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Introduction

Mandibular functions such as speech, laughing, yawning, mastication and
taking a large bite may be impaired in case of temporomandibular joint
disorders (Stegenga et al,  1993). In therapeutic outcome studies,
function impairment has been measured as the subjective ability to chew
(Hoffman and Cubillos, 1994), the Helkimo index (Bertolami et al, 
1993), non-validated jaw function scores, and the Mandibular Function
Impairment Questionnaire (Stegenga et al,  1993). However, reliability
and validity of the subjective ability to chew and jaw function scores
have never been published. Furthermore, the Helkimo index is known as
an epidemiologic instrument. The Mandibular Function Impairment
Questionnaire is a validated instrument that scores perceived difficulty of
17 representative mandibular functions in relation to jaw complaints but
until now without known reliability. It consists of two scales, a  ‘mastic
scale’ and a ‘non-mastic scale’. The mastic scale assesses difficulty the
patient has with a bite and chewing hard, soft and resistant foods while
the non-mastic scale consists of  items assessing the extent of difficulty
the patient has with non-masticatory jaw activities such as social
activities, speaking and yawning. The possible answers are scored on a
Likert scale from 0 to 4, representing no difficulty to very much
difficulty or impossible without help. The sum item score for function
impairment ranges from 0 - 68 (Stegenga et al,  1993). 
Previously,  generalizability and decision studies have been proposed as a
practical tool to assess the reliability of a measurement procedure in a
group of patients (Mitchell,  1979; Hayes,  1992; Roebroeck et al, 
1993; Kropmans et al,  1999a; Kropmans et al,  1999b). Complementary
to classical psychometric analysis in which correlation coefficients
express the reliability of a measurement design, generalizability and
decision studies are designed for reasoned decision making (Cronbach et
al,  1972). Reasoned decision making is needed to inform the clinician
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about real change in a clinical variable used in therapeutic outcome
assessment (Kropmans et al,  1999a; Kropmans et al,  1999b).
Generalizability and decision studies are not commonly used in the field
of temporomandibular joint research but have recently been introduced
in other fields of (para)medical research ( Mitchell,  1979; Stratford, 
1989; Hayes 1992; Roebroeck et al,  1993).  Mitchell et al. (1979)
pointed out that an observational measure, like the Mandibular Function
Impairment Questionnaire, could be thought to provide data that are
under influence of a number of different aspects of the observation
situation (e.g., different observers or different measurement days),
including individual differences among subjects.  Hayes (1992) examined
whether physical therapists understood the meaning of measurement
error and whether measurement error affects their clinical decisions.
Stratford et al. (1989) and Roebroeck et al. (1993) examined the
smallest detectable difference in muscle force measurements. These
viewpoints were developed in Cronbach’ s theory of generalizability
(Cronbach et al,  1972).  Recently Kropmans et al. 1999 pointed out the
potential importance of the smallest detectable difference for the
temporomandibular joint field (Kropmans et al,  1999b). 
In a generalizability study, a repeated measurement design is used in
which variance components like observers, measurement days and
repetitions are estimated to assess the behavior of the outcome variable.
These variance components provide insight in the influence of different 
facets of a measurement design on reliability (Stratford,  1989). 
Decision studies express reliability of different measurement designs in
the same unit as the measurement instrument and provides an estimation
of the minimal amount of change that can be identified between two
consecutive observations termed the ‘Smallest Detectable Difference’. In
the decision study, single and repeated measurement designs are given as
a result of the analyzes presented in the generalizability study (Barnett
and Mathisen, 1997; Kropmans et al,  1999b). In case of an unsatisfied
amount of change needed to be statistically significant the measurement
design can be adjusted to reduce the smallest detectable difference based
on the information presented in the generalizability study (Cronbach et
al,  1972; Roebroeck et al,  1993; Kropmans et al,  1999b). The smallest
detectable difference of an outcome variable provides the clinician with
knowledge regarding the level of improvement needed for being
therapeutically successful in a specific group of patients (Kropmans et al, 
1999b). For example, the smallest detectable difference of maximal
mouth opening in healthy subjects is 5 mm, indicating that a statistically
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significant change has occurred in case of at least 5 mm difference
between two consecutive assessments (Kropmans et al,  1999b).
The aim of this study was to assess the reliability of the Mandibular
Function Impairment Questionnaire 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 a painfully
restricted temporomandibular joint, participated in this study for which
all patients gave their informed consent. The protocol was reviewed and
approved by the medical ethic commission of our institution.
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 mean maximal mouth opening, measured with
a millimeter ruler, and defined as the maximal distance between the
maxillary and mandibulary central incisors, was 36 mm (SD=9.5). 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). Mandibular
function was assessed by completing the Mandibular Function
Impairment Questionnaire.  
The study was conducted as a generalizability study with a random
effects design, in which the object of measurement is the patient and the
measurement facets are ‘measurement days’ and ‘repetitions’ Each
patient was measured under all possible measurement conditions denoted
as a crossed two facet design with three random effects patients (n=25) x
days (n=2) x repetitions (n=2) design (Cronbach et al,  1972).
For the purpose of assessing the reliability of the Mandibular Function
Impairment Questionnaire, Spearmans’ rank correlation coefficients for
repetitions  (inter-observer) and measurement days (test-retest) were
calculated (Mitchell,  1979). For the purpose of reasoned decision
making we analyzed the generalizability and the decision study. 
In the generalizability study we used the sum item scores of the
Mandibular Function Impairment Questionnaire and variance
components were calculated for the main effects of 
‘patients’ (patients), ‘measurement days’ (days), and ‘repetitions’ 
(repetitions). Furthermore, the 2-way interaction effects were calculated
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for ‘patients and measurement days’ (patients x days), ‘patients and
repetitions’ (patients x repetitions), and ‘measurement days and
repetitions’ (days x repetitions). Finally, the 3-way interaction effects
were calculated for ‘patients, measurement days and repetitions’
(patients x days x repetitions), confounded with the ‘residual random
error’ (pat x days x repetitions, residual e).
In the decision study we used the variance components from the
generalizability study. The variance of ‘patients’ as object of
measurement was excluded from the analyzes.  In order to decide about
decreased or increased mandibular function, the standard error of
measurement, the corresponding 95% confidence limits and the smallest
detectable difference were calculated out of the estimated variance
components.  The standard error of measurement was computed from
the absolute error variance, including estimates of variance components
with at least one random factor. The standard error of measurement was
calculated as the square root of the absolute error variance (Cronbach et
al,  1972). In case of a design based on repeated measurements the
relevant variance components were divided by the number of repetitions
(Roebroeck et al,  1993). The width of the corresponding 95%
confidence limits for an observed measurement result is  ± 1,96 x the
standard error of measurement. A statistically significant change, over a
period of time without therapeutic intervention, indicated as the smallest
detectable difference must be at least 1,96 x �2 x the standard error of
measurement (Kropmans et al,  1999b). These reliability measures are
expressed as unities of the Mandibular Function Impairment
Questionnaire.

Statistical analysis
The one- sample Kolmogorov Smirnov test was used to check for
normal distribution. We used designs of SPSS PC  to calculate+

Spearmans r and the Kendall’ s W Test to analyze differences between
the repeated measurement scores of the sum item scores of the
Mandibular Function Impairment Questionnaire for all repetitions.
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) analyzed all measurement factors and
interactions of the repeated measurement results of 25 patients presented
in the generalizability study and the decision study.
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Results

The ANOVA assumptions tested with Kendall’ s coefficient of
Concordance  and the one- sample Kolmogorov Smirnov test  revealed
no statistical significant differences for different repetitions and for
different days (Kendall’ s W = 0.05; asymp.sign. 0.32) as well as a
normal distribution (Kolmogorov Smirnov Z= 0.72) (table 6.1).The test-
retest reliability (Spearmans’ r) of the sum item score varied between the
extremes 0.69 and 0.96 (table 6.2). 

Tabel 6.1 Median and range of the sum item score of the Mandibular Impairment Questionnaire (range 0
- 68 units) of 25 consecutive patients with painfully restricted temporomandibular joints. 

Days Repetitions Median Range

Mandibular function impairment 1 1 23 1-40

Mandibular function impairment 1 2 23 0-37

Mandibular function impairment 2 1 22 0-44

Mandibular function impairment 2 2 21 0-45
Kendalls’ W test revealed no statistical differences for different repetitions and for different days concerning the Mandibular Function
Impairment Questionnaire sum item scores.

Table 6.2 The inter-observer and test-retest reliability (Spearmans’ r) of the Total Function Impairment
Score of the Mandibular Function Impairment Questionnaire (n=25).

Day 1 Day 2 Day 2 
Repetition  2 Repetition 1 Repetition 2

Day 1 Repetition 1 0.89* 0.84* 0.82*

Day 1 Repetition 2 0.79* 0.69*

Day 2 Repetition 1 0.96*

* p < 0.001

In the generalizability study the between patients variance represented
81% of total variance (table 6.3). Absolute error variance, the
measurement factors plus all their interactions, represented 19% of total
variance. Of this absolute error variance, measurement days and
repetitions represented 3 and 0% of variance, respectively. The main
effect of repetitions was negative and set to zero. The two way
interaction between patients and measurement days represented 74%,
and the two way interaction between patients and repetitions 13% of
absolute error variance. These interactions were responsible for 87% of
absolute error variance. The three-way interaction confounded with the
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residual error represented 9% of the absolute error variance. The missing
amount of variance of 1% is due to negative variance components which
were set to zero  (Cronbach et al,  1972; Brennan,  1983).

Table 6.3 Generalizability study of measurement of function impairment in patients with painfully
restricted temporomandibular joints.

Source df SS MS VC % TV % EV

Patients (pat) 24 11133.50 463.9 0 104.89 81 %

Measurement days (days) 1 79.21 79.21 0.81 3

Repetition (rep) 1 2.89 2.89 0.00 0

pat/days 24 914.54 38.1 17.91 74

pat/rep 48 204.86 8.54 3.13 19 % 13

days/rep 1 2.89 2.89 0.02 0

pat/days/rep/res.error 48 54.86 2.29 2.29 9

Total    147 12392.75 597.82 129.05 99 % 100 %
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.

In the decision study assessing mandibular function impairment on the
Mandibular Function Impairment Questionnaire once, on one single day,
in one patient with painfully restricted temporomandibular joints, the
smallest detectable difference between two consecutive assessments is 14
units. Using the Mandibular Function Impairment Questionnaire twice,
on two separate days, the smallest detectable difference improves to 10
units. The standard error of measurement, the corresponding 95%
confidence limits and the smallest detectable difference for different
measurement designs are listed in table 6.4. 

Table 6.4 Decision study results of the mandibular function impairment questionnaire

Measurement design Days Rep SEM 95 % CI SDDp

Random model

Single measurement 1 1 4.9 ± 9.6 14  units

Repeated measurement 1 2 4.6 ± 9.0 13  units

Repeated measurement 2 1 3.7 ± 7.3 10  units

The standard error of measurement (SEM ) , 95% confidence limits, and the smallest detectablep

difference decreased by increasing the number of repetitions.
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Discussion

For the Mandibular Function Impairment Questionnaire we found a
moderate to high test-retest reliability referring to the correlation
coefficients. However, Bland and Altman, 1986 pointed out that the
correlation coefficient is not a measure of quantitative change between
one  observation and the other, but it is a measure of linearity of
association between two observations. A change of at least 10 units on
the Mandibular Function Impairment Questionnaire sum item score
between two consecutive assessments of mandibular function impairment
is needed to be statistically sure about increased or decreased mandibular
function in individual patients with painfully restricted
temporomandibular joints. In contrast to a classical reliability study
because of the use of a random effects design with generalized analyses
of variances the results of our study are generalizable to all facets of our
study (Cronbach et al,  1972).
To explain the clinical significance of our data we present a fictive
patient with restricted movement of the temporomandibular joint and a
total function impairment score on the Mandibular Function Impairment
Questionnaire (0-68 units) of 40 units. The diagnosis is osteoarthritis
with pain, (28 mm on a visual analogue scale), restricted mouth opening
(25 mm interincisal distance) and severe function impairment. The initial
therapy consists of a diet of soft food, limited jaw movement and
medication (Non-Steroidal Anti-Inflammatory Drugs). After a period of
four weeks pain intensity is 18  mm, mouth opening is 40 mm and total
function impairment is 34 units on the Mandibular Function Impairment
Questionnaire. Although this fictive patient has improved on mouth
opening (the increase in mouth opening exceeded the smallest detectable
difference of  9 mm (Kropmans et al, 2000)), the improvement of total
function impairment did not exceed the smallest detectable difference of
14 units of the Mandibular Function Impairment Questionnaire and
therefore is not statistically significant. The initial therapy has improved
maximal mouth opening but not pain and function impairment. It could
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.
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Restricted mouth opening, pain and function impairment are interrelated
to a considerable extent. Stegenga et al. (1993) pointed out that the
presence of pain assessed during clinical examination and mouth opening
accounted for more than half of the variation of function impairment
(Stegenga et al,  1993). Based on the results of Stegenga et al. (1993) it
could be hypothesized that 5 units (50 %) of the smallest detectable
difference of function impairment are based on the clinical impact of pain
and only 0.4 unit (4%) is based on the impact of limited mouth opening
on function impairment. After an effective initial treatment of pain more
than of limited mouth opening, a further decrease of the smallest
detectable difference may be expected. The generalized analysis of
variance indicate absence of variance between repetitions within one day
but not between the repetitions with an interval of one week. These
results indicate a stable measurement procedure only within a short
period of time. A greater part ( 87%) of that variance appeared to be a
summation of the interaction effects between patients and days, and
patients and repetitions. These interaction effects between patients, days
and repetitions may be interpreted as variation of function impairment as
a biological variable. 
In a previous paper we reported a smallest detectable difference of the
Mandibular Function Impairment Questionnaire of 8 units in a group of
patients  with restricted mobility in the temporomandibular joint
(Kropmans et al,  1999b). This smallest detectable difference was based
on the inter-method correlation coefficient as reported by Stegenga et al.
(1993) which was based on a one-day assessment. In this study we
assessed mandibular function impairment twice on two separate days,
one week apart. The increase of the smallest detectable difference with
two units is probably due to the variation of mandibular function within
one week.
To include this aspect we recommend a measurement design with a
repetition of the mandibular function assessment twice, on two separate
days. By doing so, an improvement of 10 units on the mandibular
function impairment questionnaire is sufficient to overcome variation of
the biological variable and to measure real change due to the
intervention. In case of a measurement design with only one assessment
on a single day an improvement in mandibular function of 14 units is
necessary to measure ‘real’ change.
In outcome research, group distributions are generally compared and
statistically analyzed. Statistical significant improvement of for instance 4
units on the Mandibular Function Impairment Questionnaire does not
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necessarily imply clinical significance (Jacobson et al,  1984). Moreover,
observed improvement between pre- and post- therapeutic outcome
variables not only reflects therapeutic effects, but also the natural course
of the disorder, biological variation of the variables measured, and
inconsistency in measurement designs. In order to determine whether a
change in outcome is the result of a specific intervention or the result of
inconsistency of measurements, knowledge about the factors
contributing to the  variation in observed measurement scores is
necessary, i.e., variation within subjects, variation between measurement
occasions, and a residual variation. Knowing the smallest detectable
difference of mandibular function impairment in individual patients, the
clinician can predict the level of improvement necessary for a therapeutic
intervention to be successful. The smallest detectable difference of 10
units, as found in this study,  includes measurement error, biological
behavior, and interference between outcome variables and we therefore
support to adopt the smallest detectable difference as the measure for
statistically significant change. In absence of a clinically relevant ‘gold
standard of improvement’ the smallest detectable difference could be
adopted as a reference measure for clinically relevant change. A
consequence of the latter reasoning is that if you lack a reliable
measurement instrument, only large changes may be interpreted as
clinically relevant.
Therapeutic outcome studies in which reliable and valid instruments are
used to evaluate mandibular function impairment are scarce (Kropmans
et al,  1999a). Based on the results of this study we recommend the
Mandibular Function Impairment Questionnaire as a valid and reliable
instrument to assess changes in function impairment up to 20%  in
patients with painful restriction of the temporomandibular joints. For
further improvement of reliability, and to assess changes up to 15%,
assessment of function impairment in patients with painful restriction of
the temporomandibular joints is required on two consecutive days.
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