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Aims: To determine whether there is a difference in terms of relia-
bility between experienced examiners and inexperienced examiners
in the measurement of signs of temporomandibular disorders
(TMD). Methods: A total of 27 patients seen for treatment of
TMD were rated blindly and in random sequence by 2 experienced
and 2 inexperienced examiners. The examiners participated in a 4-
hour calibration session on the day preceding the reliability study.
Both experienced and inexperienced examiners participated in the
calibration session to reduce the effect of examiner subjectivity and
allow the study focus to be on the effect of experience. The rating
followed the Research Diagnostic Criteria for Temporomandibular
Disorders and included mandibular movements, joint sounds, and
digital palpation of muscles and joints. Intraclass correlation coef-
ficients and kappa statistics were calculated to estimate interrater
reliability. The Wilcoxon signed rank test was performed to test
for differences between experienced and inexperienced examiners’
results, and the Friedman test was used for differences between all
6 examiner combinations. Results: Excellent overall reliability was
found for vertical mandibular motions, acceptable reliability was
found for the summed muscle palpation pain sites, and moderate
to poor reliability was found for excursive movements, joint
sounds, and single muscle palpation pain sites. No significant dif-
ferences in the measurement results could be found between the
experienced examiners and the inexperienced examiners.
Conclusion: Examiner calibration rather than professional experi-
ence seems to be the most important factor for reliable measure-
ment of TMD symptoms. ] OROFAC PAIN 2005;19:58-64
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proper treatment of disease. Reliable diagnoses are also
important to ensure that epidemiologic research studies
generate accurate results. In the first case, a wrong diagnosis may
have a negative effect on the individual; in the latter case, it may
bias prevalence rates on which guidelines, public health measures,
and research focus are based. It is important for researchers
preparing prevalence studies to ensure that the data to be collected
are representative of the target population and that diagnostic
measurements are carried out with due precision. There are many
well-known methods to enhance data representativeness, such as
randomization.
However, establishing study validity can be more problematic.
One of the main challenges in establishing validity is that the

Dependable and valid diagnoses are a prerequisite for the
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observed symptoms may vary. This variability can
usually be attributed to 3 causes. First, the variabil-
ity can be due to the changing characteristics of the
observed symptoms. Symptoms can vary naturally
or because of the influence of examination. It is well
known that joint sounds have fluctuating character-
istics and the intraindividual variability is very
high.'=7 Second, variability of observed symptoms
can be due to the use of unreliable diagnostic instru-
ments. This can be controlled for by checking the
reliability of the diagnostic tools employed. For
example, the validity and reliability of the Research
Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD),® which have gained wide
acceptance as a way to classify temporomandibular
disorders (TMD), have been proven several
times."?7? Third, low agreement between observers
measuring the same item can lead to different con-
clusions about the same patient. This variability can
be attributed to individual characteristics of the
examiner, eg, his or her experience level and
whether he or she underwent previous calibration.
Many earlier studies have dealt with reliability,~2°
and in most instances, examiner calibration has
been considered crucial. For example, Dahlstrom et
al'% were able to show in a group of examiners that
previously calibrated examiners had better agree-
ment than newly calibrated examiners, although all
of the examiners had experience with TMD
patients, as did those used by Dworkin et al,’* who
employed experienced examiners and compared
those who were trained with those who were
untrained. Duinkerke et al'? did utilize some inexpe-
rienced examiners, but their intention was to evalu-
ate the reproducibility of a palpation test.

Since there has been no research focus on the
influence of experience, the aim of the present
investigation was to determine whether the relia-
bility of measurements of TMD symptoms would
vary with the experience of the examiners. The
results of this study may have an impact on how
examiners are chosen and trained for epidemio-
logic investigations of TMD.

Materials and Methods
Study Population

A total of 22 women and 5 men participated in this
study. All were TMD patients who sought treat-
ment for jaw pain or dysfunction at the prosthodon-
tic department of the Ludwig-Maximilian
University in Miinich, Germany. Participants were
carefully prepared for examination. They were well
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Table 1 Criteria for Inclusion and Exclusion of
Subjects

Inclusion Exclusion

*Presence of sinus disease or
ear disorders

*Systemic inflammatory
polyarthritis

eCervical pain or dysfunction

eEpisodic headaches

eDental infection

®18 to 75 years old
*Report of TMD pain or joint
sounds

informed about the study by an independent clini-
cian, and all provided written consent. Potential
candidates were asked to participate if they were
between 18 and 75 years old and had reported TM]J
pain or sounds (Table 1). Only a few of those asked
refused because of the time required.

The study sample was limited to TMD patients
because a study design incorporating both TMD
patients and healthy controls was not considered
necessary or feasible. A single symptom (eg, ten-
derness of a muscular palpation point) has a low
prevalence even among TMD patients, and the
inclusion of healthy individuals would have
reduced the prevalence of the symptoms studied in
the patient population and also the possibility of
achieving acceptable reliability values. Further-
more, not every TMD patient experiences every
symptom, so controls for each symptom could be
expected within the group. It was estimated that a
sample size of at least 30 patients (o = 0.05, power
= 80%) would be required to detect a significant
difference in the reliability results of the examin-
ers. However, of the 33 patients who initially con-
sented, 6 were absent on the day of examination.

Clinical Examination

All subjects were clinically examined by 4 examin-
ers. Two of the examiners (A and B) were experi-
enced clinicians who had been examining TMD
patients for several years each. The other 2 exam-
iners (C and D) were undergraduate students in
their last year of dental school who had no practi-
cal experience in TMD examination.

The clinical examination was performed accord-
ing to the guidelines described in the RDC/TMD
diagnostic criteria.® Range of motion was mea-
sured in millimeters with a ruler. Tenderness to
palpation was recorded as described in the guide-
lines. However, following the RDC/TMD guide-
lines, since only the presence or absence of tender-
ness at the site of muscle palpation is important
for a diagnostic decision, muscle tenderness was
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Table 2 Clinical Signs

Pain on palpation®
1. Masseter (origin, body, and insertion), right side
. Masseter (origin, body, and insertion), left side
. Temporalis (posterior, middle, anterion), right side
. Temporalis (posterior, middle, anterion), left side
. Retromandibular region, right side
. Retromandibular region, left side
. Submandibular region, right side
. Submandibular region, left side
9. Lateral pterygoid area, right side
10. Lateral pterygoid area, left side
11. Tendon of temporalis, right side
12. Tendon of temporalis, left side
13. Lateral pole and posterior attachment of TMJ, right side
14. Lateral pole and posterior attachment of TMJ, left side
TMJ sounds
15. Sounds with vertical opening, right side
16. Sounds with vertical opening, left side
Range of motion
1. Unassisted opening, no pain
. Maximum unassisted opening
. Maximum assisted opening
. Lateral excursions, right side
. Lateral excursions, left side
. Horizontal overbite
7. Vertical overlap

0 ~NO O WN

oo WN

*ltems 1 to 8, 13, and 14 are extraoral palpation sites; items 9 to 12 are
intraoral palpation sites.

simply counted as present or absent for the pur-
pose of determining reliability. Extraoral sites were
palpated with a force of 0.9 kp and intraoral sites
with a 0.45 kp force. In addition, joint sounds
were not categorized as crepitation or clicking;
examiners were only required to assess the pres-
ence or absence of sounds in the temporomandibu-
lar joint (TM]J). This was necessary because the
low prevalence of the different sounds in the study
population would have prevented the calculation
of meaningful kappa values. All examined vari-
ables are described in Table 2.

Calibration

All examiners participated in a calibration session
to reduce the effect of examiner subjectivity and
allow the study focus to be on the effect of experi-
ence. A 4-hour session was held on the day preced-
ing the reliability study by an independent dentist
experienced in TMD examination. The 4 examin-
ers watched a training video and practiced on each
other, on the trainer, and on 3 additional patients
not included in the reliability study. At the end of
the session they discussed all measuring problems
that came up during the session. A scale was used
to learn how much pressure to apply for the digital

60 Volume 19, Number 1, 2005

palpation of muscle sites and TMJs (0.45 and 0.9
kp, respectively).

Reliability Measurement

Examiners saw patients in a random sequence to
control for possible effects of the passage of time
and for repeated measurements. The number of
subjects seen first by an examiner was equal for all
examiners. The examiners had never seen any of
the patients before and were blinded to the results
of the previous examinations. Each examination
lasted 10 minutes, and all examinations were per-
formed in 1 afternoon to make sure that the time
period between calibration and investigation was
identical for all the examiners.

Statistical Analyses

Reliability was analyzed by 2 statistical methods.
For data measured on continuous scales (eg, mil-
limeter rulers), the intraclass correlation coeffi-
cient (ICC) was calculated.?! The ICC values were
considered acceptable if they were greater than
0.7. For categorical variables (eg, response to mus-
cle palpation), Cohen’s k was calculated. It adjusts
for the likelihood of agreement by chance??-*> and
can be averaged if more than 2 raters are
involved.? Kappa values of 0.4 < k < 0.6 were con-
sidered to indicate moderate interrater agreement,
values of 0.6 < k < 0.8 were interpreted as accept-
able interrater agreement, and values of 0.8 < k <
1.0 were considered to demonstrate almost perfect
interrater agreement.?? Statistics were performed
with SAS Software version 8.0 (SAS Institute).23
There were no missing or implausible values.
Reliability was calculated for each combination of
2 examiners and for the mean of the 6 examiner
combinations (AB, CD, and the 4 experienced/
inexperienced couples: AC, AD, BC, and BD).
Differences between the experienced (A, B) and
inexperienced (C, D) observers were tested by the
Wilcoxon signed rank test (a = 0.05). The
Friedman test (o = 0.05) was carried out on k and
ICC values for the 6 examiner combinations to
test for statistical differences.

Results

The mean age of the subjects was 40 years (stan-
dard deviation 18.5 years; range 19 to 71 years). A
total of 16 participants (59%) had been treated for
TMD before, with a mean time interval of 2 years
(range 1 to 12 years) since the last treatment.
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Reasons for visiting the dental clinic were jaw pain
(52%), TM]J sounds (30%), and other reasons
(18%).

The reliability values of measurement for range of
motion for the experienced and inexperienced
examiner pairs and the overall results are given in
Table 3. The results for the vertical movements were
highly reliable, and acceptably reliable results were
found for measures of overbite and vertical overlap.
The results for the excursive movements were mod-
erately reliable.

Results for pain reported on palpation of muscle
sites and joints as well as for joint sounds are listed
in Table 4. Some palpation sites had very good
reliability, eg, the temporalis muscle, and some
had moderate reliability, eg, the condyle. The pain
prevalences at various palpation sites (eg, the pos-
terior and anterior temporalis) were too low to
obtain interpretable results (data not shown). The
authors therefore looked at the sum of those sites
and counted the muscle as painful if at least 1 pal-
pation point of the muscle was painful on digital
palpation (Table 4). The diagnosis of “myofascial
pain,” requiring the presence of at least 3 muscle
sites tender to palpation, in addition to a patient
report of pain, demonstrated overall acceptable
reliability (x = 0.71). The reliability of joint sounds
measured by palpation was moderate to poor,
even though crepitus and clicking sounds were
grouped together.

There were no significant differences between
the AB and CD « values (P = .4) and ICC values (P
= .3). No single pair of examiners produced more
reliable results than the other pairs. Indeed, as
shown in Figs 1 and 2, the kappa and ICC values
across the 6-pair combinations were widely scat-
tered. They did not show any trend or pattern and
did not vary with statistical significance (ICC: P =
0.3; k: P =.98).
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Discussion

Given the variability of symptoms associated with
TMD, their reliable measurement is particularly
important. Firstly, for the affected individual, ade-
quate treatment depends on correct diagnosis.
Secondly, reliability between different examiners is
essential for conducting valid epidemiologic inves-
tigations. Since clinical signs of disease may change
spontaneously over time and thereby make it diffi-
cult to find the same sign on successive examina-
tions, other sources of diagnostic uncertainty (eg,
unreliable instruments and observers’ subjective-
ness) must be minimized. This study investigated
the reliability between 4 TMD examiners to deter-
mine whether there is a measurement difference
between experienced and inexperienced examiners
after undergoing the same calibration procedure.
The practical question addressed was whether it is
more important for prevalence studies to calibrate
examiners stringently or to have only examiners
with previous experience.

The values for the reliability of experienced
examiners in the present study were similar to
those found in previously published stud-
ies. 173571318 Metric variables showed excellent

Table 3 Reliability of Mandibular Movements
on the Basis of ICC

No. AB CD Overall
1 Unassisted opening, no pain 0.91 0.78 0.83
2 Maximum unassisted opening 0.87 0.89 0.89
3 Maximum assisted opening 0.92 0.93 0.93
4 Lateral excursion, right side 0.06 0.54 0.41
5 Lateral excursion, left side 0.31 0.47 0.40
6 Horizontal overbite 0.81 0.67 0.79
7 Vertical overlap 0.52 0.89 0.70

Table 4 Reliability of Palpation Measurements on the Basis of

Mean Kappa Values

No. AB CD Overall
1/2  Masseter* 0.62/0.46  1.00/0.67 0.78/0.56
3/4  Temporalis* 1.00/1.00  1.00/1.00  0.87/0.91
5/6  Retromandibular region 0.61/0.87  0.37/0.12  0.56/0.50
7/8  Submandibular region 0.78/1.00 0.78/0.46  0.73/0.68
9/10 Lateral pterygoid area 0.50/0.37  0.56/0.40  0.50/0.37
11/12 Tendon of temporalis 0.44/0.62  0.48/0.60  0.53/0.48
13/14 Lateral pole and posterior 0.35/0.44  0.36/0.22  0.43/0.46

attachment of TMJ*

15/16 TMJ sounds 0.59/0.05 0.33/0.09 0.52/0.25
17 Myofascial pain** 0.77 0.70 0.71

*Pain reported on digital palpation at at least 1 palpation site.

**Pain reported on digital palpation at at least 3 of 20 muscle sites.
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Fig 1 Plot showing widely scattered dis-
tribution of the k values of the 17 mea-
sured dichotome variables for all 6 exam-
104 = " W o iner combinations. *Items are listed by
0.9 - a & ® number in Tables 2 and 4.
W . 1
081 mo 5y X = B
0.7 a v A om
! o
gos] Wi B TEY e Ry
a & & &
g0° . o §il iy L - . AB
» . *
. o 0 o AD
0.2 ~, I I
01 | | +] . BD
0 S =0
0123 456 7 8 91011121314 1516 17
Items measured*
Fig 2 Plot showing widely scattered dis-
tribution of the ICC values of the 7 metric
10 variables for all 6 examiner combinations.
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agreement, and and the agreements found for the
combined palpation sites were satisfactory. The
finding of myofascial pain as 1 of the primary
treatment indications showed good agreement for
the single examiner combinations and overall. For
the other RDC diagnoses, prevalence of combined
symptoms was too low to calculate any reliability
coefficients. The approach of summing several
muscle palpation sites has been previously
described as reliable, although different criteria
were used.>'"17 In accordance with previous stud-
ies3:5:6:1L15,19 moderate to poor reliability for joint
sounds was found in the present study, even with
simplification of the diagnosis of joint sounds.
Although the criteria used for measurement in
previous studies were not identical, it can be con-
cluded that the low reliability of measuring joint
sounds was not solely because of examiner error.

62 Volume 19, Number 1, 2005

Two studies*® reported fair to good reliability for
palpation and auscultation of joint sounds but
high reliability for classifying recorded joint
sounds by the same observer. This indicates that
joint sounds vary over time, and further research
should focus on other instruments to properly
assess them. The very low reliability coefficients
for joint sounds in the left TM]J may be due to a
combination of the changing character of the
symptom and the low prevalence in the study pop-
ulation. The k values were low for all 6 examiner
pairs but were consistent with the conclusion that
there is no difference between experienced and
inexperienced examiners.

Most of the previous studies focused on the dif-
ference between trained and less-trained or
untrained examiners, but they all employed experi-
enced examiners. Duinkerke et al'? found no dif-
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ference between experienced and inexperienced
examiners, but their study design differed from the
one used here. Their study sample consisted of
healthy volunteers with no TMD symptoms, and
they based their findings on percent agreement and
correlation coefficients, which do not take into
account chance agreement. Contrary to the obser-
vations of Dahlstrom et al,' the data presented
here do not confirm that differences in muscle and
joint palpation results between experienced and
less experienced examiners are due to palpation
pressure, because no significant differences were
found in palpation results between the more and
less experienced pairs of examiners. There was bet-
ter reliability for combined muscle sites than single
sites, which could be because of differences in find-
ing the same muscular palpation point. However,
this difference is more likely due to variation
between individual examiners than to experience.
In accordance with the presumption of Dahlstrom
et al,!0 the results of the present study suggest that
experience with TMD examinations per se does
not increase reliability. No significant difference
could be found even between very experienced
examiners and very inexperienced examiners in
terms of ability to find signs of TMD. The present
data suggest that calibration has more influence on
diagnostic consistency than does experience.

Although this investigation generated some
important findings, it was limited by its small sam-
ple size, which affects the precision of the esti-
mates. The small number of single symptoms
reduced the power of the study. Studies with small
sample sizes and low symptom prevalence can also
result in misleading k values.?’:**»?> The failure of
Dahlstrom et al'® to demonstrate reliability in all
categories (using the Cranio-Mandibular Index)
may be also due to their small sample size (n = 12)
and low symptom prevalence resulting in low «
values; with only 6 subjects suffering from TMD,
the power might have been insufficient to produce
reliable results. Feinstein?! showed that the best
possible k results can be obtained when the mea-
sured symptom is distributed equally in the study
population. Therefore, healthy individuals were
not recruited for the study. Because not every
TMD patient has all of the symptoms, it was
expected that enough controls would be found
within the TMD group. Studies examining reliabil-
ity should make sure that symptom prevalence in
their sample is high enough to obtain interpretable
reliability values.

Variability between examiners is relevant to the
precision and power of statistical analysis of sur-
vey data. If misclassification occurred because of
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observer differences, precision and power would
be weakened, which would make the distribution
of population parameters more difficult to iden-
tify. Our findings suggest that it is not as impor-
tant that future epidemiologic investigations be
limited to experienced investigators as it is to have
a thorough calibration lesson prior to the investi-
gation. Also, investigating the reliability of exam-
iners is only possible when symptoms occur fre-
quently enough to be observed.
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