
VU Research Portal

Pain Patterns and a novel way of evaluation of therapy outcome in myogenous
temporomandibular disorders
van Grootel, R.J.

2016

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
van Grootel, R. J. (2016). Pain Patterns and a novel way of evaluation of therapy outcome in myogenous
temporomandibular disorders. Robert J. van Grootel.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 21. Oct. 2021

https://research.vu.nl/en/publications/b2f8d0e7-5896-4a9a-89dd-f7640eec88ba


Pain Patterns and a novel way of evaluation
of therapy outcome in myogenous

temporomandibular disorders

Robert J. van Grootel





Pain Patterns and a novel way of evaluation
of therapy outcome in myogenous

temporomandibular disorders

Robert J. van Grootel



Colofon:
Printing: Drukkerij Imprimo, Bussum
Publisher: Robert J. van Grootel

Copyright: Robert J. van Grootel, 2016
All rights reserved. No part of this publication may be reported or transmitted, 
in any form or by any means, electronic or mechanical, including photocopy, 
recording or otherwise, without the written permission of the author.

beoordelingscommisie: prof.dr. A. Algra
 dr. C.H.G. Beurskens
 prof.dr. M.S. Cune
 prof.dr. J.T.A. Knape
 prof.dr. M.L. Peters
 dr. J. van der Zaag

paranimfen:  Roderick W.J. van Grootel, MD.
 Lodewijk M.F. van Grootel, BBA.





promotor:  prof.dr. D. Wismeijer
copromotoren:  dr. H.W. van der Glas
 dr. R. Buchner







7

Chapter 1  

General Introduction















14 6 

The aims of Chapter 4 are: (1) to determine SDD for scoring pain behaviour using a 0-5 point 

adjectival scale and examine whether the SDD for pain behaviour is similar to that for pain 

intensity from a VAS, following normalization of the SDD values with respect to scale range, 

and (2) to explore the relationship between SDDs of pain intensity and behaviour (thresholds 

of reliable change in individuals) with clinically important difference (CID) and effect size 

(ES) following treatment of known efficacy (measures of change averaged across patients). 

 

The aims of Chapter 5 are: (1) to present the background of Treatment Duration Control 

(TDC), an index which summarizes relative change of scores which are related to statistically 

pronounced signs and symptoms of a disease or disorder, (2) to show the application of TDC 

to control treatment duration in patients suffering from myogenous Temporomandibular 

Disorders in a way that concurs with clinical care, and (3) to validate TDC. 

 

The aim of Chapter 6 is to compare outcome parameters from physiotherapy with those of 

occlusal splint therapy, in an RCT in which TDC was used, thus enabling variation in 

treatment duration. Using a theoretical model, the overall success rate was assessed for 

stepped-care, and the effect of therapy sequence on this success rate was examined.  

 

The aim of Chapter 7 is to compare outcome parameters from occlusal adjustment (OA) 

therapy with those of the combination therapy which includes occlusal splint therapy and OA, 

in an RCT in which TDC was used, thus enabling variation in treatment duration.  
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ORIGINAL ARTICLE

Patterns of Pain Variation Related to Myogenous
Temporomandibular Disorders

Robert J. van Grootel, DDS,* Hilbert W. van der Glas, PhD,* Rob Buchner, DDS, PhD,*
Johannes R. J. de Leeuw, PhD,† and Jan Passchier, PhD‡

Objectives: Myogenous temporomandibular disorders are charac-
terized by jaw muscle pain. The aims were: 1) to characterize this pain
generally in terms of intensity, frequency, duration, and behavior
across a period of 2 weeks; 2) to identify main intraday pain patterns
and to examine whether subgroups of patients in this respect differed
in clinical, demographic, pain and sleep variables, psychosocial fac-
tors, and use of medication; and 3) to investigate some possible inter-
day trends of pain intensity at a group level.

Method: One hundred thirty-three patients with myogenous tempo-
romandibular disorders completed a 2-week diary, rating pain inten-
sity (100 mm Visual Analog Scale [VAS]), duration, behavior (verbal
6-point scale), and medication use on 4 times of the day. Furthermore,
questionnaires were completed to score pain period before seeking
treatment, spread of pain, and demographic, psychosocial, and sleep
variables.

Results: In the diary, pain intensity, frequency, daily pain duration,
and the score of pain behavior were on average 29.1 mm, 69% of the
scoring times, 5.5 hours, and 1.8 points (approaching “pain present,
but I can ignore it at times”), respectively. Pain intensity was, on av-
erage, maximal late in the day (before dinner or bedtime) for the ma-
jority of patients (79%) and early in the day (before breakfast or
lunchtime) for the minority (21%). The larger subgroup had a signifi-
cantly higher daily pain intensity, more frequently a widespread pain
and problems with falling asleep at bedtime, agreed more about the
role of a physician as an external health locus of control, and had a
more distancing coping style. Both subgroups were similar for other
variables, most notably in the level of state anxiety and depressive
mood, and in a sparse use (7.8% of all possible times) of over-the-

counter medication. Daily mean VAS scores, averaged across pa-
tients, were approximately constant for the various diary days. Both
the daily mean and maximal VAS score were not related to a specific
day of the week.

Conclusions: Two main daily pain patterns occur in patients with
myogenous temporomandibular disorders (79%: maximal pain late in
the day; 21%: early in the day), which might be related to differences
in processes that influence pain sensitivity and patterns of jaw muscle
activation. The interday similarities in pain level suggest that a sus-
tained influence of counseling after the intake or an influence of a
common behavioral pattern with a cycle duration of a week are not
involved.

Key Words: temporomandibular disorders, facial pain, pain diary,
temporal characteristics

(Clin J Pain 2005;21:154–165)

Temporomandibular disorders (TMD) is a collective term
embracing a number of clinical problems including that

involve the masticatory musculature, the temporomandibular
joint, and associated structures, or both.1 Because symptoms
of facial pain and pain around the ear or eye are not specific for
TMD alone, patients are often, at least initially, referred to a
nondentist. Several types of TMD have been classified, that is,
according to muscle disorders, temporomandibular joint dis-
orders (eventually according to various types of temporoman-
dibular joint [TMJ] disorders) or to a combination of muscle
and TMJ disorders.2,3 A demand for TMD treatment occurs in
2% to 3% of the adult population.4,5 One-third of these patients
are suffering from muscle disorders alone (myogenous TMD)3

of which the etiology is of interest because in the absence of
arthrogenous factors, mainly myogenous and psychosocial or
psychobiological factors may be involved.1 Pronounced oc-
clusal interferences in the dentition may further be a coinciding
factor. However, its influence might be limited as correlations
between occlusal features and those of TMD are weak.6

It is generally believed that pain of TMD patients shows
fluctuations between and within days. Commonly reported
patterns include more intense pain in the mornings for several
hours (ostensibly after nocturnal bruxism) or in late afternoon
to early evening hours.7 To the best of our knowledge, pain of

Received for publication May 11, 2002; first revision April 23, 2003; second
revision August 20, 2003; accepted August 27, 2003.
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myogenous TMD patients has only been scored on a single
time and not during a period of successive days. Hence, accu-
rate information on temporal aspects of pain is lacking that
might be relevant for optimal treatment or preventive mea-
sures. In contrast, a pain diary has been used to obtain such
information from headache patients8,9 or patients suffering
from pain of various body parts, without an established
cause.10,11

The first aim of the present study was to characterize
pain related to myogenous TMD generally in terms of inten-
sity, frequency, duration, and behavior across a period of 2
weeks. To that end, a diary was used for a period of 14 days,
and data that characterize pain generally were compared with
those reported in the literature for other types of patients.

The second aim was to identify main intraday pain pat-
terns. An interaction of at least two types of processes might
influence a daily pain pattern: 1) processes that determine pain
sensitivity including its diurnal pattern; and 2) patterns of jaw
muscle activation. Several lines of evidence (comorbidity of
TMD with psychobiological disorders, greater levels of anxi-
ety and depression than in controls, and maladaptive somato-
motor and autonomic responses to environmental stressors)
suggest that myogenous TMD is a psychophysiological disor-
der with changes in pain-regulatory systems.12 Apart from dis-
tinguishing intraday pain patterns, the question, whether sub-
groups of patients in this respect differed in demographic vari-
ables and in other variables that might be relevant etiologically
(eg, occlusal interferences, bruxism, psychosocial factors)
and/or in sight of treatment or preventive measures (duration,
intensity and spread of pain, use of medication, sleep, psycho-
social factors), has not been addressed.

The third aim was to investigate some possible interday
trends of pain intensity at a group level. Mean pain intensity
over subsequent diary days might be influenced by a change in
pain sensitivity, response fatigue, or by an effect of counseling
starting at the intake. Furthermore, a cyclic pain pattern may
occur that might be related to a common behavioral pattern that
is synchronized with the days of the week.

MATERIALS AND METHODS

Patients
The current study was part of a randomized clinical trial

(RCT), approved by the Ethics Committee of the University
Medical Center Utrecht, in which different types of treatment
were involved. Whereas treatment procedures and efficacy re-
sults will be presented in subsequent papers, this paper will
deal with pretreatment data. The myogenous TMD patients
who participated in the RCT were either referred to our De-
partment in Utrecht (85%) or recruited directly from general
dental and medical practitioners (15%). From the 187 myog-
enous TMD patients who passed screening (see below), 20%
(37 patients; 9 males and 28 females) declined to participate

(mainly because of having no convenient time available) and
the 80% (150 patients; 8 males and 142 females) that continued
gave informed consent. Sufficiently complete diary data (at
least 10 out of 14 completed days) were obtained from 133 out
of 150 patients (89%; 7 males and 126 females). The mean age
of these 133 patients was 31.4 years (SD 9.9; maximum 61.0
years). The median duration of pretreatment pain was 1.9 years
(range 3 months–20 years).

Thus, the selected patients whose diary data were used
had an age between 18 and 61 years and pain and tenderness of
the masticatory muscles (in the absence of TMJ pathology;
myogenous TMD) of 3 month’s duration or longer. Included
patients had at least three scores on a verbal scale of at least
“fairly/regularly” painful or “regularly” impairment. These
scores were obtained during clinical examination of active and
passive jaw movement and palpation of the masticatory
muscles, and from an anamnesis on frequency of muscle stiff-
ness, degree of limitation of jaw movement, and pain during
yawning and chewing hard food.

The criteria for detecting and excluding TMJ pathology
(Table 1) corresponded with those of the Research Diagnostic
Criteria (RDC) for TMD.2 On the other hand, whereas our cri-
teria for pain of jaw muscles included (apart from a complaint
of pain at rest or during functioning) pain reported by the pa-
tient in response to digital palpation of extraoral sites for the
RDC, palpation of intraoral sites was not applied. Intraoral
sites were not included, as the interobserver reliability of pal-
pation is low for these sites.13 Moreover, a positive palpation
outcome for intraoral sites might be related to a tender mucosa,

TABLE 1. Exclusion Criteria for Selecting a Sample of
Patients With Myogenous TMD

Clinical and/or radiographic evidence of organic changes in the
TMJs, that is, reciprocal click, crepitation, disc displacement,
degenerative changes according to Research Diagnostic Criteria
for TMD2

Previous treatment with an occlusal stabilization appliance,
occlusal adjustment, or physiotherapy of the masticatory system.
Other treatments for pain (also nonfacial pain) more recent than
a year

Predominant craniovertebral dysfunction (pain of neck and/or
shoulders that predominates that of facial areas, also during
palpation of the m. Sterno Cleido Mastoidus and the attachments
of various muscles on the Os Occipital)

Metabolic, neurologic, vascular disease, or disorders (eg, diabetes,
neuralgia, migraine)

Recent dramatic life event (divorce, bereavement, physical abuse
by partner, incest, and victim of criminal assault) and/or
psychotherapy and/or use of psychomedication

Odd sleep/wake cycles due to work shift
Gross anomalies of the natural dentition: full/partial denture, loss

of dorsal support, collapsed bite, extensive migrations, or
morphological malocclusion (eg, cross bite)

Clin J Pain • Volume 21, Number 2, March/April 2005 Pain Related to Myogenous Temporomandibular Disorders
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or a tender salivary or lymph gland rather than to a tender
muscle. Palpation of the posterior mandibular region and the
submandibular region (some extraoral sites for the RDC) was
also not included in the present study for excluding the risk on
a false positive outcome of muscle pain or tenderness.

Apart from TMJ pathology, other exclusion criteria
(Table 1; which go beyond those of the Research Diagnostic
Criteria) have been applied to limit the risk of including greatly
confounding factors in a randomized clinical trial on the effi-
cacy of different types of treatment. The selected group was
representative for myogenous TMD patients (in particular fe-
males) without any or a recent previous treatment of pain (see
Discussion).

All included patients have been examined for the pres-
ence of pronounced occlusal interferences in the dentition. Cri-
teria for such interferences were: 1) a forward sliding of at least
2 mm and/or lateral sliding of at least 1 mm with respect to
centric occlusion; and 2) an interference on the nonactive side
that is not accompanied with contact on the active side.

Questionnaires and Procedure
Before the intake visit, all patients had completed an an-

amnestic intake questionnaire, a shortened version of
“Screen.”14 Apart from questions on demographic data and
TMD symptoms, this questionnaire included items on interfer-
ence of pain with sleep. These items included the questions:
1) “Do you have problems with falling asleep due to pain of
the masticatory system”; 2) “Do you wake up at night
due to pain of the masticatory system”; and 3) “What is the
quality of your sleep in general?” The scale of scoring was
“never/sometimes/regularly/often/very often” for question 1
and 2, and “bad/reasonable/good/excellent” for question 3.

Furthermore, some items were rating psychologic dis-
tress and life events (mostly related to daily hassles in the se-
lected patient sample) for which the following questions were
included: 1) “Are you afraid that a serious health problem is
underlying your complaints” (possible scores: not/a
little/much); 2) “How often have you been troubled by:
nervousness; worrying; annoyance; listlessness; anxiety;
dejection” (possible scores on each of these items:
never/sometimes/regularly/ often/very often); 3) “Have drastic
changes occurred in your working situation in the last 2 years”
(yes/no; also possible open answer for clinical use); 4) Have
regularly events/situations occurred lately by which you feel
annoyed, uncomfortable or disappointed” (yes/no; also pos-
sible open answer); and 5) Do problems occur in your direct
environment which worry you much” (yes/no; also possible
open answer).

At the intake visit, the patients were informed in a stan-
dardized way about the lack of an unambiguous cause of the
TMD pain and about possible contributing factors. The pa-
tients were further told that dependent on the outcome of the

definite diagnosis a couple of weeks later, treatment would be
based on 1 of 2 possibilities that were outlined.

Those patients who met the selection criteria and partici-
pated with informed consent were handed a questionnaire on
psychologic variables, which was completed before the first
treatment visit. This questionnaire rated anxiety, depression,
health locus of control, and ways of coping (Table 2). The
questionnaire was a shortened version used in a study on psy-
chosocial aspects of TMD patients and controls.15 Shortening
of some questionnaire scales (Table 2) was attained by per-
forming a factor analysis (principal components, with one
forced factor) on the data from this previous study to examine
which items were most representative for a particular scale.
Four items with subsequently the largest factor loading were
selected for each of the shortened scales. The reliability of
abridged scales was similar to that of unabridged ones; the
value of Cronbach alpha (internal consistency) was satisfac-
tory to good for both scales (range 0.65–0.84).

Furthermore, each of the participating patients was
handed a paper-and-pencil diary to score pain variables for a
period of 14 consecutive days just prior to the start of treat-
ment. Patients were reminded by phone about their starting day
when they did not start scoring the day after their intake be-
cause of a waiting time that exceeded 2 weeks. The patients
were randomly allocated to one of the types of treatment,
which was started, on average, 4.6 weeks (SD 2.5, minimum 2
weeks) after intake.

To facilitate a reliable scoring of the diary, each scoring
page (labeled by the name of the day and its date) was opposed
by a page with printed instructions including examples of scor-
ing. For each day, 4 different intervals were considered: 1) be-
tween waking up and breakfast; 2) between breakfast and
lunch; 3) between lunch and dinner; and 4) between dinner and
bedtime.

The patient was instructed to score 4 items at the end of
each interval. When a meal was involved, scoring was carried
out before taking it. First, the intensity of the pain of the mas-
ticatory system was scored for each interval on a separate Vi-
sual Analog Scale (VAS) of 100 mm with “no pain” and “the
most intense pain one can imagine” as anchor points. To fa-
cilitate an unambiguous detection of any missing values after-
ward and an unambiguous interpretation of extreme levels of
pain intensity, the patients were instructed to encircle the re-
lated anchor point when an extreme level was involved. Sec-
ond, the duration that pain occurred was noted for each inter-
val, with an accuracy of a quarter of an hour. Third, pain be-
havior was rated on a 0- to 5-point verbal scale with extreme
ratings of (0) no pain, and (5) pain present “such that I can’t do
anything.”23 Fourth, any use of medication was described.
When there was no pain duration, no pain to interfere with
daily activities or no medication used, the patients were in-
structed to indicate such cases explicitly with a ‘zero’ marking.

van Grootel et al Clin J Pain • Volume 21, Number 2, March/April 2005
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At the beginning of the first treatment visit (thus after the
diary period), the patients scored a questionnaire, further de-
noted as the Pain Location Questionnaire, to examine the
spread of pain. The left page of this questionnaire included
illustrations of head, shoulders, and upper back in which 24
areas were depicted from both sides of the body (13 facial areas
and 11 nonfacial ones), each provided with a code. In contrast
to the nonfacial areas, the facial ones were part of dermatomes
innervated by the trigeminal nerves. The opposing page of the

questionnaire included 24 VASs of 100 mm below each other,
each provided with key words describing the area of scoring
and the corresponding code from the left page. The patients
were instructed to score pain intensity on these VASs for the
various areas. When pain occurred exclusively for facial areas
(one or more VAS scores >0, exclusively for facial areas), the
patient’s spread of pain was classified as being restricted.
When pain also occurred in non-facial areas, this pain was
classified as being widespread.

TABLE 2. Scales of a Psychological Questionnaire

Item/Question Scale of Scoring

1. State anxiety (4 items out of 40 ones of the STAI):
1.1 Please, indicate how you feel now: Not/slightly/moderately/extremely

1.1.1. I feel calm
1.1.2. I feel pleasant
1.1.3. I feel relaxed
1.1.4. I feel nice

2. Momentary depression symptoms (4 items,
related to mood, out of 29 ones of the DSI):
2.1 Please, indicate for each of the following

complaints the extent you have suffered from
these last week, today included:

Not/slightly/fairly/moderately/extremely

2.1.1. Feeling of being down
2.1.2. Worrying too much
2.1.3. Blaming yourself
2.1.4. Feeling listlessness

3. Health locus of control (all 18 items of the
MHLC):
3.1 6 items related to the extent a subject believes

his health is controlled or determined by his
own behavior (internal locus of control)

3.2 6 items related to belief or health controlled
or determined by powerful other people (a
physician in particular, 1st dimension of
external locus of control)

3.3 6 items related to belief of health controlled
or determined by chance (2nd dimension of
external control)

1–6 = point scale:
1 = definitely disagree
2 = disagree
3 = disagree somewhat
4 = agree somewhat
5 = agree
6 = definitely agree

4. Ways of coping, (4 items for each of 7
dimensions of coping; in total 28 items out of 76
ones of the WCC):
4.1. Planned and rational actions 1–5 = point scale:
4.2 Self-blaming 1 = not characteristic for me
4.3 Distancing 2 = hardly characteristic for me
4.4 Daydreaming 3 = somewhat characteristic for me
4.5. Expressing emotions/seeking social support 4 = moderately characteristic for me
4.6. Positive thinking, personal growth and humor 5 = characteristic for me
4.7. Wishful thinking/emotionally

STAI, State-Trait Anxiety Inventory16 (Dutch version17); DSI, Depression Symptom Inventory18; MHLC,
Multidimensional Health Locus of Control19 (Dutch version20); WCC, Ways of Coping Checklist21 (Dutch ver-
sion22; compared with the original WCC, the modified Dutch version measures coping style rather than coping
strategies). For explanation of a shortening of questionnaire scales, see text.
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Also after the diary period, the patient scored current pain in-
tensity of the masticatory system on a 100 mm VAS, just be-
fore treatment was started.

Data Arrangement and Statistical Analysis
To characterize the diary data regarding general pain

level and fluctuations, the mean VAS score and the SD were
calculated for each patient, for all times of scoring as well as
solely for those times at which the VAS score was greater than
zero. To examine intraday pain patterns for each patient, the
VAS scores were averaged across diary days for each of the
4 times of the day. Furthermore, the time of the day was deter-
mined at which the maximum of this mean VAS score oc-
curred. The distribution of the time of the maximal score for
the entire patient group revealed when pain intensity was most
likely to be maximal during the day. The nonuniformity of this
distribution was examined using a �2 test. Because a bimodal
distribution occurred (see Results), two groups of patients
were distinguished, that is, Ante Meridian (AM) patients
whose maximal mean VAS score occurred before or at lunch
time and Post Meridian (PM) patients whose maximal score
occurred after lunch time (dinner or bed time). For each patient
group, differences in mean VAS score between the various
times of the day were examined using an analysis of variance
(ANOVA) for repeated measures.

Possible differences between AM and PM patients in
mean value of age, duration of previous TMD pain, percentage
of possible moments of medication use and, after coding into
numerical values, sleep and psychologic variables were exam-
ined using a Student t test for unpaired observations. Differ-
ences in frequency of marital status, outdoors activity, house-
keeping, percentage of patients using medication, daily
hassles, the incidence of pronounced occlusal interferences,
bruxism, and widespread pain were examined using a �2 test.

To examine whether a trend occurred in the pain inten-
sity across diary days, the VAS scores for each patient were
averaged over the 4 times of each day for obtaining daily mean
VAS values. In a first way of processing, the daily mean VAS
values were averaged across patients for each diary day. Be-
cause the data were asynchronous regarding the phase of a
menstrual cycle or the day of the week (diary scoring was
started at various days of the week), influences were averaged
out that might have been due to this cycle or to a cyclic behav-
ioral pattern during the week. For both the AM and PM pa-
tients, a linear regression analysis was applied to the averaged
daily VAS values as a function of day number in the diary. This
analysis served to reveal any sustained change in pain intensity
that is not related to a particular day of the week. A report of
daily pain intensity might increase if pain sensitivity increased
during the diary period, and this report might decrease due to
response fatigue or to a sustained counseling effect starting at
the intake. Counseling that included diagnosing TMD (a dis-
order that is not life-threatening) and giving information on

possible factors contributing to TMD pain, that is, stress, and
some types of behavior (eg, nail biting or clenching), might
cause a decrease of pain intensity after the intake by reassur-
ing.

In a second way of processing, averaging of the daily
mean VAS scores across patients was carried out in a synchro-
nized manner with respect to the days of the week. In this way,
it was examined whether the patient’s pain sensation might be
related to a common behavioral pattern with a cycle duration of
a week. Each day of the week occurred twice in the diary. Pairs
of daily mean VAS scores from the same day of the week were
first averaged within a patient’s diary, and these daily VAS
scores were then averaged across patients for each day of the
week. For both the AM and PM patients, differences in the
mean daily VAS score between the various days of the week
were examined using an ANOVA for repeated measures. Fur-
thermore, for each patient, the day of the week was determined
on which the maximal VAS value occurred in the entire diary.
A �2 test was used to examine whether the distribution of this
day of the week for the various patients was nonuniform. As-
pects of pain behavior were analyzed in a similar way as the
VAS scores of pain intensity.

RESULTS

General Characterization of Pain
The diaries included on average a VAS score on 54.8

times out of 56 (97.8%; SD 2.6, n = 133). The number of times
that scores of pain intensity were larger than zero was 37.7 out
of 54.8 (68.8%, SD 15.1). The incidence of pain-free days was
209 out of 1779 (11.7%) completely scored diary days from
133 patients. The duration of TMD pain was on average 5.5
hours per diary day (SD 4.2).

The overall mean VAS score of the diary was 21.4 mm
(SD 17.3). The large value of the ratio (0.8) between SD and
mean VAS score shows that there was a considerable variation
of mean pain sensation between patients. The difference in
mean VAS score of patients with and without pronounced oc-
clusal interferences in the dentition, respectively, was small
and nonsignificant.

When the VAS score of pain, averaged across all times
of the diary, was determined for each patient, an SD value was
in addition obtained that is related to the intrapatient variation
of pain sensation. When these SD values were subsequently
averaged across all subjects, an overall mean SD value of 14.6
mm was obtained and an SD value around this mean of 8.5
mm. This SD value around the mean SD value reflects the ex-
tent to which the intrapatient variation of pain sensation varies
between patients. The large value of the ratio (0.6) between the
SD and the mean SD value shows that the intrapatient varia-
tions of pain sensation varied greatly between different pa-
tients.

van Grootel et al Clin J Pain • Volume 21, Number 2, March/April 2005
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When the analysis was confined to episodes with pain
(VAS score larger than zero) for obtaining a measure of pain
intensity that is independent from frequency, the mean VAS
score averaged across all patients was 29.1 mm (SD 18.8). The
mean of the corresponding SD values, also averaged across the
patients, was 12.3 mm (SD 6.9). The VAS score of current pain
intensity just before treatment was started was on average 27.4
mm (SD 22.9).

Intraday Pain Patterns
The various patients were unequally distributed regard-

ing the time of the day that, on average, their maximal VAS
score occurred in the diary (P < 0.001; �2 test). Figure 1 shows
that a bimodal distribution occurred, which supports a differ-
entiation between two patient groups for analyzing the level of
pain sensation and its daily variations. A minority (28 out of
133 patients; 21%) had its maximal score before or at lunch-
time (AM group). The great majority (105 out of 133 patients)
had its maximal score after lunchtime (PM group). Patients
with pronounced occlusal interferences were similarly distrib-
uted (no significance in a �2 test) over both groups: 9 out of 28
(32%) were included in the AM group and 43 out of 105 (41%)
in the PM group.

For both the AM and the PM group, Figure 2 shows the
diary VAS scores averaged across patients for the 4 times of
the day. An ANOVA on combined data from both patient
groups revealed that, averaged across all times, the VAS score
was larger (+67.0%) for the PM group (23.1 mm) than for the
AM one (15.5 mm; group effect, P < 0.01). The continuous
decrease in mean VAS score during the day for the AM group
and the continuous increase for the PM group (Fig. 2) yielded
a significant effect of time of the day for both groups (ANOVA
on data from the AM group: time effect; P < 0.05; PM group:
P < 0.001). The increase of the PM group started at a similar
level as the morning pain of the AM patients.

To enable a comparison with frequencies of intraday
trends observed in other studies on chronic pain patients (see

Discussion), these trends were also examined within indi-
vidual patients. The mean VAS score of pain intensity continu-
ously increased over the day for 30.9% of the individual pa-
tients (all PM patients; significant Spearman correlation be-
tween VAS score and numerically coded time of the day). This
mean VAS score increased with limited fluctuations (that re-
mained between the values at breakfast time or bedtime) for
9.0% of the patients, also PM ones. A continuous decrease oc-
curred for 4.5%, and a decrease with limited fluctuations for
1.5% of the patients, all belonging to the AM group. A time
pattern without a simple trend occurred in 54.1% of the pa-
tients (15.0% belonging to the AM group and 39.1% to the PM
group).

The 7 male patients who participated in the present study
all belonged to the PM group of 105 patients. An analysis, in
which their data were omitted, showed that their presence did
not alter the conclusions on differences between AM and PM
patients. The AM and PM patient groups were similar regard-
ing demographic and clinical variables, that is, age, marital
status, outdoors activity (work or study), housekeeping, dura-
tion of TMD pain before seeking treatment, clinical symptoms
and signs of bruxism, and use of medication (Table 3). Pre-
scription medication was not taken. The frequency of use of
over-the-counter (OTC) medication (for 90% nonsteroidal
anti-inflammatory drugs [NSAIDs]) was very limited: aver-
aged across all patients, 7.8% (median 2.1%) of the possible
times of scoring. No medication was used at all by 59 out of
133 patients (44.4%). Only 8.3% of the patients used medica-
tion during more than 25% of the time; the most extreme use
was 71%.

Although both patient groups scored a similarly low fre-
quency of waking up at night and a similar moderate degree of
quality of sleep, the PM patients had more frequently problems
with falling asleep than the AM patients (P < 0.05; Table 3).
Furthermore, the PM patients had more frequently (P < 0.05) a

FIGURE 1. Distribution of the time of the day with on average
a maximal VAS score of pain intensity for the various patients
with a sufficiently completed diary (n = 133).

FIGURE 2. Mean and SEM of VAS scores of pain intensity at
various times of the day. AM patients and PM patients, pa-
tients who had on average their maximal VAS-score at/before
and after lunch time, respectively.
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widespread pain, that is, pain that did not only include facial
areas but also nonfacial ones.

Both patient groups were similar regarding many of the
psychosocial variables studied (Table 4). Most notably, similar
intergroup levels of anxiety and depression occurred. How-
ever, the AM patients agreed less (P < 0.05) than the PM pa-
tients about the influence of a physician as an external health
locus of control. Furthermore, the AM patients reported a dis-
tancing coping style to a lesser extent (P < 0.05; Table 4).

Interday Pain Patterns
Figure 3 shows the daily mean VAS score of pain inten-

sity, averaged across patient groups as a function of diary day.
This mean score was on average constant in time for the PM
group. A weak U-shaped function occurred for the AM pa-
tients; the mean score decreased during the first diary week and
increased again during the second week. The linear regression
analysis therefore did not reveal any significant change over
the entire diary interval.

When the daily mean VAS scores were averaged across
patient groups in a synchronized manner with respect to the

day of the week, these averaged scores were similar (no sig-
nificance in ANOVA) for the various days of the week (Fig. 4).
The distribution of the day of the week that the maximal VAS
score of pain intensity occurred in the diary for the various
patients was approximately uniform (no significance in a �2

test), that is, maximal pain did not predominantly occur on one
or more specific days of the week.

Pain Behavior
Regarding the discrete scores of pain behavior, the mean

score per patient in the diary was on average 1.8 (excluding
zero scores for the mean, SD 0.8, n = 133). This mean value
approaches the score value 2 corresponding with “pain present
but I can ignore it at times.” The intrapatient variation of
scores, reflected in the SD values per patient, was on average
0.8 (SD 0.4). Hence, as for the VAS score of pain intensity,
there was a considerable variation in pain behavior between
and within patients. Similar findings also occurred for the dis-
tribution of the timing of the maximal score (maximal fre-
quency on average at the end of the day), larger score levels for

TABLE 3. Comparison of AM and PM Patients: Variables Related to Demography, TMD Duration, Bruxism, Use of Medication,
Sleep, and Spread of Pain

AM
(n = 28)

PM
(n = 105)

Significance
Difference

Demographic and clinical variables
Age [yrs (SD)] 34.5 (11.0) 30.6 (9.5)
Sex (female %) 100 93
With partner (patient %) 56 57
Outdoors activity (work/study; patient %) 79 82
Only housekeeping (patient %) 21 12
Both outdoors activity and housekeeping (patient %) 61 49
Duration of TMD pain (mos, SD) 22.7 (26.4) 23.0 (31.7)
Symptoms of bruxism (being reported as occurring regularly to very often)

Grinding (% patients) 36 29
Clenching (% patients) 53 46

Signs of bruxism (clinically pronouncedly present)
Grinding (% patients) 71 64
Clenching (% patients) 89 74

Use of over-the-counter medication
Percentage of possible times of scoring [mean (SD)] 8.5 (10.3) 7.6 (13.0)
Percentage of patients 64 53

Sleep variables
Frequency of problems with falling asleep [coded 0–4; mean (SD)] 0.64 (0.83) 1.05 (0.96) P < 0.05*
Frequency of waking-up at night due to pain [coded 0–4; mean (SD)] 0.61 (0.83) 0.74 (0.89)
Sleep quality [coded 0–3; mean (SD)] 1.68 (0.67) 1.74 (0.86)

Spread of pain
Widespread pain (facial as well as nonfacial areas; patient %) 68 86 P < 0.05†

SD = Standard deviating.
*Student t test.
†�2 test.
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caused by somatic disease (mainly limb pain, headache, ab-
dominal, and back pain). The mean intensity of TMD pain (29
mm, excluding zero scores) is similar to that of pain of the head
(28 mm) in the group of adolescents with generalized pain.11 In
this respect, it is notable that apart from predominant pain in
the masticatory system, 82% of the patients from the present
study also suffered from pain in neck and/or shoulder regions.

Pain that is extended to the neck, shoulders, or even the back or
the limbs is common in myogenous TMD patients.26 Albeit the
mean values of daily TMD pain intensity were on average
similar over a series of 14 days, a large variation occurred for
each day value that is related to both a large intra- and interpa-
tient variability. Concomitant with this variability in pain in-
tensity is the finding that whereas daily activities are, on aver-
age, only a little hampered by myogenous TMD pain, intermit-
tently it becomes so difficult for a patient to concentrate that
only easy activities are possible. Despite large intrapatient
fluctuations, TMD pain occurs often with on average only 12%
pain-free days. In contrast, pain-free days are less rare for
headache patients; frequency values of 54% (migraine head-
ache [MH])8,9 and 36% (tension-type-headache [TTH])27

could be derived in a conservative manner from values of at-
tack frequency using the assumption of 1 headache episode per
day. The more sustained TMD pain is also reflected in a longer
mean daily duration of 5.5 hours with respect to 3.1 hours for
TTH.28 On the other hand, the daily pain intensity is on average
20% lower for the myogenous TMD patients from the pres-
ent study than for MH or TTH.27,28 Lower pain intensity and
the fact that a complete hampering of daily activities by pain
was never reported might be reasons for the strikingly sparse
use of even OTC medication by myogenous TMD patients.
Whereas 56% of the myogenous TMD patients used some
OTC medication, 60% to 96% of MH or TTH patients used
OTC and/or prescribed medication extensively.29–31

Intraday Pain Patterns
According to the diary, most (79%) of myogenous TMD

patients have on average their greatest pain intensity in the eve-
ning (PM patients; Fig. 1). On the other hand, the greatest pain
intensity occurs usually before or at lunchtime for the other
(21%) patients (AM ones). The present finding of only 21% of
the patients having maximal pain in the morning corresponds
well with a proportion of 20% observed in a study of Dao et
al,32 in which myogenous TMD patients scored in retrospect
when pain was usually worst (morning, afternoon, or evening).
The present study extent this study of Dao et al by the use of
actual scoring of pain, thus avoiding any bias by an involve-
ment of memory for pain. Furthermore, a scoring which is re-
lated to four rather than three times of the day, shows unam-
biguously that a bimodal distribution occurs regarding the time
of the day on which pain is usually worst in a group of patients.

Because of the differentiation between an AM group and
a PM one, it is of course not surprising to find that the maxi-
mum of the average VAS scores for various times of the day
occurred on average at breakfast for the AM group, whereas
the maximum occurred at bedtime for the PM group (Fig. 2).
However, less self-evident is the finding that a gradual de-
crease in mean VAS score occurred for the AM group and
(starting at a similar level as the morning pain of AM patients)
a gradual increase for the PM group instead of some U-shaped

FIGURE 4. Mean and SEM of VAS scores of pain intensity on
various days of the week in the diary, starting on Wednesday,
having Saturday (weekend day) in the middle of the range. As
group averaging was synchronized with respect to the day of
the week, any influence on pain intensity would have been
revealed that might be due to a cyclic behavioral pattern of
most patients during the week.

FIGURE 3. Mean and SEM of VAS scores of pain intensity as a
function of day number in the diary series. Because the various
patients started diary scoring at different days of the week,
influences were averaged out at a group level that might have
been due to a menstrual cycle or to a cyclic behavioral pattern
during the week. Continuous lines, regression lines for the data
points of the AM and PM patients.
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function. Because PM patients form the great majority, their
daily pain pattern will predominate that of AM patients when
the data from both groups are pooled. A mean daily pain pat-
tern with a minimum intensity in the morning and a maximum
in the evening has been reported for a heterogeneous group of
adolescents11 and adults with chronic pain of various body
parts.10,33,34 On the other hand, Vendrig and Lousberg35 have
reported a U-shaped trend for adults, with pain being worst in
the morning and the evening. Our finding that 30.8% of the
individual patients have a significant continuous increase in
pain intensity over the day, 4.5% a continuous decrease, and
64.7% show a less simple pattern, is similar to findings of
Jamison and Brown34 (significant linear increase 32.7%, linear
decrease 6.9%, otherwise 60.4%) and Peters et al10 (linear in-
crease 47.5%, linear decrease 2.5%, otherwise 50.0%). The
incidence of less simple patterns does not contradict a dichoto-
mous AM/PM classification based on the bimodal distribution
of the average timing of maximal pain. Cases with less simple
patterns included, for example, patients whose pain level
reached, on average, its maximum at dinnertime, whereas it
was somewhat lower at bedtime. Because of mean maximal
pain at dinnertime, these patients were classified as being PM
patients with the largest chance of maximal pain still late in the
day. The findings of different trends in daily pain intensity and
the similarity in proportions suggest that an AM/PM classifi-
cation might be applicable to all types of chronic pain patients.

The present study does not show any significant rela-
tionship between patient type and age, marital status, outdoors
activity, housekeeping, duration of preceding TMD pain, pro-
nounced occlusal interferences in the dentition, clinical signs
and symptoms of bruxism, and use of medication. Apart from
a distancing coping style that was less characteristic for AM
patients (possibly influencing motor behavior during sleep)
and a smaller influence of a physician as an external health
locus of control for AM patients, the other psychosocial vari-
ables studied did not differ significantly between the two pa-
tient groups. Most notable is the finding of a similar degree of
anxiety and depressive mood. Hence, these factors hardly, if at
all, contribute to the differences in level and spread of pain, and
in problems with falling asleep between AM and PM patients
from the present study. It is unlikely that the use of abridged
scales has biased an intrastudy comparison between sub-
groups. Although the level of state anxiety is higher in the pres-
ent study, the level of depression is similar to that of myog-
enous TMD patients in a previous study of de Leeuw et al15 in
which the unabridged scales were used. The levels of anxiety
and depression of myogenous TMD patients were higher than
that of controls in this previous study.

The increase of pain sensation during the day for the ma-
jority of the TMD patients suggests that jaw muscle activation
by day rather than by night is involved in evoking pain. A cau-
sal relationship between nocturnal bruxism and myogenous
TMD is therefore unlikely, at least for the PM patients. Our

findings of a similar incidence of pronounced occlusal inter-
ferences (sometimes seen as an etiological factor for bruxism
and/or TMD36), and of similar symptoms and clinical signs of
bruxism between AM and PM patients also suggest that an
association between nocturnal bruxism and myogenous TMD
is weak at most. Apart from the timing of muscle activation,
diurnal variations of �-endorphin plasma levels37 and an end-
of-day fatigue might be involved in an increased pain sensation
at the end of the day.11

The decrease in pain level during the night for the PM
patients might be related to a protective nociceptive mecha-
nism38 that might inhibit unconscious muscle activation dur-
ing sleep. In contrast, this protective mechanism might be less
activated in AM patients because their pain intensity and
spread of pain are smaller than those of PM patients. The find-
ing that AM patients have less frequently problems with falling
asleep at bedtime than PM patients is likely related to a much
lower pain level of AM patients in the evening.

Interday Pain Patterns
The intensity of daily TMD pain, averaged across patient

groups, is similar within the 2 diary weeks. This finding sug-
gests that a common change in pain sensitivity or response fa-
tigue, or a common sustained influence of counseling (see Ma-
terials and Methods) possibly starting after the intake, is
largely absent during the diary period. The present study does
not exclude a possible influence of counseling during the days
(on average 18 days) between the intake and the start of diary
recording.

Furthermore, neither the daily mean nor the incidence of
maximal pain intensity is related to a specific day of the week
for both patient groups. An influence of a cyclic weekly be-
havioral pattern, which might be synchronous for many pa-
tients, is therefore likely not involved.

Limitations to the Study
This study includes some limitations. First, some, albeit

controversial, aspects of the Research Diagnostic Criteria for
TMD2 have not been applied (for example palpation of intra-
oral sites). Furthermore, our exclusion criteria were more ex-
tended to select myogenous TMD patient who did not have any
or a recent previous treatment of pain. Regarding comparisons
of pain features with those from other studies, the current pain
intensity at rest (mean 27 mm), just before treatment was
started, was moderately smaller (23%) than the one (35 mm) in
a study of Dao et al39 in which the RDC have been applied less
amended. Furthermore, the duration of preceding TMD pain
was shorter (mean 23 months) in the present study than in the
study of Dao et al (mean 44 months), whereas the criterion of
minimal duration (3 months) was similar in both studies. Re-
garding the larger pain intensity and the longer duration of pre-
ceding TMD pain in the study of Dao et al, it is notable that
51% of the patients received between 1 and 4 treatments of
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various types before entering this study. It is also notable that,
according to retrospective scoring,32 maximal pain usually oc-
curred in the morning for only 20% of these patients. The great
similarity between this percentage and the one (21%) from the
present study suggests that the observed distribution between
AM and PM patients might also be valid for patients with more
severe myogenous TMD signs and symptoms.

In contrast to mean pain level, the patient group from our
study and the ones from other studies are similar regarding the
spread of pain. Thus, like in the study of Svensson et al,40 our
patients frequently reported pain in other parts of the body,
most notably in the neck/shoulder region. The frequency of
patients who reported exclusively pain for facial areas inner-
vated by the trigeminal nerves in the present study (18%) cor-
responds with that (18%) in the study of Türp et al26 on patients
suffering from persistent musculoskeletal pain. These inter-
study similarities are likely due to a concurrent incidence of
pain or tenderness for various muscles. A concurrent incidence
makes the choice of the number of palpation sites, which (in
addition to criteria based on functioning) is sufficient for de-
tecting myogenous TMD patients, less critical.

The exclusion of patients with a recent dramatic life
event or psychotherapy will not greatly influence the results on
mean pain patterns of a medical primary care clinic population,
as the incidence of such patients is low (<10%). The incidence
of such patients was also low in previous studies; for example,
only 6% of myogenous TMD patients were taking antidepres-
sants.12

The great majority of the patients who participated were
females (89%). Future studies with more male patients would
help to reveal possible gender differences in level or temporal
pattern of myogenous TMD pain. However, this study is clini-
cally relevant as female patients with myogenous TMD out-
number male patients by at least 4 to 1.1

To facilitate a comparison of different types of treatment
in a randomized clinical trial, denture wearers and patients
with extensive occlusal anomalies were excluded. This limita-
tion will probably not greatly influence the clinical relevance
of the study for 2 reasons. First, the prevalence of myogenous
TMD is the largest from the second to the fourth decade of
life,1 when most people have a natural dentition. Second, the
present study failed to show any difference in pain level or
pattern between patients with and without pronounced occlu-
sal interferences.

Implications
Our findings of two main daily pain patterns and a sparse

use of even OTC medication might offer possibilities for an
improved management of myogenous TMD pain by an appli-
cation of analgesic medication for reinforcing TMD treatment.
For PM patients, this medication might be most optimally ap-
plied just after lunch before maximal pain will have developed.
For AM patients, the optimal timing for the use of medication

might be directly after waking up or even at bedtime of the
prior evening. Because of a possible direct availability of the
outcome, the use of an electronic diary10,25 rather than a paper-
and-pencil diary might be preferred for characterizing patients
as AM or PM ones for such a clinical purpose.

On the one hand, the failure of the present study to re-
veal, in general, differences between AM and PM patients in
demographic and psychosocial factors suggests that physi-
ological factors rather than psychologic ones might be in-
volved. However, investigating general factors might have
been a too insensitive method. Further studies on the extent to
which, during daily behavior, distraction from pain, changes in
mood, or stress occur might be helpful. Furthermore, collect-
ing data on sleep/wake cycle and (in sight of a preponderance
of female patients) factors related to care for children might be
of interest.

To reveal possible physiological mechanisms that might
be contributing factors to the pain patterns in AM and PM pa-
tients, it is of interest to examine whether group differences
occur in jaw muscle activity by night during sleep. To that end,
sleep studies are needed, the more as a patient’s actual state of
bruxism can not be reliably inferred from a patient’s report and
clinical signs of bruxism.41 Furthermore, group differences
might occur in the dysregulation of the main stress hormone
axis (the hypothalamic-pituitary-adrenal axis42), and in a hy-
persensitivity to experimental test stimuli,40 that have both
been observed in myogenous TMD patients.
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4. Discussion

4.1. SDD of VAS-scores of pain intensity
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4.2. Invariance of SDD to the baseline level of VAS-
scores of pain intensity

������� ��������� �������� 
���� ���� ������ ���
������ ��� ��� ���� ����� �� ��� ���� ��� ��� ��������
���� ������ ������ �� �� ��� ������  ��� ���������� ��
��������� �� ��� �� ��� ����� ���� �� ���������� ��
��� ������ ���� �� ��� ������������ ���
��� �����������
�������� ��� ��������� ���������� ��� �������� �����
������� ������ �������� ������ ��� ���� ���� 
����� �
���� �� �������� 
���� ����  ��  ›��� ��� ���������
����� ����� �� ��� ��������� �������� ������
�� ��� ����� ������ ��� ����� �� ��� ������� ���������
������ �� ��� � ������ ����� ���� ����� �� �������
���������  ���� ��������� �� ��� �� � ���� �	��� ��
���������� �� 
���� ��� ���������� �� � ��  �� ���
������ �� ����������� ���
��� ��� ����������� ���������
��� ��� ��������� ���������� �� ������ ����� ����
������� ���� ���� ��� ������� ��� ������ ������ �� ����
��� ���������� 

4.3. Relationship between SDD and CID, and SDD being
a threshold for detecting RC

�� ����� �� 
������������� �������� ������ ���� �� ����
���������� �������� ����� ���������� ��� ���������� � � 
��� � ������ �� ���� ������ ������ ��� �����������
����� �� ��� ���������� ���� ������� �� ���������� �������
�� ��� ��������� ���� � ��������� ������ ������ ����� ����
������� ����������� �� ���������� ������ 
����� ��� ������
�� �� �������� �������� ������������� ��� ����� ���
������ ������ ������ ��� ���� � ������� 
���� ��������
�� ��������� 

�� ��� ������������ ����� �� 
��� �� ��� ���������� ����
������ 
��� ������ ��� ��������� �� �� ����� ������
���� �� ����� 
��� � ���������� ������� ������  ��������
����� ���� �� ���� �� � ������� ������ ������ ����
��� ���� �� ������ ����� �� ����������� ��������  ��
����
��� ��������� ��� �� �� �� �� �� ����� ���� � ������
���� ������� ���� ��� 
��� ������ ���� �� �������  �
��������� �� ��� �� � ����� �� ���� ��������� ����������
� ���������� ��������� ��	������ ������ ���������� �� ���
�������� �� ������ ����� �� ������� ���� �������� �����

��� �� �� � �����  ���������� � �������� �� �� �� ��
��������� ��� � ������� 
��� � �������� �� �� � ��
���� ������� �������� ���� �������� ��� �������� �������
��� � �������� ������ �� �� ��� 
��� ������ ��� ��� ��
�� �� ��������� �� ���� �������� ���� �� �� ���  ���
�� ��� �������� 
��� ��������� ����� ���� ���� � ������
�� �� ����� �� �� 
���� �� ������ ���� ��� ��� ����
�������� ��� ���  ��� ��� �� �� �� �� ���� ����� 
���
������� �� ��� ��	������ �� ���� ���� ��� ��������������
���������� ��� ��� �� �� ������� �������� �� ���
��������� �� ��������������� ���� ���� ��� �������
�����  ����� ���� ����� �� ��������� �� ��� ������� ����
���������� �� ���� ��������� ��� ��� ���������� ��������
��� ��������� ������� ������������� 
��� ���� ��������
��� � ��
 ������������� �� ��� ���������� �������
�� �� � �����  ›� ��� ����� ����� �� �������� ������ ��
���������� �� ������� �� ���������� � ��� ��������� ����
������� �����
 �� ����� �� � ������ ��������� ��� �����
�� ��������� ���� ��� ���������� �� ����� ����������
��������� �� ������ ���������� ��� �������� �������� 
��
���� �� �� ��� ��������������� ������ ��� ����
�������� �� ���� ��� �� ��� ��������� ��� �������� 
����� ���� ��� ����� �������� �������� ��� ���������
��� ���� ��������� ���� �� ��
 ������� ��� ���������
�	��� 
�� ���������� �� ������ �� ����� �������� �����

���� �������� ����� ��� ��� ������ ��� 

��� ������� �� ��������� �� 
��� �� ��������� ��
���������� ��� ���������� �� � ����� �� �������� ������
�������� ������������ ��������� �� �� � ������ �� ��
��������� �� �������� ������ ������ ���� � ������
����������� ����� �������� ��� �
������ ����¡ �����
���� �� �� � ������  ��
���� ��� ����� ����� � �������
������ ��������� ��� ��������� �� 
��� ��� ����������
�������� ������ ������ ����� �� ������� �� ������ ��������
�¢�������� �� �� � �����  ����� ���� �� ���������� ����
��� �� ��� �������� ��� �������������� �� ����������� ��
�������� ��������� ��� ���� �� �������� �������� ��������
����� �� �������  ��� �������� ��� �� ��� ���������
��� 
��� ��������� �� ��� ����� �� �� �� ��� ��
��������� ������� ���� ����� ��������� �� �� � ������
����� �� ����� � ��������� ��������� �� �� �� ��� ��� ����
���� �����  ������������ ��� ��������� �� �� ������ ��
������� �� ����������� � ������� ������������ ������
������ ���� �� �������� ������ �� ��������� �������
��� �������� ���� ��� �������� �������������� 
��� ���
�������� 

��
���� ��� ��������� �� ��������� �� �� ������ ��
���� ��������� �� ���� ����� �� ������ �� �������� �
��������� �� �������� ����� ���� �� ����� ��������

���� �������� ����� ���� ��� ������ ���  ��� �����
���� ���� ��������� �������� ����� �� ������� �� � ����
��� ��
 ������  ��� ������ �� �������� ������ ��
���������� ����� �� ����� ��� ��������� ��������� ����
��� ��� ����� ��� ���� ���������� ����� �� ���� ����
����� ���� �� ������� ��������  £��� ��� �����������
�� �������� ������ ������� ����� ��� ���� ���������������

R.J. van Grootel et al. / European Journal of Pain 11 (2007) 635–643 ���



44

�������� ��� ���� ������ �� ����� ��� ������� �� �
	 ��
���������� � ��� �� �������� ����� ��� ��	 � ��������
� �
� � �������� �������� �� ����� �������� �����
�������� ����� ������� ���� ������������ ������� ���� �
��� ����� � �������� ���� ���� ������ ���� ��� �� ���
��������� �� ��������� ���� ���� ���� ���������� �
���� ���� �������� �������� �� ›�� ������ ����� �����
�� ����� ��� � ��� ��������� ���� ���������� � ���
�������� �� ���� �������� ������� ���� ��� ���������� ����
��� � ��������� ��������� �� ��� ���� ���� �����
����������� ������������	� �� ����������� � ������ 
��� ����� �� �� ›�� ������ � ���� ��������� �����
�������� �� � �������� �� ���������� ����� � ���������
���������� �� ���������� ���� ����� ����� �� � ����
��������� ������� ���� ������

Acknowledgements

���� ���� ��� ��������� �� ��� ����������� ����� 
���� �� ������ ��������� �� ��� ������� �� ��� ��
�������� ����������� � �������������� ���������� �
������� 	 �� ����������� ������ ��� �� ��� �� �������
�� �������� �� ��� �����������

Appendix.

������� ���� ��� ��������� ������ ���� ��������� ��
���� �� ���� ������� ��� ���������� ���������� ����
������ ������� ����� ������� ��� �������� ���������� �� 
������ ����	 �� ›�� ������ � ���� ��������� �����
���������������� �� ���������� ��������� ��
��� � 
��� � ���� �� ����� ��� �� ��� �������� ���� 
����� � ��������� ������ ������� ��������� ›�� �������
��� �� ������� �� ��� ������ � � ��� ��������� ��������
�� ��� ��������� ������ ������� ��������� ������� �� ���
���������� ��������� �� ���� 
���� �������� �� ����

����� �������� ��� ������� ����	� ������� ��������
��� ���� ���������� ���� �� �������� ����� �� ����������
�� ��� ��� � ��� ������� ���� ����� ��� � ������
����� ������ ��� �������� ����� � � ����������� ����� 
���� �����	 �� ���������� ��� ��� �������� ���������
���	 � ��� ›�� ������ ��� � ������� ������ ��� � ���� 
������� ��������� �������� ��� �������� ����� ��������
��� ������� ����	� ��������� ���� � �� �

�
�
 � r	�

�������� ���� ���� � ��� �������� ����� � ��� ����
��� ��� ������ ���� ��� ������ ��� � 
��� ��

� � �����
�� �� ���� �� ���� ���� ���� ���������� ��� �������� 

������ ���������� ���� ��������� ����������� ���������
������� ��������� ���� ��� ����� �� ����������� ���������
����� �� ��� ������� ����� ������� ��� ���� ��������� ��
����� �� ����� ���� �� ���������� ����������� ��� ��� ��� 
������ � ��� ������ ����� �� ��������� �� ��� ����� � ���
���� �����	� ��� ��� ���� ����������� �� �������� � ���
›�� ������ �����

r��›��� � ›��
� � r��›��
� � r��›���� � �

� c�›��
; ›����

��� ����� �r�� ������ �� ��������� �c� �� ���������� ���
›��
 ��� ›��� ��� ��� ›�� ������ �� ����� 
 ��� � �
������������ ������������� ���� ›��� � ›��
 ����� ��
��� ��������� ������� ��������� ������	

� r��›��
� � r��›���� � � � r �
��
�

�
r��›��
�

� r��›�����

��� ����� �r� �� ��������� ����������� ���������	 � ���
������� ���� ��� �������� ��� �������� ���������	 ��
��� ���� �� ���� 
 ��� ���� �

�r��›��
� � r��›���� � r��›����;

����

r��›��� � ›��
� � � � r��›��� � � � r � r��›���

� � � r��›��� � �
 � r�

������ ��� ������ ���� � ���� ���� ����� �� ���� ��� �
�������

��� �
�

�����›��� � ›��
�� � �� �
���
�

�
� �
 � r�

�
���
�

�
� ����:

¡����� ��� ��� ���������� �� ��� ��� ���������� ����
��� ��������� �� ���� 
 ��� ���� � ��� ������ �������
����� ��������� ��� ���� ������� ������ ��� �������
��
 ��� ��� �� ����� �	� ���� ����� ���������� �����
������� ��� ��� ������� ���� ��� ���� ��� ��� ���� 
��� ����� ��� ����� �� ���������� ����������� ���������
����� ��� ����� � ��� �������� ������� �������� ���
��� ����� ��������	 �� ��������� �������� �� ��� �������
���������� �� ��� �������� ������ � ���������� ���� 
������� ��������� ��� ������� ����	� ������� ����������
���������� ������� ��������� ������ ��� �������� ��� ��� 
��� � ��� ���� � ��� ��� ������ ��������� �� ���������
����������� ��������� �� ��� ���� ��� ��� �������
������ ������� ��� �� � ������� � ��� �������� �
�� ���������� ���� ������� �� ��������� �� ��� ������� 
���� ������ ������� ��������� ���� ��� ��� ��� �� 
����� �� ������ ������� ����������� � � ������������
���� ��� ��� �������� ������ ������� ��� �������
� ��� ��������������� � �� ���������� ����������
�� ���� ���
� ��� ���� �� ›�� �� ���� ���� �� ��� �������� 
���� ��� ��������� ������� ��� ��� ���� �� ������ 
���� � ����������� ��� ���������� ������������	� ���
��������� � ��� �� ���� ���������� ��� ��� � ���
�� � ����������� ���������	 �� ���� ������� ������� ��
��� �� ������� �� ���������� ��������� ���� ���� ��� �� 
������ ��������� ¢����������� �� ��� �� ���������� ��
�������� ����� �������� ���� �� ����� ��� �� ����� ���
��� ����� ������ ��� � ����������� ��������� ��� �� 
����� ������� �� ��� ���� ������� ����� ������������ �
��� ��� ����� �� � �������� ����� �������� � ������� 

��� R.J. van Grootel et al. / European Journal of Pain 11 (2007) 635–643



45

��������� ����� �� ����� �������� ������ ��� ����������
����� ������� ����������� �������� 
�	�	 ���������
����������� �������� �������� ������� �� ��	� �����
�������� ��� ������ �����	

References

��������� �� �������  ›� �������� ��� ������ ��� �������
��� ������� �� 	 �������� ���� ���������� � ���� �������
�������������� ��� �������������	 ���� ���� ��� �������������	

��������� ›�� �������� �� ��������� ��� ������� �	 ���� �� ��
�������� ������ � �������� �� �������� ��� �������� �������� ����
������ ��������� ������� ���������� �������������	

���� ���� ������ ��� ���� �� ������ �	 ����� ���� �����������
�� � ���� ���� ����� ����������� ������������	 ����
��������������	

����� ��	 ������������ ��������� �������	 ���  �� ��� ���� ���
������� �›� ���� ��� ������	 � ��¡��� � �������	 ����
���� ������������� ����	 �	 ������	

������� ��� ������ ��� ����� �� ��¢������� �	 ��� �������������
� ��������� ������������� ����� � ���������������� �� �����
��� ��£���	 ��� ⁄��� ������ ����	

�� ���� ������� ��� ���������� ��� ����� ��� ���� ��	 ���
�¥���� � ��� ������� �� ��� ��������� � �������� ���� � ��� ¢��
�������� � �������� �������� �����	 ���� �������������	

�� ��� ���� ������ ��� ��� ��� ����� � 	 ���� � ���
��������� ������ ����������� ��������	 � ���� ›�������
��������������	

������ ��� ���� ��� ������ ��� �������������� ��� ������  ��
���� ��� �� ��	 ��� ����� �������� �� ������ ���� ��������
������� �  ���� �������������	 ���� �������������	

›����� ›�� ����� �� ������  	 ƒ������ ��������� ������� �� ��������
���� ��������������� ��������� � ����������� ��������
����� �� � ��������� �����������	 ���� ƒ���� �����
�������������	

������ ��� ⁄��� �� ��� �� ����¡ �� ����� ��� ��� � 	 ��������
��������� � ������� �� ������ ���� ��������� �������� � � ���
���� ��������� ���� ������ �����	 ���� ��������������	

������� ��� ������ � 	 ��� ��������� ����������� ������ ��������
������������� ���������� � �������� ���� ����������	 ����
��������������	

������� ��	  ��������� ������ ��������	 ��� ���� ��� �������
�›� ������ ���  �� ��� ������	 ��������������� ¢��� ���
���������� ������ ��������	 ����������  ���������� ����	 �	
������	

������ �� ������ �� ����� �	  �������� ������ ��� �����
��������� ��� ���������� � ���������� �����������	 � ���� ���
�������������	

������ ��� ������� ��� ��������� �	 ������������ �����
��������� ������ �� �������� ����������� ��� ���������� ��������
�����£�����	 ����� ������� ��������������	

�������  	 ��� �������� ��� ����������� � ���� �������� �� ��� ��
�������� ������ �� ������� ������ ����� ������� �� ��� ���������� �
������� ������������ ��� ���� ���������� �� �������� ������

�  ����� �������� ����� ����� ����	 ��������� ����
���	�������	��§��������	����� �  ������� ����	

������� ����� ��¢����� �¤� �������� �� ������� �� �� ��� �� 	
�������� ���������� ��������� �� ����� ��������� ������� �
������� ���������� � ��� ��������������� ¢���	 � ���� ���
��������������	

������� ����� ��¢����� �¤� �������� �� ��� ���� �� �� ���
�� 	 ��� �������� ���������� ��������� � ���������� �������
���������� �� �������� ���� � ��������� ���������� ������������
���� ¢���	 � ���� ��� ���������������	

������� ����� ��¢����� �¤� �������� �� ������� �� �� ��� �� 	
�������� ���� ���������� �� ��������������� ¢��� ���������
������� ������ ����� ���� ��� ��������������� ���� ������	 ���� �
���� ��������������	

 ���� �	 ����� ����� �� '��������“ �����	 ���� ��������
�����	

����«��  �	 ���� �	�	 ����� � ���� ��������	 ¤���� ������ ������
��� �������������� ����� �	 ������	

������ ��� �������  �	 ��������� � �������� ��������	 ��������
���� � ��������	 ��� ������� �������������� ����	

ƒ���� ��	 ƒ������� ����� ���������� �� ����������� ������£������
��� ����������	 �������� ��� �������� ������� � ƒ�������
����� ������������� ����	

������� ���  ������ ��	 � ���� � ������ � ���� ����������
�������“� ���� ��������	 ���� �������������	

���� ��›� ���� ��� �������� ��� ���� ��	 ����������� ���������
�������� � � � �������� �� � ������� � �����������
���������������	 ���� ��������������	

�������� ��� ����� ��	 ������ ����������� ������� � ���������
����� � ����� ���������� ��� ���	 ƒ¡���� ƒ¡��� ¤���������
������ ����	

��� ����� ��� ��� ��� ���� ��� ������� �� �� ����� ����
��������� �	 �������� � ���� �������� ������� �
������� ��������������� ��������	 ���� � ���� ��������
������	

������� ��� ������� �	 ������������ ������������ ���� ����
���������� �� ��� �������� �������� �� ������ ����� � ������������
�������	 ���� ������������	

R.J. van Grootel et al. / European Journal of Pain 11 (2007) 635–643 ���



46







49

������������� ��� ���������� ��������� ������ �� ���� ������ �� �������� ���
��������� ����������������� ���������


����� 	� ��� �������� ������� �� ��� ��� ���� *

���������� �� ������������������ ������
 	������������� ��� ������� ������ ����
 ���������� ������� ������ �������
 ��� �����
 	� ��� �� › 
 �� � �� �������
 ��� �����������

a r t i c l e i n f o

������� ��������

������� �� �������� ����

������� �� ������� ���� � 	��� ����
�������� � 	��� ����
��������� ������ �  	��� ����

���������

������� ������
›��� ������
���������� �����

�������������
����������������� ���������

a b s t r a c t

� ������������� ������ �� ���� ����� ����� ��������� �� ������������� ���������� ��� �� ������� ��� ������
��� ���������� ���������� ������ ��� ���� �� ��� ������� ����� ��� ��� �� ��������� ��� ��� ������� ����
�������� �� � ��  ����� ���������� ������ ��� ���� �� ������� ��� ������������ ������ ���� ����������
��������� ���������� ����� ��� ������ ���� ���� �������� ��������� �� ���� �������� ��� �� �������
����� ���������� �� ���� �������� ��� ����� �� ���������� �� ���� ��������� ���� ������� 
	� ��� ��� ����
�� ��� ��� ���� ��� ��������� �������� ������ �� ���� ������ �� ���������� ��������� ��� ��������� ���
	 ›��� ���������� ����� ��� �� ���������� ����� ��������� ������ �� ���� �������� ���� � ����������
���� ����� ���� �� ��������� �� ��� �������� ��� ��������� ����������������� ��������� ������
��� �� ���������� �� ��� ���� ������ �� ����� �������� ���������� ��� ������� �� �� ��� �����
������ ���� ������ ��� �� �� �������� ������� ��� ���� ��� ��� ����� ������� �� ��� ����� ������
��� ����������� ��������� �� ���� ����� ��� �� ���� ����� ������� ��� �� �� ����� ��� ���������� ���
��� ��� ������ ��� �� ��� ������� ��� ���������� �� ���� ���������� ����� ����¡� ������ ����� �����
��� ���¡ ����� ������� �������� ������ ������� ¢ ���� ������� ���� ��� �������������� �� ������� �� ����
��������� �� �� ��� ��������� ���� ��� ������ �� �� ������ ���� ��� ������ ���� ��  ��� ��� �������� ���
������� ������������ �������� ������� �
� ����� 	�� ������ £�� �������������� �� ������� �� �������
������� ⁄������ �� ����� ��� ���������� ������������ �� ���� � �������� ���������� ��� ���� �������� ���
¡��� �������� ���� ��� ��������� ��� �������� ���� ��� ������ �� ������� ������� ��� ��� � �����
������ �� �������� �������� ����������� ����� ��� ������ ������������ �� ��� ����������� ���������
�������
� ���� �������� ¥��������� �� �������� �� ��� ������������� ����������� ��� ��� ����� �� ›���� ›��������

�� �������� ���� ��� ������ ���������

1. Introduction

����������������� ��������� ����� ��� ������������� �� ����
��� ���������� �� ���������� ������� �� ���� ��������� �� � ������
�������� ����� ����� �� ������� �� ���� ���������� �������� �� ����
⁄����� �� �� ���������� ����� ��� ���� ���� ��� ��������� ���
������ �� ��� ��������� ���� �� ���� �¡¡�� ������ �� ���� �¡¡��� ¥���
��������� ��������������� �������������� ⁄������ �� ���� �������
����� ���� ���� ������� ���� ������� ���������� ������ �� ���
���������� �� ���� ��������� ���� ���������� �������� ����������
⁄������������ ��¥�ƒ�� �������� �� ���� �¡¡��� ��� �� �� ����
���������� ��� ����� �� ������ ���������� ���� ������ ������� ����
����� ���›��� ������ �� ���� ������

� ��������� ������ ���� �� ���������� �������� ����� �� ����������
������� �� ������������� �� ��� � ������ �� ����� ���� �� �������������
���������� ��� ���� � ������ ���� � ������� ��������� �� ����� ������

���� ��������� ��� ������� ������ � �������� ������ ������ ��
������������ ������� ��� ������ �� ������ ����� �� � ��������
���� ������� ���� ������ ������ ������� �� ��� �������� �������
���� ���������� ����� £������� �� ���� �¡¡¡�� �� ��������� ���� �
�������� ����� �� ���� ������� ������� ���������� ���� ��§�����
��� ����������� ��������������� �� ��� ����������� ���������
�£������� �� ���� ����� �� ��� �� ���� ������

� �������� ������ ��� ������� �� ��� ������ ��� ��������� ���
������ �� ������ �� ���� ��������� �� � ��� �� ��� ���� ��� ���
������ ���� ������� ������ �� � ���������� �������� ����� �� �����
����� ��� ��������� ����� ������� ���� ���� ������� ���������
������ �� ���� �������� �� � ��  ����� ���������� ����� ���� ���
�� ���� �� ������� �� ���� �� ��� ������� ������

��� ���� ��� �� �� ��������� ���� ��� ������ �� ���� ���������
��� ��� ���� ����� ����������� ��������� ���� �� ��� ������ �� ����
��������� ��� �� ������� ���������� ���� ������ ��� �� �����
�� �������


�������� � ��������� ������� �� �������� �� ���������� ������
���� ���������� ����� �� ��� ���� ������ �� ����� �������� �����
������������� �� ���� ������� ������� �� ���� �¡���� ��� �����

��¡������¤'����� � ���� �������� ¥��������� �� �������� �� ��� ������������� ����������� ��� ��� ����� �� ›���� ›�������� �� �������� ���� ��� ������ ���������
�����������¤��������������������

* ������������� ������� ����� “�� �� � ������ ���� “�� �� �  �����
������ ���������� �������������«�������������� ������������«������������

����� ��� ��� ������

�������� 	������ �� ›��� �� ����¡�  ��� ��

Contents lists available at ScienceDirect

�������� 	������ �� ›���

journal homepage: www.EuropeanJournalPain.com



50

������� ���� ������ ��� ��� �� �� ��� �������� ����� �� �������
������ ��
� 	������ ����� ������ �� ���� ������ � ����� �� ������� ���
���� ��
� �� ��� � ���� � ������ � ����� ������� � ��
� �� ��› � �
������ � ��������� ���� ������ ��� � ����� �� ��� � ����
���� ���� ���� � ���� ������ �� ��������� ��� ���� ���� ��
������ �� �� ������ ��
� �� ��› ��  ������� �������� ��� � ������
����������� ������� ���� ����� ������� ����� ��������� �������
� ����� 	����� �� ���� ������ ��� ������ ��� �� ���  �����
����� ��� �� �� ��� ��� ����������  ������� ���� ��� ��� ������
��
�� �� ����� ��  ��� ������� ���  ��� ��������� �� ��������� �
��� ����� ������� ��� ��� ��� ��������� ������ � ���� �� ����
�������� ������� �� ��������� ������� ���� ������ ���� ����
�������� ������ ��
� ������ ������ �� ��������� ���  �������
	� ��������������� ������� ��� ������ ��
� ���� ������ ��
�� ����� ������ �� ������ �� ��� ������ ��
� �� ��› ��  �������
���� � ������ ����������� ��������

2. Materials and methods

���� ��������

��� ������� ��� ����� ��� ���� ���������� ��� �  ���� ��
��� ������ ��������� �� ��� ��������� ������� ����� �������
��� ����������� ������� 	���� �� � ���������� ��� ������
��� � ����� �� ��������  ������ ��������� ���������� ���� �������
��� ���������� ����������� ��� ��� ����������� ����� ���
���������� ��������� � ���� 	������� ������ � ���� �� ���
�������� ����� �� ���� �� ��� �����  � ������� 	�� �����
�� ���� ����� ������ �� ���� ���›�� ��� ���� �� �����  ������� �� ����
����� ��� ������ ������� ����� 	��������� ���� �����
���
������� �� ���� ���›� �� ����� ��� �������� �� �� �������� �������
�� ��� ������� �� ��������� ������� ������ ��������� ���  ���
���������� �  ��������������� ������ ��� �� �������� 	������
�� ���� ���›�� ���  ������� ���� ��������� ��� 	� � ���� ���  ��
���� ���� �� ���  ����� ����� ��� ��� ��������� ��������� ���
��������� ������ 	�� �������� ��� ��� ������ �� ���� ���›�� 	��  ���
��� ��������� �� ��� ������� �� ����������� ��� �������� ����
������ � ����� �� � ����� ������� � ������ 	��� �� ��������
����� ������ ��� �������� �� ������ ��� �������� 	���� ��  ��
����� ��� �������� � ����� 	�� ���� �������� �� ���  ����
	��� �� �������� �� ������  ����� �������� 	��  ��������� �
�����  ���������������� �� ����� ������� ���� �������� ��� 	��
������� �� ��� �› ���� �� ���� ��� ���� ��� �� ���  �������
��� ���� ���� 	�� ����� ��� ��� ��� ������� ��� ������ ����
���� ��  ����������  ��� ��� ��� ���� 	���� � ���������
������ �� ��� �� �� � ���������� �� ��������� ���  �������
	��  ������� �������� ������� ��� � � �����  ������ ��������
��  ��� 	��� ������ �� ���� ���›��

���� ���������� ��� ���� ��������

���  �������� ��� ���� ������� �������� ������ ���� �����
���� ��� ����� ���� ���������� ��� ��� ��� ��� �� ��������
���� �� ���� ���������� �������� ��������� ��� ���� �� �����
������� ���� �� ������� ���� ����������� �� ���������� ����� ��  ���
��������� 	��� ������ �� ���� ������ �� ���� ���� �� ������ ���� ��
����� �� ���  ��� �� ��� ���������� ������ ��� ��������� ��� �
 � ������ ����� ����� ���� ���� ��� ������ ��  ������� �� ����
��� ����� �  ���� �� �¡ ����  �� �� ��� ���� �� ��������� ¢����
������� ��� �� ����� �������� 	��� ������ �� ���� ���›�� ���� ��
������� �� ����� ���� £� ���� ���� ��� �������� ����� �� ������
 ��� ��� ��������� ����� ��� ������ �� ��� ��������� 	�� ���
����� ������ �  ��� ��������� 	�� ������� �������� ��� ������
	�� ������� ����� ��� ����� ��� 	¡� ������� ����� ��� ����
����� ⁄���� � ���������� �� ���� ����� ��������� ��� ������ ��

��� ��� �������� ���� ��  ������� �� ��� ������� ������� �����
��� ������� �� ����� ������ ��� ���� ��� ���� 	��� �� ���
����� ����� ���������� ��� ���� ���� ���� ������� � ��� �� �� ���
���� ���� �� ��������� �������� ������� ������� ��������
���� ������ ��� �� ���������� ������ ���  ��� �������� ���� ��›
 ���� ����� 	¥�������� �� ���� ����� ��� ������ �� �� ��  ���� ��
 ���  ����� ƒ� �� ���� ���� �� �� �� �  �� ��������� �� ���� ��  ���
 ����� ƒ��� � ��� ����� �� �� ������� ��  ���  ����� ƒ� ����� �����
�� ��� � ��� �� �� ����� ������������ ¡�  ���  ����� ƒ���� �������� ��
�� �� ����������� � ��� ���� �� ���� ������������ ��� ›�  ���  ���
��� ƒ���� ���� � ����� �� ���������� ��� ����� ������� ��� ������� ��
 ���� ���������� ������� ����� ��������� ��  ��� ���� ����
§������ ��  ��� �������� �� ��� �� �������� ��������� �� ���
�������� ������ �� ������ ����� ��  ��� ������� ��� ��������
��� ��� ���� ��� ��� ���� ��� ��������� ����� �������� ��� �����
����� �� ��� ���� ���� �� ��  ������ ����� �� ���� �� ���� �����
��  ��� ��������� �� � ��� �� ¤�� 	��� ������ �� ���� ������

��� ������� ���� ������ ��  ��� ������� �� �� �� ������
���� ���� �� ������� � ���� ����� ������ ������� �� ��� �����
�����  ��������� 	������ ��������� �� �� �� ������� ������ �����
������� ��� �� �����
��  ����������� �� ��� ��� �� ��
� �� ����
������ 	������ ����� ������� ¤������� �� ���� ������ �� ��� ��
�������� ��� �������� ���������� ��������� 	���� �� ���� ������
��  ��� ������� 	��� ����� ��� ��������� �� �� ������ ������ ���
���������� �� ���� �������� ����� ��������� ������ ��� �����
������� ���������� ��� ��� ���� �� ����� ������ ��� ����� ��

�� 	��� ¥�������� ��� ��� ����� ������� �� �������� ��
���� � ���� �� ����� ��� �� ��� ������� ��������� �� ��� ������
���� ������ 	��� ������ �� ���� ������ ��� �� ���� ������ �� ���
������ �� � �›� ��������� ������� �� ��������� ������� ��� ������
�� ��� ����� ��  ��� ������� �� ��� ���� ��� ��� ���� ��� �����
���� ��� ��� ��� ���� ����� �� ¤�������� ��  ��� ��������� 	���
������ �� ���� ������ �� ���� ���� ��� ���� ������ ��� ������
��
�� �  �������� �� ��� ����� ���� 	��������� ������� �������
��� ������� �������

��� ���  �� �� ��� ������ ��� ��� �� �� ��� ��� ���������� 
������� ��� ��� ���������� �� ����� ��������� 	����� �� ��� ��
������ ��� ��  ��� �������� ����� ��� ��� ��� ����� ��������
��� ���� ��� ���  ���������� ���� �� ���� �� ��� � ����
��� ����� �� �¡ ���� ���� ��� ���� ������ ��� ���� ����� ������
����������� ���� �������� ��  ������� ����� �������� ���
������������ �� ��� ���� ���� � ���� � ��������  �� � � ��
������� � ��� �� �� ���  ������� ��� ��� ����� �� ����� �� ��
�¡ ���� �� ���� ������� £� ���� �� �����  �������� ��� ���� ����
���� ����� ���� ��� ��������� �� ���  ���������� ���� �� ����
�� �� ���  ������������ ����� ��� ���� ������� ����� ���� ��
��� ������� ��� �� ��� ����� �� ���� ���� ��� ������� �����
��� ���� ����� ��� �������� ������ �� ���� ������� ��� �� ��� �
������� �������� ������� �����  �������� ��� ������ �� ���� ����
���� ����� ����� ������� ���� ������������ �� ������ ��� �����
������� 	��� ������ ��� ��������� �� �� �������� �� ��� �� ����
���  ��� ������� 	������ �� ���� ������ ��� ��  ��� ��������� ���
 �������� ���� �������� �� ����� ¤�������� �� ��� ��� ����
 ���������  ��� ��� � §����������� 	��� ������ �� ���� ������
��� �������� ������ �� ����� ¤�������� ���� ���� ��� ���� �����
��� ����� ���� ��  ��� �������� ���� �� ��� � ������� ��������
��� ������ ��� ���� �� �� �� ������ ��� ��� ��� ���� ������
�
����� ���� �� ��� �� ����� �����

��� ������ ������ �� ��� ������ �� �� �� ��������  �������
��� � ������
�� �������� ���� ��� �������� �� ��� ������ ��
���� ������� ����� ���� 	 ��� �������� � ¤������� 	 ���
����������� �������� �� �� �������� ��� ���� ������������ ����
��� ���� ���� ���� �������� � ����� �������� ���������� � � ��������
���� �� ����� ���  ��������� � �� ��� ���������� ������ 	�������
���������� �� ���  ����� ������� ������� �� ��������� ����� ��
�  ���� �� �� ���������� ���������� ������� �������� �� ��

��� ��� 
������	 ���� ��� ��� 
��� � �������� ������� �� ���� �� ������ ������� ›��



51

�������� �� ������� ���� ������������ ������������� ��� ��� ���
������� ���� ���
 �� ��� �����	���� ��� ������ �� ���� ������
�
�������� �� ��� ��������� ������� �����  ��������� ���›� ���	
���� ������

������ ���� ����� ���� �� ��� ������ �� �� ��� ������ ��� �����	
���� �� ��� ���� ������� �� ���� ������ ������ �� ����������� ���
����� ������� ��� ������ �� ������ �������� ����� ��������
�� ������ �� ����� ������ ��� ��� �������� ��������� ���� �� ��� ����	
���� ������ �������� ������ ������ ������� �� ����������� ��� ����� ��	
����� ��� ������ ��� ��� �� �� ��� ���������� ������ �������
��� ��� ���� �� ��������� ������������� �������� ���
������ � ������ �� ������ ���� ���� �� ������ ���� �� ��� ������	
������ ��� ������ �� ������ ���� ����� �� ������� �������� �������
���� ����� �� �������

3. Statistical analysis

���� ����� ��� ���� �� ������ ��� �������� �� ��� ��������	
���� �� ��� ���������� ������ ������� ��������� ������ �������	
���������� ���	����� ����� ��� ������ ��� �������� ���
�������� ����������� ��� ��� ���������� �� ��� ����� ����� �����
������ ��� ����� �������� ���������� �	���� ��� ������ �������	
������� ����������� ��� ������ �� ������� ����������� ��� �����	
���� ������� ������ �� ���� �������� ��� ���� ��������� ���
������������� ���� �������� �� ��� ���	�������� ������

4. Results

���� ����������� ���������� �� ������� �� ���� �������

��������� ��� ����� �� �������� ���� ��� ����� › ���� ����	
��� �� �� �� �› ������ ����������� ������� ���� ���� ��������
��� ��� �� ��� �������� �����
� �� ��� ���	�������� ������ ���
���� ���� ������� ������� �� ��� ������� ��� ����� ��� ��������
�������� �›��
 �� ��� �������� ������ �� ����� �������� ��� ���������
�� ������ ���� ���� ����� �� ������ ��� ����� ��� ����
�

�� ������������ ��� ����� ���� ��������� ������� ���� ���������
��� ��� ����� ��� ���������� ��� ���� �������� ���� �����������
��� ������� ��� ��� ��� ���� �� ������� �� ���� �� ������ ��� �����
���� �� ����� ��� ����� �� ���� �������� ��� ������ ���� �����
��� ������� ��� ������ �������� ������ ��������� ��� ���� �����
��� ������ ���� ��� �������� ��� ������� �� �������� ���� ����
������ ������ ���� ������� ��� ��������� � ������ �� ���� ��������
����� �� ����������� ��� ��� ��������� �� ����� ��� ������� ���
����� ��� ���� ����� ��� ������ ���� ��� ����� ���������� ���
����������� ������ ������� ��� � ��� ������ �� �� ������

���� ��� �� ������ �� ���� ������� ��
 �����	����� ������� ������ ��
���� ������� ��
 ���� ���������

��������� ������� �� ������ �� ��� ���	�������� ����� �����
������� ���� ���� �������� ��� ��� �� ��� �������� �����
� ���
����� ��������� �� � ��� � ����� ��� ��� �� �������� ����›
� ��� ���
�������� �� �� �����

������ ����������� ��� ��� ������ ��� ���� ��������� ��� �����	
��� �� ��� ������������ �� ��� ������ ��� �������� ��� ��������	
���� �� ��� ���������� �� ����� ������ ������ �������� ������� ���
���� �� ������� �� ��� ���	�������� ����� ��� ������� ��� ������
��������� ������ ��� ���������� ����� �� ���� ���� ���� �����	
������ �� �������� ����� �� ���� ���������� ������� ���� � ����
������ �� ����������� ����� ������� �� ����� ������� ������
�� � �������� �������� ��� �������� ��� ��� ������������� �� ������	
���� ������� ���������� �� ��� �������� ������� ��������� ������
����������������� ���	����� ����� � ¡ ������� �������� �����
����� ������������� ����� ����������� �� ����� �� ��� �����

���� ������ ������ ��� �������� ��� �������� ���������� ���� ���	
����������� ����������� � ��
 ��������� �������� ������ �� ���
��� ¢ ���� � �� �������� �›���
 �� ��� �������

��� ��� ���������� �� ��������� ������ ��� ����� �� ���� ������
�� ����� ����	
��� ��� ��	������ �� ��� ���������� ������ ��	
������� ���� ��� ������ �� ��� �������� ������� ��������� ������
������ �� ����� ����� ������� �� � ������ ����� ������������ ��
��� ���������� ������ ���� ������� ��� ������� ���������� ����������
����� ��� ����������������� ������� �� ��� ���� � ���� � �����
���������� ��� ��� ���� ��������� ���� ��� �������� ������ ���
��� ��� ����� ��� ��� �������� �������� �� ���� ��� ��� ����� ��� ���
������� ����� �������� ��������� ��� ������

��� ��������� ���� �� ��� ����� �� ���� �������� ��� ������ ��
��� ��������� ���� �� £⁄�	������ �� ���� ��������� ��� ��� �������
����������� ��������� �� ��� ���	�������� ����� ������ ���

⁄� ������������� ����� ���� ��������� ��� �������� ������ ��
���� �������� ��� ��� ���������� £⁄�	������ �� ���� ��������� ��
��� ���������� ����� ���� ������ ������ ���������� ����������
�¥ ���������� � ¡ ������

���� �� �������� �� �	�����		� ��������� 
��������� ����� ��
 ������ ����

����������� ������� ���� ���� �������� ��� ��� �� ��� ��	
������ �����
� ��������� ��� ����� �� �������� ���� ��� ����� ›
���� ������� �� �� �� �› ����� �� ���� ��� ���	�������� �����
��� ��� ����	�������� ����

��� ��� ����� ����� ����� �� ���� �������� ���� ��������
������ ��������� ���� ����� ��� ����� � � ���� ������ ��������
��� ���› ����� ��� ���›� �� ��� ���� ������ ��� ����������
�� ¡ ������ ��������� �	���� ��� ������ ������������� �������� ��
��� ����� ����� ����� ��ƒ����� �� ����� �� ����� ��� ��� ������
�� ��� ������� ����� �� �������� ����� ���� �������� ����� ������
����
 �� ��� ����� ������ �� �� ������� �� ���������� �������� ���	
������� ������ ������� ������ ���� ��� ���� ������§����� ��� ���
������������ �������� ��� ����� ��� ���� ������§������ ��� ���	
��� ��� ���������� ���� ������� ������ ���� ��� ��� ��� ���� �����	
��� ���� ������ �� ����� ��� ��� £⁄�	������ �� ���� ��������� ���
��� ���������� ���� ���� ���������� ���� ������ ���

Table 1
���������� ������� ��������� ������ ��� � ��� ����� ���������� ����� �� ����
�������� ��� ��� ������� ���������� ���������� �����

� ���	

������ ������

���
������ ������

��� ������ � ����
������ ������

������ 
����
��� ��� ��� ����� ���� ����
��� ›��� ��� ����� ���� ���›
��� ���› �� ����� ���� ����

���	�� ������ ���¥ ��� ������ �� ������� �� ���� �������� ������� ������ ���
������� �� � ���	�������� ���� ����� �� �› ����������� ����� �¥ ����� ��
��������� ���	
¥ ��� �� ��� ���������� ������� ��������� ���� ����������������
���¥ �������� ��������� �� ��� ���������� �������

Table 2
������� ���������� ���������� �� � ���������� �� ��� ����� ����� �
����


 ���� �������� ������
�� ���� �������� ���
� ���	�� �����


 ���� £⁄�	������ �� ����
��������� �� ��� ����������
����� ��� � ���	�� ������

������ 
����
��� ��� ›��� ����
��� ›��� ›��� ›���
��� ���› �›�� ›���

����� �����¥ � ����� ��� ��� ���������� ����� �� ���� �������� ��� ���  ��� ���
������ �������� ����� �£⁄�� �� ���� ����������

� ⁄������� �� £⁄�	���� ��� � �������� ����� �� ��� ��� �������� ����  ������
�� ���� ������

���  �›� ��� ������	� ���� ��� 
�� �	�� � �������� ›�����	 �� ���� �� ������ �������



52

5. Discussion
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The index ‘Treatment Duration Control’ for
enabling randomized controlled trials with
variation in duration of treatment of chronic pain
patients
Hilbert W van der Glas* and Robert J van Grootel

Abstract

Background: Treatment duration varies with the type of therapy and a patient’s recovery speed. Including such a
variation in randomized controlled trials (RCTs) enables comparison of the actual therapeutic potential of different
therapies in clinical care. An index, Treatment Duration Control (TDC) of outcome scores was developed to help
decide when to end treatment and also to determine treatment outcome by a blinded assessor. In contrast to
traditional Routine Outcome Monitoring which considers raw score changes, TDC uses relative change.
Methods: Our theory shows that if a patient with the largest baseline scores in a sample requires a relative decrease
by treatment factor T to reach a zone of low score values (functional status), any patient with smaller baselines will
attain functional status with T. Furthermore, the end score values are proportional to the baseline. These characteristics
concur with findings from the literature that a patient’s assessment of ‘much improved’ following treatment (related to
attaining functional status) is associated with a particular relative decrease in pain intensity yielding a final pain intensity
that is proportional to the baseline. Regarding the TDC-procedure: those patient’s scores that were related to
pronounced signs and symptoms, were selected for adaptive testing (reference scores). A Contrast-value was
determined for each reference score between its reference level and a subsequent level, and averaging all Contrast-
values yielded TDC. A cut-off point related to factor T for attaining functional status, was the TDC-criterion to end a
patient’s treatment as being successful. The use of TDC has been illustrated in RCT data from 118 chronic pain patients
with myogenous Temporomandibular Disorders, and the TDC-criterion was validated.
Results: The TDC-criterion of successful/unsuccessful treatment approximated the cut-off separating two patient
subgroups in a bimodal post-treatment distribution of TDC-values. Pain intensity decreased to residual levels and
Health-Related Quality of Life (HRQoL) increased to normal levels, following successful treatment according to TDC. The
post-treatment TDC-values were independent from the baseline values of pain intensity or HRQoL, and thus
independent from the patient’s baseline severity of myogenous Temporomandibular Disorders.
Conclusions: TDC enables RCTs that have a variable therapy- and patient-specific duration.

Keywords: Randomized trial methodology, Decision rules, Routine outcome monitoring, Treatment duration, Chronic
pain, Temporomandibular disorders, Quality of life, EQ-5D
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was applied. The patient groups differed in disease, trial
duration and demographic characteristics. Patients were
stratified by categories of assessment of treatment effect,
and the mean change in pain intensity was determined for
each category yielding the relationship between change in
pain intensity and assessment of treatment effect. When
patients were stratified by pain intensity at baseline, the
relationship between raw change in pain intensity and
assessed treatment effect diverged for the various levels of
baseline pain. In contrast, similar relationships occurred
when relative (percentage) change in pain intensity was
considered (cf Figures six and seven in reference [15]).
Thus the degree of improvement by treatment is similarly
assessed by chronic pain patients, regardless of their base-
line of pain intensity and other differences in their back-
grounds and study conditions, when a particular relative
decrease in pain intensity has occurred.

If a successful treatment is related to a patient’s assess-
ment of, for example, ‘much improved’ or better, this as-
sessment will be related to attaining a particular relative
decrease in pain intensity. Suppose that, like in Temporo-
mandibular Disorders, the Upper Limit of Functional Sta-
tus (ULFS) of a disease or disorder is characterized by a
low level of signs and symptoms of pain and impairment
that might occasionally occur in healthy subjects. Then,
the amount of relative decrease in pain intensity which is
related to the assessment of ‘much improved’ is also likely
related to the relative decrease required to pass ULFS. A
treatment causing such a relative decrease by which signs
and symptoms become residual and the patients satisfied
(‘much improved’ or better), could then be considered as
being successful. Reversely, ULFS can be defined and sub-
sequently a constant amount of relative decrease in score
level which is required to pass ULFS, regardless of the pa-
tient’s baseline. Attaining functional status by this particu-
lar relative decrease will then yield a criterion for ending a
patient’s treatment by the clinician as being potentially
successful. This ending will then likely be related to the
patient’s perception of, in this example, ‘much improved’
or better.

An index of relative change, ‘Treatment Duration Con-
trol’ (TDC) has been developed as a tool for clinicians to
end or to continue a patient’s treatment in a randomized
controlled trial in which treatment duration can vary.
Like with a traditional ROM, the TDC-procedure yields
data on treatment duration and number of visits needed.
Furthermore, TDC, based on findings of a blinded asses-
sor, yields data on success rate and therapy efficacy. The
aims of the present paper are: (1) presenting the back-
ground of TDC, (2) showing its application to control
treatment duration in patients with myogenous Tem-
poromandibular Disorders in a way that concurs with
clinical care, and (3) its validation. The present study in-
volves TMD patients, but has potential for other chronic

pain patients and even for other categories of patients for
which perception of the degree of treatment effect is re-
lated to relative change in signs and symptoms. The TDC-
criterion for a successful treatment will be validated by
examining distributions of: (i) TDC-values, (ii) scores of in-
tensity of the predominant pain in the oral system and (iii)
utility values of Health-Related Quality of Life (HRQoL)
being a variable that is entirely independent from TDC. It
will be shown that: (i) sub-samples of patients in a bimodal
distribution of TDC-values that occurred in the long-term,
correspond largely with the patient groups having a suc-
cessful and an unsuccessful treatment according to TDC;
(ii) the group of patients with a successful treatment is as-
sociated with a distribution of scores of pain intensity that
has become narrow following treatment and follow-up and
consists of residual small values, while the distribution re-
mains similarly broad in the group of patients with an un-
successful treatment, (iii) the group of patients with a
successful treatment is associated with scores of HRQoL
that have much improved while the scores from patients
with an unsuccessful treatment did not improve. The
TDC-criterion for a successful treatment was further vali-
dated by data from the literature. First, the amount of rela-
tive decrease in the scores of pain intensity in TMD
patients with a successful treatment was linked with an es-
timate of the patient’s assessment of the degree of improve-
ment. This improvement was derived from the invariant
association between relative decrease in pain intensity and
the assessment of improvement for various types of chronic
pain patients [15]. Second, the success rate of treatment
according to the TDC-criterion was compared to success
rates for myogenous TMD from the literature. A prelimin-
ary report on outcomes of therapies with variable duration
for myogenous TMD, has been published previously [16].

Methods
Patients and general procedure
The study was carried out in compliance with the Helsinki
Declaration, and approved by the University Ethics Com-
mittee (‘commissie Wetenschappelijk Onderzoek bij
Mensen’, WOM, [committee for Scientific Research on
Human subjects]) and the Board of Developmental Medi-
cine (‘Ontwikkelingsgeneeskunde’, OWG); reference: OG/
93/002. One hundred and eighteen patients with
myogenous Temporomandibular Disorders, a chronic
pain disorder, participated after providing informed con-
sent. Appendix, section ‘Inclusion and exclusion criteria of
the patients’ outlines the inclusion and exclusion criteria
(for details, see also ref [17]).

Evaluation of a patient’s status was carried out not
only by the person who carried out treatment (the ‘clin-
ician’, a dentist for dental therapies and a physiotherapist
for physiotherapy), but also by an assessor (another den-
tist) who was blinded to the type of treatment and the
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patient’s medical history. Using data from the assessor, a
third dentist, the investigator (co-author RG), determined
the outcome TDC-values for the randomized controlled
trial, to keep the assessor blinded. All abovementioned
persons were specialists in orofacial pain and Temporo-
mandibular Disorders (TMD). When a physiotherapist
carried out treatment, a dentist who was responsible for
the patient, carried out a final evaluation as ‘clinician’.

The main characteristics of the procedure using rela-
tive change for a Randomized Controlled Trial with
myogenous TMD patients, were:

1. Baseline scores from anamnestic and clinical items
were obtained by a blinded assessor, just before
treatment and transferred by the investigator to keep
the assessor blinded;

2. Items with sufficiently large score values at baseline
(i.e. score value of at least the smallest detectable
difference, SDD. in the short term) were selected as
basic reference items for monitoring relative change
using the index TDC during treatment (by the
clinician) and during follow-up (by the investigator,
based on data from the blinded assessor). Thus
relative change was tested adaptively only for those
signs and symptoms which were pronounced.

3. Reference items of which relative change was
monitored, could be added during treatment (based
on data from the clinician) or following treatment (by
the investigator, based on data from the blinded
assessor) if their scores increased from a low level to a
high level (from below SDD in the short-term to
above SDD in the long-term). Possibly added
reference items from the clinician contributed
together with the basic reference items to the TDC-
value on which the clinician’s decision was based
when to end treatment. However, possibly added
reference items from the clinician were ignored for
determining post-treatment TDC-values so that they
were solely based on data from the blinded assessor.
The procedure of separately added reference items
allowed, like in clinical care, monitoring of late
pronounced signs and symptoms and provided data
on success rate and efficacy of treatment which were
not biased by the clinician or by inter-patient
differences in treatment duration or number of visits.

4. The following option has been added to comply with
usual clinical care and for ethical reasons: The
patient’s opinion as reflected in anamnestic items on
daily functioning of the oral system was given
priority in the treatment outcome if the index of
overall relative change (including changes related to
items from clinical tests) indicated a ‘successful’
treatment while the anamnestic items alone
indicated an ‘unsuccessful’ treatment.

Background of TDC
The use of relative change in score levels enables defining
a constant factor for attaining functional status. Figure 1
depicts score levels of two patients, one with a maximally
large baseline level ‘m’ (for example of pain intensity), and
another patient with a smaller baseline ‘s’. Functional sta-
tus is related to a zone with low score levels between 0
and an Upper Limit of Functional Status (ULFS). Func-
tional status in myogenous Temporomandibular Disorders
is characterized by a low level of signs and symptoms of
pain and impairment of the oral system that might occa-
sionally occur in healthy subjects [17]. It is likely (see
Background, Discussion) that attaining such a condition
following treatment will be concomitant with a patient’s as-
sessment of ‘much improved’ or better. In order to attain
functional status for the patient with level m, this level
should decrease to at least ULFS. Such a decrease will
occur in a relative sense if treatment is so effective that
level m is decreased by the ratio between m and ULFS, fur-
ther denoted as the treatment factor ‘T’ (thus T = m/ULFS
and m decreases to ULFS by multiplying m with 1/T).
Figure 1 shows graphically that when a smaller baseline
level ‘s’ of another patient is decreased by the same factor
T, the zone of functional status is also attained for that pa-
tient, i.e. its post-treatment level drops below ULFS. Math-
ematically it follows that factor T derived from a patient
with the largest score level is applicable to any patient with
a smaller level (see legend of Figure 1). Furthermore, the
end level is proportional to the baseline.

So far, factor T applies to a single score with levels ‘m’
and ‘s’. However, a disease or disorder includes a variety of
signs and symptoms. On a particular type of scale, the
scores related to various signs and symptoms have to de-
crease to a similar low score value before a treatment can
be considered as being successful. Because in chronic pain
patients, the assessment of degree of improvement by
treatment is related to relative change in pain intensity,
relative change will be relevant for any sign and symptom
that is associated with pain. Myogenous TMD patients are
suffering from chronic pain, mainly in facial areas, which
is not caused by somatic disease [17]. All items from the
anamnestic and clinical examination in the present study
were related to intensity or frequency of pain from the
masticatory system, and to functioning of the oral system
in daily use and in clinical tests, which was impaired by
the presence of pain. Because of this general association
with pain, relative change from different items was equally
weighted for deriving a measure of global relative change.
Such a weighting is further supported by the finding that
the expectation of patients with facial pain or fibromyalgia
regarding treatment of their symptoms is constant in a
relative sense [14]. This expectation of relative reduction
of signs varied within a small range from 56% to 63%, re-
gardless of the domain of scoring (pain, fatigue, distress or
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interference with daily activities) or the patients’ back-
ground (type of chronic pain, baseline level).

In order to consider all relative changes in the recovery
of individual patients, an overall factor of change has been
derived from all score changes within patients. Since ratio
values between two successive measurements lack an ap-
propriate zero point to attain a meaningful arithmetic mean
(the ‘usual’ mean), such values were transformed as
Contrast-values. Contrast-values have a zero point to which
values of an equivalent relative increase and decrease have
the same distance (Appendix, section ‘Averaging of ratio
values between scores from two times of measurement’).
The Contrast, Ci between two measurements of item i is
given by:

Ci ¼ S2;i�S1;i
� �

= S2;i þ S1;i
� �

; ð1Þ

in which S1,i is the score of the i-th item at a first visit (the
‘reference’ visit), and S2,i the score at a later visit.

Thus Contrast, being the ratio between difference and
sum, is a normalized difference between two measure-
ments. When there is no change (S2,i = S1,i), Ci is zero.
When signs or symptoms related to item i disappear
(S2,i = 0), Ci has the value of �1 [= (0 - S1,i)/(0 + S1,i)]. If
signs or symptoms worsen, Ci has a positive value

(maximum: +1). Thus the possible Contrast-values vary
within a range from �1 to +1.

All patient’s Contrast (Ci) values were averaged for
each visit during treatment or follow-up, yielding a sin-
gle index, ‘Treatment Duration Control’ (TDC), related
to global relative change, thus:

TDC ¼
�n

i¼1
Ci

� �

=n; ð2Þ

in which n is the number of items.
A cut-off point of TDC is related to an overall value of

the treatment factor T required to attain functional status
across several items. As for factor T of a single score, data
from a patient with overall maximal signs and symptoms
(from pilot data, see below) have been used to derive the
overall factor T which is related to all scores changes
within that patient, and which is required to attain the
upper limit of functional status. An overall change by T
yields then a criterion for ending treatment in any patient
in the usual way of clinical care, i.e. by attaining functional
status across several signs and symptoms (Figure 1).

For two reasons, the use of a patient with maximal signs
and symptoms is appropriate to derive an overall value of
T for all patients. First, an accurate assessment of an overall

Figure 1 Score levels of two patients, with a maximal baseline ‘m’ and a smaller baseline ‘s’ respectively. ’ULFS’, upper limit of functional
status. The zone of functional status with residual score levels is located between zero and ULFS. T, treatment factor by which the maximal baseline ‘m’
is just decreased to level ULFS (by a factor 4 in this example; m decreases from 80 to 20 units). When the same factor T is applied to the smaller
baseline ‘s’of 35 units, this baseline is decreased below ULFS to ULFS/b, from 35 to 8.75 units. If factor T is tuned to the patient with baseline ‘m’, for
reaching ULFS, the end level of any smaller baseline will enter the zone of functional status when the same factor T is applied to this smaller baseline.
Mathematical proof: For the patient with level m, treatment must be so effective that m decreases at least by a treatment factor T to reach ULFS, thus:
m/T = ULFS (T > 1) [equation (1)]. The ratio between the patients’ baselines equals m/s = b (b, baseline factor, b > 1 ). Thus m = s.b and substituting s.b
for m in equation (1) yields: (s.b)/T = ULFS, thus the score level reached by factor T for the patient with baseline s is given by: s/T = ULFS/b. Level ULFS/b
(b > 1) is lower than level ULFS. Therefore, the value of factor T derived from a patient with the highest score level is applicable to any patient with a
lower level for attaining a final level that falls within the zone of functional status. The end level (ULFS/b) for the patient with initially level ‘s’ equals
(ULFS.s/m). Thus an end score will be located between zero and ULFS, proportionally with the baseline level ‘s’.
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factor T within a patient is only possible when a sufficient
number of scores is available with large values so that 0–4
point scales (used in the present study, see below) are
nearly entirely used. A patient with overall maximal signs
and symptoms had many scores (n = 32 for the patient
from the pilot data) with, in general, large values. Second,
following a change by an overall factor T derived from the
patient with maximal signs and symptoms, the end levels
of any patient will, on average, be proportional to the base
line (Figure 1). Such end levels concur with the empiric re-
lationship between relative decrease of pain intensity and
assessment of treatment effect that is independent from
pain intensity at baseline ([15], cf. Discussion).

In order to control the duration of treatment, two cut-
off values of the index TDC are necessary to comply
with clinical care. A first cut-off point (related to a
smaller factor than the overall factor T) serves to decide
whether a patient has responded sufficiently following a
treatment-specific time interval. If not, the clinician can
stop this treatment. Second, a cut-off point related to
factor T, serves to decide whether the upper limit of
functional status has passed and the treatment has be-
come potentially ‘successful’. Treatment can then be
ended before a preset upper limit of treatment duration
is exceeded.

The cut-off points of TDC in the present study were
based on scores on extent and/or frequency, using adjec-
tival 0–4 point scales (Table 1) for items which were re-
lated to pain or impairment of oral functioning. These
scores were obtained during the anamnestic and clinical
examination of the TMD patients. An anamnestic ques-
tionnaire included 5 scores of items related to daily oral
functioning, and the clinical examination included 42
scores of pain intensity during movement and clenching
tests and muscle palpation (Appendix, section ‘Scores
from anamnesis and clinical examination’). The cut-off
points of TDC derived from scores from the 0–4 points
scales were also valid for ratios in subsequent scores of
the intensity of the predominant pain in the masticatory
system from a 100 mm Visual Analogue Scale (VAS; part
of anamnesis, see Appendix). A generalized use of cut-
off points of TDC is supported by the finding that in

normalized form, clinically relevant changes in scores of
different items are similar for myogenous TMD, regard-
less of the type of scale used [18].

Appendix, section ‘Choosing two cut-off points of TDC’,
explains how the two cut-off points were chosen for TDC.
The first cut-off point was TDC = �0.212, which corre-
sponds to a decrease of 35% in a single score of pain inten-
sity at a 100 mm VAS [�0.212 = (65 – 100)/(65 + 100)].
Three decimals are used to have negligible rounding off er-
rors when C or TDC-values are transformed back. If a
patient’s TDC was larger than �0.212 (TDC > �0.212) at a
critical stage of treatment, the patient was insufficiently re-
sponsive to treatment. A less negative value than �0.212
means less change towards recovery (note that TDC = �1
with zero signs or symptoms left). The second cut-off point,
TDC = �0.379, was related to attaining functional status
(‘successful’ treatment), and corresponds to 55% decrease of
a single score of pain intensity (�0.379 = (45 – 100)/(45 +
100)). As outlined in Appendix, this second cut-off point
was based on baseline scores from a patient with overall
maximal signs and symptoms in a pilot sample of 20 pa-
tients, and on a panel opinion regarding the Upper Limit of
Functional Status, ULFS, across various items. When TDC
was � �0.379, treatment became potentially successful.

Before treatment is started, the score values of the
various items might vary between low and large values.
In traditional Routine Outcome Monitoring, all scores
and their changes during treatment are included in the
multi-dimensional questionnaire used. However, for the
TDC-procedure, it is important to select basic ‘reference’
items that contribute substantially to Contrast-values
and TDC. Score values have a limited accuracy which is
reflected in the statistical value of the Smallest Detect-
able Difference (SDD). Some changes might therefore be
based on chance fluctuations. Although the raw change
is small between successive scores which are both small,
the relative change between such scores might be even
larger than the relative change between two score values
of which one is large. As a numerical example with scores
from a 0–4 point scale: the relative change between the
starting and subsequent score values ‘1’ and ‘0’ yields an
extreme Contrast-value of �1 (= (0 – 1)/(0 + 1)) while a
Contrast-value of �0.500 occurs when a score of ‘3’ de-
creases to ‘1’ (�0.500 = (1 – 3)/(1 + 3)). However, even the
largest possible raw decrease towards zero of the score
value ‘1’ from the pair ‘1’ and ‘0’ (a maximal decrease of 1
unit), might be solely due to chance fluctuations because a
decrease of 1 unit is smaller than an SDD value of, for ex-
ample, 2 units. Including such insignificant changes as
Contrast-values in TDC would create noise components
that would mask the effect of relative decreases in pro-
nounced signs and symptoms that reflect improvement
due to treatment. The value of SDD can be used as a
threshold for selecting reference items with a sufficient

Table 1 Adjectival 0–4 point scales for pain intensity,
frequency of pain and frequency of impaired function

Score
value

Intensity of
pain

Frequency of
pain

Frequency of
impairment

0 no pain never painful never impairment

1 slight pain sometimes
painful

sometimes impairment

2 moderate pain regularly painful regularly impairment

3 severe pain often painful often impairment

4 extreme pain permanently
painful

permanently
impairment
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large starting value, i.e. their maximally possible decrease
towards zero should exceed SDD [18].

Items scored on 0–4 point scales were selected before
treatment if their baseline exceeded the SDD of a single
score for a test-retest interval of one week. This SDD is
1.9 units (46.8% of the scale range [18]). Thus ‘basic ref-
erence items’ had a baseline of at least 2 units (corre-
sponding to at least ‘moderate pain’, ‘regularly painful’, or
‘regularly impaired function’; Table 1), and were related
to a patient’s pronounced signs and symptoms. The in-
tensity of the predominant pain in the masticatory sys-
tem, scored on a 100 mm Visual Analogue Scale, was
also a basic reference item.

In common clinical care it is usual that a clinician fol-
lows all pronounced signs or symptoms, including ones
that might be insignificant at baseline but become pro-
nounced during treatment. In traditional Routine Out-
come Monitoring or a traditional Randomized Controlled
Trial, the increased scores of such late pronounced signs
or symptoms are automatically included in the multi-
dimensional questionnaire used. If such scores remain large
in ROM they might ultimately contribute to an increased
overall outcome score and hence to a decreased success
rate and efficacy of therapy. In order to allow monitoring
such late pronounced signs or symptoms in the TDC-
procedure, reference items could be added during a visit
following the baseline measurements. It is then of interest
(cf. Discussion) to avoid possible bias in the TDC-related
outcome variables success rate and treatment efficacy,
which might be clinician-bound or might be due to inter-
patient differences in the number of visits or in duration of
treatment. To that end, reference items that were added
during treatment by the clinician were separately consid-
ered from those added following treatment on the basis of
data from the blinded assessor (details, see below). As an
example of addition: suppose that an item has a score value
of ‘1’ before treatment and that this score increases to ‘3’
during treatment. The increase to score level ‘3’ is relevant
because a potential decrease of 3 to 0 (3 units) during sub-
sequent treatment is larger than SDD.

Based on scores of the clinician, reference items were
added to control treatment duration appropriately, if the
patient’s scores increased during treatment from a pre-
treatment level of ‘0’ or ‘1’ (a low severity level, i.e. at
most ‘slight’ pain, ‘sometimes’ painful, or ‘sometimes’ im-
pairment; Table 1) to ‘3’ or ‘4’ (a high severity level, i.e.
at least ‘severe’ pain, ‘often’ painful or ‘often’ impair-
ment). A threshold of 3 units for the maximally possible
decrease from a score ‘3’ towards zero, exceeds the long-
term SDD of a single score being 2.2 units (54.5% of the
scale range [18]). In order to minimize the influence of
chance fluctuations in the addition procedure, the long-
term SDD value was chosen as a slightly more conserva-
tive criterion than the short-term SDD of 1.9 units used

for selecting basic reference items. The first time an item
i was added as a reference, its Contrast-value (Ci) was
calculated using the low pre-treatment score value as a
base-line (S1,i in equation (1)) on this occasion. For ex-
ample, a pre-treatment score was ‘1’, while a score of ‘3’
was observed for the first time during a later visit. The
Ci value was then +0.500 [= (3 – 1)/(3 + 1)], in which
the positive sign reflects an increased severity of the
added item for this particular visit. The increased score
value (‘3’ in this example) was used as the reference level
(S1,i in equation (1)) for subsequent visits to describe
any relative change of severity (decrease or increase)
with respect to the visit of addition (the ‘reference visit’).

TDC is primarily used as a control variable that signals
to the clinician that a patient has entered the zone of func-
tional status. The amount of relative decrease required to
pass the upper limit of this zone, has been defined a priori,
and is thus constant. The precise value of TDC at the end
of treatment is not of interest for a clinician’s decision of a
potentially successful treatment but meeting the criterion
TDC � �0.379, for sufficient relative improvement which
applies to any patient, is. Worsening signs and symptoms
related to the addition of reference items means that the
general level of a patient’s reference scores will increase
somewhat. An increased score level of basic reference
items might also be involved in this general increase at the
stage of addition, yielding an increase of the general sever-
ity level of TMD. If the possible treatment duration has
not expired and the patient is further responsive, such a
patient will still be able to attain and pass the upper limit
of the zone of functional status as long as the general score
level will remain below that of the patient with maximal
baseline values to which the cut-off point TDC = �0.379
has been tuned a priori. In accordance with clinical care,
the increase in severity level of myogenous TMD, to which
the addition of reference items is related, may extent the
duration of treatment, even when this increase is tempor-
arily. More visits are then required before a clinician can
decide, using the TDC-criterion (TDC � �0.379), that a
treatment has become potentially successful. When an
increase in score value is sustained and a basic reference
item is not involved, the item with the sustained larger
score during treatment will likely also have a large score
value in the data from the assessor following treatment.
This large score will then be detected as a post-
treatment added reference item. Apart to contributing to
a possible decrease in success rate, a sustained increased
score will then yield an increase in the post-treatment
TDC-value and thus tend to decrease the efficacy of the
therapy at a group level. The effect of addition of refer-
ence items on success rate and therapy efficacy will be
shown be comparing in retrospect these parameters be-
tween different modes of addition including the mode
without addition.
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One might argue that selecting basic reference items
and added reference ones by using a threshold of score
values might introduce a bias in the treatment outcome
which is due to regression to the mean. Large score values
will tend to decrease rather than to increase by chance
alone. If treatment success and efficacy were solely based
on raw score values with a selection threshold, these pa-
rameters of treatment outcome would be overestimated,
particularly in patients with large baseline values. How-
ever, chance effects are neutralized when the criterion for
a successful treatment is based on a constant amount of
relative change rather than on criteria which are related to
raw change. In the TDC-procedure, patients should have
proportionally more raw decrease in the score values of
their selected reference items for attaining functional sta-
tus, the larger their baseline values are. Mathematically it
follows that bias by regression to the mean is lacking in
relative decrease of any item that contributes to TDC, in
particular when Contrast-values are used (Appendix, sec-
tion ‘Lack of bias by regression to the mean in Contrast
and TDC-values’). A lack of regression to the mean for
relative change was further demonstrated using data from
the present study. The relationship between raw difference
in post-treatment and baseline scores of pain intensity,
and baseline scores of pain intensity was examined as an
example in which regression to the mean is involved. The

relationship between the Contrast of pain intensity and
baseline pain intensity was examined to show that the use
of Contrast-values of pain intensity eliminated any regres-
sion. The absence of regression was further verified by
examining the relationship between post-treatment TDC-
values and the baseline of two variables that were related
to the severity of myogenous TMD: (i) the intensity of the
predominant pain in the oral system and (ii) utility values
of Health-Related Quality of Life.

Following the introduction of all score values in a
custom-made spreadsheet ((Microsoft Excel®; available on
request) the reference items (including added ones) were
automatically detected and Contrast and TDC-values were
automatically determined for each patient and the various
visits. Table 2 shows a patient example of Contrast and
TDC-values.

Pre-treatment procedure
After diagnosis, the patients were randomly allocated within
two pairs of therapies, i.e. (1) occlusal splint (n = 35) versus
physiotherapy of the masticatory system (n = 37), and (2)
occlusal adjustment (OA; n = 23) versus a combination of
occlusal splint and OA (n = 23). Conventional dental therap-
ies include splint and/or OA.

The preset lower and upper limits for the number of
visits and the treatment duration varied between the

Table 2 Patient example of contrast-values and the index ‘Treatment Duration Control’ (TDC)
Reference item (i) Reference score (S1,i) Later score (S2,i) Contrast,

Ci = (S2,i - S1,i)/(S2,i + S1,i)

anamnesis:

(1) VAS-score of intensity of predominant pain (mm) 20 3 �0.739

(2) pain of the jaws (frequency) 3 1 �0.500

(3) stiffness and/or fatigue of the jaw muscles (frequency) 3 1 �0.500

(4) impaired movement of the jaw (frequency) 3 0 �1.000

clinical examination:

(5) pain intensity on the right side during passive jaw opening 2 0 �1.000

(6) pain intensity on the left side during passive jaw opening 2 0 �1.000

(7) pain intensity during palpation of the right deep masseter muscle 2 1 �0.333

(8) pain intensity during palpation of the left deep masseter muscle 2 1 �0.333

(9) pain intensity during palpation of the insertion of the right occipital muscle 2 0 �1.000

(10) pain intensity during palpation of the insertion of the left occipital muscle 2 1 �0.333

TDCanamnestic-items = (� Ci)/4 = [�0.739-0.500-0.500-1.000]/4) = �0.685

TDCclinical-items = (� Ci)/6 = 1.000-1.000-0.333-0.333-1.000-0.333]/6) = �0.666

TDC = (� Ci)/10 = [�0.739-(2 × 0.500)-(4 × 1.000)-(3 × 0.333)]/10) = �0.674

Reference item (i), item with a sufficiently large score-value (see text) of which changes are followed. In this example of a patient, there are 4 reference items
related to anamnestic questions and 6 items related to the clinical examination, thus 10 reference items in total (i = 1..10). S2,i, score value of item i at a later visit
(‘visit 2’) than S1,i, the reference value item i that was observed for the first time at an earlier visit (‘visit 1’). Except the VAS-scores, all other scores originate from
adjectival 0–4 point scales (Table 1). Ci, Contrast-value being the ratio of the difference and sum between the second and the first score values of item i.. TDC, the
index Treatment Duration Control, being the mean Contrast-value averaged across all items. TDCanamnestic-items and TDCclinical-items, mean TDC averaged across the
anamnestic items and the clinical items respectively.
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various types of therapy, with a total range of 3–15 (visits)
and 6–30 weeks (duration).

The blinded assessor carried out an anamnestic and a
clinical examination just before the start of a patient’s treat-
ment to obtain baseline scores of TMD signs and symp-
toms (Table 3, stage 2). Using these data, a list of basic
reference items was prepared by the investigator before
treatment was started.

The anamnestic questionnaire included, apart from
a VAS-score of the intensity of the predominant pain
from the masticatory system, scores on 0–4 point
scales of other items related to daily oral functioning
(Table 1; 6 items in total; Appendix, section ‘Scores
from anamnesis and clinical examination’). The clin-
ical examination included scoring of pain intensity
during movement and clenching tests and muscle
palpation (42 items). By placing Table 1 in his or her
sight, the patient could tell the score number or in-
dicate it by finger signaling, limiting time load by the
clinical examination to 15–20 minutes.

Treatment procedure
The clinician carried out the same anamnestic and
clinical examination as the assessor at various visits
(Table 3, stage 3). For determining TDC, the clinician
not only considered the basic reference items but ac-
tually increased score values could also yield added
reference items (see above, section ‘Background of
TDC’).

Patients expressed the daily functioning of the oral sys-
tem by means of anamnestic reference items whereas clini-
cians expressed the functioning of the oral system in
clinical tests by clinical reference items. Patients assessed a
smaller degree of improvement at the end of treatment
than clinicians (cf. Results). The patient’s opinion was
therefore given more weight if the outcome from the anam-
nestic items indicated a demand for further treatment, by
application of the following ‘discrepancy rule’. If the over-
all TDC was � �0.379 (successful treatment), but TDC-
anamnestic-items was > �0.212 (treatment with insufficient
effect according to the patient), the treatment was consid-
ered as unfinished or as being unsuccessful if the maximal
therapy duration was exceeded.

Depending on the TDC-outcome, the clinician con-
tinued or finished treatment within preset limits of pos-
sible therapy duration. If TDC was > �0.212 after a
treatment-specific minimum duration of treatment, the
treatment was ended because the patient was not suffi-
ciently responsive. If �0.379 < TDC � �0.212, a patient
was sufficiently responsive but the treatment was con-
tinued. If TDC was � �0.379 at two successive visits
with a therapy-specific interval of 3–6 weeks, while the
discrepancy rule was not applied, treatment was ended
as being potentially successful.

Outcome procedure
The assessor recorded the scores, on average 4.8 weeks
(SD 4.7) after the end of treatment for all patients,
and after 6 and 12 months of follow-up for those
patients whose treatments were successful in the short-
term (Table 3, stage 4 and 5). Patients with an unsuc-
cessful treatment in the short-term had no follow-up,
because their initial treatment had to be stepped up or
changed for ethical reasons and in accordance with
clinical care.

The investigator determined the TDC-value for each
patient using the patient’s basic reference items. Further-
more, those items were added as a reference of which
the assessor’s score had increased from a level of ‘0’ or
‘1’ at baseline to a level of ‘3’ or ‘4’ at a post-treatment
visit. Possibly added reference items from the clinician
were ignored to obtain success rates of treatments and
post-treatment values of TDC related to therapy efficacy
that were solely based on data from the blinded assessor.
Furthermore, by considering the treatment period as a
black box, any bias is avoided in the post-treatment
TDC-values which might be due to inter-patient differ-
ences in the number of visits during treatment or in the
duration of treatment (cf. Discussion).

Success rate of myogenous TMD (occasionally corrected
by the aforementioned discrepancy rule) was determined
in the entire patient group, as no significant differences
occurred between therapy types.

Validation of cut-off points of TDC
The cut-off TDC = �0.379 was validated by considering dis-
tributions of TDC-values, VAS-scores of pain intensity, and
utility values of EQ-5D [19] related to Health-related Quality
of Life (HRQoL). The cut-off points TDC = �0.202 and
TDC = �0.379 were validated by data from the literature.

Statistical analysis
Statistical analyses were performed using Graphpad soft-
ware (Graphpad Prism 6.01, Graphpad Software Inc, San
Diego, CA). For each therapy, TDC based on anamnestic
items was compared with TDC from clinical items, in
two-way ANOVAs for paired observations. These TDCs
were compared at three occasions of treatment evaluation:
(1) the last visit of treatment (‘pre-end-measurement’
PEM; clinician involved), (2) the visit to determine treat-
ment outcome in the short-term (‘end-measurement’, EM;
assessor involved), and (3) the visit to determine the ul-
timate treatment outcome, finishing follow-up (‘last-meas-
urement’, LM; assessor). As EM was also LM for those
patients whose treatment was unsuccessful at EM, 24.6%
of the data was common between EM and LM. Two sep-
arate ANOVAs were therefore applied to compare TDC
from PEM with that of EM and LM respectively. When
ANOVA was significant at a level of 2.5% (Bonferroni
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correction of 5% for the twofold use of data), Bonferroni’s
multiple comparison tests were used to determine signifi-
cant differences between each pair of results.

A separate possible addition of reference items by the
clinician during treatment and by the investigator (based
on data from the assessor) during follow-up, and consi-
dering only the added items from the assessor, was the
standard procedure for determining success rate and post-
treatment TDC-values related to therapy efficacy. In order
to assess the effect of addition, this mode was in retro-
spect compared with two other modes, i.e. (i) a mode of
continual addition in which items are possibly added by
the clinician and subsequently by the investigator (based
on data from the assessor), are considered, and (ii) a mode
without addition, in which only the basic reference items
are considered which were obtained before treatment was
started. Frequencies of patients including those related to
success rate were compared between different conditions
in a chi-square test. Two separate one-way ANOVAs for
paired observations were applied to compare the TDC-
values (pooled across therapies) between the three modes
of addition at the two post-treatment occasions of treat-
ment evaluation, EM and LM.

Regression analysis was applied to the relationship
between TDC and baseline values of the intensity of
the predominant pain and Health-related Quality of
Life respectively to examine whether TDC depends
on baseline values of variables that are related to the
severity of myogenous Temporomandibular Disorders.

Wilcoxon’s test for paired observations was used to
examine the significance of differences between pre- and
post-treatment VAS-scores of pain intensity and utility
values of EQ-5D.

Results
TDCs based on anamnestic and clinical items
Figure 2 shows TDC-values related to anamnestic and
clinical items respectively on three evaluation occasions
(‘pre-end-measurement’, PEM, at the last treatment
visit; ‘end-measurement’, EM and ‘last-measurement’,
LM, both occasions following treatment). Two-way
ANOVAs for repeated measures showed a significant (p <
0.001-0.01) effect of the type of TDC, for the three dental
therapies. Bonferroni’s post tests showed that at PEM (in-
volvement of clinician), TDC-anamnestic was consistently
larger (p < 0.001-0.01; less negative values indicating less
improvement) than TDC-clinical. Some significant differ-
ences occurred at EM and no significant differences at
LM (involvement of assessor). The ANOVA was not
significant for physiotherapy for which the evaluation was
always carried out by another person than the physiother-
apist, i.e. the responsible dentist at PEM and the assessor
at EM and LM. However, TDC-anamnestic was signifi-
cantly larger than TDC-clinical (p < 0.05; Student’s t-test

for paired observations) at the visit before PEM, in which
the physiotherapist was involved.

Differences between TDC-anamnestic and TDC-clinical
did not depend on the level of TDC-values as regressions
between the difference and the mean of paired values were
non-significant.

The influence of added reference items
The mean number of items that contributed to TDC was
14.2 at PEM (SD 8.0, range: 2–40, n = 118 patients), and
13.8 at LM (SD 7.5). Added reference items, based on data
from either the clinician or the assessor were involved in
44.1% of the patients (n = 52). The clinician added reference
items in 30.5% of the patients (mean 3.3 items, SD 3.7,
range: 1–17, n = 36 patients) and the investigator (data from
the assessor) in 27.1% of the patients (mean 2.5 items, SD
1.6, range: 1–7, n = 33 patients). A large majority of the ref-
erence items were basic reference items in the patients with
added reference items. On average, 83.7% were basic refer-
ence items and 16.3% added reference items. Furthermore,
addition of items occurred frequently in patients whose
treatment was unsuccessful in the long-term (at LM), i.e. in
69.4% of the patients evaluated by the clinician at PEM and
in 84.4% evaluated by the assessor at LM. The number of
added reference items tended to be the largest for patients
with a moderately large number of basic reference items
(10–25 basic reference items). Addition needed never to be
applied to patients with large numbers of basic reference
items (clinician: >25; data from the assessor: >30). The
summed score level, mean level, or the total number of
scores from reference items of patients for which addition
occurred, therefore never exceeded the values of the patient
with maximal baseline values from a pilot sample, to which
the cut-off point TDC = �0.379 has been tuned (see Appen-
dix, section ‘choosing two cut-off points of TDC’). The
current sample of 118 patients included 2 patients whose
baseline values of summed score level, mean level and total
number of reference items exceeded slightly those of the pa-
tient from the pilot sample (see also Appendix). Both pa-
tients had a successful treatment in the long-term.

Figures 3A-B, shows distributions of TDC-values in
which only the added reference items from the assessor
were considered at EM and LM. This distribution became
bimodal at LM. Similar, also bimodal TDC-distributions
occurred at LM when the added reference items from
both the clinician and the assessor were considered, and
when no items were added (Figures 3C-D).

Table 4 shows the effects of three modes of addition on
success rate of treatment. Separately added items from
clinician and assessor, and only considering those from
the assessor, yielded, with the least frequent use of the dis-
crepancy rule (3.4% of the patients), the most conservative
success rate at LM. The differences between modes were,
however, small and non-significant in chi-square-tests.
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addition (Table 5, bottom half; even some non-significant
differences in Bonferroni’s multiple comparison tests). The
effect of using initial zero Contrast-values rather than posi-
tive Contrast-values was small and non-significant on the
success rate in the long-term, i.e. 57.6% (68/118 patients)
rather than 55.9% (66/118 patients) for the mode of separ-
ately added items.

Control on regression to the mean
A highly significant (p < 0.001) regression occurred between
the raw difference values in VAS-scores of pain intensity be-
tween, for example the last measurement (LM) and baseline,
and the baseline values (r = 0.60, n = 118) of the various pa-
tients. This significant regression, with a negative gradient,
was due, at least in part, to regression to the mean. In agree-
ment with mathematical considerations (Appendix, section
‘Lack of bias by regression to the mean in Contrast and
TDC-values’), any regression was lacking (r = 0.038) between
the Contrast-values of pain intensity at LM (ratio between
difference and sum of scores at LM and at baseline) and

the baseline scores of pain intensity. Any regression was
also lacking in relationships between TDC and the baseline
of a variable that is related to severity of myogenous TMD
in individual patients. Thus the TDC-values in the short-
term following treatment (at EM) or in the long-term (at
LM) did not depend on the level of the predominant pain
at baseline (Figure 4A). Pearson’s correlation coefficient of
these regressions was nearly zero (r = 0.013-0.066), whether
or not reference items had been added during treatment
and/or follow-up. Furthermore, the scatter of the TDC-
values was similar within the entire range of baseline values
of pain intensity. The TDC-values were also independent
from the baseline utility values of Health-related Quality of
Life (Figure 4B), a variable which is to some extent in-
versely related to severity of the myogenous TMD.

Validation of the cut-off point of TDC for deciding
successful treatment
The present study provided three ways of validation.
First, it is of interest to consider the distribution of the

Figure 3 Post-treatment distributions of TDC-values. These distributions are depicted at two occasions of treatment (Tx) evaluation and with
different modes of addition of reference items. Arrow, the cut-off point TDC = �0.379 for distinguishing between a successful Tx (more negative
TDC-values to the left) and an unsuccessful Tx (less negative values to the right). Total number of patients: 118. A-B, the evolution of the
TDC-distribution from the short-term to the long-term, post-Tx; possibly added reference items from solely the assessor were included in the
TDC-values. A, TDC-distribution at EM (‘end measurement’, cf. Figure 2). B, ultimate TDC-distribution at LM (‘last measurement’). Note that the
TDC-distribution became bimodal at LM. C-D, TDC-distributions at LM, with two other modes of addition of reference items: (1) items both from
the clinician and subsequently the assessor (C), and (2) no addition (D). Note that, regardless of the way of addition, the three TDC-distributions
at LM were bimodal (B, C-D) and that these distributions were similar. Black bars, patients (3.4-7.6%) whose treatments were successful according
to the sole criterion of TDC � �0.379, but unsuccessful according to the ‘discrepancy rule’ (see text, section ‘treatment procedure’). See Table 4 for
the success rate at various times of treatment evaluation and various modes of addition of reference items, including the effect of application of
the discrepancy rule. Occasions of evaluation and modes of addition in this figure (A-D) corresponds with EM, s-A / LM, s-A / LM, c-A and LM, NA
respectively in Table 4.
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TDC-values which became bimodal in the long-term,
at the last measurement (LM; Figure 3B). The first peak
(pronounced negative TDC-values) in this bimodal dis-
tribution corresponded to a great extent to patients
whose treatments were successful according to the cri-
terion of TDC � �0.379. The second peak corresponded
to a great extent to patients with an unsuccessful treat-
ment (TDC > �0.379).

Second, also for comparing treatment effect of the TDC-
procedure with that of other procedures (cf. Discussion), it
is of interest to examine raw changes in pain intensity in a
traditional manner. To that end, the distributions of the
values of intensity of the predominant pain (VAS-scores)
were considered before and after treatment. The intensity
of the predominant pain in the oral system is a key out-
come variable as it is related to function impairment of
the patients suffering from myogenous TMD. The wide
pre-treatment distribution of VAS-scores of pain intensity
(Figure 5) only changed into a narrow distribution of small
post-treatment VAS-scores (p < 0.01; Wilcoxon’s test for
paired observations), for patients whose treatment was suc-
cessful at LM, using TDC. The pre-treatment distribution
did hardly change for patients whose treatment was unsuc-
cessful according to TDC (Figure 5). The percentage de-
crease in VAS-score was 90.5% (SD 16.5; n = 66), when
averaged across the various patients whose treatment was
successful.

Third, Health-related Quality of Life (HRQoL) increased
significantly (p < 0.0001; Wilcoxon’s test for paired

observations) from 0.728 (SD 0.234) to 0.916 utility units
of EQ-5D (SD 0.143, n = 63, 3 missing pairs) for those pa-
tients whose treatment was successful at LM, using TDC.
HRQoL did not change significantly from 0.734 (pre-treat-
ment; SD 0.129) to 0.662 units (post-treatment, LM; SD
0.287, n = 48, 4 missing pairs) for patients whose treat-
ment was unsuccessful.

Discussion
Characteristics of the TDC-procedure
The current TDC-procedure includes a set of rules, i.e.
(i) those regarding adaptive item selection before, dur-
ing treatment and separately at the post-treatment occa-
sions of evaluation, (ii) the rule based on relative
decrease in scores for progressing or ending treatment,
and (iii) the discrepancy rule in which the patient’s
demand for subsequent treatment can overrule the
conclusions of the clinical examination. This TDC-
procedure approaches clinical care of myogenous TMD
to such an extent that the clinicians who participated
in the Randomized Controlled Trial of the present
study, felt confident to use TDC for deciding when to
end treatment in a standardized manner. Despite the
abovementioned rules which may influence treatment
outcomes in specific ways, it is still possible to compare
treatment effect between the current TDC-procedure
with that of other procedures, even ones which differ
considerably, i.e. a traditional Routine Outcome Monitoring
or a traditional Randomized Controlled Trial. To that end,

Table 4 Effect of added reference items and the discrepancy rule on the success rate of treatment
Occasion of
evaluation

Mode of adding
reference items

n TDC �
�0.379

n TDC >
�0.379

n discrepancy
rule

n S-Tx n U-Tx Success rate
(%)

PEM A 100 18 8 92 26 78.0

PEM NA 100 18 8 92 26 78.0

EM s-A 93 25 4 89 29 75.4

EM c-A 96 22 8 88 30 74.6

EM NA 98 20 6 92 26 78.0

LM s-A 70 48 4 66 52 55.9

LM c-A 78* 40* 9* 69* 49* 58.5*

LM NA 79* 39* 6* 73* 45* 61.9*

Occasion of evaluation of treatment (Tx) success rate: PEM (clinician); EM, (assessor); LM, (assessor; cf legend of Figure 2). Mode of adding reference items: A,
added (by clinician); s-A, separately added by clinician and by investigator (based on data from assesor), and only the added reference items from the assessor are
considered in the Tx evaluation; c-A, continually added by clinician and subsequently by the investigator (based on data from assessor), and all added reference
items are considered in the Tx-outcome; NA, no addition. n TDC � �0.379 and n TDC > �0.379: number of patients for which TDC � �0.379 or TDC > �0.379
respectively. n discrepancy rule: number of patients with application of the ‘discrepancy rule’ (see text, section ‘treatment procedure’). n S-Tx and n U-Tx: number
of patients with a successful Tx and a unsuccessful Tx respectively. Note that n S-Tx = [(n TDC � �0.379) – (n discrepancy rule)], and n U-Tx = [(n TDC > �0.379) +
(n discrepancy rule)]. Note also that the application of the discrepancy rule was occasional, i.e. for 3.4-7.6% of the patients.
Success rate (%) = (n S-Tx/118)×100% (118 = total number of patients).
*, values based on n = 89 patients who entered the follow-up at EM according to separately added reference items (s-A) from the assessor (the mode of addition
used in the RCT of the present study). Because the number of patients entering the follow-up at EM would have been slightly larger according to NA (n = 92)
than actually occurring according to s-A (n = 89), the success-rate (n S-Tx) at LM might be slightly underestimated for the mode NA. The success-rate at LM is
approximately correctly estimated for the mode c-A as the number of patients entering the follow-up was nearly the same for c-A (n = 88) as for s-A (n = 89).
Note that regardless of a possible underestimation of n S-Tx for LM, NA, the value of success-rate is the smallest for LM, s-A.
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it is of interest to analyze some key outcome variables in a
traditional manner. Two parameters of raw change in out-
come variables are of interest in this respect, i.e. Clinically
Important Difference (CID) and Cohen’s Effect Size (ES).
CID is the mean raw change in an outcome variable ob-
served in a patient sample after interventions of known effi-
cacy [20]. The ratio between the mean change following a

therapy and the SD of the baseline scores is ES for this ther-
apy [21,22]. A value of ES of 0.2 or less represents a small
change, a size of 0.5 represents a moderate large change
and a value of 0.8 or larger corresponds with a large effect
of therapy. Apart from comparing different therapies within
the same procedure, for example a traditional Randomized
Controlled Trial, CID and ES can also be used to compare

Table 5 TDC-values for different modes of addition and initial Contrast-values of reference items
Group Occasion Mode of addition % difference relative to NA Test p-

levels-A c-A NA s-A c-A

use of positive value relative to baseline as initial Contrast-value for added reference items

all EM -0.635 -0.653 -0.659 3.6 1.0 s-A vs. NA ***

patients (0.300) (0.283) (0.270) c-A vs. NA ns

n = 118 s-A vs. c-A ***

all LM -0.541 -0.556 -0.585 7.5 4.9 s-A vs. NA ****

patients (0.339) (0.324) (0.298) c-A vs. NA *

n = 118 s-A vs. c-A **

patients with EM -0.420 -0.454 -0.514 18.2 11.8 s-A vs. NA ****

added items (0.333) (0.309) (0.276) c-A vs. NA **

from assessor s-A vs. c-A **

n = 33

patients with LM -0.229 -0.268 -0.395 42.0 32.0 s-A vs. NA ****

added items (0.281) (0.271) (0.254) c-A vs. NA ***

from assessor s-A vs. c-A **

n = 33

use of zero as initial Contrast-value for added reference items

all EM -0.651 -0.665 -0.659 1.2 -1.0 s-A vs. NA **

patients (0.274) (0.262) (0.270) c-A vs. NA ns

n = 118 s-A vs. c-A **

all LM -0.570 -0.583 -0.585 2.5 0.3 s-A vs. NA ***

patients (0.303) (0.293) (0.298) c-A vs. NA ns

n = 118 s-A vs. c-A *

patients with EM -0.485 -0.498 -0.514 5.6 3.1 s-A vs. NA **

added items (0.274) (0.267) (0.276) c-A vs. NA ns

from assessor s-A vs. c-A ns

n = 33

patients with LM -0.342 -0.357 -0.395 13.3 9.5 s-A vs. NA ***

added items (0.230) (0.225) (0.254) c-A vs. NA *

from assessor s-A vs. c-A ns

n = 33

mean and (between brackets) SD values of TDC for two ways of attributing an initial Contrast-value of an added reference item at the visit of addition, i.e. (i) by
calculating the Contrast between the large score value at addition with respect to the low value at baseline using equation (1) (see text), or (ii) by attributing the
value zero as initial Contrast-value (cf. Discussion). For explanation of the abbreviations under ‘occasion’ and ‘mode of addition’, see Table 4. Test: Bonferroni’s
multiple comparison test which could always be applied as all 1-way ANOVAs for repeated measures were significant (p < 0.0001-0.05). p-level: ****, p < 0.0001;
***, p < 0.001; **, p < 0.01; *, p < 0.05; ns, non-significant.
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the effect of different procedures using the same type of
treatment. CID with its mean and SD values is then
suitable for statistical testing of efficacy between
different procedures. When CID and ES are applied
to an entire patient sample, these parameters refer to
an overall procedure effect, regardless of how the
patients are divided in a procedure-specific way into
two groups, with a ‘successful’ and an ‘unsuccessful’
treatment.

The effect of the current TDC-procedure is large for
myogenous TMD, i.e. Cohen’s effect size (ES) is 1.09 and
1.38 for rating of pain behaviour or pain intensity respect-
ively [18]. Thus the current TDC-procedure has proven to
be effective for patients who were, like in a traditional Ran-
domized Controlled Trial, selected using stringent criteria
(Appendix, ‘Inclusion and exclusion criteria of the patients’,
[17]). ES observed in myogenous TMD patients is similar
to an ES of 0.80 and 1.38 ([23], based on disability due to
pain) for patients receiving physical therapy for low back
pain [24] or acute shoulder pain [25] respectively.

TDC deals with multiplication factors of relative change
in score values rather than with these values themselves.
TDC is therefore not bound to a particular scale, and arbi-
trary weighing of score values from different items is
avoided (cf. Appendix, section ‘averaging of ratio values be-
tween scores from two times of measurement’). On the
other hand, the multiplication factors related to relative
change of different items have been equally weighted. The

rationale of this equal weighing was that all items were re-
lated to intensity or frequency pain from the masticatory
system, and to disability of this system due to the presence
of pain. Furthermore, equal weighing is supported by the
finding that the expectation of patients with facial pain or
fibromyalgia regarding treatment of their symptoms is con-
stant in a relative sense for several domains of scoring [14].

Apart from a 100 mm VAS for intensity of predomin-
ant pain, adjectival 0–4 point scales (giving a choice be-
tween 5 states) have been used for all other items to
reduce the time-load of patient and clinician. Such
scales are sufficiently graded for myogenous TMD as
the mean treatment effect is large for this disorder, i.e.
Cohen’s effect size is 1.09-1.38 (see above). The accur-
acy gain of more detailed scales is limited because sub-
jects are mentally able to handle only five to nine levels
and will thus mentally reduce more detailed scales to
about seven segments [26,27]. The discrete score values
are on an ordinal rather than an interval or ratio scale
level. However, as the underlying phenomenon (dis-
order activity) is on an interval scale, these measures
can be analyzed parametrically if the sample size is
large enough (central limit theorem). Because TDC is a
mean of several Contrast-values, the gradation of TDC-
values is larger than that of Contrast-values.

The influence of random fluctuations on TDC is lim-
ited by selecting items for an adaptive way of testing,
using values of the smallest detectable difference (SDD)

Figure 4 Relationships between TDC-values and baseline values of intensity of predominant pain from the masticatory system (A) and
general Health-related Quality of Life (B). These baseline values are related to the severity of myogenous Temporomandibular Disorders in
individual patients; the values of HRQoL in an inversely way. The TDC-values are from the last evaluation visit at LM (last measurement) following
treatment and include possibly a separate addition of reference items by clinician and investigator (based on data from assessor) and considering
only the added items from the assessor. For TDC = 0, an overall change in signs and symptoms is lacking following treatment and for TDC = �1
all signs and symptoms of myogenous TMD have disappeared. Solid lines, regression lines: TDC = 0.00047.PI – 0.560, in which PI is pain intensity
(Pearson’s correlation coefficient: r = 0.031, not significant, n = 118), and TDC = 0.0245.HRQoL-0.564, in which HRQoL is Health-related Quality of
Life (r = 0.015, not significant, n = 112, 6 missing values). Similarly, no significant relationships were observed for TDC from the end measurement
(EM) following treatment in the short-term and for other modes of addition of items, including no-addition. Note that significant regressions are
lacking while the scatter in TDC-values is similar within the range of baseline values, indicating that (i) the TDC-values from individual patients are
independent from their baseline values of pain intensity or HRQoL, and (ii) a similar variety of relative change following treatment occurs for the
various patients, regardless of the baseline severity of myogenous TMD. The fraction of patients whose TDC-value has dropped to or beyond the
cut-off level of �0.379 and thus the chance of attaining functional status, is independent from the patient’s baseline severity level.
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for single scores (2–3 units) as a threshold. This selec-
tion does not introduce a risk on introducing bias by re-
gression to the mean in the TDC-values. Time effects by
chance are neutralized when the criterion for a success-
ful treatment is based on a constant amount of relative
change rather than on criteria which are related to raw
change. Regression is lacking in the relationship be-
tween the Contrast-value of a single variable and its
baseline and the bandwidth of scatter in the Contrast-
values is constant (cf. Appendix, section ‘Lack of bias by
regression to the mean in Contrast and TDC-values’).
Hence, Contrast-values of any item that contributes to a
TDC-value are independent from their baseline values.
As each of the items which are involved in the mean
Contrast-value (hence the TDC-value) is related to the
baseline level of severity of myogenous TMD, a regres-
sion will also be lacking in the relationship between
TDC and baseline values of items like predominant pain
of the masticatory system (VAS-scores) and Health-
related Quality of Life (EQ-5D utility units). A lack of
such a regression has been observed indeed (Figures 4
A-B). The constant bandwidth of scatter of the post-
treatment TDC-values around the nearly horizontal re-
gression line means that a similar variety of TDC-values

(similar variety of relative change) from different pa-
tients occurs, regardless of the severity level of the pa-
tients’ myogenous TMD. Hence, the fraction of patients
whose TDC-value has dropped to or beyond the cut-off
level of �0.379 and thus the chance of attaining func-
tional status, are independent from the patient’s baseline
severity level.

Also related to selecting items in an adaptive way, one
might question whether statistically, an overall reliable
change (RC > SDD for score means) can be achieved in
patients with a low baseline, who have only reference
items of ‘2’ of which some scores decrease by merely one
unit rather than consistently by two units. This problem
has been avoided in the present study by requiring a low
general score level (reflected as TDC � �0.379) during
subsequent occasions of treatment evaluation rather than
at one occasion in the traditional concept of RC related to
SDD. A patient’s general score level had to be low at the
last two occasions of the clinician’s evaluation before treat-
ment was considered as being potentially successful.
Subsequently, the general score level had to be low at
three successive post-treatment times of the assessor’s
evaluation (5 weeks, 6 and 12 months after treatment), be-
fore treatment was ultimately considered as being

Figure 5 Distributions of VAS-scores of the intensity of predominant pain from the masticatory system. n, number of patients. S-Tx and
U-Tx, patients with a successful treatment in the long-term (A-B), and an unsuccessful treatment (C-D), according to TDC based on data from the
assersor and an occasional use (3.4%) of the discrepancy rule. Pre-Tx, pre-treatment VAS-scores (A,C); Post-Tx, post-treatment VAS-scores (B,D)
from the last evaluation visit at LM (‘last measurement’).
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successful. A repeated end evaluation will also correct a
single decision of a ‘successful’ treatment which might be
false due to intra-subject variation.

The current sample of 118 patients included 2 patients
whose general level of baseline scores was somewhat
higher than that of the patient from the pilot sample whose
general baseline level was used for tuning the cut-off value
TDC = �0.379. The mean score level of these 2 patients,
averaged across the reference items, was only slightly larger
than the one of the patient used for tuning the cut-off
point, because the mean level was largely dominated by
many maximal score values of 4 units (cf. Appendix, sec-
tion ‘choosing two cut-off points of TDC’). The TDC-value
required to attain the zone of functional status for these
patients was therefore only slightly more negative than
TDC = �0.379, hence the required treatment factor T was
only slightly larger. One might argue that the decision of a
successful treatment of these 2 patients might have been
favoured by the use of a slightly less conservative cut-off
value TDC = �0.379. However, the criterion TDC � �0.379
for a successful treatment has been used in combination
with the discrepancy rule in which the patient’s demand for
subsequent treatment can overrule the conclusions of the
clinical examination. Such a combined use is actually more
effective than a more negative TDC-value as cut-off. Apart
from enabling further treatment for patients with such a de-
mand, the combined use prevents over-treatment of some
patients who would have been classified as being unsuccess-
fully treated using a more conservative cut-off value of TDC
while these patients had no demand for further treatment in
the current procedure (cf. section ‘validation’ below). Thus
the TDC-procedure has been proven to be robust.

The baseline data of a traditional Routine Outcome Mon-
itoring (ROM) include all scores regardless of their level. In
accordance with common clinical care, large scores related
to items of late pronounced signs or symptoms are auto-
matically included in the overall outcome variable of such
ROM and might influence treatment duration, success
rate and efficacy of a therapy. Such large scores might also
be included in the outcome variable of a traditional Ran-
domized Controlled Trial (RCT) of which the treatment
duration is constant, and influence success rate and ther-
apy efficacy. While the influence of scores which are tem-
porarily large during the treatment will wane in the
outcome variable of a traditional ROM or RCT, only
scores that are sustained large beyond the end of treat-
ment, and scores which become large during a follow-up
will influence the post-treatment outcome variable related
to these procedures.

The baseline scores of the TDC-procedure are adaptively
selected for being sufficiently pronounced. Reference items
related to late pronounced signs and symptoms must be
added later during treatment and follow-up to comply with
common clinical care to follow any item with a high level

of severity and serving the safety of patients who partici-
pate in a randomized controlled trial. The overall effect of
added reference items is small in the present study because
even in the fraction of patients (44.1%) in which addition
of reference items occurred, there were much more basic
reference items involved (84%) than added reference items
(16%). Furthermore, addition of reference items was, in
general, concomitant with increased score levels of basic
reference items. Such an increase in the general severity
level of the patient’s myogenous TMD is reflected in mean
levels of post-treatment TDC that, regardless of the mode
of addition, are clearly larger (less negative, indicating less
improvement) for a subgroup of patients with added refer-
ence items, than for the entire patient sample (Table 5).
Addition of reference items therefore occurred more fre-
quently in patients whose treatment was unsuccessful, for
example, in 84% of such patients at the last post-treatment
measurement. Thus, even in patients with added items,
relative changes in the basic reference items dominate the
outcome.

The increase in severity level of myogenous TMD, to
which the addition of reference items during treatment is
related, will extent the duration of treatment even when
this increase is temporarily. More visits are then required
before a clinician can decide, using the TDC-criterion
(TDC � �0.379), that a treatment has become potentially
successful.

As the addition of reference items occurred only in
patients who had a moderately large number of basic
reference items at most, their general score level
remained below that of the TMD patient with maximal
baseline values from the pilot sample to which the treat-
ment factor T was tuned a priori. Thus the criterion of
reaching the zone of functional status following an over-
all decrease in score values by at least the treatment fac-
tor T (reflected as TDC � �0.379), remains valid for
patients with added items.

In the current Randomized Controlled Trial with TDC,
the initial Contrast-value of an added reference item was
determined with respect to its basic value using equation
(1). Since the score value of such an item was either ‘3’ or
‘4’ at the visit of addition, and their baseline score values
were either ‘0’ or ‘1’, the initial Contrast-value varied within
a range from +0.5 to +1.0, where the positive sign reflects a
worsening with respect to baseline. Attributing such a
positive Contrast-value will enhance the sensitivity of TDC
to detect cases of relapse as this Contrast must be compen-
sated by negative Contrast-values from several other items
(reflecting improvement for these items) before the criter-
ion TDC � �0.379 might be attained for a successful treat-
ment. The positive Contrast-value will decrease to zero
when the patient does not improve for that item, and will
have a negative value when the patient has improved at a
visit following the visit of addition. Thus even if the initial
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positive Contrast-value of an added reference item is de-
cisive for non-attaining functional status, a decrease to zero
or to a negative value during a subsequent visit will en-
hance the chance on attaining functional status at a later
phase of treatment.

In contrast to an addition before the end of treatment,
the initial positive Contrast-values of reference items that
are added at the last visit of treatment or at the one of the
post-treatment occasions will have a relatively large weight
in the parameters of treatment outcome (success rate and
treatment efficacy) at the end of treatment or following
treatment respectively. If the initial positive Contrast-
value is decisive for a post-treatment outcome of a non-
successful treatment, a subsequent visit for improvement
is lacking because a further follow-up was ended as soon
as a patient’s treatment was considered as being unsuc-
cessful at one of the three occasions of post-treatment
evaluation. Although not significant, the success rate
therefore tends to be lower for the mode of separately
added items in which only added items based on data
from the assessor are considered with respect to the mode
of continued added items from clinician and assessor, or
to the mode of non-addition (Table 4). Furthermore, the
post-treatment values of TDC (treatment efficacy) are sig-
nificantly larger (less negative; less improvement) for the
mode of separately added items.

In accordance with clinical care, the initial treatment of
myogenous TMD patients, suffering from chronic pain,
was stepped up or changed for ethical reasons, when this
treatment (which could have a duration within a range
from 6 to 30 weeks) appeared to be unsuccessful at a post-
treatment occasion of evaluation. Hence, a waiting period
was not applied for these patients to complete the follow-
up of a year during which spontaneous improvement might
have occurred in some patients. Thus regardless of the pro-
cedure used for treatment evaluation, including the TDC-
procedure, not completing the follow-up of all patients will
yield some bias in success rate and therapy efficacy, i.e. both
parameters will probably be slightly underestimated.

Once an item has been added as a reference item in the
TDC-procedure its Contrast-values remain to contribute
to the TDC-values of subsequent visits, also if the score
value of that item wanes to zero (its Contrast-value be-
comes then �1). When the same item is detected as an
added reference item during treatment as well as at the
first post-treatment visit, its Contrast-value at the first
post-treatment visit might differ between the modes of sep-
arately added reference items from clinician and assessor
and continued added items respectively. This inter-mode
difference occurs in particular when the initial Contrast-
value of the added item is determined with respect to the
baseline. For example, suppose that the clinician ob-
serves a score value of ‘4’ at a treatment visit of an item
of which the baseline is ‘0’, the initial Contrast-value is

then +1 (=(4 – 0)/(4 + 0) at the treatment visit of
addition. Suppose that the assessor also observes a
score value of ‘4’ at the first post-treatment visit. If the
treatment period is considered as a black box (as in the
mode of separately addition of reference items), the ini-
tial Contrast-value with respect to baseline is again +1
at the post-treatment visit. On the other hand, the
Contrast-value is not +1 but zero in the mode of con-
tinued added items (no separation of item information
between treatment and post-treatment period), with re-
spect to the score value at the visit of addition during
treatment (=(4 – 4)/(4 + 4)). This zero value reflects no
change in score value between the post-treatment visit
and the treatment visit of addition. Thus the possible
difference in post-treatment Contrast-values of added re-
ference items yields some inter-mode bias in the post-
treatment TDC-values, which has, however only a small
and non-significant effect on success rate (Table 4). Success
rate is hardly affected because attaining or passing the
TDC-level of �0.379 is decisive for considering treatment
as being potentially successful rather than the TDC-value it-
self. Thus possible inter-mode variations are irrelevant in
view of success rate, for TDC-values which are sufficiently
remote from the cut-off level of �0.379. Although small in
the entire patient sample (<3%, Table 5, top), the inter-
mode bias has a significant effect on the post-treatment
TDC-values as a measure of therapy efficacy.

Using the mode of separately added reference items
makes the post-treatment TDC-related outcome vari-
ables free from any possible clinician-bound bias. One
might argue that a clinician-bound bias would also be
avoided when the anamnestic and clinical examinations
of a patient would solely be carried out by a blinded as-
sessor, also at the treatment visits. The investigator or a
computer system could transfer the score and TDC in-
formation to the clinician to keep the assessor blinded.
A continued mode of addition of reference items could
then be applied while avoiding a possible clinician-bound
bias as well as an inter-mode bias of addition. However,
for two reasons, even an improved mode of continued
addition is not appropriate for a Randomized Controlled
Trial which uses TDC and allows variation in the number
of visits and the duration of treatment.

First, apart from a more time consuming thus less
feasible procedure for the assessor there might be a risk
on a less natural interaction between clinician and pa-
tient which might influence treatment outcome. While
this risk might be present for chronic pain patients
whose data of evaluation originates in part from man-
ual clinical tests, such a risk is absent when exclusively
questionnaires are used of which the data are collected
by a person who is neither a clinician nor an assessor,
like in Routine Outcome Monitoring of psychiatric pa-
tients [11-13].
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Second, the chance of detecting added reference items
with large score values, transient ones in particular, may
depend on the frequency of visits and the duration of treat-
ment. For example, suppose that a sign or symptom, which
is related to a potential added reference item, reaches a
high level for a short time. The likelihood of detecting the
high score level of such an item is then larger with a higher
frequency of visits. Furthermore, suppose that the scores of
more items are transiently increased. With a particular fre-
quency of visits, detection of one of these items will then
occasionally occur when the timing of a high score level
coincides with that of a measurement. Such a coincidence
will occur more likely with a longer duration of treatment.
The therapies used in the current Randomized Controlled
Trial differed in a therapy- and patient-specific way in
number of visits and in treatment duration. Although nei-
ther the frequency of addition nor the number of added
items differed significantly between therapies at the end of
treatment, application of the mode of separately added ref-
erence items from clinician and assessor, is a sine qua
none. Thus the treatment period was considered as a black
box in the present study for determining the post-
treatment TDC values, to avoid any bias which might be
due to variation in number or frequency of visits and dur-
ation of treatment. Furthermore, the number of post-
treatment visits for treatment evaluation by the assessor
and their intervals were the same for the various therapies.
As explained before, the mode of separately added refer-
ence items yields an inter-mode bias of the post-treatment
TDC-values when the baseline of an added reference item
is used for determining its initial Contrast-value. Below it
will be shown that by using zero as an initial Contrast-
value, which can be theoretically expected, the inter-mode
bias is largely diminished.

Basic reference items and added ones have been un-
equally treated in the current TDC-procedure with respect
to the reference score value used for determining Contrast-
values. For basic reference items, the Contrast-values have
always been determined with respect to the same reference
score values from the visit at which the items were
detected as reference items, i.e. the values for the pre-
treatment ‘visit’. In contrast, two reference values have
been used for an added reference item, i.e. (1) the pre-
treatment score value for the Contrast-value at the visit of
addition and (2) the score value from the visit of addition
(visit of detection) for Contrast-values at subsequent visits
(the second situation is equivalent to that of basic reference
items). The use of a reference score value can be confined
to the same value from the visit of addition by considering
which Contrast-value should be applied within the visit of
addition, from a theoretical point of view. A patient has a
particular pattern of levels of signs and symptoms at a par-
ticular moment within a visit. This level pattern is related
to an intrinsic score pattern which becomes known

following measurement. It is then also known which items
will become added reference items. Measurement, for ex-
ample, scoring of pain intensity during palpation of a sore
jaw muscle can only be carried out once within a visit be-
cause the outcome of a second measurement will be
influenced by the first one. However, even without a sec-
ond measurement, it is known that the intrinsic score pat-
tern of a second moment will be identical to the first
intrinsic pattern if the interval between the two moments
is infinitely small. Hence, with no change in the intrinsic
score values, the Contrast-value of any added reference
item will be zero between the second and the first moment.
A zero Contrast-value could also be attributed to basic ref-
erence items at the pre-treatment ‘visit’ of their detection.
Thus all reference items, basic ones as well as added ones,
are treated equally regarding the use of their reference
values, if the initial Contrast-value at the reference visit is
set to zero.

The post-treatment TDC-values are clearly less negative
for the mode of separately added reference items than for
the mode of continued added items or the mode of no-
addition, when the initial Contrast-value has a positive
value, i.e. the one with respect to the baseline (Table 5,
top). When initially zero Contrast-values are used for
added reference items, the difference in the post-
treatment TDC-values becomes marginal between the
modes of separately added items and the mode of contin-
ued added items (2.2% for the entire sample, <4% for a
sub-sample with added items, Table 5, bottom). Thus the
inter-mode bias in the TDC-values which occurs when
the Contrast-values of added reference items have initially
a positive value, is largely eliminated by the use of initial
zero Contrast-values. The TDC-values with added items
approach then even closely the TDC-values without
added items. The success rate at the last post-treatment
visit becomes also slightly less conservative by using ini-
tially zero Contrast-values, i.e. 57.6% (68/118 patients) ra-
ther than 55.9% (66/118 patients) for the mode of
separately added items.

Hence, the use of initially zero Contrast-values for
added reference items is recommended in future studies.
A TDC-procedure which is further similar to the one
from the present study, including using the mode of sep-
arately added reference items allows then monitoring of
late pronounced signs and symptoms during treatment,
and will yield objective data on the number of visits
needed for treatment and treatment duration. The data
on visits and treatment duration would even be free
from any possible clinician-bound bias if it is possible or
feasible that the data for evaluation at the various visits
of treatment are obtained by a non-clinician (it remains
then essential to consider the treatment period as a
black box regarding the post-treatment TDC-values).
Based on the TDC-data from a blinded assessor, a
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procedure with separately added reference items, includ-
ing the use of initially zero Contrast-values, will yield
nearly unbiased data on success rate and efficacy of
treatment.

In the present study, scores were used that have a zero
value when there is no pain or impairment and a maximal
value when the extent of pain or impairment is greatest.
The Appendix (section ‘The use of TDC on scales with a
reversed meaning’), outlines how to handle scales with a
reversed meaning. Furthermore, the Appendix (section
‘The use of TDC when a priori knowledge of an item’s un-
impaired value is lacking’) outlines how to use TDC when
the value of a score corresponding to ‘least impairment’ is
a priori unknown for a patient.

Differences between TDC and ROM procedures
A TDC-procedure differs in three aspects from a traditional
Routine Outcome Monitoring (ROM). First, in the TDC-
procedure, items with sufficiently large score values either
at baseline or during treatment are selected as reference
items for monitoring relative change. Thus relative change
is tested adaptively only for those signs and symptoms
which are statistically pronounced and are of interest for
the clinician to follow. By contrast, all items of a multidi-
mensional questionnaire are included in a traditional ROM
using raw change. Apart from a possible difference in sensi-
tivity to detect change between a TDC-procedure and
ROM, the outcome value of ROM might be more ambigu-
ous than that of a TDC-procedure. If large score values of
items would wane during treatment and would be replaced
by large scores values of other items, such an event will not
be reflected in the summed or averaged outcome variable
of ROM. A ROM outcome at a particular visit only reflects
a mean actual state. In a TDC-procedure, the detection of
items with sufficiently pronounced scores is always con-
comitant with the attribution of a reference score value
which is used to determine a Contrast-value. Once an item
has been detected as a reference item, its Contrast-values
contribute to the TDC-values of subsequent visits. Thus
TDC has a ‘memory’ which requires (as explained above)
to consider the treatment period as a black box for obtaining
unbiased outcome variables in a Randomized Controlled
Trial with variable treatment duration.

Second, the TDC-procedure differs from the traditional
Routine Outcome Monitoring (ROM) in the end level of
the scores and also likely in treatment duration. Using
TDC, the smaller a patient’s baseline is, the end scores fol-
lowing successful treatment will be closer to zero, hence
more remote from the Upper Limit of Functional Status
(ULFS; Figure 1). In order to decide that a treatment is
successful, two criteria are used in a traditional ROM, i.e.
(1) a decrease in averaged score values from a question-
naire should exceed the Smallest Detectable Difference
(SDD) for such averaged scores, and (2) the end level of

the averaged scores should have passed ULFS. In Contrast
to the TDC-procedure, the end levels will therefore tend
to be closer to ULFS in ROM. Treatments of patients
whose baseline is located just above the ULFS at a small
distance of SDD for a score average, and whose end score
drops just below ULFS, will then be considered as being
successful. If such a high end level occurred in chronic
pain patients by using a ROM based on raw change while
the perception of improvement by treatment is associated
with relative change [15], there might occur a discrepancy
between a favourable ROM outcome and a patient’s per-
ception of only a small improvement (cf. Background).
Such a discrepancy might increase the risk on relapse.
End levels as controlled by TDC that are proportional to
the baseline concur with a relationship between relative
decrease in pain intensity and the patient’s assessment of
treatment effect that is independent from the baseline in
chronic pain patients [15]. If treatment success is associ-
ated with the patient’s assessment of treatment effect of,
for example, ‘much improved’ or better, then this assess-
ment is related to a particular relative decrease in pain in-
tensity. Such a decrease, applied as a multiplication factor
to a patient’s baseline of pain intensity will yield an end
level of pain intensity that is proportional to the baseline
(Figure 1). Further research is required to examine the ex-
tent to which a relationship between relative decrease in
signs and symptoms and assessment of treatment effect
occurs in general in diseases and disorders and whether
the risk on relapse will be smaller with TDC than with
procedures using raw change.

A third difference between the TDC-procedure and
a traditional ROM concerns regression to the mean.
Whereas bias by regression to the mean does not occur
with TDC-values as explained before, a raw change in
score level, for example the change in score of pain inten-
sity, will always show some regression to the mean of pain
intensity or to the mean of any other variable that is re-
lated to severity of the disorder. ROMs using raw changes
in score levels are thus susceptible to this artefact by
which treatment effect might be somewhat overestimated,
in particular when the threshold of signs and symptoms is
chosen relatively high at the intake of the patients.

Validation
The criterion of TDC � �0.379 (in combination with the
occasional use of the discrepancy rule) for distinguishing
between a successful/unsuccessful treatment, has proven
to be reliable on five grounds.

First, the distribution of the TDC-values is bimodal in
the long-term, representing two groups of patients in re-
spect of their treatment outcomes. The separation be-
tween the two groups might have been better still had a
slightly more negative cut-off point been used, notably
TDC � �0.560 instead of � �0.379 (Figures 3B, C-D).
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