0.24 0.33 0.18 – 0.48 94
IIIa 0.24 466/1410 = 0.33 0.52 0.44 – 0.60 82
IIIb 0.03 223/1410 = 0.16 0.36 0.17 – 0.56 97
IIIc 0.02 120/1410 = 0.09 0.28 0.07 – 0.49 97

*Prevalence based on the probability of either the CE or the TE making a positive diagnosis within this study sample. 
†Prevalence based on the reference-standard criterion diagnoses (see the first article in this series14). For Group I, there is only one diagnosis per
participant and the rate denominator is 705. For Groups II and III, there are two joints per participant and the diagnosis rate denominator is 1,410.
‡Percent agreement is computed as an overall agreement based on one pairing for Group I diagnoses, and two pairings for the side-specific diagnoses
(Groups II and III). 
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the selected dichotomous clinical measures in
Tables 4 and 5.

Reliability can also be estimated by the ICC using
a random-effects analysis of variance (ANOVA)
model described by Shrout and Fleiss.16 To com-
pare GEE kappa results to ICC results, the ANOVA
procedure was applied to the intersite data from the
six participating examiners. The bootstrap method
was employed to take into account the correlated
data between sides within the same participant and
compute the 95% CIs for the ICCs. 

For the formal intersite calibration studies, the
consensus (reference standard) methodology was
not applied when establishing the prevalence of
diagnoses. In this context, diagnostic prevalence
can then be understood as the probability of any
examiner making a positive diagnosis. Percent
agreement as reported in the tables was computed
as follows: when, for example, three examiners
saw a given participant for the intersite calibra-
tions, this allowed for three diagnostic pairings (1
versus 2, 1 versus 3, 2 versus 3) to be assessed for
Group I diagnoses, and six pairings to be assessed
for Group II and Group III diagnoses, because the
latter two diagnostic groups are side-specific.

Overall percent agreement was the average over all
participants examined for a given diagnosis or for
individual examination items.

The study used the following guidelines17 for
interpreting either the kappa statistic or the ICC:
> 0.75 denotes excellent reproducibility; 0.4 to
0.75 demonstrates fair to good reproducibility;
and < 0.4 expresses poor reproducibility. 

Results

Reliability of Diagnostic Algorithms

Using the guidelines of Fleiss et al,17 the reliability
of the RDC/TMD Axis I diagnoses was excellent
(� > 0.75) only for “any Group I” (Ia or Ib) in the
intersite and intrasite assessments. Intersite relia-
bility of Ia, Ib, IIa, IIIa, and “any joint pain” (IIIa
or IIIb) was consistently good (� = 0.55 to 0.63;
Table 2). All but one of the lower confidence limits
for these estimates also showed values considered
to be fair to good (≥ 0.41). The intrasite reliability
estimates for these same diagnoses were similar,
with � = 0.52 to 0.70 (Table 3). 

Table 4  Intersite Data Collection: Reliability of Selected Exam Items with Corresponding Diagnostic Algorithm
Reliability

Intersite data collection (n = 180)*

Reliability of algorithmic RDC/TMD diagnosesGEE kappa for 
Dichotomous Examiner-based examination item 95% CI for Percent 
examination items prevalence rate agreement GEE kappa agreement Diagnosis GEE kappa

Muscle pain 0.76 0.75 0.58 – 0.92 91 Group I myofascial pain 0.84
Limited opening 0.29 0.58 0.45 – 0.71 82 Ib 0.58
Disc click 0.34 0.63 0.51 – 0.75 84 IIa 0.63
Joint pain 0.32 0.42 0.29 – 0.55 74 IIIa 0.55
Coarse crepitus 0.12 0.53 0.31 – 0.75 90 Any arthrosis (IIIb or IIIc) 0.39

*Three examinations per participant.

Table 5  Intrasite Data Collection: Reliability of Selected Exam Items with Corresponding Diagnostic Algorithm
Reliability

Intrasite data collection (n = 705)*

Reliability of algorithmic RDC/TMD diagnosesGEE kappa for 
Dichotomous Examiner-based examination item 95% CI for Percent 
examination items prevalence rate agreement GEE kappa agreement Diagnosis GEE kappa

Muscle pain 0.66 0.77 0.71 – 0.83 90 Group I myofascial pain 0.82
Limited opening 0.45 0.76 0.71 – 0.81 88 Ib 0.70
Disc click 0.20 0.61 0.51 – 0.70 87 IIa 0.60
Joint pain 0.30 0.41 0.33 – 0.48 75 IIIa 0.52
Coarse crepitus 0.07 0.53 0.37 – 0.69 94 Any arthrosis (IIIb or IIIc) 0.33

*Two examinations per participant.

25_Look_Layout 1  1/8/10  4:02 PM  Page 30

© 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.



Look et al

Journal of Orofacial Pain  31

For the less common Axis I diagnoses (ie, IIb,
IIc, IIIb, IIIc, and any arthrosis [IIIb or IIIc]), inter-
site reliability was either poor or at a low level of
acceptability (� = 0.31 to 0.43), with only IIb
found to have good reliability (� = 0.62) (Table 2).
In addition, the CIs for the less common diagnoses
suggest, in most cases, considerable uncertainty.
Intrasite reliability for the less common diagnoses
was again comparable to intersite reliability for
four of the five diagnostic categories, with � = 0.28
to 0.51. The exception in the intrasite data was IIc,
which was associated with a very low detection
rate and with � = 0.13 (Table 3). 

The GEE kappa method for computing reliabil-
ity estimates was equivalent to the ICC from the
random-effects ANOVA method, differing by no
more than 0.02 for any pairing of estimates in
Table 2. Percent agreement was no lower than
81% in both the intersite and intrasite assessments
(Tables 2 and 3). Percent agreement for four
dichotomous key clinical measures in both assess-
ments was no lower than 82% (Tables 4 and 5).
However, agreement on joint pain was 74% and
75% in the intersite and intrasite assessments,
respectively (Tables 4 and 5).

Relationship Between the Reliability of
Diagnostic Clinical Measures and the 
Reliability of Diagnoses

As noted above, the reliability of algorithmic diag-
nostic trees such as those of the RDC/TMD is
expected to be similar to the reliability of the clini-
cal measures that make up the trees. The reliability
of muscle pain was estimated at � = 0.75 (intersite
data) to � = 0.77 (intrasite data), and Group I
diagnostic reliability was seen to be similar at � =
0.82–0.84 (Tables 4 and 5). For limited opening,
which is used to differentiate a diagnosis of Ib
from Ia, reliability was estimated at � = 0.58
(intersite data) and � = 0.76 (intrasite data). The
diagnostic reliability for Ib was � = 0.58 (intersite
data) and � = 0.70 (intrasite data). The diagnostic
disc click as specified by the RDC/TMD had a reli-
ability of � = 0.63 (intersite data) and � = 0.61
(intrasite data), and the diagnostic reliability for
Group II disc displacement with reduction (IIa)
was � = 0.60-0.63. Diagnosis of temporomandibu-
lal joint pain had a reliability of � = 0.42 (intersite
data) and � = 0.41 (intrasite data). The corre-
sponding estimate of reliability for the diagnosis of
arthralgia (IIIa) was � = 0.52–0.55. In both the
intersite and intrasite assessments, the finding of
coarse crepitus used for differentiating IIIb
(osteoarthritis) or IIIc (osteo arthrosis) from IIIa

did not vary (� = 0.53), and the reliability for the
diagnosis of any arthrosis (IIIb or IIIc) varied little,
from � = 0.33–0.39.

Low Examiner Detection Rates for 
the Less Common Diagnoses

The problem of low examiner detection rates was
experienced when the published RDC/TMD Axis I
protocol was used for detection of the less com-
mon diagnoses (IIb, IIc, IIIb, IIIc). Detection rates
averaged around 2% of the study sample (see
Table 3), corresponding to approximately four
participants in the intersite sample, and 15 partici-
pants in the intrasite sample, both of which are too
few for stable reliability estimates. 

Discussion

This study evaluated comprehensively the interex-
aminer reliability of RDC/TMD Axis I diagnoses. It
provided reliability estimates for less common
TMD disc displacement or osteoarthrosis disor-
ders, which had previously not been available.
When published guidelines17 were used for the
interpretation of the magnitude of reliability coeffi-
cients, the reliability of RDC/TMD Axis I diag-
noses was excellent (� > 0.75) only for one diagno-
sis, the combination Group I (Ia or Ib). Reliability
estimates for Ia, Ib, IIa, IIb, IIIa, and “any joint
pain” (IIIa or IIIb) were generally good, whereas
the reliability of IIc, IIIb, IIIc, and any arthrosis
(IIIb or IIIc) was poor (� < 0.4) to marginally fair
(�  0.43). The reliability of common diagnoses
such as myofascial pain with limited opening (Ib),
disc displacement with reduction (IIa), and arthral-
gia (IIIa) varied little from the reliability of single
key examination measures: interincisal opening,
disc click, and joint pain to palpation, respectively.
The difference in kappa ranged from 0 to 0.13.
This demonstrates the statistical influence of single
variables for their capacity to predict and limit the
reliability of the diagnostic algorithms.

Comparisons of Reliability Estimates of This
Study with Past Studies

Although a number of studies have been published
that assessed TMD signs and symptoms opera-
tionalized according to the RDC/TMD specifica-
tions,10,18–20 only a few studies have reported relia-
bility findings for the actual diagnoses. Lausten et
al21 reported kappa values for myofascial pain with
(0.496) and without limited opening (0.681), disc
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displacement with reduction (0.621), and arthralgia
(0.405). These reliability coefficients are slightly
above the present study’s estimates for myofascial
pain without limited opening, similar to the results
for disc displacement with reduction, and lower
than the findings for myofascial pain with limited
opening and arthralgia. John and Zwijnenburg
have reported kappa values between 0.32 and 0.51
for disc displacements with reduction.7 This is
lower than the findings observed in the present
study. In youths aged 12 to 18 years, Wahlund et al
found good to excellent reliability for each of the
RDC/TMD major groupings with all reliability
coefficients > 0.78 for RDC/TMD Groups I, II, and
III.4 The present study showed this level of reliabil-
ity only for Group I (muscle pain). Only three sin-
gle-site studies have been published that were
designed to examine the entire set of RDC/TMD
Axis I diagnoses. All were included among the 10
international consortium sites reported on by John
et al.9 In one single-site study, Lobbezoo et al found
fair to good reliability coefficients, ie, ICC values
between 0.4 and 0.75 for myofascial pain diag-
noses, disc displacement with reduction as well as
without reduction and limited opening, and
arthralgia. The diagnosis of osteoarthrosis reached
excellent reliability with ICC = 0.79. This latter
estimate of reliability, approximately twice as high
as that observed in the present study, may be
related to their low sample size (which would
increase susceptibility to chance), and/or by differ-
ences in case severity.11 Similar results were
reported from another single-site study by
Schmitter et al.12 These authors found fair to good
reliability for common RDC/TMD diagnoses such
as myofascial pain, disc displacement with reduc-
tion, and arthralgia. Only disc displacement with-
out reduction without limited opening showed
poor reliability. The third single-site study to pub-
lish did not have the possibility of assessing four of
the RDC/TMD diagnoses due to the low prevalence
of these diagnoses in their study sample, but their
results for Ia and Ib demonstrated higher reliability
by 0.18 than in the present study.10

When the present study is compared to the inter-
national multicenter study,9 which was the most
comprehensive reliability study to date, the present
data are equal or better. For half of the diagnostic
categories, reliability coefficients observed in the
present study were similar to the multicenter study,
ie, within a 0.10 range. For the other half of the
diagnoses, reliability coefficients in the present study
were higher than in the international study. The
international study was not able to determine the
reliability of diagnoses such as disc displacement

without reduction and without limited opening,
osteoarthritis, and osteoarthrosis. 

Because the current estimates of reliability are
based on a large multicenter sample, the authors
hold that these estimates of reliability are both
credible and generalizable to other populations in
which the prevalence of diagnoses is comparable.
This is the first reliability study for which the diag-
nostic prevalence of each diagnosis was established
by reference standard methodology (intrasite data,
Table 3). While such criterion procedures may not
be feasible for most future reliability studies, inves-
tigators should clearly delineate their recruitment
goals and techniques as well as all available infor-
mation on their study participant diagnoses. This
requirement is already set forth in the Con soli -
dated Standards for Reporting Trials (CONSORT)
recommendations for clinical trials,22,23 and is rec-
ommended by the Standards for Reporting of
Diagnostic Accuracy (STARD) initiative for diag-
nostic accuracy studies.24

Additional Interpretations of the Results

Classification tree methods. Classification trees are
widely used in applied fields such as medicine
because they lend themselves to graphical displays
that are relatively easy to interpret. Such diagnostic
trees are composed of nodes that categorize or
divide participants based on a “split” condition. By
observing the conditions that are satisfied between
the initial node and the terminal node, one can
understand diagnostic characteristics that predict
membership in categorical classes such as case or
noncase.
The influence of examiner-based detection rates

in a participant sample. The split conditions cho-
sen for the RDC/TMD Axis I diagnostic system
were designed to have an expected 70% sensitivity
and 95% specificity.1 The intent was to minimize
false-positive diagnoses while accepting higher lev-
els of false-negative diagnoses. Diagnostic criteria
with moderate sensitivity and high specificity gen-
erally make it more difficult to make a positive
diagnosis, particularly as the participants’ signs
and symptoms become milder and less numerous.
However, as it becomes more difficult for an
examiner to make a positive diagnosis, the exam-
iner-based prevalence of the diagnosis (ie, exam-
iner detection rate) in the study sample decreases
and, as a result, both kappa and ICC estimates
may fall significantly. It has previously been shown
that the magnitude of the reliability coefficients
depends on the prevalence of the disorder.25,26 The
prevalence of consensus diagnoses for IIb, IIc, IIIb,
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and IIIc in the intrasite sample was 0.06, 0.20,
0.16, and 0.09, respectively. In comparison, the
examiner detection rates for these diagnoses were
0.02, 0.01, 0.03, and 0.02, respectively (Table 3).
These detection rate estimates pertain to any
examiner making a positive diagnosis, and are not
based on multiple raters having to agree that the
diagnosis is present for it to be counted. These
diagnostic rates also include both true and false-
positive diagnostic renderings. Thus, it is pre-
dictable that examiner reliability would be lower
for the less common Axis I diagnoses (IIb, IIc, IIIb,
and IIIc).
A potential ceiling for some examination items.

In 1992, Dworkin and LeResche reported that
agreement on joint sounds with auscultation of the
joint showed kappa values in the 0.60s whereas
joint pain to palpation was somewhat lower, with
kappa values in the 0.40s.1 The present study
found almost identical reliability estimates with
disc click at � = 0.61–0.63, and joint pain at � =
0.41–0.42. These findings suggest that there may
be predictable levels of reliability associated with
certain signs, and that these observations could be
relatively consistent over time, participants, and
examiners. The implication of this less-than-excel-
lent clinical measure reliability for the diagnostic
algorithms’ reliability is reflected in the data in
Tables 4 and 5. Kappas for disc click and kappas
for agreement on IIa differ by no more than 0.01.
Kappas for joint pain predict within a range of
0.11 to 0.13 the kappas for diagnostic agreement
on arthralgia. 

Limitations of this Study

The validation study that assessed the eight Axis I
diagnoses against the reference standard diagnoses,
as reported in the third article in this series,13 was
designed to have sufficient statistical power to
yield CIs no greater than 0.10 on either side of
point estimates measured on a 0.0 to 1.0 scale.
However, the intersite reliability assessments were
not designed to have such statistical power, given
that the total sample size was 180 as compared to
705 participants for the validation study. Thus,
the present study is able to report new information
as to point estimates for the reliability of the less
common Axis I diagnoses (IIb, IIc, IIIb, and IIIc),
but, due to low detection rates, the associated CIs
indicate considerable uncertainty as to the true
magnitude of these estimates.

Conclusions

Diagnoses are, both from conceptual and clinical
practice points of view, the preferred way to char-
acterize TMD, and the RDC/TMD protocol is cur-
rently the most widely used diagnostic and classifi-
cation system for Axis I diagnoses. The reliability
of RDC/TMD Axis I diagnoses was found to be
excellent (� > 0.75) only for “any Group I” (Ia or
Ib). The reliability of Ia, Ib, IIa, IIIa, and “any joint
pain” (IIIa or IIIb) was generally good, as demon-
strated by kappa values in the range of 0.52 to
0.70, even after taking into consideration the lower
confidence limits (≥ 0.39). As for the less common
Axis I diagnoses (ie, IIb, IIc, IIIb, IIIc, and any
arthrosis [IIIb or IIIc]), reliability point estimates
were poor to marginally fair (�  0.43), except for
IIb (� = 0.51–0.62), and all were associated with
CIs that suggest considerable uncertainty due to the
low detection rate for these diagnoses. Axis I diag-
nostic classification trees are based on multiple
measures, but the reliability of common diagnoses
such as myofascial pain with limited opening, disc
displacement with reduction, and arthralgia varies
little (� = 0.0–0.13) from the reliability of single
key examination measures (interincisal opening,
disc click, and joint pain to palpation, respectively).
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