
It is generally agreed that clinical data are collected
with some degree of uncertainty and inaccuracy in

that no diagnostic procedure is completely free of
measurement error. Reliability, or reproducibility of
clinical data, is fundamental to arriving at a valid di-
agnosis. When various examiners perform clinical
measurements, the results can only be interpreted
with confidence if examiners are able to measure clin-
ical signs and symptoms with consistency.1 The
World Health Organization has recommended that

reliability information should be a routine part of all
oral health survey final reports.2

Several studies assessing the reliability of clinical
signs and symptoms of temporomandibular disor-
ders (TMD) have measured reliability of examiners for
assessing continuous variables using intraclass cor-
relation coefficients (ICC) and examined reliability of
pairs of examiners for clinical categoric variables
using the kappa statistic (Cohen’s kappa)1,3–8 and
sometimes, but rarely, Scott’s pi.9

Most studies present only mean ICC and kappa
when more than two examiners are involved. The as-
sumption that the examiners are interchangeable is
essential to pooling clinical measurements across all
examiners. This is particularly important for large epi-
demiologic and clinical multicenter studies with
many investigators, when information about the re-
liability for all examiners is warranted. But to be
confident that such pooled data result from reliable
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Purpose: The aim of this report was to study the ability of examiners to measure reliably the
clinical signs of temporomandibular disorders (TMD). Four examiners participated in this
study of 11 TMD patients and 25 nonpatients. Materials and Methods: Vertical and lateral
excursions of the jaw were measured using a millimeter ruler. Joint sounds during vertical
jaw movements were assessed using digital palpation. The reliability of delivering
appropriate degrees of digital pressure to assess masticatory muscle pain was assessed using
a manometer after training examiners to exert specified pressures. Results: Intraclass
correlation coefficients for the measurement of vertical and protrusive jaw movements were
≥ 0.87, which was considered excellent. The intraclass correlation coefficient for
measurements of left and right lateral jaw excursions varied between 0.73 and 0.85, which
was considered acceptable. The interobserver agreement for detecting the joint sounds
showed overall agreement across examiners of 78%. Kappa for every possible pair of
examiners varied between .52 and .86 (median .75, interquartile range .18). Reliability for
diagnostic categories from the Helkimo index and Research Diagnostic Criteria for
Temporomandibular Disorders involving joint noises showed modest reliability.
Conclusion: Point estimates and measures of spread for reliability measures of single clinical
TMD signs as well as combinations of signs into diagnostic categories from the Helkimo
index and Research Diagnostic Criteria for Temporomandibular Disorders involving joint
noises were sufficient in a group of four examiners. Int J Prosthodont 2001;14:265–270.
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measurements, it would be useful to report, in ad-
dition to mean kappa and ICC, measures represent-
ing the spread of kappa and ICC among the clinical
examiners being tested for reliability.

Most reliability studies investigate isolated clini-
cal TMD signs. However, some subjects may pre-
sent multiple signs and symptoms. They can be
combined into indices describing the severity of
TMD for the individual. A common index is the
Helkimo index.10 Inclusion and exclusion criteria
group signs and symptoms to define specific clini-
cal disorders.11,12 These alternatives for character-
izing TMD are also influenced by measurement
variability. Guidelines for assessing the confidence
one can have in reliability of clinical measurements
exist.13,14

In preparation of an epidemiologic research pro-
ject and a multicenter TMD study, this report de-
scribes the results of a reliability study involving the
calibration of four trained TMD examiners and one
TMD study coordinator. The aim of this study was to
assess the ability of examiners to reliably measure
signs of TMD. Methodologic issues involved with
measuring the different clinical signs, including pal-
pation pain of masticatory muscles and temporo-
mandibular joints (TMJ), joint noises, and range of
mandibular motion, are discussed.

Materials and Methods

Four examiners (three dentists and one examiner
with a PhD in oral physiology) trained in TMD ex-
aminations from their clinical experience in the di-
agnosis and treatment of TMD participated in the
study, which was executed in two sessions.

This study was performed according to the guide-
lines of Dworkin and Whitney.15 Criteria for defining
the variables assessed in this study were provided by
the specification contained in the Research
Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD).12 The measurement definition of the
variables is summarized in Table 1.

Examination Specifications

Joint sounds for both the left and the right TMJs were
determined using digital palpation. Sounds were clas-
sified according to the categories “no sound,” “click-
ing,” and “occasional clicking.” To assess joint
sounds, the examiners judged three consecutive
opening and closing movements. A clicking sound
was reported when the clicking was perceived in at
least two of three movements. When the clicking
was perceived in only one movement, the category
occasional clicking was selected.

Measurements of mandibular range of motion were
performed to the nearest millimeter using a ruler.
Measurements of range of motion were repeated
three times, and the highest value was recorded.

The vertical opening patterns were determined
using a millimeter ruler held vertically between the
maxillary central incisal embrasures. Only deviations
or deflections larger than 2 mm were noted (Table 1).

Calibration of Examiners

Previous reliability studies have reported marginal to
good intraobserver and interobserver reproducibility
for assessment of muscle and joint tenderness using
finger palpation.4,7–9

Reported pain provoked by palpation tests is sub-
jective. The pressure and the method of palpation (lo-
cation of muscle and joint points, technique of fin-
ger palpation) determine the pain response from the
patient. However, repeatedly performed palpation on
the same subject during the training process could
distort the results and mislead the trainee.1 Therefore,
for initial training and calibration purposes, determi-
nation of muscle and joint tenderness was not per-
formed directly on subjects (patients or controls).
Instead, the examiners were given a manual with
specifications of the palpation points and the method.
The location of the exact palpation points was
demonstrated on volunteers by the study coordina-
tor, and the examiners determined the palpation lo-
cation on the same volunteers and on each other.

According to the RDC/TMD, palpation should be
done with a pressure equivalent to 0.91 kg for the ex-
traoral muscles and 0.45 kg for the joints and the in-
traoral muscles.12 In our study, the examiners were
trained to exert fingertip pressure equivalent to a
range between 0.73 and 1.09 kg for extraoral palpa-
tion and between 0.36 and 0.54 kg for intraoral pal-
pation in at least four of five trials. This was per-
formed with a manometer (Haag-Streit).

Selecting Appropriate Clinical Samples

To examine a wide spectrum of TMD signs,16 TMD
cases (persons with signs and symptoms of TMD)
and symptom-free persons not included in the cali-
bration sessions were recruited; 11 patients, 19 stu-
dents, and six staff members from the Martin Luther
University School of Dentistry were included in the
investigation. In the first session of the reliability
study, four examiners independently studied 13 sub-
jects. In the second session, the remaining 23 subjects
were studied. The subjects varied in age from 17 to
71 years, and their mean age was 29.3 ± 12.3 years.
Independent diagnosis by the study coordinator prior
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to the calibration sessions revealed that seven subjects
presented bilateral joint clicking, 11 subjects had
unilateral clicking, and 18 subjects had no joint click-
ing.

The examinations of the reliability trial were per-
formed at four dental units (measurement stations) in
two examination rooms simultaneously. At each sta-
tion, the measurement results were recorded by re-
search assistants. All subjects were examined in a ran-
dom order by each examiner, all of whom were blind
to subject status (case or noncase).

Reliability of continuous variables was determined
using ICC. Values of ICC ≥ 0.75 were taken as an in-
dication of acceptable interexaminer agreement.5

The reliability of categoric variables was deter-
mined using percent agreement between the exam-
iners and the kappa statistic (Cohen’s kappa), which
was determined for every possible pair of examiners.
Median ~� and interquartile range (IQR) of the kappa
statistic for each pair of examiners were calculated.
Kappa controls for agreement that would occur sim-
ply by chance.17 Kappa was interpreted according to
Landis and Koch.18 Thus, � ≥ .60 was taken as in-
dicative of acceptable interexaminer agreement.15

Results

Regarding range of motion, the ICC of the measure-
ment of maximum opening as well as protrusion was
0.87 or higher (Table 2). For left and right lateral ex-
cursions, the ICC varied between 0.73 and 0.85.

The interobserver agreement of joint sound as-
sessment with categories “clicking present” and “no
clicking” showed an overall agreement of 78% across
all examiners. Kappa for every possible pair of 

examiners varied between .52 and .86 (~� .75, IQR
.18; Table 3).

Crepitation was assessed on five clinical TMD pa-
tients. Each case was discussed by the group to reach
an acceptable agreement on the phenomenon.

The procedure for determining pain on palpation
recommended by Goulet et al6 was used to ensure ac-
ceptable reliability. All examiners were able to locate
the specified palpation locations and to exert finger-
tip pressure equivalent to a range between 0.73 and
1.09 kg for extraoral palpation and between 0.36 and
0.54 kg for intraoral palpation in at least four of five
trials. Each examiner subsequently performed six se-
ries of five trials at both target pressures. The mean val-
ues for the series of five trials ranged between 0.75 and
0.96 kg, with standard deviations between 0.04 and
0.14 kg for extraoral palpation. Mean values for in-
traoral palpation were between 0.40 and 0.52 kg,
with standard deviations between 0.04 and 0.07 kg.

When TMJ dysfunction was calculated as part of the
Helkimo index,10 the index varied between 0 and 2
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Table 1 Definition of Clinical Measurements

Variable Measurement definition

Range of motion
Maximum active opening Distance (in mm) between the edge of the most vertically oriented maxillary incisor and the

labioincisal edge of the opposing mandibular incisor during maximum active opening + vertical 
incisal overlap at this line

Lateral excursions Distance (in mm) between maxillary and mandibular labioincisal embrasures between the
maxillary central incisors and mandibular central incisors during maximum lateral mandibular
movement (corrected by the midline deviation) in slight jaw opening

Protrusive excursions Distance (in mm) from maxillary labial to mandibular labial incisor surfaces during maximum
protrusive mandibular movement in slight jaw opening

Joint sounds during Click = a short, distinct sound of brief and very limited duration, with a clear beginning and end;
open-close movement usually sounds like a “click”

Crepitation = a sound that is continuous over a longer period of jaw movement; the joint may
make overlapping, continuous noises

Opening pattern Straight pattern = no perceptible deviation or deflection (< 2 mm) upon opening
Right or left deflection = perceptible deflection (≥ 2 mm) to the right or left at maximum opening;

no correction to the midline before reaching maximum unassisted opening
Right or left deviation = perceptible deviation (≥ 2 mm) to the right or left; corrected to the

midline before or upon maximum unassisted opening

Table 2 Reliability of Mandibular Range of Motion
Using Intraclass Correlation Coefficients*

Variable First session Second session

Active maximum 0.93 (0.85, 0.98) 0.94 (0.86, 0.98)
opening

Protrusion 0.91 (0.80, 0.97) 0.87 (0.73, 0.95)
Left lateral 0.79 (0.60, 0.93) 0.85 (0.70, 0.95)

excursion
Right lateral 0.73 (0.50, 0.90) 0.79 (0.59, 0.92)

excursion

*95% confidence interval values are given in parentheses.
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and the agreement varied between 52% and 77% (~�
69%, IQR 17%) in the first session. Kappa ranged from
–.05 to .57 (~� .41, IQR .32). In the second session,
the examiner agreement improved, to a range from
74% to 91% (~� 83%, IQR 4%), as did kappa, which
changed to .33 to .78 (~� .52, IQR .15).

To determine the ability of the examiners to di-
agnose TMD patients, the joints were classified as
disc displacement with reduction versus no disc
displacement according to the RDC/TMD.12 The
agreement between observers was similar in both
sessions (Table 4). In the first session, kappa varied
between .33 and .71 (~� .51, IQR .13) and in the sec-
ond session between .10 and .73 (~� .32, IQR .33).

Discussion

The results of this study were consistent with other
studies.4,5 Certain signs of TMD are less reliable than
others. They fluctuate because of examination influ-
ences and the transient nature of the phenomenon it-
self. The variability of clinical signs can be assigned
to three different sources: (1) error in measurement
(ie, instruments are unreliable); (2) unreliability of ex-
aminers; or (3) instability or changing characteristics
of the underlying structure being measured.

The measurement reliability of maximum jaw
opening in this study was excellent. This is in agree-
ment with other studies.1,6,8,9 The lower but ade-
quate ICC values for determination of the lateral 
excursive movement range are also shown in other
studies.

Determination of joint sounds was marginally re-
liable. This finding is supported by other studies.1,5

Dworkin and coworkers1,4,12 believe that training of
examiners is essential when examination results have
to be compared. The results of the present study un-
derline this recommendation. When each of the four
examiners were compared with the other three ex-
aminers, the kappa values for five of the possible six
combinations of observers were higher during the
second session compared to the first (Table 3).
Although the examiners were trained in the diagno-
sis of TMD, between both sessions the reliability im-
proved, probably because of the training effect of the
first calibration session.

A majority of the variability of the joint noises is
likely because of the variability of the joint noise it-
self. An estimate of the amount of the true intraob-
server variability (corrected for the phenomenon
joint clicking) can be approximated by having two
observers assess the same joint simultaneously.
This is possible by means of recording the joint
sounds on tape and letting different observers ana-
lyze these sounds.19 A drawback of this procedure
is that the observer cannot see the jaw movements
and is thus not able to interpret the sounds ade-
quately. This disadvantage can be overcome by
using a stereo stethoscope, ie, a stethoscope with
two sets of earpieces that allow two observers to lis-
ten to the same TMJ at the same time during ex-
cursions of the jaw.1

Dworkin and coworkers found that successive pairs
of examiners listening in turn to the same TMJ will 
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Table 3 Reliabiliy of Joint Clicking Using Kappa*

Examiner 1 Examiner 2 Examiner 3

First session
Examiner 2 .61 (81)
Examiner 3 .72 (88) .52 (77)
Examiner 4 .74 (88) .52 (77) .81 (92)

Second session
Examiner 2 .86 (93)
Examiner 3 .81 (91) .86 (93)
Examiner 4 .76 (89) .63 (86) .77 (89)

*% agreement values are given in parentheses.

Table 4 Kappa and Examiner Agreement for Joint Dysfunction According to the
Helkimo Index and Disc Displacement with Reduction According to the RDC/TMD
(Median; Interquartile Range)

Joint dysfunction Disc displacement with reduction
First session Second session First session Second session

% agreement 69; 17 83; 4 88; 5 87; 9
Kappa .41; .32 .52; .15 .51; .13 .32; .33
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disagree with the sound detected by the previous pair
of examiners roughly 50% of the time. They state that
“poor inter-examiner variability . . . may more impor-
tantly reflect highly variable patterns of joint noises than
inadequacies of clinical examiners.” Joint sounds exist
in a wide range of intensity. Results from previous
studies show an increased reliability when joint sounds
that are audible to the subjects are recorded.20

Although it is generally accepted to present the
agreement between various pairs of observers by the
average kappa,1,4 the results of this study showed that
an average kappa does not adequately represent re-
liability of measurement because the spread of all
pairs of observers is substantial. This indicates that
perhaps some examiners are less able to become
calibrated or need more training, and hence are less
able to acquire satisfactory reliability. It is therefore
concluded that the agreement between more than
two observers can be better represented by median
and interquartile range of kappa.

Unquestionably, pain is the most striking symptom
of TMD. One of the major issues is believing in the
patient’s complaints.13 The variation in palpation
pressure may influence the pain report. Therefore, it
is important to use the same palpation pressure for all
patients. The results of the manometer palpation pres-
sures in this study showed that the examiners were
able to exert a relatively constant fingertip pressure
during palpation. It is a limitation of our study that we
used the application of palpation pressure (although
it was precise) as a proxy for the reliability of palpa-
tion assessed on patients.

The mean kappa for joint dysfunction in our study
was comparable with the result of Kopp and
Wenneberg8 for the clinical dysfunction index (Scott’s
pi = .30, 63% agreement). This finding underlines the
well-known rule that the reliability of a diagnosis
cannot be better than the reliability of the assessment
of component clinical signs and symptoms.

According to the RDC/TMD,12 the diagnosis of
disc displacement with reduction can be assigned
when reciprocal clicking in the TMJ that is repro-
ducible on two of three consecutive trials, or a re-
producible click during opening or closing and a re-
producible click during lateral excursion and/or
protrusion, is reported. In this study, however, joint
sounds were only determined during normal open-
close jaw movements, so the diagnosis disc dis-
placement with reduction is probably underesti-
mated. When the patients in this study were
diagnosed according to the RDC/TMD, the 
agreement between the pairs of examiners varied
between 80% and 96%, with a corresponding kappa
between .10 and .73. Wahlund et al21 reported
higher kappa values between .85 and .90 for disc

displacements. This difference may be because of
more reliable examiners or a better-balanced study
population in the previous study. The paradoxic re-
sult, a relatively good agreement and low kappa, has
been addressed by Feinstein and Cicchetti.22,23

These authors argue that the basis for this paradox
is the dependence of the kappa statistic on the
prevalence of the identifiable trait in the sample
population. Lantz and Nebenzahl,24 for example,
showed that with an observer agreement of 90%, the
kappa can vary between –.05 and .80 according to
the configuration of the data, ie, the prevalence of
the identifiable trait in the sample population.
Similar possibilities were reported by Dworkin and
Whitney.15

Numerous studies, including the present report,
have demonstrated that reliability of TMD signs varies
from excellent to poor. Certain signs of TMD are more
reliable than others. Assessment of range of motion is
very consistent. Muscle and joint palpation as well as
joint noises are less reproducible, but measurement can
achieve acceptable levels of reliability with training,
calibration, and selection of examiners. Unstable phe-
nomena and the influence of the examination proce-
dure itself might be responsible for the less-reliable
TMD variables, especially assessment of TMJ sounds.

Impact of results from calibration studies for epi-
demiologic investigations can be profound for at least
two reasons: (1) reported prevalence of TMD signs and
symptoms is known to vary widely, and it seems rea-
sonable to assume that a portion of this variability can
be related to the use of uncalibrated examiners using
nonstandardized examination methods; and (2) un-
reliable data, no matter the source of inconsistency of
measurement, cannot yield valid clinical diagnoses—
reliability represents a mathematic constraint on the
maximum validity one can expect from a set of clin-
ical measurements. Prevalences range from 0% to
93% for clinically assessed signs.25 The majority of the
variability in prevalence is supposed to be because of
methodologic differences.26 Therefore, lack of relia-
bility, beyond a lack of validity, may contribute to
these methodologic differences.

When reporting TMD research results, repro-
ducibility of examiners should be aimed for and re-
ported, because as shown, training of examiners is es-
sential to maximize reliability of clinical examination
data.
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