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1 Introduction

‘Temporomandibular disorders’ is a generally accepted term used to

designate the disorders of the mandibular locomotor apparatus. For

convenience, disorders of the temporomandibular joint proper are

commonly distinguished from non-articular disorders, which most

frequently affect the masticatory musculature. The most common

disorder affecting the temporomandibular joint is osteoarthritis.

Symptomatically, temporomandibular joint osteoarthritis is primarily

characterized by joint pain (arthralgia), probably associated with an

inflammatory response of the synovial membrane to the increased

production of degradative products (synovitis). Secondarily, the

pathological process may give rise to mechanical derangements, which

may involve a displacement of the articular disk, but also derangements

may be due to adherence phenomena or to the formation of adhesions

within the joint or its capsule. Disk derangements are generally

distinguished in disk displacement with reduction (i.e., during its

translatory phase, e.g. on opening,  the disk is reducing from a displaced

to its ‘normal’ position) and disk displacement without reduction (i.e.,

the disk remains in a displaced position during any joint movement).
Joint pain and mechanical phenomena, which are related to the

commonly observed signs of interference with or without restriction of

mandibular movements, are likely to be associated with an impairment of

mandibular functions. Therefore, the treatment of temporomandibular

joint osteoarthritis is usually aimed at improving mandibular function by

reducing pain and enhancing joint mobility.

Physical therapy is, in addition to initial therapeutic measures such as

reassurance, load reducing instructions and pain medication, one of the

most commonly applied non-invasive treatment modalities in patients

with temporomandibular joint osteoarthritis associated with non-

reducing disk displacement. During the past decades, minimally invasive

modalities, including arthrocentesis and arthroscopic surgery, have been

introduced as successful therapeutic interventions for this patient group.
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The selection of the most favorable therapeutic intervention for disorders

characterized by pain, restricted movement and function impairment of

the temporomandibular joint is a matter of clinical decision making. The

clinicians’ considerations in making that decision involve several

important aspects.
First of all, the clinician must assess which one of the variables is the

most representative variable for the disease of the patient. In addition, he

or she has to decide to what extent each of these variables depart from

‘normal’ values. Besides this diagnostic problem, which is not subject of

this thesis, the clinician must select the most appropriate intervention to

restore the mandibular function.
To do so, he or she should have an idea to what extent an intervention

can be expected to lead to pain reduction and increase of mobility. After

re-evaluating the patient following treatment, it must be decided to what

extent the relevant outcome variables must change for the intervention to

be considered effective. No consistent measure of improvement, nor an

operational definition of “success” which informs the clinician about the

‘statistically and clinically significant change’ in the individual patient is

available in the temporomandibular joint field.

To detect a statistically significant change in an outcome variable,

consistency of the measurement results is obligatory. Many relevant

outcome variables, such as pain, are multidimensional biological

variables, which can be influenced by factors such as movement,

pressure, temperature, emotions and the social environment.

Furthermore, the data depend on several aspects of the observatory

circumstances, e.g. the patient, the observer, the moment of

measurement and the instrument (Mitchell,  1979; Sackett, 1985) All of

these facets interact with the observed score and may contribute to the

variation around the true score known as measurement error. Most

clinicians (including physical therapists, dentists and oral and

maxillofacial surgeons) are not sufficiently aware of this measurement

error and that it affects their clinical decisions (Hayes,  1992).
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There is wide agreement that the intervention of choice in a given clinical

situation should be based on the best possible evidence available

(Evidence Based Medicine; Sackett and Rosenberg, 1995; Fletcher and

Sackett, 2000). In addition, it is recognized that the best evidence for the

efficacy of a treatment modality should be obtained from randomized

clinical trials, i.e., from a design with random assignment to the

experimental group (undergoing the intervention to be analyzed) and an

otherwise comparable control group. In addition, there is a need for a

measure that can be applied in individual cases to make a priori and a

posteriori judgement, i.e., to estimate the chance of success of a certain

intervention or to judge whether an intervention has been successful or

not. Applying such a measure as a basis for the outcome of common

treatment modalities in patients with temporomandibular joint

osteoarthritis associated with non-reducing disk displacement in a

randomized clinical trial would provide more uniform information, both

with respect to the treatment modality as such and in clinical decision

making in individual cases.

A treatment strategy should be based on the diagnosis and the best

possible evidence available with regard to the efficacy of the

intervention. The treatment of temporomandibular joint osteoarthritis

should aim at changes in outcome variables, such as mouth opening, pain

and function impairment, to an extent that both the clinician and the

patient are sure that “something has happened”. Currently, there is no

measure available that informs about statistically significant change in the

individual patient. The aim of this thesis was to evaluate the smallest

detectable difference for clinical application in individual patients with

temporomandibular joint osteoarthritis, as well as in patient groups

treated with different interventions in a randomized clinical trial. More

specified: 
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The aims of this study were:

� to review the available literature and identify evidence for non-

invasive and minimally invasive treatment modalities in patients

with painfully restricted temporomandibular joint function

(Chapter 2);
� to analyse the smallest detectable difference in previously used

outcome variables related to a painful restriction of the

temporomandibular joint (Chapter 3);
� to analyse the reliability of instruments to measure maximal

mouth opening, pain and function impairment of the temporo-

mandibular joint using the generalizability theory and to

determine their smallest detectable difference (Chapter 4, 5 and

6);.
� to analyse, in a randomized clinical trial, the effects of physical

therapy and minimally invasive treatment modalities

(arthrocentesis and arthroscopic surgery) in patients with

temporomandibular joint osteoarthritis associated with non-

reducing disk displacement using the smallest detectable

difference (Chapter 7).
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2 Therapeutic outcome assessment in permanent
temporomandibular joint disc displacement; a
review 

Kropmans ThJB, Dijkstra PU, Stegenga B, de Bont LGM
Journal of Oral Rehabilitation 1999 26: 357 - 363
Reprinted with permission

Introduction

Therapeutic outcome studies are carried out to evaluate the effects of a
therapeutic intervention on signs and symptoms of a disease (Stegenga et
al,  1993b). Arthroscopic surgery, arthrocentesis and physical therapy
have commonly been used as  therapeutic interventions for permanent
temporomandibular joint disc displacement over the past 15 years
(Austin and Shupe, 1993; McCain et al,  1992; Nitzan et al,  1991;
Nitzan et al,  1990; Nitzan and Dolwick, 1991; Austin and Shupe, 1993;
Humberger and Humberger, 1992; Bertolucci,  1992). For the
assessment of the therapeutic efficacy in permanent temporomandibular
joint disc displacement, maximal mouth opening, pain intensity, and
mandibular function impairment are currently used as outcome variables
in group comparison studies. Many authors claim effects of their
interventions on these variables after treating permanent
temporomandibular joint disc displacement (Dimitroulis et al,  1995;
Gray et al,  1994; Hoffman and Cubillos, 1994; Kuwahara et al,  1994;
Petersson et al,  1994; Bertolami et al,  1993; McCarty, Jr. and Darnell,
1993; Stegenga et al,  1993b; McCain et al,  1992; Lundh et al,  1992;
Nitzan et al,  1991; Tarro,  1991; Linde et al,  1995).
The objective of group comparison studies is to provide evidence on
which a future choice of a therapeutic intervention in a particular patient
can be based. The choice of the intervention is based on the proven
efficacy of the intervention, which is related to pre- and post-therapeutic
differences in outcome variables of the group comparison study
(Stegenga et al,  1993b). However, the impact of these differences
depend on the study design and the sample used, i.e. on methodological
issues.  
A major priority of proper therapeutic outcome studies is to distinguish
between specific and non-specific effects of the intervention. In order to
do so, the outcome of the therapy group should be compared with a
non-therapy group under otherwise comparable conditions. Further, to
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prove a causal relationship between the effects found and the therapeutic
intervention, randomized assignment from a homogeneous sample to
different study groups is necessary. Moreover, to avoid bias, the
observers, should not be aware of the study group the patients were
assigned to. A true experimental study design fulfills these criteria and is
generally regarded as the proper research method for therapeutic
outcome assessment.
This study was undertaken to analyze whether the claimed effects of
arthroscopic surgery, arthrocentesis and physical therapy with regard to 
temporomandibular joint disorders could be substantiated by means of a
proper methodology (Levine et al,  1986).

Methods

A Medline search of the international literature published between 1966
and 1997 was carried out with the following medical subject headings:
temporomandibular joint diseases, dislocations, treatment outcome and
time factors. Additional hand search followed, based on the available
references of the papers found. The recorded papers subsequently were
analyzed according to 1. method of investigation, 2. therapeutic
intervention studied, 3. therapeutic outcome variables used, and 4.
claimed effectiveness of the intervention.  

Method of investigation
Three different types of study designs were distinguished i.e., pre-
experimental, quasi-experimental and true-experimental designs.  As pre-
experimental designs, pre- and post intervention comparison of one
group of patients and post intervention comparison of one group and a
non-treated group were accepted. As quasi-experimental designs, group
comparison studies and time series both without randomization were
accepted. As true experimental designs group comparison studies and
time series were accepted in which the subjects were randomly assigned
to both groups. For power analyses, the total number of subjects and the
number of subjects with a permanent temporomandibular joint disc
displacement under study were separately recorded. 

Therapeutic intervention
Four different interventions were distinguished i.e., arthroscopic surgery
(AS), arthrocentesis (AC), physical therapy (PT), or combinations of
these interventions and no treatment or placebo treatment (NT). For
arthroscopic surgery, the use of an arthroscope was the only inclusion
criterium. Criteria for arthrocentesis were: 1. joint lavage 2. hydraulic
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pumping or 3. arthroscopic lavage. Criteria for physical therapy were:
continuous passive motion, manipulation, exercise therapy, massage and
physical interventions such as ultrasound therapy, short wave diathermy,
or transcutaneous electrical nerve stimulation (TENS). Splint therapy, as
a physical intervention, was recorded separately.
Exclusion criteria were open joint surgery, eminectomy or any other
surgical technique used to improve functioning of the
temporomandibular joint.

Outcome variables
As outcome variables maximal mouth opening, pain intensity and
mandibular function impairment were included.  Maximal mouth opening
had to be measured with a millimeter ruler as  the interincisal distance on
maximal mouth opening. Pain intensity had to be recorded on a visual
analogue scale of 100 mm (VAS). Mandibular function impairment had
to be assessed by means of a validated mandibular function impairment
questionnaire (MFIQ) (Dworkin et al,  1990; Dworkin et al,  1988;
Stegenga et al,  1993; Scott,  1976; McCormack et al,  1988).

Effectiveness of the intervention 
Effectiveness of the interventions as claimed by the authors for within-
group-effects and for between-group-effects was recorded.
The papers were analyzed according to the above mentioned criteria by
two observers independently. Overall agreement between the observers
(TJBK, PUD) and agreement for each of the reviewing criteria was
calculated as Cohens Kappa values.

Results

Twenty-four publications, fulfilling the search criteria, were found out of
53 dentistry or oral and maxillo-facial surgery journals between 1986 to
1997 (Table 1). Overall agreement concerning the reviewing criteria
between the observers was 0.82 (p � 0.001). Agreement varied between
0.41 for quasi-experimental designs and 1.0 for the use of a validated
MFIQ and effectiveness in these papers, respectively (Table 2.1).

Method of investigation
Six studies with a true experimental design were found (Petersson et al, 
1994; Gray et al,  1994; Lundh et al,  1992; Linde et al,  1995; Fridrich
et al,  1996; Stegenga et al,  1993b). Six studies were judged as a quasi-
experimental design, however the observers did not agree whether the
studies of Clark et al. (1991), Davis et al. (1991) and Nitzan et al.
(1990) should be judged as quasi or pre-experimental. The other 12
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studies were judged as pre-experimental designs. The number of 
subjects in the studies with a true experimental design ranged from 21
(Stegenga et al., 1993) to 139 (Gray et al., 1994). 

Therapeutic intervention
Each of the six true experimental designs compared a different set of
therapeutic interventions. Fridrich et al. (1996) compared the outcome
of arthroscopy and arthrocentesis(Fridrich et al,  1996). Linde et al.
(1995) evaluated the effects of a flat occlusal splint and TENS. Gray et
al. (1994) evaluated the effectiveness of a treatment based on short-
wave diathermy, a pulsed short-wave diathermy, ultrasound therapy and
laser therapy.  Petersson et al. (1994) evaluated the effectiveness of
arthrography with or without immediate lavage. Stegenga et al. (1993)
evaluated the effects of arthroscopic surgery followed by post-operative
physical therapy and physical therapy alone. Lundh et al. (1992)
evaluated the effects of a flat occlusal splint versus non treatment.

Outcome variables
Maximal mouth opening, was used as an outcome variable in all of the
papers, except in Lundh et al. (1992) and Sanders et al. (1987). Nine out
of 24 papers used a VAS of  0 - 100 mm for pain intensity assessment, a
2 to 32 points scale for the assessment of pain was used by Murakami et
al. (1995), while Dimitroulis et al. (1995) used a VAS of 0 to 150 mm.
The validated MFIQ was used only by Stegenga et al. (1993). Other
instuments used for function impairment are the Helkimo index
(Bertolami et al. 1983), subjective ability to chew (Hoffman et al. 1994)
and non-validated jaw function scores. 

Effectiveness of the intervention
All 24 authors claimed effectiveness of the therapeutic intervention(s).
Eleven  papers compared different sets of therapeutic interventions but
none of them found a statistical significant difference between the effects
of different interventions. Linde et al. (1995) found that the occlusal
splint resulted in more pain relief compared to transcutaneus electro
nerve stimulation.  Gray et al. (1994) found a shorter period of
improvement after short-wave diathermy and megapulse than following
ultrasound and laser. Using a pre-experimental design, Kuwahara et al.
(1994) claimed better results referring to joint noises after open joint
surgery than after arthrocentesis.



Table 2.1 Results of the analyzes of 24 scientific papers concerning the therapeutic outcome of arthroscopic surgery, arthrocentesis and physical therapy.
Agreement is expressed as Cohens Kappa. Overall K =0.82 p � 0.001  

Method of investigation Therapeutic intervention Therapeutic outcome
Author Year PED QED TED N PT AC AS NT MMO PAIN MFIQ Effectiveness
Fridrich K L et al. 1996 - - + 19/12 - + + - + + - +/-
Murakami K et al. 1996 + - - 15/15 - - + splint + + - +/-
Murakami K et al. 1995 - + - 108/108 + + + - + + - +/-
Linde, C et al. 1995 - - + 31/31 + - - splint + + - +/+
Dimitroulis G et al. 1995 + - - 46/46 - + - - + - - +/-
Gray RJM et al. 1994 - - + 139/- + - - + + - - +/+
Hoffman DC et al. 1994 + - - 274/66 - - + - + + - +/-
Kuwahara T et al. 1994 + - - 230/131 - - + - + - - +/+
Petersson A et al. 1994 - - + 34/34 - - + + + + - +/-
McCarty WL et al. 1993 + - - 110/- + - - + + - - +/-
Stegenga B et al. 1993 - - + 21/21 + - + - + + + +/-
McCain JP et al. 1992 + - - 3148/1368 - - + - + - - +/-
Lundh H et al. 1992 - - + 51/51 - - - +/splint - + - -/-
Tarro AW et al. 1991 + - - 77/6 - - + - + - - +
Nitzan DW et al. 1991 - + - 17/17 - + - - + - - +
Clark G T et al. 1991 - + - 18/18 - - + - + + - +
Davis C et al. 1991 - + - 51/51 - - + - + - - +
Nitzan DW et al. 1990 + - - 20/8 - - + - + - - +
Israel H A et al. 1989 + - - 24/14 - - + - + + - +
Moses J Y et al. 1989 + - - 237/237 - - + - + - - +
Montgomery et al. 1989 - + - 19/- - - + - + - - +
Indresano A T et al. 1989 - + - 64/23 - - + - + - - +
Sanders B et al. 1987 + - - 137/- - - + - - - - +
Holmlund A  et al. 1986 + - - 26/- - - + - + - - +
Kappa 0.67 0.41 0.78 0.88 0.70 0.78 0.63 0.78 0.78 1.00 0.75/1.00

PED=pre-experimental design; QED= quasi-experimental design; TED= true experimetal design; N=number of subjects; PT=physical therapy;
AC=arthrocentesis;AS=arthroscopic surgery; NT=non-therapy/placebo therapy; splint=splint-therapy; MMO=maximal mouth opening; PAIN=pain on a 100 mm
visual analogue scale; MFIQ=mandibular function impairment questionnaire; Effectiveness within/between groups. 
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Discussion

Only a limited number of scientific papers could be found in which the
effects of arthroscopic surgery, arthrocentesis and/or physical therapy on
maximal mouth opening, pain and mandibular function impairment were
evaluated. 
The overall between observer agreement of K = 0.82 is sufficient
(Altman,  1991). Agreement was moderate (K = 0.63) to complete (K =
1.0) for all criteria except for the criterium quasi-experimental designs (K
= 0.41). 
Twelve studies used pre-experimental designs. Because of the lack of a
control group in this design, it is not possible to distinguish between
specific and non-specific effects of the intervention. Therefore, causality
between the effects found and the therapeutic intervention can not be
assessed. 
Six studies used a quasi-experimental design. However random
assignment of patients was not performed in these studies and therefore
pre-excisting group differences were not excluded.
Although 6 studies used a true experimental design, the effects of
arthroscopic surgery, arthrocentesis and physical therapy did not differ
with regard to maximal mouth opening, pain intensity or function
impairment. None of the studies used blinded designs.  To avoid
surgeon-observer bias at least the use of an independent observer would
have been an alternative. Only Gray et al. (1994) and Stegenga et al.
(1993) used an independent observer. However Gray et al. (1994)
compared non-invasive interventions, so no conclusions can be drawn
regarding the effectiveness of a non-invasive intervention versus
arthroscopic surgery or arthrocentesis.  In the study of Stegenga et al.
(1993) the number of subjects was insufficient to draw firm conclusions
concerning efficacy (Stegenga et al,  1993). Comparing ‘blindly’ a non-
invasive and an invasive intervention is difficult because of scars caused
by invasive intervention. A simple solution would be to provide all
patients with a pre-auricular bandage during the assessment regardless
the intervention given.
Pooling the effects found in the papers using a true experimental design
is not possible  because different sets of interventions were compared.
However, regardless of the nature of the intervention i.e. therapeutic or
placebo, in all groups with the clinical diagnosis of permanent
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temporomandibular joint disc displacement, maximum range of mouth
opening had improved and pain intensity had decreased.
Although Murakami et al. (1995) observed greater improvement on 
maximal mouth opening after arthroscopic surgery than other authors
did, his clinical study did not randomly assign therapeutic interventions.
Thus, selection bias could well be the reason for the reported cumulative
success rate. 
One study evaluated the effects of electro-physiotherapy and placebo
treatment on pain free mouth opening and maximal mouth opening (Gray
et al,  1994). We calculated the actual effect of electro-physiotherapy by
subtracting maximal mouth opening achieved with electro-physiotherapy
and maximal mouth opening achieved with placebo treatment. The
placebo effects accounted for 53.9% the outcome of electro-
physiotherapy. After a trial period of three months the placebo effects
vanished, while the beneficial effects of electro-physiotherapy sustained
(Gray et al,  1994). The actual effect on both the pain free mouth
opening and the maximal mouth opening due to electro-physiotherapy
was limited to 5.8 mm.
The assessment of pain intensity is usually performed with a 100 mm
VAS, with ‘no pain’ and ‘worst pain imaginable’ as extremes. However,
other types of VAS measures have been used, making the results of pain
assessments incomparable. 
The MFIQ, only used by Stegenga et al. (1993), is a valid and reliable
instrument to measure mandibular function impairment. Mandibular
function impairment was further measured as subjective ability to chew,
jaw function scores, and the Helkimo index. However, reliability and
validity of the subjective ability to chew and jaw function scores have
never been published. The Helkimo index is primarily an epidemiologic
instrument and was not designed to evaluate therapeutic effects. The
latter application of this index has never been validated.
It is striking that none of the reviewed scientific papers have reported
measurement error of the procedures used. To decide whether a change
in an outcome variable is in fact real change, knowledge about the
borders of precision of the measurement procedure is mandatory
(Mitchell,  1979). Borders of precision can be expressed as the standard
error of measurement, 95% confidence limits and the smallest detectable
difference (Cronbach et al,  1972; Kropmans et al,  1995). The smallest
detectable difference of a measurement procedure is the smallest
statistical significant difference in outcome, which can be detected by a
measurement procedure. It is possible that the differences reported in the
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analyzed papers are due to influences related to the measurement
procedures, rather than therapeutic effects.
Based on empiricism, effect differences between arthroscopic surgery,
arthrocentesis and physical therapy are expected to be small. This makes
the borders of precision of the outcome variables even more important in
order to detect the effects and the differences in effects between the
interventions. However, the borders of precision of measuring the
outcome variables for temporomandibular joint disorders are unknown.
Thus, reliability studies in which these borders are analysed for maximal
mouth opening, pain and function impairment measurement are
necessary.
The statistical analyses of a difference in group effects due to a
therapeutic intervention is of importance, moreover the magnitude of
change with reference to some standard - such as ‘normal’ functioning - 
should be an additional measure for success, since it relates to ‘clinical
significance’ (Jacobson et al,  1984).  For example, a statistically
significant improvement in maximal mouth opening in permanent
temporomandibular joint disc displacement of 2 mm may have very little
clinical impact. So, an additional question should be how much change is
necessary before it can be regarded as ‘clinically significant’?  The
smallest detectable difference is a measure that detects clinically relevant
as well as statistically significant change in maximal mouth opening, pain
intensity, and mandibular function impairment assessment in permanent
temporomandibular joint disc displacement patients, analogous to
applications in other fields (Kropmans et al,  1995; Evans et al,  1981;
Mitchell,  1979; Barnett and Mathisen, 1997).
Instability and inconsistency in outcome measurement of each separate
variable has been reported previously (van der Kloot et al,  1995; Price
et al,  1983; Mezitis et al,  1989; Agerberg,  1974; Dijkstra,  1995).
However, since pain intensity, maximal mouth opening and mandibular
function impairment are interrelated, instability in measurement results of
each separate outcome variable can be expected (Stegenga et al,  1993;
Stegenga et al,  1989; de Bont and Stegenga, 1993; Stegenga et al, 
1993a). The amount of variation caused by this relationship is unknown.
It can be expected that this interrelationship may increase measurement
error in pain, maximal mouth opening, and function impairment
measurement. 

We conclude that no differences in effects on maximal mouth opening
and pain intensity or mandibular function impairment were found
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between arthroscopic surgery, arthrocentesis and physical therapy.
Methodological sound outcome studies reporting the smallest detectable
difference in outcome variables and evaluating the effects of arthroscopic
surgery, arthrocentesis and physical therapy are needed. We recommend
reliability studies that focus on determining the smallest detectable
difference in maximal mouth opening, pain intensity and mandibular
function impairment in patients with temporomandibular joint disc
displacement.
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related to painful restriction of the
temporomandibular joint

Kropmans ThJB, Dijkstra PU, Stegenga B, Stewart R, de Bont LGM
Journal of Dental Research 1999; 78 (3): 784 - 789
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Introduction

The selection of the most favorable therapeutic intervention for disorders
characterized by  pain and restricted movement of the
temporomandibular joint is basically a matter of clinical decision making,
which at present cannot be entirely based on scientific information
(Kropmans et al,  1999). Restriction of mouth opening, pain, and
function impairment are  commonly used outcome variables in these
disorders (Carlsson et al,  1980; Kopp and Wenneberg, 1983; Agerberg, 
1987; Dworkin et al,  1988; Dworkin et al,  1990; Dahlstrom,  1993;
Stegenga et al,  1993a; Chung,  1993; Lobbezoo-Scholte,  1994).
In outcome research, group means are generally compared and
statistically analyzed. Statistically significant differences between pre-
and post-therapeutic outcome variables are considered to reflect the
clinical effects of the intervention. However, group mean comparison
provides only average information about the effects of the intervention
for individual patients of the samples. Moreover, the individual outcome
of the variable ‘maximal mouth opening’ in patients with
temporomandibular joint disorders may be biased by the interfering
effects of pain. In addition, statistical significance does not necessarily
imply clinical relevance (Jacobson et al,  1984). Observed improvement
between pre- and post-therapeutic outcome variables not only reflects a
therapeutic effect, but also the natural course of the disorder, biological
fluctuation of the variables measured, and inconsistency in measurement
(Dijkstra et al,  1995). In order to determine whether a change in an
outcome variable is the result of a specific intervention, knowledge about
the factors contributing to the variation in observed measurement scores
(i.e., variation within subjects, variation between measurement
occasions, and a residual variation) is necessary (Mitchell,  1979;
Roebroeck et al,  1993; Lund et al,  1995).
Classical psychometric analysis of repeated measurements is used to
assess consistency in measurement results, which is currently quantified
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as a correlation coefficient, such as Pearsons r, Kappa, or an intra-class
correlation coefficient, depending on the type of data (Cronbach et al, 
1972; Shrout and Fleiss, 1979). However, a correlation coefficient does
not provide information about systematic differences between observed
measurement results (Bland and Altman, 1986). In case of low
correlation, factors contributing to these systematic differences become
even more important (Stratford,  1989; Lyons,  1991). An important
shortcoming of the classical methods used in the current literature
concerning reliability of outcome variables of temporomandibular joint
disorders is that they do not provide information about changes in the
variables. In the literature related to other fields of research than that of
the temporomandibular joint, the standard error of the measurement
procedure, the 95% confidence interval, and the smallest detectable
difference have been proposed to be the appropriate measures for
assessing changes in outcome variables (Cronbach et al,  1972; Brennan, 
1983; Roebroeck et al,  1993). 
The purpose of this study was to calculate these measures for assessing
change in maximal mouth opening, pain intensity, and function
impairment measurement. These findings, in turn, will provide a
foundation on which to base clinical decision making in patients with
complaints of the temporomandibular joint. 

Materials and methods

Theoretical background
Repeated measurement of a variable provides ‘observed scores’ with a
mean and a standard deviation (i.e. descriptive statistics). Mean and
standard deviation of these repeated measurements determine the
distribution and the borders between which the true score is to be
expected (Cronbach et al,  1972; Veldhuijzen et al,  1993). The
observed score is in fact the sum of the unknown true score and a
random ‘error’. In a population, the variance of the observed score (� )2

O

is the sum of the variance of the true score of that population (� ) and2
T

the variance of the error score (� ). Consistency in measurement results2
E

is generally expressed as a correlation coefficient defined as r = � /� .2 2
T O

Substituting � +�  for � (r=� /(� +� )), illustrates that the variance2 2 2 2 2 2
T E O T T E

of the error score determines the reliability of the measurement
(Mitchell,  1979; Roebroeck et al,  1993; Veldhuijzen et al,  1993). 
The standard error of a measurement procedure (SEM ) is calculatedp

from the known sample standard deviation (SD)  and the correlation
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coefficient (r) of the measurement procedure used for that sample:
SEM  = SD×�(1-r) (Cronbach et al,  1972; Mitchell,  1979; Ottenbacherp

et al,  1988; Veldhuijzen et al,  1993). The corresponding 95%
confidence interval, in which the true score (drawn from a normally
distributed population) is expected,  is [±1.96 × SEM ]. The broader thep

limits of the 95% confidence interval, the less confident the estimation of
the true score, and, as a consequence, the less confident the detection of
real change due to intervention. Thus, knowledge about the standard
error of the measurement procedure is necessary to decide whether such
a change has occurred (Ottenbacher et al,  1988; Hayes,  1992).
Moreover, when analyzing a difference between two consecutive
observations, one has to consider the standard error of the measurement
procedure of the observed score for both the first  (SEM ) and thep (first)

second (SEM ) observations. The smallest detectable difference isp (sec)

known as the measure of statistically significant change between two
independently obtained measurements. Given a probability value of � =
0.05 as indication for statistical significance, the smallest detectable
difference is estimated as 1.96 ×  �(SEM  + SEM ) (McNemar, p (first) p (sec)

2 2 

1969; Guyatt et al,  1987). Assuming that the standard error of the
measurement procedure of the observed score of the first and the second
observations are equal, the smallest detectable difference is 1.96 × �2× 
SEM . To detect a statistically significant change between two separatep

observations this change must be at least the smallest detectable
difference of the measurement procedure. 

Outcome variables 
Maximal mouth opening is the maximal inter-incisal distance and is
usually measured with a millimeter-ruler (Murakami et al,  1987; Nitzan
et al,  1990; Nitzan et al,  1991; McCain et al,  1992; Stegenga et al, 
1993b; Van Sickels and Dolezal, 1994). Only a few studies have been
published in which correlation coefficients and standard deviations of the
samples were presented. Out of the correlation coefficients and standard
deviations published by Wood and Branco (1979), Agerberg (1987) and
Stegenga et al. (1993b) we calculated the standard error of the
measurement procedure, the 95% confidence interval, and the smallest
detectable difference for maximal mouth opening.
According to the International Association for the Study of Pain, pain is
defined as a subjective unpleasant sensory and emotional experience with
actual or potential tissue damage or described in terms of such damage
(Merkskey, 1979). Because pain is a sensation with biological
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components, it can be influenced by movement, pressure, temperature,
emotions, social surroundings and rest. The McGill Pain Questionnaire is
a widely used instrument to assess pain and its different dimensions
(Melzack,  1975; van der Kloot et al,  1995). The perceived intensity of
pain is subjective and therefore differs between and within subjects; it
can be estimated on a visual analogue scale (Jensen,  1986; McCormack
et al,  1988; Jensen,  1993; Mantha,  1993). A visual analogue scale is a
100 mm line with two opposing descriptions of pain representing the
absence of pain and the worst imaginable pain, at each end of the line
(Scott,  1976; Jensen,  1986; Vallerand,  1991; Stegenga et al,  1993b;
Kuwahara et al,  1994). Although widely used, correlation coefficients
and standard deviations of pain scores on a visual analogue scale have
not been reported in the temporomandibular joint literature. The Dutch
language version of the McGill pain questionnaire (van der Kloot et al,
1995) assesses, besides pain adjectives, three different intensities of pain
of the last week on a visual analogue scale: the actual pain, the minimal
pain and the maximal pain. Out of mean correlation coefficients and
standard deviations published by van der Kloot et al. (1995), we
estimated the standard error of the measurement procedure, the 95%
confidence interval and the smallest detectable difference for the scores.
Problems with eating, chewing, speech, and laughter (i.e. mandibular
function impairment) are related to a painful restriction of the
temporomandibular joint (Stegenga et al,  1993b). The only available
valid and reliable instrument to assess mandibular function impairment is
the Mandibular Function Impairment Questionnaire which scores
perceived difficulty of representative mandibular functions in relation to
jaw complaints. Reliability of the Mandibular Function Impairment
Questionnaire was tested comparing a verbal and a non-verbal version of
the Mandibular Function Impairment Questionnaire. The total function
impairment score is the summation of the scores of 17 representative
items on a Likert scale, each scoring from 0-4. From the correlation
coefficient and the standard deviation of the sample published by
Stegenga et al. (1993b) we calculated the standard error of the
measurement procedure, the 95% confidence interval, and the smallest
detectable difference of the function impairment score.

Patient studies
Analyzing the reliability of maximal mouth opening measurement in
normal subjects was based on the studies of Wood and Branco (1979)
(n=19) and Agerberg (1987) (n=67). Stegenga et al. (1993b) tested the
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reliability of maximal mouth opening in a group of patients with
complaints of the temporomandibular joint (n=46). The reliability of
scores of pain intensity on a visual analogue scale in the study of van der
Kloot et al. (1995) was based on a heterogeneous group of pain patients
(n=92). The reliability of the Mandibular Function Impairment
Questionnaire  was based on a group of patients with complaints of the
temporomandibular joint described by Stegenga et al. (1993b) (n=86).
Demographic findings, correlation coefficients and standard deviations of
these samples are listed in table 3.1. The data out of previous studies
were taken for secondary analysis and the protocol was approved by the
medical ethic commission of our institution.

Table 3.1 The demographic findings of the subjects presented by different authors 

Authors Subjects Outcome variables

Status Gender age MMO VAS MFI r sd
m/f mmyrs mm units

Wood and Branco (1979) healthy 9/10 23.6 53.7 .96 7.3

Agerberg (1987) healthy 24/43 20 35.7 .87 5.9

Stegenga et al. (1993b) TMJ 4/24 28 44.5 .97 11
patients

van der Kloot et al.(1995) pain pat. 66/26 45
actual 32.0 .82 24.2
minimal 17.6 .76 15.6
maximal 69.3 .88 23.1

Stegenga et al. (1993b) TMJ 71/9 25.2 23.1 .95 12.2
patients

TMJ = temporomandibular joint; actual, minimal and maximal pain; MMO=maximal mouth opening;
MFI=mandibular function impairment 

Results

The smallest detectable difference of maximal mouth opening in healthy
subjects varies between 4 and 5 mm. These scores are based on a
standard error of the measurement procedure in case of one repetition on
one occasion of 1.6 mm (Wood and Branco, 1979) versus 2.1 mm and
1.9 mm in the study of Agerberg (1987) and Stegenga et al. (1993b),
respectively. Statistically significant change between two independently
obtained measurement scores, the smallest detectable difference, is
calculated as 1.96 ×�2× 1.6 mm, 2.1 mm and 1.9 mm, respectively,
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depending on data presented in each reliability study. The standard error
of the measurement procedures, the corresponding 95% confidence
intervals and the smallest detectable differences of the outcome variables
are listed in table 3.2.

Table 3.2 The calculated standard error of the measurement procedure, the 95% confidence interval, and
the smallest detectable difference of maximal mouth opening, pain scores on a visual analogue scale and
total function impairment measured with the mandibular function impairment questionnaire

Outcome variable Occ Obs Rep SEM 95% SDDp
CI

Maximal  mouth opening

 Wood en Branco (1979)                  
single score 1 1 1 1.6 [±3] 4 mm
mean score 1 1 3 1.0 [±2] 3 mm

Agerberg (1987) 1 1 1 2.1 [±4] 5 mm
Stegenga (1987) 1 1 1 1.9 [±4] 5 mm

Pain scores on visual analogue scores

van der Kloot et al. (1995)
VAS actual pain 0 - 100 mm
VAS minimal pain 0 - 100 mm
VAS maximal pain 0 - 100 mm

1 1 1 10 [±20] 28 mm
1 1 1 8 [±16] 22 mm
1 1 1 8 [±16] 22 mm

Total Mandibular Function Impairment

Stegenga et al. (1993b)
0 - 68 units 1 1 1 3 [±6] 8

The smallest detectable difference improved from 4 to 3 mm in the study
of Wood and Branco (1979) after three repetitions. The smallest
detectable difference is 5 mm for the group of patients with complaints
of the temporomandibular joint in the study of Stegenga et al. (1993).
The standard error of the measurement procedure for pain scores on a
visual analogue scale as used by van der Kloot et al. (1995) was 10 mm
for actual pain versus 8 mm for both ‘minimal’ and ‘maximal’ pain. The
corresponding smallest detectable difference for actual pain was 28 mm,
and 22 mm for both ‘minimal’ pain and ‘maximal’ pain, respectively.
The standard error of the measurement procedure of Total Function
Impairment as measured with the Mandibular Function Impairment
Questionnaire, published by Stegenga et al. (1993b) was 3 units. The
corresponding smallest detectable difference, calculated from the inter-
method correlation coefficient and the standard deviation, was 8 units.
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Discussion 

An improvement in maximal mouth opening of at least 5 mm is needed
to detect a statistically significant change in maximal mouth opening.
These results confirm those of Agerberg et al. (1987). However, Wood
and Branco (1979) and Agerberg et al. (1987) measured healthy
subjects. In a group of patients with complaints of the
temporomandibular joint, Stegenga et al. (1993b) reported a mean range
of opening after passive stretch of 44.5 mm with a standard deviation of
11 mm. Descriptive statistics suggest that a considerable part of that
sample was restricted in maximal mouth opening and a considerable part
was not. The smallest detectable difference in their sample was also 5
mm. Thus, the smallest detectable difference of 5 mm may be considered
generalizable to the population of healthy subjects and to patients with
restricted mouth opening.
Dworkin et al. (1988) presented maximal assisted mouth opening
measurements of seven observers (mean 53.1 mm, standard deviation of
1.2 mm). The scientific relevance of the latter reliability study, however,
is limited because the standard deviation presented in this study was
calculated from only one measure of central tendency i.e. the mean value
of each single observer. The small inter-observer standard deviation
presented in this study does not represent the variance in maximal
assisted mouth opening of the subjects within each sample and is
therefore artificial.
Since maximal mouth opening is a non-stable biological variable, its
behavior is also influenced by repeated measurements (Agerberg,  1987;
Mezitis et al,  1989). However, if measured repeatedly, the standard
error of the measurement procedure decreases by increasing the number
of repetitions (Table 3.2) (Cronbach et al,  1972). The influence of
repeated measurements of this variable in patients with painful and
restricted temporomandibular  joints is not known. Therefore, a future
reliability study of repeated measurement of maximal mouth opening in
patients with painful and restricted temporomandibular joints is
necessary.
The reliability of ‘pain scores’ in patients with painfully restricted
temporomandibular joints was assessed by Dworkin et al. (1990).
However, only an intraclass correlation coefficient was reported; the
variance of the method used was not (Stratford, 1989; Bland and
Altman, 1986; Dworkin et al,  1990). Van der Kloot et al. (1995) used
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the visual analogue scales in a heterogeneous group of non-
temporomandibular joint pain patients. An increase or decrease in pain
intensity of at least 28 mm on a visual analogue scale for ‘actual’ pain is
needed to detect statistical significant change over time. The results of
this study are generalizable to a heterogeneous group of pain patients.
However, it only provides an indication as to how much change is
needed in a painful and restricted temporomandibular joint to detect a
significant difference. 
In the present study, we calculated the smallest detectable difference for
minimal, maximal and actual pain intensities (Table 3.2). The left and
right extremes of a 0-100 mm scale represent smallest detectable
differences that differ from the middle segment. These differences may
be explained, in part,  by previous reports that a visual analogue scale is
not scoring equal intervals (Ohnhaus,  1975; Price et al,  1983). The
choice of scoring interval or ratio for scores on a visual analogue scale
seems to be based on convention and convenience rather than on
scientific research (McCormack et al,  1988). Group comparisons based
on mean scores on visual analogue scales may lead to unreliable
conclusions about change in pain because of the different standard error
of the measurement procedures, the 95% confidence intervals and the
smallest detectable differences corresponding with different pain
intensities. For group comparison actual, minimal, and maximal pain
should be registered on separate visual analogue scales. The
corresponding smallest detectable differences for different pain
intensities and for different groups of pain patients should be known to
decide about change in experienced pain. 
Instruments measuring function impairment are scarce (Schiffman, 
1992; Murakami,  1992; Stegenga et al,  1993). The Mandibular
Function Impairment Questionnaire is a valid and reliable instrument to
measure mandibular function impairment (Stegenga et al,  1993b). An
improvement of 8 units on this 0 to 68 units scaled questionnaire appears
to be needed for statistical significance. For this study we used the inter-
method correlation coefficient to estimate the smallest detectable
difference of the Mandibular Function Impairment Questionnaire.
Scientifically correct information about the measurement error of the
Mandibular Function Impairment Questionnaire should be obtained from
the inter and intra-observer variation of this measure, however.
Instability and inconsistency of each separate variable (i.e. maximal
mouth opening, pain and mandibular function impairment) has been
previously reported (Price et al,  1983; Agerberg,  1987; Mezitis et al, 
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1989; van der Kloot et al,  1995; Dijkstra et al,  1995). Maximal mouth
opening, pain and mandibular function impairment are obviously inter-
related (Stegenga et al,  1989; de Bont and Stegenga, 1993). However,
the exact influence of pain on mouth opening and function impairment
has not yet been quantified. Analysis of repeated measurement scores
should provide information about the factors contributing to the
variation in observed scores in patients with painful and restricted
temporomandibular  joints.
A statistically significant difference between pre and post intervention
groups is of limited importance when this difference is smaller than the
smallest detectable difference of the outcome variable. The smallest
detectable difference of maximal mouth opening in normal subjects is 5
mm, thus the maximal mouth opening has to decrease at least 5 mm to
indicate the possibility of a temporomandibular joint disorder. The
smallest detectable difference of an outcome variable provides the
clinician with knowledge regarding the level of improvement necessary
for being therapeutically successful in a specific group of patients. For
individual patients the smallest detectable difference provides average
information on which to base clinical decision making with regard to the
‘success’ of a therapeutic intervention can be based. The smallest
detectable difference of different outcome variables in patients with
painful and restricted temporomandibular joints have not yet been
quantified. Therefore, more explicit research is needed in this patient
population. Since the smallest detectable difference is a measure of
statistical as well as clinical relevance this will lead to improved clinical
decision making in patients with painful and restricted
temporomandibular joints.



Chapter 3: smallest detectable difference  38

References

Agerberg G (1987). Longitudinal variation of maximal mandibular mobility: an
intra-individual study. J Prosthet Dent 58:370-373.

Bland JM, Altman DG (1986). Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 2:307-312.

Brennan, R (1983): Elements of generalizability theory. Revised edition 1992 ed.
Iowa City, IA: The American College Testing Program.

Carlsson GE, Egermark-Erikson I, Magnusson T (1980). Intra- and inter-observer
variation in functional examination of the masticatory system. Swed Dent J 4:187-
194.

Chung SC (1993). Reliability and validity of the pressure pain thresholds (PPT) in
the TMJ capsules by electronic algometer. Cranio 11:171-6.

Cronbach, JL, Gleser, GC, Nanda, H, Rajaratman, N (1972): The dependability of
behavioral measurements: Theory of generalizability for scores and profiles. New
York: John Wiley and Sons.

Dahlstrom L (1993). Psychometrics in temporomandibular disorders. An overview.
Acta Odontol Scand 51:339-352.

de Bont LGM, Stegenga B (1993). Pathology of temporomandibular joint internal
derangement and osteoarthrosis. Int J Oral Maxillofac Surg 22:71-74.

Dijkstra PU, de Bont LGM, Stegenga B, Boering G (1995). Angle of mouth opening
measurement: reliability of a technique for temporomandibular joint mobility
assessment. J Oral Rehabil 22:263-268.

Dworkin SF, LeResche L, DeRouen T (1988). Reliability of clinical measurement in
temporomandibular disorders. Clin J Pain 4:89-99.

Dworkin SF, LeResche L, DeRouen T, Von Korff M (1990). Assessing clinical signs
of temporomandibular disorders: reliability of clinical examiners. J Prosthet Dent
63:574-579.

Guyatt G, Walter S, Norman G (1987). Measuring change over time: assessing the
usefulness of evaluative instruments. J Chron Dis 40:171-178.

Hayes KW (1992). The effect of awareness of measurement error on physical
therapists' confidence in their decisions. Phys Ther 72:515-525.

Jacobson NS, Follette WC, Revenstorf D (1984). Psychotherapy outcome research:
methods of reporting variability and evaluating clinical significance. Beh Ther
15:336-352.

Jensen MP (1986). The measurement of clinical pain intensity: a comparison of six
methods. Pain 27:117-126.



Chapter 3: smallest detectable difference  39

Jensen MP (1993). Increasing the reliability and validity of pain intensity
measurement in chronic pain patients. Pain 55:195-203.

Kopp S, Wenneberg B (1983). Intra- and inter-observer variability in the assessment
of signs of disorder in the stomatognatic system. Swed Dent J 7:239-246.

Kropmans ThJB, Dijkstra PU, Stegenga B, de Bont LGM (1999). Therapeutic
outcome assessment in permanent temporomandibular disc joint disc displacement; a
systematic review. J Oral Rehabil; 1999 26: 357- 363.

Kuwahara T, Bessette RW, Maruyama T (1994). A retrospective study on the clinical
results of temporomandibular joint surgery. Cranio 12:179-183.

Lobbezoo-Scholte AM (1994). Inter-examiner reliability of six orthopaedic tests in
diagnostic subgroups of craniomandibular disorders. J Oral Rehabil 21:273-285.

Lund JP, Widmer CG, Feine JS (1995). Validity of diagnostic and monitoring tests
used for temporomandibular disorders. J Dent Res 74(4):1133-1143.

Lyons JS (1991). Main effects analysis in clinical research: statistical guidelines for
desegregating treatment groups. J Consult Clin Psychol 59:745-748.

Mantha S (1993). A proposal to use confidence intervals for visual analog scale data
for pain measurement to determine clinical significance [published erratum appears
in Anesth Analg 1994 May; 78(5):1035]. Anesth Analg 77:1041-1047.

McCain JP, Sanders B, Koslin MG, Quinn JH, Peters PB, Indresano AT, et al (1992).
Temporomandibular joint arthroscopy: a 6-year multi center retrospective study of
4,831 joints (published erratum appears in J Oral Maxillofac Surg 1992 Dec;
50(12):1349). J Oral Maxillofac Surg 50:926-930.

McCormack HM, Horne DJ, Sheather S (1988). Clinical applications of visual
analogue scales: a critical review. Psychol Med 18:1007-1019.

McNemar Q (1969): Psychological Statistics. 4 ed. New York, London, Sidney: John
Wiley and Sons.

Melzack R (1975). The McGill Pain Questionnaire: major properties and scoring
methods. Pain 1:277-299.

Merskey H (1979). Pain terms: A list with definitions and notes on usage. Pain 6:
249 - 252.

Mezitis M, Rallis G, Zachariades N (1989). The normal range of mouth opening. J
Oral Maxillofac Surg 47:1028-1029.

Mitchell SK (1979). Interobserver agreement, reliability, and generalizability of data
collected in observational studies. Psychol Bull 86:376-390.

Murakami KI (1992). Correlation between pain and dysfunction and intra-articular
adhesions in patients with internal derangement of the temporomandibular joint. J
Oral Maxillofac Surg 50:705-708.



Chapter 3: smallest detectable difference  40

Murakami KI, Iizuka T, Matsuki M, Ono T (1987). Recapturing the persistent
anteriorly displaced disk by mandibular manipulation after pumping and hydraulic
pressure to the upper joint cavity of the temporomandibular joint. Cranio 5:17-24.

Nitzan DW, Dolwick MF, Heft MW (1990). Arthroscopic lavage and lysis of the
temporomandibular joint: a change in perspective. J Oral Maxillofac Surg 48:798-
802.

Nitzan DW, Dolwick MF, Martinez GA (1991). Temporomandibular joint
athrocentesis: a simplified treatment for severe, limited mouth opening. J Oral
Maxillofac Surg 49:1163-1167.

Ohnhaus EE (1975). Methodological problems in the measurement of pain: a
comparison between the verbal rating scale and the visual analogue scale. Pain
1:379-384.

Ottenbacher JO, Johnson MB, Hojem M (1988). The significance of clinical change
and clinical change of significance: Issues and Methods. Am J Occupat Ther 42:156-
162.

Price DD, McGrath PA, Rafii A, Buckingham B (1983). The validation of visual
analogue scales as ratio scale measures for chronic and experimental pain. Pain
17:45-56.

Roebroeck M, Harlaar J, Lankhorst GJ (1993). The application of generalizability
theory to reliability assessment: an illustration using isometric force measurements.
Phys Ther 6:386-401.

Schiffman EL (1992). The relationship between level of mandibular pain and
dysfunction and stage of temporomandibular joint internal derangement. J Dent Res
71:1812-1815.

Scott J (1976). Graphic representation of pain. Pain 2:175-184.

Shrout PE, Fleiss JL (1979). Intraclass correlations: uses in assessing rater reliability.
Psychol Bull 86:420-428.

Stegenga B, de Bont LGM, Boering G (1989). Osteoarthrosis as the cause of of
carniomandibular pain and dysfunction: A unifying concept. J Oral Maxillofac Surg
47:249-256.

Stegenga B, de Bont LGM, Dijkstra PU, Boering G (1993a). Short-term outcome of
arthroscopic surgery of temporomandibular joint osteoarthrosis and internal
derangement: a randomized controlled clinical trial. Br J Oral Maxillofac Surg 31:3-
14.

Stegenga B, de Bont LGM, de Leeuw R, Boering G (1993b). Assessment of
mandibular function impairment associated with temporomandibular joint
osteoarthrosis and internal derangement. J Orofac Pain 7:183-195.

Stratford P (1989). Letters to the Editors. Reliability: consistency or differentiating
among subjects? Phys Ther 69:299-300.



Chapter 3: smallest detectable difference  41

Vallerand WP (1991). Improvement in myofacial pain and headaches following TMJ
surgery. J Craniomandib Disord 5:197-204.

van der Kloot WA, Oostendorp RAB, van der Meij J, van den Heuvel J (1995). De
nederlandse versie van ‘McGill pain questionaire’: een betrouwbare pijnvragenlijst.
Ned Tijdschr Geneeskd 139(13):669-673.

Van Sickels JE, Dolezal J (1994). Clinical outcome of arthrotomy after failed
arthroscopy. Oral Surg Oral Med Oral Pathol 78:142-145.

Veldhuijzen, NH, Goldebelt, P, Sanders, PM (1993): Klassieke testtheorie en
generaliseerbaarheidstheorie. 1 ed. Arnhem: CITO, Instituut voor Toetsontwikkeling.

Wood GD, Branco JA (1979). A comparison of three methods of measuring maximal
opening of the mouth. J Oral Surgery 37:175-177.





Chapter 4: SDD of mouth opening  43

4 Smallest detectable difference of maximal mouth
opening in patients with painfully restricted
temporomandibular joint function.

Kropmans ThJB, Dijkstra PU, Stegenga B, Stewart R, de Bont LGM 
European Journal of Oral Sciences 2000; 108: 9 - 13
Reprinted with permission

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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5 Repeated pain assessment in temporomandibular
joint patients; decision making using uni- and
multidimensional pain scales

Kropmans ThJB, Dijkstra PU, Stegenga B, Stewart R, de Bont LGM
Clinical Journal of Pain 2000, submitted

Introduction

Pain has been defined as a ‘subjective unpleasant sensory and emotional
experience with actual or potential tissue damage or described in terms
of such damage’ (Merskey,  1994). Pain due to osteoarthritic and/or
muscular pain is influenced by movement, pressure, social surroundings
and rest. Pain intensity differs between and within subjects, and it can be
estimated on unidimensional and multidimensional levels (Katz and
Melzack, 1999). A commonly applied unidimensional pain measurement
method is a visual analogue scale (VAS) of 100 mm of which the two
extremes represent the absence of pain and the worst imaginable pain,
respectively. A commonly used multidimensional pain assessment
instrument is the McGill pain questionnaire which evaluates sensory,
affective and evaluative pain qualities. The McGill pain questionnaire has
been demonstrated to be a reliable and valid instrument (Rudy et al, 
1992; Katz and Melzack, 1999; Melzack,  1975; van der Kloot et al, 
1995). Unidimensional VAS  measures are integrated in this
multidimensional instrument, to assess average, minimal and maximal
levels of pain intensity in the week previous to assessment.
Regarding visual analogue scales, reliability and validity assessments
using classical psychometric analyses have been reported in different
fields of research (Price et al,  1983; Ohnhaus,  1975; McCormack et al, 
1988). Reliability in the ‘classical’ sense can be expressed as Kappa
coefficients, correlation coefficients or coefficients derived thereof,
depending of the type of data. These coefficients express agreement or
linear association, but do not express difference (Bland and Altman,
1986). Rudy et al. (1992) reported that the intraclass correlation
coefficient, when used within the framework of the generalizability
theory, meets the conditions needed for a valid interrater reliability
statistic (Rudy et al,  1992). However, even an intraclass correlation
coefficient does not inform the clinician about how much change is
needed to overcome individual and/or biological variance.
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Complementary to classical psychometric analyses,  generalizability and
decision studies have been designed for reasoned decision making
(Cronbach et al,  1972; Rudy et al,  1992) . These studies are required to
distinguish ‘real change’ from biological variation of an outcome variable
(Kropmans et al,  1999; Kropmans et al,  2000). Generalizability and
decision studies are not commonly used within the field of pain research
but have recently been introduced to other fields of medical research,
such as echocardiography measurement, blood pressure measurement,
electromyography measurement, muscle force and goniometry
measurement (Kuecherer et al,  1991; Llabre et al,  1988; Hatch et al, 
1992; LaStayo and Wheeler, 1994). Mitchell et al. (1979) pointed out
that measurements provide data that are influenced by different aspects
of the observational situation. These aspects include individual variation
between and within patients because of the patients' changing beliefs and
perceptions of pain, resulting in variation between different measurement
days and between different repetitions (Mitchell,  1979; Rudy et al, 
1992). The McGill Pain Questionnaire is sensitive to change due to
interventions designed to reduce pain (Katz and Melzack, 1999).
However, these findings were consistently related to changes in pain
using verbal rating scales. Although Katz and Melzack (1999) supposed
an increased ability of the McGill Pain Questionnaire to detect
differences in pain, there is no information about the smallest detectable
difference of neither the number of words chosen, nor the pain rating
index (Katz and Melzack, 1999).
Recently, the smallest detectable difference was reported for actual,
minimal and maximal experienced pain (Kropmans et al,  1999)
measured on VAS calculated from the correlation coefficient and
standard deviation of  a heterogeneous group of pain patients (Kropmans
et al,  1999; van der Kloot et al,  1995). For actual pain the smallest
detectable difference was 28 mm and for both minimal and maximal pain
it was 22 mm on a 0 - 100 mm unidimensional non-verbal horizontal
VAS. The smallest detectable difference is expressed in the same unit as
the measurement instrument it originates from (Roebroeck et al,  1993). 
The smallest detectable difference is estimated from variance
components influencing the reliability of the measurement procedure.
The contribution of different variance components is estimated in a
generalizability study for random observations, random measurement
days, repetitions and their interactions (Cronbach et al,  1972). In a
decision study, the standard error of measurement, the 95 % confidence
limits, and the smallest detectable difference are estimated from the
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absolute error variance of the generalizability study, for single and
repeated measurement. The available literature about reliability
assessments of experienced pain is largely limited to other fields than that
of temporomandibular disorders. According to the recommendations of
Rudy et al. (1992) the reliability of multidimensional pain measurement
should be investigated using a generalizability- and a decision study
(Rudy et al,  1992). This should result in a measure of change in
experienced pain applicable for all clinicians treating patients with
temporomandibular joint disorders.
To illustrate the clinical relevance of the smallest detectable difference in
individual cases, we present a female patient with temporomandibular
joint pain due to osteoarthritis with unidimensional pain on a VAS
(Range 0 - 100 mm) of 28 mm, a restricted mouth opening of 25 mm
interincisal distance, and a severe function impairment of 40 units on the
Mandibular Function Impairment Questionnaire (MFIQ, range 0 -68).
Initial therapy consisted of a diet of soft food, the advice to limit jaw
movements, and medication consisting of a non- steriodal anti-
inflammatory drug. After a period of four weeks, the pain intensity was
18  mm, the mouth opening was 40 mm, and the function impairment
was 34 units on the MFIQ. Although the mouth opening improved
(exceeding the smallest detectable difference of  9 mm (Kropmans et al, 
2000)), the improvement of ‘mandibular function impairment’ did not
exceed the smallest detectable difference of 14 units of the MFIQ
(Kropmans et al,  1999). The pain score on the VAS reduced from 28
mm to 18 mm. Based on the data of a heterogenous group of patients
(Kropmans et al,  1999), the experienced pain of this patient did not
improve. It is not clear whether this smallest detectable difference can be
generalized to patients with temporomandibular joint pain due to
osteoarthritis.
The aim of this study was to assess and analyse the reliability of
unidimensional and multidimensional experienced pain by means of a
generalizability and a decision study in patients with painfully restricted
temporomandibular joints, and to illustrate the method' s clinical utility in
individual cases.

Methods

Repeated observations of 25 consecutive patients (5 males, 20 females)
referred to the Department of Oral and Maxillofacial Surgery for the
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treatment of pain related to restricted temporomandibular joint function,
were analyzed after obtaining informed consent.
Unidimensional pain experiences, including average, minimal and
maximal experienced pain intensity during the week prior to assessment,
were assessed repeatedly using visual analogue scales. Non-verbal
horizontal VAS’ s of 100 mm were used, the two extremes representing
the absence of pain and the worst imaginable pain, respectively (Figure
5.1). 

Figure 5.1

0 mm 100 mm
 I                     I

No pain min                      max Maximal pain

We used two separate scales, one for each of the two pain levels.

0 mm 100 mm
   I

No pain Minimal pain

0 mm 100 mm
                                                                        I         

No pain    Maximal pain

The two item non-verbal horizontal visual analogue scale for minimal and  maximal experienced pain of
the McGill pain questionnaire.

Multidimensional pain experience was assessed using the number of
words chosen and the pain rating index of the McGill pain questionnaire
(Dutch Language Version, DLV). The reliability and validity of the
McGill pain questionnaire (DLV) has been extensively tested by van der
Kloot et al. (1995). Sensory, affective and evaluative qualities were
assessed using the number of pain adjectives chosen and the pain rating
index (sum of the intensity scale values ranges from 0 - 141.8) (van der
Kloot et al,  1995). 
Maximal mouth opening was measured with a millimeter ruler, and
defined as the maximal distance between the incisal edges of the
maxillary and mandibulary central incisors. Mandibular function was
assessed with the MFIQ (Stegenga et al.1993). 
Eight measurements of each unidimensional pain intensity (total n = 150)
and four measurements of the number of words chosen and of the total
pain rating index (total n = 100) of the McGill pain questionnaire (DLV)
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were performed on two separate measurement days, one week apart,
using two consecutive measurement sessions and two repetitions within
each session .
The visual analogue scale as well as the McGill pain questionnaire
(DLV) and the MFIQ were completed by the patients within half an
hour, followed by assessment of the physical conditions of  the patients'
joints by a physician (observer). Within one hour after the first session, a
second physician (observer) assessed the patient after the patient had
completed the questionnaires. A second time, on the second
measurement day the observers appeared in reversed order. No
treatment was provided within the assessment period of one week.
Each patient was measured under all possible conditions, denoted as a
crossed four-way patient (n=25) x days (n=2) x session (n=2) x
repetitions (n=2) design (Cronbach et al,  1972). 
In the generalizability study, the separate scores on the VAS of average,
minimal and maximal pain, and the pain rating index of the McGill pain
questionnaire were included. Variance components were calculated for
the main effects of ‘patients’ (pat), ‘measurement days’ (days), ‘sessions’
(ses), and ‘repetitions’ (rep). Furthermore, the 2-way interaction effects
were calculated for ‘patients and measurement days’ (pat x days),
‘patients and sessions’(pat x ses), ‘patients and repetitions’ (pat x rep),
‘measurement days and repetitions’ (days x rep) and ‘sessions and
repetitions’ (ses x rep). The three-way interaction effects were calculated
for ‘patients, measurement days and sessions’ (pat x days x ses),
‘patients, days and repetitions’ (pat x days x rep), ‘patients, sessions and
repetitions’ (pat x ses x rep) and for ‘days, sessions and repetitions’
(days x ses x rep). Finally, the 4-way interaction effects were calculated
for ‘patients, measurement days, sessions and repetitions’ (pat x days x
ses x rep), adjusted for the ‘residual random error’ (pat x days x ses x
rep, 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 analyses.  In order to decide about
a decrease or increase in pain intensity, the standard error of
measurement, the corresponding 95% confidence limits, and the smallest
detectable difference were calculated from the estimated variance
components for each of the experienced pain intensities. The standard
error of measurement is the square root of the absolute error variance,
which is the summation of estimates of variance components with at
least one random factor (Cronbach et al,  1972). In case of repeated
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measurements, the relevant variance components were divided by the
number of repetitions (Roebroeck et al,  1993). The limits of the
corresponding 95% confidence interval for an observed measurement
result are the observed score ± 1.96 x the standard error of
measurement. A statistically significant change over a period of time is
termed the smallest detectable difference and must be at least 1.96 x �2 x
standard error of measurement (Kropmans et al,  1999). The
generalizability coefficients for different measurement designs were
calculated to establish the generalizability of our results to clinical similar
situations (days, sessions, repetitions) (Kusumoto et al,  1995).

Statistical analyses
A normal plot and the one-sample-Kolmogorov-Smirnov test were used
to check for normal distributions. Analyses of Variance designs were
calculated with SPSS PC  version 8.1. GENOVA (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 analyse the different variance components in a generalizability
study and to generate the smallest detectable difference in a decision
study according to previously described rules (Roebroeck et al,  1993).

Results

The mean (SD) age of the study group was 36.8 (14.5) years, the mean
(SD) duration of complains 15 (20) months, the mean (SD) maximal
mouth opening was 36 (10) mm and the median (inter-quartile range) of
mandibular function impairment was 39.5 units (30.0-49.5). 
Means and standard deviations of unidimensional average, minimal and
maximal pain for different measurement days, measurement sessions and
repetitions are listed in table 5.1.
Average pain, minimal and maximal pain were all normally distributed
(Z=0.11, p=0.20; 0.17, p=0.68 and 0.09, p=0.20). Means and standard
deviations of the multidimensional pain rating index for different
measurement days and measurement sessions are listed in table 5.3.
Between-patient variance for all unidimensional visual analogue scales
accounted for at least 64% of total variance, and absolute error variance
accounted for at least 31% of total variance (Figure 5.2a, 5.2b, 5.2c).
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Table 5.1 Mean (SD) of experienced average pain, minimal and maximal pain in the week prior to
assessment of the first and second repetition on two days using two sessions.

VAS VAS VAS

Average pain Minimal pain Maximal pain

Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2

Mean (sd) Mean (sd) Mean (sd) Mean (sd) Mean (sd) Mean (sd)

Day 1 Session 1 29.0 (22.0) 26.3 (22.5)* 14.8 (16.2) 12.9 (12.9) 41.4 (27.0) 41.1 (29.7)

Day 1 Session 2 25.5 (21.2) 26.0 (20.5)* 13.4 (14.5) 14.9 (17.0) 40.9 (27.6) 40.5 (28.1)

Day 2 Session 1 30.3 (23.9) 24.2 (20.0)* 12.3 (13.4) 12.3 (13.4) 43.2 (28.1) 41.4 (27.8)

Day 2 Session 2 27.9 (21.8) 23.6 (18.4)* 12.9 (14.0) 12.1 (13.5) 41.6 (27.6) 40.4 (28.1)

A statistical significant reduction of average pain was found between the first and second repetition, this
reduction in average experienced pain was due to questionnaire bias (n=25) * = p<0.05. This scientific
evidence for questionnaire bias of VAS is statistically significant but is not clinically relevant because of
the smallest detectable difference of the VAS for average pain.  

Figure 5.2a Between patient variance for average pain and absolute error variance (left circle) and
absolute error variance (right circle).

For the multidimensional pain rating index, the between patients variance
accounted for 76 % of total variance while error variance was 24 %,
respectively (5.2d).
Absolute error variance for average pain consisted for 62% of
interactions effects of patients x measurement days (Figure 5.2a). For
minimal pain, the absolute error variance consisted for 45% of these
patients x measurement days interaction effects (Figure 5.2b); and for
maximal pain for 74% (Figure 5.2c). Interaction effects of patients x
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measurement days x sessions x repetitions, adjusted for residual error,
was 22% of the absolute error variance for average pain, 54 % for
minimal pain and 16,5% for maximal pain. Absolute error variance for
the pain rating index consisted of 63% of interaction effects between
patients x days and 37% of interaction effects between patients x days x
repetitions, adjusted for residual error. The missing amount of absolute
error variance of 1% is due to negative variance components and
interactions effects less than 1% which were set to zero (Cronbach et al, 
1972)(Brennan,  1983).

Table 5.3  Mean (SD) of the number of words chosen and the pain rating index in the week prior to
assessment of both measurement days using two sessions per day. No statistical significant differences
were found between the different days and/or sessions  p<0.05.

Number of words chosen Pain Rating Index

Mean (sd) Mean (sd)

Day 1 Session 1 5.8 (3.5) 27.5 (18.0)

Day 1 Session 2 5.7 (3.2) 27.4 (16.6)

Day 2 Session 1 5.6 (3.1) 27.0 (15.4)

Day 2 Session 2 6.0 (3.1) 28.3 (16.9)

The standard error of the measurement, the corresponding 95%
confidence limits and the smallest detectable difference for single and
repeated measurements are listed in the decision study (Table 5.4a, b, c
and d). The smallest detectable difference for each single observer
assessing a patient once, is 35 mm for average pain,  25 mm for minimal
pain and 43 mm for maximal pain. Carrying out the measurements on
two separate days and repeating it twice on each measurement day, the
smallest detectable difference decreased to 24 mm for average pain, 15
mm for minimal pain and 29 mm for maximal pain. The standard error of
the measurement, the corresponding 95% confidence limits and the
smallest detectable difference for the pain rating index for different
measurement designs are listed in Table 5.3d. The smallest detectable
difference for the pain rating index varied from 22.6 for a single
measurement design to 14.4 for a repeated measurement design with 2
measurement sessions and two repetitions.



Chapter 5: repeated pain assessment  61 

Figure 5.2b Between patient variance for minimal pain and absolute error variance (left circle) and
absolute error variance (right circle).

The generalizability coefficient for each separate pain intensity measured
in separate random measurement designs varied from 0.64 for single
measurement of minimal pain to 0.81 for repeated measurement of
average pain and 0.83 for repeated measurement of both minimal and
maximal pain. The generalizability coefficient for the pain rating index
varied from 0.76 for single measurement to 0.89 for repeated
measurements.

Figure 5.2c Between patient variance for maximal pain and absolute error variance (left circle) and
absolute error variance (right circle).



Table 5.4a Decision study results of average pain

Measurement design Days Obs Rep SEM 95 % SDD Rp

CI

Random model

Single measurement 1 1 1 13 mm ± 25 35 mm 0.66

Repeated measurement 1 1 2 12 mm ± 23 32 mm 0.70

Repeated measurement 1 2 2 11 mm ± 22 31 mm 0.71

Repeated measurement 2 1 2 9 mm ± 17 24 mm 0.81

Table 5.4b Decision study results of minimal pain

Measurement design Days Obs Rep SEM 95 % SDD Rp

CI

Random model

Single measurement 1 1 1 9 mm ± 17 25 mm 0.64

Repeated measurement 1 1 2 8 mm ± 15 21 mm 0.71

Repeated measurement 1 2 2 7 mm ± 13 19 mm 0.75

Repeated measurement 2 1 2 5 mm ± 11 15 mm 0.83

Table 5.4c Decision study results of maximal pain

Measurement design Days Obs Rep SEM 95 % SDD Rp

CI

Random model

Single measurement 1 1 1 16 mm ± 30 43 mm 0.69

Repeated measurement 1 1 2 15 mm ± 29 40 mm 0.72

Repeated measurement 1 2 2 14 mm ± 28 39 mm 0.73

Repeated measurement 2 1 2 10 mm ± 21 29 mm 0.83

Table 5.4d Decision study results of the pain rating index

Measurement design Days Rep SEM 95 % SDD Rp

CI

Random model

Single measurement 1 1 8.2 ± 16.1 22.7 0.76

Repeated measurement 1 2 7.4 ± 14.5 20.5 0.80

Repeated measurement 1 2 5.8 ± 11.4 16.0 0.86

Repeated measurement 2 2 5.2 ± 10.2 14.4 0.89

The standard error of measurement (SEM ) , 95% confidence limits (95 % CI), and the smallestp

detectable difference (SDD) decreased by increasing the number of repetitions (rep). Measuring two days
(days), recording the measurement twice, each day, the standard error of measurement, 95% confidence
limits, and the smallest detectable difference of each level of unidimensional or multidimensional
experienced pain decreased to the lowest value. (R = generalizability coefficient)
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Discussion

The smallest detectable difference for unidimensional average, minimal
and maximal pain using single measurements is large, 35, 25 and 43 mm,
respectively, when considering the total range of 100 mm.  Although
repeated measurement reduces the smallest detectable difference to 24,
15 and 29 mm, respectively, it is remarkable that maximal pain must
change twice as much as minimal pain to obtain a statistically significant
change in the individual patient. This larger change is possibly due to a
larger variance in remembering maximal pain, as is explained later on.
For the multidimensional pain rating index the smallest detectable
difference  is smaller, ranging from 22.6 to 14.4, when considering the
range of the total pain rating index of 0 to 141.8. 
Statistical comparison of group means, if collected in a randomized
clinical trial, could lead to the clinical decision on what therapy is most
effective (Sackett and Rosenberg, 1995). However, a statistically
significant difference in group means does not inform the clinician about
how much change is needed in the individual patient, as does the smallest
detectable difference. The smallest detectable difference demonstrates
that our patient, presented in the introduction, did not improve on
average pain. Average pain, in case of repeated measurement had to
improve from 28 to at least 4 mm (the smallest detectable difference for
average pain, in case of repeated measurement, is 24 mm), to be
statistically significant. Thus, in this patient, initial therapy has improved
maximal mouth opening, but did not improve function impairment and
average pain. Based on the evidence of these data, it is reasonable to
prescribe specific pain medication or arthrocentesis to further decrease
the pain (from 18 mm to less than 4 mm). If the pain had decreased
significantly in this patient without improvement of function, physical
therapy could be a treatment option.
Repeated measurement reduces the smallest detectable difference of both
unidimensional and multidimensional pain levels. Variance components
of the interaction effects of patients and days are divided by the number
of repetitions, and thus, the more repetitions, the more reduction of
absolute error variance and the smallest detectable difference. In case of
using unidimensional VAS, these interaction effects of patients and days
accounted  for 74% of absolute error variance for maximal pain, and for
minimal and average pain these effects accounted for only 45 and 62%
(Figure 5.2a, b, c). 
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Apparently, remembering maximally experienced pain during the week
prior to assessment is more variable than remembering minimally
experienced pain. These variations must be taken into account in
reasoned decision making.  For the multidimensional pain rating index of
the McGill pain questionnaire, absolute error variance accounted for
24% and this index is, therefore, more reliable than a unidimensional
VAS. Still 63 % of absolute error variance is affected by the interaction
effects of patients and days, possibly due to patients' changing beliefs and
perception of pain on different days.
The smallest detectable differences of minimal and maximal pain intensity
in our group of patients differ from those presented in a heterogenous
group of pain patients. In the heterogenous group, the smallest
detectable difference for both minimal and maximal pain was 22 mm,
while in the restricted temporomandibular joint group it was 25 and 43
mm, respectively. Thus, the smallest detectable difference of maximal
pain intensity in the group of patients with restricted temporomandibular
joint function was twice that of the heterogenous group of pain patients.
One explanation might be that in the McGill pain questionnaire minimal
and maximal pain are assessed on one scale. We used  two scales, one
for each of the two pain levels (Figure 5.1). Another explanation might
be that maximal pain in the temporomandibular joint differs from a
heterogenous group of pain patients.
In our study, the unidimensional VAS generalizability coefficients ranged
from 0.66 for single measurement to 0.83 for repeated measurements on
two different days, recording the measurement twice every day. For the
multidimensional Pain rating index, the generalizability coefficients
varied from 0.76  in case of single measurement to 0.89 for repeated
measurement. Results can be generalized to clinical similar situations in
case of a generalizability coefficient greater than 0.80 (Brennan,  1983).
In case of single measurement, the absolute error variance (1- r) of
experienced pain around the observed score is large and the linear
association to clinical similar situations is, therefore, not that strong as in
case of repeated measurement. Thus, we recommend repeated
measurement of pain at least twice on a single day using the number of
words chosen (to calculate the pain rating index) of the McGill pain
questionnaire, in addition to a VAS, in case of reasoned decision
making. The VAS has to be repeated on two different days to reduce the
smallest detectable difference to an optimum.
Average pain was assessed twice within one session. The second
registration was significantly  less than the first one. Between the first
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and second repetition of average pain assessment, our patients were
requested to fill out the McGill’ s pain questionnaire (DLV) and the
MFIQ (van der Kloot et al,  1995; Stegenga et al,  1993). Apparently,
the patients reconsidered their average experienced pain during the week
prior to the assessments and judged it to be less after filling out the
questionnaires. This bias is known as a ‘questionnaire effect’, due to lack
of validity of the VAS (Altman, 1997). Future treatment effects should
be corrected for this ‘questionnaire effect’.   
Between-patient variance and absolute error variance did not differ
between average pain, minimal and maximal pain, indicating equal
distribution of these two aspects of variance across the total variance.

Figure 5.2d Between patient variance for the multidimentional  pain rating index and absolute error
variance (left circle) and absolute error variance separately (right circle).

Absolute error variance, however, as a result of our measurement
design, is high (35% and 24% respectively) as compared to others who
report an error variance of about 10% (McCormack et al,  1988). This
difference can be explained by the fact that pain is a subjective
unpleasant sensory and emotional experience that can be influenced by
emotion and social surroundings, resulting in changing beliefs and
perceptions of pain. In our study, facets of emotion and social
surroundings were included (days, sessions and repetitions) while other
authors did not take these facets into account. Moreover, the generalized
analyses of variance of different facets of a measurement design allows
generalization to all of these facets, whereas using correlation
coefficients, generalization of results is merely limited to both observers
involved. Knowing the amount of variance of these facets, insight is
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given in the measurement design. In case of low reliability, changes in
the measurement design, for instance more repetitions, can improve the
reliability.
Among the numerous psycho-physical procedures for assessing pain with
direct scaling procedures, VAS’ s have gained popularity in the clinical
setting. Its popularity is based on the assumption of simplicity,
versatility, relative insensitivity to bias and the assumption that the
procedures yield numerical values that are valid and reliable. In our
study, absolute error variance was analysed for both the VAS and the
pain rating index and represented 35% and 24% of total variance
respectively. The results of the anlyses of different variance components,
such as the interaction effects of days and patients, give more insight in
the measurement procedure as do classical psychometric analyses, i.e.
Kappa, correlation coeffecients and intraclass correlation coefficients.
The interaction effects of patients and days (variability of pain in time)
accounted for most of the error variance of all the measurement
instruments used. The clinician considering an intervention should be
sure how to overcome the effects of changing beliefs and perceptions of
pain in his patient.
In conclusion, an improvement of at least 43 mm to 15 mm on a VAS
and 22.7 to 14.4 units of the pain rating index, depending on the
dimension of experienced pain recorded and the number of repetitions on
different days, is needed to be statistically significant in patients with
temporomandibular joint disorders. The smallest detectable difference of
temporomandibular joint pain measurement is relatively large.
Experienced pain recorded on visual analogue scales is influenced by
various external and internal factors to a larger extend than pain assessed
on the pain rating index. 
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6 The smallest detectable difference of mandibular
function impairment in patients with a painfully
restricted temporomandibular joint

Kropmans ThJB, Dijkstra PU, Stegenga B, van Veen A, de Bont LGM
Journal of Dental Research 1999; 78 (8); 1445 - 1449
Reprinted with permission

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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7 Deciding on success with regard to mandibular
function of noninvasive and minimally invasive
treatment of temporomandibular joint osteoarthritis
in a randomized clinical trial

Kropmans ThJB, Dijkstra PU, Stegenga B, Spijkervet FKL, de Bont LGM
Journal of Oral Surgery, Oral Medicine and Oral Pathology, 2000
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Introduction

Temporomandibular joint osteoarthritis is commonly accompanied by a
disk derangement giving rise to impaired mandibular function due to pain
and a restricted mouth opening. Common treatment options include
physical therapy, arthrocentesis, and arthroscopic surgery (Stegenga et
al,  1989; Stegenga et al,  1993; Gray et al,  1994; Linde et al,  1995;
Fridrich et al,  1996). However, few studies have been published
reporting on differences in treatment effects based on a randomized
clinical trial design (Kropmans et al,  1999a). Both arthrocentesis and
arthroscopic surgery are frequently followed by a physical therapy
protocol, thus resulting in a combined treatment effect. In these cases, it
is not clear to what extent each of these modalities contribute to the
treatment outcome.
In the field of temporomandibular joint disorders, therapeutic success is
frequently based on designs using a one group pre- and post treatment
comparison (Kropmans et al,  1999a). However, it is now generally
accepted that cause-effect relationships can be evaluated only by
including a control group and at random treatment assignment (Altman, 
1997). Clincians are supposed to base their treatment of choice on the
best available evidence, according to the principles of ‘evidence based
medicine’ (Fletcher and Sackett, 2000). With regard to treatment
outcome, the best possible evidence is that from randomized clinical
trials of sufficient size and/or the combined outcome of smaller
randomized clinical trials resulting from a meta-analysis in a systematic
review (Sackett and Rosenberg, 1995; McNeill,  1997; Raphael and
Marbach, 1997; Greene et al,  1998). From the systematic review of
outcome assessement by Kropmans et al. (1999a) it appeared that well-
performed large clinical trials evaluating physical therapy, arthrocentesis
and arthroscopic surgery in patients with permanent temporomandibular
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joint disk displacement are not available (Kropmans et al. 1999a).
Differences in the outcome variables used in smaller trials preclude the
proper performance of a meta-analysis.
Probably because of the lack of randomized clinical trials, many authors
in the temporomandibular joint field use ‘success rates’ to assess the
therapeutic outcome of  their interventions (Kropmans et al,  1999a).
However, published success rates are commonly based on convention
rather than on proper research design and statistical analyses. In the
context of temporomandibular joint disorders, a logical measure for
‘success’ as primary outcome measure would be ‘sufficiently changed
mandibular function impairment’ as a result of restored mobility and pain
reduction in the temporomandibular joint.
In previous chapters we described and evaluated the smallest detectable
difference as an individual measure of change in mandibular function
impairment, maximal mouth opening and unidimensional pain and
multidimensional pain of the temporomandibular joint. The smallest
detectable difference is the smallest statistically significant difference that
can be detected by a measurement device. This measure is increasingly
used to enhance decision making based on statistically significant change
in the individual patient (Kahn, et al. 1996; Balakrishnan 1998). Thus,
success may well be defined as a positive change of at least the smallest
detectable difference of mandibular function impairment. Moreover, by
using the smallest detectable difference in a randomized clinical trial as
the threshold for the definition of successful improvement, the patient
and/or clinician are better informed about the a priori chances of success
in individual cases as compared with using classical outcome analyses of
a randomized clinical trial, which is based on between-group
comparison.
The purpose of this study was to evaluate the short and long-term
‘therapeutic success’ (i.e. improvement of mandibular function due to a
specific intervention) of non-invasive (physical therapy) and minimally
invasive (arthrocentesis and arthroscopic surgery) treatment of  patients
with temporomandibular joint osteoarthritis involving a non-reducing
disk displacement using the smallest detectable difference as threshold
for ‘success’.



Chapter 7: deciding on success  81 

Patients and Methods

Patients
Potential participants of the study were patients referred to the
department of Oral and Maxillofacial Surgery of the Groningen
University Hospital with clinically suspected temporomandibular joint
osteoarthritis associated with non-reducing disk derangement. These
patients were initially treated with load reduction instructions, a diet
restricted to soft food, and standard medication with non-steroidal anti-
inflammatory drugs. After four weeks, they were re-assessed and only
those who obeyed pre-defined inclusion criteria and gave their written
informed consent were enrolled in  a randomized clinical trial for the
evaluation of physical therapy, arthrocentesis or arthroscopic surgery.
The inclusion criteria included restriction of maximal mouth opening to
less than 33 mm, mild to severe pain larger than 20 mm assessed on an
uni-dimensional visual analogue scale for average pain, and mild to
severe function impairment at least equal to 10 units on the Mandibular
Function Impairment Questionnaire. In addition, the non-reducing disk
displacement had to be confirmed with magnetic resonance imaging. The
inclusion criteria were compatible with the research diagnostic criteria
previously defined by Dworkin and LeResche (1992).

Interventions
Eligible patients were randomly assigned to one of three treatment
groups, i.e., physical therapy, arthrocentesis, athroscopic surgery. A
computerized minimization method was used to balance the treatment
totals for three patient factors, i.e., mouth opening restriction, age and
gender. All treatments were initiated between 4 to 6 weeks after
randomization and were performed according to standardized written
procedures (outlined below). Each of the treatment procedures was
performed by one clinician.

Non-invasive treatment: physical therapy
Physical therapy consisted of techniques focusing on increasing range of
motion (i.e., grade II joint distraction and anterior glide techniques
combined with active protrusive and laterotrusive movements) and
techniques to decrease pain, such as ice-application (Dijkstra , 1996). All
physical therapy techniques were performed without the use of
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medication. Three to six treatment sessions were applied within a time
span of three weeks.

Minimally invasive treatment: 
arthrocentesis and arthroscopic surgery

Arthrocentesis was performed under local anesthesia in an outpatient
setting. The upper joint space was punctured with a 19-gauge needle
inserted in the region of the articular fossa and with a second needle
inserted in the area of the articular eminence to enable a free flow of
fluid through the upper compartment. Saline solution, warmed to body
temperature, from an infusion bag placed about one meter above the
level of the joint was connected to one of the needles and allowed to
freely flow through the upper joint space. After a lavage of about 200-
300 ml the procedure, which took about 15 minutes,  was terminated
and was not followed by physical therapy (Nitzan et al,  1991)
In case of arthroscopic surgery, the patient was administered to the
hospital one day prior to, and released from the hospital one or two days
after the procedure. The procedure was performed under general
anesthesia and complete neuromuscular relaxation. Under constant
irrigation with saline solution warmed to body temperature, a double
puncture technique was performed and the upper joint space was
subsequently inspected. Depending on the findings during inspection,
surgical procedures were carried out with the aim to reduce the synovitis
and to mobilize the disk. The arthroscopic procedure was not followed
by physical therapy post-operatively (Davis et al,  1991).

Outcome measures
A clinical evaluation was performed 6 weeks, and 3, 6 and 12 months
after treatment. Outcome measures included mandibular function
impairment, maximal mouth opening and uni- and multidimensional pain
levels.  All assessments were performed by an independent observer.

Mandibular function impairment 
A statistically and clinically significant improvement of mandibular
function was considered the primary outcome measure for therapeutic
success. This was operationalized by an improvement of the score on the
Mandibular Function Impairment Questionnaire at least equal to the
smallest detectable difference. The Mandibular Function Impairment
Questionnaire is a validated and reliable instrument that scores perceived
difficulty of 17 representative mandibular functions in relation to jaw
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complaints. 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 to each item are scored on a Likert scale,
ranging from no difficulty (0) to very much difficulty or impossible
without help (4). The sum score for function impairment ranges from 0 -
68 (Stegenga, et al. 1993; Kropmans, et al. 1999).

Maximal mouth opening
Maximal mouth opening was defined as the maximal distance between
the incisal edges of the maxillary and mandibulary central incisors.
Maximal mouth opening was measured interincisally with a millimeter
ruler after applying gentle pressure reaching maximal mouth opening.
The patient was sitting in an upright position in a dental chair, the head
supported by the headrest. For each subject, the measurements were
carried out by one independent observer in two measurement sessions,
each consisting of three measurements (Kropmans, et al. 2000). The first
measurement session was performed at the beginning and the second
session at the end of the clinical evaluation after filling out the
questionnaires.

Pain
The average, minimal and maximal experienced pain during the week
prior to assessment was repeatedly recorded within the questionnaires on
non-verbal horizontal VAS’s of 100 mm, the two extremes representing
the absence of pain and the worst imaginable pain, respectively.
Multidimensional pain experiences were assessed with the McGill Pain
Questionnaire (Dutch Language Version, MPQ-DLV), scoring the
‘number of words chosen’ and the pain rating index (van der Kloot, et
al. 1995; Kropmans, et al. 2000a).

Statistical analysis
Successful and unsuccessful treatments were defined as at least equal to
the smallest detectable differences respectively smaller than the smallest
detectable difference of mandibular function, mouth opening and uni-
and multidimensional pain. Between group differences were calculated
using a chi-square analyses  (Kruskal Wallis) of the percentage
successful change of the outcome measures. Based on the assumption
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that an effect size of 5 mm of mouth opening would have been sufficient
to improve mandibular function, a power of at least 0.80 could be
obtained on a significance level of 0.05, when including at least 30
patients. Lost cases were analysed in a best and worst case analyses. In
the best case analyses, lost cases were considered as being successfully
treated versus in the worst case analyses they were considered as
unsuccessfully treated.  Worst and best case analyses and the summation
of total medical costs were performed twelve month after the
interventions.

Results

Patients
Initially, during a three year period, 69 patients had a clinical diagnosis of
temporomandibular joint osteoarthritis accompanied with non reducing
disk displacement. The characteristics of these patients are listed in table
7.1. After four weeks of initial therapy, the inclusion criteria were
fulfilled and the diagnosis could be confirmed with magnetic resonance
imaging in 24 patients. These patients were randomized to the
therapeutic groups.

Table 7.1 Patients characteristics (n = 69)

Characteristics Mean sd

Age years 34 13

Duration of complains months 25 41

Maximal mouth opening mm 33 10

Average pain  (visual analogue scale) mm 38 22

Minimal pain  (visual analogue scale) mm 22 17

Maximal pain (visual analogue scale) mm 55 23

Pain Rating Index (McGill painq. DLV) units 33 22

Mandibular Function Impairment (MFIQ) units 33 10

Interventions
Three patients withdrew after being assigned to the arthroscopic surgery
group, one patient (assigned to the arthrocentesis group) was lost to
follow-up due to moving to another part of the country, and one patient
(assigned to the physical therapy group) refused further treatment. Based
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on missing data of these patients no intention to treat analyses is
available.  So, 20 patients have actively been treated, seven non-
invasively and 13 with invasive modalities (6 patients with arthroscopic
surgery, 7 with arthrocentesis).

Outcome measures
Success (i.e.,  improved function impairment of at least equal 10 units),
as well as improvement of maximal mouth opening and pain release after
6 weeks, and 3, 6 and 12 months are listed in table 7.2.

Table 7.2 Within group success rates of the primary outcome variable ‘success’ on mandibular function
and the secondary outcome variables maximal mouth opening, average, minimal and maximal pain
(VAS) in the week prior to the investigation and Pain Rating Index of the McGill pain questionnaire
(DLV).

SDD 10 units 6 mm 24 mm 15 mm 29 mm 14 units

Success on Maximal Average Minimal Maximal Pain
Function Mouth Pain Pain Pain Rating

Impairment Opening (VAS) (VAS) (VAS) Index

Arthroscopic
Surgery
after 6 weeks 66.7 %   0.0 % 50.0 % 0.0 % 66.7 % 66.7 %
after 3 months 33.3 %   0.0 % 16.7 % 0.0 % 66.7 % 66.7 %
after 6 months 50.0 % 16.7 % 16.7 % 0.0 % 33.3 % 33.3 %
after 12 months 83.3 %   0.0 % 50.0 % 0.0 % 100.0 % 50.0 %

(n=6)

Arthrocentesis
after 6 weeks 42.9 % 14.4 % 28.6 % 14.3 % 14.3 % 28.6 %
after 3 months 28.6 % 14.3 % 71.4 % 28.6 % 71.4 % 57.1 %
after 6 months 66.7 % 16.7 % 50.0 % 50.0 % 50.0 % 33.3 %
after 12 months 50.0 % 16.7 % 83.3 % 33.3 % 66.7 % 50.0 %

(n= 7)

Physical
Therapy
after 6 weeks 42.9 % 28.6 % 14.3 %  0.0% 42.9 % 14.3 %
after 3 months 37.5 %  0.0 % 50.0 % 12.5 % 62.5 % 37.5 %
after 6 months 52.6 % 14.3 % 42.9 % 14.3 % 57.1 % 42.9 %
after 12 months 20.0 % 20.0 % 60.0 % 20.0 % 60.0 % 20.0 %

(n=7)

No statistically significant differences were found between arthroscopic surgery, arthrocentesis and
physical therapy (Kruskall Wallis p varied from 0.11 to 0.99)

In table 7.3, we have summarized the therapeutic success that would
have been obtained in case the randomized patients who were not
available for further analysis all would have been successful (best-case)
and unsuccessful (worst-case), respectively (Table 7.3). No statistically
significant differences between the three treatment groups were found
with regard to ‘therapeutic success’ as ‘success based on the change
achieved by the therapeutic intervention’, neither in the best nor in the
worst case analysis  (Kruskal-Wallis p values varied between 0.15 and
0.91). However, the power of the analysis was 0.33 and 0.45 in case of
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the best and worst case analyses, respectively. Analyzing the results for
two groups, i.e. a non-invasive group (n=8) and minimally invasive
group (n = 13), the Chi-square p value was 0.19 in the best case analyses
and 0.01 in the worst case analyses, with a power of  0.71 and 0.47,
respectively. 

Table 7.3 Best and worst case analyses ( percentages success rates) one year after arthroscopic surgery,
arthrocentesis and physical therapy

SDD 10 units 6 mm 24 mm 15 mm 29 mm 14 units

Therapeutic Maximal Average Minimal Maximal Pain
success on Mouth Pain Pain Pain Rating

Impairment Opening (VAS) (VAS) (VAS) Index

Arthroscopic
Surgery 89 / 56 33 / 0 67 / 33 33 / 0 100 / 67 67 / 33

Arthrocentesis 63 / 38 38 / 13 88 / 63 50 / 25 75 / 50 63 / 38

Physical Therapy
50 / 13 50 / 13 75 / 37 50 / 13 75 / 38 50 / 13

No statistically significant differences were found for best nor for worst case analyses between
arthroscopic surgery, arthrocentesis and physical therapy (Kruskall Wallis p varied from 0.15 to 0.91)

Discussion

Throughout the years, very few studies have been published reporting on
differences in treatment effects based on a randomized clinical trial
design (Kropmans et al,  1999a). At first glance this may be surprising,
because of the wide agreement that the randomized clinical trial is the
standard design for evaluating treatment outcome (Altman, 1997). It is
important that a clinical trial is carried out according to a strict protocol,
in which its main features are specified (Pocock,  1996):

� patient selection and randomization (inclusion criteria,
registration and randomization procedure, study population size)

� treatment schedules
� methods of patient evaluation
� trial design and monitoring of trial progress

Prior to the start of this randomized clinical trial, the influences of the
natural course of the disease, biological variation and measurement error
were analysed using a so-called generalizability study and a decision
study in a comparable group of patients. Most of the outcome studies
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evaluated by Kropmans et al. 1999 used pre-experimental designs in
which the variance components mentioned could be responsible for
supposed treatment effects. To avoid this negative side effect and to be
able to make the optimal clinical decision as to whether an individual
improved on mandibular function, mouth opening or uni- and
multidimensional pain, the smallest detectable difference has proved to
be an objective, statistically significant, and individually applicable cut-
off point for improvement after the initial period of load reduction, a diet
of soft food and medication.  In case of an unsuccessful initial treatment
inclusion in the trial was considered. 
Several important factors, some of which are beyond the direct influence
of the researcher,  have to be taken into account to obtain a clinically and
statistically usefull study population. The size of the study population,
strictly speaking, depends on the estimated difference in effect of the
interventions, the predefined significance level, and the power of the
analysis to be conducted. Although we had expected to include 90
patients with temporomandibular joint osteoarthritis accompanied with
non-reducing disk displacement in a three years period (based on a
power-analysis, and non-response and drop-out estimation), monitoring
the trial progress we decided to terminate the inclusion period after two
years because of the disappointing inclusion result. In the
temporomandibular joint field, treatment outcome studies have yielded
results that are more or less comparable, regardless of the treatment
modality. This would increase the sample needed for an RCT that
compares different treatment modalities to a large extent (Pocock, 
1996; Altman,  1997). A priori, we expected non-invasive treatment to
be inferior to minimally invasive treatment with respect to the
improvement of mandibular function. According to our best case
analyses (table 2 and 3), 89% of the patients achieved a successful result
with arthroscopic surgery, while 63 % and 50 % were successful after
being treated with arthrocentesis and physical therapy, respectively.
However, to achieve these results with a power of at least 80%, at least
81 patients would have been included in each treatment group. 
Other factors also influence the sample size that will eventually be
obtained. Restriction of the base population by patient selection criteria,
especially with regard to the stage of the disease, will  result in a
homogenous population. However, there is a risk that an insufficient
number of these patients actually exists in ‘the real world’. We chose to
apply inclusion criteria that are widely accepted in the field, i.e. criteria
compatible with the research diagnostic criteria defined previously
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(Dworkin and LeResche, 1992). A draw-back of using these criteria is
that they have been defined by consensus rather than derived empirically. 
Empirically derived criteria probably are more realistic and consistent
with the actual patient population  than are criteria defined by consensus,
which have a largely theoretical basis.
Another problem related to patient selection criteria was that the
majority of the patients (in our study up to 65%) improved by initial
therapeutic measures (i.e., reassurance and explanation, load reduction
instructions, a soft food diet, and non-steroidal anti-inflammatory drugs)
to an extent that they did not obey the inclusion criteria anymore. In
addition, inherent to a randomization study is an expected drop-out
percentage due to randomization as such. However, also following
randomization patients may decide not to participate (as did three
patients who appeared to be assigned to the arthroscopic surgery group),
presumably because they had preference for a certain intervention
modality.
Eventually, only 20 patients could be included in our analysis. Similar
disappointing recruitment results have been reported before  (Stegenga,
et al. 1993). The limited number of clinical trials available in this field is,
therefore,  not so surprising after all.
Mandibular function is likely impaired due to pain and/or a restricted
mobility of the temporomandibular joint (Stegenga, et al. 1993). It is
striking that the improvement noted for mandibular function and the
reduction of pain was more impressive than the improvement of mouth
opening for these three interventions. In the worst cases analyses only 0
to 13% of the cases improved on mouth opening after arthroscopic
surgery, arthrocentesis or physical therapy. These results confirm the
results of Stegenga et al. (1993) reporting a rapid decrease in pain and a
‘significant’ improvement in functional ability. However, both studies
suffer from a lack of patients and, consequently from insufficient power, 
to draw meaningful conclusions concerning the relative efficacy of the
interventions investigated. Our results do not support other, non-
randomized, studies reporting pain relief to be as effective as
improvement of mobility (Nitzan et al,  1997a; Nitzan et al,  1997b; Hori
et al,  1999; Miyamoto et al,  1999). None of these studies have
reported data with respect to mandibular function impairment. We
recommend that future studies on treatment outcome in this field include
this variable, for which a valid and reliable questionnaire is available
(Kropmans et al,  1999).
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As postulated before, the smallest detectable difference has proven to be
a statistically significant measure for success in the individual patient. It
is based on proper research criteria rather than on convention and
beliefs. 
The smallest detectable difference is a measure of reliability
complementary to classical psychometric analyses of reliability and is
expressed in the same unit as the measurement device involved, in
contrast to correlation coefficients (Bland and Altman, 1986). Another
major advantage is that the smallest detectable difference provides a
measure for the actual treatment effect, beyond influences from the
natural course and biological variations. Therefore, it can be applied both
in ‘good medical practice’ and in scientific studies.
In most (non-randomized, non-controlled) treatment outcome studies
concerning both minimally invasive and non-invasive treatments of
temporomandibular joint osteoarthritis and related disorders, a success
rate of about 70 to 90% is reported, irrespective of the modality
evaluated. Lower percentages are not commonly reported in the
literature, which possibly may be due to publication bias (Shuster 1998).
As stated earlier, to demonstrate small differences in success rate
between two (or more) interventions to be significant, large samples are
required (for instance to demonstrate a 5% difference between two
treatment modalities with � = 0.05 and � = 0.20 requires a sample size of
more than 2000 per treatment group). Under these circumstances, one
may question the clinical significance of such a difference. Applying the
smallest detectable difference, which generally is relatively large, the
success rate will probably decrease because of a higher cut-off point for
success and probably less patients will be needed for sufficient power. A
large randomized clinical trial could be initiated in a center generating
sufficient patients or by a multicenter trial. Although it is a realistic
alternative, the latter solution is relatively expensive and time consuming,
while specific methodological issues, such as homogeneity of patient
characteristics and diagnosis, must be addressed. An efficient database
management information system based on research criteria and build on
Internet technology may generate structural and scientifically reliable
data in more than one center and could, therefore, be an appropriate
solution to achieve efficiency in a multi-center approach (Scully et al, 
1997; Scott and Lenert, 1998; Frenot and Laforest, 1999). Until
demonstrated otherwise, we expect that clinical differences between non-
invasive and minimally invasive interventions with regard to the actual
therapeutic effect are marginal. Considerations such as general versus
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local anesthesia and medical costs could be a more decisive criteria (table
7.4).

Table 7.4 Best and worst case analyses and estimated medical costs one year after the intervention

Therapeutic success on Impairment Total medical costs
10 units

Arthroscopic Surgery (n=8) 89 / 56 % $ 14.736,-

Arthrocentesis (n=8) 63 / 38 % $   2.694,-

Physical Therapy (n=8) 50 / 13 % $     560,-

Using the smallest detectable difference as a measure of success in a
randomized clinical trial is a valuable contribution to ‘evidence based
medicine’ because both the clinician and the patient is informed about the
best possible evidence available and the success rates that can be
achieved. The outcome of a systematic review with a meta-analysis
provides evidence for a therapeutic choice based on group results, but
does not directly inform the patient about the chances of success.



Chapter 7: deciding on success  91 

References

Altman, DG (1997): Practical statistics for medical research. London: Chapman &
Hall.

Balakrishnan JD (1998). Measures and interpretations of vigilance performance:
evidence against the detection criterion. Hum Factors 40:601-623.

Davis CL, Kaminishi RM, Marshall MW (1991). Arthroscopic surgery for treatment
of closed lock. J Oral Maxillofac Surg 49:704-707.

Dijkstra PU (1996). Post-operative physical therapy of the temporomandibular joint.
In: Management of temporomandibular joint degenerative diseases: biological basis
and treatment outcome. Stegenga B and de Bont LGM.  editors.Berlin Birkhäuser
Verlag,  pp. 177-189. 

Dworkin SF, LeResche L (1992). Research diagnostic criteria for temporomandibular
disorders: review, criteria, examinations and specifications, critique. J Craniomandib
Disord 6:301-355.

Fridrich KL, Wise JM, Zeitler DL (1996). Prospective comparison of arthroscopy and
arthrocentesis for temporomandibular disorders. J Oral Maxillofac Surg 54:816-820.

Fletcher S, Sackett DL, Levels of Evidence. http://cebm.jr2.ox.ac.uk/docs/levels.html

Frenot S, Laforest F (1999). Medical record management systems: criticisms and new
perspectives. Methods Inf Med 38:89-95.

Gray RJ, Quayle AA, Hall CA, Schofield MA (1994). Physiotherapy in the treatment
of temporomandibular joint disorders: a comparative study of four treatment methods.
Br Dent J 176:257-261.

Greene CS, Mohl ND, McNeill C, Clark GT, Truelove EL (1998).
Temporomandibular disorders and science: a response to the critics. J Prosthet Dent
80:214-215.

Hori M, Okaue M, Harada D, Ono M, Goto T, Tada Y, et al (1999). Releasing severe
adhesions around the eminence and the synovial portion of the TMJ: a clinical study
of combined treatment using hydraulic lavage, arthroscopic surgery and rehabilitative
therapy. J Oral Sci 41:61-66.

Kahn MG, Bailey TC, Steib SA, Fraser VJ, Dunagan WC (1996). Statistical process
control methods for expert system performance monitoring. J Am Med Inform Assoc
3:258-269.

Kropmans ThJB, Dijkstra PU, van Veen A, Stegenga B, de Bont LGM (1999). The
smallest detectable difference of mandibular function impairment in patients with
painfully restricted temporomandibular joint function. J Dent Res 78:1445-1449.

Kropmans ThJB, Dijkstra PU, Stegenga B, de Bont LGM (1999a). Therapeutic
outcome assessment in permanent temporomandibular disc joint disc displacement; a
systematic review. J Oral Rehab 26:357-363.



Chapter 7: deciding on success  92 

Kropmans ThJB, Dijkstra PU, Stegenga B, Stewart R, de Bont LGM (1999b).
Smallest detectable difference in outcome variables related to painful restriction of
the temporomandibular joint. J Dent Res 78:784-789.

Kropmans ThJB, Dijkstra PU, Stegenga B, Stewart R, de Bont LGM (2000). Smallest
detectable difference of maximal mouth opening in patients with painfully restricted
temporomandibular joint function. Eur J Oral Science; 108: 9 -13.

Kropmans Th. J. B., Dijkstra P. U., Stegenga B., de Bont L. G. M. (2000a): repeated
pain assessment in temporomandibular joint patients; reasoned decision making
using uni- and multidimensional pain scales. Clin J of Pain (submitted).

Larheim TA, Bjornland T, Smith HJ, Aspestrand F, Kolbenstvedt A (1992). Imaging
temporomandibular joint abnormalities in patients with rheumatic disease.
Comparison with surgical observations. Oral Surg Oral Med Oral Pathol 73:494-
501.

Lassere M, Boers M, van-der HD, Boonen A, Edmonds J, Saudan A, et al (1999).
Smallest detectable difference in radiological progression. J Rheumatol 26:731-739.

Linde C, Isacsson I, Jonsson BG (1995). Outcome of of 6-week treatment with
transcutaneous electric nerve stimulation compared with splint on symptomatic
temporomandibular joint disk dysplacement without reduction. Acta Odontol Scand
53:92-98.

McNeill C (1997). Evidence-based TMD guidelines [editorial]. J Orofac Pain 11:93

Nitzan DW, Dolwick MF, Martinez GA (1991). Temperomandibular joint
athrocentesis: a simplified treatment for severe, limited mouth opening. J Oral
Maxillofac Surg 49:1163-1167.

Pocock SJ (1996) Clinical Trials; a practical approach. Chichester, John Wiley &
Sons 28 - 41.

Raphael K, Marbach JJ (1997). Evidence-based care of musculoskeletal facial pain:
implications for the clinical science of dentistry [see comments]. J Am Dent Assoc
128:73-79.

Ravaud P, Reny JL, Giraudeau B, Porcher R, Dougados M, Roux C (1999).
Individual smallest detectable difference in bone mineral density measurements. J
Bone Miner Res 14:1449-1456.

Sackett DL, Rosenberg WM (1995). The need for evidence-based medicine. J R Soc
Med 88:620-624.

Scott GC, Lenert LA (1998). Extending contemporary decision support system
designs to patient-oriented systems. Proc AMIA Symp 376-80:-80

Scully KW, Pates RD, Desper GS, Connors AF, Harrell-FE J, Pieper KS, et al (1997).
Development of an enterprise-wide clinical data repository: merging multiple legacy
databases. Proc AMIA Annu Fall Symp 32-6:-6



Chapter 7: deciding on success  93 

Stegenga B, de Bont LGM, Dijkstra PU, Boering G (1993). Short-term outcome of
arthroscopic surgery of temporomandibular joint osteoarthrosis and internal
derangement: a randomized controlled clinical trial. Br J Oral Maxillofac Surg 31:3-
14.

Stegenga B, de Bont LGM, Boering G (1989). Osteoarthrosis as the cause of of
carniomandibular pain and dysfunction: A unifying concept.  J Oral Maxillofac Surg
47:249-256.

Stegenga B, de Bont LGM, de Leeuw R, Boering G (1993). Assessment of
mandibular function impairment associated with temporomandibular joint
osteoarthrosis and internal derangement. J Orofac Pain 7:183-195.

Shuster JJ (1998). Publishing clinical trials and dealing with external comparison.
Contr Clin Trials 19 (3): 269-70.

van der Kloot WA, Oostendorp RAB, van der Meij J, van den Heuvel J (1995). De
nederlandse versie van 'McGill pain questionnaire':een betrouwbare pijnvragenlijst.
Ned Tijdschr Geneeskd 139(13):669-673.

Westesson PL (1993). Reliability and validity of imaging diagnosis of
temporomandibular joint disorder. Adv Dent Res 7:137-151.





Chapter 8: general discussion  95 

8 General discussion

The major pathologic events characterizing temporomandibular joint
osteoarthritis include synovitis and internal derangements, giving rise to
pain and restricted mobility of the temporomandibular joint, possibly
resulting in mandibular function impairment. The treatment is
predominantly symptomatic, and several treatment modalities have been
reported to be successful in reducing pain and increasing mobility.
Fletcher and Sackett (2000) distinguish three levels of evidence from
randomized clinical trials for the efficacy of a treatment modality, i.e.
evidence from meta-analyses and systematic reviews of randomized
clinical trials, evidence from one or more large randomized clinical trials,
and evidence from small randomized clinical trials, respectively.
From our review (chapter 2), it has become apparent that the evidence
for the beneficial effects of physical therapy, arthrocentesis and
arthroscopic surgery is incomplete. No properly conducted clinical trials
are available to perform a meta-analysis. In addition, it became apparent
that a wide variety of outcome measures have been used for evaluating
treatment modalities for temporomandibular joint disorders. This variety
makes comparison between studies difficult, if not impossible. Moreover,
the validity and reliability of a considerable number of these measures
has not been sufficiently established. Thus, there is not only a need for
properly designed and conducted trials, but also for outcome measures
that can be generally applied to enable future comparison between
studies and meta-analysis of different trials.
Since the major aim of treating  temporomandibular joint osteoarthritis,
especially when associated with non-reducing disk displacement, is to
improve mandibular function by reducing pain and restriction of motion,
the logical primary outcome measure would be ‘mandibular function
impairment’. In order to judge whether a treatment modality is
successful or not, one should define a proper threshold for the primary
outcome measure. In this thesis, we have postulated to apply the smallest
detectable difference for this purpose.
A major advantage of the smallest detectable difference is that it exceeds
the natural course of the disease, the biological variance of the outcome
variable and measurement error and is generalizable to all patients that
comprise the sample. In temporomandibular joint osteoarthritis
accompanied by a disk derangement impaired, mandibular function is
largely due to pain and restricted mouth opening (De Laat et al,  1993;
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Stegenga et al,  1993). Because of the interrelationship between pain,
range of opening and mandibular function, the biological variation of
each of these variables is influenced by the other variables. It has been
made plausible that the natural course of the disease contributes to
changes within treatment as well as in no-treatment groups (Lundh et al.
1992; Sato et al. 1997), and this aspect should, therefore, be
incorporated in the outcome measure.
The smallest detectable difference is a measure for statistically significant
change that can be used in the individual patient as a measure of
responsiveness. Responsiveness is defined as the ability of an outcome
instrument to detect clinically important changes in a specific condition. 
However, there is no consensus on the appropriate strategy to quantify
responsiveness (Bennekom et al. 1996). Most of the approaches are
based on the average change in scores relative to baseline in self rated
clinically stable and improved patients. These responsiveness ratios are
unitless ratios of the variances of only one sources of variation
(measurement days) in a changed and a non-changed group of patients
(Bronfort and Bouter, 1999). The smallest detectable difference,
however, is based on the analyses of error variance of different sources
of variation (observer, days and repetitions and their interactions)
causing variance around the observed (change) scores. The higher the
variance (large SDD’ s), the less responsive the outcome variable is
expected to be. Although responsiveness is not the primary scope of this
thesis, by increasing the number of repetitions the smallest detectable
difference is reduced and therefore responsiveness of the outcome
variable is likely improved.
Based on their magnitude, as described in chapter 4,5 and 6, we
intuitively considered the smallest detectable difference as clinically
relevant. Although a mean between-groups difference in mouth opening
of, for example,  4 mm may be statistically significant, its clinical
relevance is far from obvious. Methods used to quantify clinical
significance require the use of at least one valid external criterion of
improvement (Bronfort and Bouter, 1999). It is obvious that different
observers, different measurement days and different repetitions cause
variance around the first and the second observation of the subject. We
realize that if the smallest detectable difference is substantially reduced
by minimizing this variation, for instance by increasing the number of
repetitions, we could get in conflict with the minimally clinically
important difference. The minimally clinically important difference is
defined as the smallest difference that patients would consider beneficial
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and which would form the basis for changing therapeutic management
(Jaetschke et al, 1989). However, the difference that a patient would
consider beneficial is a highly individual response on a therapeutic
intervention and is not necessarily covered by one of the outcome
variables or their effect sizes. Prior to the treatment we measured
patients’ expectations by requiring them the following question on a
visual analogue scale as: “How much change in pain is needed to be
satisfied with the treatment result?” Furthermore, following treatment,
we assessed patients pain response shift with the question: “How much
pain did you have before treatment?”.  A ratio between these two
measures could have lead to a measure of individual responsiveness or
clinical significance. However, the size of our randomized clinical trial do
not allow extensive statistical analyses to further investigate the clinical
significance of the smallest detectable difference.
The random designs used in generalizability and decision studies to
estimate the smallest detectable difference of the outcome measurement
instrument allow generalization to all the facets involved, i.e., patients,
observers, measurement days and repetitions. By contrast, classical
reliability assessment and a responsiveness ratio of an outcome
instrument only allows generalization to the observers involved in the
clinical trial. Because of this generalization, the smallest detectable
difference is relatively large compared with the measurement error
according to the classical approach, especially in case of only one
repetition of the measurement as is the case in most of the clinical trials.
In a generalizability study, the standard error of measurement (i.c.
absolute error variance) is a cumulation of error variances of all facets
and interactions involved. The standard error of measurement in the
classical approach strongly depends on the observed reliability and
variance within the experimental design and is, therefore, not
generalizable. Furthermore a statistically significant difference between
groups has been achieved by a specific treatment team, the skills of
which are not generalizable to other (surgical) teams. The smallest
detectable difference, on the other hand,  is generalizable because of the
use of a random model. In a random model, all facets (observer, days
and repetitions) contributing to the error variance are randomly chosen
so generalization is allowed to all of these facets.
The smallest detectable difference applied in a clinical trial provides firm
scientific arguments with respect to the clinical decision about treatment.
The evidence provided by a randomized clinical trial (or, even better, by
a meta-analysis from a systematic review of randomized clinical trials)
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not only provides information about the efficacy of the treatment in a
group of similar patients, but also provides information about how much
improvement can be expected. The smallest detectable difference also
provides a uniform criterion to judge the outcome of a treatment on an
individual level (i.e., successful vs. non-successful). Thus, with the
smallest detectable difference a uniform, statistically based ‘threshold of
efficacy’ is available for wide application.
Generalizability and decision studies also have limitations that must be
recognized. The sample, based on which the smallest detectable
difference is estimated, must be homogeneous with respect to the
patients for whom the intervention is indicated. In our sample, patients
were tested on prognostic relevant factors and pre-treatment group
differences before randomization with respect to age and gender, mouth
opening, pain and function impairment. No statistical significant
differences between the treatment groups and the sample we used for
estimating the smallest detectable difference, were found.
The stability of variance components is a major limitation of most of the
studies based on the generalizability theory. We used 25 patients in the
generalizability and decision studies, while Cronbach et al. 1972
recommended a sample size of at least 100 patients. Although we found
small standard errors of the estimates (unpublished) and high
generalizability coefficients, small sample sizes remain a matter of
concern (Roebroeck et al,  1993). 
Another point of concern is that patients with restricted mobility due to
internal joint derangements may have a smaller biological variance in
mouth opening than patients with, for example,  myofascial pain. In fact,
we are dealing with different diagnostic entities among patients with
temporomandibular joint disorders. For all of these different diagnostic
groups, separate SDDs should be estimated, primarily for the most
relevant outcome variable(s) associated with the particular disorders, but
also for more common outcome variables of different disorders, such as
maximal mouth opening.
The SDDs found for the different variables are relatively large. The
magnitude of the SDDs is attributed to its generalizability. A well trained
observer may claim to perform a measurement far more precise than do
‘all the clinicians’. By measuring more precise, less measurement error
and thus a smaller SDD is obtained. An assigned SDD, based on a fixed
observer and calculated out of the correlation coefficient of his personal
repeated measurement results and the variance of these results in an
individual patient, could be appropriate to calculate a ‘personalized
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SDD’ for each clinician. This approach still needs to be investigated. So
far, it is not clear whether repeated measurements by an assigned
observer in one individual are generalizable to the universe of all possible
repetitions in that individual. In our samples the main effects of the
observers were zero or very small and analyses as a mixed design with
random facets days and repetitions and fixed observers did not reduce
the smallest detectable difference. The smallest detectable difference, as
presented, is based on the results of a group analyses of repeated
measurements. Although generalization is allowed to all facets included
(i.e. subjects, observers, days and repetitions), no information is available
about an individual SDD based on repeated observations in individual
subjects and individual observers.
On the basis of the results described in this thesis it is recommended to
apply the smallest detectable difference of outcome variables because it
supports a reasoned selection of treatment modalities. As we have
illustrated in chapters 4 and 5, a fictive patient with impaired mandibular
function due to pain and limited mouth opening improved on mouth
opening but not on pain and function impairment. The decision to
prescribe medication or perform arthrocentesis to relief the pain and to
improve mandibular function is based on proper criteria of reliable
change rather than on the belief of patient and clinician.
The literature still lacks properly conducted clinical trials evaluating
common treatment modalities for patients with temporomandibular joint
osteoarthritis. Available (non-randomized and non-controlled) studies
use a wide variation of outcome measures to decide on the success of
treatment. The smallest detectable difference appears to be a valuable
contribution to evidence based medicine and clinical decision making in
good clinical practice and research.
The large SDDs analysed in our study were based on repeated
measurements in groups of patients. To obtain smaller or even
personalized SDDs (i.e., for each clinician his own SDD) rather than a
generalizable SDD (i.e., one SDD for all clinicians), further research is
necessary. Future investigations to obtain personalized SDDs should
focus on repeated measurement by assigned observers in an individual to
analyse whether these repetitions of that individual are representative for
the universe (population) of all repetitions of that individual.
Further research is needed to investigate the SDD for its responsiveness,
and clinical significance. We recommend to include analyses of patients’
expectations of pain reduction and patients perceived pain history
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because we belief in the interaction between disappointment (high
expectations versus bad remembering) and true results of efficacy. 
Reliability analysed in a generalizability and a decision study has turned
out to be complementary to the classical approach of reliability
assessment. This classical approach does not inform the researcher or the
clinician about the amount of error variation attributed to different
sources of variation (such as observers, days and repetitions) and their
interactions. Knowledge of the amount of variation of all facets in a
measurement design obviously improves the reliability, and these are
exclusively analysed in a generalizability study. Where correlation
coefficients inform about linearity of association and not about
measurement error, the smallest detectable differences, recommended as
a ‘new’ measure of reliability depends on the amount of measurement
error and is expressed in the same unit as the measurement device tested.
Different SDD’s should be established for different patient categories.
To analyse exclusively the relative effects of non-invasive and minimally
invasive treatment modalities in patients with temporomandibular joint
osteoarthritis associated with non-reducing disk displacement, large
sample sizes are inevitable. It is questionable whether these amount of
patients are available within one center, making a multicenter trial a
necessary alternative. The efficiency in addressing specific
methodological issues related to multicenter trials, such as homogeneity
of patient characteristics and diagnosis, could be enhanced by a database
management information system based on Internet technology.

Recommendations
Based on this thesis, the following recommendations are suggested:

� Implementation of the smallest detectable difference in clinical
practice for the benefits of patients and clinicians information
about real expectations and percentages of success.

� To continue research on personalized smallest detectable
differences (i.e. each clinician his/her own smallest detectable
difference).

� To investigate responsiveness and the minimally clinically
important difference in relation to the smallest detectable
difference.

� To develop a Relational Database Management System based on
Internet technology for the purpose of a structural standardized
data collection. Large multi-center randomized clinical trials may
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be supported by such a system and the smallest detectable
difference could be integrated as a reliable criterion of success.
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   Summary 

Clinical decisions in temporomandibular joint
treatment planning and evaluation

Chapter 1. Introduction
‘Temporomandibular disorders’ is a generally accepted term used to
designate the disorders of the mandibular locomotor apparatus. For
convenience, disorders of the temporomandibular joint proper are
commonly distinguished from non-articular disorders, which most
frequently affect the masticatory musculature. The most common
disorder affecting the temporomandibular joint is osteoarthritis.
Symptomatically, temporomandibular joint osteoarthritis is characterized
by joint pain. Furthermore the pathological process may give rise to
mechanical derangements, which may involve a displacement of the
articular disk generally distinguished in disk displacement with reduction
and disk displacement without reduction. Joint pain and mechanical
phenomena, which are related to restriction of mandibular movements,
are likely to be associated with an impairment of mandibular functions.
Therefore, the treatment of temporomandibular joint osteoarthritis is
usually aimed at improving mandibular function by reducing pain and
enhancing joint mobility. The most favorable therapeutic interventions
are non-invasive (physical therapy) and minimally invasive treatment
modalities (arthrocentesis and arthroscopic surgery).
Temporomandibular joint osteoarthritis and disk displacement without
reduction is characterized by restricted movement, pain and function
impairment. The most representative variables for the disease of the
patient are maximal mouth opening, pain and mandibular function. The
clinician, however, has to decide to what extent each of these variables
depart from ‘normal’ values in case of complaints. Furthermore he or she
should have an idea to what extent an intervention can be expected to
lead to pain reduction and increase of mobility. After re-evaluating the
patient following treatment, it must be decided to what extent the
relevant outcome variables must change for the intervention to be
considered effective. No consistent measure of improvement, nor an
operational definition of success which informs the clinician about the
‘statistically significant change’ in the individual patient is available in the
temporomandibular joint field. The aims of this study were to review the
available literature and identify evidence for non-invasive and minimally
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invasive treatment modalities in patients with painfully restricted
temporomandibular joint function (Chapter 2). Furthermore to analyse
the smallest detectable difference in previously used outcome variables
related to a painful restriction of the temporomandibular joint (Chapter
3) and to analyse the reliability of instruments to measure maximal
mouth opening, pain and function impairment analysed by the
generalizability theory and to determine their smallest detectable
difference (Chapter 4, 5 and 6). Finally, to demonstrate the relevance of
the smallest detectable difference, the effects of non invasive and
minimally invasive treatment modalities in patients with
temporomandibular joint osteoarthritis associated with non-reducing disk
displacement were determined in a randomized clinical trial (Chapter 7).

Chapter 2. Therapeutic outcome assessment
In permanent temporomandibular disk displacement outcome studies
many authors claim positive effects of non-invasive and minimally
invasive treatment modalities. This literature review was undertaken to
analyze whether the claimed effects are based on acceptable
methodology. The recorded papers were analyzed by two independent
observers according to 1. method of investigation, 2. therapeutic
intervention studied, 3. therapeutic outcome variables used, and 4.
claimed effectiveness of the intervention. Agreement between observers
was calculated.  Twenty-four papers were found in which therapeutic
outcome of interventions on temporomandibular disorders were studied.
Six  studies applied a true experimental design. Each of these six studies
compared a different set of interventions. Twenty two papers used
maximal mouth opening (MMO) as an outcome variable, 9  studied pain
intensity on a visual analogue scale, one paper assessed the mandibular
function impairment questionnaire. Kappa for overall agreement
concerning the reviewing criteria was 0.82 (p � 0.001). No
distinguishing effects on MMO, pain or function impairment were
reported between arthroscopic surgery, arthrocentesis and physical
therapy. More results of methodological sound outcome studies
evaluating the effects of non-invasive and minimally invasive modalities
are needed.

Chapter 3.  Smallest Detectable Difference (SDD) in outcome variables
The SDD is the smallest statistically significant change in measurement
results. In the field of temporomandibular disorders, the SDD is not a
commonly used concept. Most outcome studies are based on comparison
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of group means, although this does not provide information about
individual changes or about the clinical relevance thereof. The SDD for
maximal mouth opening was calculated from previously published
reliability coefficients and the standard deviations of different samples of
healthy subjects and patients with complaints of the temporomandibular
joint. In this chapter the SDD of pain intensity measured with different
visual analogue scales was calculated from the reliability coefficients and
standard deviations of a heterogenous group of pain patients. The SDD
of function impairment was calculated for a group of patients with
complaints of the temporomandibular joint. For maximal mouth opening
in healthy subjects the SDD was 5 mm. Repeated measurements
improved it to 3 mm. The SDD on a visual analogue scale was 28 mm
for actual pain intensity and 22 mm for minimal pain as well as for
maximal pain intensity. For total function impairment of patients with
complaints of the temporomandibular joint, the SDD was 8 units on a 0-
68 scale. Further explicit research to quantify the SDD for different
outcome variables and for different groups of patients is needed.

Chapter 4. SDD of maximal mouth opening
Changes in maximal mouth opening reflect the impact of
temporomandibular disorders and the effect of a therapeutic intervention.
No information about the amount of change in maximal mouth opening
with regard to reasoned decision making, is available. The SDD, as a
measure of reliability assessment, provides this information and is
expressed in the unity of the measurement instrument. Twenty-five
consecutive patients (5 males, 20 females) with a painfully restricted
temporomandibular joint, participated in this study. Measurements of
maximal mouth opening were performed by two well-trained observers
on two separate measurement days, one week apart. The maximal mouth
opening measurements were repeated thrice.  Inter-, intra-observer, and
test-retest reliability varied between 0.90 and 0.96. Inconsistency in
measurement results analyzed in terms of absolute error variance i.e. the
measurement facets plus all the interactions, represented 11% of total
variance. The SDD of maximal mouth opening varied from 9 to 6 mm.
For being successful in painfully restricted temporomandibular joint
patients, statistically as well as clinically, the clinicians has to measure at
least 9 mm of improvement in maximal mouth opening. To reduce the
SDD from 9 to 6 mm, repeated measurement is necessary.
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Chapter 5. Repeated pain assessment
Pain due to osteoarthritic and/or muscular pain is influenced by
movement, pressure, social surroundings and rest and it can be estimated
on uni- and multidimensional pain levels. A unidimensional method to
measure pain is on a visual analogue scale of 100 mm and a
multidimensional method to measure pain is by use of the McGill pain
questionnaire. In this chapter the SDD of both uni- and multidimensional
pain measurement instruments is estimated by means of the
generalizability theory. Twenty-five consecutive patients (5 males, 20
females) with a painfully restricted temporomandibular joint, participated
in this study. The visual analogue scales as well as the McGill pain
questionnaire were completed by the patients within half an hour,
followed by an assessment of the patient by a physician. Within an hour
after the first session a second physician assessed the patient after the
patient had completed the questionnaires. No treatment was provided
within the assessment period of one week. Between-patient variance for
all unidimensional visual analogue scales accounted for at least 64% of
total variance, and absolute error variance accounted for at least 31% of
total variance. For the multidimensional pain rating index, the between
patients variance accounted for 76 % of total variance while error
variance was 24 %, respectively. The SDD for each single observer
assessing a patient once, is 35 mm for average pain,  25 mm for minimal
pain and 43 mm for maximal pain. Carrying out the measurements on
two separate days and repeating it twice on each measurement day, the
SDD decreased to 24 mm for average pain, 15 mm for minimal pain and
29 mm for maximal pain. The SDD for the pain rating index varied from
22.6 for a single measurement design to 14.4 on a 0 to 141.8 scale for a
repeated measurement design with 2 measurement sessions and two
repetitions. The generalizability coefficient for each separate pain
intensity measured in separate random measurement designs varied from
0.64 for single measurement of minimal pain to 0.81 for repeated
measurement of average pain and 0.89 for repeated measurements of the
pain rating index.
In conclusion, an improvement of at least 43 mm to 15 mm on a VAS
and 22.7 to 14.4 units of the pain rating index, depending on the
dimension of experienced pain recorded and the number of repetitions on
different days, is needed to be statistically significant in patients with
temporomandibular disorders. The SDD of temporomandibular joint pain
measurement is relatively large. Experienced pain recorded on visual
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analogue scales is influenced by various external and internal factors to a
larger extend than pain assessed on the pain rating index. 

Chapter 6. SDD of mandibular function impairment
Mandibular functions such as speech, laughing, yawning, mastication and
taking a large bite may be impaired in case of temporomandibular
disorders. The Mandibular Function Impairment Questionnaire (MFIQ)
is a validated instrument that scores perceived difficulty of representative
mandibular functions in relation to jaw complaints. However, the
reliability of the MFIQ has never been adequately tested. Generalizability
and decision studies are currently proposed to assess the reliability of a
measurement device. The purpose of this study was to assess the
reliability of the MFIQ in terms of the SDD. The MFIQ was completed
by 25 consecutive patients with painfully restricted temporomandibular
joints on two separate measurement days, one week apart, using two
consecutive sessions per day. Spearman’s r was calculated for test-retest
reliability. Variance components such as patients, measurement days,
repetitions and all their interactions were analyzed in the generalizability
study. In the decision study the SDD was calculated for different days
and repetitions. Spearman’s r varied from 0.69 to 0.96. The between
patient variance and the error variance contributed 81 % and 19 % to
total variance, respectively. The MFIQ is a reliable instrument to assess
mandibular function impairment. The minimal amount of change to
detect is 14 units on a 0-68 scale. Reliability in terms of the SDD
increases by repeating the measurement twice on two separate days the
SDD improves to 10 units.

Chapter 7. Deciding on success with regard to function impairment
Temporomandibular joint osteoarthritis is commonly accompanied by a
disk derangement giving rise to impaired mandibular function due to pain
and a restricted mouth opening. Probably because of the lack of
randomized clinical trials, many authors in the temporomandibular joint
field use ‘success rates’ to assess the therapeutic outcome of  their
interventions. However, published success rates are commonly based on
convention rather than on proper research designs and statistical
analyses. In the context of temporomandibular disorders, a logical
measure for ‘success’ as primary outcome measure would be ‘sufficiently
improved mandibular function impairment’ as a result of restored
mobility and pain reduction in the temporomandibular joint. In this
chapter the SDDs of mandibular function impairment, maximal mouth
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opening and pain were used as a measure of statistically significant
change in individual patients in a randomized clinical trial evaluating the
effects of physical therapy, arthrocentesis, and arthroscopic surgery.
Because of disappointing inclusion results (sample size was 90 patients)
the analyses were based on the results of 20 patients ( 7 physical therapy,
7 arthrocentesis and 6 arthroscopic surgery). In this chapter we have
summarized the results in a best-case and worst-case analyses. No
statistically significant differences between the three treatment groups
were found with regard to ‘therapeutic success’ as ‘success based on the
change achieved by one of the therapeutic interventions’, neither in the
best nor in the worst case analysis. The power of the analyses was 0.33
and 0.45 in case of the best and worst case analyses, respectively.
Analyzing the results for two groups, i.e. a non-invasive group (n=8) and
minimally invasive group (n = 13), the Chi-square p value was 0.19 in
the best case analyses and 0.01 in the worst case analyses, with a power
of  0.71 and 0.47, respectively.  Prior to the start of this randomized
clinical trial, the influences of the natural the course of the disease,
biological variations and measurement errors were analysed using a so-
called generalizability study and a decision study in a comparable group
of patients. Most of the outcome studies evaluated in chapter 2 used pre-
experimental designs in which the variance components mentioned could
be responsible for supposed treatment effects. To avoid this negative
side effect and to be able to make the optimal clinical decision as to
whether an individual improved on mandibular function, mouth opening
or uni- and multidimensional pain, the SDD has proved to be an
objective, statistically significant, and individually applicable cut-off point
for change. Mandibular function is likely impaired due to pain and/or a
restricted mobility of the temporomandibular joint. It is striking that the
improvement noted for mandibular function and the reduction of pain
was more impressive than the improvement of mouth opening for these
three interventions. In the worst cases analyses only 0 to 13% of the
cases improved on mouth opening whereas 56 to 13% improved on
function impairment after arthroscopic surgery, arthrocentesis or
physical therapy. Until demonstrated otherwise, we expect that clinical
differences between non-invasive and minimally invasive interventions
with regard to the actual therapeutic effect are marginal. Considerations
such as general versus local anesthesia and medical costs could be more
decisive criteria than expected statistical significant change in mandibular
function impairment.
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Chapter 8. General discussion
From our review described in chapter 2, it has become apparent that the
evidence for the beneficial effects of physical therapy, arthrocentesis and
arthroscopic surgery is incomplete. No properly conducted clinical trials
are available to perform a meta-analysis. In addition, it became apparent
that a wide variety of outcome measures have been used for evaluating
treatment modalities for temporomandibular disorders. This variety
makes comparison between studies difficult, if not impossible. Moreover,
the validity and reliability of a considerable number of these measures
has not been sufficiently established. Thus, there is not only a need for
properly designed and conducted trials, but also for outcome measures
that can be generally applied as described in chapter 4, 5 and 6 to enable
future comparison between studies and meta-analysis of different trials.
A major advantage of the SDD is that it exceeds the natural course of
the disease, the biological variance of the outcome variable and
measurement error and is generalizable to all patients that comprise the
sample. In temporomandibular joint osteoarthritis accompanied by a disk
derangement impaired mandibular function is largely due to pain and
restricted mouth opening. Because of the interrelationship between pain,
range of opening and mandibular function impairment, the variation of
each of these variables is influenced by the other variables. It has been
made plausible that the natural course of the disease contributes to
changes within treatment as well as in no-treatment groups and this
aspect should, therefore, be incorporated in the outcome measure. The
SDD is a measure for statistically significant change that can be used in
the individual patient as a measure of change. Responsiveness is defined
as the ability of an outcome instrument to detect clinically important
changes in a specific condition.  However, there is no consensus on the
appropriate strategy to quantify responsiveness. Most of these
approaches are based on the average change in scores since baseline in
self rated clinically stable and improved patients. These responsiveness
ratios are unitless ratios of the variances of only one sources of variation
(measurement days) in a changed and a non-changed group of patients.
The SDD, however, is based on the analyses of error variance of
different sources of variation (observer, days and repetitions and their
interactions) causing variance around the observed (change) scores. The
higher the variance (large SDD’s) the less responsive the outcome
variable is expected to be. Increasing the number of repetitions the SDD
is reduced and could therefore improve responsiveness of the outcome
variable. Because of an insufficient number of patients the Minimally
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Clinically Important Difference could not be estimated. Further research
is needed to investigate the SDD for its responsiveness and clinical
significance in individual patients. The more reliable the measurement
procedure the smaller the SDD will be and we do not know the borders
of the SDD with respect to a notified change by the patient. We
recommend to include analyses of patients expectations of pain reduction
and patients perceived pain history because we belief in the interaction
between disappointment (high expectations versus bad remembering)
and therapeutic success are interrelated. However, a more structural data
collection could verify this hypothesis.

Recommendations
The following recommendations are suggested based on this thesis:

� Implementation of the smallest detectable difference in clinical
practice for the benefits of patients and clinicians information
about real expectations and percentages of success.

� To continue research on personalized smallest detectable
differences (i.e. each clinician his/her own smallest detectable
difference).

� To investigate responsiveness and the minimally clinically
important difference in relation to the smallest detectable
difference.

� To develop a Relational Database Management System based on
Internet technology for the purpose of a structural standardized
data collection. Large multi-center randomized clinical trials may
be supported by such a system and the smallest detectable
difference could be integrated as a reliable criterion of success.
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   Samenvatting

Meten, beslissen en evalueren bij
 stoornissen van het kaakgewricht

Hoofdstuk 1. Introductie
Stoornissen van het mandibulaire bewegingsapparaat worden in de
Engelstalige literatuur ‘temporomandibular disorders’ genoemd.
Kaakgewrichtsstoornissen dienen te worden onderscheiden van niet-
gewrichtsgebonden stoornissen, die zich veelal voordoen in de
kauwspieren. De meest voorkomende stoornis van het kaakgewricht is
osteoarthritis. Osteoarthritis wordt gekenmerkt door degeneratie van het
gewrichtskraakbeen en door ontstekingsverschijnselen in het
kaakgewricht. Verder zijn er aanwijzingen dat het ziekteproces gepaard
gaat met veranderingen van het glijvermogen van het gewricht die een
verplaatsing van de, in het gewricht aanwezige, gewrichtsschijf tot
gevolg kan hebben. Deze gewrichtsschijfverplaatsing kan tijdelijk, maar
ook permanent zijn waarbij de schijf niet meer naar zijn oorspronkelijke
plaats terug beweegt tijdens de mondopening. De combinatie van
gewrichtspijn en een beperkte beweeglijkheid van het gewricht
veroorzaakt een mandibulaire functiebeperking. Vandaar dat behandeling
van osteoarthritis gericht is op verbetering van deze mandibulaire
functiebeperking door een vermindering van pijn en verbetering van de
beweeglijkheid. De meest toegepaste interventies zijn fysiotherapie
(gewrichtsmanipulatie), spoelen van het kaakgewricht (arthrocentesis) en
een kijkoperatie (arthroscopie). De meest representatieve
uitkomstvariabelen bij deze aandoening van de patiënt zijn de maximale
mondopening, pijn en functiebeperkingen. In geval van klachten aan het
kaakgewricht moet de (para-)medicus aan de hand van afwijkingen van
deze uitkomstvariabelen ten opzichte van de normaalwaarde kunnen
bepalen hoe ernstig de patiënt beperkt is. Verder moet hij of zij een idee
hebben in hoeverre een (para-)medische behandeling deze afwijking van
de normaalwaarde gunstig kan beïnvloeden. Nadat de patiënt is
behandeld moet men kunnen bepalen of de eventueel geconstateerde
veranderde waarde ook een werkelijke verandering is en in hoeverre
deze verandering toe te schrijven is aan de uitgevoerde behandeling. In
relatie tot de mandibulaire functiebeperking bestaat er geen
geaccepteerde maat voor ‘verandering’, met andere woorden een maat
die aangeeft wanneer er sprake is van een succesvolle behandeling
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zodanig dat de (para-)medicus met een bepaalde mate van zekerheid
weet dat er werkelijk iets veranderd is in de mondopening, de pijn en/of
het functioneren van het kaakgewricht.
Het doel van dit onderzoek was om het beschikbare wetenschappelijke
bewijs te verzamelen over het effect van arthroscopie, arthrocentesis en
fysiotherapie, het kleinste te meten verschil op zijn waarde te
onderzoeken en aanvullend bewijs te leveren voor de effectiviteit van de
drie therapieën. De effectiviteit wordt uitgedrukt in het kleinste te meten
verschil en onderzocht in een zuiver klinisch experiment. In hoofdstuk 2
wordt de beschikbare wetenschappelijke literatuur beoordeeld die de
bewijskracht van de drie onderzochte interventies moet leveren.
Daarnaast is in hoofdstuk 3 het kleinste te meten verschil (SDD)
beschreven, waarbij SDD staat voor Smallest Detectable Difference.
Daarbij wordt gebruik gemaakt van al eerder gepubliceerde resultaten uit
wetenschappelijke artikelen waarin de betrouwbaarheid van
meetinstrumenten voor mondopening, pijn en functiebeperking zijn
beschreven. Daarna zijn aan de hand van resultaten uit eigen
betrouwbaarheidsonderzoek, in hoofdstuk 4,5 en 6 analyses uitgevoerd
volgens de generaliseerbaarheidstheorie van Cronbach en medewerkers
(1972) waarna voor deze specifieke patiëntengroep het kleinste te meten
verschil berekend kon worden. Ten einde de effecten van fysiotherapie,
arthrocenthesis en arthroscopie te evalueren met deze ‘nieuwe’ maat om
verandering te meten is in hoofdstuk 7 een zuiver klinisch experiment
beschreven, waarin de klinische toepassingen van het kleinste te meten
verschil worden uitgelegd. In hoofdstuk 8 wordt terug- en geblikt op het
verloop van het in dit proefschrift beschreven onderzoek. Aanbevelingen
worden gedaan met betrekking tot de implementatie van en verder
onderzoek naar het kleinste te meten verschil.

Hoofdstuk 2. Effectiviteitsonderzoek in de literatuur
Bij onderzoek naar het effect van een behandeling bij patiënten met
osteoarthritis van het kaakgewricht met een permanente
kaakgewrichtsschijfverplaatsing claimen veel auteurs positieve effecten
na fysiotherapie, arthrocentesis en/of arthroscopie gevonden te hebben.
Deze samenvatting van de wetenschappelijke literatuur is geschreven
teneinde na te gaan of deze geclaimde effecten ook berusten op een
adequate methodologie. De gepubliceerde artikelen zijn door twee
onafhankelijke onderzoekers ingedeeld naar 1. methode van onderzoek,
2. ingestelde (para-)medische behandeling, 3. gemeten
uitkomstvariabelen, en 4. eventueel geclaimde effectiviteit. Tevens is de
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overeenstemming tussen beide onderzoekers beoordeeld. Er zijn 24
wetenschappelijke artikelen geanalyseerd. Van de 24 artikelen hebben er
6 het karakter van een zuiver klinisch experiment, waarbij in elk van de
experimenten een andere combinatie van behandelvormen bleek te zijn
onderzocht. Maximale mondopening, gemeten in millimeters, bleek in 22
van de 24 artikelen de gebruikte uitkomstmaat. Pijnintensiteit op een
horizontale lijn van 10 centimeter waarbij de uiteinden als extremen staan
aangeduid (VAS) werd in 6 artikelen als uitkomstvariabele gebruikt en in
1 artikel werd een vragenlijst over mandibulaire functiebeperking
(MFIQ) toegepast. De overeenstemming tussen de beide beoordelaars
was hoog en berustte niet op toeval (Kappa 0.82; p� 0.001). Er werden
geen verschillen in effecten in mondopening, pijn en functiebeperking
tussen fysiotherapie, arthrocentesis en arthroscopie gevonden. Er is
echter meer zuiver experimenteel onderzoek nodig met voldoende grote
patiëntenaantallen om het eventueel bestaande verschil in effectiviteit
tussen deze 3 behandelvormen aan kunnen te tonen.

Hoofdstuk 3. Het kleinste te meten verschil in uitkomst variabelen.
Het kleinste te meten verschil is de kleinste statistisch significante
verandering die gemeten kan worden met een meetinstrument. Bij
specialisten werkzaam op het gebied van de mondziekten, kaakchirurgie
en bijzondere tandheelkunde is dit geen alledaagse grootheid. De meeste
effectstudies baseren zich op de vergelijking tussen groepsgemiddelden
en spreken over een verschil tussen groepen. Hiermee wordt geen inzicht
verschaft over individuele veranderingen en ook niet of deze
veranderingen daadwerkelijk door de patiënt opgemerkt worden ofwel
klinisch relevant zijn. Het kleinste te meten verschil werd in dit
hoofdstuk berekend aan de hand van eerder gepubliceerde maten van
betrouwbaarheid en de variantie (standaarddeviatie) binnen de gemeten
groep(en). Zo werd het kleinste te meten verschil voor de mondopening
berekend aan de hand van betrouwbaarheidsonderzoek dat gepubliceerd
werd over gezonde proefpersonen en over mensen met klachten aan het
kaakgewricht. Voor pijnintensiteit werd het kleinste te meten verschil
berekend aan de hand van betrouwbaarheidsonderzoek verricht bij een
groep pijnpatiënten waarbij soort en lokatie van de pijn zeer verschillend
was. Voor de functiebeperking van het kaakgewricht werd het kleinste te
meten verschil berekend aan de hand van de gepubliceerde gegevens van
een groep patiënten met kaakgewrichtsklachten. Zo bedraagt voor
gezonde proefpersonen het kleinste te meten verschil voor mondopening
5 mm bij een normale mondopening van 55 mm, na herhalen van de
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meting verbetert het kleinste te meten verschil tot 3 mm. Voor
pijnintensiteit gemeten op een analoge pijnschaal van 100 mm bedraagt
het kleinste te meten verschil 28 mm voor de pijn op moment van meten
(actuele pijn) en 22 mm voor zowel minimale als maximale pijn op het
moment van meten. Voor mandibulaire functiebeperking bedraagt het
kleinste te meten verschil 8 eenheden op een schaal van 0 tot 68.
Aangezien deze waarden werden berekend aan de hand van eerder
gepubliceerd niet specifiek patiëntenmateriaal is onderzoek gewenst naar
het kleinste te meten verschil bij patiënten met specifieke
kaakgewrichtsproblemen.

Hoofdstuk 4. Het kleinste te meten verschil voor mondopening.
Veranderingen in de mondopening bepalen de intensiteit van
kaakgewrichtsproblemen en het effect van een op verbetering gerichte
interventie. Er is tot op dit moment geen informatie beschikbaar hoe
groot deze verandering moet zijn met betrekking tot de klinische
beslissing over of er sprake is van een verbetering of verslechtering bij de
patiënt. Het kleinste te meten verschil, als een maat voor
betrouwbaarheid van metingen en bepaald aan de hand van een
specifieke patiëntengroep, verschaft dit inzicht en bovendien is het
uitgedrukt in de eenheid van het meetinstrument. Dit laatste is van
belang, omdat dit mogelijk het klinisch gebruik ervan stimuleert. Een
groep van 25 opeenvolgende patiënten (5 mannen, 20 vrouwen) met een
pijnlijk en beperkt kaakgewricht participeerde in dit onderzoek. Op twee
(toevallig) gekozen dagen van de week met een week tussenpauze werd
door twee onderzoekers na elkaar de mondopening herhaald (3x)
gemeten. De intra- en interbeoordelaarsbetrouwbaarheid van deze
metingen wordt uitgedrukt op een schaal van 0 tot 1 en variërende
tussen 0.90 en 0.96 en lijkt daarmee consistent. Niet consistent zijn van
de meetresultaten uitgedrukt in termen van de absolute meetfout wil
zeggen: de variantie door meetfacetten als dagen, onderzoekers, en
herhalingen, maar ook alle interacties van deze facetten onderling binnen
een groep patiënten. Al deze facetten en interacties zijn betrokken in de
totale variantie-analyse. Deze meetfoutvariantie bij herhaalde metingen
van de mondopening bedraagt 11% van de totale variantie. Het uit deze
analyse berekende kleinste te meten verschil voor mondopening bedraagt
9 tot 6 mm. Dus om succesvol te zijn bij patiënten met een beperkt en
pijnlijk kaakgewricht, in termen van statistische significantie en klinische
relevantie, moet de beoordelaar op zijn minst 9 mm verbetering meten.
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Om het kleinste te meten verschil te verminderen tot 6 mm zal er
herhaald gemeten moeten worden.

Hoofdstuk 5. Herhaalde pijn metingen.
Pijnbeleving welke is toe te schrijven aan osteoarthritis en/of pijn vanuit
het steunapparaat rondom het gewricht wordt beïnvloed door beweging,
druk, rust en sociale omgeving en kan op een unidimensionele en/of
multidimensionele wijze worden gemeten. Een voorbeeld van een
unidimensionele meting is een horizontale lijn van 100 mm lengte met
aan de linkerzijde van de lijn de beschrijving ‘geen pijn’ (0 mm) en aan
de andere zijde van de lijn de beschrijving ‘maximale pijn’ (100 mm).
Een voorbeeld van een multidimensionele pijnmeting is de McGill
pijnvragenlijst waarin verschillende soorten pijnbeleving gemeten worden
door het gebruik van verschillende adjectieven, verschillende woorden
die pijnbeleving aanduiden. In dit hoofdstuk wordt het kleinste te meten
verschil geschat voor zowel de uni- als de multidimensionele
pijnbelevingsinstrumenten door gebruik te maken van de
generaliseerbaarheidstheorie van Cronbach en anderen (1972). In de
groep van 25 patiënten met een pijnlijk en beperkt kaakgewricht werden
zowel analoge meetschalen van 100 mm als de McGill pijnvragenlijst
gebruikt. De patiënten vulden de vragenlijst zelfstandig in binnen een half
uur en werden daarna door een medicus onderzocht. Binnen een uur na
deze eerste sessie onderzocht een tweede medicus de patiënt nadat deze
opnieuw de vragenlijst had ingevuld en een week later werd deze
procedure in omgekeerde volgorde herhaald. Binnen deze week werd
geen interventie gestart. De variantie tussen patiënten bij het invullen van
de analoge pijnschaal bedroeg op zijn minst 64% van de totale variantie
en de foutenvariantie bedroeg op zijn minst 31% van de totale variantie.
Voor de multidimensionele pijnkwalificatie index bedroeg de variantie
tussen patiënten 76% van de totale variantie terwijl de fouten variantie
24% bedroeg. Voor de gemiddelde pijn in de week voorafgaand aan het
onderzoek gemeten op een analoge schaal van 100 mm, bedroeg het
kleinste te meten verschil 35 mm indien slechts eenmalig wordt gemeten.
Voor de minimale en maximale pijn in de week voorafgaand aan het
onderzoek bedroeg het kleinste te meten verschil respectievelijk 25 en 43
mm. Na herhaald meten (2x) nam het kleinste te meten verschil af tot 24
mm, 15 mm en 29 mm voor respectievelijk de gemiddelde, de minimale
en de maximale pijn. Het kleinste te meten verschil voor de
pijnkwalificatie index varieerde van 22.6 punten tot 14.4 punten na
herhaald meten op een totale schaalgrootte van 0 tot 141.8. De
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generalisatiecoëfficiënt is een maat voor betrouwbare generalisatie naar
de klinische praktijk, voor ieder van de geanalyseerde vormen van
pijnbeleving varieerde van 0.64 voor een eenmalige registratie van
minimale pijn tot 0.81 voor herhaalde metingen van de gemiddelde pijn
in de week voorafgaand aan het onderzoek. De generalisatiecoëfficiënt
voor herhaalde metingen van de pijnkwalificatie index bedroeg 0.89. Het
kleinste te meten verschil van pijnschalen is relatief hoog ten opzichte
van het totale bereik van de gebruikte meetschalen. Unidimensionele
pijnbeleving geregistreerd op een visueel analoge schaal van 100 mm
wordt door meer interne en externe factoren beïnvloed dan
multidimensionele pijnbeleving gemeten op de pijnkwalificatie index.

Hoofdstuk 6. Het kleinste te meten verschil in functiebeperking
Functies, waarbij onder andere het kaakgewricht betrokken is, zoals
spreken, lachen, kauwen en een grote hap nemen, kunnen beperkt zijn bij
een kaakgewrichtsstoornis. De vragenlijst voor mandibulaire
functiebeperking (MFIQ) is een valide instrument die de ervaren
representatieve functiebeperkingen scoort. De betrouwbaarheid van deze
vragenlijst is echter in eerdere publicaties niet adequaat onderzocht.
Aangezien steeds meer generaliseerbaarheidsstudies en beslissingsstudies
worden voorgesteld om de betrouwbaarheid te onderzoeken, is in dit
hoofdstuk de betrouwbaarheid van de MFIQ als zodanig beschreven.
Volgens de reeds eerder beschreven onderzoeksmethode zijn de
antwoorden op deze, herhaaldelijk ingevulde, vragenlijst van 25
patiënten geanalyseerd. Volgens de klassieke theorie over
betrouwbaarheid bedroeg de lineaire samenhang uitgedrukt in een
correlatiecoëfficiënt tussen de 0.69 en 0.96. De variantie tussen
patiënten, geanalyseerd volgens de generalisatietheorie, bedroeg 81%
versus 19% meetfout variantie. De MFIQ is een betrouwbare vragenlijst
waarbij het kleinste te meten verschil 14 eenheden bedraagt op een
schaal van 0 tot 68. Door op twee verschillende dagen te meten en
daarbij de meting twee maal te herhalen, verbetert het kleinste te meten
verschil tot 10 eenheden.

Hoofdstuk 7. Beslissen over succes in mandibulaire functieverbetering
Osteoarthritis gaat veelal gepaard met een verplaatsing van de
gewrichtsschijf (discus) die vaak leidt tot beperkte mandibulaire functies
met pijn en een beperkte mondopening. De meest voorkomende
interventies bij deze aandoening zijn fysiotherapie (manipulaties),
arthrocentesis (spoelen van het kaakgewricht) en een arthroscopie
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(kijkoperatie). Een mogelijke reden voor het ontbreken van voldoende
zuiver experimenteel onderzoek is dat auteurs liever succespercentages
gebruiken in een eenvoudige onderzoeksopzet om de positieve
uitkomsten van hun interventies te bevestigen. Echter, deze
succespercentages zijn gebaseerd op consensus en niet op een correcte
onderzoeksmethode met een controlegroep en een, door het toeval
bepaalde toewijzing van patiënten, en daarbij passende statistische
analyses. Met betrekking tot mandibulaire functiebeperking zou de voor
de hand liggende maat voor “succes” ‘voldoende verbetering van
mandibulaire functies’ door toegenomen beweeglijkheid en afgenomen
pijn zijn. In dit hoofdstuk zijn het kleinste te meten verschil van de
MFIQ, de maximale mondopening en uni- en multidimensionele pijn
aangewend als maat voor ‘succes’. In een zuiver experimentele
onderzoeksopzet is de effecten van fysiotherapie, arthrocentesis en
arthroscopie onderzocht. Vanwege tegenvallende inclusieresultaten werd
het, in verband met voldoende bewijskracht voor dit onderzoek, het
benodigde aantal van 90 patiënten, niet gehaald. Uiteindelijk zijn de
resultaten van 20 patiënten in dit hoofdstuk samengevat in een
zogenaamde ‘Best and Worst case’ analyse. In een ‘Best case’ analyse
zijn de verloren patiënten als ‘succesvol behandeld’ geanalyseerd (n=24)
en in een ‘Worst case’ analyse zijn deze als ‘niet succesvol behandeld’
geanalyseerd (n=24). “Succes” is in deze analyses gedefinieerd als een
verbetering in mandibulaire functiebeperking op zijn minst groter dan het
kleinste te meten verschil van de MFIQ. Metingen werden 6 weken, 3, 6
en 12 maanden na de interventie verricht. De ‘Best and Worst case
analyses’ (n=24) werden alleen 12 maanden na behandeling uitgevoerd.
In geen van de analyses werd een statistisch significant verschil tussen de
interventies gevonden. De bewijskracht was natuurlijk laag, variërend
van 0.47 tot 0.71. In eerdere hoofdstukken werd de invloed van het
natuurlijk beloop van de aandoening, biologische variantie en
foutenvariantie onderzocht in een vergelijkbare groep patiënten door een
generaliseerbaarheidsstudie en een beslissingsstudie te gebruiken. Om
een betrouwbare beslissing over verandering in mandibulaire
functiebeperking, mondopening en multidimensionele pijnbeleving  te
nemen, blijkt het kleinste te meten verschil goed te voldoen als objectief
en betrouwbaar criterium voor verandering. 
Mandibulaire functies zijn veelal beperkt door pijn en/of een beperkte
mondopening. Het is opvallend dat de verbetering in functiebeperking en
pijn meer imponeert dan de verbetering in mondopening voor alle drie de
onderzochte interventies. In het slechtste geval verbeterde de
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mondopening slechts in 0 tot 13% van de patiënten terwijl 56 tot 13%
verbeterde op functiebeperking na arthroscopie, arthrocentesis of
fysiotherapie. Tenzij anders aangetoond gaan wij er voorlopig van uit dat
er tussen de drie onderzochte interventies geen verschillen bestaan. In de
keuze voor de juiste interventie zouden derhalve andere overwegingen,
als lokale versus algehele anesthesie en medische kosten, van meer
doorslaggevende betekenis kunnen zijn dan de verwachte statistisch
significante verbetering in mandibulaire functiebeperking. 

Hoofdstuk 8. Algemene discussie
Uit de samenvatting van de literatuur zoals beschreven in hoofdstuk 2
wordt duidelijk dat het bewijs voor toegevoegde effecten van
fysiotherapie, arthrocentesis en arthroscopie incompleet is. Er zijn geen
grondig uitgevoerde zuivere experimenten beschikbaar om op de
resultaten van deze onderzoeken een meta-analyse uit te voeren. Sterker
nog, er wordt een brede variëteit aan meetinstrumenten gebruikt om de
effectiviteit van verschillende behandelmodaliteiten bij mandibulaire
functiebeperking te onderzoeken. Deze variëteit maakt vergelijken tussen
verschillende onderzoeken moeilijk, zo niet onmogelijk. Daarnaast is de
validiteit en de betrouwbaarheid van een aantal van deze
meetinstrumenten onvoldoende onderzocht. Het is derhalve noodzakelijk
om meer zuiver experimenteel onderzoek te doen met algemeen van
toepassing zijnde uitkomstmaten zoals beschreven in hoofdstuk 4, 5 en
6. Alleen dan kunnen in de toekomst vergelijkingen en meta-analyses
mogelijk worden. Een groot voordeel van het kleinste te meten verschil
is dat het natuurlijk beloop van de aandoening naast andere biologische
variantiecomponenten, door beïnvloeding van uitkomstvariabelen
onderling en meetfouten wordt gecorrigeerd. Daarnaast is het kleinste te
meten verschil generaliseerbaar naar vergelijkbare patiënten in klinische
situaties. Bij mandibulaire functiebeperking gepaard gaande met een
permanente gewrichtsschijfverplaatsing wordt de functiebeperking sterk
beïnvloed door pijn en een beperkte mondopening. Het is eerder
aangetoond dat het natuurlijk beloop van de aandoening bijdraagt aan
gemeten verandering zowel na een behandeling als in het geval er niet
behandeld is. Deze verandering zou moeten worden “meegenomen” in
de beoordeling over verbetering. Het kleinste te meten verschil is een
maat voor verandering waarin deze aspecten zijn verdisconteerd. Het
onderscheidend vermogen van uitkomstvariabelen wordt ook wel
responsiviteit genoemd. Responsiviteit is het vermogen om een, voor de
patiënt merkbare, verandering op te sporen in een specifieke situatie. Er



Samenvatting  119 

is echter nog geen consensus over hoe het onderscheidend vermogen te
bepalen. Mogelijke alternatieven in dit verband zijn gesuggereerd. De
meeste van deze benaderingen zijn gebaseerd op de gemiddelde
verandering gemeten sinds de start van de interventie, tussen een groep
verbeterde en een groep niet verbeterde patiënten. Deze
verhoudingsgetallen van varianties zijn zonder eenheid en hebben
betrekking op slechts één facet van variantie. Veelal heeft dit facet
betrekking op de twee meetdagen waarop de patiënt wordt onderzocht.
Het kleinste te meten verschil, dat gebaseerd is op meer facetten van
variantie, zoals dagen, onderzoekers, herhalingen en al hun onderlinge
interacties. Deze laatste veroorzaken allen ruis rondom de in de kliniek
geobserveerde score. Hoe groter deze ruis, hoe kleiner het
onderscheidend vermogen van de uitkomstmaat zal zijn. Door het aantal
herhalingen op te voeren zal het onderscheidend vermogen toenemen.
Het is echter niet duidelijk wanneer het kleinste te meten verschil de
grens passeert waarop de patiënt de eventuele verandering niet meer
waarneemt. Met betrekking tot dit laatste adviseren wij om tevens de
verwachtingen van de patiënt en het vermogen zich de pijnbeleving
adequaat te kunnen herinneren, in verder onderzoek te betrekken. We
hebben de indruk dat het onderscheidend vermogen van het kleinste te
meten verschil tevens afhankelijk is van de teleurstelling van de patiënt
door enerzijds hoge verwachtingen van een interventie en anderzijds het
beperkte herinneringsvermogen van de patiënt van de bij de start
gemeten pijnbeleving. Bij gebrek aan voldoende gegevens kunnen we
deze eerder in het onderzoek reeds gestelde hypothese helaas niet
toetsen. Er is nader onderzoek gewenst om vast te stellen of het kleinste
te meten verschil niet alleen voldoende onderscheidend vermogen heeft
maar tevens in staat is een klinisch minimaal waarneembare verandering
nog vast te leggen, in het licht van de individuele beleving van de patiënt. 

Aanbevelingen
Op basis van dit proefschrift kunnen de volgende aanbevelingen worden
gedaan:

� Implementeren van het kleinste te meten verschil in de klinische
praktijk ten behoeve van patiënt en (para-)medicus, zodat beiden
geïnformeerd worden over reële verwachtingen en haalbare
succespercentages. 

� Onderzoek gericht op het bepalen van een individueel, aan de
(para-)medicus gebonden kleinste te meten verschil ten einde de
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grootte van een generaliseerbaar kleinste te meten verschil te
verkleinen.

� Onderzoek naar het kleinste te meten verschil en het
onderscheidend vermogen in relatie tot de voor de patiënt nog
merkbare minimale verandering.

� Het ontwikkelen van een relationeel database management
systeem gebaseerd op Internet technologie, dat de mogelijkheid
biedt tot structurele dataverzameling en analyse waardoor
efficiënt grote klinische experimenten in meerdere centra kunnen
worden uitgevoerd. In een dergelijk systeem kan het kleinste te
meten verschil als betrouwbaar criterium voor verandering ten
behoeve van klinische beslissingen over effectiviteit en medische
kosten worden geïmplementeerd.
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