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Introduction 

The mobility of the mandible is usually measured interincisally with a
millimeter ruler and is known as maximal mouth opening (Levitt et al, 
1993; Wood and Branco, 1979; Mezitis et al,  1989; Hesse et al,  1990;
Kopp and Wenneberg, 1983; Kropmans et al,  1999a). Changes in
maximal mouth opening may reflect the impact of temporomandibular
joint disorders as well as the therapeutic success of an intervention
(Stegenga et al,  1993a). To detect changes in the outcome of a variable,
consistency in a measurement procedure is obligatory. Consistency in a
measurement procedure is usually expressed as inter-, intra-observer and
test-retest correlation coefficients. However, these coefficients are not
measures for quantitative change (Bland and Altman, 1986; Cronbach et
al,  1972). Moreover, the results of those reliability studies are preserved
for the observer involved in the study and therefore, not generalizable to
facets like observers i.e. clinicians, days of examination omit in the field.
Recently the smallest detectable difference has been proposed as an
adequate measure for quantitative, statistically significant change. The
smallest detectable difference is expressed in the same unit as the
measurement device used and is generalizable to all facets included in the
measurement design (Kropmans et al,  1999b). 
The smallest detectable difference of maximal mouth opening in healthy
subjects is 5 mm (Kropmans et al,  1999b; Kropmans et al,  1999a)
However, in patients with painfully restricted temporomandibular joint
function it has not yet been quantified. An appropriate design to quantify
the smallest detectable difference is a repeated measurement design in
which the results are analyzed in a generalizability and a decision study.
In a generalizability study, variance components (i.e. sources of variation
like measurement days, observers and repetitions and all their
interactions) are estimated. The smallest detectable difference can be
estimated in the decision study by using the amount of variation
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attributed to these sources of variation (Cronbach et al,  1972;
Kropmans et al,  1999c). 
Knowing the smallest detectable difference of maximal mouth opening in
individual patients, the clinician can predict the level of improvement
necessary for a therapeutic intervention to be regarded successful.
Furthermore, knowing the amount of variation attributed to different
sources, changes in the measurement procedure can be made to improve
consistency in measurement results and to reduce the smallest detectable
difference (Kropmans et al,  1999b).
The aim of the present study was to analyze repeated measurements of
maximal mouth opening as a generalizability and a decision study in
patients with painfully restricted temporomandibular joints.

Materials and methods

Twenty five consecutive patients (5 males, 20 females) referred to the
Department of Oral and Maxillofacial Surgery for treatment of painfully
restricted temporomandibular joint function, participated in this study for
which all patients gave their informed consent. The mean age of the
study group was 36.8 years (SD=14.5). In 22 patients the
temporomandibular joint was unilaterally involved and three patients had
bilateral complaints. The mean duration of complaints was 15 months
(SD=20). The average pain intensity during the week previous to
assessment on a visual analogue scale of 100 mm, was 26.6 mm
(SD=18.8). The median of mandibular function impairment, assessed by
completing the mandibular function impairment questionnaire, was 22 on
a scale of 0 to 68 units (Stegenga et al,  1993b; Kropmans et al,  1999c).
All patients had symptoms of temporomandibular joint disorders with or
without myofascial pain. 
The patient was sitting in an upright position in a dental chair, their head
supported by the headrest. Maximal (assisted) mouth opening was
measured interincisally with a millimeter ruler after applying gentle
pressure reaching maximal mouth opening. Each subject was measured
12 times by two well-trained observers, each repeating the measurement
thrice, on two different measurement days, one week apart. No
therapeutic intervention was administered in the measurement period of
one week. Each patient was measured under all possible conditions,
denoted as a crossed three facet design with four random effects: patient
(n=25) x observer (n=2) x days (n=2) x repetitions (n=3) (Cronbach et
al,  1972).
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Statistical analyses
A normal plot, and a one-sample-Kolmogorov-Smirnov test was used to
check for normal distribution. Analyses of variance designs of SPSS PC+

were used to analyse differences between the repeated measurement
scores of maximal mouth opening. Inter- and intra-observer reliability
and test-retest reliability were calculated as Pearsons’ product moment
correlation coefficients. GENOVA (A GENeralized Analysis Of Variance
System. J.E. Crick and R.L. Brennan. The American College Testing
Program. P.O. Box 168, Iowa City, Iowa 52243.) was used to perform the
generalizability study with different variance components and the
decision study to quantify the smallest detectable difference according
to previously described rules (Kropmans et al,  1999b; Kropmans et al, 
1999c).

Results

The results of the repeated measurements of maximal mouth opening
were normally distributed (Kolmogorov Smirnov Z= 0.61- 0.73;
p>0.05) and mean values, standard deviation, minimum and maximum
values for different measurement days and observers are listed in table
4.1.
 
Tabel 4.1 Mean values, standard deviation, minimum and maximum of maximal mouth opening are
listed for different measurement days and different observers

Mean sd Minimum Maximum N

Measurement day 1

Observer 1 36.2 9.5 18.7 49.7 25

Observer 2 35.9 9.7 15 50 25

Measurement day 2

Observer 1 36.1 9.7 14.7 49 25

Observer 2 37.7 10.4 13.3 52.3 25

An increase in maximal mouth opening was found for the first and
second repetition of the second observer. On the second measurement
day all repetitions of maximal mouth opening improved significantly
(Table 4.2). Inter-, intraobserver and test-retest reliability (Pearsons’r)
varied between 0.90 and 0.96. 
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Between-patient variance accounted for 88% of total variance, and
absolute error variance i.e. the measurement facets measurement days
(days), observers (obs), and repetitions (rep) and all their interactions,
accounted for 11% of total variance (Table 4.3). The variance of
measurement days, observers and repetitions was 1%, 0% and 6% of
absolute error variance. Interactions between patients, observers and
measurement days accounted for 69% of absolute error variance. No
variance components were found for observers. The missing amount of
total variance of 1% is due to negative variance components which were
set to zero (Cronbach et al,  1972; Brennan,  1983).

Tabel 4.2 Mean values, standard deviation, and p values of multiple comparison of maximal mouth
opening repetitions are listed for different measurement days and different observers Values of < 0.05 are
printed in bold.

Mean sd P values N

Measurement day 1

Observer 1 repetition 1 35.9 9.8
repetition 2 36.2 9.8 0.28 25
repetition 3 36.4 9.2 0.58

Observer 2 repetition 1 34.6 9.4
repetition 2 36.4 9.9 25
repetition 3 36.8 9.5 0.21

<0.05

Measurement day 2

Observer 1 repetition 1 35.4 9.5
repetition 2 36.4 9.8 25
repetition 3 37.5 10.1

< 0.05
< 0.05

Observer 2 repetition 1 36.7 10.6
repetition 2 37.8 10.3 25
repetition 3 38.4 10.3

< 0.05
< 0.05

The standard error of the measurement procedure, the corresponding
95% confidence limits and the smallest detectable difference for single
and repeated measurements are listed in the decision study (Table 4.4).
The smallest detectable difference for each single observer measuring a
patient with painfully restricted temporomandibular joint function once,
is 9 mm. By carrying out the measurement on two separate days and
repeating it three times on each day, the smallest detectable difference
improved to 6 mm
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Table 4.3 Generalizability study results of maximal mouth opening measurement. A general linear model
for repeated measurements in which the within subjects effects are shown with main effects of random
facets of measurements days, observers, repetitions and all their interactions.

Source df SS MS VC % TV % EV

Patients (pat) 24 26144.59 1089.36 88.29 88

Measurement days (days) 1 73.01 73.01 0.15 1

Observer (obs) 1 16.33 16.33 0.00 0

Repetition (rep) 2 139.50 69.75 0.62 6

pat/days 24 694.65 28.94 1.68 16

pat/obs 24 344.33 14.34 0.00 0

pat/rep 48 152.33 3.17 0.25 2

days/obs 1 40.33 40.33 0.22 2

days/rep 2 4.73 2.36 0.00 11 0

obs/rep 2 9.81 4.90 0.00 0

pat/days/obs 24 452.67 18.86 5.56 51

pat/days/rep 48 102.11 2.12 0.00 0

pat/obs/rep 48 86.03 1.79 0.00 0

days/obs/rep 2 14.53 7.26 0.20 2

pat/days/obs/rep/res.error 48 104.97 2.19 2.19 20

Total 299 28379.92 99

df= degrees of freedom; SS= sums of squares; MS=mean squares; VC=variance components;.%TV =percentage of total variance;
%EV=percentage of absolute error variance.

Discussion

The smallest detectable difference of maximal mouth opening in patients
with a painfully restricted temporomandibular joint of 9 mm is large,
relative to the normal range of motion in 20 years old healthy males and
females, of 59 and 53 mm, respectively (Agerberg,  1987). Reliability i.e.
consistency in maximal mouth opening measurement, is considered good
referring to the high inter-, intra-observer and test-retest correlation
coefficients (0.90 - 0.93). Our results confirm the satisfying results of
previous studies on the reliability of maximal mouth opening in healthy
subjects (Wood and Branco, 1979; Carlsson et al,  1980; Kopp and
Wenneberg, 1983). 
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To explain the clinical significance of our data we present a fictive
patient with painful and restricted movement (25 mm interincisal
distance) of the temporomandibular joint, former clicking of the joint and
deviation of mouth-opening to the painful side. The diagnosis is
temporomandibular joint disc displacement without reduction resulting in
pain, (28 mm on a visual analogue scale), and severe function
impairment (40 units on the Mandibular Function Impairment
Questionnaire (0-68 units)). The requested physiotherapy consisted of
(contract, relax; antagonist contract) mobilization techniques combined
with traction and translation techniques (Dijkstra et al,  1992). After six
sessions in a three weeks period mouth opening was 40 mm,  pain
intensity was 18 mm, and function impairment 34 units. This fictive
patient has improved statistically significant on mouth opening (the
increase in mouth opening exceeded the smallest detectable difference of 
9 mm). However, the improvement of function impairment did not
exceed the smallest detectable difference of 14 units of the Mandibular
Function Impairment Questionnaire and, therefore, is not statistically
significant (Kropmans et al,  1999c). Previously we reported a smallest
detectable difference of pain in non-temporomandibular joint patients of
28 mm (Kropmans et al,  1999b). As we know now, the therapy has
improved maximal mouth opening but not function impairment and pain.
It can be hypothesized that the impact of pain limits an improvement of
function impairment. However, the smallest detectable difference of pain
in temporomandibular joint patients and the influence of pain and mouth
opening on the smallest detectable difference of function impairment are
not known yet and remain to be established.

Table 4.4 Decision study results of maximal mouth opening measurement

Measurement design Days Obs Rep SEM 95 % CI SDDp

Random model

Single measurement 1 1 1 3.3 mm ± 6.5 9.1 mm

Repeated measurement 1 1 3 2.9 mm ± 5.8 8.1 mm

Repeated measurement 1 2 3 2.3 mm ± 4.6 6.4 mm

Repeated measurement 2 1 3 2.1 mm ± 4.1 5.8 mm

A smallest detectable difference of at least 9 mm is almost twice as large
as in healthy subjects (5 mm) (Kropmans et al,  1999b). In this study,
referring to high intra- and interobserver correlation coefficients and
referring to the low variance components of observers in contrast to the
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Figure 4.1 More pain could lead to less reliable
measurement of maximal mouth opening. The relationship
between average experienced pain in the week previous to
assessment  and the individual variance in maximal mouth
opening. There is no relationship (r=o, ±95% confidence
interval) between experienced pain (X-axis) and the
variance of maximal mouth opening (Y axis).

relative large variance components of patients and days, and of patients,
days and observers, a large amount of error variance is caused by these
latter interfering effects. We suppose that these effects are the result of
interfering effects of pain and mouth opening varying day by day.
Supposing so, individual VAS scores should show a relationship with the
reliability of the measurements of maximal mouth opening. In other
words, more pain should create less reliability. As shown in Figure 4.1
we did not find such a relationship. 

Moreover, in patients with a painfully restricted temporomandibular
joint, repeated measurement leads to a mobilizing effect on mouth
opening as has been confirmed by others (Hesse et al,  1990). To include
this mobilizing effect in our decision about progress, we recommend to
take the second measurement after one week as the observed score.
Repeated measurement reduced the smallest detectable difference from 9
to 6 mm. Although we realize that the cost/benefit relationship of a
second observation before starting the intervention appear to be
unpropitious, we are able to judge critically about statistically significant
improvement during treatment in relation to the costs of the treatment
administered. The cost-benefit consequences of repeated measurements
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over one or more days and the relationship to statistically significant
improvement after treatment are not yet clear.
The range of measurements varied from 13 to 52 mm (table 4.1). The
laxity of the joint could have played an important role in the amount of
measurement error. However, our group of patients was to small (n=25)
to differentiate between temporomandibular joint disc displacement with
limitation and temporomandibular joint disc displacement without
limitation of mouth opening as proposed in the Research Diagnostic
Criteria of Dworkin et al. 1992 (Dworkin and LeResche, 1992)
In conclusion, to be therapeutically successful in patients with a painful
restriction of the temporomandibular joint statistically as well as
clinically, the clinician has to measure at least 9 mm of improvement in
maximal mouth opening after a therapeutic intervention. To reduce the
smallest detectable difference from 9 to 6 mm, repeated measurements
are necessary. Further research is needed for the interfering effects of
pain on restricted mouth opening as well as for the cost-benefits
consequences of repeated measurement.
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