8 General discussion

The major pathologic events characterizing temporomandibular joint
osteoarthritisinclude synovitis and internal derangements, giving riseto
pain and restricted mobility of the temporomandibular joint, possibly
resulting in mandibular function impairment. The treatment is
predominantly symptomatic, and severa treatment modalities have been
reported to be successful in reducing pain and increasng mobility.
Fletcher and Sackett (2000) distinguish three levels of evidence from
randomized clinical trias for the efficacy of a treatment moddity, 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 isincomplete. No properly conducted clinical trials
are avalladle to perform ameta-andysis. In addition, it became apparent
that awide 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 condgderable number of these measures
has not been sufficiently established. Thus, there isnot only a need for
properly designed and conducted trials, but also for outcome measures
that can be generaly applied to enable future comparison between
studies and meta-analysis of different trids.

Since the major aim of treating temporomandibular joint osteoarthritis,
especialy 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 atreatment modality is
successful or not, one should define a proper threshold for the primary
outcome measure. In thisthesis, we have postulated to apply the smallest
detectable difference for this purpose.

A major advantage of the smallest detectable differenceisthat it exceeds
the natural course of the disease, the biological variance of the outcome
variable and measurement error andis generalizable to dl patients that
comprise the sample. In temporomandibular joint osteoarthritis
accompanied by adisk derangement impaired, mandibular functionis
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 variablesis 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. Responsivenessis defined asthe ability of an outcome
instrument to detect clinicaly important changesin 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 basdinein sdf rated
clinically stable and improved patients. These responsvenessratios are
unitless ratios of the variances of only one sources of variation
(measurement days) in a changed and anon-changed group of patients
(Bronfort and Bouter, 1999). The smallest detectable difference,
however, is based on the anadyses 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 responsivenessis 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
variableislikely improved.

Based on their magnitude, as described in chapter 4,5 and 6, we
intuitively considered the smallest detectable difference as dinicdly
relevant. Although a mean between-groups difference in mouth opening
of, for example, 4 mm may be statistically significant, its clinical
relevance isfar 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 obviousthat different
observers, different measurement days and different repetitions cause
variance around thefirst and the second observation of the subject. We
realize that if the smallest detectable difference is substantidly reduced
by minimizing this variation, for instance by increasing the number of
repetitions, we could get in conflict with the minimdly clinicaly
important difference. The minimally clinically important differenceis
defined as the smallest difference that patients would consider beneficial
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and which would form the basis for changing therapeutic management
(Jeetschke et al, 1989). However, the difference that a patient would
consider beneficial isahighly individual response on atherapeutic
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 changein painisneeded 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 clinicd trid do
not allow extensive statistical analysesto further investigate the clinicd
significance of the smallest detectable difference.

The random designs used in generalizability and decigon studies to
estimate the smallest detectable difference of the outcome measurement
instrument alow generalization to al the facetsinvolved, i.e., patients,
observers, measurement days and repetitions. By contrast, classica
reliability assessment and a responsivenessratio of an outcome
instrument only allows generalization to the observersinvolved in the
clinical trial. Because of this generalization, the smallest detectable
difference isrelatively large compared with the measurement error
according to the classical approach, especidly in case of only one
repetition of the measurement asisthe casein most of theclinical trials.
In ageneraizability study, the standard error of measurement (i.c.
absolute error variance) is a cumulation of error variancesof all facets
and interactions involved. The standard error of measurement in the
classical approach strongly depends on the observed reliability and
variance within the experimentd desgn andis, therefore, not
generalizable. Furthermore a statisticdly dgnificant 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 arandom model. In arandom 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 appliedin aclinical trial providesfirm
scientific arguments with respect to the clinical decison about treatment.
The evidence provided by arandomized clinicd trid (or, even better, by
ameta-analysis from a systematic review of randomized clinical trials)
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not only providesinformation about the efficacy of the treatment in a
group of similar patients, but also provides information about how much
improvement can be expected. The amallest detectable differencea so
provides a uniform criterion to judge the outcome of atreatment on an
individual level (i.e., successful vs. non-successful). Thus, with the
smallest detectable difference a uniform, statisticaly based ‘ threshold of
efficacy’ is available for wide application.

Generalizability and decison studies dso havelimitations 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 isindicated. 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 componentsisamgor limitation of most of the
studies based on the generalizability theory. We used 25 patientsin the
generalizability and decison studies, while Cronbach et al. 1972
recommended a sample size of at least 100 patients. Although wefound
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 isthat patients with restricted mobility due to
internal joint derangements may have a smaller biologicd variancein
mouth opening than patients with, for example, myofascial pain. In fact,
we are deding with different diagnostic entitiesamong patients with
temporomandibular joint disorders. For all of these different diagnostic
groups, separate SDDs should be estimated, primaily 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 s attributed to its generalizability. A well trained
observer may claim to perform a measurement far more precise than do
‘al the dinicians . By measuring more precise, lessmeasurement error
and thusa smaller SDD is obtained. An assigned SDD, based on afixed
observer and calculated out of the correlation coefficient of his persona
repeated measurement results and the variance of these resultsin an
individual patient, could be appropriate to calculate a‘ personalized
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SDD’ for each clinician. This approach till needs to be investigated. So
far, it isnot clear whether repeated measurements by an assgned
observer in oneindividual are generalizable to the universe of all possible
repetitionsin that individual. In our samples the main effects of the
observers were zero or very small and andyses asa 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 generaization 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 thisthesis it is recommended to
apply the smallest detectable difference of outcome variables because it
supports areasoned selection of treatment modalities. Aswe have
illustrated in chapters 4 and 5, afictive 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 awide variation of outcome measures to decide on the success of
treatment. The smallest detectable difference appears to be avaluable
contribution to evidence based medicine and clinica decison makingin
good clinical practice and research.

Thelarge 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 researchis
necessary. Future investigationsto obtain personalized SDDs should
focus on repeated measurement by assigned observersin an individual to
analyse whether these repetitions of that individual are representative for
the universe (population) of al repetitions of that individual.

Further research is needed toinvestigate the SDD for its responsveness,
and clinical significance. We recommend to include analyses of patients
expectations of pain reduction and patients percelved 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 theamount 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 dl facetsin 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 exclusvdy the relative effectsof non-invasive and minimally
invasive treatment modalitiesin 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 addressng 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 technol ogy.

Recommendations
Based on thisthesis, the following recommendations are suggested:

- I mplementation 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’/lher 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 astructurd 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 beintegrated as areliable criterion of success.
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