
It is never possible completely to avoid error or

uncertainty when detecting and measuring clinical

signs and symptoms (1). During clinical examina-

tion of temporomandibular disorders (TMD), the

goal must be to optimize the reliability of clinical

findings by increasing the consistency of the

measurements (2). The Research Diagnostic Criteria

for temporomandibular disorders (RDC/TMD)

were developed to improve the reliability of the

diagnosis of TMD (3). Several studies on the relia-

bility of clinical signs according to the RDC ⁄TMD

have been performed. These have shown that

the reliability in the different clinical parameters

could be low in some cases (2–5) and that calibration

of the examiners improves results (4–6).

With the shift of the age pyramid to the elderly,

topics concerning the aged subject have become of

increasing interest. The health status of a person is

strongly influenced by age. Many diseases, such as

type II diabetes, heart diseases and cancer, increase

in frequency with ageing. However, not only the

diseases themselves, but the measurements or

interpretation of the clinical signs of diseases could

be influenced by age, too. For example, decreased

ability to detect higher frequencies in hearing tests

in the elderly is not a pathological finding, as it is in

the young, but is simply due to ageing.

Several previous studies have addressed TMD in

the elderly. These were mainly concerned with the

prevalence of signs of TMD and their subjective
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Abstract – Objective: The aim of this study was to investigate the influence of
the age of the subject on inter-examiner reliability of the clinical signs of
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the same in the two groups. All participants underwent clinical examination
according to the Research Diagnostic Criteria for TMD, performed successively
by two clinicians. Results: For metric measurements – with the exception of
unassisted opening – the ES gave a significantly lower range of motion with
both examiners and significantly worse percentage agreement between the
examiners. A remarkable inter-examiner disagreement in the elderly was found
with laterotrusion and protrusion movements. The prevalence of joint sounds
was rated inconsistently by the examiners. The reliability of detection was not
different in the two groups. The prevalence of tender muscle sites was also
inconsistent. The overall percentage agreement for subjects with at least one
tender muscle point was not age dependent. Because of the very low prevalence
in ES, further statistical assessment of reliability is not possible. Conclusions:
The age-dependent lower range of motion and the inferior reliability of metric
measurements in the elderly could lead to wrong diagnoses. The reliability of
detecting joint sounds and tender muscles was not age dependent within the
limitations of the study.
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impact on the elderly (7–11). However, the influ-

ence of age on the clinical measurement of the signs

and symptoms of TMD and on the inter-examiner

reliability of these findings has not been yet

examined. This could be related to the lower

physical dexterity of the elderly subjects. It is

possible that the performance and reproduction of

mandibular movements could be more limited

than in younger subjects. This could lead to wrong

diagnoses, not because of pathologic findings but

due to age.

Therefore, the aim of this study was to meas-

ure the inter-examiner reliability of clinical signs

of TMD according to the RDC/TMD in a group

of elderly subjects, in comparison with a group of

younger adults.

Materials and methods

Subjects
This study was approved by the review board of

the University of Heidelberg (June 2003). Eighty-

seven subjects were included in this study. All

elderly subjects received written information and

signed an informed consent form. The elderly

sample (ES; 43 subjects; 28% males, 72% females;

mean age 82.5 years, from 68 to 96) was chosen

from the inhabitants of four geriatric care

centres needing moderate care (care level I). If

this group was too large in any one centre, a

random sample was taken. As comparison group,

44 younger adults were recruited (YS; 44 subjects;

32% males, 68% females; mean age 27.5 years,

ranging from 18 to 45). The members of the YS

were volunteers and students from the depart-

ment. They were chosen with the same distri-

bution of gender and the same range of age as

ES. As no ES patient was undergoing current

TMD treatment, only YS patients who were not

in current treatment were selected. The study

was designed as pilot study. A power estimation

was not possible, as there were no other stud-

ies on the influence of age on inter-examiner

reliability.

Clinical examination
The clinical examination was performed by two

clinicians using the RDC/TMD. One of the examin-

ers (examiner I) was calibrated by the gold stand-

ard (calibration meeting with Prof. S. Dworkin);

the second examiner (examiner II) was not calibra-

ted by the gold standard, but worked clinically with

the RDC/TMD. Before starting this investigation

examiner I gave an additional theoretical and

practical lesson of several hours to examiner II in

order to minimize effects of different calibration.

The examination was performed strictly according

to the RDC/TMD and each subject was examined

successively by both examiners.

Clinical measurements of the range of motion

were obtained using a ruler. Unassisted opening

(opening as wide as possible without pain), maxi-

mum unassisted opening (even if pain is felt),

maximum assisted opening (forced by examiner,

even if pain felt), maximum laterotrusion and

protrusion were recorded. The results were recor-

ded in millimetres. Joint sounds during motions

were determined using digital palpation (2) and

were recorded dichotomously, as joint sound

detected or not. The palpation of jaw muscles was

performed using the defined pressure of 900p with

two fingers and was recorded for the different

muscle sites dichotomously. The exact examination

procedure has been described elsewhere (3).

Statistics
The reliability of continuous variables was calcula-

ted with the intraclass correlation coefficient (ICC).

The mean difference between the examiners in

millimetres and the percentage disagreement in

relation to the values of examiner I (absolute

millimetre difference between the examiners divi-

ded by the measured value from examiner I) were

also calculated. The values found by two examiners

for categorical parameters were calculated with

j statistics (Cohen’s j). The overall percentage

agreement was also calculated. The differences

between two groups were calculated with the

Mann–Whitney U-test for independent groups;

the level of significance was set at P < 0.05.

All statistics were performed using SPSS Version

11.5.1 (SPSS Inc., Chicago, IL, USA).

Results

Metric measurements
With the single exception of the measurement of

unassisted opening, all values (millimetres of

motion) of the YS were statistically greater than

for the ES (Table 1). The percentage difference

between examiners was significantly greater for the

ES, again with the exception of unassisted opening

motion. For lateral movements and protrusion of

the mandibular, the ICC values were worse in
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both groups, and in some cases not acceptable,

according to Lee et al. (lower bound of 95% CI

<0.75) (12).

Joint sounds
The prevalence of joint sounds was inconsistent

between the examiners (Table 2). Only the j-value
for joint sounds during opening motion in both

groups and for closing motion in ES reached

acceptable levels, according to Landis and Koch

(13). The overall percentage agreement was above

83% for opening and closing motion in both

groups, above 65% for laterotrusion and over 76%

for protrusion. A significant difference between the

groups could not be found.

Myogenous findings
Examiner I found 34% subjects in the YS with

at least one tender intraoral and 25% with a tender

extraoral muscle point. In contrast, only 11% of

subjects were detected with at least one intraoral

and 7% with an extraoral tender muscle point (only

three tender extraoral muscle points in all subjects

together) in the ES (P < 0.05). The other examiner

found nearly the same prevalence of subjects with

at least one tender extraoral muscle site in ES and

YS (14%), but more single tender muscles points in

Table 1. Values for metric measurements in ES and YS

ES YS

Unassisted opening
Middle in mm (examiner I) 43.0 (40–45.9) 46.9 (44–49.8)*
Middle in mm (examiner II) 42.7 (40.1–45.4) 45.9 (43–48.7)
Difference between examiners 4.4 (3.2–5.6) 4.0 (3–5)
%Difference between examiners 0.11 (0.08–0.16) 0.09 (0.06–0.11)
ICC-value 0.88 (0.78–0.94) 0.91 (0.83–0.95)

Maximum unassisted opening
Middle in mm (examiner I) 46.5 (43.9–49.2) 52.7 (50.3–55.1)**
Middle in mm (examiner II) 46.5 (44–49.1) 51.8 (49.2–54.3)**
Difference between examiners 2.7 (2.0–3.3) 1.7 (1.1–2.2)
%Difference between examiners 0.06 (0.04–0.08) 0.03 (0.02–0.05)**
ICC-value 0.95 (0.91–0.97) 0.98 (0.96–0.99)

Maximum assisted opening
Middle in mm (examiner I) 48.2 (45.7–50.7) 54 (51.7–56.1)**
Middle in mm (examiner II) 47.9 (45.3–50.4) 52.6 (50.2–55)*
Difference between examiners 2.2 (1.6–2.8) 1.6 (1–2.2)
%Difference between examiners 0.05 (0.03–0.06) 0.03 (0.02–0.04)*
ICC-value 0.96 (0.92–0.98) 0.98 (0.96–0.99)

Maximum laterotrusion
Middle in mm (examiner I) 7.9 (7.1–8.7) 10.0 (9.4–10.7)**
Middle in mm (examiner II) 8.0 (7.1–8.9) 10.1 (9.5–10.8)**
Difference between examiners 2.6 (2.0–3.3) 1.8 (1.3–2.3)
%Difference between examiners 0.34 (0.12–0.56) 0.16 (0.1–0.21)**
ICC-value 0.71 (0.45–0.84) 0.77 (0.57–0.88)

Maximum protrusion
Middle in mm (examiner I) 3.2 (2.4–3.9) 4.7 (4.1–5.4)**
Middle in mm (examiner II) 2.4 (1.7–3.1) 5.5 (4.9–6.2)**
Difference between examiners 1.4 (1.0–1.9) 1.1 (0.8–1.4)
%Difference between examiners 0.44 (0.32–0.56) 0.20 (0.14–0.27)**
ICC-value 0.78 (0.59–0.88) 0.90 (0.81–0.95)

Values in parenthesis represent 95% CI. *P < 0.05, **P < 0.01.

Table 2. Values for joint sounds in YS and ES

ES YS

Opening motion
Prevalence (examiner I) 35.7 12.2*
Prevalence (examiner II) 27.9 20.5
j-value (SD) 0.62 (0.13) 0.44 (0.17)
Percentage agreement 83.3 85.4

Closing motion
Prevalence (examiner I) 25 7.3*
Prevalence (examiner II) 19 18
j-value 0.43 (0.17) 0.33 (0.20)
Percentage agreement 87.2 90.2

Laterotrusion
Prevalence (examiner I) 35.7 24.4
Prevalence (examiner II) 39 40.9
j-value 0.33 (0.15) 0.23 (0.15)
Percentage agreement 68.3 65.0

Protrusion
Prevalence (examiner I) 26.2 17.9
Prevalence (examiner II) 20 27.3
j-value 0.35 (0.17) 0.33 (0.17)
Percentage agreement 77.5 76.9

*P < 0.05.
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YS. Subjects showed 14% prevalence for tenderness

in at least one muscle site in ES and 20% in YS

(P > 0.05). In summary, the overall percentage

agreement between the examiners in subjects hav-

ing at least one extraoral tender muscle site was

95% (ES) and 83% (YS); for intraoral muscle sites

86% in ES and 85% in YS. The percentage agree-

ment was not age dependent (P > 0.05). Because of

very low prevalence (for extraoral muscle sites

three detections in over 800 tested points in ES by

examiner I), meaningful comparison of reliability

seemed not to be feasible.

Facial pain in the previous month
As judged by both examiners, no subject in the ES

and 7% of the YS reported facial pain in the

previous month.

Discussion

Study limitations
The reliability of the measurement of clinical signs

is closely related to the clinical sign stability. The

difficulties with clinical sign stability in TMD have

been described (14–16). In the present study design,

it was not possible to evaluate the stability of

clinical signs, especially if there were differences in

stability in ES compared with YS. Because of the

different calibration of the two examiners, there

might be a bias with respect to the overall reliab-

ility coefficients in one group. But this possible bias

occurs in both ES and YS and its influence is not of

decisive importance regarding the differences

between the groups. The selection of the subjects

of the elderly was performed at random. As judged

by both examiners, no subject in the ES reported

ongoing pain in the previous month. This caused a

limitation of the study population with suppres-

sion of the reliability coefficients of subjects with

ongoing facial pain.

In conclusion, the results of the reliability analy-

sis have to be interpreted within these limitations

of the study design.

Metric measurements
Similar to previous studies, the present study

demonstrates better reliability of unassisted, maxi-

mum unassisted and maximum assisted jaw open-

ing in both elderly and younger adults than with

ICC values for lateral excursion and protrusion

(2, 5, 6, 17, 18). According to Lee et al. (12) and

Bland and Altman (19), values above 0.75 of the

lower bound of the ICC-95% CI were accepted as

good, but values under 0.42 as inadequate.

The absolute range of motion in the ES was rated

as being significantly lower by both examiners,

with the exception of unassisted opening motion

by examiner II. This is presumably due to the

general lower mobility of the elderly subjects and is

in the lower maximum of the range. Not only the

absolute difference in millimetres between exam-

iners, but also the percentage disagreement was

calculated. A significant lower percentage disag-

reement between the examiners could be found in

all metric measurements, except unassisted open-

ing for the YS. One reason for this may be that the

elderly could have impaired ability to perform and

to reproduce movements, especially more difficult

motions like protrusion or laterotrusion. This could

explain the very high values of percentage disag-

reement for these movements, extending up to

44%, in comparison with 11% for ‘easier’ motions

like opening. The exception of unassisted opening

may be because this does not reach the maximum

range of motion; it is limited when pain is felt.

Therefore, it is not influenced by age-dependent

abilities.

These findings could influence diagnosis based

on the classification system of the RDC/TMD

combining different clinical findings. For the

metric measurements, important cut-off limits

are decisive. The cut-off limits for jaw opening

are taken as 35 or 40 mm; the limits for lateral

excursions are taken as 7 mm (3). The elderly

showed both a lower range of motion and worse

reliability and therefore greater clinical measure-

ment error. With unchanged cut-off limits, this

could lead to wrong diagnoses, as a consequence

not of pathologic findings, but a direct result of

age.

Joint-related findings
The j statistic depends on prevalence and could

lead to misinterpretation of agreement when the

prevalence is low or study groups are different, as

seen in this study (20–23). In order to interpret

these j values, the percentage agreement for both

groups was calculated (5). In the present study,

only the j values for opening motion and closing

motion of ES reached an acceptable level. All other

categorical values were worse. The great difficul-

ties in achieving reliability in detecting joint

sounds and the consequent large range of j values

– from poor to excellent – has been found in

several studies (2, 5, 7, 17). These difficulties in
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inter-examiner agreement in these clinical findings

have been discussed (5). The different findings in

prevalence in the present study emphasize once

again the difficulties in detecting joint sounds.

There was no significant difference in reliability

between the ES and the YS. Consequently, in the

limitation of the unknown differences of clinical

sign stability in the both groups, age seemed not to

influence the detection of joint sounds.

Tender muscle points
Tender muscle points are an important clinical

symptom of TMD (2). The results in this study

are inconsistent between the examiners, demon-

strating a possible difference of clinical sign

stability in the groups. Both examiners found

lower absolute numbers of tender muscle points

in the ES, but this was only significant for

examiner I. This may be due to the medication

taken by the elderly for multiple diseases. This

could also explain that no subject in ES felt facial

pain. To get an idea if reliability of tender muscle

points is age dependent, the overall percentage

agreement in subjects having at least one tender

muscle point was calculated. It could be demon-

strated that there was no significant difference in

this parameter between the groups. A reliability

analysis could only be feasible if the prevalence

of an event reaches a certain level. Especially for

examiner I, the prevalence found for the ES was

very low. Thus, direct comparison of the reliab-

ility of the clinical appearance of tender muscles

seemed not to be feasible within the limitations of

this study.

Conclusion

The age-dependent lower range of motion and the

inferior reliability of metric measurements in the

elderly could lead to wrong diagnoses. The reliab-

ility of detecting joint sounds and tender muscles

was not age dependent within the limitations of the

study.
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