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Chapter 1

Low back pain (LBP) is defined as pain localised between the 12 rib and the inferior gluteal
folds, with or without leg pain #?**. LBP has a life time prevalence of 60 - 85%. At any
moment, about 15% of adults have LBP. Most cases are nonspecific, but in about 10% of cases
a specific cause is identified %. In the majority of the cases, LBP is a self-limiting disease and
90% of the attacks of low back pain recover within 6 - 8 weeks *. A minority (5 - 10%) of
subjects with nonspecific LBP eventually develop chronic low back pain (CLBP). This group,
however, accounts for 70 - 90% of the societal costs of low back pain ***'. Despite the update
of LBP treatment guidelines, the societal costs attributed to LBP are still high *. The majority
of costs results from lost work productivity and less from direct treatment %,

General consensus exists to approach the problem of CLBP from a biopsychosocial perspective
447 The International Classification of functioning, Disability and Handicap (ICF) also
provides a view of biological, individual and social perspectives of health by identifying three
levels of functioning: at the level of the body (part), the whole person, and the whole person
in a social context *. Within this framework, dysfunction can occur at one or more of these
levels: at the impairment level, i.e. problems in body function or structure, at the activity
level, i.e. execution of a task, and/or at the participation level, i.e. involvement in a social life
situation.

Starting from this biopsychosocial perspective, a variety of multidisciplinary treatments
has been developed aimed at improving activity and participation of subjects with CLBP.

Several systematic reviews 01623243234

and meta-analyses **? have been published concerning
the effectiveness of such treatments and a best evidence synthesis from these reviews shows
that multidisciplinary treatments have beneficial short- term effects in function, but no long-
term effects **. This is a disappointing conclusion for patients, professionals and society, as
recurrence of symptoms and loss of function have a negative impact on quality of life and also

place a substantial economic burden on society.

One of the explanations for this limited effectiveness could be the fact that the heterogeneous
CLBP population receives a generic multidisciplinary treatment, which makes it unlikely
that all patients will benefit from the same treatment. Subjects with the same medical
diagnosis of CLBP are not similar and thus may need different treatments **. Considering the
biopsychosocial mechanisms in CLBP, it is considered important to gain more insight in the
role of various biopsychosocial variables in subjects with CLBP, to be able to further optimize
treatment strategies to the individual patient’s needs.
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Introduction

Therefore, the main aim of this thesis is to gain insight in biopsychosocial mechanisms in
subjects with CLBP, both in differences with respect to asymptomatic controls as well as in
relation to treatment outcome. Insight in these aspects is expected to eventually enhance a
better match of treatment to the patient’s characteristics and contribute positively to future
optimization of multidisciplinary treatments.

Concerningthebiopsychosocialaspectsinrelation to treatment outcome, itisimportant to have
a clear view on which variables are prognostic for treatment outcome in CLBP. Knowledge of
prognostic factors will facilitate individual selection of the most suitable treatment. Published
reviews of prognostic variables show great variability in study population, type of treatment,
outcome measures or duration of follow-up #!51214182027:30333648 Qply one of the published
systematic reviews addresses the concept of multidimensionality by including prognostic
factors from different domains (i.e. sociodemographic, physical and psychological) % This
systematic review, however, only focused on the outcome measure “return to work”. Although
this is an important outcome measure in rehabilitation, it is also important to include activity
limitation and participation as outcome measures. Therefore, a systematic review focusing
on prognostic factors from multiple domains and treatment outcome measured as activity
limitation or participation restriction * is performed (chapter 2).

It is important to validate a priori defined prognostic factors from the literature, for a specific
CLBP population and rehabilitation treatment. The consistent biopsychosocial prognostic
factors for multidisciplinary treatment outcome as found in chapter 2, are therefore
evaluated in a confirmative study (chapter 3). The objective of this study is to determine if
treatment outcome in CLBP can be predicted by a predefined multivariate prognostic model.
Furthermore, the value of potentially prognostic work-related and psychological factors,
like fear-avoidance beliefs and depression, is explored. Understanding of factors that predict
treatment outcome is important, to enable clinicians to better select patients for the most
suitable treatment modality.

Besides biopsychosocial prognostic factors, insight in underlying biopsychosocial processes
in subjects with CLBP is important. Rehabilitation treatment of chronic pain is founded
on hypotheses of these processes. Knowledge of these mechanisms in subjects with CLBP
is therefore important to enable development of adequate treatment modules matched to
specific patient characteristics, with different prognoses.
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Chapter 1

Concerning physical processes, scientific studies have shown that trunk muscle activity differs
between subjects with CLBP and healthy controls. Two famous pain models hypothesize
different relationships between pain and muscle activity, i.e. the pain spasm pain model - in
expanded form also called the vicious cycle model 7 - and the pain adaptation model *.
In the pain-spasm-pain model it is hypothesized that acute pain results in increased muscle
activity which reduces painful movements. In turn, increased muscle activity will cause more
pain, leading to a “vicious cycle” of pain-spasm-pain. In contrast, the pain-adaptation model
hypothesizes that pain leads to reduced muscle activity, in particular of the agonist muscles.
Antagonistic muscles show a concomitant increase in muscle activity, which protects the
painful area from further injury and pain. Both physiological models thus describe a protective
mechanism in the acute phase of injury. Reviews however, have shown that evidence for these
models is conflicting and clinically may be more applicable in the acute pain situation ***%,
In these reviews new hypotheses have been proposed, i.e. that changes in muscle activity in
LBP may serve to increase joint control and spinal stability *. As such, these changes may
be interpreted as a “guarding” mechanism, a concept introduced by Main and Watson #.
Guarded movement has been described as abnormalities in muscle action in subjects with
CLBP during physical activity, although a clear definition of guarding in subjects with CLBP
has not been given in literature. For instance, guarded movements in subjects with CLBP
have been characterized by insufficient muscle relaxation during flexion »'5%. It is considered
an adaptation mechanism in response to acute pain, which in the long run may result in
persistent movement changes *.

It is not known however, whether this guarding mechanism also exists during other daily
functional tasks such as walking. To further explore a possible guarding mechanism,
differences in lumbar muscle activity between subjects with CLBP and asymptomatic controls
during walking are studied in chapter 4. Because both the abdominal- and lumbar muscles are
required for spinal stability ¢, co-activation of abdominal —~and lumbar muscles is also likely to
contribute to guarding. Up till now, however, no studies have investigated this co-activation
in subjects with CLBP during walking. Differences in abdominal- and lumbar muscle activity
between subjects with CLBP and asymptomatic controls are studied in chapter 5. In addition,
velocity induced changes in trunk muscle activity are investigated. As spinal motion increases
with greater walking velocities 7, this will in turn demand changes in trunk muscle activity
to control this increased range of motion %. One may assume that increasing walking velocity
may elicit more guarded movements. The results of the study investigating this are also
described in chapter 5.

12



Introduction

Besides these physical processes, psychological factors are hypothesized to be also important
within the biopsychosocial concept of chronic pain. Various models hypothesize a relationship
between psychological factors and physical performance, for example in the fear-avoidance
model *** and in the avoidance-endurance model V. As such, it is also hypothesized that
psychological factors are related to changes in trunk muscle activity . Both models 726
assume that physical changes are influenced by coping responses (i.e. purposeful efforts to
manage the negative impact of stress *!). Coping can be divided into passive (e.g. avoidance)
or active - (e.g. persistent) behavior °. Avoidance coping (i.e. avoiding daily activities because
of fear of pain/ (re)injury) is described in the fear-avoidance model. Additionally, persistent
coping (i.e. carrying on with daily activities despite pain) is described in the avoidance —
endurance model. Avoidance coping is assumed to result in avoidance behaviour which
may lead to disuse and deconditioning with muscular insufficiency **. Persistent coping is
assumed to be present in subjects, who tend to finish all activities in spite of severe pain. This
leads to persistent/endurance coping, with physical overload of muscles, muscle hyperactivity
and increased pain. The study in chapter 6 explores the relation between lumbar muscle
activity and coping strategies. It is investigated whether strategies as “avoidance -” and
“persistent” coping are differentially related to lumbar muscle activity during walking.

Finally, in chapter 7 a general discussion capturing the results of the different studies in this
thesis is presented. The consistent biopsychosocial prognostic factors in relation to treatment
outcome are shown. Underlying physical mechanisms, measured by changes in trunk muscle
activity and a possible relation with psychological factors in subjects with CLBP, are discussed.
Methodological issues and recommendations for future research are provided. Finally, the
contribution of knowledge of biopsychosocial mechanisms in subjects with CLBP to future
optimization of multidisciplinary treatments is discussed.
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Chapter 2

Abstract
Study design: A systematic review.

Objective: To determine predictors of outcome of multidisciplinary rehabilitation- or back
school treatment for patients with chronic low back pain.

Background: Numerous reviews have been performed to gain insight into which patients
benefit from which treatment. However, no review has systematically focused on predictors
from multiple domains (i.e., sociodemographic, physical, and psychological), or on treatment
outcome measured as activity limitation or participation restriction.

Methods: Studies were found by searching medical and psychological databases, and
screening references. Two reviewers independently assessed the methodological quality using
standard criteria. Studies were only included if they met a predefined level of internal validity.
A qualitative analysis was performed.

Results: Heterogeneity among studies in patient characteristics, predictors, treatment, and
outcomes limited evidence. All reviewed studies were descriptive or exploratory in nature.
Consistent evidence was found for the predictive value of pain intensity (more pain=> worse
outcome), several work-related parameters (e.g., high satisfaction—> better outcome), and
coping style (less active coping=> better outcome). Other sociodemographic and physical
variables consistently lacked predictive value. No consistent evidence was found for other
psychological variables.

Conclusions: Itisimpossible to definea genericset of predictors of outcome of multidisciplinary
rehabilitation and back schools for patients with chronic low back pain because the reviewed
studies were descriptive or exploratory in nature, and most predictors were only studied
once. Nevertheless, for several predictors, consistent evidence was found. Large confirmatory
studies are needed to test the value of these predictors.
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Predictors of multidisciplinary rehabilitation

Introduction

Chronic low back pain (CLBP) is a complex problem, and multiple authors have
emphasized the biopsychosocial influences on the development of chronicity 4202223627276,
The multidimensional approach of CLBP has now been widely recognized. A variety of
multidisciplinary treatments have been developed that focus on restoration of functional

activity. Several systematic reviews 8263738475

and meta-analyses ' have been published.
The conclusions are not uniform, and the efficacy of multidisciplinary treatment of CLBP is

not yet clearly proven.

One of the explanations for this limited evidence could be the heterogeneity of the CLBP
population, which makes it unlikely that one treatment benefits all *. Because of this result, it
is important to understand which subtypes of patients benefit from which treatment module.
Unfortunately, there is insufficient knowledge about the prognosis of different subgroups
of patients 2. To improve this insight, several reviews have been performed that study
predictive factors of treatment outcome of chronic (low back) pain.

Regarding the non-systematic reviews, a great variability is found in study population, type
of treatment, outcome measures, or duration of follow-up 2023034346607 Eirgt, the patient
characteristics differ. Some describe the heterogeneous pain population and do not focus
specifically on low back pain (LBP) 65275 Qthers do not confine themselves to either acute
or chronic LBP %35 or specific or nonspecific CLBP ##5%_ Second, most studies investigate
a variety of outcome measures (e.g., pain reduction, return to work). Third, several studies
include different and often poorly defined treatments (e.g., conservative, multimodal,

Surgical) 8;20;23;30;31;

>2. Fourth, studies differ in duration of follow up. Finally, the studies include
different potential predictors in the analyses, thus making comparison difficult *. Based
on this result, it is difficult to draw a final conclusion about prognostic factors of treatment

outcome, and systematic reviews are necessary.

Moreover, 3 of the published reviews are systematic reviews ¥**? and study predictive factors
of multidisciplinary treatment outcome of patients with CLBP. Only one of these reviews %
addressed the concept of multidimensionality by including prognostic factors from different
domains (i.e., sociodemographic, physical, and psychological). However, this review did
not focus on outcome measures as disability and handicap but only on return-to-work-rate.
Therefore, there is a need for a systematic review focusing on prognostic factors from multiple
domains, and the outcome measures disability and handicap. It is expected that gained insight
from this review will facilitate patient classification into more homogeneous subgroups, which
are likely to benefit from rehabilitation treatment 2436:4357:5963-6573,
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The objective of this systematic review is to determine which factors (i.e., sociodemographic,
physical, and psychological) predict outcome of rehabilitation treatment (i.e., multidisciplinary
treatment, or back schools) of patients with nonspecific CLBP. Outcome is defined as activity
limitation (i.e., difficulties an individual may have in executing activities) and participation

restriction (i.e., problems an individual may have in life situations). 8

Methods

The review process

In the first stage of the review process, two reviewers (M.v.d.H. and M.V.-H.) selected the
studies to be included in the systematic review *®. In the second stage, both reviewers
independently assessed the methodological quality of the studies and excluded studies which
were not internally valid from the final review. Disagreements concerning inclusion and
quality assessment of studies were resolved by consensus, and a third independent reviewer
(M.I].) could be consulted to make the final decision. From a practical point of view, articles
were not blinded for authors, institution, journal, results, or conclusions.

Search strategy

Appropriate studies were traced by:

e A computer-aided search of the Medline, Psychinfo, Picarta, Web of Science, The
Cochrane Library databases up to August 2003, and the Embase and Cinahl up to
September 2003.

e Screening references given in relevant, identified publications (reviews, included articles).

e Manual search of relevant journals: Spine (to August 2003) and Pain (to August 2003),
American Pain Society bulletin to August 2003 (www.ampainsoc.org).

e Recommended literature by experts in the field .

The most relevant used key words were: LBP, chronic, predictor, prognosis, treatment,
therapy, rehabilitation, multidisciplinary, functional restoration, outcome, and effect. Articles
published in English, German, French, or Dutch were included.

Inclusion and exclusion criteria

Types of studies. (Non) randomized controlled trials (RCT) and prospective cohort studies
were included. RCT were included if data concerning prognostic factors for treatment
outcome could be extracted from the study cohort.
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Types of participants. Subjects between 18 and 65 years of age, with as primary complaint
chronic nonspecific LBP (more than 12 weeks continual or recurrent episodes of LBP) .
LBP is defined as pain under the scapulas, above the cleft of the buttocks, with or without
radiation to the lower extremities '**’. Excluded were subjects with specific causes of LBP (e.g.,
inflammatory disease, radicular syndrome), back surgery in the last 6 months, or a medical
contraindication for active rehabilitation.

Types of interventions. Multidisciplinary treatments and back schools were included.
Multidisciplinary treatment was defined as physician consultation in addition to
psychological, social, or vocational intervention, or a combination of these interventions *.
Back schools at least consisted of an education and skills program, and included an exercise
regimen. Instructions were given in groups, supervised by a physiotherapist or other (para)
medical therapist **. Excluded were all other treatments or if nerve blocks were an additional
component of the intervention.

Types of baseline measures. Only baseline measures of predictive factors were included
because the time of assessment of the potential predictor (i.e., at baseline or during therapy)

may influence the prognostic value for treatment outcome *.

Types of outcome measures. Studies were included if at least one of the outcome measures
was a measurement of activity limitation (i.e., difficulties an individual may have in executing
activities) and/or participation restriction (i.e., problems an individual may experience in
daily life situations) 7.

Criteria for methodological quality

There are no widely accepted quality criteria for assessing the methodological quality of
prognostic studies ''. Therefore, we used criteria as proposed by the Cochrane Collaboration
for observational studies '2, Altman ?, and van der Windt et al ® completed with criteria used
in other systematic reviews of prognostic factors [E. Beeks and J van Limbeek, unpublished
data, December 1999]'*'%*** (Appendix 1). Each criterion was graded as: yes, no, partially,
not applicable or can't tell (i.e., insufficient information provided). Internal validity was
assessed by a subset of the quality criteria, adapted from Co6té et al * (Appendix 2). If any of
these criteria was scored as “no’, the study was rejected from the analysis.

Data extraction

Prognostic determinants were classified into 3 main domains: sociodemographic, physical,
and psychological variables. Outcomes were classified as activity limitation or participation
restriction. Studies were classified according to the phase of investigation (Phases I-III)
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#13_ Phase I studies are descriptive, exploratory studies that seek an association between a
prognostic marker and a certain outcome variable. Phase II studies are exploratory studies
which value a set of prognostic variables to discriminate between high-and low risk patients or
to indicate which patients are likely to benefit from therapy. Phase III studies are confirmatory
studies which attempt to confirm a priori stated hypotheses of the value of a set of prognostic
markers in predicting outcome. The study population will be classified into patients recruited
from a population of employees and patients seeking treatment at a rehabilitation center
because these might differ with respect to prognosis **.

Data analysis

If possible, statistical pooling will be performed. Otherwise, the results of the internal valid
studies will be described qualitatively, with the overall conclusion of best evidence defined
as: “two or more studies reporting consistent results on the finding, or 75 % of the studies
reporting similar conclusions” . Results are statistically significant if P < 0.05.
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Results

Selection of studies

The flow chart of the total search and study selection is shown in Figure 1. In the first stage
of the review process, the inclusion criteria were applied. Four articles ******¢ did not provide
sufficient information about the studied population to apply the inclusion criteria. An attempt
was made to contact the first authors for clarification, which was successful in 3 cases 3%,
Of these 4 articles, 3 were excluded. One was excluded because “chronicity” was not defined,
and the author could not be contacted *. The other 2 were excluded because they studied
a mixed population of patients with other primary locations of pain than the back ®*. The
fourth article was included because the author confirmed that “chronicity” was defined as
pain duration longer than 3 months *. The first stage yielded 24 articles.

Computerized search of databases, reference
checking, manual search
617 citations

.

First screening applying inclusion criteria
62 non-duplicate articles retrieved
(MEDLINE 47, EMBASE 11,
PSYCHINFO 21, CINAHL 1, reference

checking/ manual search: 9) 35 articles excluded
because of inclusion
selection criteria

v

[
v

27 articles suitable
for inclusion

N

23 articles meeting the Doubt of 4 articles
inclusion criteria meeting the inclusion
criteria .
3 articles excluded
after (attempt to)
_— ] 3
l contact 1%t author

1 article meeting the
inclusion criteria

Total articles included for quality assessment:
N=23+1=24

7 articles excluded
because of internal
validity criteria

A 4

17 internal valid articles included in final review

Figure 1: Flow diagram of papers accepted and rejected during the selection process.
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The second stage consisted of applying the methodological quality criteria to these 24 studies.
Of these studies, 7 did not meet the quality cutoff point for internal validity 71%1628454% leqying
17 internal valid studies (24 studies -7) for inclusion in the final review. Of the 7 studies,
3 were excluded because the inclusion and exclusion criteria were, although at first sight
appropriate, not well defined 7**%. Two studies were excluded because the participation rate
and percentage follow-up were insufficient '*'¢. Invalid or unreliable outcome measurement
was the reason for excluding the other 2 studies ***. The quality assessment of all studies is
available from the author. Final consensus was reached without needing to consult the third

reviewer.

Study characteristics
The main characteristics of the study populations of the 17 included internal valid studies are
shown in Table 1.

Types of studies. Of the 17 studies that were included, 8 were RCT’s 327:2%32333658733nd 9 were

34;41;44;51;59;61;70;71; ;36;41;59;61;71;73;74

prognostic cohorts 74, Ten studies were classified as Phase I 32 and

7 as Phase II studies 3¥2%44515870 No studies were classified as Phase III.

Types of participants. Four studies included patients recruited from a population of
employees %% and 13 studies included patients seeking treatment at a rehabilitation
center. Sample sizes varied from 58 to 476 cases, with most studies including approximately
100 cases. The mean age of studied patients is about 40-45 years. The ratio of male-to-female
differed per study, with one study including only females *%. The duration of LBP varied from
3 months to a maximum of 26 years.

Types of interventions. Six articles studied back schools 3344573 3 studied back schools
versus multidisciplinary treatment *** and 8 studied multidisciplinary treatment alone
27:2933:416L707174 - Although the basic principles of multidisciplinary treatment and back schools
are comparable, there is a large variety in duration, setting (inpatient or outpatient), and
implementation between the studied interventions. For example, multidisciplinary treatment
at one center may be based on cognitive behavioral concepts but in another, on operant
behavioral ones. Also, several back schools offer consultation of a psychologist if needed, and

others did not.
Follow-up. Outcome was measured after different periods of follow-up. The shortest follow-

up period was set at discharge ¢, and the longest at 30 months *. The percentage loss to
follow-up varied from 0% 7! to 27% ', in 4 articles the percentage was unclear 7?70,
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Types of baseline measures. In total, 79 prognostic factors were studied. The number of
relevant predictors differed substantially per author (Figure 2). Most studies focused on 1 to 3
prognostic variables. Five authors studied more than 9 variables *¥2%3%%, with a maximum of
19 variables studied by Bendix et al .

Sociodemographic variables were studied in 8 articles 2723231586170
3234414473 and psychological variables in 10 #23436583970757374 Four articles studied “other”

, physical variables in 7

predictors, which includes baseline measurements of activity and participation limitation
5;27;29;74

After classifying predictors into 3 main domains (i.e., sociodemographic, physical, and
psychological), it was clear that none of the authors studied predictors from these 3 domains
simultaneously. Nine articles studied predictors from one domain ¥3¢4:44515%6L7L74qnd 8

Types of outcome measures. In total, 19 outcome measures were used to measure the
domains activity limitation or participation restriction. Eight different measures were used
to measure activity limitation and 11 to measure participation restriction. Only 3 authors
studied more than one outcome measure. Talo et al studied 7 ** and 4 **different outcome
measures and Walsh and Radcliffe 2 7. Figure 2 gives an overview of the number of prognostic
factors and outcome measures per study. Three authors studied measures of participation
restriction **¢!, and the others studied measures of activity limitation ¥272%32-343641443170:71:7374.
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number of predictors and outcomes per author
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Figure 2: Number of predictors and outcome measures per study, classified by type of predictor
(i.e.,sociodemographic, physical, psychological, others) and type of outcome measure (i.e.,activity

limitation, participation restriction).

Overall level of evidence

Table 2 provides an overview of the available evidence for the different prognostic factors
per treatment (back schools/multidisciplinary) and outcome measure (activity limitation/
participation restriction). From the table it is clear that none of the articles, with the exception
of 2 347, studied the relation of a specific predictor, treatment and outcome measure more
than once. This means that evidence in this study is limited. Consistent conclusions can
only be drawn if predictors, treatments, and outcomes are grouped together in comparable
domains. The heterogeneity of the study population, prognostic factors, and outcome
measures precluded statistical pooling of the results and necessitated a qualitative summary
of the results.

Sociodemographic predictors

Consistent evidence was found that personal characteristics like age *****”%and gender %%
were not predictive. Height and weight also lacked predictive value, although evidence was
weak °.
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For health related variables (e.g., smoking), different variables were studied, most lacking
predictive value *¥2%%2, Different results were found for use of medication at baseline. One
article studied back schools and found no predictive value at 12 months *. Another article
studied multidisciplinary treatment and found a negative predictive value for outcome at
discharge and at 6 months ¥. However, in this study, the explained variance in outcome that
could be attributed to medication was only 10% at 6-month and 0% at 12-month follow-up
%7 Thus, both articles showed that use of medication had no predictive value at 1 year, but no
conclusion could be drawn for shorter follow-ups.

Pain related variables were studied by 6 authors *¥2*3%%70 Pain duration consistently lacked
predictive value ****7°. Consistent results were also found for the negative predictive value of
pain intensity **%, although not for pain intensity in the leg °. Higher pain intensity at baseline
predicted worse outcome. Talo et al **drew the same conclusion for pain interference (i.e.,
if patients have more interference with activities, the outcome was worse). It is noteworthy
that Talo et al **studied different outcome measures and patient groups (e.g., “fit” and “unfit”
patients with CLBP), and these results were only found for specific outcome measures and

patient groups.

Not predictive for outcome are social status related variables *¥*%%70, There was one study
that found that “better functioning in leisure time” was, in combination with other prognostic
factors, predictive for better outcome .

5;27;32;51;58;61

Concerning work related variables , evidence was found for corresponding variables

measuring subjective work capacity and experience. The “ability to-"°, “functioning at-”

58 » 58

, “adjustment at-” *® and “satisfaction of work” ** were all positive predictors for outcome

of both treatment methods. The only exception was the variable “ability to work”, which

showed different predictive values for different treatments or outcome measures >, “

Physical
strenuousness of the job” consistently lacked predictive value ¥, and “vibrations in the job”
showed inconsistent results for different treatments °.

Sick leave was an inconsistent predictor: a negative predictive value in one study ° was not
confirmed in another *2. The variable “compensation” showed comparable results: varying
from a negative predictive value ', no predictive value ¢, to a positive predictive value * for

treatment effect.
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Chapter 2

Physical predictors

Physical variables were studied by 7 authors 32344:447and, overall, these were not predictive.
Physical variables as strength, endurance, or mobility had no prognostic value *****. A trend was
found for performance on a dynamometer **7°. A dynamometer measures angular position,
velocity and torque of the 3 primary movement axes of the back. Patients with an “expected”
performance (i.e., lower than healthy subjects but with consistent test behavior) have better
outcome following a back school treatment *. The same trend was found in another study,
although the results were not significant 7. Postural control, psychomotor speed *, or the
centralization phenomenon according to Long * were not predictive either. One study found
that participation in sports predicted better outcome °.

Psychological predictors

No consistent results were found for the predictive value of measures of overall level of
psychic health. Psychic health was measured with a variety of scales measuring overall
psycho neuroticism. All scales were only studied once, except for the Minnesota Multiphasic
Personality Inventory (MMPI), which was included in 3 studies **’. The MMPI provides

3 and was not associated with

patient profiles of psychopathology by combining scales
treatment success . However, 2 articles used an alternative approach by examining the
predictive value of individual scales of the MMPI-2, the successor of the MMPI. Scores on the
MMPI-2 “Personality Psychopathology Five Scales” were not associated with outcome either
70, In another article concerning the same study, the author found that high scores on several
other scales of the MMPI-2 (i.e., obsessiveness, depression, hypochondriasis, lassitude-
malaise, somatic complaints) were associated with worse outcome 7!, although the explained

variance was low, and the results slightly failed to reach statistical significance (P < 0.06).

Other scales, including the Middlesex Hospital Questionnaire (MHQ) *, the Sentence
Completion Test (SCT) ** and the General Health Questionnaire (GHQ) *°, were not predictive
either, with exception of the Symptom Check List -90 ** and the Rorschach inkblot test *.
A total score more than 198 on the Symptom Check List -90 was a negative predictor for
outcome **.The Rorschach inkblot is used as a diagnostic tool for psychiatric diagnoses and
for particular psychological symptoms 7. Several Rorschach variables were associated with
better outcome. As the author explained, patients with “good cognitive, intellectual capacity
with undisturbed reality testing” were more likely to respond well to treatment *.

Although measures of overall psycho neuroticism were studied only once, several aspects
of psychic health (i.e., depression, hypochondriasis, and obsessiveness) were studied

more frequently. However, consistent results were not found for any of these variables.
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Depression was measured with the Beck Depression Inventory ** but also with the MMPI-
2 scale depression 7' and the MHQ *. One study found that high levels of depression were
associated with worse outcome ', although the correlations were low and slightly failed to
reach statistical significance (P < 0.06). Another study found no association *, and Talo et al
*8 showed different results for multidisciplinary or back school treatment. Also, no consistent
results were found for the variable “obsessiveness”, studied by the MMPI-2 7 and the MHQ
%, The same was true for hypochondriasis; 2 authors found a negative predictive value *7!
and again, Talo et al *® found different results for multidisciplinary or back school treatment.

Cognitive related variables, such as coping and beliefs, were studied in 5 articles #°8°%7374,
The Multidimensional Pain Inventory (MPI) was classified as cognitive variable because one
of the measured aspects is coping behavior. However, it may also be classified as a measure of
psychic health because it also measures pain-relevant psychosocial aspects *.

Although studies included different measures of coping variables, all showed that low levels of
active coping skills at baseline were predictive of better outcome ****7*. Talo ** and Vollenbroek
7 et al used the MPI which showed that patients characterized as “dysfunctional “ and
“interpersonally distressed” had better outcomes after back school treatment than “adaptive
copers” *. The results by Vollenbroek et al ”* failed to reach significance due to small subgroups.
Patients who are “dysfunctional” and “interpersonally distressed” are both characterized by
high psychological distress, pain intensity, and interference with daily activities and low levels
oflife control. In contrast, “adaptive copers” have relatively low levels of psychological distress,
pain intensity, and interference and higher life control. Active coping was also studied by the
Cognitive Self-Statements scale and the Increased Activity Scale, with higher scores referring
to more active coping *. In accordance with aforementioned results, Talo et a I°* found that
lower active coping skills, measured with the Cognitive Self-Statements scale, were associated
with better outcome after back school treatment, although no predictive value was found for
multidisciplinary treatment. In general, the Increased Activity Scale had no predictive value,
although it was positively associated with the outcome measure “panel assessment” after back
school treatment.

Disease related beliefs were studied in 3 articles ****7, but no consistent results were found,
and most variables were only studied once. Different beliefs were measured, like the belief
that the disease can be controlled by chance, or by others, or by oneself (internal locus of
control). The first 2 variables could also be classified as passive coping strategies and the last
as an active coping strategy. Concerning belief in chance, Harképaa et al * found no predictive
value in contrast to Talo et al*® who showed that belief in chance was associated with worse

outcome after both multidisciplinary and back school treatment. Belief in control by others
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Chapter 2

had no value either . One study found that belief in control of back pain was a positive
predictor for better outcome %, although it slightly failed to reach statistical significance (P <
0.059). Finally, strong beliefs in an organic cause of pain (and not a psychological one) were
associated with better outcome, although the correlation was low ™.

Intelligence, which was also classified as a cognitive variable, was studied only once ** and
showed contradictory results within that study. Intelligence was either positively or negatively
associated with outcome, or not associated with outcome at all, depending on the patient
groups (those who are “fit” or “unfit”) or outcome measure used.

Other predictors

Different authors included baseline scores of different measurements of activity limitation as
predictors of outcome **2%7_ All showed that high baseline scores predicted higher reduction
in scores after treatment. In general, this result implies that patients who have more limitations
at baseline will benefit most from treatment. One exception is the physical functioning scale
of the Short-Form-36. High baseline scores on this Short-Form-36 scale (i.e., better physical
functioning) predicted higher reduction after treatment (i.e., worse outcome) .

Sub analyses and the influence on the level of evidence
The level of evidence hardly changed if the results were analyzed for Phase I and II studies,
or for different subpopulations. In general, evidence became weaker. If only positive findings

527:29:44551:5870 were included (there were no Phase I1I studies), evidence was

from Phase II studies
limited because less prognostic factors were studied. The prognostic value of “dynamometry”
and the “MPI” was not found because the articles that studied these variables were excluded
from the analysis ****7. Furthermore, the inconsistent predictive value of psycho neuroticism

scales changed into consistent evidence having no predictive value.

The results were analyzed for the 2 predefined subpopulations, “employees” and “referrals to a
rehabilitation center”. Only 4 of the 17 studies studied a population of employees 222333, 5o it
was not possible to draw conclusions about the overall evidence for this particular subgroup.
For referrals to a rehabilitation center, the overall conclusion did not change.
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Discussion

This systematic review summarizes the results of 17 internal valid studies focusing on the
prognostic value of various factors for (back school or multidisciplinary) treatment outcome
in patients with CLBP. All studies were classified as Phase I or II (exploring the value of one
or more prognostic factors) and none as Phase III (testing a prognostic model). Outcome was
measured as activity limitation or participation restriction. Because of heterogeneity in study
population, number of prognostic factors, treatment and outcomes, a meta-analysis could
not be performed “#****, and a qualitative analysis was done to support our final conclusion.

Sociodemographic predictors

For sociodemographic variables, this study showed no prognostic value for personal, health,
and social status related variables. Other reviews confirm that in general, these variables have
no value * or will only explain a small portion of the variance in outcome measures *. Some
reviews show weak evidence of these prognostic variables as conclusions are drawn from only
one or 2 included studies %531,

The predictive value of pain intensity or interference shown in this study is confirmed by
other reviews as well 2252 Not only is higher pain intensity related with worse outcome
212330 but higher interference of pain with activities is also associated with reduced treatment

success 202330,

Concerning work related variables, this study showed no consistent evidence for sick leave or
receiving compensation. However, other reviews find that both variables are negative predictors
for return to work 23%355275 Two reviews *** show that compensation is also associated with
reduced treatment response. However, McCracken and Turk * find inconsistent results
that they explain by the often unclear definitions used for compensation, what obscures
the prognostic role in treatment outcome. This result could also be an explanation for the
inconsistency found in this study.

On the other hand, the present study showed a consistent trend that parameters measuring
subjective work capacity, like the ability to or adjustment at work, predicted better outcome.
This trend is in line with other reviews #?%475 In these reviews, the variables “less work

> 21;30;46

disability” %, “availability of the job at return , and “longer time in the job” *! are all

related with better outcome.
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Chapter 2

Physical predictors

Considering physical variables, this study found no predictive value. This finding is confirmed
by other reviews, who show that these variables are of minor importance ***¢ or find only weak
evidence 2.

Psychological predictors

For psychological variables, this study showed no consistent evidence for overall level of
psychic health. Only 2 other reviews looked at overall psycho neuroticism level ***, and both
also concluded that it shows inconsistent predictive value. It is striking that in contrast to
current practice, included in 3 studies *7%”!, the prognostic value of individual scales of psycho
neuroticism (e.g., MMPI-2) is described instead of the overall level of psychopathology.
Looking at the individual aspects of psychic health, our study showed that depression was an
inconsistent predictor. This result is in contrast with other reviews showing that depression is
a negative predictor. High levels of depression at baseline are associated with worse outcome
202346 and reduction of depressive symptoms is related to better outcome ***. This effect
suggests that depressed patients have more to gain from treatment. No clear explanation can

be given for the discrepancy between our study and the other reviews.

For cognitive variables, this study concluded that low levels of active coping at baseline were
related to better outcome. This result was reflected by the fact that patients, classified by the
MPI as “dysfunctionals” or “interpersonally distressed”, benefit more from treatment than
“adaptive copers”. These findings are in accordance with Turk and Okifuji ¢, who reviewed
studies using the MPI classification and found comparable results. It could be that patients
with poor functional profiles (“dysfunctionals” and “interpersonally distressed”) benefit more
from treatment than “adaptive copers’, who have less to gain. Treatment helps the first group
reducing distress and improving adequate coping skills. This hypothesis agrees with another
review, which shows that adoption of a more active self-management orientation to pain is

associated with better treatment outcome .

Our results that “dysfunctionals” and “interpersonally distressed” (both with high levels of pain
and low perceived life control) are likely to benefit from treatment may seem contradictory
with our finding that higher pain intensity and interference predicts worse outcome. However,
the MPI defines subgroups based on multiple aspects of chronic pain . It is possible that
the predictive value of pain intensity and interference varies with coping ability. In that case,
patients with low perceived life control may benefit from treatment despite the high level of
pain intensity. It could be that coping with pain is a more important prognostic factor than

pain intensity alone.
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We could not draw conclusions regarding the value of disease related beliefs because most
authors studied different measures of beliefs. Only “belief in chance control of disease” was
studied twice **%, showing inconsistent results. However, both articles differed in outcome
measure and population studied, which may explain the inconsistency. Other reviews show
consistent results that maladaptive beliefs (e.g., catastrophizing) are associated with poor
outcome and stronger beliefs in control with better outcome ***.

Other predictors

Our results showed that a high level of perceived disability at baseline was related to better
outcome, which is in contrast with other studies showing it to be associated with worse outcome
20233046 An explanation for our results could be that it is a reflection of the phenomenon
“regression to the mean”. Or, it is possible that persons which high levels of activity limitation
“have more to gain” with treatment, which leads to better outcome *. It was shown before that
a decrease in perceived disability during treatment is related with treatment success *.

Limitations and recommendations

Several limitations of this review must be considered. First, publication bias cannot be
excluded . Second, the review process must be considered. It is known that the risk of
missing prognostic studies because of difficulties searching the literature is higher than
for randomized trials '. Third, the criteria and operationalization list we used for quality
assessment is subject for debate because a generally accepted criteria list for assessing
prognostic studies does not exist yet. However, the used criteria were based on frequently
used checklists, thus, it is unlikely that relevant criteria would have been missed. General
consensus of a methodological criteria list for prognostic studies is needed. We recommend, in
accordance with Altman ? and Scholten-Peeters et al %, to include the following criteria in this
list: identified population (criterion 2), defined inclusion and exclusion criteria (criterion 3),
valid and reliable measurements of prognostic (criterion 8) and outcome variables (criterion
15), explicitly described and standardized intervention (criterion 12), drop outs acceptable
(criteria 5+17), follow-up sufficiently long (criterion 19), appropriate analysis (criterion 21),
and adjustment for important prognostic factors. Finally, evidence was limited because there
were only 2 prognostic cohorts studying the exact same prognostic factors, intervention
and outcome measures **”>. However, we could draw general conclusions about prognostic

varijables from comparable domains for certain types of intervention and outcome measures.

To facilitate future prognostic studies of treatment outcome, 2 things are important. Future
research is necessary to confirm the generated hypotheses derived from the descriptive (Phase
I) and exploratory (Phase II) studies. In the current literature, there is a lack of confirmatory
(Phase III) studies, which study a priori stated hypotheses of the value of a set of prognostic
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markers . Besides understanding which prognostic factors predict outcome of treatment,
insight in treatment process variables should be improved. This result will help to understand
why and how specific prognostic factors are associated with treatment outcome. The
knowledge of treatment process variables will enable the development of adequate treatment
modules matched to specific patient characteristics, with different prognoses. It is assumed
that tailoring different interventions to different subgroups of patients will enhance treatment
effects *.

Conclusion and clinical implications

In addition to the physician experience, knowledge of prognostic factors may be very useful
(i.e., patients with favorable prognostic factors are likely to benefit from treatment and those
with unfavorable prognostic factors are not). It is likely that defining subgroups of patients may
have to be based on multiaxial assessment of functioning because it is shown that prognostic
factors from several domains are of value for predicting outcome. However, a generic set of
predictors of outcome in multidisciplinary rehabilitation and back school for patients with
CLBP cannot be defined.

With caution, several guidelines based on several consistent predictive factors of rehabilitation
outcome in patients with nonspecific CLBP may be given. Physicians seeing patients with
high pain intensity, problems at work (e.g., functioning at work, dissatisfaction) should be
aware that these patients are likely to have poor treatment outcome. In addition, the low use
of active coping skills and high perceived limitations of activity at baseline may predict better
treatment outcome. Other sociodemographic and physical variables probably should not play
arole in the treatment decision because these consistently lacked predictive values. The value
of other psychological variables is not clear because no consistent evidence was found.
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Key points regel 1
regel 2

e The evidence of prognostic factors for multidisciplinary and back school treatment regel 3
outcome in patients with CLBP has been reviewed systematically by examination of regel 4

prospective studies.

e Conclusions were based on seventeen internally valid studies, which all explored
the value of prognostic factors (Phase I or II), and none tested a prognostic model
(Phase III).

e Study heterogeneity necessitated a qualitative summary of the results and limited
evidence.

¢  Pain intensity, several work-related parameters, and coping style were consistently

regel 12

associated with outcome. Other sociodemographic and physical variables

consistently showed no association with outcome. No consistent evidence was regel 13

found for the predictive value of other psychological variables. regel 14

e Future confirmatory studies of prognostic factors and studies of treatment process regel 15

variables may lead to improved interventions and higher treatment success. regel 16
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Appendix 1
Criteria list for methodological quality assessment

1. The research question is well stated
Patient selection:
2. 'The population is well identified (*)
3. 'The inclusion and exclusion criteria are defined and appropriate (*)
4. For RCT: treatment allocation
a) Was a method of randomization performed?
b) Was the treatment allocation concealed?
5. Participation rate is reported and appropriate (*)
6. Are all subjects representative of the same underlying population?
7. Are the various groups comparable at baseline?
Prognostic factors:
8. 'The methods used to measure the baseline prognostic variables are valid and reliable (*)
9. 'The prognostic factor(s) is (are) measured in a standardized way
10. Other relevant prognostic factors are measured
Interventions:
11. Additional treatment effects during period of observation are avoided or comparable
12. The intervention(s) is (are) explicitly described
13. The compliance is acceptable in all groups
Outcome measurement:
14. The same data collection is used for all members of the cohort
15. The methods used to measure the outcome are defined and measurable (*)
16. The methods used to measure the outcome are valid and reliable (*)
17. % Follow-up is reported, explained, and reasonable (*)
18. Loss to follow-up is equal in different groups
19. The duration of follow-up is adequate
a) Was a short-term follow-up measurement performed?
b) Was a long-term follow-up measurement performed?
Statistics:
20. The sample size provides adequate statistical power
21. Was the statistical methodology appropriate for the research question and study design?
22. An intention-to-treat analysis is performed
23. Control for statistical significance
24. Control for multicollinearity
25. The results are verifiable from the data
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General:

26. Was bias or random error likely to have been avoided? (*)

ad (*) criteria of internal validity

Appendix 2

Internal validity criteria

The source population was well identified (criterion 2)

Inclusion and exclusion criteria were defined and appropriate (criterion 3)

The methods used to measure the prognostic factors were valid and reliable (criterion 8)
The outcome was well defined and measurable (criterion 15)

The measures of outcome were valid and reliable (criterion 16)

The participation rate and percentage follow-up was reported and appropriate (together at
least 60 %), or a comparative analysis of participants and non participants was presented
(criteria 5+17)

Was bias or random error likely to have been avoided? (criterion 26)
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Abstract

Objectives: (1) To determine if treatment outcome in chronic low back pain can be predicted
by a predefined multivariate prognostic model based on consistent predictors from literature
and (2) to explore the value of potentially prognostic factors further.

Methods: Data were derived from a randomized controlled trial on the effect of a
multidisciplinary rehabilitation program for chronic low back pain compared with usual
care. The primary outcome measure was the Roland and Morris Disability Questionnaire
and secondary outcomes were the Physical and Mental Component Summary Scales, derived
from the Short Form Health Survey. Outcomes were expressed as the differences between
baseline and follow-up (8 wk and 6 mo) values. A confirmatory and an exploratory model
were defined. Baseline predictors included in the confirmatory model were pain intensity,
work status, and Multidimensional Pain Inventory subgroup membership. The exploratory
model included sick leave, compensation, depression, and fear-avoidance beliefs. Statistical
analysis was performed using multiple linear regression analysis.

Results: One hundred and sixty-three patients participated in the study. More pain was
prognostic for more improvement in the rehabilitation group. No value was found for work
status or the Multidimensional Pain Inventory subgroups. For the exploratory model, more
depression and fear-avoidance beliefs predicted more improvement following rehabilitation.
The explained variance ranged from 18.5% to 43.8% depending on the length of follow-up
evaluation, the treatment group, and the outcome variable of interest.

Conclusions: The results of this study do not support the construction of a clinical prediction

model. Future confirmative studies of homogeneous rehabilitation treatments and outcome
measures are needed to shed more light on relevant prognostic factors.
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Introduction

The chronic low back pain (CLBP) population is a heterogeneous one. Various treatment
programs exist and it is obvious that 1 treatment does not fit all. Understanding of the factors
that predict treatment outcome is important, and may enable clinicians to better select

patients for the most suitable treatment modality.

There is a large research literature base concerning predictors of rehabilitation outcome
in patients with chronic pain, focusing on different populations, treatments, and outcome
measures. A recent systematic literature review of baseline predictors of rehabilitation
treatment outcome in CLBP ** showed that general evidence was limited owing to study
heterogeneity. Treatment outcome, defined as activity limitation (ie, difficulties an individual
may have in executing activities) and participation restriction (ie, problems an individual
may experience in involvement in life situations), conforms the International Classification
of Functioning, Disability and Health (ICF) model . Despite this heterogeneity, consistent
evidence was found for several predictors. Higher pain intensity at baseline predicted
worse outcome, whereas several work-related parameters (eg, work satisfaction) predicted
better outcome. Among the psychological predictors, one of the measurement scales with
potentially predictive value was the Multidimensional Pain Inventory (MPI), which identifies
subgroups of patients with different characteristics . In general, more improvement was seen
in the subgroups “dysfunctional” (DYS) and “interpersonally distressed” (ID), compared with
the “adaptive copers” (AC). DYS and ID patients are both characterized by high affective
distress, high pain intensity and low levels of life control. The DYS subtype has a highly
supportive environment in contrast to the ID subtype, which has a low level of environmental
support. The AC subtype shows relatively low levels of psychological distress, pain intensity,
and interference and high perceived life control. Other sociodemographic, psychologic, and
physical variables lacked consistent predictive value. Remarkably, none of the authors studied

predictors from these 3 domains simultaneously.

The above-mentioned systematic review focused specifically on multidisciplinary rehabili-
tation and the outcomes as proposed in the ICF model. There are also numerous reviews that
have studied other predictive factors for different treatment modalities or outcome measures.
Consistent results were found for maladaptive beliefs *#** and depression '#'7%% both were
associated with poor outcome. Sick leave or compensation status were predictive of less return

to work 424264060 and of reduced treatment response in general %%,

Surprisingly, in the systematic review **, no studies were included that investigated the
predictive value of fear-avoidance measures at baseline in CLBP. According to the fear-
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avoidance model %, a pain stimulus may lead to pain-related fear, avoidance behavior
and eventually disuse and disability. It has been shown that reduction of pain-related or
movement-related fear during treatment is associated with improvement after active * and
cognitive behavioral therapy ®. The inclusion of fear as a possible important predictor for
treatment outcome was also suggested in 2 reviews of (cognitive) behavioral treatment of
patients with chronic pain **’. Moreover, Schultz et al ** pointed out that important missing
determinants in their prognostic model for occupational low back disability were coping and
fear-avoidance measures.

To confirm the value of consistent predictors found in the systematic review *, these variables
should be tested in a longitudinal cohort study with a priori formulated hypotheses % A
previously published controlled clinical trial * studying the effectiveness of a multidisciplinary
back school program was reanalyzed for this purpose. In short, the results of the trial showed
no significant differences in improvement between the treatment and the control group for
measures of activity limitation and health-related quality of life. However, subgroup analyses
gave some first indications that multiaxial measurement instruments [eg, using the MPI-
Dutch Version (MPI-DLV)], might be useful in identifying subgroups with differences in
treatment effects.

The objective of this study is to determine whether multidisciplinary rehabilitation outcome in
CLBP, in comparison with usual care, can be predicted by a multivariate prognostic model on
the basis of consistent predictors from literature (ie, pain, work status, and MPI classification).
Furthermore, the value of other predictors was explored (ie, sick leave, compensation,
depression, and fear-avoidance beliefs). The primary outcome measure in this study was
activity limitation. Secondary outcomes included health-related quality of life. This study was
a reanalysis of data from a controlled clinical trial. This allows for conclusions concerning
prognostic factors for a specific treatment, as these may differ as a function of treatment. Our
hypothesis was that patients with CLBP with less pain, who are able to work and are classified
as DYS or ID, will improve more after multidisciplinary rehabilitation, compared to those
with more pain, who are not able to work, and are classified as AC.
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Materials and Methods

Patients

Patients with nonspecific CLBP, who were admitted to an outpatient multidisciplinary back
rehabilitation program by a physician in physical medicine and rehabilitation, were asked
to participate in this study. Inclusion criteria were similar to the criteria for rehabilitation:
duration of pain longer than 3 months, age between 18 and 60 years, and no surgery of the
spine in the past 3 months. Patients with structural pathology like active radiculopathy, tumor
of the spine, or severe deformities (spondylolisthesis grade 3) and patients with a medical
contraindication for physical training were excluded.

Design

Data from a randomized controlled trial of a low back multidisciplinary rehabilitation
program * were used for analysis. The original trial aimed at evaluating the effectiveness of
rehabilitation. In this study, a multivariate predictive model was tested for outcome directly
and 4 months after treatment.

Protocol

Patients who met the inclusion criteria and were willing to participate gave informed
consent. After the baseline measurements, which were administered by the same researcher,
patients were randomized to either the control group (ie, waiting list) or the treatment group.
Randomization was performed using the minimization method as described by Pocock * and
balanced for sex, work status, and low back muscle function as estimated by dynamometry
(by using the Isostation B200 #). To enable an adequate assignment procedure, a computer
program was used. Patients were not blinded for the group they were randomized to, but
the researchers conducting the measurements were. Measurements were performed before
randomization (T0), in the week after treatment (T1), and 4 months after treatment (T5).
For the control group, T1 was equal to 8 weeks after TO and T5 was equal to 6 months after
TO. Patients randomized to the control group (ie, waiting list) were allowed to apply for usual
health care facilities outside the rehabilitation center. The medical consumption of the control
group was assessed at T1 and every subsequent month till T5 by a questionnaire sent home.
They could enter the back rehabilitation program after the 6-month follow-up period.

Treatment

Patients who were allocated to the treatment group began participating in the Roessingh
Back Rehabilitation Program (RRP) within 2 to 3 weeks. The RRP was based on the Swedish
back school ¢ and multidimensional pain programs . It assumes that many patients with
CLBP develop a deconditioning syndrome. Deconditioning is hypothesized as part of a
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vicious circle consisting of back pain, inactivity owing to back pain and fear, lowered physical
capacity, and overloading. During treatment one tries to influence the patient’s health and
perceived disabilities by upgrading physical conditioning and activity level, by reducing fear
of movement, and upgrading knowledge about back pain. The treatment program consists of
a combination of physiotherapy, sport, education, and occupational rehabilitation. Education
aims at enlarging the patients’ knowledge of development of chronic back pain and how to
influence recovery by physical training. Education also aims at teaching skills concerning the
optimum use of any remaining physical capabilities.

The RRP is provided on the basis of a standardized protocol. Patients are not allowed to be
absent more than 10% of the time. A RRP group consists of 8 patients and comprises 3 hours
of conditional training and sport, 0.5 hours of swimming, 1.5 hours of occupational therapy,
and 4 hours of physiotherapy each week for 7 weeks. Patients with problems at work, related
to back pain, may also receive individual occupational rehabilitation after the program.
Treatment is under the supervision of a specialist in physical and rehabilitation medicine
and conducted by a team consisting of a physiotherapist, an occupational therapist, a sport
therapist, and, if necessary, a psychologist and dietician.

Measurement protocol

Predictor variables

On the basis of our hypothesis, 2 multivariate predictive models were tested. Model 1 was a
confirmatory model and included the consistent predictors (ie, pain, work status, and MPI
classification) found in the systematic review *. Model 2 was exploratory and included the
other predictors (ie, sick leave, compensation, depression, and fear-avoidance beliefs). The
selection of variables, was, therefore, not on the basis of significant univariate associations, but
was hypothesis driven. This is the preferable method if study power is sufficient *. Treatment
modality was added as an independent factor to both models as it was expected to impact the
outcome.

e Treatment was defined as “back rehabilitation” or “usual care”.

e  For current pain intensity, the Visual Analogue Scale (VAS, range: 0 to 10) was used.
The VAS has been found to be valid, reliable, and responsive to change *.

e  Work status was measured by a questionnaire, developed for this study, with the
following response options: “yes’= full-time or- part-time work; “no’= not able
to work because of illness (predominantly CLBP), unemployment, retirement, or
involvement around the household.

e The MPI, originally developed by Kerns et al %, was used to measure psychosocial
aspects of pain. The MPI-Dutch Version (MPI-DLV) has shown to be valid and
reliable *2. The profile classifications (ie, DYS, ID and AC) as described by Turk
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and Rudy *, were used. These clusters were replicated for the Dutch version of the regel 1
MPI 3! in which a fourth cluster was added, labeled “average” (AV), which shares regel 2
characteristics with the other profiles. In general, the AV type experiences less pain regel 3
severity and interference, and more pain control compared with the ID and DYS regel 4
type. An additional category of “anomalous” (AN) exists for patients who cannot be regel 5
classified into one of the mentioned profile types. regel 6
e Sick leave was reported by the employee who scored the number of days of sick leave regel 7
in the past 8 weeks, normalized to a full time job (0 to 40 hours/wk). regel 8
e Receiving financial compensation was scored by a questionnaire, developed for this regel 9
study with the following response options: “yes’= compensation from the employer regel 10

regel 11

or government because of (chronic) illness or pain, “no”= no compensation. In the
Netherlands, the employer is responsible for 70% of the salary during the first 2
years of illness. Afterwards, financial compensation is provided by the government.
The amount depends on the percentage of lost work ability, assessed by a physician
specialized in work and insurance.

e  Depression was measured with the Symptom Checklist-90 subscale depression
(SCL-90-Dep) (range: 16 to 80). The SCL-90-Dep consists of 16 items, each scored
on a 5-point Likert scale with scoring alternatives ranging from “totally not” to

“very”. Validity and reliability has been supported for both the overall score * '* and regel 19

for the SCL-90-Dep °. regel 20

e Fear of physical activity or (re)injury was measured with the Tampa Scale of regel 21
Kinesiofobia-Dutch Version (TSK-DV, range 17 to 68), which has been found to be regel 22
internally consistent and valid 2!. It consists of 17 items, each scored on a 4-point regel 23

Likert scale with scoring alternatives ranging from “strongly disagree” to “strongly regel 24

agree’. regel 25

regel 26

Outcome parameters regel 27
For primary and secondary outcomes, the difference in scores between T1 - T0 and T5 -T0 regel 28
were used. Change scores were chosen because a reduction of 2 or more points on the Roland regel 29
Morris Disability Questionnaire (RMDQ) is defined as a clinically relevant change 6. The regel 30
primary outcome parameter in the present study was the RMDQ. The RMDQ *' was derived regel 31
from the Sickness Impact Profile (SIP) %, using 24 yes/no items of the Sickness Impact Profile regel 32
relevant for back pain. An individual patient’s score can vary from 0 (no disability) to 24 regel 33
(severe disability). The RMDQ-Dutch version is a reliable > and valid instrument to assess regel 34
functional status in CLBP and is responsive to change *. regel 35
regel 36

regel 37

regel 38
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As secondary outcome parameter, “health related quality of life” was measured with the Dutch
translation of the Short Form Health Survey (SF-36) !, originally developed by Ware and
Sherbourne *. It is a self-report questionnaire that contains 36 items, measuring 8 domains
of health. Outcome is expressed on a scale from 0 to 100, with higher scores indicating higher
levels of functioning. Psychometric properties have been found to be adequate “'**4%. Physical
component scale (PCS) and mental component scale (MCS) health measures can be derived
and scored using principal component analysis . Each scale has a range from 0 to 100. The
mean norms in the general US population with CLBP are 46 (PCS) and 48 (MCS) ¢ Very
low scores on the PCS indicate severe physical dysfunction, severe social and role limitation,
distressful back pain, frequent tiredness, and unfavorable evaluation of health status. Very
low scores on the MCS indicate frequent psychological distress and severe social and role
limitation because of emotional problems. The PCS and MCS have a reliability comparable
with the original SF-36 ¢ and validity is sufficient ©. A clinically relevant improvement for
these scales has not yet been defined.

Data analysis

Baseline values of predictor and outcome variables of both groups were calculated. Baseline
differences between groups were tested with independent ¢ tests or the Mann-Whitney U
test for continuous data and X? tests for categorical data. Collinearity between variables was
checked with scatter plots or correlation coeflicients for continuous variables and with cross
tables for categorical variables. Multiple imputation methods were used to complete missing
data using the algorithm MICE VI.13 in S-Plus ***2. The algorithm MICE is a so-called Fully
Conditional Specification Method. Imputation was carried out for all variables with 1 or
more missing values. If data are missing at random, the multiple imputation technique is an
appropriate method to deal with missing data *2.

Firstly, model 1 and 2 were analyzed using multivariate linear regression analysis for the total
group (ie, back rehabilitation and usual care). Baseline values of outcome measures were
included to correct for a regression to the mean effect °©. Model 1 was nested in model 2. In
step 1, variables from model 1 (baseline value of outcome, treatment, pain, work status, and
MPI-DLV) were entered and in step 2, variables from model 2 (sick leave, compensation,
SCL-90-Dep, and TSK-DLV). In step 3, interactions of predictors with treatment were added.
Significance level was set at P = 0.05.

The 5-profile classifications of the MPI (ie, ID, DYS, AC, AV, and AN) were dichotomized
into 2 groups: ID/DYS versus AC/AV/AN. This dichotomization was necessary to reduce the
number of predictor variables and thus the chance of a type I error. This choice was considered
legitimate as literature has shown that ID/DYS profiles both benefit more from treatment than
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the AC/AV profiles ¥*. Furthermore, ID and DYS subtypes share common characteristics of
high pain intensity and low levels of control, in contrast to AC and AV with lower levels of
pain intensity and interference, but higher life control.
For the categorical variables, the following coding was used:

e Treatment: (0) usual care, (1) back rehabilitation

e MPL (0) AC/AV/AN, (1) ID/DYS

e  Work status: (0) not working, (1) working

e  Compensation: (0) no compensation, (1) receiving compensation
Second, interactions between treatment modality and prognostic variables from the models
were studied for statistical significance (P <0.05) to determine the value of the prognostic
variables for the specific treatment.

Unstandardized { coeflicients and standard errors will be presented. To give an indication of
the predictive power of the model, the percentage of explained variance (R?) of the complete
model and of the significant predictors for rehabilitation treatment will be shown. Linear
assumptions will be checked with residual and normal probability plots. If prediction of
outcome is possible, the models will be internally validated by bootstrapping.

Results

Study population

All patients who were admitted to the back rehabilitation program met the inclusion criteria,
of which <5 % refused to participate. Of the 163 patients who were included in the trial,
21 patients were lost during follow up (13%). There was no difference in loss to follow-up
between the groups *. The number of missing variables per case was marginal. The only
exception was the variable sick leave, which was missing in 48 cases. Under the hypothesis
that the data were missing at random, multiple imputation techniques were used to be able to
build a prognostic model *** for the total study group (N = 163). Baseline characteristics are
reported in Table 1. There were no significant differences in baseline characteristics between
the treatment and the control group implying that randomization appeared to be successful.

Cointerventions

The mean medical consumption in the usual care group was low with the exception of physical
therapy. The mean number of visits to the physiotherapist was 11 to 15 times, but these visits
were mainly attributed to only a few patients. Results of the questionnaire sent home monthly
showed that the mean number of visits to specialists, general practitioners, manual therapists
or other therapy forms was about 0.1 (SD <1) and thereby negligible. The mean number of
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visits to the physiotherapist was slightly higher and about 0.5 (SD = 3), but also considered
negligible.

Table 1. Baseline characteristics (mean and SD or percentages) of the back rehabilitation
(RRP) and usual care group (nonimputated data)

RRP Usual care

N=79 N=84
Age (y) 38 (10) 40 (10)
Duration of symptoms (mo) median*/range 72 (380) 48 (559)
Sex
Male 60% 62%
Female 40% 38%
RMDQ (0-24) 13 (4) 13 (5)
SF-36: PCS (0-100) 31(7) 32(7)
SF-36: MCS (0-100) 49 (10) 52 (10)
VAS (0-100) median*/range 5(0-10) 5(1-9)
MPI -DLV
Dysfunctional 30% 26%
Interpersonally Distressed 12% 15%
Adaptive copers 15% 26%
Average 39% 31%
Anomalous 4% 2%
Work status
Working 21% 20%
Not working 79% 80%
Sick leave [0-40 h(s)/wk] median*/range 26 (0-40) 20 (0-40)
Compensation
Yes 70% 66%
No 30% 34%
SCL-90 total score (90-450) 140 (39) 136 (35)
SCL-90-Dep (16-80) 25 (9) 24 (8)
TSK (17-68) 39 (7) 39 (7)

* The median value for duration of complaints is reported as this parameter is not normally distributed, MCS
indicates Mental Component Scale; MPI-DLV, Multidimensional Pain Inventory Dutch Language Version;
PCS, Physical Component Scale; RMDQ, Roland Disability Questionnaire; RRP, Roessingh Back Rehabilitation
Program; SF-36, Short Form Health Survey; SCL-90, Symptom Check List; SCL-90-Dep, Symptom Check List
subscale depression; TSK, Tampa Scale for Kinesiofobia; VAS, Visual Analogue Scale.

Outcome

Outcome variables are reported in Table 2. The mean RMDQ, PCS, and MCS scores for both
groups are largely similar at admission. At 8 weeks and 6 months follow up, patients with
CLBP experienced on average less activity limitation and higher health-related quality of life
than at baseline, regardless of the type of treatment.
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Table 2. Outcome parameters [mean and SD, number of cases (N)] of the back rehabilitation
(N =79) and usual care group (N = 84) at baseline (T0), discharge (T1) and 4-months follow-
up after treatment (T5) (nonimputated data)

Outcome Group Baseline T1 T5

RMDQ RRP 13 (4), N=79 11 (5),N=72 10 (5), N=68
Usual care 13 (4), N=83 13 (5), N=79 11 (5), N=72

SF-36: PCS RRP 31(7),N=73 35 (8), N=66 37 (9), N=64
Usual care 32 (7), N=81 33 (9), N=75 35 (9), N=67

SF-36: MCS RRP 49 (10), N=73 53 (9), N=66 54 (9), N=64
Usual care 52 (10), N=81 52 (10), N=75 53 (10), N=67

MCS indicates Mental Component Scale; PCS, Physical Component Scale; RMDQ, Roland Disability
Questionnaire; RRP, Roessingh Back Rehabilitation Program; SF-36, Short Form Health Survey.

Prognostic factors for change in outcome

Owing to high collinearity between the categorical variables “work status” and “compensation’,
the variable compensation was left out of the model. The variable work status was preferred to
compensation as it had showed consistent results in literature for the outcomes of interest **.
Most patients working received no compensation and most patients not working did. Model
1 (the confirmative model) was nested in model 2 (the exploratory model). The complete
models are presented in Table 3. Table 3 presents the predictor model without interactions
and Table 4 the final model including interactions with treatment. Overall, the percentage of
explained variance for the different outcome measures was moderately low and varied from
18.5% to 42.3%.

Predictors for change in outcome regardless of treatment modality (Table 3)

For the primary outcome variable (RMDQ), participation in back rehabilitation and a higher
baseline RMDQ score both predicted improvement at short-term follow-up. Higher RMDQ
scores at baseline predicted improvement for the long term as well. For the secondary outcome
parameters (PCS and MCS), higher baseline values predicted deterioration at short-term and
long-term follow-up, whereas participation in back rehabilitation predicted an improvement
for the PCS in the short term. Being at work predicted an improvement for the PCS in the
long term, whereas higher depression scores predicted deterioration for the MCS at short-
term and long-term follow-up.
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Table 3. Complete predictor model for change in outcome regardless of treatment (imputated
data)

Intercept 459(2.19)  2.02(257)  14.63(5.33) 19.14(6.46) 57.85(8.54) 51.27 (9.47)
Treatment!  -1.89 (0.67)** -0.63(0.71) 234 (1.15)* 135(1.28)  0.55(1.37)  1.47(1.47)
Pain -0.19(0.17)  -0.11(0.19)  0.18(0.30)  0.20(0.37)  0.34(0.32)  -0.13 (0.36)

Work status > -0.52 (1.08)  -1.72(1.31)  1.61(1.88)  6.16(2.20)* -1.51(2.29) -1.31(2.71)
MPI-DLV?®  -0.76(0.80) -1.31(0.92) 0.94(1.39)  1.54(1.51)  -2.45(1.57) -0.78 (1.69)

Baseline value * -0.35 (0.10)*** -0.38 (0.11)*** -0.38 (0.10)*"* -0.54 (0.11)*** -0.87 (0.10)*** -0.83 (0.10)***

Sick leave 0.03(0.03)  -0.01(0.03) -0.03(0.04) 0.08(0.05)  -0.04(0.05) -0.07 (0.07)
SCL-90-Dep ~ 0.04 (0.05)  0.01(0.05)  -0.09(0.08) -0.03(0.10)  -0.29 (0.13)* -0.35 (0.13)**
TSK -0.07 (0.05)  0.05(0.06)  -0.02(0.08)  -0.05(0.11)  -0.11(0.10)  0.10(0.12)
R’ 23.5% 19.0% 18.5% 24.2% 42.3% 39.0%

Outcome is expressed as change between discharge (T1) or 4-mo follow-up after treatment (T5) and baseline
(T0).

B indicates regression coefficient; MCS, Mental Component Scale (derived from Short Form Health Survey);
MPI-DLV, Multidimensional Pain Inventory Dutch Language version; PCS, Physical Component Scale; R?,
percentage of explained variance; RRP, Roessingh Back Rehabilitation Program; RMDQ, Roland Disability
Questionnaire; SCL-90-Dep, Symptom Check List, subscale depression; SE, standard error; TSK, Tampa Scale
for Kinesiofobia; VAS, Visual Analogue Scale.

! Treatment: 0 = usual care, 1= back rehabilitation.

>Work status: 0 = not working, 1 = working.

*MPI-DLV: 0 = Adaptive Coper/ Average/ Anomalous, 1= Interpersonally Distressed/Dysfunctional.
4Baseline value RMDQ, PCS, MCS.

* P value < 0.05, ** P value < 0.01, *** P value < 0.005.

B positive: unfavorable change in RMDQ (favorable in PCS/MCS) per unit of the independent predictor.

B negative: favorable change in RMDQ (unfavorable in PCS/MCS) per unit of the independent predictor.

Predictors for change in outcome for a specific treatment (Table 4)

Interactions of several prognostic variables with the variable treatment were significant,
depending on the outcome measure and duration of follow-up. A significant interaction
with treatment implies that a variable has a different prognostic value for outcome of back
rehabilitation treatment compared with usual care. The percentage of explained variance
added by the significant interactions was very low and varied from 2.2% to 4.9%. Owing to
these low percentages, the value of the prognostic model was very modest. Therefore, internal
validation had limited additional value and was not carried out.
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Table 4. Complete predictor model for treatment outcome: prognostic variables and regell
interactions with treatment (imputated data). regel2
regel 3
regel 4
regel 5
Intercept 1.75 (2.93) -3.17(3.40)  23.29(6.40) 27.55(7.88) 59.17 (9.67) 47.62(11.32) regel 6
Treatment ! 4.87(445) 1022 (4.60)* -16.93 (7.91)* -17.08 (9.59) -1.05(9.53)  7.85 (10.65) —o
Pain -0.19 (0.22)  -0.34(0.24)  -0.35(0.40)  0.32 (0.46) 0.49 (0.48) -0.54 (0.52) regel 7
Work status>  -1.74 (1.45)  -3.20 (1.71)  1.56 (2.49)  7.93(3.20)* -2.29(3.12)  -0.08 (3.81) regel 8
MPI-DLV * -0.54 (1.08)  -1.70(1.27)  -0.15(1.73)  1.20(2.03) -0.27 (2.17)  1.77 (2.41) T4
Baseline value *  -0.36 (0.10)*** -0.40 (0.11)** -0.39 (0.10)*** -0.55 (0.11)*** -0.88 (0.10)*** -0.83 (0.10)*** regel9
Sick leave 0.03 (0.03) -0.02 (0.04)  -0.04 (0.06)  0.07 (0.08) -0.04 (0.07)  -0.02 (0.10) regel 10
SCL-90-Dep  0.13(0.07)  0.17(0.07)* -0.15(0.11)  -0.12(0.14)  -0.40 (0.16)* -0.42 (0.18)* regel 11
TSK 0.016 (0.07)  0.13 (0.08) -0.11 (0.12)  -0.23(0.15)  -0.12(0.15)  0.23(0.18)

Treatment x 0.01 (0.33) 0.43 (0.34) 1.07 (0.54)*° -0.17 (0.62) -0.16 (0.72) 0.94 (0.71)
Pain

Treatment x 231(2.08)  296(2.22)  0.15(3.44)  -3.98(4.29) 1.89(4.54)  -1.25(4.73)
work status

Treatment x 2051 (1.51)  024(1.59)  154(259)  0.83(2.95)  -433(3.26) -5.76 (3.57)

MPI-DLV

Treatment x -0.01 (0.05)  0.00 (0.06) 0.06 (0.08) 0.04 (0.10) 0.01 (0.11) -0.06 (0.12)

sick leave

Treatment x -0.15(0.10)  -0.28 (0.10)**¢ 0.11 (0.16) 0.14 (0.22) 0.16 (0.21) 0.10 (0.24) o T

SCL-90-dep regel 19

Treatment x -0.08(0.10) -0.18(0.10) 0.24(0.17)  0.39(0.19)* -0.01(0.21) -0.24 (0.22) regel 20

TSK —

R? 28.9 % 29.5 % 26.6 % 30.2% 43.8% 41.8% M
regel 22

Significant interactions of predictors with back rehabilitation treatment are noted in bold with explained total regeT

and added variance at the bottom of the table. Outcome is expressed as change between discharge (T1) or
4-mo follow-up after treatment (T5) and baseline (T0). regel 24

B indicates regression coefficient; MCS, Mental Component Scale (derived from Short Form Health regel 25
Survey); MPI-DLV, Multidimensional Pain Inventory Dutch Language version; PCS, Physical Component —
Scale; R?, percentage of explained variance; RMDQ, Roland Disability Questionnaire; RRP, Roessingh Back regel 26
Rehabilitation Program; SCL-90-Dep, Symptom Check List, subscale depression; SE, standard error; TSK, regel 27
Tampa Scale for Kinesiofobia; VAS, Visual Analogue Scale. Y
! Treatment: 0 = usual care, 1= back rehabilitation. %

>Work status: 0 = not working, 1 = working. regel 29
*MPI-DLV: 0 = Adaptive Coper/ Average/ Anomalous, 1= Interpersonally Distressed/Dysfunctional.

4Baseline values of RMDQ, PCS, MCS. R*2RMDQ (T1) = 7.3%, (T5) = 8.0%; R2 PCS (T1) = 9.3%, (T5) = 13.2%; ﬂ

R> MCS (T1) = 34.0%; (T5) = 29%. regel 31

*R? VAS + interaction with treatment = 2.2%. regel 32

¢ R? SCL-Dep + interaction with treatment = 4.9%

7R*TSK + interaction with treatment = 2.2% regel 33

* P value < 0.05, ** P value < 0.01, *** P value < 0.005. regel 34

B positive: unfavorable change in RMDQ (favorable in PCS/MCS) per unit of the independent predictor. T

B negative: favorable change in RMDQ (unfavorable in PCS/MCS) per unit of the independent predictor. rege o>
regel 36
regel 37
regel 38
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Pain intensity showed significant interactions with treatment, but the MPI and work status did
not. More pain at baseline was predictive of improvement in physical health (PCS) after back
rehabilitation for short-term follow up (T1). A higher baseline VAS score of approximately
3 points predicted an improvement of 2 points for the PCS. Depression and fear-avoidance
beliefs (TSK) also showed significant interactions with treatment. Higher depression scores
at baseline were prognostic for improvement after back rehabilitation in the long term (T5).
A 20-point higher baseline score predicted a decrease of 2 points for the RMDQ. If persons
with SCL-depression scores higher than the average of a chronic pain population (>28)° were
classified as depressed, depressed persons showed mean RMDQ scores of 15 at baseline and
10 at long-term follow-up. Those with low depression scores (<28) showed mean RMDQ
scores of 12 at both baseline and long-term follow-up. Finally, a higher level of fear-avoidance
beliefs also predicted improvement after back rehabilitation at long-term follow-up. A TSK
score of 6 points higher at baseline predicted an improvement of 1 point for the PCS.

Discussion

The results of this study showed very limited predictive value of a predefined multivariate
prognostic model for patients with CLBP, for multidisciplinary rehabilitation outcome
compared with usual care. The percentage of explained variance of the models was moderately
low and varied from 18.5% to 43.8%. Our hypothesis that less pain, the ability to work, and
classification as DYS or ID predict more improvement after rehabilitation treatment was
not supported. However, the value of several predefined predictors for improvement after
rehabilitation treatment was partly confirmed.

Prognostic factors for change in treatment outcome - confirmatory model (Model 1)

For the confirmatory model, pain had a different prognostic value for the rehabilitation
and usual care group than we hypothesized. Higher pain intensity predicted improvement
in physical health (PCS) after back rehabilitation, which was different from the findings of
others 7. It was not clear what caused this discrepancy. The main difference with our study
was that different outcome measures were used [ie, ADL scores (Activity of Daily Living)
7 and Million/WHO (World Health Organization) Handicap Indexes *], which may have
influenced the prognostic value of pain. Although the direction of the prognostic value was
different than expected, the results supported that pain intensity had prognostic value for
change in outcome after rehabilitation.
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The results showed that “being at work” does not affect improvement after rehabilitation.
However, being at work predicted improvement for the PCS in long term, regardless of
treatment. It could be that those at work are healthier and more physically active, which may
be related to higher physical well being. However, the lack of prognostic value for improvement
after rehabilitation should be interpreted with caution. There was only a small percentage
of patients at work (20%), which might have limited the predictive power of this variable.
Another explanation may be that work status was not the same as “work ability”. For example,
the category “not working” also included persons who were retired or involved around the
household. These people (N = 10) may have been able to work that may have biased the results.
This possible misclassification was checked by reanalyzing the data. Classifying “household”
or “retired” as "working” did not change overall results. Therefore, possible bias caused by
misclassification seems to be small.

No significant interaction between the MPI and the treatment was found, which is inconsistent
with our hypothesis. This means that improvement after rehabilitation treatment did not
differ between the MPI subgroups. We expected that DYS and ID profiles would improve
more after rehabilitation than AC profiles as measured with the RMDQ, which was based on
the results of Talo et al"” and Vollenbroek-Hutten et al *°. Other studies *'8, however, involving
other patient groups than only CLBP, but the same outcome parameters, have also found no
significant predictive value for treatment outcome.

Another explanation could be that dichotomizing the MPI (ID/DYS vs. AC/AV/AN) resulted
in loss of discriminative ability and thus predictive power. Owing to the small sample size
of the study group, dichotomization was necessary to reduce the number of predictor
variables. Voerman et al * also collapsed the ID and DYS together and were able to prove
more improvement after treatment for the ID/DYS compared with the AC/AV profiles in
people with neck-shoulder complaints. Future studies of larger comparable patient samples
and outcome measures are needed to study the value of all different MPI profiles, besides
other relevant prognostic factors.

Prognostic factors for change in treatment outcome - exploratory model (Model 2)

For the exploratory model, depression and fear-avoidance beliefs showed prognostic
value for improvement after rehabilitation. Higher depression scores at baseline predicted
improvement for the RMDQ after rehabilitation in the long term. Patients who were more
depressed at baseline also had a better absolute outcome at follow-up [mean RMDQ (T5)
= 10] than those who were less depressed at baseline [mean RMDQ (T5) = 12]. This is in
contrast to the literature that has shown that more depressive symptoms are prognostic for
worse outcome. Most studies ****, however, used return to work as outcome measure, which
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may explain the difference. It may be that more depressed patients gain more from treatment,
although this does not necessarily lead to return to work. Also, our study population had
lower mean scores (SCL-Dep = 25) than a norm population of patients with chronic pain
(SCL-Dep = 30) °. So, the included patients had only mild depressive symptoms that may
have influenced its prognostic value. It is interesting that more depressive symptoms were not
predictive of mental health after rehabilitation, although depression predicted worsening for
the MCS at follow-up, regardless of treatment. This could be because of the lack of difference
in treatment effect between the 2 groups as measured with the MCS.

Furthermore, more fear avoidance beliefs predicted improvement in the PCS after
rehabilitation in the long term. This is in line with what we expected. The RRP has shown
to reduce the amount of fear-avoidance beliefs significantly *. This finding supports one of
the theoretical principles the RRP is based on, that is, reduction of fear-avoidance beliefs
improves physical functioning of patients and lessens the deconditioning syndrome.

Sick leave had no predictive value in this study. The number of missing values of this variable
was high (48/163 cases), and missing values were completed with imputation techniques.
Inevitably, this caused increased unreliability in the independent variable and is a possible
explanation for not finding a significant prognostic value. Also, the validity of this measure
could be questioned. The reported amount of sick leave showed great discrepancies between
employer and employee, so it is uncertain if the employees’ report was the most valid measure
of sick leave.

Methodological considerations

The very low use of services by the usual care group (eg, “waiting list group”) may suggest
that this group did not need much treatment. However, from a clinical point of view,
this is not likely. The results showed that the usual care group did not use other services
(mainly physiotherapy), during the waiting list period. Almost all patients already had
had monodisciplinary treatment (eg, physiotherapy) before referral without success. The
knowledge that rehabilitation treatment would start at the end of the trial possibly explains
the low use of medical services in the usual care group.

The percentages of explained variance of the prognostic models were low and an accurate
prediction of outcome was, therefore, not possible. However, these low percentages have also
been found in other multivariate prognostic models of treatment outcome (activity limitation
or health-related quality of life) in chronic (low back) pain 2022333437:4546 - A few authors
showed percentages of explained variance up to 60% to 70% >**27%°, Woby et al ** were able to
explain 71% of variance. They found that reduction of fear-avoidance beliefs and increased
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perceptions of control over pain were uniquely related to reductions in disability of CLBP
after cognitive-behavioral treatment. The main differences with our study is that Woby et al
% studied a different type of treatment (cognitive-behavioral), studied changes in predictors
instead of baseline values, and did not include a control group. It is likely that including
changes in predictor values contributes to a higher level of explained variance because the
effects of treatment processes are included in the prognostic model. However, knowledge of
the predictive value of baseline, and not change of, parameters is preferred to be able to select
patients for a suitable treatment modality.

Different explanations might contribute to the relatively low predictive power found in this
study. First, there may be other important factors that were not investigated in this study. The
problem is that there is no clear consensus regarding the predictors that should be used. It
is also possible that the variance in outcome measures was too small for accurate prediction.
This was most evident for the MCS, for which no predictors of treatment were found. For
the MCS, mean differences before and after treatment were comparable with the differences
at baseline between the 2 groups. Changes in the MCS in time were, therefore, probably too
small to find significant prognostic factors.

The use of change scores as outcome measure is debatable, both from a clinical and a statistical
point of view. Clinically, improvement in outcome parameters does not necessarily mean that
the persons recover. For instance, persons may show a large improvement for the RMDQ, but
still have high absolute scores (ie, experience more limitation) after treatment. These persons
have a poorer prognosis than those with less improvement, but lower absolute scores (ie, less
limitation) after treatment. Statistically, change scores can be influenced unduly by baseline
levels 3. It may be argued to use absolute scores as outcome measures instead. However, if
analyzed with multiple regression analysis or analysis of covariance, it makes no difference
if absolute outcomes or change scores are used **. Both absolute outcomes (T1, T5) and
change scores are influenced by their baseline scores. To correct for a possible regression
to the mean effect, the analysis of covariance or multiple regression analysis should include
baseline levels of the outcome measures ¢ as was carried out in this study. However, even
multiple regression analysis does not correct for the strong correlation between baseline and
change in outcome. The regression coefficients of the baseline values of the RMDQ, PCS, and
MCS probably do not truly predict improvement, but reflect this statistical phenomenon.
This study also showed that these baseline values contributed to relatively high percentages of
explained variance, which may have overestimated the explained variance of the prognostic
model. It was not the purpose of this study to explore the predictive value of baseline levels
of the outcome measures. Inclusion of the baseline levels was needed to correct for baseline

heterogeneity.
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Conclusions

The results of this study did not support the construction of a clinical prediction model.
However, this study showed that high scores of pain intensity, depression, and fear-avoidance
beliefs may contribute to the prediction of improvement after a rehabilitation program for
patients with CLBP.

Future recommendations

A generic set of predictors may be difficult to find. Prognostic factors should be tested and
compared for the same population, treatment and outcome measures before it is possible
to develop a generic prediction model. This underlines the importance of (inter)national
consensus about treatment modality and outcome measures. Even if consensus is reached
about outcome measures, it is likely that rehabilitation treatments will differ. This is partly
because of its multidisciplinary character. The first step may be to conduct confirmative
studies of prognostic factors in CLBP for a specific rehabilitation treatment in an effort to
increase treatment homogeneity.
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Abstract

Objectives: Investigate whether subjects with chronic low back pain (CLBP) show “guarded”
movements during walking. It is hypothesized that guarding will be reflected by increased
lumbar muscle activity during all periods of stride and secondary, by relatively less relaxation
during periods of swing compared with double support. Furthermore, it is hypothesized that
higher levels of perceived fear and disability are related to increased muscle activity and less
relative relaxation.

Materials and methods: In a cross-sectional study sixty-three subjects with CLBP and thirty-
three healthy controls walked on a treadmill at 3.8 km/h. Surface Electromyography (sEMG)
data of the erector spinae were obtained and smoothed rectified SEMG (SRE) values were
calculated per period of swing and double support. The ratio of SRE values in swing to double
support was used as a measure of relative relaxation (SRE ratio). Additionally, the relation
between SRE values, the Roland Morris Disability Questionnaire and the Tampa Scale for
Kinesiophobia was analyzed in subjects with CLBP.

Results: Mean SRE values were significantly higher in subjects with CLBP than in controls
both during periods of double support and swing. SRE ratios were not significantly different
between groups. Results showed no influence of disability or fear of movement on either SRE
values or ratios.

Conclusions: In subjects with CLBP, increased lumbar muscle activity during all periods of
stride, with comparable alteration between swing and double support, suggests difficulties
with total muscle relaxation. Based on this, it is concluded that subjects with CLBP show a
guarding mechanism during walking. No relation is found between perceived fear, disability
and muscle activity.
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Introduction

The development and maintenance of nonspecific chronic low back pain (CLBP) is
complex and not well understood. It is generally accepted that nonspecific CLBP requires
a multidimensional approach. Understanding possible biomechanical and psychological
mechanisms in CLBP is important to improve treatment strategies. One of these underlying
mechanisms may be changes in movement patterns, such as guarded movements, a concept
introduced by Main and Watson *. Guarded movement has been described as abnormalities
in muscle action in subjects with CLBP during physical activity, although a clear definition
in subjects with CLBP has not been given in literature. Evidence for guarded movements has
been found in standardized flexion-extension tasks. Subjects with CLBP show less relaxation
of the lumbar muscles in full flexion (i.e. lower flexion -relaxation ratios (FRR’s)) %!, when
compared to healthy controls. It must however, be mentioned that this absence of relaxation
could also be attributed to the decreased range of motion during maximal flexion *®.

Whether a guarding mechanism is present during other daily functional tasks like walking,
is not clear. Literature addressing walking indicates that lumbar muscles normally show a
biphasic activity pattern in double support, with relaxation during the periods of swing * In
subjects with CLBP, authors have found higher average erector spinae activity during the total
stride %* and during periods of swing . The absolute levels of muscle activity are 8- 48%
higher in subjects with CLBP " than in healthy controls, which vary between 5-10 uV . So
far, no studies have focused on the amount of activity during periods of double support in
CLBP. Within the concept of guarding, it is expected that lumbar muscle activity is also higher
during double support. It might even be the case that the alteration in muscle activity between
periods of swing and double support (i.e. relative relaxation) is absent. Relaxation is according
to the Cinderella hypothesis of great importance. The Cinderella hypothesis, which has been
extensively investigated for neck and shoulder problems '*, states that in case of insufficient
muscle relaxation, particularly the low threshold type I motor units are continuously active,
get damaged, degenerate and by this contribute to the maintenance of pain. As such, according
to this hypothesis, lack of relaxation of muscles is probably most unfavorable. Applying this
theory to walking, it is important to investigate whether subjects with CLBP show increased
lumbar muscle activity during all periods of stride compared to controls and whether less
relaxation is present during swing. The amount of relative relaxation during swing, measured
as the ratio of activity in swing to double support, has not been studied so far.

From a psychological point of view, the concept of guarding has been explored to some
extent, but shows inconsistent results. Fear-avoidance beliefs are significantly related to low

FRR’s (i.e. less relaxation) ® and reduction in fear avoidance beliefs to increased FRR’s after
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a pain management program *, both supporting the guarding hypothesis. In contrast, no
significant differences were found between lumbar muscle activity in fearful-and non-fearful
subjects with CLBP during a fear-eliciting video presentation. Additionally, during walking
no significant association has been found between fear - avoidance beliefs and lumbar muscle
activity V. This latter result was however based on a limited number of subjects.

Based on this, it can be concluded that the concept of guarding during a daily activity task like
walking is not sufficiently clear. Knowledge of lumbar muscle activity is clinically important
to better understand the underlying physical mechanisms in CLBP. This might enable the
clinician to further optimize interventions to eventually reduce pain and disability. Therefore,
the aim of this study is to further explore the concept of guarding from both a physiological
- as well as a psychological point of view. It is hypothesized that subjects with CLBP, in
comparison to asymptomatic controls, will show elevated lumbar muscle activity during
all periods of stride with secondary, relative less relaxation in the periods of swing when
compared to double support. Furthermore, more fear of movement and a higher disability
level (i.e. more limitation of activities) are hypothesized to be related to increased lumbar
muscle activity and less relative relaxation.

Materials and methods

Subjects

Subjects with CLBP, who were referred to a physician in Physical Medicine and Rehabilitation
between July 2004 and July 2005, and healthy controls were asked to participate in the study.
Inclusion criteria for the patient group were: age between 16-70 years and more than three
months continuing or recurrent low back pain. Low back pain was defined as pain under the
scapulas, above the cleft of the buttock, with or without radiation to the extremities. Exclusion
criteria were: surgery of the spine in the past three months, spondylodeses, structural
pathology of the spine like inflammation, active radiculopathy, tumor, severe deformities (e.g.
spondylolisthesis grade 3) or neurological and/or musculoskeletal disorders that could have
an effect on gait. Specific causes of low back pain were excluded by the physician’s assessment
(history, physical examination, if necessary blood tests and X-rays). All patients had
previously undergone some form of treatment (medication or physiotherapy) without lasting
relief. Controls (personnel from the rehabilitation center, their family or friends) were healthy
volunteers with no history of back pain in the preceding twelve months, previous surgery of
the spine, neurological and/or musculoskeletal disorders that could have an effect on gait.
Healthy controls were recruited by mail. Subjects were matched on a group level for age,
gender and Body Mass Index (BMI) meaning that the groups were on average comparable for
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these parameters. Due to the expected heterogeneity of the subjects with CLBP, twice as many
patients were included compared to controls. Participants who met the inclusion criteria and
were willing to participate gave informed consent. The study was approved by the Medical
Ethical Committee of the Rehabilitation Center “het Roessingh” in Enschede.

Design and procedure

A cross-sectional study was conducted and performed on a treadmill. Participants filled
out the questionnaires before the start of the experiment. Subjects were allowed to practice
treadmill walking until they were accustomed to the walking conditions with a maximum
of five minutes before the measurements started. They were instructed to walk as naturally
as possible without using the handrail. Velocity was set at 3.8 kilometres per hour (km/h)
to improve comparability with former studies *'%'%, Data of at least twenty strides were
collected to ensure a representative dataset *.

Measurements

Questionnaires

Sociodemographic (age, gender, level of education, work status), anthropometric (height,
weight) and pain-related (duration, current pain intensity and site of pain) variables were
collected. Current pain intensity was measured by a Visual Analogue Scale (VAS, 0 = no
pain, 100= most severe pain). The VAS scale is found to be valid and reliable *°. Activity
limitation of patients was measured with the Dutch version of the Roland Morris Disability
Questionnaire (RMDQ). The Dutch RMDQ (0 = no disabilities, 24 = severe disabilities) is
shown to be valid ° and reliable ©. Fear of movement was determined with the Tampa Scale for
Kinesiophobia Dutch Version (TSK-DV) which originally consists of 17 items, each scored on
a 4 point Likert scale with scoring alternatives ranging from “strongly disagree” to “strongly
agree”. The TSK-DV is sufficiently reliable and has predictive validity *. Psychometric studies
have favored a two factor model of the TSK '*%, labeled “activity avoidance” (AA), which
reflects the belief that activity may result in (re)injury and increased pain, and pathological
“somatic focus” (SF), which reflects the belief in underlying and serious medical problems.
Both studies support the constructive and predictive validity of both these subscales of the
TSK. Recent research supports the reliability and validity of the TSK-11 and its two subscales
AA (6 items, range 6-24) and SF (5 items, range 5-20) ».

Kinematics and surface electromyography (sEMG)

Kinematical and sEMG data were collected simultaneously during walking on a motorized
treadmill (Tunturi T-Track/G200) at 3.8 km/h. The investigator collecting sEMG and
kinematical data was not blinded for group. A six camera optical three-dimensional gait
analysis system (VICON 370, Oxford metrics Ltd., Oxford UK) was used to determine foot
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contacts. VICON markers were placed on the second metatarsal phalangeal joint (MTP 2)
and on the posterior side of the calcaneus. Marker data were collected with a sampling rate
of 50 Hz.

Muscle activity patterns of subjects were measured by using multichannel bipolar SEMG
(16 channels Biotel 99, Glonner Electronic GmbH, Planegg, Germany). Bipolar sSEMG was
measured with solid gel electrodes (Arbo H93SG, Tyco Healthcare), placed bilaterally with an
inter-electrode distance of 23 mm on the muscle belly after removal of hair and cleaning the
subject’s skin with alcohol. Electrodes were placed on the left and right side, 30 mm lateral to
the first lumbar processus spinosus (L1), according to the SENIAM (Surface Electromyography
for the Non-Invasive Assessment of Muscles) guidelines **, and 30 mm lateral to the fourth
lumbar processus spinosus (L4) *° (in total four channels). Lumbar vertebrae were located
through palpation, using the iliac crest as landmark. All wires and leads were fixed with tape
to the subject’s skin to diminish artifacts without limiting motion. A common reference
electrode was placed over the right processus styloideus ulnae. In the pre-processed method,
sEMG data were collected with a sampling rate of 1024 Hz and band passed filtered using a
first order filter of 17-500 Hz.

Data analysis

Temporal parameters:

The collected data were imported in the home built analysis software, developed using
Labview 8.2 National Instruments (Austin, Texas, USA). Movement of markers was measured
according to the coordinate system of the laboratory room. Events of the gait cycle (initial
contact and toe off) were determined by calculating the displacement in the horizontal
direction of the MTP 2 and calcaneus marker. A stride was defined from the first left initial
contact (LIC) to the next LIC (Figure 1). Initial double support (DS1) was defined from
LIC to right toe off, followed by contralateral swing (CSw) until right initial contact (RIC).
Contralateral swing is equal to ipsilateral single limb stance. The second period of double
support (DS2) was defined from RIC to left toe off, followed by the ipsilateral swing phase
(ISw) until LIC. In summary, a stride was divided in two periods of double support and two
periods of swing (contra-and ipsilateral).

76



Back muscle activation patterns

504
stride

. 40 4 >
>
.
féﬁ 304
Yo
<t CSw ISw
— < > < >
2 20
=
g DSI\/\__,
m
2 044> ADsz‘
m l Lad
g
ﬁ o | LIC|RTO RIC |LTO LIC

0 10 20 30 40 50 60 70 80 90 100
percentage gait cycle (%)

Figure 1 Example of SRE pattern of erector spinae (L4 right) per stride: control group, mean value of
20 steps, 3.8 km/h. CSw indicates contralateral swing; DS1, first double support; DS2, second double
support; ISw, ipsilateral swing; L(R)IC = left (right) initial contact, L(R)TO = left (right) toe off; SRE,
smoothed rectified EMG

Surface EMG

In the post processed method, SEMG was high pass filtered at 20 Hz, using a 3™ order

Butterworth filter, to remove movement artifacts. After the signal was double phase rectified,

it was low pass filtered at 25 Hz to calculate Smooth Rectified EMG (SRE) values. To account

for different cycle durations between subjects, EMG was normalized in time for each stride
per subject. Averaged SRE values of approximately 20 time-normalized EMG profiles were
used. For each individual, the SRE values per stride were divided in four periods (DS1, CSw,

DS2 and ISw) and averaged. Main outcome parameters were:

- Averaged SRE values per stride and per period of stride (DS1, CSw, DS2 and ISw)

- The ratio between the averaged SRE value in the periods of swing- and the averaged value
in double support. Two ratios were calculated: averaged SRE (CSw/DS1) and averaged
SRE (ISw/DS2). A high ratio reflects relatively high activity in swing compared to double
support (i.e. less relative relaxation).

SEMG data of strides were excluded from the analysis when visual inspection of the EMG

signals showed movement artifacts, reflected by high amplitude and low frequency signals.

The investigator performing this visual inspection was blinded for group.
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Statistical analysis

The investigator performing the data analysis was blinded for group. Comparability of
baseline variables of both groups was determined with Student’s independent samples t-tests
for continuous variables and with x* tests for categorical data. Random coefficient analysis,
also known as multilevel analysis, was used to study the differences in averaged SRE values
per periods of stride and ratios (CSw/DS1 and ISw/DS2) between both groups. In this study
measurements were done at increasing walking velocities within an individual, of which the
results will be presented in a separate paper. Random coefficient analysis was chosen because it
takes into account that the repeated measures at different walking velocities within individuals
are correlated. Residuals were checked for normality. If necessary, a natural logarithm (In)
transformation of the dependent variables was done to improve normal distribution of the
residuals. Statistical analyses were performed using the statistical software SPSS v.11.5.

The independent variables included in the model were: group (patient/control), muscle (L1
left/right, L4 left/right), period of stride (DS1, CSw, DS2, ISw) and gender as factors; age and
body mass index (BMI (kg/m?)) as covariates. Age and gender were added because of their
possible confounding effect on muscle fiber size ****%*, which in turn is likely to influence
muscle activity. BMI was added because the amount of fat overlying the muscle reduces the
sEMG signal. Additionally, random coefficient analysis as described above was done for the
subjects with CLBP separately, to study a possible relation between SRE values or ratios and
current pain intensity (VAS), fear of movement or (re)injury (TSK-AA and TSK-SF), level of
activity limitation (RMDQ) and work status (full-/part-time or not working).
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Results regel 1

regel 2
Study population regel 3
Of the 123 persons who were suitable for inclusion, 96 (78%) participated (63 subjects with regel 4

CLBP, 33 healthy controls). The main reason of not willing to participate was lack of sufficient regel 5
time or motivation. Due to SEMG movement artifacts, 5 persons (4 subjects with CLBP, 1 regel 6
control) were excluded from these 96, so 91 persons (59 subjects with CLBP, 32 controls) were regel 7
included in the final analysis. Baseline characteristics are reported in Table 1. Groups were regel 8
comparable in age, BMI and gender (p > 0.05). Groups differed in educational level and work regel9
status (p < 0.01). Compared to controls, most subjects with CLBP had lower or intermediate regel 10
vocational education and were not working. They showed a moderate level of current pain, regel 11
activity limitation and fear of movement. regel 12
regel 13
Table 1 Baseline characteristics of the study population regel 14

regel 15
regel 16

Age (years) mean (sd) 41 (11) 40 (11)
Male gender N (%) 33 (52%) 16 (48%) A
Body Mass Index (kg/m?) median ¥ (min - max) 26 (20-35)? 25 (18 -36) =
Education level N (%) %
Elementary school 2 (3%) 0 (0%) I~
Lower/ intermediate vocational education 52 (83%) 11 (33%) ;
Higher vocational education/ academic degree 9 (14%) 22 (67%)
Work status N (%)
Full-/part-time 28 (44%) 32 (97%) regel 23
Not working 35 (56%) 1 (3%) recel 24
Duration of complaints (mo) median V (min - max) 17 (3-72)? - rege 2%
Location of complaints N (%) regel 25
left 12 (19%) regel 26
right 10 (16%) - —
bilateral 41 (65%) regel 27
VAS (0-100) median ! /range - regel 28
Current pain 47 (5-94) regel 29
RMDQ (0-24) mean (sd) 11 (4) - regel 30
TSK activity avoidance (6-24) mean (sd) 15 (4) - m
TSK somatic focus (5-20) mean (sd) 10 (3) - rege ol
regel 32
Note VAS=Visual Analogue Scale; RMDQ= Roland Morris Disability Questionnaire; TSK = Tampa Scale for regel 33
Kinesiofobia T
Ad " the median value is reported if this parameter is not normally distributed. regelos
Ad? 1 outlier: Body Mass Index 50 kg/m? excluded due to movement artifacts. regel 35
Ad ¥ 1 outlier: 288 months, included because of no significant influence on SRE values. regel 36
regel 37
regel 38
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Temporal stride parameters

All participants were able to walk at 3.8 km/h on the treadmill. Data of the left cycle were
analyzed. The duration of the stride phase is comparable between both groups (CLBP: 1.1 +
0.8 seconds; controls: 1.1 + 0.6 seconds, p > 0.05). The stance phase is relatively long in both
groups (CLBP: 66.2 + 1.5%; controls: 67.0 + 1.0%, p = 0.01).

Surface EMG

SRE values per stride (left cycle)

In Figure 1 an example of the average sEMG profile with the different periods of stride is
shown. Figure 2 presents the average SRE pattern for the recording at L4 (right) for both
groups during the left cycle. The other recordings (L1, L4 left) have comparable patterns. Both
groups show on average the same biphasic pattern. SEMG activity is highest in double support
and lowest in ipsi- or contralateral swing. The averaged SRE values and ratios are presented
in Table 2. For absolute SRE values, but not for ratios, natural logarithm transformation was
needed to achieve a normal distribution of the residuals. A post hoc power analysis based
on the expected increase of 39% in average SEMG activity as found in a former study 7 and
the averaged SRE values from Table 2, showed that 63 subjects with CLBP would have been

sufficient for a power of 97%.
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Figure 2 Average SRE pattern of erector spinae (L4 right): 20 steps, 3.8 km/h. CI indicates confidence
interval; SRE, smoothed rectified EMG.
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Table 2. Averaged (+ SD) SRE values for subjects with CLBP and matched healthy controls:
total stride, per period of stride and ratios between different periods of stride (left cycle).

Average (+ SD) SRE (uV)
Total stride Patient 16.2 (7.6) 16.6 (8.6) 16.9 (8.3) 17.8 (9.2)
Control 13.9 (5.6) 12.8 (3.7) 14.5 (4.9) 13.6 (4.3)
DS1 Patient 193 (9.0) 302 (158) 24.6(11.7) 26.0 (12.8)
Control 163 (7.5) 212(7.8)  22.4(10.1) 21.0(7.9)
CSw Patient 10.8 (5.7) 13.8 (9.4) 11.4 (7.0) 14.5 (8.5)
Control 11.4 (6.7) 10.0 (4.1) 9.3 (5.0) 11.3 (4.7)
DS2 Patient  30.8 (14.0) 19.6(10.3) 26.8(12.2) 27.9 (15.5)
Control  224(87) 147(57) 223(7.7) 21.3(9.2)
ISw Patient 13.3(8.8) 11.1(6.2) 13.9(8.7) 12.1(7.8)
Control 11.0 (5.7) 10.0 (3.8) 11.3 (5.0) 8.0 (2.6)
Ratio CSw/DS1 Patient  0.60 (0.23) 0.46 (0.18) 0.49 (0.18)  0.56 (0.19)
Control  0.73(0.28) 0.49(0.18) 0.45(0.21)  0.58 (0.32)
Ratio ISw/DS2 Patient 0.43(0.15) 0.58(0.18) 0.52(0.17) 0.45(0.17)
Control 0.50 (0.18) 0.72(0.22) 0.52(0.20) 0.41 (0.16)

Note SD= standard deviation, SRE= smoothed rectified sSEMG, CLBP=chronic low back pain,
DS1: initial double support, CSw: contralateral swing, DS2: second double support, ISw: ipsilateral swing

SRE values per periods of stride (left cycle)

Results show that the averaged natural logarithm SRE values of the erector spinae are
significantly higher in patients than in controls, for all recording sites in both periods of
double support and swing (Table 3). In patients, averaged SRE values are 16 to 28% higher
compared to controls. Beta coeflicients for the outcome (natural logarithm) SRE value (M,
95% CI) are 0.15 (-0.01 - 0.31) pV to 0.25 (0.09 - 0.41) uV higher in patients than in controls.
Although erector spinae activity is higher in patients in all periods of stride, the interaction
between group and period of stride shows no significant results. Other variables including
possible confounders are also related to average SRE values. Male gender is almost- and older
age is significantly related to higher erector spinae activity and a higher BMI is significantly
related to less activity.
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Table 3. Random coefficient analysis for averaged SRE values (In transformation) between
periods of stride.

Average In SRE (nV) Beta (SE) 95% CI P
Intercept 2.16 2.02-2.30 0.00
Group: Patient 0.20 0.05-0.34 0.01
Control ov - -
Muscle: L1 left -0.07 -0.12 - -0.02 0.01
L1 right -0.09 -0.14 - -0.04 0.00
L4 left -0.02 -0.07 - 0.04 0.55
L4 right oV - -
Phase: DSI1 0.71 0.66 - 0.76 0.00
CSw 0.00 -0.05-0.05 091
DS2 0.75 0.69 - 0.80 0.00
ISw ov - -
Gender: male 0.14 -0.00 - 0.28 0.06
female ov - -
Age 0.01 0.00 - 0.02 0.00
BMI (kg/m?) -0.04 -0.06 - -0.02 0.01

Note SRE= smoothed rectified sSEMG, SE = standard error, 95% CI = 95% confidence interval, DS1: initial
double support, CSw: contralateral swing, DS2: second double support, ISw: ipsilateral swing, BMI = Body
Mass Index

Ad Y Value is set as reference group in the analysis

SRE ratios (swing to double support, left cycle)

Ratios of averaged SRE values in the periods of swing - to double support are comparable
between patients and controls (Table 4). Other variables including confounding factors also
significantly influence SRE ratios. Male gender is not significantly related to differences
in ratios between both groups. The influence of age and BMI is, although significant, very
modest due to small beta coefficients. Older age is related to higher ratios and conversely, a
higher BMI to lower ratios.
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Table 4. Random coefficient analysis for ratios of averaged SRE values between periods of regel 1
stride regel 2
Intercept 0.60 0.52 - 0.67 0.00 regel 4
Group: Patient -0.04 -0.11-0.04 0.33 regel 5
Control 0V - - regel 6
Muscle: L1 left 0.08 0.03-0.13 0.00 m
L1 right -0.09 -0.14 - -0.05 0.00 e
L4 left -0.09 -0.14 - -0.04 0.00 regel 8
L4 right oV - - regel 9
Gender: male -0.01 -0.08 - 0.07 0.89 regel 10
female (U - - —re 11
Age 0.003 0.00 - 0.01 0.06 el
BMI (kg/m?) 0.01 0.00 - 0.02 0.03 regel 12
Ratio ISw/DS2 Beta (SE) 95 % CI p regel 13
Intercept 0.46 0.40 - 0.51 0.00 regel 14
Group: Patient -0.05 -0.10 - -0.00 0.07 1—15
Control ov - - rege >
Muscle: L1 left 0.01 -0.03 - 0.05 0.63 regel 16
L1 right 0.19 0.15-0.23 0.00
L4 left 0.08 0.04 - 0.12 0.00 @)
L4 right oV - - g"
Gender: male 0.03 -0.03 - 0.08 0.33 =
female oV - - @
Age 0.00 -0.00 - 0.00 0.24 L
BMI (kg/m?) 0.01 0.00 - 0.01 0.02
Note SRE = smoothed rectified SEMG, SE = standard error, 95% CI = 95% confidence interval, DS1: initial w
double support, CSw: contralateral swing, DS2: second double support, ISw: ipsilateral swing, BMI = Body regel 24
Mass Index
Ad Y Value is set as reference group in the analysis regel25
regel 26
Relation between SRE values (left cycle), fear of movement and activity limitation regel 27
Within the group of CLBP, no significant association between SRE values in the different regel 28
periods of stride and current pain, disability, fear-avoidance beliefs, or work status is found. regel 29
Also no significant influence of these variables is seen on ratios between the periods of swing regel 30
and double support. regel 31
regel 32
regel 33
regel 34
regel 35
regel 36
regel 37
regel 38
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Discussion

This study shows that subjects with CLBP and healthy controls differ in erector spinae activity
during walking on a treadmill as assessed by sEMG. Subjects with CLBP show elevated
absolute activity levels both in swing and double support, but similar relative relaxation in
periods of swing. Besides, no relation is found between erector spinae activity and perceived
disability (i.e. activity limitation) or fear of movement.

It is interesting to discuss the possible mechanisms underlying the overall increase in erector
spinae activity (up to 28%) in all periods of stride in CLBP. It could be that guarding functions
to control spinal motion. As the erector spinae are normally active in double support to control
trunk movement **2, the increased activity found in double support may be a mechanism
to efficiently control anterior or lateral deviations of the trunk '’ Literature has shown a
relation between lumbar muscle activity and trunk movement in healthy subjects, namely
that lumbar muscles control trunk movement in the sagittal and/or frontal plane 72631%,
No studies however, have numerically expressed the relationship between lumbar muscle
activity and spinal range of motion in subjects with CLBP during walking. In CLBP, range of
motion of the lumbar spine during walking is comparable to healthy controls '#3%%. Relative
movement between pelvis and thorax segments however, is different between subjects with
CLBP and healthy controls during walking **2. These studies have found that subjects with
CLBP show more rigid and less variable coordination in the transverse plane, and less tight
and more variable coordination in the frontal plane. As such, it could be that the reduction
in relative movement between trunk segments in CLBP is related to increased muscle activity
and indicates guarded movements as well. In this case, guarding may also be expressed by an
adaptation of posture to control relative range of motion.

In addition, it has been proposed that increased erector spinae activity may be compensatory
for loss of deep muscle control and reduced spinal stability '*#¥4!. For example, Hodges
and Moseley "* found in a review of LBP, consistent evidence for differential effects on the
deep intrinsic (mainly hypoactivity) and superficial muscles (mainly hyperactivity) of the
lumbopelvic region. These changes may place an excessive demand on the superficial muscles
to compensate for loss of deep muscle control '5'%%7. Further study of, for example, selective
training of the deep spinal muscles and its clinical outcome is needed to understand the
function of these muscle activity changes. It is not known if these (compensatory) changes in
muscle activity are beneficial or contribute to the vicious cycle of ongoing pain and disability.
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Not in line with the hypothesis of this study is that subjects with CLBP do not show higher
relative ratios of erector spinae activity in swing to double support (i.e. less relative relaxation).
In other words, the alteration of lumbar activity between these periods of stride is comparable
to asymptomatic controls. Subjects show the same biphasic activity pattern as controls. This
means that the mechanism found in CLBP can best be described as an overall elevated level
of lumbar muscle activity during walking, independent of the different periods of stride.
This implies that subjects with CLBP have no problems with the alteration of lumbar muscle
activation between double support and swing. Subjects probably have more difficulties with
the total muscle relaxation during stride, as they never reach comparable levels of relaxation
as controls. The average activity in swing varies from 11 - 15 ¢V in patients and from 8.0 - 11
1V in controls (Table 2). It is questionable whether this relative decrease of activity in swing is
sufficient to totally relax the erector spinae. It is known that continuous activation of muscles
may cause musculoskeletal problems in the long run *.. More sophisticated techniques such
as multi-channel array electrodes to investigate whether some motor units are continuously
active at these levels are needed, to determine whether subjects with CLBP reach adequate

muscle relaxation.

Also not in line with our hypothesis is that no relation is found between lumbar muscle
activity, activity limitation (RMDQ) and fear of movement (TSK). Lamoth et al 17 also found
no relation between TSK, RMDQ and sEMG parameters, albeit in a smaller number of
subjects with CLBP (N=19). It is conceivable that pain- and fear related factors may play a
role in certain fear-eliciting activities 7, but not in a task like walking. It would be interesting
to study specific tasks which elicit more pain-related fear than walking. It could also be that
the psychological aspects measured should reflect factors which are stable across a variety
of tasks, such as beliefs or coping responses. Biedermann et al. ® showed that back muscle
fatigue rates during a constant force contraction were higher in patients classified as avoiders
(measured with the Pain Behavior Checklist) than in those classified as confronters. Also,
O’Sullivan ** and Hasenbring "2 proposed a classification of subgroups, characterized by either
pain avoidance - or pain provocation behavior and propose that this behavior is related to
motor control impairments in CLBP. In the avoidance-endurance model of Hasenbring
12, three coping responses are discerned, i.e. adaptive-, avoidance- and persistence coping.
Adaptive coping is regarded as a healthy response, in which confrontation with the pain-
eliciting stimulus is accompanied by an adaptive change between exertion and relaxation
of muscles. In contrast, maladaptive persistent coping (i.e. carrying on with daily activities
despite pain), may lead to physical overload of muscles, resulting in muscular hyperactivity.
It may be further hypothesized that maladaptive avoidance coping will lead to higher lumbar
muscle activity and less relaxation. Further study is needed to confirm possible relations
between lumbar muscle activity and avoidance- or persistent coping.
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In this study, no relation is found between pain intensity and averaged erector spinae activity
or ratios. This is in contrast with results of Arendt-Nielsen et al 4, who showed a positive
association between VAS rating and erector spinae activity. The VAS ratings between both
studies are comparable. Arendt-Nielsen et al * found a VAS rating of 4.6/0.52 (M/SD, scale
0-10) and in the current study the rating was 47/5-94 (median/range, scale 0-100). The main
difference with the current study is that Arendt-Nielsen et al. * excluded patients with a VAS
rating of 3 or lower (scale 0-10) and included a smaller sample of subjects with CLBP (N=8).
A re-analysis of the current data including subjects with a VAS score higher than 30 (N=34,
median/range: 54/55-94, scale 0-100) however, did not change the results, which does not
explain the discrepancy between the studies.

Male sex and higher age are both related to higher erector spinae activity levels, although
sex failed to reach significance (p = 0.06). For age, the relation is very modest and clinically
irrelevant. Gender and age do not influence the relative relaxation (i.e. ratios) between the
different periods of the gait cycle. Higher erector spinae activity in males may be explained by
differences in temporal stride parameters (e.g. step length) or range of motion of the trunk .

Methodological considerations

Some limitations of this study should be noted. This study was conducted on a treadmill, to
be able to control walking velocity. Treadmill walking is different from walking over ground
and reduced amplitudes of kinematics of upper lumbar region and pelvis * and differences in
sagittal plane joint moments of the legs ' have been shown. Although the magnitude of the
differences in kinematical, kinetic ¥, temporal gait parameters * and sSEMG of the lower limbs
2 between treadmill and gait over ground is very small, it is not known if the results of this
study are comparable with normal walking over ground.

Furthermore, in the present study we did not take the physical activity into account, although
it may have influenced muscle activity levels as physical activity has an effect on muscle fiber
size and type. Future studies should include physical activity levels to exclude a possible
confounding effect. In literature there is conflicting evidence whether subjects with CLBP
have lower aerobic fitness levels **%*. Other studies have shown that averaged physical activity
levels are comparable between subjects with CLBP and healthy controls ****, Also, including
abdominal muscle activity would have strengthened the findings of this study as cocontraction
of the erector spinae with trunk flexors is likely to improve trunk stability and may also reflect
guarded movement. On account of the cross-sectional nature of this study no conclusions can
be drawn about the fact whether these changes are a cause or a consequence of low back pain.
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Summary and clinical implications

Results from this study support the guarding hypothesis during walking in subjects with CLBP.
Compared to asymptomatic controls, subjects with CLBP show elevated superficial lumbar
muscle activity during all periods of stride. Although the overall higher absolute muscle
activity levels in both periods of double support and swing reflects guarded movement, the
relative relaxation in swing is not decreased in CLBP. No relation is found between fear of
movement, activity limitation and lumbar muscle activity or relaxation. Probably subjects with
CLBP do not have problems with the alteration of lumbar muscle activity between periods of
double support and swing, but have difficulties with the total relaxation of the lumbar muscles
during stride. The higher superficial lumbar muscle activity during all periods of stride may be
compensatory for loss of deep muscle control and/or reduced spinal stability. It is not known
whether these compensatory changes in lumbar muscle activity are adaptive or maladaptive.
As continuous activation of muscles may cause musculoskeletal problems in the long run it
should be prevented, but the question is which strategy is appropriate. If increased superficial
lumbar muscle activity is an adaptive compensation for reduced activity of the deep spinal
muscles, one would expect a beneficial effect of selective training of the deep spinal muscles.
On the other hand, if increased lumbar muscle activity contributes to the ongoing vicious
circle of pain being related to maladaptive coping strategies, other treatment strategies such
as myofeedback might be beneficial to reduce the increased lumbar muscle activity. Further
study is needed on the effect of changing muscle activity patterns, to understand whether the
guarding mechanism is a beneficial adaptation or contributes to the vicious cycle of chronic

pain.
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Chapter 5

Abstract

Background: It has been hypothesized that changes in trunk muscle activity in chronic low
back pain (CLBP) reflect an underlying “guarding” mechanism, which will manifest itself as
increased superficial abdominal - and lumbar muscle activity. During a functional task like
walking, it may be further provoked at higher walking velocities.

Objective: The purpose of this cross-sectional study was to investigate whether subjects with
CLBP show increased co-activation of superficial abdominal - and lumbar muscles during
walking on a treadmill, when compared to asymptomatic controls.

Methods: Sixty-three subjects with CLBP and 33 asymptomatic controls walked on a treadmill
at different velocities. Surface electromyography data of the erector spinae, rectus abdominis
and obliquus abdominis externus muscles were obtained and averaged per stride.

Results: Compared to asymptomatic controls, subjects with CLBP have increased muscle
activity of the erector spinae and rectus abdominis, but not of the obliquus abdominis
externus. These differences in trunk muscle activity between groups do not increase with

higher walking velocities.

Conclusion: The observed increased trunk muscle activity in subjects with CLBP during
walking supports the guarding hypothesis.
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Introduction

In subjects with chronic low back pain (CLBP), it has been assumed that spinal stability is
reduced due to loss of its passive — (i.e. vertebrae, discs, ligaments) and/or its active control
(i.e. muscles and tendons) *#*2 If so, changes in motor control can be expected to compensate
for this loss of stability **%#**’. To interpret possible changes in motor control, a functional
classification system of the trunk muscles can be used, which discerns between a local and
a global muscle system *!'. The so called local system consists of deep intrinsic muscles and
controls intervertebral motion. The global system consists of large superficial muscles with
origin on the pelvis and insertions on the thoracic cage, controls gross movements of the
spine and balances external loads. Both the superficial abdominal - and the superficial lumbar
muscles from the global system, are thus required for stability and control of movement ™.

It is hypothesized that to control spinal movement, subjects with CLBP show “guarded
movements”: abnormalities in muscle action in subjects with CLBP during physical activity %,
although a clear definition of guarding in CLBP has not been given in literature. For instance,
guarded movements in subjects with CLBP have been characterized by insufficient muscle
relaxation during flexion *'%%. It is considered an adaptation mechanism in response to acute

pain, which in the long run may result in persistent movement changes *.

Some evidence for guarding in CLBP has been shown during flexion-extension tasks %'*, but
it is not known whether this guarding mechanism also exists during other daily functional
tasks like walking. During walking, it has been shown that superficial lumbar muscle activity
is increased in subjects with CLBP compared to controls *****? [vd Hulst et al, Clin J Pain (in
press)]. In the concept of guarding however, one would also expect increased activation of
superficial abdominal muscles to control spinal movement. No studies have investigated co-
activation of superficial abdominal and lumbar muscle activity in subjects with CLBP during
walking.

Spinal motion increases with higher walking velocities . This will in turn demand changes
in trunk muscle activity to control this increased motion °. One may assume that increasing
walking velocity may elicit more guarded movements. Studies however, are scarce on velocity

induced changes in lumbar muscle activity in CLBP >%7%,

The aim of this cross-sectional study is to investigate whether subjects with CLBP compared
to asymptomatic controls, show increased lumbar- and abdominal muscle activity during
walking on a treadmill at increasing velocities. It is hypothesized that subjects with CLBP will

show a “guarding” mechanism, reflected by increased co-activation of superficial abdominal -
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Chapter 5

and lumbar muscles. Furthermore, it is expected that at higher walking velocities the
hypothesized differences in muscle activity between subjects with CLBP and controls will
become more pronounced.

Materials and methods

Subjects

Subjects with CLBP, who were referred to a physician in Physical Medicine and Rehabilitation
between July 2004 and July 2005, and asymptomatic controls were asked to participate in the
study. Inclusion criteria for the patient group were: age between 16-70 years and more than
three months continuing or recurrent low back pain. Low back pain was defined as pain
under the scapulas, above the cleft of the buttock, with or without radiation to the extremities.
Exclusion criteria were: surgery of the spine in the past three months, spondylodeses,
structural pathology of the spine like inflammation, active radiculopathy, tumor, severe
deformities (e.g. spondylolisthesis grade 3) or neurological and/or musculoskeletal disorders
that could have an effect on gait. Specific causes of low back pain were excluded by the
physicians assessment (history, physical examination, if necessary blood tests and X-rays).
All patients had previously undergone some form of treatment (medication or physiotherapy)
without lasting relief. Controls (personnel from the rehabilitation center, their family or
friends) were asymptomatic volunteers with no history of back pain in the preceding twelve
months, previous surgery of the spine, neurological and/or musculoskeletal disorders that
could have an effect on gait. Subjects were matched on group level for age, gender and body
mass index (BMI) meaning that group averages were comparable on these parameters. Due
to the expected heterogeneity of subjects with CLBP, twice as many patients were included
compared to controls. Participants that met the inclusion criteria and were willing to
participate gave informed consent. The study was approved by the Medical Ethical Committee
of the Rehabilitation Center “het Roessingh” in Enschede.

Design and procedure

A cross-sectional study was conducted and performed on a treadmill. Participants filled
out the questionnaires before the start of the experiment. Subjects were allowed to practice
treadmill walking until they were accustomed to the walking conditions with a maximum
of five minutes before the measurements started. They were instructed to walk as naturally
as possible without using the handrail. Treadmill velocity was increased sequentially with
increments of 0.8 kilometres per hour (km/h) from 1.4 to 5.4 km/h. A short rest period
(approximately 2 min) between trials was used to check the measurement data. Data of at
least twenty strides were collected to ensure a representative dataset *.
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Measurements
Questionnaires
Sociodemographic (age, gender, level of education, work status), anthropometric (height,
weight) and pain-related variables were collected (i.e. duration, current pain intensity and
site of pain, level of activity limitation). Current pain intensity was measured by a Visual
Analogue Scale (0 = no pain, 100 = most severe pain)*. Activity limitation of subjects with
CLBP was measured with the Dutch version of the Roland Morris Disability Questionnaire
(RMDQ). The Dutch RMDQ (0 = no disabilities, 24 = severe disabilities) is shown to be valid
'8 and reliable °.

Kinematics and surface electromyography (sEMG)

Kinematical and sSEMG data were collected simultaneously during walking on a motorized
treadmill (Tunturi T-Track/G200) at the six different velocities (1.4 — 5.4 km/h). The
investigator collecting sSEMG and kinematical data was not blinded for group. A six camera
optical three-dimensional gait analysis system (VICON 370, Oxford metrics Ltd., Oxford,
UK) was used to determine foot contacts. VICON markers were placed on the second
metatarsal phalangeal joint (MTP 2) and on the posterior side of the calcaneus. Marker data
were collected with a sampling rate of 50 Hz.

Muscle activity patterns of erector spinae (ES) at two levels, rectus abdominis (RA) and
obliquus externus abdominis (OE) were measured on the left and right side (in total eight
channels), using multichannel, single differential, bipolar sSEMG (16 channels Biotel 99,
Glonner Electronic GmbH, Planegg, Germany). Bipolar sSEMG was measured with solid
gel electrodes (Arbo H93SG, Tyco Healthcare), with an inter-electrode distance of 23 mm
after removal of hair and cleaning the subject’s skin with alcohol. Electrodes for ES were
placed bilaterally parallel with the muscle fibers at two levels, 30 mm lateral to the first
lumbar processus spinosus, according to the SENIAM (Surface Electromyography for the
Non-Invasive Assessment of Muscles) guidelines *’, and 30 mm lateral to the fourth lumbar
processus spinosus *. Lumbar vertebrae were located through palpation, using the iliac crest
as landmark. Bipolar electrodes for RA were placed bilaterally, 30 mm lateral to the midline
°, midway between the processus xyphoideus and umbilicus. Electrodes for OE were placed
bilaterally, approximately 150 mm lateral to the midline °, in the lower 1/3 part between the
anterior superior iliac spines and the distal border of the rib cage. All wires and leads were
fixed with tape to the subject’s skin to diminish artifacts without limiting motion. A common
reference electrode was placed over the right processus styloideus ulnae. In the pre-processed
method, SEMG data were collected with a sampling rate of 1024 Hz and band passed filtered
using a first order filter of 17-500 Hz.
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Data analysis

Temporal parameters:

The collected data were imported in the analysis software, developed using Labview 8.2 of
National Instruments (Austin, Texas, USA). Movement of markers was measured according
to the coordinate system of the laboratory room. Events of the gait cycle (initial contact and
toe off) were determined by calculating the displacement in the horizontal direction of the
MTP 2 and calcaneus marker. A stride was defined from the first left initial contact (LIC) to
the next LIC (Figure 1). Initial double support (DS1) was defined from LIC to right toe off,
followed by contralateral swing (CSw) until right initial contact (RIC). Contralateral swing is
equal to ipsilateral single limb stance. The second period of double support (DS2) was defined
from RIC to left toe off, followed by the ipsilateral swing phase (ISw) until LIC. In summary,
a stride was divided in two periods of double support and two periods of swing (contra and

ipsilateral).
504

stride
401

A 4

304

CSw ISw

< >
< L

DSl\-/\__, DS2

10 4>

A 4
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< »
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Figure 1 Example of SRE pattern of erector spinae (L4 right) per stride: control group, mean value of 20
steps, all velocities (1.4 - 5.4 km/h). Note: SRE = smoothed rectified EMG, DS1= first double support,
CSw = contralateral swing, DS2 = second double support, ISw = ipsilateral swing, L(R)IC = left (right)
initial contact, L(R)TO = left (right) toe off.
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Surface EMG

In the post processed method, sSEMG was bandpass filtered at 20 Hz, using a 3™ order
Butterworth filter, to remove movement artifacts. After the signal was double phase rectified,
it was low pass filtered at 25 Hz to calculate Smooth Rectified EMG (SRE) values. To account
for different cycle durations between subjects, EMG was normalized in time for each stride
per subject. Averaged SRE values of approximately 20 time-normalized EMG profiles were
used. For each individual, the SRE values per stride were divided in four periods (DS1, CSw,
DS2 and ISw) and averaged. Main outcome parameters were averaged SRE values of ES,
RA and OE per stride. sSEMG data of strides were excluded from the analysis when visual
inspection of the EMG signals showed movement artifacts, reflected by high amplitude and
low frequency signals. The investigator performing this analysis was blinded for group.

Statistical analysis

Comparability of baseline variables of subjects with CLBP and asymptomatic controls was
determined with Student’s independent samples ¢-tests for continuous variables and with %2
tests for categorical data. Random coefficient analysis, also known as multilevel analysis, was
used to study the differences in averaged SRE values per stride between both groups. SRE
values of ES, RA and OE were analyzed separately. Random coefficient analysis was chosen
because it takes into account that repeated measures at different walking velocities within
individuals are correlated. Residuals were checked for normality. If necessary, a natural
logarithm (In) transformation of SRE values was done to compensate for a non-normal
distribution of the residuals. Post hoc SidaK’s ¢ -tests were performed if significant main or
interaction effects were present (p < 0.05, two sided was used as significance level). Statistical
analyses were performed using the statistical software SPSS v.11.5.

The regression model with average SRE values (ES/RA/OE) as dependent variables included
the following independent variables: group (patient/control), muscle recording site, period
of stride (DS1, CSw, DS2, ISw) and gender as factors; age, body mass index (BMI (kg/m?)),
velocity (km/h) and square velocity ((km/h)?), as covariates. Including velocity as a continuous
variable assumed a linear relationship between velocity and sEMG. By adding square velocity
to the model, a possible non linear association could be revealed. Age and gender were
added as independent variables because of their possible confounding effect on muscle fiber
size 772844, which in turn is likely to influence muscle activity. BMI was added because the
amount of fat overlying the muscle reduces the sSEMG signal. Interactions between group or
period of stride and (square) velocity were included in the model if significant.
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Results

Study population

Of the 123 persons who were suitable for inclusion, 96 (78 %) participated (63 subjects with
CLBP, 33 healthy controls). The main reason of not willing to participate was lack of sufficient
time or motivation. Due to sSEMG movement artifacts, five persons (four subjects with CLBP,
one control) were excluded from these 96, so 91 persons (59 subjects with CLBP, 32 controls)
were included in the final analysis. Baseline characteristics are reported in Table 1. Groups
were comparable in age, BMI and gender (p > 0.05). Groups differed in educational level
and work status (p < 0.01). Compared to controls, most subjects with CLBP had lower or
intermediate vocational education and were not working. They showed a moderate level of
current pain and activity limitation.

Table 1 Baseline characteristics of the study population

Patients Controls
N=63 N=33
Age (years) mean (sd) 41 (11) 40 (11)
Male gender N (%) 33 (52%) 16 (48%)
Body Mass Index (kg/m?) median Y (min - max) 26 (20-35)? 25 (18-36)
Education level N (%)
Elementary school 2 (3%) 0 (0%)
Lower/ intermediate vocational education 52 (83%) 11 (33%)
Higher vocational education/ academic degree 9 (14%) 22 (67%)
Work status N (%)
Full-/part-time 28 (44%) 32(97%)
Not working 35 (56%) 1(3%)
Duration of complaints (mo) median ¥ (min - max) 17 (3-72)¥ -
Location of complaints N (%)
left 12 (19%)
right 10 (16%) -
bilateral 41 (65%)
VAS (0-100) median " /range
Current pain 47 (5-94) -
RMDQ (0-24) mean (sd) 11 (4) -

Note VAS=Visual Analogue Scale; RMDQ= Roland Morris Disability Questionnaire

Ad "V the median value is reported if this parameter is not normally distributed.

Ad ? 1 outlier: Body Mass Index 50 kg/m? excluded due to movement artifacts.

Ad ¥ 1 outlier: 288 months, included because of no significant influence on sSEMG values.
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Surface EMG

All participants were able to walk at the prescribed velocities. Data of the left cycle were
analyzed. In Figure 1 an example of the average SEMG profile of erector spinae (ES) during
the different periods of stride is shown. Figure 2 presents an example of the average SRE
pattern for the recording at L1 (right) for both groups during the left cycle, averaged over all
velocities (1.4-5.4 km/h). The other recordings (L1 left, L4) have comparable patterns. Both
groups show on average the same biphasic pattern. sSEMG activity is highest in double support
and lowest in ipsi-or contra lateral swing. Figures 3 and 4 present the average SRE pattern of
rectus abdominis (RA) and obliquus abdominis externus (OE) for both groups, right side,
averaged over all velocities (1.4-5.4 km/h). Again, both groups show comparable patterns.
For RA a continuous activation pattern is discerned and for OE a more phasic activity pattern
can be seen. The recordings on the left side show comparable patterns. The averaged SRE
values are presented in Table 2. For average SRE values natural logarithm transformation was
needed to compensate for the non-normal distribution of the residuals.
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Figure 2 SRE pattern of erector spinae (L1 right) per stride: Mean value of 20 steps, all velocities (1.4 -
5.4 km/h), per group. Note: SRE = smoothed rectified EMG, CI = confidence interval.
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Figure 3 SRE pattern of rectus abdominis (right) per stride: mean of 20 steps, all velocities (1.4 -
5.4 km/h), per group. Note: SRE = Smoothed Rectified EMG, CI = confidence interval, RA = rectus

abdominis.
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Figure 4 SRE pattern of obliquus externus abdominis (right) per stride: Mean value of 20 steps, all
velocities (1.4 - 5.4 km/h), per group. Note: SRE = smoothed rectified EMG, CI = confidence interval,

OE = obliquus externus abdominis.
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Table 2. Averaged (+ 2 x SD) SRE values (uV) for subjects with CLBP and matched healthy
controls: per stride and velocity, per muscle group (erector spinae, rectus abdominis, and

obliquus externus) - left cycle.

1.4 142(8.0) 11.8(57) 74(70) 50(50) 10.7(63) 11.8(8.7)
22 142(8.1) 11.8(48) 7.5(62)  54(43)  112(6.0) 12.4(8.6)
3.0 152(8.3) 125(46) 83(65)  56(4.5  13.0(7.6) 13.5(8.9)
3.8 167 (84) 13.7(47) 9.0(6.6)  62(3.8)  14.0(7.6) 14.6(8.5)
4.6 19.0(9.1) 157(51) 104(7.3) 8.0(58)  158(84) 16.0(9.2)
5.4 22.5(10.0) 182(62) 11.8(7.5) 8.8(6.3)  184(92) 18.8(10.2)

Note SD= standard deviation, SRE= smoothed rectified sSEMG, CLBP=chronic low back pain

SRE values per stride — erector spinae (ES)

Averaged SRE values of ES are on average 1.20 times higher in subjects with CLBP when
compared to controls in both periods of swing and double support. The regression coefficient
for group (CLBP) for outcome In SRE value shows that this difference is significant (§ =
0.18 (95% CI = 0.05-0.32)). The total model explains 42.6% of the variance in In SRE values.
Except for gender, all other variables as recording site, age and BMI, are also significantly
related to In SRE values. Concerning recording site, ES activity recorded at the first lumbar
processus spinosus is lower than at the fourth lumbar processus spinosus (8 L1 vs. L4 (right)
=-0.12 (-0.14 to -0.10)). Older age is related to higher ES activity (B age = 0.01 (0.01-0.02))
and a higher BMI is related to less ES activity ( BMI = -0.04 (-0.06 to -0.02)). Furthermore,
within a stride, In SRE values are significantly higher in periods of double support compared
to swing (B (first double support/ipsilateral swing) = 0.59 (0.57-0.61), B (second double
support/ipsilateral swing) = 0.62 (0.60-0.64)) and show a significant interaction between
velocity and period of stride (p < 0.001). Finally, for both groups, ES activity increases with
higher walking velocities following a non linear distribution (Figure 5), without a significant

interaction between velocity and group.
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Figure 5 SRE values of erector spinae per stride with higher velocities, mean of 20 steps per group. Note:
SRE = smoothed rectified EMG.

SRE values per stride — rectus abdominis (RA)

Averaged SRE values of RA are on average 1.36 times higher in subjects with CLBP than
controls during the total stride. The regression coefficient for group (CLBP) for outcome In
SRE shows that this difference is significant ( = 0.31 (95% CI = 0.09-0.53)). The total model
explains 18.8% of the variance in In SRE values. Within a stride, RA activity is significantly
higher in double support as compared to swing (3 (first double support/ipsilateral swing) =
0.07 (0.05-0.08), B (second double support/ipsilateral swing) = 0.09 (0.08-0.11)). There is
no significant interaction between period of stride and velocity. Ln SRE values increase with
higher velocities in a non linear fashion (Figure 6) and without a significant interaction with

group.

SRE values per stride - obliquus abdominis externus (OE)

Average SRE values of OE are comparable between subjects with CLBP and controls. The
regression coefficient for group (CLBP) for outcome In SRE shows that differences are not
significant (B = 0.03 (95% CI = - 0.14-0.20)). The total model explains 26% of the variance in
In SRE values. Within a stride, activity in double support is significantly higher than in swing
(B (first double support/ipsilateral swing) = 0.07 (0.05-0.08) and (second double support/
ipsilateral swing) = 0.07 (0.05-0.08)). There is no significant interaction between period of
stride and velocity. Ln SRE values increase in both groups following a non linear pattern with
higher walking velocities (Figure 7), without a significant interaction between velocity and

group.
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Discussion

This study shows that subjects with CLBP have increased co-activation of erector spinae (ES)
and rectus abdominis (RA) muscles during walking as compared to asymptomatic controls.
Subjects with CLBP however, do not have higher activity levels of the obliquus abdominis
externus muscles (OE). Although in both groups the overall trunk muscle activity level
increases with higher velocities, differences in muscle activity levels do not become more
pronounced in subjects with CLBP.

Differences in lumbar and abdominal muscle activity between subjects with CLBP and
asymptomatic controls

Higher ES activity in subjects with CLBP during stride is in agreement with earlier studies
*B[van der Hulst et al, Clin J Pain (in press)]. RA and OE activity during walking has not
been studied before in CLBP. A possible explanation for the overall increase of ES and RA,
but not OE activity, can be found considering their function in controlling spinal movement.
In healthy persons, consistent evidence has shown that the ES control trunk movement in
the sagittal and/or frontal plane '****7, Concerning the function of the RA and OE during
walking, literature is inconsistent. Callaghan et al. ° did not find a clear relationship between
RA, OE activity and lumbo-pelvic motion in healthy individuals. Saunders et al * however,
showed that RA activity was positively related to lumbo-pelvic movement in the sagittal plane,
and OE activity to lumbo-pelvic movement in the transverse plane. Also from an anatomical
point of view, it is plausible that ES and RA muscles function as antagonists. It could therefore
be hypothesized that spinal movement in the sagittal plane is controlled by both the ES and
RA, but not the OF muscles. As such, increased co-activation of ES and RA muscle activity
may serve to control spinal movement and contribute to a “guarding” mechanism in CLBP.
It is possible that OE activity does not play an important role in guarding of the spine, as was
hypothesized at the beginning of the current study. Further research however, is needed to
study relations between lumbar and abdominal muscle activity and trunk movement during
walking.

Adaptation of lumbar and abdominal muscle activity to higher walking velocities

Unexpectedly, adaptation of trunk muscle activity to higher walking velocities is similar
between subjects with CLBP and asymptomatic controls, as no significant interaction between
velocity and group is found. Average ES, RA and OE activity increases with higher velocities in
both groups in a similar manner. Although this result is in contrast to our hypothesis, it may
be that the overall higher activity level of the ES and RA in subjects with CLBP is sufficient
to control spinal motion. As such, the overall increase in trunk muscle activity in CLBP
with higher velocities may reflect guarded movement controlling increased spinal motion,
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although differences between groups do not become more pronounced. Furthermore, it may
be that the experimental design was insufficient to elicit increased guarding in subjects with
CLBP at higher velocities. In the current study, velocity was increased in a predictable order,
allowing the subject to accustom to each velocity before the measurement started. It could be
that specifically unpredictable changes in velocity are needed to reveal different adaptations
of trunk muscle activity. Lamoth et al. 2 have measured ES activity in subjects with CLBP
walking on a treadmill and changed velocity in an unpredictable order, without allowing
the subject to become habituated to the new velocity. The authors have shown increased
variability and earlier peak activity of ES at higher velocities in subjects with CLBP compared
to asymptomatic controls. They propose that the diminished capacity to adapt ES to changing
velocities may reflect an attempt to stabilize the spine, which is in line with our guarding
hypothesis. Finally, another explanation may be that guarded movements are related to
supraspinal (i.e. cognitive/emotional) processes. For example, several studies have confirmed
a positive relation between stress, anxiety and increased lumbar muscle activity in CLBP

independent and may explain why no different adaptations are found with higher velocities.

The average increase in ES activity with maintenance of the biphasic activity pattern, is in line
with other studies #***7*, The results show that for both RA and OE muscles the differences
in average activity between double support and swing are very small. Although significant,
the small absolute differences in average activity show that the RA and OE muscles do not
show a comparable biphasic activity pattern as the ES. Studies of abdominal activation
patterns in healthy persons during walking have shown both mono and biphasic activity
patterns 26363754 A phasic activation of RA- and OE muscles would have been in line with
their function within the global system !, but has been not been consistently supported in

literature.

It is interesting to discuss the mechanisms of increased superficial trunk muscle activity in
subjects with CLBP during walking. It is not known if these (compensatory) changes are
beneficial or contribute to the vicious cycle of ongoing pain and disability in the long run. In
several recent reviews, both possibilities have been hypothesized. Some authors have proposed
that increased ES activity may be protective by compensating for reduced spinal stability '5%.
Others have hypothesized that these compensatory changes in activity will place an excessive
demand on the superficial muscles '**, restrict optimal trunk movement and generate high
loading of the spine *'. If negative cognitions or emotions like anxiety or stress also contribute
to increased lumbar muscle activity 7#'4173%33%5 this may plead for an underlying mechanism

which is not beneficial, but part of a vicious cycle in ongoing pain.

105

regel 1
regel 2
regel 3
regel 4
regel 5
regel 6
regel 7
regel 8

regel 9
regel 10

regel 11

regel 12
regel 13
regel 14

regel 15
regel 16
regel 17
regel 18
regel 19
regel 20

regel21

regel 28
regel 29
regel 30

regel 31
regel 32

regel 33
regel 34
regel 35
regel 36
regel 37
regel 38



regel 1

regel 2
regel 3
regel 4
regel 5
regel 6

regel 7

regel 8

regel 9

regel 10
regel 11
regel 12
regel 13
regel 14
regel 15
regel 16
regel 17
regel 18
regel 19
regel 20
regel 21
regel 22
regel 23
regel 24
regel 25
regel 26
regel 27

regel 28

regel 29
regel 30

regel 31

regel 32
regel 33

regel 34

regel 35
regel 36
regel 37
regel 38

Chapter 5

Methodological considerations

Some limitations of this study should be noted. Due to the cross-sectional nature of this
study, no conclusions can be drawn about the fact whether these changes are a cause or a
consequence of low back pain. Furthermore, this study was conducted on a treadmill, to be
able to control walking velocity. Treadmill walking is different from walking over ground and
reduced amplitudes of kinematics of upper lumbar region and pelvis * and differences in
sagittal plane joint moments of the legs ** have been shown. Although the magnitude of the
differences in kinematical, kinetic **, temporal gait parameters ** and sSEMG of the lower limbs
0 between treadmill and gait over ground is very small, it is not known if the results of this
study are comparable with normal walking over ground.

Further, some additional remarks about the outcome measures should be made. This study
did not include sEMG values normalized to a maximal voluntary contraction at a certain joint
angle. Normalizing sEMG values is possible not reliable in LBP, as pain inhibits a maximal
voluntary contraction . Also, using a single reference point for normalization of SEMG
activity during walking with changing joint angles will render inaccurate results . Although
normalization reduces intra individual differences, it may also mask existing differences
between groups. Possible bias due to using amplitude estimation, a variable with high variance,
was reduced by matching for BMI, gender and age and by standardizing electrode placement.
Additionally, a large sample of subjects was measured to reduce intersubject variability. A post
hoc power analysis confirmed that the sample size was adequate to find a difference in average
ES activity between subjects with CLBP and asymptomatic controls. Based on the expected
increase of 39% in average ES activity in CLBP found in a former study » and the averaged
SRE values of ES in the current study, 63 subjects with CLBP would have been sufficient for

a power of 97%.

In the present study we did not take the physical activity into account although it may have
had some influence on muscle activity levels, as physical activity has an effect on muscle fiber
size and muscle fiber types. Future studies should include physical activity levels to exclude
a possible confounding effect. In literature there is conflicting evidence whether subjects
with CLBP have lower aerobic fitness levels ***!. Other studies have shown that averaged
physical activity levels are comparable between subjects with CLBP and healthy controls ***
8 In addition, groups significantly differed in education level and work status. Work status
however, is unrelated to erector spinae activity level [van der Hulst et al., Clin J Pain (in
press)]. It is therefore unlikely that physical activity level or work status are confounders for

muscle activity levels.
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Finally, it is known that the amount of fat in particular above the abdominal muscles reduces
the amplitude of the sEMG signal. This problem was addressed by successfully matching
subjects with CLBP and controls for BMI. Additionally, sSEMG data of rectus- and obliquus
abdominis muscles showing movement artifacts, probably caused by excessive belly fat, were
removed. In future studies it would be recommended to measure the percentage of abdominal
and lumbar muscle fat to correct for a possible confounding effect.

Conclusion

In subjects with CLBP, lumbar (i.e. erector spinae) and abdominal (i.e. rectus abdominis)
muscle activity is higher during all periods of stride when compared to asymptomatic controls.
Subjects with CLBP show higher ES and RA muscle activity at higher walking velocities,
although differences between groups do not become more pronounced. Based on this, it is
concluded that the results of this study support the guarding hypothesis in CLBP.
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Chapter 6

Abstract

Background: Concerning chronic low back pain (CLBP), different cognitive-behavioral
models have hypothesized that coping strategies play a role in the chronification of pain by
changes in physical activity. Strategies such as avoidance - or persistent coping may be related
to changes in (lumbar) muscle activity.

Objectives: Investigate the different coping strategies present in CLBP and whether these are
differentially related to lumbar muscle activity during walking.

Methods: In a cross-sectional study, sixty-three subjects with CLBP walked on a treadmill
at 3.8 km/h. Coping strategies were measured with the Dutch version of the Coping
Strategies Questionnaire and three factors were identified with principal component analysis.
Surface electromyography data of the erector spinae were obtained and smooth rectified
electromyography (SRE) values were averaged per periods of swing and double support. The
ratio of SRE values (swing/double support) was used as a measure of relaxation. The relation
between SRE values and coping strategies was analysed with random coefficient analysis.
Results: Three coping strategies (i.e. “catastrophizing”, “distraction” and “persistence and
control”) could be discerned. “Catastrophizing” was positively related to (natural logarithm)
SRE values (3= 0.06, 95% CI = 0.01 - 0.10; R* = 7.7%). “Distraction” was negatively associated
with SRE ratios ($ = -0.03, 95% CI= -0.05 - -0.01; R?> = 7.5%). No relation was found between
“persistence and control” and SRE values or ratios.

Conclusions: In CLBP, a maladaptive coping strategy like “catastrophizing” is related to

increased lumbar muscle activity, and an adaptive strategy like “distraction” to increased
lumbar muscle relaxation during walking.

112



Coping strategies and lumbar muscle activation

Introduction

The development and maintenance of chronic low back pain (CLBP) is complex and not well
understood. Different pain models such as the fear-avoidance model '**' and the avoidance-
endurance model ', hypothesize that pain coping strategies play a role in the chronification
of pain by changes in physical activity. Strategies such as avoidance (i.e. avoiding daily
activities because of fear of pain/ (re)injury) - or endurance/persistent coping (i.e. carrying
on with daily activities despite pain) are assumed to lead to maintenance of pain. In contrast,
confrontation with the fear-eliciting stimulus * or distraction from pain ', is considered to
result in a flexible change between exertion and relaxation and eventually in pain reduction.
Both pain models hypothesize that catastrophizing and related fear of movement are the
factors leading to avoidance coping, which is assumed to result in disuse (i.e. a decreased
level of physical activity) and deconditioning (i.e. a low level of physical fitness). Additionally,
in the avoidance -endurance model, suppressive or minimizing thoughts are hypothesized
to lead to endurance/persistent coping. This may result in physical overload and muscular
hyperactivity.

As described, both the strategies avoidance and persistent coping are assumed to provoke
physical changes. Although the relation between physical changes and fear-avoidance coping
has been extensively studied, results are inconsistent. Several studies of subjects with CLBP
have focused on the possible relationship between fear-avoidance beliefs, catastrophizing,
avoidance behavior on one side and disuse/deconditioning, the amount of lumbar muscle
activity, relaxation or fatigue on the other side. These studies have shown either no relation *¢
383%42[van der Hulst et al., Clin J Pain (in press)], an association with deconditioning %%, less
physical performance %, less muscle relaxation **, increased resting tension **¢ or higher
muscle fatigue 2. Concerning the hypothesized relation between persistent coping and physical
variables, only one study has been performed . In this study, subjects with persistent coping
strategies had comparable levels of physical activity to those with adaptive coping strategies,
measured with an accelerometer.

So at this moment, there is insufficient evidence available to either support or reject a possible
relationship between avoidance- and persistent coping and physical performance. More
insight in these relationships however, is important and can be used to further improve
multidisciplinary treatments, based on these biopsychosocial pain models. Therefore, the
aim of this cross-sectional study is to investigate the different coping strategies present in a
population of patients with CLBP referred for multidisciplinary rehabilitation treatment, and
whether these coping strategies are differentially related to physical performance, measured
as lumbar muscle activity during walking. In line with literature on fear-avoidance coping
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Chapter 6

and the assumptions in the avoidance-endurance model, it is hypothesized that higher scores
for maladaptive “avoidance” and “persistent” coping strategies are related to increased lumbar
muscle activity, whereas this relationship is absent for adaptive coping strategies such as
confrontation or distraction.

Methods

Patients

Subjects with CLBP, who were referred to a physician in Physical Medicine and Rehabilitation
between July 2004 and July 2005, were asked to participate in the study. Inclusion criteria
were: age between 16-70 years and more than three months continuing or recurrent low back
pain. Low back pain was defined as pain under the scapulas, above the cleft of the buttock,
with or without radiation to the extremities. Exclusion criteria were: surgery of the spine in the
past three months, spondylodeses, structural pathology of the spine like inflammation, active
radiculopathy, tumor, severe deformities (e.g. spondylolisthesis grade 3) or neurological and/
or musculoskeletal disorders that could have an effect on gait. Specific causes of low back pain
were excluded by the physician’s assessment (history, physical examination, if necessary blood
tests and X-rays). All patients had previously undergone some form of treatment (medication
or physiotherapy) without lasting relief. Participants who met the inclusion criteria and were
willing to participate gave informed consent. The study was approved by the Medical Ethical
Committee of the Rehabilitation Center “het Roessingh” in Enschede.

Design and procedure

A cross-sectional study was conducted and surface electromyography (sEMG) data were
collected during walking on a treadmill. Participants filled out the questionnaires before
the start of the experiment. Subjects were allowed to practice treadmill walking until they
were accustomed to the walking conditions with a maximum of five minutes before the
measurements started. They were instructed to walk as naturally as possible without using the
handrail. Velocity was set at 3.8 km/h to improve comparability with former studies %'%'%%,
Data of at least twenty strides were collected to ensure a representative dataset ».

Measurements
Questionnaires
Sociodemographic (age, gender, level of education, work status), anthropometric (height,
weight), pain- and disability related variables were collected as descriptive variables. Current
pain intensity was measured by a Visual Analogue Scale (0 = no pain, 100= most severe
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pain). The VAS scale is found to be valid and reliable *. Activity limitation of patients was
measured with the Dutch version of the Roland Morris Disability Questionnaire (RMDQ).
The Dutch RMDQ (0 = no disabilities, 24 = severe disabilities) is shown to be valid ° and
reliable *. Coping strategies were measured with the Dutch version of the Coping Strategies
Questionnaire (CSQ), the Coping met Pijn Vragenlijst (CPV), which has shown sufficient
reliability and construct validity in subjects with CLBP *'. The main difference between the
original CSQ ** and the CPV is the number of items of the behavioral coping subscale (two for
the CPV, six for the CSQ), and the use of a different answering format. In the CPV, subjects
marked ten centimeter visual analogue scales with the end points defined as the original seven
point Likert-type scale, as “never do” and “always do that”. The last two questions of the CPV
concern two ratings of the overall effectiveness (pain control and ability to decrease pain).

Kinematics and surface electromyography (sEMG)

Kinematical and sEMG data were collected simultaneously during walking on a motorized
treadmill (Tunturi T-Track/G200). A six camera optical three-dimensional gait analysis system
(VICON 370, Oxford metrics Ltd., Oxford UK) was used to determine foot contacts. VICON
markers were placed on the second metatarsal phalangeal joint (MTP 2) and on the posterior
side of the calcaneus. Marker data were collected with a sampling rate of 50 Hz. Muscle activity
patterns of the erector spinae were measured using multichannel, single differential, bipolar
SEMG (16 channels Biotel 99, Glonner Electronic GmbH, Planegg, Germany). Bipolar sSEMG
was measured with solid gel electrodes (Arbo H93SG, Tyco Healthcare), placed bilaterally
with an inter-electrode distance of 23 mm on the muscle belly after removal of hair and
cleaning the subject’s skin with alcohol. Electrodes were placed bilaterally parallel with the
muscle fibers at two levels, 30 mm lateral to the first lumbar processus spinosus, according
to the SENIAM (Surface Electromyography for the Non-Invasive Assessment of Muscles)
guidelines ', and 30 mm lateral to the fourth lumbar processus spinosus *. Lumbar vertebrae
were located through palpation, using the iliac crest as landmark. All wires and leads were
fixed with tape to the subject’s skin to diminish artifacts without limiting motion. A common
reference electrode was placed over the right processus styloideus ulnae. In the pre-processed
method, sSEMG data were collected with a sampling rate of 1024 Hz and band passed filtered
using a first order filter of 17-500 Hz.

Data analysis

Temporal parameters:

The collected sSEMG and kinematical data were imported in the home built analysis software,
developed using Labview 8.2 National Instruments (Austin, Texas, USA). Movement of
markers was measured according to the coordinate system of the laboratory room. Parameters
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of the gait cycle (initial contact and toe off) were determined by calculating the displacement
in the horizontal direction of the MTP 2 and calcaneus marker. A stride was defined from
left initial contact (LIC) to the next LIC (Figure 1) and divided in four periods: initial double
support, contralateral swing, second period of double support and ipsilateral swing (DS1,
CSw, DS2, ISw). Initial double support was defined from LIC to right toe off, followed by
contralateral swing until right initial contact (RIC). Contralateral swing is equal to ipsilateral
single limb stance. The second period of double support was defined from RIC to left toe off,
followed by the ipsilateral swing phase until LIC. In summary, a stride was divided in two
periods of double support and two periods of swing (contra-and ipsilateral).

504
stride
403 .
>
2
:4;0 304
—
<t CSw ISw
— < > < >
g 204
=
” DSIN
DS2
g 10 4> «— >
g
% 0 LIC|RTO RIC |LTO LIC

0 10 20 30 40 50 60 70 80 90 100
percentage gait cycle (%)

Figure 1. Example of averaged erector spinae activity pattern per stride

Note: SRE = smoothed rectified electromyography, DS1= first double support, CSw = contralateral
swing, DS2 = second double support, ISw = ipsilateral swing, L(R) IC = left (right) initial contact,
L(R)TO = left (right) toe off.

Surface EMG

In the post processed method, sSEMG was bandpass filtered at 20 Hz, using a 3™ order
Butterworth filter, to remove movement artifacts. After the signal was double phase rectified,
it was low pass filtered at 25 Hz to calculate smooth rectified EMG values (SRE). To account
for different cycle durations between subjects, SEMG was normalized in time for each stride
per subject. Averaged SRE values of approximately 20 time-normalized SEMG profiles were
used. For each individual, the SRE values per stride were divided in the four periods of stride
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(DS1, CSw, DS2 and ISw) and averaged. To reduce variability in EMG measures, groups were
matched for BMI, gender, age and electrode placement was standardized. Main outcome
parameters were:

- Averaged SRE values of the erector spinae per stride %.

- The ratio between the averaged SRE values of the erector spinae in the periods of swing-
and the averaged activation in double support (SRE ratio). Two ratios were calculated:
averaged SRE (CSw/DS1) and averaged SRE (ISw/DS2). A high ratio reflects relatively
high activity in swing compared to double support (i.e. less relaxation) [van der Hulst et
al, Clin J Pain (in press)].

SsEMG data of strides were excluded from the analysis when visual inspection of the sSEMG

signals showed movement artifacts, reflected by high amplitude and low frequency signals.

Statistical analysis

Classification of coping strategies

The different dimensions of coping activity, as measured by scales from the CSQ, have varied
across investigations. To examine specific coping strategies in a new sample, factor analysis
of the individual CSQ items is recommended V. In line with this recommendation, factors
(i.e. coping strategies) of the CPV were identified with principal component analysis (PCA).
Intercorrelations between the 44 items were calculated and factors with eigenvalues greater
than one and less than two were retained. Additionally, a scree plot was examined, which is
a secondary method to determine the optimal number of factors *. After determining the
number of factors, an item was included in the factor fit if (1) it correlated with the factor at a
level of 0.35 or larger, and (2) it had a loading lower than 0.35 on any other factor. To improve
interpretability of the factors these were rotated by the Varimax procedure. To determine the
internal consistency of each of the factors, Cronbach’s alphas were computed. A Cronbach’s
alpha above 0.70 was considered to be sufficient.

Analysis of relations between sEMG and coping strategies

First, Pearson’s correlations (rp) were applied to examine the relations between averaged
CPV factor scores, descriptive variables and averaged SRE values or ratios. In case of a non-
normal distribution, Spearman’s correlations were calculated. Second, the relations between
averaged CPV factor scores and SRE values or ratios were controlled for possible confounding
variables by using random coefficient analysis, also known as multilevel analysis . Random
coefficient analysis was chosen because it takes into account that multiple measurements
within individuals are correlated. The dependent values were averaged SRE values or ratios
(contralateral swing/first double support and ipsilateral swing/ second double support). The
independent variables included in the regression model were: recording site (L1 left/right,
L4 left/right) and gender as factors; age, BMI (kg/m?) and averaged CPV factor scores as

117

@)
g
=
(=g
o
-
[=))

regel 1
regel 2
regel 3
regel 4
regel 5
regel 6
regel 7
regel 8

regel 9
regel 10

regel 11

regel 12
regel 13

regel 14
regel 15
regel 16
regel 17
regel 18
regel 19
regel 20
regel21
regel22
regel 23
regel24
regel 25
regel 26
regel 27

regel 34

regel 35
regel 36
regel 37
regel 38



regel 1

regel 2
regel 3
regel 4
regel 5
regel 6

regel 7

regel 8

regel 9

regel 10
regel 11
regel 12
regel 13
regel 14
regel 15
regel 16
regel 17
regel 18
regel 19
regel 20
regel 21
regel 22
regel 23
regel 24
regel 25
regel 26
regel 27

regel 28

regel 29
regel 30

regel 31

regel 32
regel 33

regel 34

regel 35
regel 36
regel 37
regel 38

Chapter 6

covariates. Nominal variables were included as factors and continuous variables as covariates.
Age and gender were added because of their possible confounding effect on muscle fiber
size 20213%3 which in turn is likely to influence muscle activity. BMI was added because the
amount of fat overlying the muscle reduces the sEMG signal. Descriptive variables were
added if significant univariate associations were found with CPV factor scores. Residuals were
checked for normality. If necessary, a natural logarithm (In) transformation of the dependent
variables was done to compensate for the non-normal distribution of the residuals. Statistical
analyses were performed using the statistical software SPSS v.11.5.

Results

Study population

Of the 99 subjects who were suitable for inclusion, 63 (64 %) participated. The main reason
for not being willing to participate was lack of sufficient time or motivation. Due to missing
items on the CPV, 2 subjects were excluded from these 63, leaving 61 subjects (97 %) for the
principal component analysis. Due to sSEMG movement artifacts, three additional subjects
were excluded from these 61, so 58 subjects (92%) were included in the final analysis relating
the different coping strategies to SRE values. Baseline characteristics are reported in Table 1.
Most subjects had lower or intermediate vocational education and the distribution between
workers and non workers was comparable. Subjects showed a moderate level of pain intensity
and activity limitation.
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Table 1 Baseline characteristics of the study population

Coping strategies and lumbar muscle activation

Age (years) mean (sd) 41 (11)
Male gender N (%) 33 (52%)
Body Mass Index (kg/m?) median ¥ (min - max) 26 (20-35)?
Education level N (%)

Lower vocational education 25 (40%)
Intermediate vocational education 29 (46%)
Higher vocational education/ academic degree 9 (14%)
Work status N (%)

Full-/part-time 28 (44%)
Not working 35 (56%)
Duration of complaints (mo) median Y (min - max) 17 (3-72)%
VAS (0-100) median ¥ /range

Current pain intensity 47 (5-94)
RMDAQ (0-24) mean (sd) 11 (4)

Note : CLBP = chronic low back pain ; sd = standard deviation, VAS=Visual Analogue Scale; RMDQ= Roland
Disability Questionnaire

Ad Y the median value is reported if this parameter is not normally distributed.

Ad ? 1 outlier: Body Mass Index 50 kg/m? excluded due to movement artifacts.

Ad ¥ 1 outlier: 288 months, included because of no significant influence on lumbar muscle activity.

Coping strategies present in subjects with CLBP

The PCA resulted in three factors with eigenvalues greater than one and less than two. Analysis

of the scree plot also revealed a clear 3- factor structure. The loadings of individual items on

the factors are presented in Table 2. With a cut-off point of 0.35 for inclusion of an item, 22

of the 44 items did not meet the before mentioned criteria. The PCA, with a 3 factor solution,

accounted for 48.3% of the variance in questionnaire responses.

o The first factor accounted for 18.5% of the total variance in scores on the CPV items.
Individuals with high scores on the first factor use a wide variety of distracting strategies,
which include mental - (e.g. “I try to think of something pleasant”) and behavioral
distraction (e.g. “I leave the house and do something, such as going to the movies or
shopping”). This factor was labeled “distraction”

¢ The second factor explained 15.5% of the variance. Subjects with high scores on this factor
show signs of catastrophizing thoughts (e.g. “I feel terrible and I feel it’s never going to get
any better”). This factor was named “catastrophizing”

o The third factor accounted for 14.3% of the variance. Individuals with high scores on this
factor try to suppress their pain (e.g. “I tell myself I can’t let the pain stand in the way of
what I have to do”) or try to control their pain (e.g. “Are you able to decrease the trouble
caused by pain if you apply strategies you normally use to cope with pain?”). This factor

was labeled “persistence and control”.
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_ regell The internal consistency of the factors of the CPV was investigated. The factors were
regel 2 sufficiently reliable (Cronbach’s a “distraction” = 0.84, “catastrophizing” = 0.82, “persistence
_ regel3 and control” = 0.73).
regel 4
_ regel5 Table 2 The Varimax 3-factor solution of the 44 items of the Dutch version of the Coping
regel 6 Strategies Questionnaire (n=63). Loadings under 0.35 were replaced by --.
regel 7 Factor When I feel pain... Factor loading
regel 8 1 2 3
regel 9 1 Distraction
110 I think of things I enjoy to do .781 -- --
_ regel U I do anything to get my mind off the pain 729 - -
regel 11 I try to think of something pleasant 712 -- --
&112 Llci?:int numbers in my head or run a song through my  .648 - -
regel 13 I do something I enjoy, such as watching TV or listening .612 -- --
regel 14 to music
" recel 15 I leave the house and do something, such as going to .603 - -
M movies or shopping
regel 16 I try to be around other people .532 -- 417
recel 17 I tell myself that I can overcome the pain .613 - -
_rege 1/ I know someday someone will be here to help me and it .510 -- --
regel 18 will go away for a while
im 2 Catastrophizing
regel 20 I feel terrible and I feel it’s never going to get any better  -- .837 --
regel 21 I feel awful and I feel that it overwhelms me -- .850 -
_rese sl I feel I can’t stand it anymore -- 771 --
regel 22 I feel like I can’t go on -- .639 --
regel 23 I worry all the time about whether it will end -- .622 -
— I pray for the pain to stop -- .565 --
regel 24
m 3 Persistence and control
_reee s Are you able to decrease the pain intensity if you apply  -- -- 728
regel 26 strategies you normally use to cope with pain?
regel 27 I just go on as if nothing happened -- -- 729
— I tell myself that I can’t let the pain stand in the way of ~ -- - 639
regel 28 what I have to do
regel 29 I see it as a challenge and don't let it bother me -- -- .616
reoel 30 I try to feel distant from the pain, almost as if the pain - -- .601
_ rese ot was in somebody else’s body
regel 31 Are you able to decrease the trouble caused by painif - -- 462
regel 32 you apply strategies you normally use to cope with pain?
—— Tignore it -- -- 465
regel 33
regel 34 Note: “I try to be around other people” (Factor 1) was not excluded despite the criterion of 0.35 as factor
135 loading, as Cronbach’s alpha decreased when omitting this item. A separate analysis after omitting this item,
_ regeloo showed no influence on the relation between factor scores and lumbar muscle activity.
regel 36
regel 37
regel 38
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Relations between coping strategies and baseline characteristics

Results presented in table 3 show that “distraction” and “catastrophizing” are significantly
positively related to both pain intensity and disability levels, whereas “persistence and
control” is not related to these variables. On the other hand, “persistence and control” is the
only strategy that is significantly positively related to age. No relations are found between the
different coping strategies and pain duration. Overall average CPV factor scores were low.

Table 3. Average factor scores (CSQ-Dutch version) and univariate Pearson’s correlations (rp)
between the three coping strategies and descriptive variables

Average (sd) 4.8 (2.1) 3.1 5.1(1.8)
range 0.1-10 0-8.7 0.3-8.9
Correlations (r p) Age (years) 0.04 -0.01 0.40 ™
Pain duration (months) 0.10 0.07 0.10
VAS (0-100) 0.17™ 0.147 -0.02
RMDQ (0-24) 013" 0.48 ™ 0.11

Ad Y the median value is presented if the parameter is not normally distributed; ? P < 0.05; ™ P < 0.01 (two-
tailed)

Note: CSQ = Coping Strategies Questionnaire; sd = standard deviation; VAS=Visual Analogue Scale;
RMDQ=Roland and Morris Disability Questionnaire

Relations between coping strategies and erector spinae activity

Table 4 presents univariate correlations between the average CPV factor scores and average
(natural logarithm) SRE values/ratios of the erector spinae. Figures 2 and 3 illustrate the
relation between the average CPV factor score and average (natural logarithm) SRE values
and ratios of the erector spinae, corrected for gender, age, BMI and muscle recording site.

Table 4. Univariate Pearsons correlations (r P) between average factor scores (CSQ-Dutch
version) and erector spinae activity (SRE) per stride

Correlations (r p) Ln SREES (uV) -0.04 0.26™ 0.02
Ratio CSw/DS1  -0.31 ™ -0.01 -0.147
Ratio ISw/DS2 -0.19 7 0.04 -0.08

Ad " P<0.05"P<0.01 (two-tailed)

Note: CSQ = Coping Strategies Questionnaire, SRE = smoothed rectified electromyography, Ln = natural
logarithm, ES = erector spinae, CSw = contralateral swing, DS1= first double support, ISw = ipsilateral swing,
DS2= second double support
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Figure 2. Relation between averaged erector spinae activity and average factor scores (CSQ-Dutch
version)
Note: presentation of regression model, after correction for gender, recording site, age and Body Mass

Index (BMI); CSQ = Coping Strategies Questionnaire, Ln = natural logarithm, SRE = smooth rectified

electromyography.
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Figure 3. Relation between ratios of averaged erector spinae activity (swing/double support) and average
factor scores (CSQ-Dutch version)

Note: presentation of regression model, after correction for gender, recording site, age and Body Mass
Index (BMI). Figure of ratio (ipsilateral swing/ second double support) is comparable. CSQ = Coping
Strategies Questionnaire, SRE = smooth rectified electromyography, CSw= contralateral swing, DS1=

first double support.
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Distraction

Average scores on the factor “distraction” are not related to averaged (natural logarithm) SRE
values, but are significantly negatively associated with SRE ratios (SRE swing/ SRE double
support) (Table 4). This means that higher scores for distractive coping are related to increased
variation between activation of the lumbar muscles in swing compared to double support.
After correcting for the possible influence of other independent variables on SRE values, the
negative relation between distraction and the ratio contralateral swing/first double support
(CSw/DS1) remains significant (B = -0.03, 95% CI= -0.05 - -0.01), but the relation with the
ratio ipsilateral swing/second double support (ISw/DS2) slightly fails to reach significance (8
=-0.02, 95% CI = -0.03 - 0.00). This means that a one point higher score for distraction (0-
10) is related to a decrease of 0.03 in the ratio of activity in swing to double support (Figure
3). Including the independent variables pain intensity and disability did not change the beta
coefficients and these variables were left out of the final model. The variance of the SRE ratios
explained by the total model is 13.9% for the ratio CsW/DS1 and 14.5% for the ratio IsW/DS2.
The additional variance explained by distraction is 7.5% for the ratio CsW/DS1 and 2.7% for
the ratio IsW/DS2.

Catastrophizing

Results show that average scores on the factor “catastrophizing” are significantly positively
associated with averaged (natural logarithm) SRE values, but not with SRE ratios (Table 4).
After correcting for a possible influence of other independent variables on SRE values, the
positive relation between catastrophizing and average (natural logarithm) SRE values remains
significant (p = 0.06, 95% CI = 0.01 - 0.10). This means that an increase of one point on the
average factor score catastrophizing (0-10) is related to an increase of 1.1 uV in averaged SRE
value per stride (Figure 2). Including the independent variables pain intensity and disability
did not change the beta coefficients and these variables were left out of the final model. The
total variance of (natural logarithm) SRE values explained by the model is 22.6%, of which
7.7% by the average factor score catastrophizing.

Persistence and control

Average scores for “persistence and control” are not related to averaged (natural logarithm)
SRE values, but are significantly negatively associated with the SRE ratio of contralateral swing/
first double support (Table 4). After correcting for a possible influence of other independent
variables on SRE values, the significant relation disappears.
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Other independent variables

Concerning the other independent variables, no significant influence is seen of gender or
recording site (L1/L4, left/right) on average (natural logarithm) SRE values. Age however, is
positively related to (natural logarithm) SRE values (f=0.01, 95% CI=0.002-0.02) and BMI is
negatively related to (natural logarithm) SRE values (f=-0.05, 95% CI=-0.07 - -0.02). For the
SRE ratio (SRE swing/SRE double support), no influence is seen of gender, age or BMI. For the
SRE ratios significant differences are found between the left and right recording site: SRE ratio
contralateral swing/first double support (f L1 (left) vs. L4 (right) = -0.10 (-0.14 - -0.05), p L4
(left) vs L4 (right) = -0.07 (-0.11 - -0.02); SRE ratio ipsilateral swing/second double support (
L1 (left) vs. L4 (right) = 0.14 (0.09 - 0.18); B L4 (left) vs L4 (right) = 0.07 (0.02 - 0.12).

Discussion and conclusions

The results of this study show that in line with the cognitive behavioral models, subjects with
CLBP reveal three coping strategies (i.e. “distraction’, “catastrophizing”, “persistence and
control”). Two of these coping strategies are differentially related to lumbar muscle activity
during walking. “Distraction” is negatively associated with SRE ratios of the lumbar muscles
in periods of swing compared to double support, which can be interpreted in line with our
hypothesis. Also in line with our hypothesis is that a positive relation between “catastrophizing”
and increased lumbar muscle activity is found. In contrast to expectation, no association is

found between “persistence and control” and lumbar muscle activity.

A new and interesting finding from this study is that “distraction” is associated with the ratio
of lumbar muscle activity during swing compared to double support, whereas there is no
relation for this coping strategy with the total amount of lumbar muscle activity during stride.
This means that higher scores on distraction are related to increased relative relaxation during
swing. In other words, distraction is associated with an adequate change between exertion
and relaxation of the lumbar muscles during stride. As this change between exertion and
relaxation is comparable to the normal, healthy biphasic activity pattern of lumbar muscles
during walking **, distraction might be considered an adaptive coping strategy as hypothesized
in the avoidance - endurance model '

“Catastrophizing” is associated with increased lumbar muscle activity, whereas no relation
with the SRE ratio between periods of swing and double support is shown. This means that
more catastrophizing results in an overall higher muscle activity level during all periods of
stride. It adds to the evidence of the relation between catastrophizing and physical variables,
which also has been shown by others. Catastrophizing has been associated with reduced
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exercise capacity »

and lower perceived level of activity *. In addition, a reduction in
catastrophizing thoughts has been related to increased physical performance . In theory;, it is
conceivable that catastrophizing is therefore associated with increased lumbar muscle activity
to compensate for reduced physical performance. Another possibility is that increased muscle
activity may serve to avoid excessive lumbar motion, as has been shown in subjects with pain-
related fear & As catastrophizing is assumed to be related to avoidance behavior, subjects with
high levels of catastrophizing would preferable have avoided the walking task. In this study
however, they were not able to avoid this task which may have caused a reaction of higher

lumbar muscle activity during walking.

It is, however, debatable whether catastrophizing always leads to fear of pain and avoidance
behavior 8. As such, catastrophizing may not reflect avoidance coping and in those cases
another explanation for the positive relation with lumbar muscle activity should be sought.
It is plausible that catastrophizing may be better conceptualized as a psychological distress
response, distinct from other cognitive coping strategies like distraction or ignoring pain
1722 The positive relation between stress, anxiety and increased lumbar muscle activity is
confirmed in literature *7**. In addition, subjects with CLBP who catastrophize have shown
higher lumbar muscle activity levels during a cold pressor task % or during anger and sadness
recall interviews *. It would be interesting to study the relation between catastrophizing and
muscle activity distant from the site of pain, to understand if catastrophizing is related to “site-
specific muscle tension” of the lumbar muscles or not.

In contrast to expectation, no relation is found between “persistence and control” and lumbar
muscle activity. “Persistence and control” reflects pain-related suppressive thoughts (“I tell
myself that I can’t let the pain stand in the way of what I have to do”), suppressive behavior (“I
just go on as if nothing happened”) and self efficacy beliefs of the ability to control and decrease
pain (Table 2). As such, high scores on “persistence and control” may be caused by either
(maladaptive) suppressive coping, or by (adaptive) self efficacy beliefs, or both. Persistent
coping as measured in this study may thus partly reflect an adaptive coping strategy. In this
case, one would not expect increased muscular tension, which would explain why no relation
is found. This explanation may be supported by the finding that in the univariate analysis,
“persistence and control” is significantly negatively related to the SRE ratio. An adequate
alternation between muscle activity and - relaxation during walking is considered a normal
activity pattern of the lumbar muscles ©*. Another explanation may be that those subjects
scoring higher on “persistence and control” coping are better trained and therefore need less
effort of the lumbar muscles during walking. Finally, it is possible that it is simply not related
to lumbar muscle activity, or that the walking task was too short or nonspecific to exhibit
different muscle activity patterns for those with high scores on “persistence and control”.
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Further study of a homogeneous measure of persistent coping is needed. Very recently,
Hasenbring et al '2 have presented the Avoidance ~Endurance Questionnaire, derived from
the Kiel Pain Inventory, which is a promising reliable and valid measure to assess endurance
(e.g. persistent) coping.

In a comparable study of walking, lumbar muscle activity has been shown to be higher in
subjects with CLBP when compared to asymptomatic controls [van der Hulst et al., Clin J
Pain (in press)]. The average range of lumbar muscle activity in controls from that study is
comparable to the average muscle activity level related to the factors “persistence and control”
and “distraction” in the current study. On the other hand, the average muscle activity level
found for “catastrophizing” in the current study is higher than in controls. This comparison
may further support the interpretation that “catastrophizing” reflects a maladaptive coping
strategy with increased lumbar muscle activity, and that distraction and “persistence and
control ” reflect an adaptive coping strategy with muscle activity similar to asymptomatic
subjects.

Higher age is related to higher lumbar muscle activity levels, although the relation is very
modest and clinically irrelevant. A higher BMI is related to lower muscle activity levels, which
is conform expectation as fat tissue reduces the sEMG signal. Recording site is differentially
related to the amount of relative relaxation between periods of swing and double support,

which could be explained by different locations of pain, which was not analyzed in this study.

Methodological considerations

Different authors have shown latent dimensions of the CSQ, although results vary from a 2
to 5 factor solution 1728273234 A latent three dimensional structure of the CSQ however, has
proven robust across different populations of chronic pain. Most studies have consequently
shown the factors “cognitive coping”, including ignoring pain sensations/cognitive self-
statements and “distraction” 7%, The current study also revealed these two dimensions,
of which “distraction” consists of both cognitive and behavioral strategies, shown before
in a comparable analysis of individual CSQ items *. The third dimension in this study,
“catastrophizing”, has not consistently been found across studies. Catastrophizing may more
closely reflect emotional distress than a coping strategy '7?? and thus be reflected by different
coping dimensions across studies. Most authors have performed a factor analysis on the
individual subscales, with the exception of Swartzman et al.* who analyzed individual CSQ
items. In the current study, a factor analysis of the CPV subscales was unable to discriminate
between different latent coping dimensions, in contrast to a factor analysis of the individual
CPV-items. It is, however, not known whether the factor structure is dependent on sample
characteristics which might hamper generalizability of the results.
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A limitation of the current study is performing a factor analysis on a relatively small sample
of 63 subjects. Rosenstiel and Keefe * however, also analyzed a small sample (N=61) and
found comparable factors as the current study (i.e. “cognitive coping”, “diverting attention”
and “helplessness’, including catastrophizing cognitions). Retrospectively, including
other validated measures of catastrophizing thoughts would have increased comparability
across studies and contributed to the external validity. Finally, given the knowledge that

“catastrophizing” is positively related to “depression” %

, it must also be noted that the amount
of depressive thoughts may have confounded the relation between catastrophizing and muscle

activity.

The percentage of explained variance of lumbar muscle activity by the three coping dimensions
is modest (up to 7.7%); although the relative contribution to the total explained variance
(13.9 to 22.6%) is high. Different explanations may have contributed to this. There may be
other important factors determining lumbar muscle activity that were not investigated in this
study, such as lumbar range of motion during walking, foregoing physical activity level, or
other sociopsychological factors (e.g. stress, beliefs, adjustment). Furthermore, the studied
population had moderate disability -, pain - and CPV scores and it would be desirable to include
subjects with more severe scores to induce a higher variability in the scores. Although average
CPV factor scores were significantly associated with pain intensity and level of disability, a
separate multivariate analysis including these variables did not influence the relation between
lumbar muscle activity and coping strategies. Therefore, a possible confounding effect of these
variables was excluded. Finally, differences in lumbar muscle activity may have become more
pronounced during tasks of longer duration and intensity, provoking the use of the measured
coping strategies.

Conclusion

The current study shows that in subjects with chronic low back pain, coping strategies are
related to lumbar muscle activity during walking. A new finding is that “distractive coping”
is associated with increased lumbar muscle relaxation, which may reflect an adaptive
strategy. “Catastrophizing” is related to increased lumbar muscle activity, which may reflect
a maladaptive strategy. No relation is found between “persistence and control” and lumbar
muscle activity.
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Chapter 7

Objective

This thesis has been carried out to gain insight in biopsychological mechanisms in subjects
with nonspecific chronic low back pain (CLBP). For this purpose both prognostic factors
for rehabilitation treatment outcome and underlying biopsychological mechanisms in CLBP
have been investigated. Insight in these mechanisms can contribute to future optimization of
multidisciplinary treatments.

Background of the thesis

General consensus exists to approach the problem of CLBP from a biopsychosocial
perspective ¥, A variety of multidisciplinary treatments have been developed but in general,
these treatments for CLBP have not been proven effective in improving function in the long
term “. One of the explanations for this limited effectiveness is the heterogeneity of the CLBP
population, which makes it unlikely that one treatment benefits all. Subjects with the same
medical diagnosis of CLBP are not likely to be similar with respect to their biopsychosocial
characteristics and thus might need different approaches *. Besides understanding which
prognostic factors predict the outcome of treatment, also the concepts of treatments need to be
further optimized to the individual patient’s characteristics. Therefore, more insight is needed
in the underlying biopsychosocial mechanisms contributing to pain, activity limitation and
participation restriction *2.

Biopsychosocial prognostic factors for multidisciplinary rehabilitation
treatment outcome

In chapter 2, a systematic review of biopsychosocial predictors of multidisciplinary
rehabilitation- or back school treatment outcome in subjects with CLBP was performed.
Surprisingly, the expected multidimensionality of predictive factors across various domains
(i.e. sociodemographic, physical and psychological) was not found. Consistent predictive
factors for treatment outcome, measured as activity limitation and participation restriction,
are pain, work related and psychological (i.e. coping) factors. Other sociodemographic and
physical factors consistently lack predictive value. In chapter 3, a confirmative study of the
consistent predictors from chapter 2 was performed. The results confirm the prognostic value
of pain-related and cognitive factors (e.g. fear-avoidance beliefs), although the explained
variance for treatment outcome is rather low. The explained variance varies from 18.5 to 43.8%
depending on the length of follow-up evaluation, treatment group and outcome variable of
interest. These low percentages have also been found in other multivariate prognostic models

6;11;12;25;26;28;34;

for treatment outcome in chronic (low back) pain %6, A few authors however, have
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shown percentages of explained variance up to 60 - 70% 2'*!%°. Woby et al ** were able to
explain 71% of variance. The main difference with our study is that these authors studied
changes in predictors during treatment instead of using baseline values and did not include a
control group. It is likely that including changes in predictors contributes to a higher level of
explained variance, because the effects of treatment processes are included in the prognostic
model. As these changes in treatment processes cannot be used in the admission procedure
in clinical practice, the value of prediction models is too low to set rules for clinical practice.
Besides, due to the large heterogeneity in patient characteristics (e.g. (un)employed, duration
of pain, level of disability), assessment methods and treatments used in these studies, the
evidence from chapter 2 and 3 is not strong enough to provide the clinician with a useful
tool to select the patient for the most suitable treatment. Prognostic factors should be tested
and compared for the same population, treatment and outcome measures before it is possible
to develop a generic prediction model. This underlines the importance of (inter)national
consensus about treatment modality and outcome measures in rehabilitation of subjects with
CLBP.

It is striking that baseline physical factors are not prognostic for treatment outcome, although
increasing physical activity is an important element in most rehabilitation treatments. It
may be that changes in physical activity attained during treatment are more predictive for
outcome than baseline physical measures. Given the prognostic value of cognitive factors in
a multidisciplinary treatment including physical training, it is necessary to understand the
interrelationship between physical and cognitive processes in CLBP. Does treatment exert
its effect by changing physical, or cognitive factors, or both? Controlled studies *** and a
systematic review * have shown that changes in pain intensity and particularly cognitive
factors, but not physical factors, account for changes in disability after non-operative treatment
of subjects with CLBP. This emphasizes the importance of obtaining a better understanding of
the role of physical factors in CLBP and how these are related to pain and cognitive factors.

Besides the assumption that physical changes are part of the mechanism through which
treatment exerts it effect, it could also be that not the quantity - (e.g strength, endurance),
but the functional performance of physical activity (i.e. how subjects perform their activities
during a task or during the day) is more important. To give an example, although average
daily physical activity levels are comparable between subjects with CLBP and healthy
controls ¥***, subjects with CLBP show different patterns, with lower levels of activity in the

evening ..
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Chapter 7

Biopsychosocial mechanisms in CLBP: physical and cognitive factors

In line with the last hypothesis concerning the importance of functional performance of
physical activity during treatment, the second part of this thesis studied changes in trunk
muscle activity between subjects with CLBP and controls. In theoretical pain models,
hypotheses of changes in trunk muscle activity and their relation with pain and disability
have been described. Some pain models have described changes in muscle activity from a
biomechanical view '*#*¥, others from a cognitive-behavioral view '****. As cognitive/ coping
factors were found to be consistently predictive for treatment outcome, it was also considered
important to study a possible relation between trunk muscle activity and cognitive variables.

Physical factors: a guarding mechanism during walking

In chapter 4 and 5, it was hypothesized that subjects with CLBP would show changes in
trunk muscle activity during walking reflecting a “guarding” mechanism. The term guarded

24 and reflects abnormalities in muscle

movement was introduced by Main and Watson
activity and/or the adaptation of posture in subjects with CLBP during physical activity. A
clear definition of guarding in CLBP has not been given in literature, although there is some
evidence from scientific studies showing lack of muscle relaxation ***. When considering this
lack of muscle relaxation to be an adaptation mechanism in response to acute pain, which
possibly results in persistent movement changes and restriction of motion **, it is hypothesized
that guarding is present in subjects with CLBP. It is expected that during walking, guarding
will express itself by increased superficial lumbar and abdominal muscle activity during all
periods of stride. In addition, as a secondary effect, it was predicted that guarding would be
reflected by a decreased relative relaxation of the lumbar muscles during swing with respect
to double support, because subjects with CLBP would be more reluctant to de-activate the
muscles to avoid more motion and consequently more pain. Finally, it was expected that with
an increase of the walking velocity and consequently an increase in the biomechanical forces,
the guarding mechanism would become more visible in the trunk muscle activity patterns.

The results described in chapter 4, show that subjects with CLBP, compared to asymptomatic
controls, have increased erector spinae activity during both periods of double support and
swing. Higher erector spinae activity in swing is in agreement with earlier studies **, but
higher activity in double support is a new finding. These results clearly support the guarding
hypothesis. It was, however, also found that subjects with CLBP show comparable ratios (i.e.
relative relaxation) between the average erector spinae activity in swing to double support.
Probably patients reveal an overall elevated level of lumbar muscle activity during walking,
independent of the different periods of the stride. Although at first glance these comparable
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ratios seem to be in contrast with the guarding hypothesis, the continuous higher absolute
levels of erector spinae activity in CLBP shows that the erector spinae do not have moments of
total muscle relaxation. Therefore, the results from chapter 4 support a guarding mechanism
in subjects with CLBP.

The guarding hypothesis is also supported by the results from chapter 5. The study in chapter
5 investigated the superficial lumbar- and abdominal muscle activity and the influence of
greater walking velocities. In the concept of guarding, changes in trunk muscle activity
serve to control spinal movement. It was hypothesized that co-activation of the superficial
abdominal (i.e. rectus abdominis and obliquus externus abdominis) and lumbar (i.e. erector
spinae) muscles would be increased in CLBP. Furthermore, greater walking velocity was
expected to elicit greater increases in trunk muscle activity in CLBP, as guarding may become
more pronounced at higher ranges of motion. The study in chapter 5 shows that the activity
of the rectus abdominis- and erector spinae muscles is indeed increased in CLBP during all
periods of stride in comparison to controls. From an anatomical point of view, it is plausible
that both muscle groups function as antagonists. As such, increased co-activation of erector
spinae and rectus abdominis activity may serve to control spinal movement and contribute to
a “guarding” mechanism in CLBP.

In contrast to what was expected, the adaptation of trunk muscle activity patterns to higher
velocities is similar to controls. We expected increasing differences in trunk muscle activity
between CLBP and controls at higher velocities, but probably the overall higher activity level of
the erector spinae and rectus abdominis is sufficient to control spinal motion at the velocities
investigated. Another explanation for not finding increasing differences between subjects and
controls might be the ability to become gradually accustomed to higher walking velocities. In
this way, enough confidence was gained, so subjects with CLBP did not need to further adapt
their level of trunk muscle activity to higher velocities. As such, guarding is reflected by an
overall increase in muscle activity of both the erector spinae and rectus abdominis and this
increased level is sufficient to control the increased biomechanical forces at higher velocities.

It is concluded that subjects with CLBP show guarded movements during walking reflected
by increased superficial lumbar- and abdominal muscle activity, without losing the normal
biphasic activity pattern or velocity induced adaptations. What could be the function of
increased trunk muscle activity, or “guarding” during walking in subjects with CLBP?
For a better understanding, different theories underlying a guarding mechanism should
be considered. As already mentioned, trunk muscle activity changes in CLBP have been
described in the literature from both a biomechanical - and a cognitive - behavioral point of
view. From a biomechanical point of view, several authors have argued that changes in trunk
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muscle activity serve to compensate for dysfunction of the spinal stabilizing system '41735%,
which is assumed to be the case in CLBP #. If a guarding mechanism indeed compensates
for reduced spinal stability, one would expect that increased lumbar muscle activity is related
to a decreased range of motion of the spine. In CLBP, range of motion of the lumbar spine
during walking however, has been found to be within normal limits #*%*, although timing
differences have been demonstrated between pelvis and thorax rotations #*'. These studies
have found that subjects with CLBP are not able to establish an out-of-phase coordination
pattern between thorax and pelvis at higher walking speeds 2*!. The more rigid coordination
in CLBP may be related to increased muscle activity and reflect guarded movement. As such,
guarding may be defined as an adaptation of posture to control spinal motion. This may either
be expressed by changes in relative- (i.e. between segments) or absolute spinal range of motion.
Up to date, no studies have expressed the relationship between lumbar muscle activity and
spinal range of motion in subjects with CLBP during walking, which would improve insight
in a possible guarding mechanism. It is not known if these trunk muscle activity changes are
beneficial or not. In literature of biomechanics, several authors plead that changes in trunk
muscle activity are adaptive in reducing spinal instability #*°, whereas others believe that these
changes contribute to the vicious cycle of ongoing pain '4'7%. The hypothesis that superficial
trunk muscles serve to compensate for reduced spinal stability may be tested clinically, by
selective training of the deep spinal muscles and observing clinical outcome.

Cognitive factors: coping strategies and relation to guarding

Returning to the biopsychosocial perspective of CLBP, chapter 6 focused on a possible relation
between trunk muscle activity changes and cognitive/coping factors in subjects with CLBP as
assumed in the cognitive-behavioral models '*?%*. In chapter 4, a first exploration had shown
that fear-avoidance beliefs in subjects with CLBP are not related to lumbar muscle activity.
On the other hand, in chapter 6 it was shown that coping mechanisms are significantly related
to changes in lumbar muscle (i.e. erector spinae) activity. Catastrophizing, which reflects a
maladaptive coping response, is related to increased lumbar muscle activity during stride.
In contrast, distractive coping, which reflects an adaptive coping strategy, is associated
with increased variation between activation of the lumbar muscles in swing compared to
double support. The percentage of explained variance of lumbar muscle activity by coping
mechanisms is modest (up to 7.7%), although the relative contribution to the total explained
variance (13.9 to 22.6%) is high. The association between coping and lumbar muscle activity
supports the concept that cognitive factors are related to changes in muscle activity.
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What is the possible mechanism behind the positive relation between lumbar muscle activity
and catastrophizing? It has been suggested that catastrophizing can be conceptualized as
an emotional coping strategy, being part of a psychological distress response with anxiety
symptoms. Support for this explanation comes from several studies showing a positive relation
between stress, anxiety and increased lumbar muscle activity #37!¢2%431_ Catastrophizing is
generally considered to be a maladaptive coping strategy in handling chronic pain. Although
average scores on catastrophizing were low (median/range: 3.1/0-9), they almost covered
the total possible range (0-10). Subjects who scored high showed marked increase in lumbar
muscle activity, compared to subjects who scored low. Considering the positive relationship
between catastrophizing and lumbar muscle activity, this relationship suggests that increased
muscle activity is a part of the vicious cycle of ongoing pain and disability.

The finding that catastrophizing is related to trunk muscle activity, but fear-avoidance beliefs
are not, is surprising and puzzling. There may be several reasons for this paradox. It may be
that catastrophizing is not task specific, whereas fear-avoidance beliefs are. In other words,
walking on a treadmill may not have provoked fear in subjects with CLBP. This explanation
is supported by an additional measurement of fear of walking on a treadmill (unpublished
data). Subjects with CLBP were asked to rate fear of walking on a treadmill by means of
a Visual Analogue Scale (VAS, 0-100) before the experiment started. The VAS rating was
low (median/range: 10/0-51), which implied that fear was not likely to be elicited through
walking. It is conceivable that fear-avoidance beliefs lead to avoidance of certain activities, but
not specifically of walking %. In contrast, catastrophizing may be a general distress response
which is present across a variety of tasks. In that case, one would expect that catastrophizing
is also expressed during walking.

Distractive coping is considered an adaptive coping response in the avoidance-endurance
model *°. In this model, distractive coping strategies include distractive thoughts, positive
phantasies and an adequate variation between activation and relaxation of muscles. Subjects
with distractive coping strategies are at low risk of developing chronic pain. This hypothesis is
in line with the finding from chapter 6, in which distractive coping is associated with increased
variation between activation and relaxation of the lumbar muscles. It may seem paradoxical
that subjects develop chronic pain despite adaptive distractive coping strategies. A plausible
explanation is that besides coping, other biopsychosocial mechanisms like negative emotions
or social influences, contribute to the development of chronic pain.

Counter to expectation, persistent coping is not related to muscle activity. Persistent coping
(i.e. carrying on with daily activities despite of pain) in the avoidance-endurance model,

is assumed to be maladaptive and leads to maintenance of pain . Persistent coping is
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hypothesized to cause physical overload of muscles, resulting in muscular hyperactivity.
There are several possible explanations why no relation is found between persistent coping
and lumbar muscle activity in this thesis. Up to date, there is no consensus how to measure
persistent coping. Hasenbring, who postulated the avoidance-endurance model, measured
persistent coping by using the Kiel Pain Inventory, an extensive questionnaire in German 6.
In chapter 6, persistent coping was measured using the Coping Strategies Questionnaire —
Dutch version. The factor “persistent coping” in chapter 6 reflected not only (maladaptive)
pain related suppressive thoughts (“I tell myself that I can’t let the pain stand in the way of
what I have to do”) and suppressive behavior (“I just go on as if nothing happened”), but
also (adaptive) self efficacy beliefs of the ability to control and decrease pain. As such, high
scores on persistent coping may be caused by either (maladaptive) suppressive coping, or by
(adaptive) self efficacy beliefs, or both. Persistent coping as measured in this thesis may have
partly reflected an adaptive coping strategy, which explains why no relation is found with
increased lumbar muscle activity. Further study of a validated measure for persistent coping
is needed, as persistent coping behavior is an important concept in clinical practice.

Another explanation may be that those subjects scoring higher on persistent coping are better
trained and have not yet reached the point of physical overload of the muscles. In that case,
subjects would have an adequate physical activity - and fitness level and therefore need less
effort of the lumbar muscles during walking. If true, persistent coping would not be related
to muscle hyperactivity as postulated in the avoidance-endurance model, but associated
with “normal” levels of lumbar muscle activity. When comparing average lumbar muscle
activity levels in case of persistent — or distractive coping in subjects with CLBP (chapter 6)
to asymptomatic controls (chapter 4), lumbar muscle activity levels are indeed comparable.
In contrast, average lumbar muscle activity levels related to catastrophizing coping are higher
than levels of asymptomatic controls. This comparison may further support the current
interpretation that persistent — and distractive coping reflect an adaptive coping strategy with
muscle activity similar to asymptomatic subjects. In contrast, catastrophizing may reflect
a maladaptive coping strategy with increased lumbar muscle activity, reflecting a guarding
mechanism.

In conclusion, the study in chapter 6 shows a relation between cognitive factors and lumbar
muscle activity, namely a positive relation between catastrophizing and lumbar activity (i.e.
guarding) on one side, and distractive coping and adequate alteration of lumbar muscle
activity on the other side. From a cognitive-behavioral point of view, increased muscle
guarding as related to catastrophizing may contribute to the vicious cycle of ongoing pain.
Future longitudinal studies of the transition from acute to chronic pain should include
cognitions and trunk muscle activity to understand the sequence of events and their
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(mal)adaptiveness. Additionally, experimental studies of changing trunk muscle activity (e.g.
myofeedback, selective muscle training) on one side, or coping strategies (e.g. cognitive-
behavioral interventions) on the other side, should be evaluated to understand the role of
physical and cognitive factors during treatment.

Synthesis of findings

The scientific work described in this thesis provides better insight in biopsychosocial
mechanisms in subjects with nonspecific CLBP. The results of the studies described in chapters
2 and 3 show that pain and cognitive related variables play an important role in the prognosis
of multidisciplinary treatment outcome. The explained variance of baseline prognostic factors
for treatment outcome however, is rather low. This means that the evidence is not strong
enough to provide the clinician with a useful tool to select the patient for the most suitable
treatment at baseline. Furthermore, evidence for underlying biopsychological mechanisms in
CLBP has been found, which is considered important for future treatment modules. Subjects
with CLBP show physical changes reflected by increased superficial lumbar- and abdominal
muscle activity during walking, which is supportive of a “guarding” mechanism. Less relative
relaxation in swing or a different adaptation to higher velocities, as was predicted to be a
secondary reflection of guarding, however, was not found. As such, guarding is expressed as
elevated trunk muscle activity during the total stride. Lumbar muscle activity during walking
is also related to cognitive factors (i.e. coping strategies). Catastrophizing is positively related
to activity of the lumbar muscles (i.e. “guarding”). In contrast, distractive coping is related
to increased alteration between lumbar muscle activity in periods of swing, compared to
double support. Clinically, guarding of superficial trunk muscles in CLBP is regarded to be a
functional compensation for loss of intrinsic muscle control and/or reduced spinal stability,
which in the long run may either adaptive or maladaptive. As continuous activation of muscles
may cause musculoskeletal problems in the long run it should be prevented, but the question
is which strategy is appropriate. If guarding is an adaptive compensation for reduced activity
of the intrinsic trunk muscles, one would expect a positive effect of selective training of these
muscles. On the other hand, guarding may contribute to the ongoing vicious circle of pain
being related to maladaptive coping strategies. In that case, other treatment strategies such
as myofeedback might be beneficial in reducing elevated levels of superficial trunk muscle
activity. In this thesis a first step is made to unravel these interrelationships. Further studies
of the effect of changing physical or cognitive processes during treatment are needed. It is
plausible that disability may be reduced through both changes in trunk muscle activity, as
through changes in cognitive processes. Eventually this knowledge will enable the clinician to
match treatment modules to individual patient characteristics.
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Summary

Nonspecific chronic low back pain (CLBP) is generally approached from a biopsychosocial
perspective. A variety of multidisciplinary treatments has been developed aimed at improving
activity and participation of subjects with CLBP, but effectiveness is limited. One of the
explanations could be the heterogeneity of the CLBP population, which makes it unlikely
that all patients will benefit from the same generic treatment. As such, more insight is needed
in the role of underlying biopsychosocial mechanisms in subjects with CLBP. Knowledge of
these aspects is expected to provide a better match of treatment to the patient’s characteristics
and improve the effectiveness of multidisciplinary treatments. The main aim of this thesis is
to gain insight in these mechanisms, both in relation to treatment outcome, as in differences
with respect to asymptomatic controls.

The first part of this thesis explores which biopsychosocial variables are prognostic for
treatment outcome in CLBP (chapters 2 and 3). Knowledge of these prognostic factors will
facilitate individual selection for the most suitable treatment.

In addition to biopsychosocial prognostic factors, insight in underlying physical and
psychological mechanisms in subjects with CLBP is important. Rehabilitation treatment of
CLBP is based on hypotheses regarding these processes.

The second part of this thesis focuses on underlying physical mechanisms, in subjects with
CLBP, measured as changes in trunk muscle activity (chapters 4, 5 and 6). It is hypothesized
that trunk muscle activity in subjects with CLBP may reflect a “guarding” mechanism with
increased muscle activity when compared to healthy controls. Within the biopsychosocial
concept of chronic pain, the “guarding” hypothesis and the possible association with
psychological variables needs to be explored further.

In chapter 2, a systematic review of biopsychosocial predictors of multidisciplinary
rehabilitation- or back school treatment outcome in subjects with nonspecific CLBP was
performed. Outcomes were classified as activity limitation and/or participation restriction.
Conclusions were based on seventeen internally valid studies, which all explored the value
of prognostic factors (Phase I or II), while none tested a prognostic model (Phase III).
Study heterogeneity necessitated a qualitative summary of the results and limited evidence.
Surprisingly, the expected multidimensionality of predictive factors across various domains
(i.e. sociodemographic, physical and psychological) was not found. Consistent evidence
was found for the predictive value of pain intensity (more pain predicted worse outcome),
several work-related parameters (e.g., high satisfaction predicted better outcome), and coping
style (less active coping predicted better outcome). Other sociodemographic and physical
variables consistently lacked predictive value and no consistent evidence was found for other
psychological variables. Based on these results, it was concluded that it is not yet possible
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to define a generic set of predictors of outcome of multidisciplinary rehabilitation and back
schools for subjects with CLBP.

A confirmatory study, needed to test the value of these predictors, was performed in chapter
3. It was determined if rehabilitation treatment outcome in nonspecific CLBP could be
predicted by a predefined multivariate prognostic model based on consistent predictors from
the literature (i.e. pain intensity, work status, and coping, measured by Multidimensional Pain
Inventory subgroup membership). Second, the value of potentially prognostic factors (i.e. sick
leave, compensation, depression, and fear-avoidance beliefs) was explored further. Data were
derived from a randomized controlled trial on the effect of a multidisciplinary rehabilitation
program for subjects with CLBP. The primary outcome measure was the Roland and Morris
Disability Questionnaire and secondary outcomes were the Physical and Mental Component
Summary Scales, derived from the Short Form Health Survey. One hundred and sixty-three
patients participated in the study. More pain was prognostic for more improvement in the
rehabilitation group. No value was found for work status or the Multidimensional Pain
Inventory subgroups. In addition, more depression and fear-avoidance beliefs predicted more
improvement following rehabilitation. The explained variance ranged from 18.5% to 43.8%
depending on the length of follow-up evaluation, the treatment group, and the outcome
variable of interest. Although the results of these studies do not support the construction of
a clinical prediction model, both chapter 2 and 3 have shown that pain and cognitive related
variables play an important role in the prognosis of multidisciplinary treatment outcome in
CLBP.

Besides cognitive variables, physical performance was hypothesized to be also important
within the biopsychosocial concept of chronic pain. In the study described in chapter 4, it was
investigated whether subjects with CLBP show differences in trunk muscle activity, reflected
by a “guarding” mechanism during walking. It was hypothesized that guarding would be
reflected by increased lumbar muscle activity during all periods of stride and secondary, by
relatively less relaxation during periods of swing compared to double support. In normal
walking, the lumbar muscles relax during periods of swing and this relaxation may be less
in CLBP. Furthermore, it was hypothesized that higher levels of perceived fear and disability
would be related to increased guarding.

In a cross-sectional study, sixty-three subjects with CLBP and 33 healthy controls walked on
a treadmill at 3.8 kilometres per hour (km/h). Surface Electromyography (sSEMG) data of
the musculus erector spinae were obtained and smoothed rectified SEMG (SRE) values were
calculated per period of swing and double support. The ratio of SRE values in swing to double
support was used as a measure of relative relaxation (SRE ratio). Additionally, the relation
between SRE values, the Roland Morris Disability Questionnaire and the Tampa Scale for
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Kinesiophobia was analyzed in subjects with CLBP. Mean SRE values were significantly higher
in subjects with CLBP than in controls, both during periods of double support and swing.
SRE ratios were not significantly different between groups. Results showed no influence of
disability or fear of movement on either SRE values or ratios. It was concluded that subjects
with CLBP have an elevated level of lumbar muscle activity during walking, independent
of the different periods of the stride. Although at first glance the comparable SRE ratios
between groups seem to be in contrast with the guarding hypothesis, the continuous higher
levels of m.erector spinae activity in CLBP might indicate that the m.erector spinae do not
have moments of total muscle relaxation. Therefore, the results from chapter 4 support the
guarding hypothesis.

The guarding hypothesis was further explored in chapter 5 by investigating the amount
of superficial lumbar and abdominal muscle activity and the influence of greater walking
velocities in subjects with CLBP, compared to asymptomatic controls. It was hypothesized
that activation of the superficial abdominal (i.e. m.rectus abdominis and m.obliquus
externus abdominis) and lumbar (i.e. m.erector spinae) muscles would be increased in CLBP.
Furthermore, greater walking velocity was expected to elicit greater increases in trunk muscle
activity in the CLBP group, as guarding may become more pronounced at higher ranges of
motion.

Sixty-three subjects with CLBP and 33 asymptomatic controls walked on a treadmill at
different velocities (1.4 till 5.4 km/h). sSEMG data of the m.erector spinae, m.rectus abdominis
and m.obliquus abdominis externus muscles were obtained and SRE values were calculated
per period of swing and double support. Results showed that, compared to asymptomatic
controls, subjects with CLBP had increased muscle activity of the m.erector spinae and
m.rectus abdominis, but not of the m.obliquus abdominis externus. These differences in trunk
muscle activity between groups did not increase with higher walking velocities. In conclusion,
the observed increased lumbar and abdominal muscle activity in subjects with CLBP during
walking supports the guarding hypothesis, which is in line with the results from the study
described in chapter 4.

In chapter 6, a possible relation between muscle activity and cognitive variables was explored
in subjects with CLBP. Different cognitive-behavioral models have hypothesized that pain
coping strategies (i.e. purposeful efforts to manage the negative impact of stress) play a role
in the chronification of pain by changes in physical activity. Strategies such as avoidance (i.e.
avoiding daily activities because of fear of pain/ (re)injury) or persistent coping (i.e. carrying
on with daily activities despite pain), may be related to changes in (lumbar) muscle activity.
It was investigated whether avoidance and persistent coping strategies are present in subjects
with CLBP and whether these strategies are differentially related to lumbar muscle activity
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during walking. In a cross-sectional study, sixty-three subjects with CLBP walked on a
treadmill at 3.8 km/h. Coping strategies were measured with the Dutch version of the Coping
Strategies Questionnaire and three coping strategies (i.e “catastrophizing’, “distraction”
and “persistence and control”) were identified with principal component analysis. Surface
electromyography data of the m.erector spinae were obtained and average SRE values were
calculated per periods of swing and double support. The ratio of SRE values (swing/double
support) was used as a measure of relaxation (SRE ratio). “Catastrophizing” was positively
related to SRE values. “Distraction” was negatively associated with SRE ratios. No relation
was found between “persistence and control” and SRE values or ratios. In conclusion, in
subjects with CLBP a maladaptive coping strategy like catastrophizing is related to increased
lumbar muscle activity (i.e. “guarding”), and an adaptive strategy like distraction to increased
varjation between activation and relaxation of the lumbar muscles. The association between
coping strategies and lumbar muscle activity supports the concept that cognitive factors are
related to changes in lumbar muscle activity.

In the general discussion (chapter 7) the main findings are summarized. Methodological
issues and recommendations for future research are provided. Pain intensity and cognitive
related variables like coping strategies have shown to play an important role in the prognosis
of multidisciplinary rehabilitation treatment outcome. The explained variance of baseline
prognostic factors for treatment outcome however, is rather low. This means that the evidence
is not strong enough to provide the clinician with a useful tool to select the patient for the
most suitable treatment at baseline.

Evidence for differences in biopsychological mechanisms between subjects with CLBP and
asymptomatic controls has been found. Subjects with CLBP show physical changes reflected
by increased superficial lumbar and abdominal muscle activity during walking, which is
supportive of a “guarding” mechanism.

Lumbar muscle activity during walking is related to cognitive factors (i.e. coping strategies).
Catastrophizing is positively related to activity of the lumbar muscles (i.e. “guarding”). In
contrast, distractive coping is related to increased alteration between lumbar muscle activity
in periods of swing compared to double support.

Clinically, guarding of superficial trunk muscles in CLBP may be a functional compensation
for loss of intrinsic muscle control and/or reduced spinal stability, but also may contribute
to the ongoing vicious cycle of pain. Future studies of changing physical (e.g. trunk muscle
activity) and psychological (e.g. coping) mechanisms in subjects with LBP are needed to better
understand underlying biopsychological mechanisms in CLBP. Eventually, this knowledge
will enable the clinician to match treatment modules to individual patient characteristics.
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Samenvatting

Prognostische factoren en onderliggende mechanismen in chronische lage
rugpijn

Aspecifieke chronische lage rugpijn (CLRP) wordt veelal benaderd vanuit een biopsychosociaal
perspectief. Er zijn veel verschillende multidisciplinaire behandelingen ontwikkeld, gericht
op het verhogen en verbeteren van het functioneren (activiteiten niveau) en deelname aan
het maatschappelijk leven (participatie niveau). De effectiviteit van deze behandelingen is
echter vrij beperkt. Eén van de verklaringen hiervoor zou de heterogeniteit van de CLRP
populatie kunnen zijn, waardoor het onwaarschijnlijk is dat alle patiénten zullen profiteren
van eenzelfde, algemene behandeling. Er is daarom meer kennis nodig over de rol van de
onderliggende biopsychosociale mechanismen bij patiénten met CLRP. Inzicht in deze
mechanismen zal de behandeling beter kunnen laten aansluiten bij de specifieke kenmerken
van de patiént en daarmee de effectiviteit van multidisciplinaire behandelingen verhogen. Het
doel van dit proefschrift is inzicht te verkrijgen in deze mechanismen, zowel in relatie met
de uitkomst van behandeling, als in verschillen tussen patiénten en gezonde proefpersonen.

Het eerste deel van dit proefschrift onderzoekt welke biopsychosociale variabelen
voorspellend zijn voor de uitkomst van behandeling in CLRP (hoofdstuk 2 en 3). Kennis van
voorspellende factoren zal bijdragen aan een betere fit van een individuele patiént aan een
specifieke behandeling.

Daarnaast is inzicht in onderliggende fysieke en psychologische mechanismen in patiénten
met CLRP belangrijk. De revalidatiebehandeling van CLRP is gebaseerd op theorieén over
deze mechanismen. Het tweede deel van dit proefschrift richt zich daarom op één van de
onderliggende fysieke mechanismen in patiénten met CLRP, namelijk de veranderingen die
optreden bij de aansturing van de rompspieren (hoofdstuk 4,5 en 6). Gehypothetiseerd wordt
dat de rompspieractiviteit van patiénten met CLRP een “guarding” mechanisme reflecteert,
met een verhoogde spieractiviteit ten opzichte van gezonde proefpersonen. Daarnaast wordt
de mogelijke associatie tussen het “guarding” mechanisme en psychologische variabelen
verder onderzocht.

In hoofdstuk 2 werd een systematische literatuuronderzoek beschreven over biopsychosociale
voorspellende factoren van multidisciplinaire revalidatiebehandeling in patiénten met
aspecifieke CLRP. Uitkomsten waren geclassificeerd als beperkingen in activiteiten en/of
participatie. Conclusies werden gebaseerd op 17 intern valide studies, die allen exploratief
van aard waren (fase I of II). Geen enkele studie toetste een prognostisch model (fase III).
Vanwege de heterogeniteit van de geincludeerde studies was alleen een kwalitatieve analyse
mogelijk en was de bewijskracht beperkt. Tegen verwachting in werden er geen consistente
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voorspellende factoren gevonden voor alle 3 de onderzochte domeinen (sociodemografisch,
fysiek en psychologisch). Consistent bewijs werd gevonden voor de voorspellende waarde van
pijn intensiteit (meer pijn voorspelde een slechtere uitkomst); verscheidende werkgerelateerde
parameters (o.a. hoge werktevredenheid voorspelde een betere uitkomst); en coping stijl
(een minder actieve coping stijl voorspelde een betere uitkomst). Er werd consistent bewijs
gevonden dat andere sociodemografische en fysieke variabelen geen voorspellende waarde
hadden. Er was onvoldoende consistent bewijs voor de voorspellende waarde van de overige
gemeten psychologische variabelen. Op basis van deze resultaten werd geconcludeerd dat
het nog niet mogelijk is om een generieke set voorspellende factoren te definiéren voor de
uitkomst van multidisciplinaire revalidatiebehandeling van patiénten met CLRP.

Er zijn dus studies nodig die de waarde van potentiéle voorspellende factoren toetsen. Een
dergelijk onderzoek werd verricht en beschreven in hoofdstuk 3. Hierin werd onderzocht of
de uitkomst van revalidatiebehandeling in aspecifieke CLRP voorspeld kon worden door een
vooraf opgesteld prognostisch model. Dit model was gebaseerd op de consistente voorspellende
factoren gevonden in de literatuur (pijn intensiteit, werkstatus en coping, gemeten met de
Multidimensional Pain Inventory subgroep classificatie). Daarnaast werd de waarde van
andere potentiéle voorspellende factoren (ziekteverzuim en uitkering, depressie en angst-
vermijdings gedachten) geéxploreerd. Gegevens werden verkregen uit een gerandomiseerde
gecontroleerde studie naar het effect van een multidisciplinaire revalidatiebehandeling
voor patiénten met CLRP. De primaire uitkomstmaat was de Roland and Morris Disability
Questionnaire. Secundaire uitkomstmaten waren de Physical and Mental Component
Summary Scales, afgeleid van de Short Form Health Survey. In totaal namen 163 patiénten
deel aan de studie. Meer pijn was voorspellend voor verbetering na revalidatiebehandeling. Er
werd geen voorspellende waarde gevonden voor werkstatus of één van de subgroepen van de
Multidimensional Pain Inventory. Verder waren depressieve gedachten en angst-vermijdings
gedachten voorspellend voor verbetering na revalidatiebehandeling. De verklaarde variantie
variéerde tussen 18.5% en 43.8%, athankelijk van de follow-up duur, de behandelgroep en de
uitkomstmaat. Ondanks dat de resultaten een klinisch prognostisch model niet ondersteunen,
laten hoofdstuk 2 en 3 beiden zien dat pijn en cognitief gerelateerde variabelen een belangrijke
rol spelen in de prognose van de uitkomst van multidisciplinaire revalidatiebehandeling in
CLRP.

Behalve cognitieve variabelen, werd vanuit het biopsychosociale perspectief verondersteld
dat fysiek prestatievermogen ook van belang is. In hoofdstuk 4 werd onderzocht of de
rompspieractiviteit van patiénten met CLRP verschilt van gezonde proefpersonen tijdens het
lopen. De hypothese werd getoetst of er in CLRP een “guarding” mechanisme bestaat, dat tot
uiting komt in een verhoogde rompspieractiviteit tijdens alle fasen van het lopen. Daarnaast
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werd de hypothese onderzocht of de rugspieren in patiénten met CLRP tijdens de swing fase
relatief minder zouden ontspannen ten opzichte van de dubbele stand fase. De gedachte was
dat de normale ontspanning in de swing fase bij patiénten met CLRP relatief minder zou zijn
dan bij gezonde proefpersonen. Tenslotte werd onderzocht of een hoger niveau van angst en
ervaren beperkingen positief gerelateerd was aan het guarding mechanisme.

In een cross-sectionele studie werden 63 patiénten met CLRP en 33 gezonde proefpersonen
gemeten tijdens lopen op een loopband met een snelheid van 3.8 kilometer per uur (km/u).
Oppervlakte ElectroMyoGrafie (sSEMG) data van de musculus erector spinae werden
verzameld. Smoothed rectified sSEMG (SRE) waarden werden afzonderlijk berekend voor de
swing- en dubbele stand fasen. De ratio’s van de SRE waarden in swing ten opzichte van
de dubbele stand fasen werden gebruikt als maat voor de relatieve relaxatie (SRE ratio).
Daarnaast werd in de CLRP groep de relatie tussen SRE waarden, de Roland Morris Disability
Questionnaire en de Tampa Scale for Kinesiophobia geanalyseerd. Gemiddelde SRE waarden
waren significant hoger in de CLRP groep in vergelijking met de controle groep. SRE
ratio’s waren niet significant verschillend tussen de groepen. Er was geen relatie tussen de
hoeveelheid angst of ervaren beperkingen enerzijds en de SRE waarden of ratio’s anderzijds.
Concluderend hebben patiénten met CLRP een verhoogd niveau van rugspieractiviteit
tijdens lopen, onafthankelijk van de verschillende fasen van een schrede. De vergelijkbare
SRE ratio’s tussen de groepen lijkt in eerste instantie in tegenspraak te zijn met de guarding
hypothese. Daarentegen zou de continu verhoogde activiteit van de m.erector spinae erop
kunnen wijzen dat periodes van volledige relaxatie ontbreken. Derhalve wordt de guarding
hypothese ondersteund door deze resultaten.

De guarding hypothese werd verder onderzocht in hoofdstuk 5. Hierin werd de hoeveelheid
spieractiviteit van de oppervlakkige rug- en buikspieren vergeleken tussen patiénten met
CLRP en gezonde proefpersonen. Daarnaast werd de invloed van hogere loopsnelheden
op de hoeveelheid spieractiviteit bestudeerd. De hypothese was dat de spieractiviteit van de
oppervlakkige buik- (m.rectus abdominis en m.obliquus externus abdominis) en rugspieren
(m.erector spinae) in patiénten met CLRP verhoogd zou zijn. Verder werd verwacht dat in de
CLRP groep een hogere loopsnelheid een grotere toename in rompspieractiviteit zou geven,
aangezien guarding waarschijnlijk zou toenemen bij grotere bewegingsuitslagen.

63 Patiénten en 33 gezonde proefpersonen werden gemeten tijdens lopen op verschillende
snelheden (1.4 tot 5.4 km/h) op een loopband. sSEMG data van de m. erector spinae, m.rectus
abdominis en m.obliquus externus abdominis werden verzameld en SRE waarden werden
afzonderlijk berekend voor de swing- en dubbele stand fasen van een schrede. De resultaten
lieten zien dat patiénten met CLRP, vergeleken met gezonde proefpersonen, een verhoogde
spieractiviteit hadden van de m.erector spinae en de m.rectus abdominis, maar niet van de
m.obliquus externus abdominis. De verschillen in spieractiviteit namen niet toe met hogere
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loopsnelheden. Concluderend ondersteunt de verhoogde buik- en rugspieractiviteit in
patiénten met CLRP de guarding hypothese, wat in lijn is met de resultaten die beschreven
zijn in hoofdstuk 4.

In hoofdstuk 6 werd de relatie tussen spieractiviteit en cognitieve variabelen in patiénten
met CLRP geéxploreerd. Verschillende cognitief-gedragsmatige modellen veronderstellen
dat coping strategieén met pijn een rol spelen in het ontstaan van chronische pijn, o.a.
door veranderingen in fysieke activiteit. Strategieén zoals vermijding (het vermijden van
dagelijkse activiteiten wegens angst voor pijn of letsel), of overbelasting (het doorgaan met
dagelijkse activiteiten ondanks de pijn), zijn mogelijk gerelateerd aan veranderingen in
(rug)spieractiviteit. In hoofdstuk 6 is onderzocht of coping strategieén zoals vermijding en
overbelasting toegepast worden door patiénten met CLRP en zo ja, of deze zijn gerelateerd
aan rugspieractiviteit tijden lopen.

In een cross-sectionele studie werden 63 patiénten met CLRP gemeten tijdens lopen op een
loopband met een snelheid van 3.8 kilometer per uur (km/u). Coping strategieén werden
gemeten met de Nederlandse versie van de Coping Strategies Questionnaire en drie coping
strategieén (“catastrophizing”, “distraction” en “persistence and control”) werden gevonden
middels principale component analyse. SEMG data van de m. erector spinae werden verzameld
en SRE waarden werden afzonderlijk berekend voor de swing- en dubbele stand fasen van
een schrede. De ratios van de SRE waarden in swing ten opzichte van de dubbele stand
fasen werden gebruikt als maat voor de relatieve relaxatie (SRE ratio). “Catastrophizing” was
positief gerelateerd aan SRE waarden. “Distraction” was negatief geassocieerd met SRE ratio’s.
Er werd geen relatie gevonden tussen “persistence and control” en SRE waarden of ratios.
Geconcludeerd kan worden dat bij patiénten met CLRP een maladaptieve coping strategie
zoals catastroferen, gerelateerd is aan een verhoogde rugspieractiviteit (“guarding”). Daarnaast
is een adaptieve coping strategie zoals afleiding, gerelateerd aan een toegenomen afwisseling
tussen activatie en relaxatie van de rugspieren. De associatie tussen coping strategieén en
rugspieractiviteit ondersteunt het concept dat cognitieve factoren gerelateerd zijn aan

veranderingen in rugspieractiviteit.

In de discussie (hoofdstuk 7) worden de belangrijkste bevindingen samengevat.
Methodologische problemen worden genoemd en aanbevelingen voor toekomstig onderzoek
worden gegeven. Pijn intensiteit en cognitief gerelateerde variabelen zoals coping strategieén
blijken een belangrijke rol te spelen in de prognose van uitkomst van multidisciplinaire
revalidatiebehandeling. De verklaarde variantie van de prognostische factoren voor uitkomst
van behandeling is echter vrij laag. Dit betekent dat er onvoldoende bewijs is om de clinicus
een bruikbaar instrument te geven om de patiént voor aanvang te selecteren voor de meest
geschikte behandeling.
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Samenvatting

Er is bewijs gevonden voor verschillen in biopsychosociale mechanismen tussen patiénten
met CLRP en gezonde proefpersonen. In patiénten met CLRP zijn fysieke veranderingen
aanwezig, meetbaar als verhoogde activiteit van de oppervlakkige rug- en buikspieren tijdens
lopen, die mogelijk een “guarding” mechanisme reflecteren.

Rugspieractiviteit tijdens lopen is gerelateerd aan cognitieve factoren (coping strategieén).
Catastroferen is positief gerelateerd aan rugspieractivieit (“guarding”). Daarentegen is een
afleidende coping strategie gerelateerd aan een toegenomen afwisseling tussen activatie en
relaxatie van de rugspieren in de swing- ten opzichte van de dubbele stand fase.

Vanuit klinisch perspectief zou guarding van de oppervlakkige rompspieren in CLRP een
functionele compensatie kunnen zijn voor het controleverlies van de intrinsieke rugspieren
en het voor het verlies aan stabiliteit van de wervelkolom. Anderzijds zou guarding
negatief bij kunnen dragen aan de vicieuze cirkel van chronische pijn. Toekomstige studies
naar veranderingen in fysieke (bijv. rompspieractiviteit) en psychologische (bijv. coping)
mechanismen bij patiénten met CLRP zijn nodig om onderliggende biopsychologische
mechanismen in CLRP beter te begrijpen. Uiteindelijk zal dit inzicht de clinicus helpen om
de behandeling beter aan te laten sluiten bij de kenmerken van de individuele patiént.
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Met dit laatste hoofdstuk wil ik een belangrijke periode van mijn leven afsluiten - een 8 jarig
traject tot het voltooien van mijn proefschrift, mijn gezin, de opleiding tot revalidatiearts en
epidemioloog. De afgelopen jaren zijn te beschrijven als een reis op een trein: sommigen die
opstapten, zijn weer uitgestapt; soms stonden we stil, soms gingen we in een sneltreinvaart de
heuvel af. Terugkijkend op de afgelopen 8 jaar moet ik zeggen: ik had deze reis nooit willen
missen. Degenen die hierin een rol hebben gespeeld wil ik graag bedanken, al realiseer ik me
dat ik het risico loop dat iemand zich vergeten voelt.

Prof. dr. M.M.R. Vollenbroek-Hutten, beste Miriam, jij was voor mij de motor achter mijn
gehele promotietraject. Ik kon altijd op je rekenen. Je tomeloze energie, optimisme en
gedrevenheid is bewonderingswaardig. Je gaf me de ruimte me te ontwikkelen als onderzoeker
en mijn eigen voorkeur te volgen, waarbij je me hielp het overzicht te houden. Je belangstelling
voor mijn persoonlijk leven is voor mij ook waardevol geweest. Ik ben vereerd als eerste onder
jouw hoogleraarschap te mogen promoveren!

Prof. dr. ir. H.]. Hermens, beste Hermie, zonder jouw wetenschappelijke kennis en creatieve
ideeén op het gebied van EMG had ik dit onderzoek nooit goed kunnen verrichten. Je kwam
“even buurten” als je aanvoelde wanneer dat nodig was; deze momenten waren minstens zo
belangrijk.

Prof. dr. J.S. Rietman, beste Hans, je klinische blik als revalidatiearts was een zeer waardevolle
toevoeging bij de interpretatie van de gegevens en het schrijven van de artikelen. Je humor,
met een charmant vleugje chaos, maakte dat ik altijd glimlachend en met nieuwe ideeén de
kamer na een werkoverleg verliet.

Overige leden van de promotiecommissie: prof. dr. ].M. Pieters, prof. dr.med.sci.T.Graven-
Nielsen, prof.dr. J.H. van Dieén en prof.dr.R.J.E.M.Smeets, dank ik voor de tijd en aandacht
die zij bereid waren te geven aan de beoordeling van dit proefschrift.

De grootste dank ben ik verschuldigd aan de patiénten met chronische lage rugpijn en de
vrijwilligers, die bereid waren om deel te nemen aan de experimenten. Zonder hen had ik dit
proefschrift niet kunnen afronden.

Dank gaat ook uit naar de medeauteurs buiten de begeleidingsgroep. Maarten IJzerman,
dank voor je steun bij het aanvragen van de ZonMW subsidie, die een belangrijke basis voor
dit onderzoek is geweest. Leendert Schaake, veel dank voor de intensieve betrokkenheid
bij de opzet, ontwikkeling en uitwerking van het technische deel van dit onderzoek. In al
je bescheidenheid altijd op de achtergrond, maar je kennis en betrouwbaarheid is voor mij
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onmisbaar geweest. Karin Groothuis, je hebt mij vele uren ondersteund met uitleg en hulp bij
de data-analyse. Daarnaast waren de regelmatige gesprekken over thuis een prettige afleiding.
Karlein Schreurs, als psycholoog heb je me aan het einde van de rit geholpen een brug te slaan
tussen de psychologie en bewegingsanalyse.

Degenen die ik zeker niet mag vergeten, zijn de studenten die meegeholpen hebben aan
de metingen en data-analyse. Louis Kupers, dankzij jouw ondersteuning bij het meten en
analyseren van de EMG data van een groot deel van de proefpersonen kon de trein doorrijden
tijdens mijn klinische fase. Je klinische blik als fysiotherapeut was van aanvullende waarde.
Mark Landhuis, dank voor je hulp bij het “enerverend” labelen van een groot deel van de
VICON data en het meedenken in de analyse en interpretatie hiervan.

Ook mijn paranimfen wil ik bedanken. Judith Fleuren, voor mij een maatje tijdens het traject
van agiko tot aiosko en uiteindelijk tot revalidatiearts en epidemioloog. We delen onze wortels
in de “grijze keet” van het RRD. Je bent voor mij een belangrijk klankbord geweest met je
relativerende kijk en humor. Mirjam, ook al kennen we elkaar relatief kort, ik heb genoten van
je gezelligheid en de salsa uitjes. Ik hoop dat er nog meer zullen volgen.

De opleiders revalidatiegeneeskunde, in de afgelopen 8 jaar Karel Maathuis, Bertjo
Renzenbrink, Govert Snoek en Hans Rietman, wil ik bedanken voor het vertrouwen en de
medewerking waarmee dit “aiosko” traject mogelijk is gemaakt. In het bijzonder wil ik Bertjo
als hoofdopleider noemen, op wiens flexibiliteit ik veelvuldig een beroep heb gedaan. Ik ben
je erg dankbaar dat je altijd bereid was om mijn wensen in de zoveelste aanpassing van het
opleidingsschema mee te nemen.

De overige collega’s van het RRD, altijd belangstellend en betrokken, wil ik bijzonder bedanken
voor de prettige samenwerking. Zonder de ondersteuning van de lab- en systeembeheerders
op de meest onverwachte momenten had ik niet gekund: Wil, Jos, Thijs, Rick en zoals reeds
genoemd, Leendert. Wiebe, je hebt een aanzienlijke bijdrage geleverd aan het ontwikkelen
van de software voor de data-analyse, bedankt hiervoor. Laura, bedankt voor de gezellige

wandelingen in de pauzes.

In dezelfde lijn wil ik ook de leden van de WIRR en LOBADIS, de onderzoekslijn van ZonMW
voor chronische lage rugklachten, bedanken voor de feedback op mijn onderzoeksresultaten
en de discussies die stof gaven tot nadenken.

Ook vanuit het Revalidatiecentrum Het Roessingh zijn medewerkers van de pijndivisie
inhoudelijk en ondersteunend betrokken geweest: Daan Wever, Rina Warmerdam, Frank
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Geerdink, Michiel Gorter, René ter Meer, Lucas Slot, Annika Bekmann, Peter Nijhoff, Elise
Meijerink en Wilma van Staaveren. Daarnaast wil ik ook mijn collega revalidatieartsen en
assistenten bedanken voor het rekruteren van patiénten met chronische lage rugpijn. Caro
Bédorf en Sacha Jagt, dank voor jullie hulp bij het bemachtigen van de benodigde artikelen.

Mijn collega (oud-) assistenten, dank voor jullie collegialiteit en gezelligheid die ik heb gehad
tijdens 8 jaar opleiding in het Roessingh. Marieke en Muriél, jullie hebben mij ondersteund
door een belangrijk deel van de gebruikte psychologische vragenlijsten te ontrafelen, in te
voeren en te analyseren. Mijn collega aiosko’s, het delen van jullie ervaringen heeft me behoed

voor bekende valkuilen en het gehele promotietraject helpen relativeren.

Mijn familie wil ik bedanken. Mam, zonder jou relativerende kijk en vele oppasuurtjes was dit
proefschrift niet afgerond. Pap, bedankt voor het beoordelen van de tekst op haar leesbaarheid
en de Engelse taal. Rogier en Tjeerd, bedankt voor jullie betrokkenheid. In het bijzonder wil
ik Tjeerd bedanken voor het prachtige ontwerp van de omslag van mijn proefschrift.

En natuurlijk: Timon, Jelmar en Leanne, bedankt voor jullie onbevangen vrolijkheid, iedere

dag weer. Sjak, zonder jouw praktische en emotionele steun was ik nooit aan deze reis
begonnen, laat staan dat ik de eindbestemming had bereikt.
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