% Maastricht University

Prognosis of chronic clinical pain conditions : the
example of complex regional pain syndrome 1 and low
back pain

Citation for published version (APA):

Wertli, M. M. (2014). Prognosis of chronic clinical pain conditions : the example of complex regional pain
syndrome 1 and low back pain. [Doctoral Thesis, Maastricht University]. Datawyse / Universitaire Pers
Maastricht. https://doi.org/10.26481/dis.20140926mw

Document status and date:
Published: 01/01/2014

DOI:
10.26481/dis.20140926mw

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

« A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.

« The final author version and the galley proof are versions of the publication after peer review.

« The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights

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

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

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl
providing details and we will investigate your claim.

Download date: 19 Apr. 2024


https://doi.org/10.26481/dis.20140926mw
https://doi.org/10.26481/dis.20140926mw
https://cris.maastrichtuniversity.nl/en/publications/9694897d-0725-47f3-96ad-ff854340dc61

IC

tions

Prognosis of chron

in cond

inical pa

cl

ia M. Wertli

Mar

[ % TR TAAL

Lk

i

Loew =
—e 1

.

;

Py



© Maria Monika Wertli, Maastricht 2014

Production: Datawyse | Universitaire Pers Maastricht

ISBN 978 94 6159 354 2



Prognosis of chronic clinical pain conditions:
The example of complex regional
pain syndrome 1 and low back pain

DISSERTATION

to obtain the degree of doctor at Maastricht University,
on the authority of the Rector Maghnificus, Prof. Dr. L.L.G. Soete
in accordance with the decision of the Board of Deans,
to be defended in public on

Friday 26" of September 2014 at 12.00 hours

by

Maria Monika Wertli

aby
UM
UNIVERSITAIRE
PERS MAASTRICHT



Promotor
Prof. Dr. Maarten van Kleef

Co-promotores
PD. Dr. Florian Brunner (University of Zurich)
Dr. Roberto Perez (VUMC Amsterdam)

Beoordelingscommissie

Prof. Dr. Bert Joosten, voorzitter

Prof. Dr. Lodewijk van Rhijn

Prof. Dr. Rob Smeets

Prof. Dr. Harry Steinbusch

Prof. Dr. Wouter Zuurmond (VUMC Amsterdam)



Table of contents

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

General introduction

Incomplete reporting of baseline characteristics in clinical trials:
An analysis of randomized controlled trials and systematic
reviews involving patients with chronic low back pain

The role of fear avoidance beliefs as a prognostic factor for
outcome in patients with non-specific low back pain:
A systematic review

The influence of fear avoidance beliefs on treatment outcome in
patients with low back pain: A systematic review

Concordance of qualitative bone scintigraphy results with
presence of clinical complex regional pain syndrome 1:
Meta-analysis of test accuracy studies

Prognostic factors in complex regional pain syndrome 1:
A systematic review

Rational pain management in complex regional pain syndrome 1
(CRPS 1): A network meta-analysis

General discussion

Summary
Samenvatting
Valorization addendum

Dankwoord
Curriculum vitae
List of publications

13

31

77

131

151

169

193

203
207
211

217
219
221






CHAPTER 1
General introduction






CHAPTER 1 % GENERAL INTRODUCTION

Every fifth European suffers from chronic pain that seriously affects the quality of life
[1, 2]. Whereas for specific pain conditions (e.g. radiculopathy) an underlying cause can
be identified, a large proportion of chronic pain conditions are non-specific with no
underlying causal explanation. While in specific pain conditions a targeted therapy of
the underlying somatic anomaly may be initiated, in non-specific pain conditions, no
causal derived therapies are possible and the therapy remains symptom-based [3]. In
order to avoid chronicity, it is important to identify early patients at risk for delayed
recovery. However, when no clear underlying cause can be found, the identification of
patients at risk represents a major challenge in clinical practice.

Non-specific low back pain (LBP) and complex regional pain syndrome 1 (CRPS 1)
are two important examples of non-specific pain conditions. While non-specific LBP is
common [4] the Complex Regional Pain Syndrome type 1 (CRPS 1) is less known but
economically very important [5, 6]. Both illnesses share a high patient burden and lead
to substantial healthcare expenditures for pain management [1, 7].

Non-specific LBP is defined as lumbar pain without a specific morphological corre-
late and accounts for over 90 percent of all LBP cases [8, 9]. In the absence of a struc-
tural abnormality explaining the patient complaint, the diagnosis is solely based on
clinical findings. Further examinations—in particular imaging—do not give a causal
explanation [8]. CRPS 1 is defined as a pain state following injury, which exceeds in
magnitude and duration the expected clinical course when other underlying diseases
are excluded [10]. Clinical manifestations include a broad spectrum of sensory, auto-
nomic, motor, and trophic changes usually associated with significant impairment of
motor function [10]. For diagnosis, the use of the “Budapest criteria” is recommended
[11]. These criteria consider signs and symptoms of the clinical manifestation. In the past,
several attempts have been made to improve the diagnostic work-up by using imaging, in
particular qualitative bone scintigraphy [12]. To date, the diagnostic value of qualitative
bone scintigraphy is controversial [13] and has not been assessed systematically.

From the clinical point of view, individualized and targeted treatment interventions
are needed to address individual patients’ needs. At present, the prognosis of acute LBP
has been considered to be favorable in the majority of patients without specific thera-
py. However, a recent systematic review has challenged this assumption because every
second patient reported persistent LBP after one year [14]. Therefore, it is important to
identify patients at risk for delayed recovery at an early stage. Once identified, these
patients require targeted interventions to prevent chronicity (e.g. cognitive behavior-
ally-oriented physical therapy [15]). Currently, several prognostic factors for chronicity
are available [16, 17] and it may be hypothesized that these factors potentially influ-
ence treatment efficacy and outcome.

For example, the fear of pain and re-injury is considered as a potential factor for
delayed recovery in non-specific LBP. The fear avoidance model introduced in the 1990s
[18] is commonly used to explain the link between psychological factors, pain experi-
ence, and ultimately the development of chronic pain and disability [19]. According to



the model, negative beliefs about pain may lead to a catastrophizing response in which
the worst possible outcome is imagined. Consequently, the fear of activity and avoid-
ance results in disuse, which then reinforces the original negative appraisal in a delete-
rious cycle [19]. However, current research questions the impact of fear avoidance
beliefs on the prognosis and treatment efficacy in non-specific LBP [20, 21].

To date, in patients with CRPS 1, the prognostic aspects have been incompletely
understood and their influence on the course of the condition remain controversial. In
the absence of valid and confirmed prognostic factors, Brunner et al. recently conduct-
ed a Delphi consensus study [22]. The findings of this expert survey indicated that a
poor prognosis for CRPS 1 is primarily dependent on clinical manifestations, more spe-
cifically, on the presence of sensory abnormalities. Since these results represent a con-
sensus between expert opinions, potential prognostic factors available from the litera-
ture need to be systematically assessed.

In evidence-based medicine, systematic reviews and meta-analyses are considered
to be the gold standard to draw firm conclusions from randomized controlled trials
(RCTs). In studies of non-specific LBP, many systematic reviews and meta-analyses have
been reported in the literature. However, it is unknown how they account for prognos-
tic factors. Furthermore, it is unclear how RCTs reported prognostic factors. A new
technique—a network-analytic approach—allows for comparison of treatment efficacy
between different interventions in the absence of a head-to-head comparison [23]. In
studies of patients with CRPS 1, meta-analysis is often impeded because of the small
number of RCTs and the small patient sample. Therefore, such a network-analytical
approach may allow for a rank-ordering of therapeutic regimens.

The challenges outlined above have stimulated my academic work over the last
several years. As a result of my scientific inquiry, the research presented in this thesis
comprises a series of papers addressing the following research questions:

e How are potentially important prognostic factors for LBP reported in RCTs, and how

are those factors addressed in meta-analyses (Chapter 2)?

e Do fear avoidance beliefs influence the prognosis in patients with acute, sub-acute,

and chronic non-specific LBP (Chapter 3)?

e Do fear avoidance beliefs influence the efficacy of treatments in patients with non-

specific LBP (Chapter 4)?

e What is the diagnostic accuracy of qualitative bone scintigraphy for the diagnosis of

CRPS 1 (Chapter 5)?

e Which prognostic factors indicate a good or bad prognosis for patients with CRPS 1

(Chapter 6)?

e What represents a rational treatment approach for pain management of CRPS 1, as

determined by using a network meta-analytic approach (Chapter 7)?

The studies were performed at the Horten Centre, University of Zurich, Zurich, Switzer-
land, and at the Occupational and Industrial Orthopaedic Center (OIOC), New York
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CHAPTER 1 % GENERAL INTRODUCTION

University Hospital for Joint Diseases (NYU-HJD), New York, U.S.A, in collaboration with
the University Hospital Balgrist, Zurich, Switzerland.
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CHAPTER 2

Incomplete reporting of baseline
characteristics in clinical trials: An analysis
of randomized controlled trials and
systematic reviews involving patients with
chronic low back pain

Maria M. Wertli, Manuela Schob, Florian Brunner, Johann Steurer
PLOS ONE, www.plosone.org, 1 March 2013, Volume 8, Issue 3, e58512
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Abstract

Objective: The aim of this study was to evaluate the reporting of relevant prognos-
tic information in a sample of randomized controlled trials (RCTs) that investigated
treatments for patients with chronic low back pain (LBP). We also analysed how re-
searchers conducting the meta-analyses and systematic reviews addressed the report-
ing of relevant prognostic information in RCTs.

Methods: We searched the Cochrane Database to identify systematic reviews that
investigated non-surgical treatments for patients with chronic LBP. The reported prog-
nostic information was then extracted from the RCTs included in the reviews. We used
a purpose-defined score to assess the quantity of information reported in the RCTs. We
also determined how the authors of systematic reviews addressed the question of
comparability of patient populations between RCTs.

Results: Six systematic reviews met our inclusion criteria, and we analysed 84 RCTs.
Based on the scores, the reporting of important prognostic variables was incomplete in
almost half of the 84 RCTs. Information regarding patients’ general health, social sup-
port, and work-related conditions was rarely reported. Almost half of the studies in-
cluded in one of the meta-analyses provided insufficient information that did not allow
us to determine whether patients in the primary trials were comparable.

Conclusions: Missing prognostic information potentially threatens the external
validity (i.e. the generalizability or applicability) not only of primary studies but also of
systematic reviews that investigate treatments for LBP. A detailed description of base-
line patient characteristics that includes prognostic information is needed in all RCTs to
ensure that clinicians can determine the applicability of the study or review results to
their patients.
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Background

Assessing the external validity of randomized controlled trials (RCTs) is a key step in the
critical appraisal of clinical studies. Many clinicians trust authors and journal editors to
verify the high internal validity of the published studies (e.g., concealment of randomi-
zation list, information about drop-outs, intention to treat analysis), but physicians
must decide for themselves whether the results apply to an individual patient. The
information that is needed for this determination is reported in the Methods and Re-
sults sections of journal articles. The Methods section reports the eligibility criteria
information, which states the patient qualifications for inclusion in the study. Patient
characteristics are reported in the Results section; quite often, the article’s Table 1
shows the distribution of characteristics of patients included in the study. Guidelines
for reporting, e.g., the CONSORT Statement for randomized controlled trials [1], rec-
ommend not only a comprehensive description of eligibility criteria but also a list of
baseline characteristics for important prognostic factors.

A complete description of relevant prognostic factors is particularly important in
otherwise ill-defined diseases, such as chronic low back pain (CLBP). Several prognostic
factors have been identified that can affect treatment effects in patients with CLBP,
including age, duration of symptoms, first or recurrent episode, employment status,
and comorbidities such as depression [2, 3]. For example, a treatment is effective in
patients without depression but be less effective or even ineffective in depressed pa-
tients [4].

Knowing the patients’ baseline characteristics is important for interpreting study
results, both for clinicians and for the researchers who conduct systematic reviews and
meta-analyses. Pooling the results of primary studies with unknown or different distri-
butions of relevant prognostic factors in the included population may lead to a biased
result [5]. It is unclear whether authors report important prognostic information in
sufficient detail in primary studies so as to be helpful in rational pooling of data in me-
ta-analyses and systematic reviews.

The aim of the current study was to evaluate the reporting of relevant prognostic
information in a selection of randomized controlled trials (RCTs) investigating treat-
ment outcomes in patients with CLBP. We also determined whether the authors of
systematic reviews addressed the question of comparability of patient populations
between RCTs.

15



Methods

Study design

Here we analysed primary studies included in CLBP-related systematic reviews in the
Cochrane library. For the purpose of the current study, CLBP represents an ill-defined
disease with high health care expenditure [6] for which important prognostic infor-
mation is known to influence the course of the disease [3, 7]. We aimed to include a
complete set of trials for each treatment intervention; therefore, we analyzed primary
studies that were included in systematic reviews published in the Cochrane library. The
Cochrane Collaboration Guideline [8-10] has published guidelines for the standardized
assessment of baseline characteristics to facilitate comparison of systematic reviews.
While this study is not a systematic review reporting will be based, if applicable, on the
recommendations of the PRISMA statement [11].

Eligibility criteria and selection of systematic reviews

All systematic reviews that were published in the Cochrane library from its inception
(1996) to December 2010 that investigated non-surgical treatments for CLBP were
eligible for inclusion in our analysis. We searched the Cochrane library for the terms
“chronic” and “non-specific low back pain” in the title, abstract, or keywords. Of the
returned reviews, only RCTs published in English and German were eligible for further
analysis due to the authors’ lack of proficiency in other languages. Non-randomized
trials and observational studies were excluded.

Two reviewers (MW and MS) independently screened the titles and abstracts of the
identified systematic reviews to determine which ones met the pre-defined inclusion
criteria. The full text of each RCT included in the systematic reviews were then inde-
pendently reviewed (MW and MS). Discrepancies between the two reviewers were
discussed and resolved by consensus or by a third party (FB).

Data extraction and synthesis

One reviewer (MS) extracted data from the RCTs, including bibliographic data (authors,
year of publication), eligibility criteria, and prognostic information. Prognostic infor-
mation for LBP was defined a priori in collaboration with experienced clinicians (one
internist, one rheumatologist, one general practitioner) and one methodologist in the
field and by consulting the relevant literature [2, 3].

We used the prognostic domains proposed by Hayden et al. [7] to categorize the
information reported in the RCTs. These domains, which are considered to represent
clinically meaningful groups, [2] have been used in previous research and are based on
expert consensus [12]. The following six main domains were used: general patient
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CHAPTER 2 % BASELINE CHARACTERISTICS IN CLINICAL TRIALS

characteristics, baseline health status, work-related factors, current low back pain
(LBP), clinical examination findings, and interactions with work/society. Each main do-
main is divided into subdomains (e.g., current LBP is further divided according to the
patient’s clinical history, disability related to the complaint, and changes in the com-
plaint over time). There were a total of 16 prognostic subdomains (Table 1). The six
main domains represent a spectrum of important information that helps clinicians de-
cide whether the study results are applicable to their patients.

Table 1. Important prognostic risk factor domains and subdomains in patients with low back pain (modified
from Hayden et al. [7])

Domain Subdomain SQR Score*

General patient characteristics ~ Socio-demographic status Minimal requirement: > 1
Social support subdomain reported

Baseline health status Overall health Minimal requirement: > 1
Overall psychological health subdomain reported

Previous LBP

Work-related factors Work: psychosocial demands Minimal requirement: > 1
Work: physical demands subdomain reported
Work history
Work place attributes

Current LBP Clinical history Minimal requirement: > 1
Disability related to the complaint subdomain reported
Changes related to complaint over time

Clinical examination findings Physical examination findings Minimal requirement: 2 1
Definition of NSLBP diagnosist subdomain reported
Changes found during the physical exam

Interactions with work/society Compensation issues related to LBP Minimal requirement: > 1
subdomain reported

LBP: low back pain; NSLBP: nonspecific low back pain; T To fulfil this subdomain, at least one more attribute
(in addition to pain duration) had to be reported (e.g. disability, severity, pain referral)[30]; *SQR: Score for
the quantity of reporting: Scoring SQR high: information reported in one or more subdomains for all six main
domains; SQR moderate: information reported in one or more subdomains for five main domains; SQR low:
information reported in one or more subdomains for four or fewer main domains.

One reviewer (MW) confirmed all of the extracted information and assigned the data to
the appropriate subdomains. To quantify the amount of reported prognostic infor-
mation for each RCT, we defined a Score for the Quantity of Reporting (SQR) for each
one as follows: High SQR, information was reported for one or more subdomain in all
six main domains; moderate SQR, information was reported for one or more subdo-
mains in five of the six main domains; and low SQR, information was reported for one
or more subdomains in four or fewer main domains (Table 1).

The SQR for each study was then compared to how the baseline characteristics
were assessed in the systematic reviews. Assessment of the comparability of baseline
characteristics in studies is defined in the Method guidelines for systematic reviews in

17



the Cochrane Collaboration Back Review Group for Spinal Disorders [8] (first published
in 1997). The relevant question is: “Are the baseline characteristics similar with regards
to the most important prognostic factors?” The possible answers are “Yes/No/Don’t
know,” and studies were divided into “Yes”, “No”, or “Can’t tell” categories depending
on the answer to that question. The updated Method Guidelines in 2003 [9] further
stated, “In order to qualify for a “Yes,” groups have to be similar at baseline regarding
demographic factors, duration and severity of complaints, percentage of patients with
neurologic symptoms.” When not enough information is reported, the study must be
classified as “Can’t tell”. We would expect that for primary studies with low SQRs, the
answer to the above question would be “Can’t tell.” We also investigated whether
studies with low SQR or that were classified as “Can’t tell” were included in the meta-
analysis.

Statistical analysis

Descriptive statistics were used to summarize findings across the entire set of RCTs. We
wished to evaluate changes in the quantity of reporting over time, particularly after the
publication of the CONSORT statement in 1996 [1], which aimed to improve the quality
of reporting in RCTs. Toward this end, the mean number of reported subdomains be-
fore and after 1998 (to allow one year for implementation of CONSORT suggestions)
was compared using the t-test. Analyses were conducted with SPSS for Windows ver-
sion 19 (IBM SPSS; Chicago, IL USA) and R statistical software for Windows
(http://www.R-project.org/).

Ethics statement

For this study no ethical approval was required. No protocol was published or regis-
tered. All methods were determined a priori.

Results

Study selection

Seven systematic reviews met the eligibility criteria (Figure 1). The reviews were pub-
lished between 2005 and 2010 and included 100 primary studies. A total of 84 primary
studies (RCTs) were included in the analysis. The main reason for exclusion was publica-
tion in a language other than English (n=16). Figure 1 shows a flow diagram of the study
selection process.

18
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Study characteristics

Table 2 summarizes the objectives, the number of included RCTs, and the conclusions
of each systematic review. Most RCTs aimed to investigate treatments only for chronic
low back pain; few studies included patients with subacute and acute low back pain.
The number of RCTs included in each systematic review ranged from four [13] to thirty-
two [14] trials. The RCTs were published between 1971 and 2009. More than half of the
studies assessed the effects of acupuncture (n=18, 21.4%) or cognitive behavioural
therapy (n=27, 32.1%). Most patients in the control groups received placebo (n=26,
30%), sham procedures (n=12, 14%), or usual care (n=12, 14%), or the patients were
placed on a waiting list (n=13, 15%). In most studies, the follow-up time was about 6
months (median 6 months, range 1 hour to 5 years). Details are shown in Table 3.
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Figure 1. Study flow
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Table 2. Summaries of the systematic reviews in our analysis

Author Year Objective Number Conclusion
of studies
analysed
Furlan et al.[32] 2005 To assess the effects of AC for 20 Acute LBP: no firm conclusions about the

the treatment of NSLBP and the
effects of dry-needling for
myofascial pain syndrome in the
low-back region.

Urquhart et al.[33] 2008 To determine whether 9
antidepressants are more
effective than placebo for the
treatment of NSLBP

Henschke et al.[14] 2010 To determine the effects of 32
behavioural therapy for CLBP and
the most effective behavioural
approach

Staal et al.[34] 2008 To determine if injection therapy 10
is more effective than placebo or
other treatments for patients
with subacute or chronic LBP.

Deshpande et al.[35]2007 To determine the efficacy of 4
opioids in adults with CLBP.

Dagenais et al.[36] 2007 To determine the efficacy of 5
prolotherapy in adults with CLBP.

Khadilkar et al.[37] 2008 To determine whether TENS is 4
more effective than placebo for
the management of CLBP.

effectiveness of AC. Chronic LBP: AC more
effective for pain relief and functional
improvement than no treatment or sham
treatment and in the short-term only. AC is not
more effective than other conventional
treatments.

No clear evidence that antidepressants are more
effective than placebo in the management of
patients with CLBP.

Short-term: moderate quality evidence that
operant therapy is more effective than being
placed on a waiting list and that behavioural
therapy is more effective than usual care for pain
relief. No specific type of behavioural therapy is
more effective than another. Intermediate- to
long-term: Little or no difference between
behavioural therapy and group exercises for pain
or depressive symptoms.

Insufficient evidence to support the use of
injection therapy in subacute and chronic LBP.
Insufficient data to answer whether specific
subgroups of patients respond to a specific type
of injection therapy.

Quality remark: Although high internal validity
scores, the study showed a lack of
generalizability, inadequate description of study
populations, a poor intention-to-treat analysis,
and limited interpretation of functional
improvement. The benefits of opioids in clinical
practice for the long-term management of CLBP
remain questionable.

When used alone, prolotherapy is not an
effective treatment for CLBP. When combined
with spinal manipulation, exercise, and other co-
interventions, prolotherapy may improve CLBP
and disability. Quality remark: Conclusions are
confounded by clinical heterogeneity amongst
studies and by the presence of co-interventions.

The current evidence from a small number of

placebo-controlled trials does not support the
use of TENS in the routine management of CLBP.

CLBP/NSLBP: chronic low back pain/nonspecific low back pain; LBP: low back pain; AC: acupuncture; UC: usual

care; TENS: transcutaneous electrical nerve stimulation
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Reporting of important prognostic factors in primary studies

The information reported for the domains and subdomains is summarized in Table 4.
The data reported most often were data about socio-demographic status and the histo-
ry of the current LBP. Information about the patient’s general health status, social sup-
port, and work-related information was rarely reported.

Table 4. Quantity of information in the prognostic subdomains in the 84 RCTs

Domain Subdomain Total %
General patient characteristics Sociodemographic information 80 95
Social support 8 10
Baseline health status Overall health 22 26
Overall psychological health 47 56
Previous LBP 33 39
Work-related factors Work: psychosocial demands 1 1
Work: physical demands 6 7
Work history 39 46
Work place attributes 3 4
Current LBP Clinical history 67 80
Disability related to the complaint 48 57
Changes related to complaint over time 38 46
Clinical examination findings Physical examination findings 25 30
Definition of NSLBP diagnosis 56 67
Change found during the physical exam 21 25
Interactions with work/society Compensation issues related to LBP 36 43

LBP: low back pain; NSLBP: non-specific low back pain

Although statistically significant (p-value=0.01), the mean number of subdomains with
reported information increased after 1998 by fewer than two subdomains (from a
mean of 5.4 subdomains to 7.0 subdomains). In studies published after 2001, the medi-
an number of subdomains with reported information increased to 8 (of a possible total
of 16 subdomains), reflecting a trend towards improved reporting of prognostic im-
portant information in recent years (Figure 2).
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Figure 2. Reporting of prognostic important information
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In 17 of the 84 studies (20%), information was reported for all six of the main domains
(high SQR). Information was reported for five of the six main domains (moderate SQR)
in 30 studies (36%) and for four or fewer domains (low SQR) in 37 studies (44%). The 27
studies investigating cognitive behavioural or educational therapy (termed CBT) provid-
ed information for more domains on average (high or moderate SQR for 82%) than
studies of other interventions. There was poor reporting in the main domains in studies
investigating acupuncture, injection therapy, antidepressants, and opioids (SQR poor in
72-100% of the RCTs) (Table 5).
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Table 5. Summary of the Score for Quantity of reporting (SQR) types for the RCTs

SQR high SQR moderate SQR low
All studies (n=84, 100%) 17 (20%) 30 (36%) 37 (44%)
Acupuncture (n=18, 21%) 0 (0%) 5(28%) 13 (72%)
Antidepressants (n=9, 11%) 1(5.5%) 1(5.5%) 8 (89%)
Opioids (n=4, 5%) 0 (0%) 0 (0%) 4 (100%)
CBT (n=27, 32%) 11 (41%) 11 (41%) 5 (18%)
TENS: (n=5, 6%) 1 (20%) 1 (20%) 3 (60%)
EMG (n=4, 5%) 0 (0%) 2 (50%) 2 (50%)
Reflexology (n=1, 1%) 0 (0%) 1(100%) 0 (0%)
Injection Therapy (n=11, 13%) 2 (18%) 0 (0%) 9 (82%)
Prolotherapy (n=5, 6%) 2 (40%) 0 (0%) 3 (60%)

CBT: cognitive behavioural therapy or educational therapy; TENS: transcutaneous electrical nerve stimulation;
EMG: electromyography; Prolotherapy: Repeated injections of irritant solutions to strengthen lumbosacral
ligaments; SQR: Score for quantity of reporting, scoring SQR high: information reported in one or more sub-
domains for all six main domains; SQR moderate: information reported in one or more subdomains for five
main domains; SQR low: information reported in one or more subdomains for four or fewer main domains

Comparison of the classification systems for reporting prognostic factors using SQR and
the Cochrane Collaboration Guidelines for baseline characteristics (CCG-baseline)

In the systematic reviews, the reporting of baseline characteristics was classified as
“Can’t tell” in 17 of the 84 studies (20%). The CCG-baseline rating was “Similar” for 59
studies and “Not similar” for 8 studies, indicating that sufficient information for classifi-
cation was available in most of the studies. The baseline characteristics were classified
by the reviewers either as “Similar” or “Not similar” in almost two thirds of the studies
with low SQRs (34 studies, 40%) (Table 6). There was thus moderate agreement be-
tween the two rating systems, i.e. SQR and CCG-baseline.

Of the 44 studies pooled for meta-analysis, the SQR was low in 22 studies (50%),
and 8 (18%) of the studies were classified as “Can’t tell” according to the CGC-baseline
system (Table 7). Five (11%) of the 44 pooled studies were classified as low SQR and
“Can’t tell” according to the CGC-baseline system.

Table 6. Comparison of the Score for Quantity of Reporting (SQR) categories (high/moderate/low) for the 84
RCTs and the Cochrane Collaboration Guideline-baseline characteristics (CCG-baseline) categories (Simi-
lar/Not similar/Can’t tell)

All RCTs (n=84, 100%) CCG-baseline: Similar or Not similar CCG-baseline: “Can’t tell”
(n=67, 80%) (n=17, 20%)

SQR high (n=17, 20%) 17 (20%) 0 (0%)

SQR moderate (n=20, 24%) 16 (19%) 4 (5%)

SQR low (n=47, 56%) 34 (40%) 13 (15%)
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Table 7. Comparison of the Score for Quantity of Reporting (SQR) categories (high/moderate/low) for the 44
RCTs included in meta-analyses and the Cochrane Collaboration Guideline-baseline characteristics (CCG-
baseline) categories (Similar/Not similar/Can’t tell)

All RCTs (n=44, 100%) CCG-baseline: Similar or Not similar CCG-baseline "Can't tell"
(n=36, 81%) (n=8, 19%)

SQR high (n=11, 25%) 9 (20%) 2 (5%)

SQR moderate (n=11, 25%) 10 (23%) 1(2%)

SQR low (n=22, 50%) 17 (39%) 5 (11%)
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Abstract

Background context: Psychological factors including fear avoidance beliefs are
believed to influence the development of chronic low back pain (LBP).

Purpose: The purpose of this study was to determine the prognostic importance of
fear avoidance beliefs as assessed by the Fear Avoidance Beliefs Questionnaire (FABQ)
and the Tampa Scale of Kinesiophobia for clinically relevant outcomes in patients with
nonspecific LBP.

Design/setting: The design of this study was a systematic review of observational
studies.

Methods: In October 2011, the following databases were searched: BIOSIS, CI-
NAHL, Cochrane Library, Embase, OTSeeker, PeDRO, PsycIinfo, PubMed/Medline, Sco-
pus, and Web of Science. To ensure the completeness of the search, a hand search and
a search of bibliographies was conducted and all relevant references included. A total
of 2,031 references were retrieved, leaving 566 references after the removal of dupli-
cates. For 53 references, the full-text was assessed and, finally, 21 studies were includ-
ed in the analysis.

Results: The most convincing evidence was found supporting fear avoidance beliefs
to be a prognostic factor for work-related outcomes in patients with subacute LBP (i.e.,
4 weeks—3 months of LBP). Four cohort studies, conducted by disability insurance com-
panies in the United States, Canada, and Belgium, included 258 to 1,068 patients most-
ly with nonspecific LBP. These researchers found an increased risk for work-related
outcomes (not returning to work, sick days) with elevated FABQ scores. The odds ratio
(OR) ranged from 1.05 (95% confidence interval [Cl] 1.02-1.09) to 4.64 (95% Cl, 1.57—
13.71). The highest OR was found when applying a high cutoff for FABQ Work subscale
scores. This may indicate that the use of cutoff values increases the likelihood of posi-
tive findings. This issue requires further study. Fear avoidance beliefs in very acute LBP
(<2 weeks) and chronic LBP (>3 months) was mostly not predictive.

Conclusions: Evidence suggests that fear avoidance beliefs are prognostic for poor
outcome in subacute LBP, and thus early treatment, including interventions to reduce
fear avoidance beliefs, may avoid delayed recovery and chronicity.
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Introduction

Low back pain (LBP) is a pain not attributed to a recognizable pathology. The lifetime
prevalence for LBP acute low back pain exceeds 80% [1]. While the overall prognosis is
benign, 10-15% of these patients develop chronic low back pain (LBP). This small per-
centage accounts for three-quarters of the total direct and indirect costs of medical
care and lost productivity associated with LBP [2]. There is a consensus in the literature
to use a “wait-and-see” strategy in acute low back pain to avoid overtreatment [3].
However, pain that persists beyond the acute stage is an indication for the develop-
ment of chronic low back pain, a condition where complete recovery and return to
100% function are often difficult to achieve [4]. Current research aims at identifying
sub-groups at risk for delayed recovery in patients with sub-acute LBP (>4 weeks) in
order to optimize treatment. Timely initiated and targeted multifaceted treatments in
patients at risk for delayed recovery have shown health care cost reductions and tend
to facilitate recovery[5].

Psychological factors are believed to influence the development of chronic low
back pain. The Fear Avoidance Model is widely used to explain how psychological fac-
tors affect the experience of pain and the development of chronic pain and disability
[6]. It is theorized that for some individuals with LBP, negative beliefs about pain and/or
negative illness information leads to a catastrophizing response in which the worst
possible outcome is imaged. This leads to fear of activity and avoidance which in turn
causes disuse and resultant distress, reinforcing the original negative appraisal in a
deleterious cycle [6]. The Fear Avoidance Model suggests that patients without fear
avoidance beliefs are more likely to confront pain problems and are more active in the
coping process. This type of “good” coping has been used to develop interventions for
those with high fear avoidance beliefs.

While the Fear Avoidance Model is generally accepted, it is a matter of debate as to
how and when to best assess fear avoidance beliefs in clinical practice. Current treat-
ment guidelines for low back pain recommend the timely identification and initiation of
multidisciplinary treatment for other psychological factors (e.g. depression, distress, job
dissatisfaction) associated with increased risk for delayed recovery [3, 7, 8]. Whether
and how fear avoidance beliefs specifically should be assessed remains unclear. Many
questionnaires have been developed to identify fear avoidance beliefs. The two most
commonly used are the Fear Avoidance Questionnaire (FABQ [9]) and the Tampa Scale
of Kinesiophobia (TSK [10, 11]). Their usefulness for detecting fear avoidance beliefs
that influence the transition from acute to chronic LBP is not clearly determined and
has been debated in the literature.

To date, the role of fear avoidance beliefs identified by FABQ or TSK as prognostic
factors for LBP has not been reviewed systematically. The aim of this systematic review
is twofold. First, we review the existing literature on the role of fear avoidance beliefs
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as a prognostic factor in acute, sub-acute, and chronic LBP. Second, we analyze the
available data in terms of an optimal cut-off value for the FABQ and the TSK.

Methods

These systematic reviews followed the recommendation of the MOOSE statement (Fig-
ure 1) on conducting systematic reviews of observational studies [12].

Literature search

We identified all observational studies meeting our eligibility criteria (defined in detail
below) published between 1990 and October 2011. The following databases were
searched in October 2011: BIOSIS, CINAHL, Cochrane Library, Embase, OTSeeker, PeD-
RO, Psycinfo, PubMed/Medline, Scopus, and Web of Science. The search was conduct-
ed with the help of an experienced librarian. Search terms included fear and avoidance
as Medical Subject Headings (MeSH) as well as other subject headings and different
combinations. Three detailed search strategies are depicted in Appendix 1. To ensure
the completeness of the literature search, one reviewer (MW) conducted an electronic
hand search of the six most often retrieved journals and added all potentially eligible
references not retrieved by the systematic search. In addition, bibliographies of includ-
ed studies relevant to the research question were searched and potentially eligible
references were included then in the full text review (inclusion and exclusion criteria
applied).

Eligibility criteria

All cohort studies were considered eligible for inclusion in this investigation that met
the following criteria: they reported research concerning patients seeking care for LBP;
they demonstrated at least moderate study quality; they investigated the prognostic
value of the two most often used questionnaires - the Fear Avoidance Questionnaire
(FABQ) and the Tampa Scale for Kinesiophobia (TSK); and they were published between
1990 and October 2011. We focused on cohort studies that included at least 300 sub-
jects with a minimal follow-up of three months because of a concern about sample size.
Assuming a baseline risk of 20% for chronicity following a bout of acute LBP [1]; a sam-
ple size of 316 patients in a two level exposure study (fear avoidance beliefs high vs.
low) would generate a relative risk (RR) of 1.75 for the outcome recovery at three
months (alpha = 0.05, beta = 0.2)[13].

However, the inclusion of cohorts of more than 300 patients would have included
almost only cohorts based on studies by insurance companies, and therefore we be-
lieve the results would be less generalizable. Because of this concern, we also consid-
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ered studies with between 100 and 300 subjects. In order to allow for a comprehensive
overview of the current knowledge in the field, we included prospective and retrospec-
tive cohorts as well as secondary analyses of RCTs. Excluded were studies with fewer
than 100 patients, with follow-up of less than three months, or reports from confer-
ence proceedings. No limits for the study setting or language of the publication were
applied.

Study selection, data extraction, and synthesis

The bibliographic details of all retrieved articles were stored in an Endnote file. Two
reviewers (MW and ERB) independently screened all 569 references by title and ab-
stract. Full-text was reviewed by both reviewers independently (MW and ERB) in all
studies meeting the pre-defined eligibility criteria (n= 53). Disagreements were dis-
cussed and resolved by consensus or by third party arbitration (SW). Alternative re-
searchers with specific language proficiencies were used for non-English language ref-
erences. In the case of several publications for the same cohort without change in out-
come or follow-up duration, the most recent publication was chosen and missing in-
formation from the previous publication added.

Quality assessment

The quality of each study was assessed using the Scottish Intercollegiate Guidelines
Network (SIGN) Methodology checklist for cohort studies [14]. All information needed
to describe the study population and allowing for operationalization of outcome
measures was extracted. To assess the baseline characteristics of the study population,
important prognostic factors for the course of LBP were extracted and assigned into the
16 domains proposed by Hayden et al. [15]. The following prognostic information was
extracted: general characteristics, social environment, overall health status, overall
psychological health, previous LBP, work-psychosocial demands, work-physical de-
mands, work-history and attributes, disability related to LBP, time change of LBP, physi-
cal examination findings, change in physical examination, diagnosis of LBP, and com-
pensation related to LBP. The number of domains reported and statistical adjustment
done for those domains is reported for each study. Additional measured psychological
risk factors were extracted and studies were sub-categorized into the following: 1, in-
vestigating fear avoidance beliefs only; 2. measuring fear avoidance beliefs in addition
to one or two additional psychological risk factors (e.g. depression, catastrophizing); 3,
or investigating more than three psychological constructs.

Based on this information, the risk of bias and quality of each study was rated
overall according to the SIGN recommendation into high, moderate, or low quality. The
ratings were:
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e High quality (++): most of the criteria fulfilled. If not fulfilled, the conclusions of the
study are very unlikely to alter.

e Moderate quality (+): some criteria fulfilled. Criteria not adequately described are
unlikely to alter the conclusions.

e Low quality (-): few or no criteria fulfilled. The conclusions are likely to alter.

As recommended, studies rated by both reviewers as low quality were excluded from

further analysis.

Outcome definition and operationalization of fear avoidance beliefs as a prognostic
factor

All investigated outcomes were extracted and categorized into work-related (e.g. sick
days, return to work) and non-work-related outcomes (e.g. pain, perceived disability).
Each method of outcomes was appraised and operationalized (e.g. perceived disability
measured by Oswestry Disability Index (ODI) or by Roland Morris Disability Question-
naire (RMQ).

The term “prognostic factor” is used to describe factors that influence or predict a
course or outcome of LBP. The prognostic value of fear avoidance beliefs is based on
the statistical method used in primary studies and reported accordingly. “Non-
prognostic” refers to the fact that fear avoidance beliefs did not influence the outcome
in the univariate analysis and was not included in the final model.

Psychometric properties and description of the investigated questionnaires

The FABQ [9] is a 16 item questionnaire, each item scored zero to six. High levels indi-
cate increased levels of fear avoidance beliefs. Two subscales exist: a seven-item work
subscale (FABQ-W, range 0 to 42) and a four-item physical activity subscale (FABQ-P,
range 0 to 24). FABQ and the two sub-scales have been shown to be reliable and valid
for the measurement of fear avoidance beliefs. The Cronbach’s alpha for the FABQ-P
was 0.75, test-retest reliability r=0.64. For the FABQ-W, the Cronbach’s alpha was 0.82,
test-retest r=0.80 [16].

The Tampa Scale for Kinesiophobia (TSK) [10, 17] is a valid and reliable 17-item
questionnaire[16]. Each item is measured on a four-point Likert scale (1= strongly disa-
gree, to 4= strongly agree). The scale ranges from 17 (no fear) to 68 (strong fear of re-
injury). Two subscales are used consisting of a “harm factor” (items 3,5,6,9,11,15 with a
range of 6-24) and an “activity-avoidance” factor (items 1,2,7,10,13,14,17 with a range
of 7-28)[16]. The “harm factor” reflects the beliefs that something is seriously wrong
with the body, while the “activity-avoidance” factor indicates that avoiding exercise or
activity might prevent an increase in pain.

While the two scales measure different concepts (i.e. FABQ measures fear of pain
caused by physical activity; TSK measures fear of movement and re-injury), a moderate
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overlap has been shown [16, 18, 19]. The correlation between TSK and FABQ ranged
from 0.53 (FABQ-P) and 0.76 (FABQ-W) [19] to 0.39 (FABQ-P) and 0.33 (FABQ-W) [16].

Statistical analysis

Due to heterogeneous study populations, measurements and scales used as well as
outcomes investigated, only descriptive statistics (ranges) were used to summarize
findings across all cohort studies for baseline fear avoidance mean values. We calculat-
ed mean number of reported domains within prognostic and non-prognostic categories
in acute, acute-sub-acute, sub-acute, chronic, and acute — chronic LBP cohorts. Forest
plots were generated using the R statistical software for Windows (http://www.R-
project.org/) [20]. Forest plots were based on the values (odds ratio, 95% confidence
interval) given in the study reports.

Results

Study selection

The search and inclusion process is summarized in Figure 1. Out of 2,032 records, 53
were reviewed in full text. The full text assessment utilizing the inclusion and exclusion
criteria resulted in the exclusion of 32 studies. The main reasons for exclusion were not
investigating fear avoidance beliefs as a prognostic factor, use of questionnaires other
than FABQ and TSK, follow-up less than three months, and poor study quality. Two
studies were excluded because they investigated the prevalence of pain in the general
population. In total 21, studies were included in the analysis.
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Figure 1.

References identified by searching data-
bases:
n = 2031

v

References after removal of duplicates
BIOSIS n =3, CINAHL n = 122, Cochrane
Library n =0, Embase n = 33, OT Seeker =
14, PeDRO n = 0, Psychlnfo n =22, Pub-
Med/Medline n =255, Scopus n =23, Web
of Science n =55

n =527

Hand search of the Journals most
often publishing about the topic: n=
32

Bibliographies screen: n=7

n=239

A4

Number of references screened for title and
abstract
n =566

A4

Number of full-text articles assessed for eli-
gibility
n==53

A d

Number of references excluded
n=>513

\J

Number of full-text articles excluded
n =1 poor Quality (SIGN)

n =26 FAB not as prognostic factor
n = 3 Other scales

n =2 No patient investigated

n=32

Number of studies included in the analysis
n=21
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Study characteristics

Study designs included prospective cohort studies (n=15, 71%), retrospective cohort
studies (n=1, 5%), secondary analyses of randomized controlled trials (n=4, 19%), and
cohort studies following an RCT (n=1, 5%). Follow-up duration was mostly one year
(three months to two years). More than half of the studies included fewer than 300
patients (58%). These studies were mostly conducted in the primary care setting. Stud-
ies including more than 300 patients were mainly based on insurance company data
(n=5, 24%) and only one study was conducted in a primary care setting. SIGN quality
was good in the three studies (14%) conducted in a primary care setting. A detailed
summary of the assessment of the SIGN quality is reported in Appendix 2 and an overall
rating is given for each study.

The results will be presented according to the disease duration provided in the
studies: acute (one day to six weeks, five studies), acute to sub-acute (one day to three
months, four studies), sub-acute (six weeks to three months, two studies), chronic
(more than three months, five studies), and acute to chronic (no sub-grouping for dis-
ease duration, eight studies).

Acute low back pain

Baseline characteristics are summarized in Table 1. Five prospective cohorts and one
secondary analysis of an RCT included between 123 and 1,885 patients with specific
and non-specific LBP (n=4 [21-24]) or LBP only (n=2 [25, 26]). The study setting was
mainly primary care [21, 23-26]. One study included patients receiving workers’ com-
pensation payments [22]. The duration of the LBP episode varied between five and 28
days. The follow-up was mostly one year. Perceived disability was the most common
outcome measured (Table 2). One study investigated return to work as outcome.
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Three studies found FABQ [21] or TSK [23, 25] non-prognostic for non-work-related
perceived measurements, two for work-related outcomes (RTW [22] and sick days [24])
independent of whether cut-off values were applied or not (Table 2). The average dis-
ease duration in these studies was 5 to 9 days. Only one study found fear avoidance
beliefs to be prognostic for perceived disability after six months [26]. In this study, pa-
tients had a longer disease duration (in 36% disease duration of two and more weeks).
The strength of this study was a re-evaluation of fear avoidance beliefs after 6 weeks.
TSK and both sub-scales were prognostic at baseline and at 6 weeks. The limitations of
the study were that perceived disability as an outcome was not measured in 40% of the
patients, no other psychological risk factors were investigated, and the follow-up was 6
months shorter than the other cohort studies.

Acute and sub-acute LBP

Three prospective cohort studies (n=1 primary care [27], n=2 disability insurance infor-
mation [28, 29]) and one secondary analysis in an RCT (PT setting [30]) included be-
tween 160 and 1,068 patients with acute and sub-acute LBP (Table 1). Disease duration
ranged from 1 to 83 days. Patients were followed for 3 months to 1 year. Outcome
measures included non-work-related perceived measurements [27, 30] and work-
related outcomes [28, 29].

In the two cohort studies conducted with information provided by disability insur-
ance companies (Canada and U.S.A.), FABQ-W was prognostic for RTW (Table 2) [28,
29]. Turner et al. found in a sub-acute LBP population (21 days after claim submission)
that FABQ-W was prognostic for RTW. This is in contrast to patients with acute LBP in
the same cohort [22] (83% with claim receipt in less than 14 days after injury). In a
primary care setting, FABQ-P failed to be prognostic for non-work-related perceived
measurements [27]. In this study, a high percentage of acute patients was included
(61.4% patients < two weeks of LBP vs. mean disease duration 63 days [28] and 21 days
[29] respectively) and the follow-up was 3 months shorter compared to others, which
might explain the non-prognostic results. A secondary analysis of an RCT in a PT setting
[30] was used to calculate various cut-off values for the FABQ-W. In this study, FABQ-P
was non-prognostic for perceived disability at follow-up.

All studies investigating acute and sub-acute patients assessed half or fewer of the
16 important prognostic domains and adjusted on average for four or five of them as
potential confounders. In comparison, in acute LBP studies all but one study assessed
ten to fourteen important prognostic domains and adjusted on average for more po-
tentially confounding variables. This indicates a less stringent methodology in studies
investigating patients without sub-categorization of disease duration and could indicate
a potential bias.
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Sub-acute low back pain

Two prospective cohort studies investigated 258 and 346 sub-acute LBP patients with a
disease duration of 41 [31] to 39 days [32] respectively (Table 1). Both investigated
RTW as an outcome. They reported more than half of the 16 important prognostic
domains (13 and 9 domains respectively).

Both studies found the FABQ total score, the TSK single item question, and the
FABQ-W (Table 2) to be prognostic for work-related outcomes after three and six
months. None of the studies investigated cut-off values.
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Chronic low back pain

In total three prospective cohort studies [23, 33, 34], one retrospective cohort study
[35], and one secondary analysis of an RCT [36] included between 184 to 681 chronic
LBP patients (Table 3). A sub-set of chronic patients from a larger study [23] included 50
patients only. Disease duration ranged from 90 to 580 days. Two studies investigated
work-related outcomes [35, 36] and three non-work-related perceived measures [23,
33, 34]. Patients were followed for six to twelve months.

In three prospective cohort studies [23, 33, 34], fear avoidance beliefs was non-
prognostic for non-work-related perceived measurements (Table 4). In a retrospective
cohort [35], FABQ was found to be prognostic for RTW. This study has several limita-
tions and a potentially biased finding cannot be excluded. Fewer patients were includ-
ed, the follow up duration was shorter when compared to the non-predictive studies,
and fewer prognostic factors were investigated. A secondary analysis of an RCT includ-
ing 628 patients [36] and found fear avoidance beliefs not to be prognostic for time to
RTW.
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CHAPTER 3 % THE ROLE OF FEAR AVOIDANCE BELIEFS

Acute to chronic LBP without sub-grouping

Four cohort studies and one analysis of an RCT conducted in the primary care setting
included patients with disease duration ranging from one day to more than ten years
(Table 3). Three cohorts [37-39] were of high quality (SIGN quality assessment). One
study investigated work-related outcome [39], the other studies investigated non-work-
related perceived measurements. Patients were followed between six months and one
year. One secondary analysis of an RCT investigated professional military [40].

One high quality prospective cohort study [39] found FABQ and FABQ-W scores to
be prognostic for sick days over one year (Table 4). While this study was conducted in a
primary care setting, the outcome was collected from a Social Security database and
therefore robust work-related outcome measures were available. Further, more than
half of the patients suffered less than three months of LBP with almost one-third in the
sub-acute phase. In contrast, TSK was found to be non-prognostic in two high quality
studies that investigated non-work-related perceived measurements [37, 38]. Dunn et
al. [37] included patients with very long disease duration (up to 10 years); therefore,
their non-prognostic findings might be due to a high proportion of very chronic subjects
with LBP. Foster et al. [38] investigated patients (n=1591) in primary care. This cohort
included mainly acute to sub-acute (76%) LBP patients. They found other psychological
constructs — the self-regulatory model and the self-efficacy model — to be more prog-
nostic than fear avoidance beliefs. In both models it is theorized that low personal con-
trol over the pain or poor self-efficacy and the inevitability of a future with pain could
lead to passive coping and avoidance. The interaction of the different tools used to
measure these models is not yet completely understood, but might explain the non-
prognostic findings in the screening for fear avoidance beliefs in this cohort. Two stud-
ies [40, 41] applying cut-off values found high values to be prognostic for perceived
disability at six months and one year respectively.

In summary, most studies that included patients with LBP for 2 weeks to 3 months
found FABQ or TSK to be prognostic for work-related outcomes. An overview of the
studies reporting the results of the multivariate model for binary outcomes (odds ratio)
is depicted in Figure 2. Differences in settings, design, population, and outcome meas-
ured between prognostic and non-prognostic studies are summarized in Appendix 3.
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Figure 2. Overview of fear avoidance beliefs as prognostic factor for binary outcomes

Acute Low Back Pain

Author & Year Questionnaire Cut-off QOutcome Odds Ratio OR 959,-C|
Turner 2008 FABQ-W short »3-<5 WR o 1.38 [0.73; 2.61]
Turner 2008 FABQ-W short  5-<6 WR —— 1.67 [0.89;3.13]
Turner 2008 FABQ-W short (3] WR — 1.71 [0.88; 3.31]
Grotle 2007 * FABQ-P =17 NR * 1.45 [0.44,4.79]
Grotle 2007 * FABQ-W ==21 NR —_—— 1.66 [049; 5.65]
i T T T ]
02 05 1 2 5 20

Acute to Sub-Acute Low Back Pain

Author & Year Questionnaire Cut-off Qutcome Odds Ratio OR 95%-CI
Truchon 2010 FABQ-W Ne WR ' .13

Turner 2006 FABQ-W short =3-<5 WR + 286 [0.898; 882
Turner 2006 FABQ-W short  5-<B WR ——— 4864 [1.57;13.71]

van der Windt 2007
van der Windt 2007
van der Windt 2007
van der Windt 2007

FABQ-P 50-75 MR+
FABQ-P >75 NR ++
FABQ-P 50-75 NR+
FABQ-P =75 NR =+

0.77 [0.25, 2.36]
173 [0.60; 4.99]
145 [0.67; 3.14]
158 [0.70; 3.55]

02 05 1 2 5 20
Sub-Acute Low Back Pain
Author & Year Questionnaire Cut-off Qutcome Odds Ratio OR 95%-Cl
Du Bois 2009 * FABQ No WR 1.05 [1.02;1.09]
Du Bois 2009 TSK short No WR + 1.39 [1.10;1.76)
Soucy 2006 FABQ-W No WR S 263 [1.73,4.01)

T 1T 1

Chronic Low Back Pain 2 05 1 2 20
Author & Year Questionnaire Cut-off Outcome Odds Ratio OR 95%-Cl
Heymans 2007 FABQ No WR 1.05 [1.01;1.10]
Heinrich 2011 * FABQ-W No NR — 1.04 [0.70; 1.54]
Heinrich 2011 * FABQ-P Mo NR 1.20 [0.79; 1.82]
Heinrich 2011 FABQ-RTW No NR — 0.81 [0.54;1.22)

T L 1
Acute to Chronic Low Back Pain 02 058 1 2 5 20
Author & Year Questionnaire Cut-off Outcome Odds Ratio OR 95%-Cl

Kovacs 2007 FABQ Mo WR
Kovacs 2007 FABQ No WR §
Kovacs 2007 FABQ-W Mo WR ®

Kovacs 2007 FABQ-W No WRE
Helmhout 2010 TSK >=17 NR

+

1.02 [1.00; 1.04]
1.08 [1.05;1.11]
1.04 [1.01;1.08]
1.11 [1.08; 1.16]
1.10 [1.05; 1.15]

I

0.2

05 1 2 5

NR: Non-work-related outcomes; WR: Work-related outcomes

* Linear regression

+  Perceived Disability
++  Persistent Symptoms
° Sick days 1-60

§  Sick days 61-365
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Summary of scales used

To assess the fear avoidance beliefs, two-thirds of the studies used the FABQ and its
two subscales FABQ-P and FABQ-W (14 studies, 67%) and one-third used the TSK (7
studies, 33%) with varying versions of both scales. FABQ-W and its short versions (Table
5) were most often investigated for work- related outcomes (8 analyses) compared to
non-work-related perceived measurements (4 analyses). FABQ-total score was only
used in work-related outcomes. FABQ-P and the short versions were mainly for non-
work-related perceived measurements (11 analyses) and rarely for work-related out-
comes (3 analyses). TSK was also mainly used for non-work-related perceived meas-
urements (5 analyses) and only once for work-related outcome. It is important to note
that in sub-acute patients, TSK and FABQ-P were only used once and twice respectively.
Therefore, it remains unanswered whether or not they are prognostic in this patient
population.

In two studies, low baseline fear avoidance beliefs values (low-risk population)
explained non-prognostic findings [21, 23]. In contrast, a study [39] with very high base-
line FABQ-scores (mean 60.5, scale 0 — 96) was prognostic while other studies with the
same disease duration (acute to chronic) were non-prognostic. Only 23 (67%) of 34
analyses reported baseline values. Therefore, the influence of baseline fear avoidance
beliefs on prognostic and non-prognostic findings could not be addressed completely.
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Potential influence of important prognostic factors

We found substantial variation in the reporting of most prognostic domains known to
potentially influence the course of LBP (Table 6). Almost half of all studies (n=10, 45%)
assessed or reported half or fewer of the 16 domains. Statistical adjustment for prog-
nostic factors varied from adjustment for only one to 13. Most variation in reported
domains was found between prognostic and the non-prognostic studies in the chronic
LBP group. The prognostic retrospective study assessed five domains; the non-
prognostic studies reported on average more than nine domains. Measuring additional
psychological prognostic information might influence the prognostic value of screening
for fear avoidance beliefs (Table 7). One study of a chronic LBP population [35] and one
that included acute LBP patients [26] found fear avoidance beliefs to be prognostic, but
investigated no additional psychological factors; all non-prognostic studies investigated
various additional psychological domains.

Table 6. Important prognostic risk factor domains in patients with low back pain (modified from Hayden et al.
[15]

LBP Duration Acute Acute - Sub4Sub-acute |Chronic Acute-to | % Reporting
acute Chronic
Predictive: Yes =+ + -+ -+ -+ -+ - [22227
Characteristics 3 9 3 2 3 - 1 3 4 3
Saocial Environment 3 3 1 - 1 - - - 3 1
Overall Health Status - 7 - - 2 - - 4 3 3
Overall Psychological - 9 2 1 2 - - 3 3 3
Previous LBP 3 8 1 1 2 - - 3 - 1
Work Psychosocial - 5 1 - 3 - - 4 2 1
Demands
Work Physical Demands - 1 - 1 2 - - 4 2 -
Work History 3 7 - 1 | - - 4 2 2
Work Place Attributes - 1 - 3 - - - - -
Disability current LBP 3 9 3 2 3 - 1 5 4 3
Time Change LBP 3 - 1 2 - - 2 2 2
Physical Exam Findings 7 - - - 2 - 1 2 1 -
Change in Physical Findings | - - - - . - - - -
Definition of LBP 3 8 1 | 2 - 1 4 4
Health Care Received - 4 1 - - 2 - -
Compensation Issues 3 5 1 - 3 1 4 1 -
Avarage domain perstudy | 103 9.0 | 47 5.0 | 103 50 9278 73

Average of reported prognostic domains of studies in each category (acute, acute — sub-acute, sub-acute,
chronic, acute — chronic); LBP, low back pain
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Table 7. Summary of psychological domains investigated

Psychological Domains Total: Acute LBP Acute / Sub-acuteLBP ChronicLBP Acute-
n (%) Sub-acute toChronic
Prognostic: yes = + 33 (100) + - + - + - + - + -
FAB only 9(27) 3 - 1 1 1 - 1 1 1 -
FAB + Depression 7 (21) - - - - 2 - - - 2 3
FAB + Catastrophizing 2(6) - 2 - - - - - - - -
FAB + Pain Coping Inventory 1 (3) - - - - - - - 1 - R
FAB + Anxiety + Depression 1 (3) - - - - - - - 1 - R
>3 Concepts 13 (40) - 7 2 1 - - - 2 1 -

FAB, fear avoidance beliefs

Discussion

Main findings

In this systematic review of 21 observational studies, we found convincing evidence
that high fear avoidance beliefs, and particularly work beliefs, in patients suffering from
sub-acute low back pain (LBP) are prognostic for poor work-related outcomes. High fear
avoidance beliefs in patients with LBP for more than three months or less than two
weeks were less associated with poor outcome. Neither the FABQ nor the TSK scale can
be recommended over the other. Both scales used in the sub-acute population were
mainly prognostic, while they were mainly non-prognostic when used in the chronic
population. In sub-acute LBP patients, the TSK and FABQ-P were investigated only once
and twice respectively. In studies that used cut-off values, four were prognostic and
four non-prognostic for poor outcome. Less than half of all studies used cut-off values
and when they did, the values varied widely among studies. Therefore, we were unable
to identify specific cut-off values.

It has been suggested that scales developed to measure fear avoidance are as-
sessing different constructs and that this makes it difficult to compare findings or draw
strong conclusions [42]. The TSK measures fear of reinjury or further damage, the FABQ
is largely a measure of fear of pain. While these are distinct constructs, these differ-
ences did not seem to matter in empirical studies. Indeed, it has been shown that both
are good measures of fear avoidance and there is considerable overlap between the
two [16].

One factor that may account for the variable prognostic utility of fear avoidance
beliefs may be the low baseline values in some of the studies. A lack of variability in the
predictor variable results in low correlations with outcomes. Another reason for nega-
tive findings in this population may be that other psychological factors such as outcome
expectations, depression and catastrophizing might overshadow the importance of fear
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avoidance beliefs in acute LBP patients. This is consistent with the idea that most indi-
viduals express a variety of distress-related emotions at the start of an episode. It may
be that these beliefs early on are not important for outcome because of a generally
high level of distress at this time among all patients. Similarly, a chronic population has
already solidified their beliefs and there may be less variation in beliefs about the effect
of activity on pain in this group. It therefore makes sense that these beliefs are more
important in guiding the course of LBP in the sub-acute phase when individuals are at
risk of becoming chronic and beliefs may be more disparate. Since there was an ab-
sence of assessment of additional psychological constructs with potential overlap in the
studies reviewed here, this is a topic for future study. Recent research aims at identify-
ing predictors for outcome in sub-acute LBP patients that can be addressed in a timely
manner to influence outcome. Our findings emphasize the importance of fear avoid-
ance beliefs as a potentially modifiable belief in sub-acute LBP.

Results in light of existing literature

To our knowledge this is the first systematic review summarizing current evidence on
the role of fear avoidance beliefs identified by the FABQ or the TSK as a prognostic
factor in acute, sub-acute, and chronic LBP. A systematic review published in 2006
found little evidence to link fear of pain with poor prognosis [43]. They included a few
studies using the TSK and the FABQ at baseline assessment. Most studies included in
the current analysis were published after January 2006; therefore, more evidence was
available for this analysis. Our findings are in line with a systematic review finding mod-
erate evidence for fear avoidance beliefs predicting work-related outcomes. While lles
et al. (2008) included studies with smaller samples and a shorter follow-up, in the cur-
rent review several large cohort studies with a follow-up of at least six months to one
year were available and therefore further strengthen the evidence. Our findings con-
tradict an analysis of systematic reviews suggesting that fear avoidance should no long-
er be used as psychological risk factor in LBP [44]. The authors based their conclusion
on a summary of various systematic reviews published between 2001 and 2007 when
limited data was available and the Fear Avoidance Model was still mainly untested.

In recent years other models, in addition to the Fear Avoidance Model, have been
discussed and investigated in regard to the experience of pain and disability [6, 45].
Pain catastrophizing conceptually falls under the model of behaviors that constitute the
Fear Avoidance Model with a considerable overlap. It is believed that catastrophizing is
a precursor of pain-related fear [46]. If so, catastrophizing might predict poor outcomes
in acute LBP, while fear avoidance beliefs might be more likely to be predictive in sub-
acute LBP. However, it is possible to have fear avoidance beliefs without catastrophiz-
ing [42]. In fact, in the acute stage of injury the avoidance of certain physical activities
may be warranted. Therefore, a distinction should be made between those with fear
avoidance beliefs who do not catastrophize and those who do. This is a variation on the
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original model that needs testing [42]. In the current systematic review only two stud-
ies addressed the interaction of catastrophizing and fear avoidance beliefs. Therefore,
the importance of catastrophizing for the prognosis in low back pain patients is beyond
the scope of the current analysis and should be addressed in further research.

The self-efficacy model, focusing on more positive coping responses to pain, has
increasingly received attention. It has been shown that the fear avoidance beliefs and
the self-efficacy model are two distinct models that only partially overlap [6, 47]. It has
therefore been postulated that the assessment of both constructs is more likely to
identify patients at risk. Screening instruments like the STarT Back tool, incorporating
questions covering more than one model, have been shown to identify patients at risk
and improved risk-factor based treatment [5].

Strength and limitations

The strength of this systematic review is the assessment of fear avoidance beliefs in
light of disease duration and a comprehensive evaluation of currently available studies.
The search was inclusive, no language limitations were applied, and a thorough biblio-
graphic search was conducted in order to include all relevant studies. The extraction
process was done in accordance with current guidelines.

The main limitation is a possibility of bias in most of the included studies. Many
studies were underpowered to detect a difference in a two-level exposure study (fear
avoidance beliefs high vs. low). While we aimed at including cohort studies with at least
300 patients, this would have led to the exclusion of many studies in the primary care
setting. The results would then be based largely upon insurance company databases
with limited generalizablity. While including smaller samples in this review led to a
more comprehensive overview, we therefore cannot exclude the possibility of biased
findings due to chance or selection. We are aware of some limitations with regards to
generalizability by limiting our search to studies that used FABQ or TSK only to assess
fear avoidance beliefs. Other questionnaires also include questions that address fear
avoidance beliefs and were not included into this analysis. The strength of this ap-
proach is that FABQ and TSK are used widely and only assess fear avoidance beliefs.
This allowed us to make comparisons among studies. Further some of the recent ques-
tionnaires that assess different coping strategies including the STarT Back Tool or the
Orebro questionnaire included questions that were derived from the FABQ or TSK [48,
49]. Therefore it is likely that our findings would apply to studies that use those ques-
tionnaires with regards to the importance of fear avoidance beliefs. In addition, both
tools were developed based on Vlaylen’s theoretical model described here [16].

Another limitation is that prognostic factors shown to be associated with poor
outcome in low back pain are often not reported. This information is important to gen-
eralize study results and to decide whether or not study populations are comparable.
The heterogeneous studies and the limited information reported impeded us from
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conducting a meta-analysis. We have tried to balance these limitations by providing a
comprehensive comparative description of all the studies included and prognostic fac-
tors reported. In recent years, experts have suggested amending or replacing the cate-
gories of acute, sub-acute, and chronic with “recurrent” back pain. It has been shown
that recurrence is an important prognostic factor[50]. In the currently reviewed litera-
ture this concept has not yet been adopted and therefore will not be discussed. Our
analysis suggests that high fear avoidance beliefs in pain persisting longer than four
weeks are associated (independent of recurrence) with a worse outcome.

Implications for research

This systematic review highlights several important areas for future study. While the
evidence for screening for fear avoidance beliefs as a prognostic factor in sub-acute LBP
for work-related outcomes is supported, insufficient evidence is available for non-work-
related outcomes. In sub-acute LBP patients, FABQ-P and TSK were hardly investigated,
and studies in the primary care setting were scarce. Further research should aim at
establishing the prognostic value of FABQ-P and TSK for non-work-related outcomes in
sub-acute LBP. Furthermore, cut-off values would allow clinicians to identify patients at
risk. The findings of this review expand the knowledge of currently proposed cut-off
values mainly identified for short term outcomes. Future research should aim at inves-
tigating the value of cut-off values, e.g. the proposed cut-off values in the clinical impli-
cation section. The current review highlights the importance of a systematic assess-
ment of many prognostic factors. The Multinational Musculoskeletal Inception Cohort
Study Collaboration (MMICS) evaluated available instruments and proposed a core set
to assess not only prognostic factors but also outcomes in future research [50]. We
support the recommendation of a systematic assessment of prognostic factors with
comparable measures in future studies. This will allow researchers to conduct sub-
group analyses for specific prognostic risk factors and ultimately to pool study popula-
tions in future systematic reviews.

Current approaches aim at including variables from complimentary models in
screening instruments [5, 51]. Research should also focus on enhancing our under-
standing about the time-related importance of various prognostic factors for the devel-
opment of chronic LBP. One method could include using tools incorporating models
such as fear avoidance beliefs, catastrophizing, self-efficacy, and satisfaction and then
following patients over time. Another approach proposed by researchers is to further
categorize patients using the fear avoidance beliefs model (e.g. misinformed avoiders,
learned pain avoiders, affective avoiders). Those subjects who fall into these sub-
groups could then be assigned different treatment strategies which could be assessed
in future research.
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Implications for clinical practice

Treatment recommendations for LBP vary widely and often reflect the personal beliefs
of physicians and other health care providers [52, 53] without taking patient preference
or need into consideration. In addition the clinical judgment of therapists in the studies
reviewed here generally failed to correlate with patients self-reported fear avoidance
beliefs [54]. In clinical practice, a screening instrument can allow clinicians to accurately
identify risk factors like fear avoidance beliefs that have been shown to be modifiable
[55, 56]. Therefore, standardized measurement methods are needed to improve out-
comes. This systematic review supports a proactive standardized assessment of psycho-
logical risk factors when LBP persists longer than four weeks. High fear avoidance be-
liefs can be addressed and a decrease in fear avoidance beliefs leads to better outcome
[57-59]. Therefore targeted interventions should be initiated in patients expressing fear
avoidance beliefs when pain persists. Since the duration of LBP differed substantially in
many studies, and the acute, sub-acute, and chronic patients were sometimes studied
together, it is important to practice flexibility with durations and cut-offs. Someone
whose pain began 3 weeks ago (acute) may be assessed accurately at that time, as may
someone who exceeds the sub-acute phase by a week or two. Clinical judgment along
with standardized assessment is the best way to identify and treat a patient at risk.

To identify clinically relevant fear avoidance beliefs in patients with back pain sev-
eral cut-off values have been proposed. It is reasonable to believe that there is a dose
dependent relationship. Cut off values for low, moderate and high fear avoidance be-
liefs could be an approach to identify relevant fear avoidance beliefs for clinical prac-
tice. Based on the study of George at al a cut-off of 20 or less in the FABQ-W scale indi-
cates a low risk, and FABQ-W of 25 is associated with a high risk for long term outcomes
in patients with sub-acute LBP. Higher cut-off values for the FABQ-W scores (e.g. >28,
32) were associated with poor short term outcome [60] but not with poor long term
outcome [30]. For the FABQ-P a study with a small patient sample (therefor not includ-
ed in the current review) found a cut-off of 14 and more to be associated with poor
long term prognosis [61]. A potential ceiling effect has been observed [62]. Cut-off
values for the FABQ-P were oftentimes based on median split. We propose a pragmatic
approach by using a cut-off for low risk of less than 14 and for high risk 16 and more.
For TSK the cut-off value of 37 points and higher was proposed and was based on a
median split in the validation population [11]. In the current analysis a cut-off value of
less than 17 points was associated with low risk [40]. We therefore propose for future
validation studies the use of low risk (<17 points), moderate risk (17- <37 points) and
high risk (> 37 points). While the proposed cut-off values need further validation, they
are supported by currently available literature.

Recent research has shown that questionnaires that incorporate several psycholog-
ical factors (e.g. STarT Back Tool, Orebro questionnaire) which include questions de-
rived from the FABQ or TSK [48, 49] allow for identifying patients at risk for delayed
recovery and allow risk based treatment [5].
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Conclusion

Evidence suggests that fear avoidance beliefs are prognostic for poor outcome in pa-
tients with sub-acute LBP and should be addressed in this population to avoid delayed
recovery.
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Appendix 1:
Search history for PubMed, CINAHL, psychINFO October week 2 2011

PubMed
# Query Results
1 ("low back pain"[MeSH Terms] OR ("low"[All Fields] AND "back"[All Fields] AND 21548

"pain"[All Fields]) OR "low back pain"[All Fields]) OR ("low back pain"[MeSH Terms] OR

("low"[All Fields] AND "back"[All Fields] AND "pain"[All Fields]) OR "low back pain"[All

Fields] OR "lumbago"[All Fields]) OR ("low back pain"[MeSH Terms] OR ("low"[All

Fields] AND "back"[All Fields] AND "pain"[All Fields]) OR "low back pain"[All Fields] OR

("low"[All Fields] AND "back"[All Fields] AND "ache"[All Fields]) OR "low back ache"[All

Fields])
2 ("fear"[MeSH Terms] OR "fear"[All Fields]) AND avoidance[All Fields] 3531
3 #3 AND #4 299
4 Search #3 AND #4 Limits: Humans, Publication Date from 1990 to 2011 255
CINAHL
# Query Results
1 (MH "Low Back Pain") OR "low back pain" 10957
2 "lumbago" 40
3 "low back ache or low backache" 0
4 S1orS2 10977
5 "fear avoidance" 400
6 (MH "Avoidant Personality Disorder") OR "avoidance" 5477
7 "avoidance" 5454
8 S5 or S6 or S7 5477
9 S3 or S4 10977
10 S8andS9 274
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PsycINFO 1806 to October Week 2 2011

# Searches Results
1 exp Avoidance/ or avoidance.mp. orexp Approach Avoidance/ or exp Avoidance 34914
Conditioning.
2 fear.mp. or exp Fear/ or exp Conditioned Fear 43029
3 land?2 3676
4 fear avoidance.mp. 333
5 3or4 3676
6 low back pain.mp. 2010
7 pain.mp. or exp Back Pain 3370
8 low.mp. and 7 [mp-=title, abstract, heading word, table of contents, key concepts, 2160
original title, tests & measures]
9 6or8 2160
10 lumbago.mp. 26
11 (low and (backache or back ache)).mp. [mp-=title, abstract, heading word, table of 25
contents, key concepts, original title, tests & measures]
12 or/9-11 2196
13 5and 12 113
14 limit 13 to (human and yr="1990 -Current") 111
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CHAPTER 3 % THE ROLE OF FEAR AVOIDANCE BELIEFS
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CHAPTER 4

The influence of fear avoidance beliefs on
treatment outcome in patients with low
back pain: A systematic review

Maria M. Wertli, M.D., Eva Rasmussen-Barr, RPT; Ph.D., Ulrike Held, Ph.D., Sherri
Weiser, Ph.D., Lucas M. Bachmann, M.D.; Ph.D., Florian Brunner, M.D.; Ph.D.
Submitted
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Abstract

Background context: Psychological factors are believed to influence the develop-
ment of chronic low back pain. To date it is not known how fear avoidance beliefs influ-
ence the treatment efficacy in low back pain.

Purpose: To summarize the evidence examining the influence of fear avoidance
beliefs measured with the Fear Avoidance Beliefs Questionnaire (FABQ) or the Tampa
Scale of Kinesiophobia (TSK) on treatment outcomes in patients with low back pain.

Design / Setting: Systematic Review of randomized controlled trials.

Patient Sample: Patients with low back pain.

Outcome Measures: Work related outcomes and self-reported measures including
return to work, pain and disability

Methods: In January 2013, the following databases were searched: BIOSIS, CINAHL,
Cochrane Library, Embase, OTSeeker, PeDRO, Psycinfo, PubMed/Medline, Scopus and
Web of Science. A hand search of the six most often retrieved journals and a bibliog-
raphy search completed the search.

Study eligibility criteria, participants, and interventions: Research studies that
included patients with low back pain who participated in randomized controlled trials
(RCTs) investigating non-operative treatment efficacy. Out of 646 records 78 papers
were assessed in full-text and 17 RCTs were included. Study quality was high in five
studies, moderate in 12 studies. This study was not funded and the authors have no
conflict of interest to declare.

Results: In patients with low back pain of up to six months duration, high fear avoid-
ance beliefs were associated with more pain and / or disability (four RCTs) and less re-
turn to work (three RCTs) (GRADE high quality evidence, 831 patients vs. 322 in non-
predictive studies). A decrease in fear avoidance beliefs values during treatment was
associated with less pain and disability at follow-up (GRADE moderate evidence, two
RCTs with moderate quality, 242 patients). Interventions that addressed fear avoidance
beliefs were more effective than control groups based on biomedical concepts (GRADE
moderate evidence, 1051 vs. 227 patients in studies without moderating effects). In
chronic patients with LBP, the findings were less consistent. Two studies found baseline
fear avoidance beliefs to be associated with more pain and disability and less RTW (339
patients) while three others (832 patients) found none (GRADE low evidence).

Limitations: Heterogeneity of the studies impeded a pooling of the results.

Conclusion: Evidence suggests that fear avoidance beliefs are associated with poor
treatment outcome in patients with LBP of less than six months and thus early treat-
ment, including interventions to reduce fear avoidance beliefs, may avoid delayed re-
covery and chronicity. Patients with high fear avoidance beliefs are more likely to im-
prove when fear avoidance beliefs are addressed in treatments than when these beliefs
are ignored, and treatment strategies should be modified if fear avoidance beliefs are
present.
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Introduction

Low back pain is one of the leading causes globally of years lived with disability [1].
Almost all adults once in their lifetime complain about LBP, but 10-15 percent develop
chronic LBP [2]. This small percentage accounts for three-quarters of the total LBP asso-
ciated costs [3]. There is a consensus in the literature in acute low back pain to avoid
unnecessary investigation and overtreatment by treating symptomatically with encour-
agement to return to normal activity [4]. Persisting pain for several weeks predicts the
development of chronic low back pain, a condition where complete recovery are often
difficult to achieve [5]. Current research aims to identify risk indicators for delayed
recovery in patients with sub-acute LBP in order to optimize treatment and avoid
chronification. Targeted and timely interventions in patients at risk for chronic pain
facilitate recovery and may reduce health care costs [6].

The Fear Avoidance Model (FAM) is a theoretical model that describes how psycho-
logical factors affect the experience of pain and the development of chronic pain and
disability [7]. It is theorized that for some individuals with LBP, negative beliefs about
pain and/or negative illness information leads to a catastrophizing response in which
the worst possible outcome of activity is imagined. This leads to fear of activity and
avoidance which in turn causes disuse and resultant distress, reinforcing the original
negative appraisal in a deleterious cycle [7]. The FAM suggests that patients without
fear avoidance beliefs are more likely to confront pain problems and are more active in
the coping process. This type of “good” coping has been used to develop interventions
for those with high fear avoidance beliefs.

While the Fear Avoidance Model is generally accepted, it is a matter of debate as to
how and when to best assess fear avoidance beliefs in clinical practice. Current treat-
ment guidelines for low back pain recommend the timely identification and initiation of
multidisciplinary treatment for other psychological factors (e.g. depression, distress, job
dissatisfaction) associated with increased risk for delayed recovery [4, 8, 9]. There are
however no recommendations for the assessment of fear avoidance beliefs. In a recent
systematic review (Wertli et al. submitted) high fear avoidance beliefs, identified by the
most frequently used questionnaires, the Fear Avoidance Questionnaire (FABQ [10])
and the Tampa Scale of Kinesiophobia (TSK [11, 12]), were prognostic in patients with
sub-acute low back pain for not returning to work in observational studies. Whether
high fear avoidance beliefs identified by these two questionnaires specifically influ-
ences treatment efficacy in currently used treatment strategies is unknown [13-17].

How fear avoidance beliefs influences treatment outcomes and moderate treat-
ment efficacy in LBP has not been reviewed systematically. The aim of the current re-
view is therefore to assess the influence of fear avoidance beliefs on the outcome of
various treatments in randomized controlled trials (RCTs) for patients with LBP.
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Methods

The review was conducted following the PRISMA statement on conducting systematic
reviews of randomized controlled trials [18]. To allow for comparison between studies
and to clarify the moderating role of fear avoidance beliefs on treatment efficacy in
patients with LBP, we restricted this review to studies that assessed fear avoidance
beliefs with the most often used questionnaires, the fear avoidance questionnaire
(FABQ) and the Tampa Scale of Kinesiophobia (TSK). For both questionnaires a moder-
ate overlap has been shown.

Literature search

We identified all RCTs meeting our eligibility criteria (defined in detail below) published
between January 1990 and January 2013. The following databases were searched in
January 2013: BIOSIS, CINAHL, Cochrane Library, Embase, OTSeeker, PeDRO, Psycinfo,
PubMed/Medline, Scopus, and Web of Science. The search was conducted with the
help of an experienced librarian. Search terms included “fear” and “avoidance” as Med-
ical Subject Headings (MeSH) as well as other subject headings and different combina-
tions. Two detailed search strategies are depicted in Appendix 1. To ensure the com-
pleteness of the literature search, one reviewer (MW) conducted an electronic hand
search of the six most often retrieved journals and added all potentially eligible refer-
ences not retrieved by the systematic search. In addition, bibliographies of included
studies relevant to the research question were searched and potentially eligible refer-
ences were included in the full text review (inclusion and exclusion criteria applied).
Authors of studies that were eligible but did not report sufficient information were
contacted and, where available, this information was included in the analysis.

Eligibility criteria

All RCTs were considered eligible for inclusion in this investigation that met the follow-
ing criteria: they reported research concerning patients seeking care for LBP; they
demonstrated at least moderate study quality; they investigated the effect of fear
avoidance beliefs assessed by the two most often used questionnaires - the Fear Avoid-
ance Questionnaire (FABQ) and the Tampa Scale for Kinesiophobia (TSK); and they were
published between January 1990 and January 2012. We focused on RCTs with at least
30 patients per group because of a concern about sample size. Assuming a 50 percent
reduction in perceived disability that was one third greater in the treatment group
when compared to the reference group, a sample size of 37 patients per group would
be sufficient to detect the difference in allowing a drop-out rate of 15% (alpha 0.80,
significance level 0.05). No limits for the study setting or language of the publication
were applied. Excluded were conference proceedings.
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Study selection, data extraction, and synthesis

The bibliographic details of all retrieved articles were stored in an Endnote file. Two
reviewers (MW and ERB) independently screened all 691 references by title and ab-
stract. The full text was reviewed by both reviewers independently (MW and ERB) in all
studies meeting the pre-defined eligibility criteria (n= 78). Disagreements were dis-
cussed and resolved by consensus or by third party arbitration (SW). Researchers with
specific language proficiencies reviewed non-English language references. In the case of
several publications for the same RCT without change in outcome or follow-up dura-
tion, the most recent publication was chosen and missing information from the previ-
ous publication added.

Quality assessment

The quality of each study was assessed using the Scottish Intercollegiate Guidelines
Network (SIGN) methodology checklist for RCTs [19]. In addition all quality criteria not
covered in this checklist but considered to be important according to a consensus study
on methodological criteria for the assessment of moderators in systematic reviews
were added [20]. Meta-analyses were only considered when all the following criteria
were met: moderators were measured prior to randomisation; adequate quality of
measurement of baseline factors; explicit test of interaction between moderator and
treatment. All information needed to describe the study population was extracted. To
assess the baseline characteristics of the study population, important prognostic factors
for the course of low back pain were extracted and assigned to one of the 16 domains
used in previous research [21] and proposed by Hayden et al. [22] general characteris-
tics, social environment, overall health status, overall psychological health, previous
LBP, work-psychosocial demands, work-physical demands, work-history and attributes,
disability related to LBP, time change of LBP, physical examination findings, change in
physical examination, diagnosis of LBP, and compensation related to LBP. The number
of domains reported is given for each study.

This information was used to rate the overall bias risk and study quality according
to the SIGN recommendations. The ratings included high quality (++; most criteria ful-
filled and if not fulfilled, the study conclusions are very unlikely to be altered), moder-
ate quality (+; some criteria fulfilled and if not fulfilled, the study conclusions are unlike-
ly to be altered), low quality (-; few or no criteria fulfilled, conclusions likely to be al-
tered). Studies rated as low quality by both reviewers were excluded from further anal-
ysis.
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Outcome definition

All investigated outcomes were extracted and operationalized [(e.g. perceived disability
measured by Oswestry Disability Index (ODI) or by Roland Morris Disability Question-
naire (RMQ)].

Operationalization of fear avoidance beliefs as predictor, mediator and moderator

The definitions for predictor, mediator and moderator were adopted from Pincus and
colleagues [20]. Predictor: baseline fear avoidance beliefs affect outcome but do not
interact with the allocated treatment intervention. Mediator: change in fear avoidance
beliefs during treatment impacts outcome, with or without interacting with allocated
treatment. Moderator: fear avoidance beliefs at baseline interact with treatment. The
quality of the moderator analysis was assessed for each study by two reviewers (EB and
MW) and discussed with an experienced statistician (UH). The following factors were
considered: 1) when multiple comparison were conducted, was the significance level
adjusted from p <0.05 to < 0.001; 2) was an interaction test between treatment and
moderator conducted; 3) were moderators equally distributed between groups at base-
line. Predictive” or “moderating” means that fear avoidance beliefs were significantly
associated with outcome in an univariate analysis or in a stepwise procedure and there-
fore were included in the final multiple model.

Treatment definition

All information given about the treatments delivered were extracted. Based on this
information each treatment was categorized into: treatment based on a biomedical
approach (e.g. PT without CBT approach, the Handy Hints Back Book); treatments
aimed to address fear avoidance beliefs (e.g. psychological informed PT, cognitive be-
havioural therapy (CBT), active advice including information about psychological fac-
tors, graded activity). Whether a treatment addresses fear avoidance beliefs or not was
rated independently by two reviewers (MW, EB) and disagreements were discussed. If
no consensus could be achieved an independent third reviewer (SW) decided whether
or not a treatment addressed fear avoidance beliefs.

Psychometric properties and description of the investigated questionnaires

The FABQ [10] is a 16-item questionnaire, each item scored zero to six. High levels indi-
cate increased levels of fear avoidance beliefs. Two subscales exist: a seven-item work
subscale (FABQ-W, range 0 to 42) and a four-item physical activity subscale (FABQ-P,
range 0 to 24). FABQ and the two sub-scales have been shown to be reliable and valid
for the measurement of FAB. The Cronbach’s alpha for the FABQ-P was 0.75, test-retest
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reliability r=0.64. For the FABQ-W, the Cronbach’s alpha was 0.82, test-retest r=0.80
[23].

The Tampa Scale for Kinesiophobia (TSK) is a 17-item questionnaire [23]. Each item
is measured on a four-point Likert scale (1 = strongly disagree, to 4 = strongly agree).
The scale ranges from 17 (no fear) to 68 (strong fear of re-injury). Several studies found
support for the construct and predictive validity and reliability of the TSK [11, 24]. Fur-
ther research found that a two factor model based on 13 items to explain up to 70% of
the variation and its validity was confirmed [25]. Two factor model consisted of a “harm
factor” (items 3, 5, 6, 9, 11, 15 with a range of 6-24) and an “activity-avoidance” factor
(items 1, 2, 7, 10, 13, 14, 17 with a range of 7-28) [23]. The “harm factor” reflects the
beliefs that something is seriously wrong with the body, while the “activity-avoidance”
factor indicates that avoiding exercise or activity might prevent an increase in pain.

While the two scales measure different concepts (i.e. FABQ measures fear of pain
caused by physical activity; TSK measures fear of movement and re-injury), a moderate
overlap has been shown [23, 26, 27]. The correlation between TSK and FABQ ranged
from 0.39 (FABQ-P) and 0.33 (FABQ-W) [23] to 0.53 (FABQ-P) and 0.76 (FABQ-W) [27].

Statistical analysis

Due to heterogeneous study populations, measurements and scales used as well as
outcomes investigated, no meta-analysis was performed. Descriptive statistics (ranges)
were used to summarize findings across all RCTs for baseline fear avoidance mean val-
ues. Forest plots were generated using the R statistical software [28]. Forest plots were
based on the values (odds ratio, hazard ratio, beta with corresponding 95% confidence
interval) reported in the study reports.

For appraising the evidence of the results the GRADE system [29] was used which
was also adopted by the Cochrane Back Review Group [30]: high quality (75% of the
RCTs with consistent findings, direct and precise data, no suspected publication biases,
further research is very unlikely to change our confidence in the estimate of effect),
moderate quality (several RCTs of moderate quality, further research is likely to have an
important impact on our confidence in the estimate of effect and may change the esti-
mate), low quality (only a few RCTs of moderate quality available, further research is
very likely to have an important impact on the estimate of effect and is likely to change
the estimate), very low quality (effect is very uncertain).
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Results

Study selection

The search and inclusion process is summarized in Figure 1. Out of 2,331records, 78
were reviewed in full text. The full text assessment utilizing the inclusion and exclusion
criteria resulted in the exclusion of 60 studies. The main reasons for exclusion were not
investigating fear avoidance beliefs as a predictor or moderator (n= 32), use of ques-
tionnaires other than FABQ and TSK (n= 6), duplicate publications (n= 10) and study
protocol only (n= 8). In total, 18 publications based on 17 RCTs were included in the
analysis. One study led to two publications reporting different interventions. Therefore,
both publications were included [31, 32]. Study quality was mostly moderate (n = 12,
70%) and good (n =5, 30%).
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Figure 1. PRISMA study flow
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Study characteristics

Baseline characteristics are summarized in Table 1. Most studies included patients with
non-specific low back pain (NSLBP, n=15). One study also included patients with specific
low back pain (SLBP) [33]. In two studies, LBP was not further specified [34, 35]. Ten
studies included patients with LBP of up to 6 months (range of patients included 66 to
314) and followed them for four weeks to 12 months. Patients with LBP of six months
and longer were the scope in six studies (range of patients included 71 to 598, disease
duration 9 to 19 years) with a follow-up between three months [34] to three years [36].
Most RCTs compared interventions addressing fear avoidance beliefs to usual care or
studies based on biomedical approaches (n= 14, 82%). Two RCTs compared treatments
based on biomedical approaches [17, 37] and one RCT compared two fear avoidance
addressing strategies [38]. Outcome measures were based in 14 studies (78%) on self-
perceived measures (e.g. pain, disability), and in four studies (22%) on return to work
(RTW) information.
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Influence of baseline fear avoidance beliefs on treatment outcome in patients with
LBP of up to 6 months

Seven out of nine RCTs (77%) found baseline fear avoidance beliefs to influence treat-
ment outcome (Table 2) [17, 33, 39-43]. Patients with high baseline scores had more
pain and / or disability (four studies [33, 39, 42, 43], Figure 2) and were less likely to
return to work (three studies [17, 40, 41]). Fear avoidance work scores (FABQ-W) was
assessed in seven studies and predicted poor work related outcomes in four studies
[17, 40, 41] and disability in one study [39]. High FABQ-W scores were not associated
with RTW in one study [42] and did not predict pain in two studies [31, 32]. Of the sev-
en studies that used FABQ-P, high FABQ-P scores were associated with less RTW in one
study [40] and more disability in two studies [42, 43]. One study found a combination of
high fear avoidance beliefs and catastrophizing to be associated with more pain and
disability while fear avoidance (FABQ-P) alone was not [33, 44]. Three studies found no
influence of FABQ-P on RTW [17, 41] and pain [45]. TSK was only used once. In this
study only patients with high TSK scores (>38) were included and in this group there
was no association between TSK and pain [46].

Mediating effect of change in fear avoidance beliefs on treatment outcome in
patients with LBP of up to 6 months

In all three RCTs that investigated mediating effects found an association of decrease in
fear avoidance beliefs during treatment with more RTW [40] (FABQ-P, FABQ-W, TSK),
less pain [33, 44] (FABQ-P, not FABQ-W) and disability [47] (FABQ-P) (Table 2, Figure 3)
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CHAPTER 4 % FEAR AVOIDANCE BELIEFS ON TREATMENT OUTCOME

Figure 2. Influence of fear avoidance beliefs on treatment outcomes

Low Back Pain up to 6 months

Author & Year Questionnaire Cut-off Outcome Odds Ratio OR 95%-Cl
Fritz 2002 FABQ-W No WR - 1.2 [1.07; 1.34]
05 1 2
Improves | Detericrates
Author & Year Questionnaire Cut-off Qutcome FU B B 85%-CI
George, B 2006 FABQ-W No  Disability 30 043 [0.03; 0.83]
George, D 2003 FABQ-P No Disability 28 0.29 [0.01, 0.57]
George, D 2003 FABQ-P No Disability 180 , —_ 047 [0.17,0.77]

I | 1 1 I I 1
3 -2 A 0 1 2 3
Improves | Deteriorates

Author & Year Questionnaire Cut-off Qutcome FU Hazard Ratio HR 95%-Cl
Storheim 2005 FABQ-W No WR 360 | ' 1.08

0.5 1 2
Low Back Pain 6 months and longer Improves | Deteriorates
Author & Year  Questionnaire Cut-off Outcome FU & B 95%-ClI
Ang 2010 TSK shart No Pain 90 D46 [ 0.01;0.91]
Ang 2010 TSK short No Disability 90 0.57 [ 0.12; 1.02]

Underwood 2011 FABQ-P ==14  Disability(#) 360 —
Underwood 2011 FABQ-P >=14 Disability(§) 360

0.01 [-0.84;0.82]
2,56 [-10.35; 5.23]

B Y

Underwood 2011 FABQ-P »=14 Pain 360 — -0.20 [-0.50:0.10]
v.d. Hulst 2008 TSK No  Disability 56 0.02 [-0.120.15]
v.d. Hulst 2008 TSK No Disability 120 0.13 [-0.03;0.29]
v.d. Hulst 2008 TSK No SF36D 56 i -0.11 [-0.35;0.13]
v.d. Hulst 2008 TSK No SF36D 120 ’ -0.23 [-0.52; 0.06]
v.d. Hulst 2008 TSK No SF36M 56 = 012 [-0.41;0.17)
v.d. Hulst 2008 TSK No SF3BM 120 T 023 [-0.12; 0.58]

| — L —
-3 -2 -1 0 1 25 3
Improves | Deteriorates

Author & Year  Questionnaire Cut-off Outcome FU Odds Ratio OR 95%-Cl
Rasmussen 2012  FABQ-P >=14 Disability 360 T 0.80 [0.27: 2.35]
Rasmussen 2012 FABQ-P >=14 Pain 360 e 1.21 [0.46; 3.17]
Rasmussen 2012 FABQ-P >=14 Disability 1080 —_— 128 [0.38 4.31]
Rasmussen 2012 FABQ-P >=14 Pain 1080 1 097 [0.89; 1.06]
Magnussen 2007 FABQ-P <14.8 WR 360 —_— 077 [0.23; 2.61]
Magnussen 2007 FABQ-W <35 WR 360 — 0.33 [0.08; 1.40]
— ¥ & 1
05 1 2 45
Improves | Deteriorates

§ RMQ; # MVK; FU, follow-up given in days: WR, work-related; OR, odds ratio; B, Beta; SF-36D, SF-36 physical
health sub-score: higher score indicates higher level of functioning; SF-36M, mental health sub-score: higher
score indicates higher level of functioning
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Moderating effect of fear avoidance beliefs on treatment efficacy in patients with LBP
of up to 6 months

Ten RCTs investigated moderating effects of fear avoidance beliefs on specific treat-
ments. Six studies found moderating effects on one or more treatments (Table 2, Figure
4). Baseline fear avoidance beliefs were associated with more pain or disability and less
RTW in treatment arms based on biomedical concepts and fear avoidance strategies
(Table 3, Figure 4). Higher scores in fear avoidance beliefs was associated with in-
creased treatment efficacy of fear avoidance beliefs addressing treatment strategies.
Interventions providing information to reduce fear avoidance beliefs (the Back Book,
minimal intervention by GP’s) led to less reported disability in patients with high fear
avoidance beliefs (FABQ-P) at short term follow-up [45, 47], Graded activity based on
operant conditioning described by Vlaeyen et al. [48] was less effective in patients with
high fear avoidance beliefs in two studies [40, 46]. Woods et al. compared graded activ-
ity alone to additional CBT based education and found an increased efficacy of combin-
ing the two in patients with high fear avoidance beliefs [46]. RCTs that combined fear
avoidance addressing information, graded exposure and physical treatments found and
increased treatment efficacy in patients with high fear avoidance beliefs with less disa-
bility [42, 43]. In treatment arms based on biomedical concepts eight out of nine (89%)
found that baseline fear avoidance beliefs were associated with poor outcome for pain
(n= 1), disability (n=4) and RTW (n=4) at short and long term follow-up (Table 3). Com-
pared to the Back Book a booklet based on biomedical concepts (Handy Hints Booklet)
was associated with less clinical meaningful important change (CMID) at follow-up
compared to patients with the Back Book [47].

Figure 3. Mediating effect of change in FAB during treatment in subacute LBP

Author & Year Questionnaire Cut-off Qutcome FU Hazard Ratio 95%-Cl
Staal 2008 AFABQ-P 3m No WR 360 —_— [0.29; 0.85]
Staal 2008 AFABQ-W 3m  No WR 360 ——— [0.27;0.77)
Staal 2008 ATSK 3m No WR 360 —— [0.26;0.73]
0.5 1 2
Improves | Deteriorates
Author & Year Questionnaire Cut-off Qutcome FU B B 95%-Cl|
George, Z 2008  AFABQ-P No Pain 30 ] -0.26 [-0.46; -0.06]
George, Z2008  AFABQ-P No Pain 180 ~| -0.25 [-0.47;-0.03]
I T T T T T 1
3 -2 4 0 1 2 3
Improves | Deteriorates

A change from baseline to follow-up; 3m, three months
* 1 day without pain
+ 7 days without pain
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Influence of baseline fear avoidance beliefs on treatment outcome in patients with
LBP of 6 months and longer

Out of five RCTs two found high baseline fear avoidance beliefs to be associated with
increased pain (TSK [34]) and RTW (FABQ-W [35]) (Table 4, Figure 2). No association of
fear avoidance beliefs with disability at follow-up was found in three studies (FABQ-P
[36], TSK [49], FABQ-P [38]).

Mediating effect of change in fear avoidance beliefs on treatment outcome in
patients with LBP of 6 months and longer

One study investigated the influence of a change of fear avoidance beliefs on treatment
outcome [37]. While changes in FABQ-P and FABQ-W scores were non-predictive for
disability, a small effect was found for change in FABQ-W on pain reduction (Table 4).

Moderating effect of fear avoidance beliefs on treatment efficacy in patients with LBP
of 6 months and longer

In patients with chronic low back pain, only one study found a multidisciplinary rehabili-
tation in patients with high fear avoidance beliefs (TSK) to lead to less disability and an
increased chance for RTW (Table 5, Figure 4) [35]. No moderating effect was found on
all other treatments investigated [34-38]. Underwood et al. compared active advice
including the Back Book to active advice with additional group therapy session of CBT
and found no influence of fear avoidance beliefs on treatment efficacy [38]. A summary
of the description of the interventions extracted from the publications is provided in
Appendix 2.
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CHAPTER 4 % FEAR AVOIDANCE BELIEFS ON TREATMENT OUTCOME

Figure 4. Moderating effect of fear avoidance beliefs on treatment efficacy

Low Back Pain of up to 6 months

Author & Year  Treatment Questionnaire Cut-off Qutcome FU Hazard Ratio HR 95%-Cl
Hancock, D 2008 NSAIDvsP  FABQ-P Mo Pain{*) torec 106 [1.00;1.12]
Hancock, D 2008 NSAID vs P FABQ-P No Pain(+) torec 1,04 [0.99:1.10]
Hancock, D 2008 NSAIDvsP  FABQ-W Mo Pain{*) torec 1.00 [D.9T'I 1.02]
Hancock, D 2008 NSAIDvs P FABQHW No  Pain{+) forec 0.99 [0_9?; 1.02]
05 1 2
Favors Placebo | Favors NSAID
Author & Year Treatment Questionnaire Cut-off Qutcome FU Hazard Ratio HR  95%-Cl
Staal 2008 GAvsUC FABQ-P <16 WR 360 0.33 [0.18; 0.62]
Staal 2008 GAvs UC FABQ-P >=16 WR 60 062 [0.38,1.03]
Staal 2008 GAvsUC FABQ-W shot <26 WR 360 0.38 [022;067)
Staal 2008 GAvs UC FABQ-W shont  ==26 WR 360 o 062 [0.38,1,03]
[ E—
05 1 2
Favors G& | Favors UG
Author & Year Treatment Questionnaire Cut-off Outcome FU B p 95%-CI
Georgs, D 2003 PT FABQ-P No  Disability 28 1.02 [0.09; 1.95]
George, D 2003 PT FABQ-P No  Disability 180 —— 127 [0.24; 2.30]
George, D 2003 FAB-PT FABQ-P No  Disability 28 ——— 063 [-203077]
George, D 2003 FAB-PT FABQ-P Na Disability 180 — 0.07 [-0.76; 0.62]
T T T T T 1
3 2 <1 0 1 2 3
Improves | Deteriorates
Author & Year Treatment Questionnaire Cut-off Qutcome FU Odds Ratio OR  95%-Ci
Klaber 2004 Exvs UC FABQ-P <14  Disability 42 —_— 0.61 [0.24; 1.54]
Klaber 2004 Exvs UC FABQ-P ==14 Disability 42 0.37 [0.14, 0.96]
Kiaber 2004 Exvs UC FABQ-P <14 Disability 180 e 0.58 [0.19;1.72)
Kiaber 2004 Exvs UC FABQ-P *=14  Disability 180 —— 0.51 [0.18,1.39]
Klaber 2004 Exvs UC FABQ-P <14  Disability 380 —e— 0.86 [0.31,2.237]
Kiaber 2004 Exws UC FABQ-P ==14 Disability 360 _— 0.28 [0.10,0.77]
T
05 1 2
Low Back Pain of 6 months and longer Favors Exercise | Favors UG
Author & Year Treatment Questionnaire Cut-off Qutcome FU [5 95%-Cl
v.d. Hulst 2008 MR TSK Ne  Disability 56 8 [-0.12; 0.28]
v.d Hulst 2008 MR TSK No  Disability 120 8 [-0.02; 0.38]
v.d. Hulst 2008 MR TSK Ne SF36D 56 4 [-0.57; 0.09]
v.d. Hulst 2008 MR TSK No SF360 120 2 [0.76,-0.02]
v.d. Hulst 2008 MR TsK No SF3eM 56 1 [-0.40; 0.42]
v.d. Hulst 2008 MR TSK Mo SF3gM 120 4 [-0.19; 0.687]
(| T 1
-3 -2 1T 2 3

Increased Treatment Effect |

Decreased Treatment Effect

MIS, minimal intervention strategy; NSAID, non-steroidal anti-inflammatory drug; P, Placebo; Ex, exercise: UC,
usual care; MR, multidisciplinary rehabilitation
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Differences between studies with non-predictive and predictive findings

Studies with non-predictive findings included on average more patients than studies
with predictive findings (Table 6). This may be a spurious finding since it is mainly due
to one study that included more than 580 chronic LBP patients [38]. The reporting of
previously identified prognostic factors for chronic LBP could be improved in all studies
[22]. Out of 16 domains predictive studies reported between 5 and 12 and non-
predictive studies between 5 and 10 domains. Thus, reporting of prognostic factors did
not differ between predictive and non-predictive studies.

Most often FABQ-P was investigated (15 times) followed by FABQ-W (10 times) and
TSK (4 times). The most consistent predictor was the baseline FABQ-W value. All non-
predictive studies had low baseline FABQ-W values (range of baseline mean values
14.3-14.5, Table 6) compared to the predictive studies (range of baseline mean values
15.1 - 30.8), indicating that non-predictive studies included a low risk population with
little variability in FABQ-W. In non-predictive studies using FABQ-P, low baseline values
could be responsible for non-predictive findings in two studies with chronic LBP (mean
baseline value 13.5 [38], 13.0 [36]). The difference in the FABQ-P baseline values was
not as pronounced as in the FABQ-W values. Eight studies (45%) used cut-off values
with mixed findings. Most often the cut-off of 214 points for FABQ-P (n= 5, once medi-
an split) was used. Only two studies used FABQ-W cut-off values (226 [40] and median
split of 235 [35]).

Table 6. Differences between predictive and non-predictive studies

All <6 months LBP 26 months LBP

+ - + - + -
Publications: n 9 5 7 2 2 3
n: range 78-250 71-598 78-187 83-239 89-250  71-598
Age: mean (range) 36.2-55 40.7-54  36.2-41 40.7-46.5 49-55 38-54
Disease duration: range of mean 5 days - 9days- 5.5-120 9-35 9-11 5-13
disease duration (days) 11 years 13 years years years
Follow-up: range (months) 1-12 2-36 1-12  torecovery  3-12 4-36

- 2 months

Prognostic Domain’: range 5-12 5-10 5-12 5-6 7-8 7-10
FABQ-W: range baseline mean values  15.1-30.8 14.3-14.5 15.1-27.9 14.3-14.5 30.8 -
FABQ-P: range baseline mean values 13.3-16.9 13.5-18.9 13.3-16.9 17.0-18.9 - 13.5-14.6
TSK: range baseline mean values 39.4 39 39.4 - N.R. 39
SIGN Quality +(n=7), +(n=3), +(n=6), +(n=1), +(n=1),++ +(n=2),

++(n=2) ++(n=2)  ++(n=1) ++(n=1) (n=1) ++(n=1)

*Number of prognostic domains reported (modified from Hayden et al. [22])

FABQ, fear avoidance beliefs questionnaire; FABQ-W, work sub-scale of the FABQ; FABQ-P, physical subscale
of the FABQ; TSK, Tampa Scale of Kinesiophobia; SIGN, risk of bias: (++), high quality: most of the criteria have
been fulfilled; (+), moderate quality: some criteria fulfilled.
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Discussion

Main findings

In this systematic review of 17 randomized controlled trials (RCTs), we found convincing
evidence that the presence of fear avoidance beliefs (FAB) assessed by the most fre-
quently used questionnaires, the FABQ and the TSK, influences treatment effects in
patients with low back pain (LBP) of less than six months duration (GRADE high quality
evidence, 831 patients vs. 322 in non-predictive studies). There was moderate evidence
that a decrease in FAB values during treatment was associated with less pain and disa-
bility at follow-up (two RCTs with moderate quality, 242 patients). Interventions that
addressed fear avoidance beliefs (GRADE moderate evidence, 1051 vs. 227 patients in
studies without moderating effects) were more effective than treatments based on
biomedical concepts. In chronic patients with NSLBP, the findings were less consistent.
Two studies found baseline fear avoidance beliefs to be associated with more pain and
disability and less RTW (339 patients) while three others (832 patients) found none
(GRADE low evidence).

Results in light of existing literature

To our knowledge, this is the first systematic review summarizing the current evidence
on the role of fear avoidance beliefs identified by the FABQ or the TSK as a moderator
of treatment efficacy in RCTs for acute, sub-acute, and chronic NLSBP. Several non-
systematic reviews highlighted the importance of the fear avoidance model [50-52]
while others questioned the impact [14, 53, 54]. Other systematic reviews [55, 56]
addressed the efficacy of specific treatment interventions, but to date none have sys-
tematically addressed the influence of baseline level of fear avoidance beliefs on
treatment efficacy. Therefore it is unknown if treatments addressing fear avoidance
beliefs are suitable for all patients with LBP and further if treatments based on biomed-
ical concepts are less effective in patients with high fear avoidance beliefs. Our findings
suggest that interventions addressing fear avoidance beliefs in patients with high fear
avoidance beliefs score values at baseline are effective in patients with LBP of less than
six months duration. In patients without or with low fear avoidance beliefs, such treat-
ments are no more effective than other treatment strategies and likely unnecessary. To
verify this, future studies should include a large enough sample of patients to allow for
subgroup analyses.

A recent systematic review [65] of observational studies highlighted the im-
portance of fear avoidance beliefs for poor work-related outcomes in subacute LBP
patients and therefore recommended systematic assessment of fear avoidance beliefs
in patients with persistent low-back pain. The current study further supports these
findings and expands on the influence of fear avoidance beliefs on treatment response
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and treatment outcome. The influence of fear avoidance beliefs in patients with per-
sisting pain is less apparent. It is reasonable to believe that a chronic population has
already solidified their beliefs and there may be less variation in beliefs about the effect
of activity on pain in this group. It therefore makes sense that these beliefs are more
important in guiding the course of LBP in the sub-acute phase when individuals are at
risk of becoming chronic and beliefs may be more disparate as shown in a recent study
[65]. Since there was an absence of assessment of additional psychological constructs
with potential overlap in the studies reviewed here, this is a topic for future study.

Strength and limitations

The strengths of this systematic review are the assessment of fear avoidance beliefs in
light of disease duration and the comprehensive evaluation of the currently available
literature. The search was inclusive, no language limitations were applied, and a thor-
ough bibliographic search was conducted in order to include all relevant studies. The
extraction process was done in accordance with current guidelines and with the help of
an experienced statistician. Potential factors of influence were identified by a multidis-
ciplinary team (a psychologist, internist, physical therapist, statistician, rheumatologist,
and methodologist).

The study’s main limitation is a possibility of bias due to the moderate quality of
most studies. Some studies did not meet the required sample size calculated for the
primary outcome. None of the studies provided a power analysis for moderator effect.
For reliable subgroup analysis even more patients are needed. We are aware of some
limitations with regards to generalizability by limiting our search to studies that used
FABQ or TSK only to assess fear avoidance beliefs. Other available questionnaires in-
clude questions that address fear avoidance beliefs but were not included into this
analysis. The strength of our approach is that FABQ and TSK are widely used question-
naires and assess fear avoidance beliefs exclusively which allowed us to make compari-
sons among studies. Further, some of the recent questionnaires that assess different
coping strategies including the STarT Back Tool or the Orebro questionnaire included
questions that were derived from the FABQ or TSK [6, 57, 58]. Therefore it is likely that
our findings would apply to studies that use such questionnaires with regards to the
importance of fear avoidance beliefs. The heterogeneity of studies and the methodo-
logical limitations impeded us from conducting a meta-analysis [20]. We have tried to
balance these limitations by providing a comprehensive comparative description of all
the studies included and the prognostic factors reported.

Implications for research

Addressing fear avoidance beliefs leads to better outcome compared to treatments
that are based on biomedical concepts in particular in patients at risk for chronic LBP.
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While our review might suggest that distributing educational information will reduce
fear avoidance beliefs equally compared to more intensive interventions, there is some
evidence from one study that interventions that expose the patient to the feared activi-
ties are more effective than education alone [59]. However, this study population was
small and therefore omitted from this review. Future research should further investi-
gate how treatment interventions designed to address fear avoidance beliefs work.
Further, the mechanism by which fear avoidance beliefs affect the outcome should be
investigated. It has been suggested that fear of activities may be motivated by different
aspects of injury, such as pain or likelihood of reinjury [14, 60]. It has also been sug-
gested that pain intensity may influence fear avoidance beliefs separate from cognitive
appraisal [61]. However, these constructs are difficult to disentangle and need to be
clarified for future study. Because we used results from multivariate analyses where the
main confounders including baseline pain are included in the model, our findings sug-
gest that fear avoidance beliefs have an effect regardless of the influence of baseline
pain. In addition, the process delineated in the fear avoidance model has been ques-
tioned. It has been suggested that one may show fear avoidance beliefs with or without
catastrophizing as a prerequisite [62]. Therefore, the interaction between fear avoid-
ance beliefs and the presence of catastrophizing or other coping strategies and their
effects on outcome should be investigated further. One way to approach this is to in-
clude tools that assess different aspects of coping such as fear avoidance beliefs,
catastrophizing, self-efficacy, and positive outcome expectations to test their relative
utility. Another approach proposed by researchers [15, 60] is to further categorize pa-
tients in different types of avoiders (e.g. misinformed avoiders, learned pain avoiders,
affective avoiders) [50, 60]. Those subjects who fall into these sub-groups could then be
assigned to different treatment strategies.

The various outcome measures reported impeded us from conducting meta-
analysis. In future studies a core set of information should be collected as proposed by
the Multinational Musculoskeletal Inception Cohort Study Collaboration (MMICS) [64].
This will allow researchers to conduct sub-group analyses for specific prognostic risk
factors and ultimately to pool study populations in future systematic reviews.

The current available literature does not support one scale over the other. TSK was
used less often than the FABQ. It seems that FABQ-W and FABQ-P are complementary
and, depending on the patient population, study participants express more fear of
physical activity or fear of work. The independents of these constructs argue for the use
of both, regardless of how they are measured. This information is particularly im-
portant for researchers that strive for including different coping strategies in one ques-
tionnaire by using single item questions. Whether the proposed cut-off values are valid
for identifying patients at risk for poor outcome has not been shown to date. In the
current review, few studies used cut-off values and the results were inconsistent. For
clinicians it is important to know at what point treatments addressing fear avoidance
beliefs should be initiated. Whether the proposed cut-off values are valid for identifying
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patients at risk for poor outcome has not been shown to date. In the current review,
few studies used cut-off values and the results were inconsistent. Recently the use of
the following cut-off values for high fear avoidance beliefs has been proposed: FABQ-P
of 16 and more points, FABQ-W of 25 and more points, TSK of 38 and more points [65].
For low fear avoidance the following cut-off values have been proposed: FABQ-P 14 or
less points, FABQ-W 20 or less, and TSK score 17 and less points [65]. Future research
should aim at validating these proposed cut-off values in the randomized clinical trial
setting and clarifying the role of cut-off values.

Implication for practice

Treatment recommendations for LBP vary widely and often reflect the personal beliefs
of physicians and other health care providers [66-68] without taking patient preference
or need into consideration. In addition, the clinical judgment of therapists in the studies
reviewed generally failed to correlate with patients’ self-reported FAB [69]. In clinical
practice, a screening instrument can allow clinicians to accurately identify risk factors
like fear avoidance beliefs that have been shown to be modifiable [42, 45]. Therefore,
standardized measurement methods are needed to improve outcomes. This systematic
review supports a proactive standardized assessment of psychological risk factors when
LBP persists. Further, it also supports the recommendation that patients with high fear
avoidance beliefs should be treated with interventions targeting fear avoidance beliefs.
The distribution of information material addressing fear avoidance beliefs has been
shown to be effective in patients with high fear avoidance beliefs. It is an inexpensive
and widely available intervention. Further physical therapy addressing fear avoidance
beliefs also led to better outcome when compared to physical therapy based on bio-
medical concepts. Fear avoidance beliefs should be taken into account in the treatment
of patients with LBP. The comparison of the efficacy of different treatment interven-
tions was beyond the scope of this review.

Conclusion

Evidence suggests that fear avoidance beliefs are associated with poor treatment out-
come in patients with LBP of less than six months and thus early treatment, including
interventions to reduce fear avoidance beliefs, may avoid delayed recovery and chro-
nicity. Patients with high fear avoidance beliefs are more likely to improve when fear
avoidance beliefs are addressed in treatments than when these beliefs are ignored, and
treatment strategies should be modified if fear avoidance beliefs are present.
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Appendix 1:
Search history for PubMed and CINAHL January week 5 2013

PubMed
# Query Results
1 ("low back pain"[MeSH Terms] OR ("low"[All Fields] AND "back"[All Fields] AND 23223

"pain"[All Fields]) OR "low back pain"[All Fields]) OR ("low back pain"[MeSH Terms] OR

("low"[All Fields] AND "back"[All Fields] AND "pain"[All Fields]) OR "low back pain"[All

Fields] OR "lumbago"[All Fields]) OR ("low back pain"[MeSH Terms] OR ("low"[All

Fields] AND "back"[All Fields] AND "pain"[All Fields]) OR "low back pain"[All Fields] OR

("low"[All Fields] AND "back"[All Fields] AND "ache"[All Fields]) OR "low back ache"[All

Fields])
2 ("fear"[MeSH Terms] OR "fear"[All Fields]) AND avoidance[All Fields] 3808
3 #3 AND #4 342
4 Search #3 AND #4 Limits: Humans, Publication Date from 1990 to 2011 305
CINAHL (EBSCOhost)
# Query Results
1 (MH "Low Back Pain") OR "low back pain" 12490
2 "lumbago" 42
3 "low back ache” or “low backache" 13
4 S1orS2 12521
5 "fear avoidance" 476
6 (MH "Avoidant Personality Disorder") OR "avoidance" 6265
7 "avoidance" 6219
8 S5 or S6 or S7 6265
9 S3 or S4 10977
10 S8andS9 321
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Appendix 2:
Internal validity (SIGN methodology checklist) [19] and methodology for
moderator analysis [20]

11 12 13 14 15 16 1,7 19 1,10 21. MC IAED

Fritz 2002 WC PA PA PA WC AA AA PA n/a + - + NA
Staal 2008 WC WC WC WC* WC* AA WC  WC* N/A* ++* NA + +
Storheim 2003 WC WC AA AA AA AA AA AA AA + - + +
Ang 2010 WC WC WC* AA WC WC* WC WC* PA ++* - +
Mannion 1999 AA AA AA  AA AA  AA AA  AA  AA + B
v.d. Hulst 2008 WC* WC* AA AA*  WC* AA AA AA AA ++ ¥ - + +
Burton 1999 WC AA PA WC* WC AA WC WC NA + N/A + +
Jellema 2006 WC AA PA PA WC AA AA AA PA + - + +
Hancock 2009 WC WC WC WwWC WC AA AA WC AA ++ - - 4+
Georg, D 2003 AA WC AA AA AA AA AA WC NR + - + +
George, B 2006 AA WC AA AA PA PA WC PA PA + - + +
Georg, Z 2008 AA AA  WC AA WC AA AA  WC PA + - + o+
Rasmussen 2012 WC WC AA AA AA AA AA WC AA + - + +
Underwood 2011 WC* WC* WC* WC* wWC* WC* WC* WC* WC* ++* - + o+
Klarber 2004 WC WC AA AA AA AA AA AA PA + N/A + +
Mangussen 2007 WC WC WC WC AA AA AA WC* N/A* +* - + 4+
Woods 2008 AA AA PA PA AA AA WC WC AA + N/A - +

WC, well covered; AA, adequately addressed; PA, poorly addressed; NA, not addressed; NR, not reported;
N/A, not applicable

1.1: appropriate and clearly focused question; 1.2, assignment is randomized; 1.3, adequate concealment;
1.4, blinding; 1.5; treatment and control groups are similar at baseline; 1.6, The treatment under investiga-
tion is the only difference; 1.7, all relevant outcomes are measured; 1.9, intention to treat analysis; 1.10,
various sites are comparable; 2.1, risk of bias: (++), high quality: most of the criteria have been fulfilled. If not
fulfilled, the conclusions of the study are very unlikely to alter; (+), moderate quality: some criteria fulfilled.
Criteria not adequately described are unlikely to alter the conclusions; (-), low quality: few or no criteria
fulfilled. The conclusions are likely to alter.

Additional methodological criteria not jet addressed:[20] MC, multiple comparison: adjustment of signifi-
cance level from p <0.05 to < 0.001: +, yes; -, no; IA, interaction test between treatment and moderator; ED,
equal distribution of the moderators between groups at baseline.

** problem of multiple testing mentioned

*Ratings the two reviewers (MW) agreed on after discussing additional published material. No third party
arbitration was needed to achieve consensus.
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Appendix 4:
Detailed description of interventions provided

Treatment better in high FAB

ID 12: FABQ-P high: MIS more effective than UC: UC provided by the GPs. MIS provided by the GPs: The MIS
consultation took place within about 5 days for 20 minutes (three phases: exploration, information, and self
care). Aim identification and discussion of psychosocial prognostic factors, such as the patient’s own ideas on
the cause of their LBP, FAB, worries regarding the pain, pain catastrophizing, pain behavior, and reactions
from the social environment (family, friends, work) regarding LBP. GPs were asked not to send the
intervention group to PT in the first 6 weeks.[45]

ID 9C: FABQ-P high, Patients with Diclophenac sooner without pain than the patients with placebo.[32]

ID 13: FABQ-P high Exercise Group (EG) more effective than UC: EG-group 1 our 8 times over 4 weeks: aim: to
increase confidence in using the spine normally, including low-impact aerobic exercises and strengthening
and stretching exercises for the main muscle groups. A CBT approach underpinned the program. Control
group: usual GP care.[43]

ID 6: FABQ-P high, TBC+FAB-PT more effective the TBC-PT so FAB has not effect on treatment outcome in the
FAB-PT treated group compared to patients with low FAB. FAB-TBC-PT group: GA + education (de-emphasizes
anatomic findings, encourages to take an active role in the recovery, and educates to view back pain as a
common condition, not a serious disease) + Back Book educational pamphlet.[42]

ID: 2: FABQ-P high: Experimental booklet more effective than control booklet: The Back Book, was developed
to accompany the U.K.’s 1996 Royal College of General Practitioners (RCGP) guidelines: main message: 1) No
sign of serious disease. 2) Spine is strong, no permanent damage even if it is very painful. 3) Back painis a
symptom that your back is not moving quite as it should. 4) There are many treatments that help control the
pain but lasting relief depends on your effort. 5) Recovery depends on getting your back moving. The sooner
you get active the sooner your back will feel better. Positive attitude are important. Compared to the Handy
Hints Booklet based on traditional biomedical concepts.[47]

ID 19: High TSK increases treatment effect of the MR for Disability (SF-25 physical) but has a tendency for
worse mental health (SF-36 mental). 8 patients 3 hours conditional training + sport, 0.5 hours swimming, 1.5
hours occupational therapy, 4 hours PT per week for 7 weeks. In work related to back pain, also individual
occupational rehabilitation after the program. Supervision of a specialist in physical and rehabilitation
medicine, conducted by a team consisting of a PT, occupational therapist, a sport therapist, and, if necessary,
a psychologist and a dietician.[49]

ID 20: TSK > 38 inclusion criteria: GivE potentially more effective (?) than GA: GivE: Psych. student provided
(under supervision) education about CBT perspective on FAB and its consequences, followed by GA
techniques. 1. Session: assessment, educating (FAM of chronic pain), formulation patient’s problems within
this context + establishment of individualized hierarchy of fear-eliciting movements (Photograph Series of
Daily Activities, PHODA; Kugler et al., 1999). Sessions 2-5: focus on exposure to the activities identified in the
fear hierarchy. Behavioral tests to challenge patient expectations. Assessment of expected before and the
effectively experienced FAB level after each exposure level of pain, the level of anxiety related to the activity
(0-10 scales, 0 = no pain/fear, 10 = most pain/anxiety). Final session review the treatment process, provide
direction on relapse prevention. Graded activity (GA) group: principles of operant conditioning, involves the
shaping of healthy behaviours through positive reinforcement of predefined activity quotas (Vlaeyen et al.,
2002).[46]
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Treatment effect reduced by FAB

ID 17: FABQ-W 226, FABQ-P > 16: Graded activity efficacy (GA) reduced by high FAB but still better than UC.
Usual guidance by occupational physician for all, GA provided by PT and included 1-hour exercise sessions
that participants attended twice per week for max 3 months. Two 1-hour sessions per week, supervised by
the physiotherapist, until full return to regular work. The intervention has a maximal duration of 3 months.
Education message: pain does hurt, but this does not mean it harms. Exercise, baseline values during 3
sessions. After the third session the worker proposes date for RTW.[40]

ID 6: FABQ-P high, reduced efficacy of standard PT (TBC, Treatment-based classification) + Handy Hints
educational pamphlet (traditional biomedical concepts).[42]

FAB no effect

ID 3: FABQ-P high no effect on treatment outcome: Exercise group: progression of the graded stabilizing
exercises. The subjects were informed of how the stabilizing muscles activate. Reference group: informed of
the benefits of daily walks as physical activity. They were instructed to take a 30-minute walk every day.[36]

ID 7: FABQ-W high, reduced efficacy of all interventions: trials received randomly assigned PT interventions,
including various forms of active exercise, and/or manipulation, with 1 trial including randomization to a fear
avoidance supplement to PT.[39]

ID 1: TSK high: in clinically significant depression (PHQ-9 scores >10) both treatments are less effective: UC:
informed that they have depressive symptoms and that they should seek advice about treatment. There are
no other attempts by study personnel to influence depression management unless a psychiatric emergency.
Intervention group 1. step 12 weeks optimized antidepressant th. 2 step: 12 weeks of pain self-management
program: six clinical contacts (baseline and 1, 3, 6, 9, and 12 weeks) with the study nurse care manager.
Following a rational algorithmic approach to antidepressant selection and dosing, the study nurse care
manager assessed antidepressant adherence, adverse effects, and depression response. Depression rather
than pain response dictated antidepressant adjustments.[34]

ID 18: High FABQ-W, reduced treatment efficacy of all treatments: Exercise (PT provided ongoing group back
training, 15 weeks 2-3 sessions per week for 1 hour: modification of The Norwegian Aerobic Fitness Model:
exercise physiology + ergonomic principles to increase fitness. CBT: 2 consultations 30 to 60 min with the PT:
Explanation of pain mechanisms, discussion of baseline question in more depth. Functional examination with
individual feedback and advice. Instruction in activation of deep stabilizing muscles + advice how to use it in
functional and demanding tasks of daily life. Instruction in the squat technique when lifting is required. How
to cope with new attacks. Reassure and emphasize that it is safe to move and to use the back without
restriction. UC: GP based treatment.[41]

ID 8: high FABQ-P reduced efficacy: Treatment based classification by Delitto (TBC: provides framework for
corresponding treatment category of specific exercise, manipulation or mobilization, lumbar stabilization, or
traction) vs. TBC + GA (from baseline GA principles were used to progress exercise during subsequent
treatment sessions) vs. TBC + graded exposure (GX, PT selected two items ranked as most fearful for
implementation in the GX protocol. Lifting more than 20 pounds, carrying more than 20 pounds, and reaching
to floor were commonly rated has highly fearful by this sample).[33]

ID 15: FABQ-W high decreases the efficacy of both interventions. All participants received individual guidance
on how to improve their physical fitness. Intervention group (only 29 patients completed): 2 3-hour session
within 2 to 3 days (groups of 5-11 persons): 2 hours lecture (spinal problems, pain mechanisms, aiming to
reduce FAB related to activity and work) + 3 hours of motivational interviewing (help to focus strength and
capacity), encouraging to identify barriers for RTW and find solutions. 1 hour information by counsellors from
social insurance office and work office (options for combining health-adjusted work and disability pension).
After the group sessions: individual follow-up by physician and nurse offered.[35]
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ID 5: High FABQ-W reduced efficacy of both treatment: PT based on the recommendations of the Agency for
Health Care Policy and Research (AHCPR) clinical practice guidelines. PT based on the classification system by
Delitto et al. 4 classifications were: (1) manipulation followed by active range of motion exercises, (2)
repeated end-range exercises (i.e., flexion or extension exercises), (3) spinal stabilization exercises, and (4)
traction.[17]

ID 9B: FABQ-W and P no effect on outcome in the treatment groups: Manipulation / Sham Manipulation +
Diclophenac / Placebo.[31]

ID 16: FABQ-W most likely no relevant effect on all treatments (FABQ-P no effect). PT group: 0.5 h individual
therapy sessions (improving functional capacity, ergonomic principles), isometric exercises and Therabands,
strength-training devices. Advice for home exercises. Muscle Reconditioning Group: Muscle strengthening
devices 1 hour sessions for 12 weeks (David Back Clinic program), defined, progressive program with
controlled, progressive exercises on training devices within pain-free range of motion. Aerobics/Stretching
group: 12 person groups 1 hour stretching and aerobic and muscle toning exercises carried out to music with
an appropriate tempo and rhythm to promote the desired level of exertion.[37]

ID 14: High FABQ-P no effect on AM and AM + CBT: All participants 15-minute session of active management
advice, including the benefit of and how to remain active, avoidance of bed rest, appropriate use of pain
medication and symptom management, and a copy of The Back Book (9). Intervention group: individual
assessment lasting up to 1.5 hours and 6 sessions of group therapy using a cognitive—behavioral approach
lasting 1.5 hours per session.[38]
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Concordance of qualitative bone
scintigraphy results with presence of
clinical complex regional pain syndrome 1:
Meta-analysis of test accuracy studies
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Eur J Pain 16 (2012) 1347-1356
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Abstract

Background: To date, no attempt has been made to investigate the agreement
between qualitative bone scintygraphy (BS) and the presence of Complex Regional Pain
Syndrome 1 (CRPS 1) and the agreement between a negative bone scintigraphy in the
absence of CRPS 1.

Aims: To summarize the existing evidence quantifying the concordance of qualita-
tive BS in the presence or absence of clinical CRPS 1.

Data sources: We searched Medline, Embase, Dare and the Cochrane Library and
screened bibliographies of all included studies.

Study eligibility criteria: We selected diagnostic studies investigating the associa-
tion between qualitative BS results and the clinical diagnosis of CRPS 1. The minimum
requirement for inclusion was enough information to fill the two-by-two tables.

Results: Twelve studies met our inclusion criteria and were included in the meta-
analysis. The pooled mean sensitivity of 12 two-by-two tables was 0.87 (95% Cl, 0.68-
0.97) and specificity was 0.69 (95% Cl, 0.47-0.85). The pooled mean sensitivity for the
subgroup with clearly defined diagnostic criteria (7 two-by-two tables) was 0.80 (95%
Cl, 0.44-0.95) and specificity was 0.73 (95% Cl, 0.40-0.91).

Conclusions: Based on this study, clinicians must be advised that a positive BS is not
necessarily concordant with presence of absence or CRPS 1. Given the moderate level
of concordance between a positive BS in the absence of clinical CRPS 1, discordant
results potentially impede the diagnosis of CRPS 1.
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Introduction

The International Association for the Study of Pain (IASP) defined the presence of Com-
plex regional pain syndrome 1 (CRPS 1) as a pain state following injury which exceeds in
magnitude and duration the expected clinical course and that is usually associated with
significant impairment of motor function [1]. Clinical manifestations include a broad
spectrum of sensory, autonomic, motor and trophic changes [2]. Despite increasing
research in this field the exact underlying processes of CRPS 1 remain unclear.

In clinical practice, the diagnosis of CRPS 1 is often challenging, because there are
no unique and characteristic features that help to encompass CRPS 1 from other similar
conditions. In particular, the distinction between CRPS 1 and expected posttraumatic
changes is often difficult at early stages. Because of the broad spectrum of clinical man-
ifestations the differential diagnosis is widespread and includes for example other neu-
ropathic pain states, inflammation, vascular diseases and myofascial pain syndromes.

In the literature, there is a broad consensus that CRPS 1 is a clinical diagnosis based
on clinical manifestations (e.g. [3]) and, given the unknown somatic anomaly of CRPS,
many experts agree that definite diagnosis cannot be set with any kind of diagnostic
test. Instead, clinicians and researchers must rely on various sets of diagnostic criteria
[4].

Currently, the diagnostic criteria introduced by IASP [1] and the Budapest criteria
[5] are widely used in clinical practice and represent an expert consensus on a specific
set of clinical manifestations.

An academic discourse debating the role of qualitative bone scintigraphy (BS) to
diagnose CRPS 1 began in the early 1980's [6-8]. Proponents argued that one of the
underlying pathomechanisms of CRPS 1 was local osteopenia as a result of altered sym-
pathetic activity, neurogenic inflammation and immobilization, and claimed that a typi-
cal pattern of findings in BS (an increased activity of the affected extremity with periar-
ticular accentuation in all three phases of scan and a decreased activity through all
phases in later stages [9, 10]) could measure these bone alterations. Subsequently, BS
gained popularity in clinical practice and some authors even recommended the use of
bone scintigraphy as a gold standard for the diagnosis of CRPS 1 (e.g. [11, 12]). Howev-
er, in the literature there is conflicting evidence about the diagnostic accuracy of BS in
the diagnosis of CRPS 1 (e.g. [9, 13]).

To date no attempt has been made to assess the concordance of qualitative BS
findings with the presence or absence of CRPS 1 in a systematic manner and applying
up-to-date meta-analytic methods. Therefore, the aim of this study was to summarize
the existing evidence quantifying the concordance of qualitative BS in the presence or
absence of clinical CRPS 1.
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Methods

The study was conducted in accordance to the PRISMA statement on the conduct of
systematic reviews (Preferred Reporting Items for Systematic reviews and Meta-
Analyses) [14].

Literature search

We searched Medline (PubMed), Embase, DARE and the Cochrane Library from incep-
tion to February 2011 using the following search terms in titles and abstracts: ‘Complex
regional pain syndrome’ or ‘CRPS’ or ‘reflex sympathetic dystrophy’ or ‘RSD’ or ‘al-
goneurodystrophy’ or ‘algodystrophy’ or ‘Sudeck’ AND ‘scintigraphy’ or ‘radionuclide’
or ‘radioisotope’ or ‘isotope’. We also screened bibliographies of all included studies for
relevant articles. The search was conducted without restrictions to language or year of
publication. Two independent reviewers (RR and FB) performed the literature review.

Inclusion criteria

We selected diagnostic studies investigating the association between bone scintigraphy
result and the diagnosis of CRPS 1. The diagnosis of CRPS 1 was defined as the refer-
ence standard (presence or absence of CRPS 1) and BS served as the index test (positive
or negative BS). The minimum requirement for inclusion was enough information to fill
the two-by-two tables.

Search selection

All papers considered potentially eligible by one of the two reviewers (RR and FB) were
ordered. Each reviewer independently selected studies for inclusion in the study by
using a predefined checklist (see Appendix 1). Disagreement between the two extract-
ing authors was resolved by consensus. If consensus between the two reviewers could
not be reached, a third author (LMB) was deferred to arbitration and consensus.

Data extraction and quality assessment

The bibliographic details of all retrieved articles were stored in an Endnote file. We
removed duplicate records resulting from the various database searches. We extracted
the following variables from each study: Author, publication year, country of origin of
the study, study population demographics, reference standard (presence of CRPS 1),
index test (positive scintigraphy), and absolute numbers of true-positive (TP), false-
positive (FP), false-negative (FN), true-negative (TN), and observations.
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Two reviewers (FB, FMB) independently evaluated the methodological quality of in-
cluded studies by using the QUADAS tool for assessing the quality of diagnostic accura-
cy studies [15]. Answers were dichotomized as ‘yes’ or ‘no/unclear’. Disagreement
between the two reviewers was resolved by a third author (LMB).

Data synthesis and interpretation

Descriptive statistical methods were used to calculate medians and standard deviation
(SD). For each study, we constructed a two-by-two contingency table consisting of TP,
FP, FN and TN results. For analysis, we called a result TP if the clinical diagnosis of CRPS
1 was in agreement with the pathological findings in the scintigraphy. We calculated
sensitivity as TP/(TP + FN) and specificity as TN/ (FP + TN). We plotted results from
individual studies in receiver operating characteristic (ROC) space and estimated sum-
mary ROC curves using a unified model for meta-analysis of diagnostic test accuracy
studies [16]. We also indicated on the ROC figures the confidence and prediction re-
gions. This method provides estimates of average sensitivity and specificity across stud-
ies and it can be used to provide a 95% confidence region (Cl) for this summary point
and prediction regions within which we expect the sensitivity and specificity of 95% of
future studies to lie. We performed stratified analyses for studies which did or did not
report a gold standard for the clinical diagnosis of CRPS 1. All analyses were done using
the Stata statistical software package v.11.1 (College Station, TX, USA).

Results

Study selection

The selection process of the studies is presented in Figure 1. Our search retrieved a
total of 232 records. After reading titles and abstracts we excluded 189 papers. From
the remaining 43 papers we excluded 31 papers based on the full text assessment,
because they did not include a control group or they did not allow the construction of a
of a two-by-two table. Finally, twelve studies met our inclusion criteria and were in-
cluded in our analysis [10, 17-27].

Description of studies

The included studies originated from nine countries: Canada (n=2), Germany (n=2),
South Korea (n=2), Austria (n=1), Belgium (n=1), China (n=1), USA (n=1), Turkey (n=1),
Serbia (n=1). In total 882 participants (range 30-120) with a median age of 54.7 years
(range 44-63 years) were included in the study. Median duration of symptoms was 21.7
weeks (range 0.3-75.9 weeks). In the majority (n=9) of the included studies the upper
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extremity was the affected site [10, 17, 20-24, 26, 27]. A total of 6 studies [17, 18, 21,
22, 24, 27] used 3 established diagnostic criteria (Kozin [28], IASP [1], Bruehl [29]). Four
studies used a self designed set of clinical manifestations to confirm the diagnosis and
two studies did not report how the diagnosis was made. All except one study [19] used
3-phase Technetium 99m mono-methylene disphosphonate (Tc-99m MDP) or Techne-
tium 99m disphosphono propan-dicarbonat (Tc-99m DPD) as the index test. The dose of
the radioisotope ranged between 550-750 mega becquerel (MBq). The definition of the
criteria that were used to define a positive did not vary greatly between the studies.
Most studies defined an increased and asymmetric periarticular uptake in the affected
extremity as a positive index test. The study characteristics are summarized in table 1.
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Figure 1. Study flow

Number of records identified

through database searching:
n=456 Number of additional records

Medline

Embase n=253 identified through other sources
Dare n=4 n=18

Cochrane n=10

Total n=719

—

Number of records after duplicates removed
n=232

Number of records excluded after
screening title and abstracts
n= 139

h 4

) 4

Number of fulltext articles
assessed for eligibility
n=43

Number of full-text articles
excluded, with reasons
n=31

A 4

Number of studies included in qualitative synthesis
n=12

Number of studies included in quantitative synthesis (meta-analysis)
n=12

140



CHAPTER 5 % CLINICAL COMPLEX REGIONAL PAIN SYNDROME 1

Methodological quality

Table 2 shows a summary of the quality assessment of the included studies. Overall, the
methodological quality was moderate. None of the included studies fulfilled all
QUADAS criteria [15]. The main limitation was inadequate reporting. For example, in
half of the included studies the reference standard was not likely to classify the target
condition correctly [10, 19, 20, 23, 25, 26]. Furthermore, none of the included studies
reported whether the index test results were interpreted without knowledge of the
results of the reference standard.
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Table 2. Methodological quality of the included studies (Quadas tool [15])

142

ipaure|dxa Apnis 9yl WOy S|EMEIPYIM DI\

¢pauiodal synsaJ 1593 leIpawalul
J0 91eulwIRlapUl ‘B|qelaJdialuiun a9

¢92130€.4d Ul PISN S| 1591 AU} UBYM d|qe|iene
9 p|NOM se pa3a1dJalul 2JaM S}NSI 1533 AY}
UBYM 3|q.[IBAB BIEP [EDIUI[D BWES B} DID

$1591 Xapul 3y} Jo
S}NSaJ 3y} J0 38paMous| INoyHIM pajaidiaiul
S}|NS3J pJepUER)S 92UBIBYDI DY) DID N

H S IEERTEIETC]
33 JO SINS3J B JO TPAIMOUS| INOYHM
pa312.dia3ul S}NSaJ 1531 Xapul Y3 UM

¢uoneoydas
S11 Jiwiad 03 [1BIBP JUBIDIYNS Ul PAGIIISIP
pJepuels 2dUaJa4aJ Y3 JO UOIINIAXS Y3 SEA

¢uoneoydas
S Jwdad 03 |1BIDP JUBIDIYNS Ul PAGIIISIP
1593 Xapul Y3 JO UOIINIAXD Y} SEA

(pJepuels 2duaiajal 3y Jo 1ed wioy
10U PIP 1591 XapUl 3Y1 ‘Sl 1BY1) $1591 Xapul 3y
J0 Juapuadapul piepuels 92uata4al 3yl sepn

£1|NSaJ 1591 Xapul 3y} JO ssa|pJegas piepuels
20UaJ9)24 BWes Yy} AI9daU syueddipied piq

épJepuels aoualaal

2y SuIsn UoIIeIILI9A BAI2J3J 3|dwies ay) Jo
u0[109|3s Wopued e 4o ajdwes ajoym ayy piq
198481 941 1Y) 24NnS Ajqeuoseas aq 03 y3noua
1J0ys 1591 Xapul 8y} pue pJepuels 9duaJayal
9y3 Jo 2duewopad usamiag pouad syl sepy

¢A13934100 uonipuod 198101 3Y2
Ajissed 01 Ajay1| pJepuels 9ouaJajal 3yl sepy

$PaqLIISap AJJE3|D BLISIID UOIIIB[BS DI

$92110€.d UJ 1591 9y} BAI9DA
[l1m oym syuaiied ay} Jo dAneuasaIdal
sjuedidinied Jo wnuyoads sy sep

Author

Yes Yes Unclear Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes

Yes

Greyson, 1984

Yes Yes Unclear Yes Yes Yes Yes Yes Unclear Yes Yes Yes No
No No

Yes

Kozin, 1981
Leitha, 1996

Yes

Yes Yes Yes Yes Unlcear  Unclear Yes Yes

Unclear

Yes

Yes
No

Unclear Yes Yes No Yes

Unclear

No Unclear Yes Yes Yes
No

Unclear

O'Donoghue, 1993

Okudan, 2005
Park, 2007
Park, 2009

Unclear Yes Yes No Yes

Unclear

Yes Yes Yes

Yes

Yes

Yes

Yes Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes No Yes
Yes

Yes

No Yes

Yes

Yes Yes Yes Yes Yes Yes Yes Unclear
No Yes

Yes

Yes

Yes Yes No Unclear Yes Yes Yes Yes
Yes

Unclear Yes

Yes

Yes
Yes

Schiepers, 1998

Yes Yes Yes
No

Yes

Unclear

Yes Yes Yes Yes Yes Yes
No

Yes
No
Unclear

Schurmann, 2007
Todorovic, 1995
Wang, 1998

Yes

Yes Yes Yes Yes No Unclear Yes Yes
Unclear

Yes

Yes

Yes Yes No Yes

Unclear

Yes Yes Yes Yes

No

Yes Yes Unclear Yes Yes Yes Yes Yes Unclear Yes Yes No No

Yes

Woippenhorst, 2010




CHAPTER 5 % CLINICAL COMPLEX REGIONAL PAIN SYNDROME 1

Pooled sensitivity and specificity

Table 3 shows the summary estimates of the included studies. The pooled mean sensi-
tivity of 12 two-by-two tables was 0.87 (95% Cl, 0.68-0.97) and specificity was 0.69
(95% Cl, 0.47-0.85) (Figure 2). The pooled mean sensitivity for the subgroup with clearly
defined diagnostic criteria (6 two-by-two tables) was 0.80 (95% Cl, 0.44-0.95) and speci-
ficity was 0.73 (95% Cl, 0.40-0.91).

Table 3. Summary estimates for all included studies and the subgroup with a specified definition of CRPS 1

Summary estimates Overall Subgroup®
Sensitivity (95% CI°) 0.87 (0.68 t0 0.97) 0.80 (0.44 to 0.95)
Specificity (95% Cl) 0.69 (0.47 to 0.85) 0.73 (0.40 t0 0.91)
DOR° (95% Cl) 17.23 (7.71 to 38.52) 10.6 (3.76 t0 29.72)
LR+ (95% Cl) 2.83 (1. 68 t04.79) 2.92 (1.33 t0 6.43)
LR- (95% Cl) 0.16 (0.06 to 0.42) 0.28(0.10 to 0.76)
Prevalence 0.51 0.48

CRPS probability negative test 0.14 (0.06-0.31) 0.20 (0.08-0.41)
CRPS probability positive test 0.75 (0.64-0.83) 0.73(0.55-0.85)

a Specifying CRPS definition

b Confidence interval

¢ Receiver operating characteristic
d pooled positive likelihood ratio
e pooled negative likelihood ratio

7 T Figure 2. Diagnosed CRPS 1 (overall) —
pathologic correlative
ﬂ:a -
=2
=
ﬁ
=
@
B
L“l_ -
o
1 8 B 4 2 0
Specificity
B Summary point HSROC curve
_____ 95% confidence 95% prediction
region region
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A Figure 3. Diagnosed CRPS 1 (with reported
diagnostic criteria) — pathologic correlative
21 HSOC= hierarchical summary receiver operat-
ing characteristic
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Figure 4. True positive (TP) and false positive (FP), true negative (TN) and false negative (FN),
sensitivity and specificity for each study (grouped with and without a specified definition of
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CRPS 1 [95% confidence interval])
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Discussion

Main findings

The pooled data revealed an adequate agreement between a positive qualitative BS
and the presence of CRPS 1 (sensitivity) and only moderate agreement between a nega-
tive BS in the absence of CRPS 1 (specificity). The considerable number of instances of
positive BS scans in the absence of clinical CRPS 1 might be due to other clinical condi-
tions mimicking similar biological processes other than CRPS 1 such as posttraumatic or
postoperative bone affections. However, these results did not change greatly if the
clinical diagnosis was based on established diagnostic criteria.

Results in light of the existing literature

To the best to our knowledge, this is the first attempt to assess the concordance of BS
findings with the presence or absence of CRPS 1 in a systematic manner.

In 1995, Lee et al summarized the validity of scintigraphy in diagnosing CRPS of the
upper extremity [9]. Their data showed a wide variability in scintigraphic accuracy in
patients with clinically obvious CRPS 1. The results of BS correlated best with the clinical
diagnosis of CRPS within the first 20-26 weeks of onset but the sensitivity was only
about 50%. After 26 weeks, there was a poor correlation between BS and CRPS 1. The
authors recommended that TPBS should not be used as a major criterion in diagnosing
CRPS and that the diagnosis remained a clinical diagnosis made by an experienced clini-
cian. The methodological quality of this review is moderate because the authors did not
report the detailed search strategy and failed to perform a meta-analysis.

Our results are in line with several available guidelines. For example, the current
evidence based guideline published by the Netherlands Society of Rehabilitation Spe-
cialists and the Netherlands Society of Anaesthesiologists in 2006 does not recommend
the use of BS for the diagnosis of CRPS 1 [13]. The multidisciplinary committee argues
that because of methodological shortcomings of the available literature, a sufficient
discriminatory capacity and an additional diagnostic value of BS in diagnosing CRPS 1
could not be established. In a recent Delphi survey, an international expert panel
agreed that CRPS 1 is a clinical diagnosis and no further examinations are necessary to
confirm the diagnosis [30].

Strength/limitation

The strengths of this meta-analysis include the broad literature searches and careful
data extraction, and the assessments of methodological quality of diagnostic accuracy
tests. We modeled sensitivity and specificity by applying a valid meta-analytic method,
which incorporates both within and between-study variance [16].
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In some of the trials there were major methodological limitations that may have intro-
duced bias in our results. For example, only seven studies used established diagnostic
criteria for the diagnosis of CRPS 1. Two studies did not even report the detailed clinical
manifestations on which the diagnosis was based. However, our meta-analysis of the
subgroup having used well established diagnostic criteria did not reveal a significant
improvement of the results. One major limitation of our study is the lack of a valid ref-
erence test for the diagnosis of CRPS 1. As already stated in the introduction the diag-
nosis of CRPS 1 remains a challenge in clinical practice because it is solely based on
clinical manifestations.

Implication for practice

Based on the results of our meta-analysis, BS does not add any benefits to the clinical
diagnosis of CRPS 1 and should not be used for confirmatory purposes. The diagnosis
should be still be based on presenting signs and symptoms according to the current
diagnostic criteria [5].

Implication for research

Given the unknown somatic anomaly underlying CRPS 1, further studies evaluating
diagnostic accuracy are questionable. Therefore, future research should rather focus on
prognostic aspects of CRPS 1 and for example identify potential subgroups with differ-
ent prognostic outcome. For example, we are unaware of any study investigating
whether the subgroup of CRPS 1 patients with a positive BS is related with a different
disease severity or prognosis. On the other hand, sustained efforts should flow into a
deeper understanding of the somatic anomaly underlying CRPS coming from basic sci-
entific inquiry. Further research should also focus on investigating the underlying
mechanisms of CRPS 1. To date, three major pathophysiological pathways have been
identified for CRPS 1 [2]: Aberrant inflammatory mechanisms, vasomotor dysfunction,
and maladaptive neuroplasticity. It’s still a matter of debate which of these pathways is
responsible for the bony alterations in CRPS 1 and why these changes only occur in a
subset of patients. It has been hypothesized that the increased tracer uptake in a posi-
tive BS results from a neurogenic inflammation, a decreased sympathetic activity or a
demineralization of the bone because of an activated bone metabolism [27].

Conclusions

Based on this study, clinicians must be advised that a positive BS is not necessarily con-
cordant with presence of absence or CRPS 1. Given the moderate level of concordance
between a positive BS in the absence of clinical CRPS 1, discordant results potentially
impede the diagnosis of CRPS 1.
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Appendix 1:
Checklist on study in-/exclusion

Autor, Year:

Inclusion criteria Yes No

Diagnostic study
Clinical diagnosis of CRPS 1 = Index test
Bone scintigraphy = Reference standard

Enough information to fill the two by two table (absolute number of true-positive, false-
positive, false-negative , true-negative observations)

Definitive inclusion
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Abstract

Objective: The aim of this systematic review is to merge and summarize the cur-
rent evidence of prognostic factors relevant for the course of Complex Regional Pain
Syndrome 1.

Methods: We searched Medline, Embase, PsychINFO, CENTRAL and screened ref-
erence lists of included studies. We considered any type of study investigating parame-
ters associated with the prognosis of the condition.

Results: Searches retrieved 2577 references of which 14 articles were included. The
preferred diagnostic criteria were the Veldman and the International Association for
the Study of Pain criteria. The general level of study quality was insufficient. We found
34 parameters for the following seven different clusters: clinical characteristics, type of
initiating event, localization, gender, older age, contextual factors and time point of
diagnosis. Most consistency was found for delayed recovery of patients with sensory
disturbances and cold Complex Regional Pain Syndrome 1. For many parameters the
evidence is contradictory.

Conclusion: Evidence is scarce and contradictory and impedes drawing firm conclu-
sions for practice. Further high quality research in this field is needed and we propose
concerted action in etiologic and clinical research.
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Introduction

Complex Regional Pain Syndrome (CRPS) Type 1 is a syndrome with a significant mor-
bidity and loss of quality of life [1, 2]. It usually appears after a noxious event such as
trauma or surgery [3] and the clinical manifestations includes sensory, autonomic, mo-
tor and trophic changes [4]. Despite increasing research in this field, the exact underly-
ing mechanisms are still unknown. In a recent review article, Marinus et al. concluded
that compelling evidence implicates biological pathways that underlie aberrant inflam-
mation, vasomotor dysfunction, and maladaptive neuroplasticity in the clinical features
of CRPS [5]. In contrast to CRPS Type 2, which is characterized by a definable nerve
lesion, CRPS Type 1, formerly known as reflex sympathetic dystrophy or algodystrophy,
appears without definable nerve lesion [4].

There is broad consensus in the literature that once diagnosed, every patient
should be treated early and aggressively in the hope of preventing chronicity [6, 7].
Treatment is based on the pathomechanisms mentioned above and usually includes a
multidisciplinary approach using a combination of pharmacologic, physical, occupation-
al and psychological therapies [6]. However, clinical observation reveals that in a sub-
stantial proportion of patients, resolution occurs spontaneously or the natural course is
benign [8] sometimes even without treatment. A subgroup of patients suffering from
CRPS 1 will experience an unfavorable course of the disease and will contribute to high
healthcare costs. If this subgroup of patients could be identified at an early stage i.e.
with prognostic instruments, treatment activities could be focused and specifically
tailored to fit the needs of these patients.

Until now, evidence regarding prognostic aspects of CRPS 1 has not been assessed
systematically. The literature is scattered and not easy to access. Therefore, the pur-
pose of this systematic review was to merge and summarize the current evidence of
prognostic factors relevant for the course of CRPS 1. We defined prognostic factors as
all clinical and non-clinical parameters with relevant impact on clinical course and
treatment response, reflected by persisting impairment, disease duration and long
term disability.

Methods

Literature search

The search method was used according to the MOOSE statement (figure 1) on conduct-
ing a meta-analysis of observational studies in epidemiology [9]. We identified all ob-
servational studies investigating prognostic factors of CRPS 1, published between 1990
and July 2011, by searching the following databases: MEDLINE (OvidSP), MEDLINE In-
Process Citations (OvidSP), Embase (OvidSP), Embase (OvidSP), PsychINFO and the
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Cochrane Database of Systematic Reviews (CDSR). We restricted our searches to 1990
onwards, because the current definition of Complex Regional Pain Syndrome was intro-
duced in the early nineties. The search was conducted with the help of and experienced
information specialist working in the field of systematic reviews. Search terms included
in addition to medical subject headings (MeSH terms) all commonly used terms for
CRPS (e.g. complex regional pain syndrome(s), reflex sympathetic dystrophy, sudeck
atrophy, algodystrophy, shoulder hand syndrome). A detailed search strategy is depict-
ed in Table 1. To ensure the completeness of the literature search, the reviewers, expe-
rienced researchers in the field of CRPS, screened bibliographies of all included studies,
retrieved review articles and current treatment guidelines in an additional hand search
and all (inclusion and exclusion criteria applied) potential studies were additionally
included.

Table 1. Search strategy Medline (OvidSP) (1990-2011/07/wk 27)

Search Results
1 complex regional pain syndromes/ or reflex sympathetic dystrophy/ 3520
2 (CRPS1 or CRPS or complex regional pain syndrome$ or RND).ti,ab. 1823
3 (reflex$ sympathetic dystroph$ or sudeck$ atroph$ or algodystroph$ or 2065
algoneurodystroph$).ti,ab.
4 (algo dystroph$ or algo neurodystroph$).ti,ab. 13
5 (shoulder hand syndromS$ or shoulder hand dystroph$).ti,ab. 259
6 cervical sympathetic dystrophS.ti,ab. 0
7 or/1-7 5017
8 animals/ not (animals/ and humans/) 10061
9 8not 9 5015
10 prognosis/ or exp treatment outcome/ 769448

11 (outcome$ or predict$ or prognosis or recover$ or remission or relaps$ or deteriorats 2146668
or exacerbat$ or worsen$ or course$).ti,ab.

12 (CureS$ or curative$ or resolvS or resolution$ or heal$ or improv$ or recuperat$).tiab. 2498217

13 (convales$ or alleviat$ or decreas$ or lessen$S).ti,ab. 1408991
14 or/11-14 5273995
15 10 and 15 1869
16 limit 16 to yr="1990 -Current" 1648

Study selection, data extraction and synthesis

The bibliographic details of all retrieved articles were stored in an Endnote file. Two
reviewers (MW and FB) independently screened all references by title and abstract. We
selected observational studies investigating prognostic parameters of CRPS 1. We did
not apply any language restrictions. All included references were independently re-
viewed in full text (MW and FB). During the screening and inclusion process all disa-
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greements were discussed between the two reviewers and resolved by consensus. A
designated third author (LMB) arbitrated any disagreement and facilitated consensus.
Based on this review we extracted and catalogued all reported prognostic factors and
data on salient clinical features. For any abstract where the full text was not available,
the author was contacted. Alternative researchers with specific language proficiencies
were used for non-English language references. For descriptive purposes and to weight
the included studies, study quality was assessed according to the proposed guidelines
for assessing Quality in Prognostic Studies [10] in a two step approach. Two reviewers
(FB and MW) first individually compiled the fully operationalized, prognostic factors
(correlation between the prognostic factor and the outcome). Second, these prognostic
factor responses were tested for each of six potential biases: representative study pop-
ulation, drop out, adequate measurement of the prognostic factor, outcome measure-
ment, confounding measurement and account, and analysis. Reviewers discussed the
independent ratings and sought consensus about the overall risk of bias. A summary is
reported in Table 2. As the included studies did not allow a statistical synthesis of out-
come measures, quality criteria were used for descriptive purposes only and not for
exclusion criteria [10]. Synthesis of quality was categorized as good (good for all six
potential biases), acceptable (at least partly fulfilling all six criteria) and poor.

Results

Study selection

Figure 1 shows the study selection process and agreement on study inclusion. Our
search retrieved 2577 records from which 64 were identified for full review based on
title and abstract. Full text assessment utilizing inclusion and exclusion criteria resulted
in exclusion of 50 studies. The main reasons for exclusion were study design (clinical
trials) and outcome measures (no prognostic factors investigated). In total 14 studies
fulfilled the inclusion criteria [8, 11-23].

Study characteristics

The study characteristics are summarized in Table 3. In total, 2298 subjects (median
number of subjects 60, range 16-106) were investigated. Symptom duration ranged
from less than three months [12-14] to more than eight years [21].

Seven studies followed a prospective study design. With the exception of one study
[17], the prospective studies, included fewer patients (n=16 — 47, mean 28) when com-
pared to retrospective design (n=42-199, mean 98).

Based on the quality assessment, quality was good in four, acceptable in one and
poor in nine studies (Table 2).
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The preferred diagnostic criteria were the Veldman criteria (n=5) [12, 19-22] and the
International Association for the Study of Pain (IASP) criteria (n=2) [8, 15]. In one pro-
spective and two retrospective studies no diagnostic criteria were reported [11, 17, 23].

Figure 1. Study flow

Number of records identified through

database searching:

Medline n= 1648 Number of additional records
Medline In-Preess  n=195 identified through other sources
Psychinfo n=213 n=12

Embase n= 1431

Cochrane n= 185

Total n= 3672

g o

Number of records after duplicates removed
n=2877

Number of recards excluded after
» screening title and abstracts
n= 2513

) 4

Number of full -text articles
assessed for eligibility
n =64

Number of full-text articles
» excluded, with reasens
n=5

Y

Number of studies included in gqualitative synthesis
n=12

Number of studies included in quantitative synthesis
n=12
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Table 2. Methodological quality of the included studies

)

Author Year Study Study Prognostic Outcome Confounding s Analysis € Synthesis

participation Y attrition ? factor measurement ¥ of Quality
measurement *

Bejjaetal. 2005 Unsure Unsure Yes Yes Unsure Yes Poor

[11]

Dauty etal. 2001 Partly Yes Yes No Unsure Unsure Poor

[12]

Daviet etal. 2001 Yes Unsure Yes Unsure Unsure No Poor

[13]

Daviet etal. 2002 Yes Yes Yes Yes Yes Yes Good

[14]

De Mos 2009 Yes Yes Yes Yes Yes Yes Good

etal. [15]

Eulryetal. 1990 Partly Yes Unsure Unsure Unsure No Poor

[16]

Gorisetal. 1990 Yes Unsure Yes Yes Unsure Yes poor

(17]

Laulanetal. 1997 Yes Yes Yes Yes Unsure Yes Poor

(18]

Sandroni 2003 Partly Yes Yes Yes Yes Yes Acceptable

et al. [8]

Tan et al. 2009 Yes Yes Unsure Yes Unsure Yes Poor

[19]

Van der Laan 1998 Unsure No Unsure Yes Unsure Yes Poor

et al. [20]

Vaneker 2005 Yes Yes Yes Yes Yes Yes Good

etal. [21]

Vaneker 2006 Yes Yes Yes Yes Yes Yes Good

etal. [22]

Zyluk [23] 1998 Yes Unsure Yes Yes Yes Yes Poor

Y Study participation: study sample represents population of interest: yes, partly, no, unsure
2 Study attrition: Loss to follow-up is not associated with key characteristics

3 Prognostic factor measurement: prognostic factor of interest is adequately measured
“ Outcome measurement: outcome of interest is adequately measured in study participants

%) Confoundng measurement and account: important potential confounders are appropriately accounted for?
R Analysis Statistical analysis is appropriate for the desing of the study

Prognostic factors

A wide spectrum of outcome parameters were investigated including self reported
symptoms [8, 19, 21, 23], clinical severity scores [11, 14, 18, 22], development of com-
plications [20], duration of disease [17] and return to work [12, 15]. The included stud-
ies revealed a total of 34 prognostic factors. A variety of clinical manifestations of CRPS

1 were linked to both positive (n=5) and negative prognosis (n=13) and are in detail
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summarized in Table 4. In particular, cold CRPS 1 (primary or secondary cold skin tem-
perature, n=5) and the presence of sensory disturbances (n=4) seem to represent pa-
rameters associated with a poor prognosis of CRPS 1. One study reported that with the
onset of CRPS 1 after fracture, factors associated with a high resolution rate include the
presence of swelling and the absence of sensory changes [8].

We found no study developing or validating a prognostic instrument to identify
patients with poor CRPS 1 prognosis. Moreover, the evidence at hand did not allow for
developing a diagnostic algorithm.
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Table 4. Prognostic factors grouped within seven clinical clusters

Cluster Positive prognostic factors Negative prognostic factors
Gender (n=3) Female [20]

Male [11, 19]
Age (n=3) Age <40 years [11]

Population with complication, “younger” [20]median 35 years
(range 15-65) vs. 44 years (range 10-84)

Age [19]
Diagnosis Delayed diagnosis (>2 months) [11]
(n=1)
Initiating Fracture [8] Polytrauma [12]
event (n=5) Swelling [8] Event other than fracture [15]
Severe initial injury [18]
Localization Distal articular location [12, 18]
(n=4) Upper extremity [15]
Lower extremity [20]
Clinical Primitive CRPS [11] Exercise induced pain [17]
features Absence of sensory changes [8] Sensory disturbances [14, 18, 21, 22]
(n=29) Swelling [8] Primary cold CRPS [20]
Perrigot score [13] Cold CRPS [11, 15, 17, 20, 21]
Disease duration [19] Motor disturbances [13, 14]
Spasticity [13, 14]
Complications (infection, ulcers, chronic edema, dystonia,
myoclonus) [20, 21]
Initial coma [14]
High Perrigot score [13, 14]
Clinical algodystrophy score >7 [8]
General health [19]
Disease duration [23]
Coexistence of misdiagnosed nerve injury or compression [23]
Contextual Comordities [12]
factors (n=2) Psychological background in non traumatic CRPS [16]
Discussion

Main findings

This systematic review revealed a wide scatter of general prognostic factors in CRPS 1
that were sometimes contradictory. Most consistency was found for clinical manifesta-
tions such as the presence of sensory disturbances [14, 18, 21, 22] and cold CRPS 1 [11,
15, 17, 20, 21]. Only few studies used reliable and validated measures to assess prog-
nostic factors and co-factors that might influence the course of the condition. There-
fore, no assumption can be made regarding the causality of these findings. We failed to
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quantify and rank order prognostic parameters and we were unable to derive an algo-
rithm allowing clinicians to assess patients’ prognosis at early stages of disease.

Results in light of existing Literature

To the best of our knowledge, this is the first attempt to systematically identify and
consolidate prognostic factors influencing the course of CRPS 1. Despite broad inclusion
criteria only a small number of studies fulfilled our inclusion criteria. This suggests that
prognostic aspects of CRPS 1 have only received little attention in methodological high
level research.

Our findings are in line with the results of a recently published Delphi survey [24].
In the absence of evidence-based prognostic factors, the authors performed a survey
aimed at reaching an expert consensus on poor prognostic factors in CRPS 1. The expert
panel agreed on 49 items which in their opinion are associated with poor prognosis in
CRPS 1. These factors consisted primarily of clinical manifestations such as sensory
disturbances and primary cold CRPS 1. For many of the factors, we found only weak
(disease duration, comorbidities) or conflicting evidence (localization, initiating event).
For example the consensus was reached that the onset after a fracture will likely result
in a poor prognosis whereas Sandroni et al. found a higher resolution rate if CRPS 1
appeared after a fracture than after other triggering events [8].

Strength and limitation

The strength of this study is the application of a robust systematic review methodology.
A comprehensive review of the literature based on a broad search of all relevant data-
bases and the additional search of bibliographies of included studies, retrieved review
articles and current treatment guidelines reduces the risk of a selection bias. All rele-
vant reports were searched systematically and without language restriction.

The main limitation of our study was the quality of the included studies. The aver-
age number of subjects in the included studies was small and the quality of retrospec-
tive and prospective reporting was often limited. Moreover, different diagnostic criteria
for CRPS 1 were used and three studies did not report any definition of CRPS1. We
found no systematic difference in the patterns of prognostic factors reported and
therefore decided to report the results jointly. Variability in study characteristics, diag-
nostic criteria, outcomes and follow-up periods impeded us thus from providing a
quantitative analysis, resulting in only a systematic description and an inventory of
prognostic parameters.
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Implication for research

The results of this review suggest the need for large prospective cohort studies aimed
at predictors of outcome and effective interventions. CRPS 1 is a syndromal condition
and all currently used diagnostic criteria show relatively good negative but only moder-
ate positive predictive values (increased likelihood of false positives) [25]. Until diag-
nostic criteria improve, future research should focus on identification of relevant prog-
nostic factors that influence the course of disease. A defined prognostic profile may
compensate for the current lack of diagnostic precision and will allow clinicians to guide
treatment according to risk profile. This will further enhance treatment outcomes in at-
risk patients and may prevent overtreatment of patients with a favorable course of the
disease. We are aware of one ongoing study in Switzerland following patients with
suspected CRPS 1 of the hand or the foot through their observational study over a peri-
od of 1-2 years [26] and we encourage similar research in other countries.

Second, whereas these patients may be identified early, there still is a relative lack
of evidence about the utility of various modalities that patients may be treated with.
We require sufficiently powered intervention studies investigating the efficacy of vari-
ous treatment options in CRPS 1 management. These studies should focus on classifying
subgroups of patients and risk profiles that are associated with an unfavorable or fa-
vorable treatment response.

Recently, a multidisciplinary taskforce from the Netherlands completed a systemat-
ic review of the CPRS literature, and concluded that to date, due to insufficient data, no
strong treatment recommendations could be made in treatment guidelines for CRPS 1
[27]. This highlights the need for further and conjoint research in all fields of medicine,
to broaden our knowledge about this syndromal condition.

Implication for practice

To date, practitioners assess the prognosis of a CRPS 1 patients based on the individual
clinical experience. Although there is broad consensus in clinical practice [6, 7] that
early treatment of CRPS 1 is associated with a more favorable outcome, our findings
indicate that little is known about prognostic relevant factors predictive of an unfavor-
able course of the disease. As epidemiological studies suggest that many mild forms of
CRPS 1 resolve spontaneously [8], it is clinically important and relevant to recognize
prognostic factors associated with unfavorable outcome. Timely identification of nega-
tive predictors will most likely lead to early referral for current best practice treatment
and therefore better treatment outcome. One promising way could be a severity score
[28], that may help guide treatment intensity. However, to date, the impact of such a
score on treatment outcome is unknown and requires further investigation.

In addition, as our systematic review highlights, nearly all prognostic factors identi-
fied the Delphi Survey [24] are currently not or only weakly supported by the existing
evidence, and therefore further research is needed. Based on our review, patients with
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clinical features including sensory disturbances and cold CRPS 1 are likely to have an
unfavourable course of disease and should be treated aggressively. Physicians, treating
patients with CRPS 1, are therefore strongly encouraged to include patients in a registry
to further enhance our knowledge about the disease.

Conclusions

In conclusion, this systematic review highlights the need for studies investigating prog-
nostic factors for the course of CRPS 1 that allow clinicians to define specific risk profile
in patients. The current evidence is weak and consistency was only found for negative
predictive features such as sensory disturbances and cold CRPS 1. These findings are in
agreement with a consensus on poor prognostic factors reached by an expert panel.
However, for many other proposed relevant factors, we were unable to identify evi-
dence to support their influence on the course of the disease. We presume that this
finding is due to lack of evidence regarding the etiologic and prognostic understanding
of CRPS1. Further research should therefore aim to investigate the clinical value of
factors believed to be of importance both for the development and course of the dis-
ease.

Acknowledgments

The authors would like thank Kleijnen Systematic Reviews Ltd., York, U.K. for their sup-
port in the literature search.

165



References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

166

Allen, G., Galer, B.S., and Schwartz, L., Epidemiology of complex regional pain syndrome: a retrospective
chart review of 134 patients. Pain, 1999. 80(3): p. 539-44.

Duman, I., Dincer, U., Taskaynatan, M.A., et al., Reflex sympathetic dystrophy: a retrospective epidemio-
logical study of 168 patients. Clin Rheumatol, 2007. 26(9): p. 1433-7.

Schwartzman, R.J., Erwin, K.L., and Alexander, G.M., The natural history of complex regional pain syn-
drome. Clin J Pain, 2009. 25(4): p. 273-80.

Merskey, H. and Bogduk, N., Classification of chronic pain: description of chronic pain syndrome and
definitions of pain terms. 2nd. ed1994, Seattle: IASP Press.

Marinus, J., Moseley, G.L., Birklein, F., et al., Clinical features and pathophysiology of complex regional
pain syndrome. Lancet Neurol, 2011. 10(7): p. 637-48.

Perez, R.S., Zuurmond, W.W., Bezemer, P.D., et al., The treatment of complex regional pain syndrome
type | with free radical scavengers: a randomized controlled study. Pain, 2003. 102(3): p. 297-307.
Poplawski, Z.J., Wiley, A.M., and Murray, J.F., Post-traumatic dystrophy of the extremities. J Bone Joint
Surg Am, 1983. 65(5): p. 642-55.

Sandroni, P., Benrud-Larson, L.M., McClelland, R.L., et al., Complex regional pain syndrome type I: inci-
dence and prevalence in Olmsted county, a population-based study. Pain, 2003. 103(1-2): p. 199-207.
Stroup, D.F., Berlin, J.A., Morton, S.C., et al., Meta-analysis of observational studies in epidemiology: a
proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA,
2000. 283(15): p. 2008-12.

Hayden, J.A., Cote, P., and Bombardier, C., Evaluation of the quality of prognosis studies in systematic
reviews. Ann Intern Med, 2006. 144(6): p. 427-37.

Bejia, 1., Khalifa, A.B., Salah, Z.B., et al., Predictifs factors of the algodystrophy evolution in a rheumatolo-
gy department among 60 cases. Tunis Med, 2005. 83(3): p. 163-167.

Dauty, M., Renaud, P., Deniaud, C., et al., Professional outcome of reflex sympathetic dystrophy.
[French]. Ann Readapt Med Phys, 2001. 44(2): p. 89-94.

Daviet, J.C., Preux, P.M., Salle, J.Y., et al., The shoulder-hand syndrome after stroke: clinical factors of
severity and value of prognostic score of Perrigot. Ann Readapt Med Phys, 2001. 44(6): p. 326-32.

Daviet, J.C., Preux, P.M., Salle, J.Y., et al., Clinical factors in the prognosis of complex regional pain syn-
drome type | after stroke: A prospective study. Am J Phys Med, 2002. 81(1): p. 34-39.

de Mos, M., Huygen, F.J.P.M., van der Hoeven-Borgman, M., et al., Outcome of the complex regional pain
syndrome. Clin J Pain, 2009. 25(7): p. 590-7.

Eulry, F., Aczel, F., Vasseur, P., et al., Treatment and evolution of algodystrophy of the foot. Retrospective
study of 199 cases. Ann Med Interne, 1990. 141(1): p. 20-5.

Goris, R.J., Reynen, J.A., and Veldman, P., The clinical symptoms in post-traumatic dystrophy. Ned
Tijdschr Geneeskd, 1990. 134(44): p. 2138-41.

Laulan, J., Bismuth, J.P., Sicre, G., et al., The different types of algodystrophy after fracture of the distal
radius. Predictive criteria of outcome after 1 year. Journal of Hand Surgery, 1997. 22 B(4): p. 441-447.
Tan, E.C.T.H., van de Sandt-Renkema, N., Krabbe, P.F.M., et al., Quality of life in adults with childhood-
onset of Complex Regional Pain Syndrome type I. Injury, 2009. 40(8): p. 901-4.

van der Laan, L., Veldman, P.H., and Goris, R.J., Severe complications of reflex sympathetic dystrophy:
infection, ulcers, chronic edema, dystonia, and myoclonus. Arch Phys Med Rehabil, 1998. 79(4): p. 424-9.
Vaneker, M., Wilder-Smith, O.H., Schrombges, P., et al., Patients initially diagnosed as 'warm' or 'cold'
CRPS 1 show differences in central sensory processing some eight years after diagnosis: A quantitative
sensory testing study. Pain, 2005. 115(1-2): p. 204-211.

Vaneker, M., Wilder-Smith, O.H.G., Schrombges, P., et al., Impairments as measured by ISS do not greatly
change between one and eight years after CRPS 1 diagnosis. Eur J Pain, 2006. 10(7): p. 639-44.

Zyluk, A., The natural history of post-traumatic reflex sympathetic dystrophy. J Hand Surg Br, 1998. 23(1):
p. 20-3.



24,

25.

26.

27.

28.

CHAPTER 6 % PROGNOSTIC FACTORS IN COMPLEX REGIONAL PAIN SYNDROME 1

Brunner, F., Nauer, M., and Bachmann, L.M., Poor prognostic factors in complex regional pain syndrome
1: A Delphi survey. J Rehabil Med, 2011. 43(9): p. 783-6.

Quisel, A., Gill, J.M., and Witherell, P., Complex regional pain syndrome underdiagnosed. J Fam Pract,
2005. 54(6): p. 524-32.

Brunner, F., Bachmann, L.M., Weber, U., et al., Complex regional pain syndrome 1--the Swiss cohort
study. BMC Musculoskelet Disord, 2008. 9: p. 92.

Perez, R.S., Zollinger, P.E., Dijkstra, P.U., et al., Evidence based guidelines for complex regional pain
syndrome type 1. BMC Neurol, 2010. 10: p. 20.

Harden, R.N., Bruehl, S., Perez, R.S., et al., Validation of proposed diagnostic criteria (the "Budapest
Criteria") for Complex Regional Pain Syndrome. Pain, 2010.

167






CHAPTER 7

Rational pain management in complex
regional pain syndrome 1 (CRPS 1):

A network meta-analysis

M. M. Wertli M.D., A.G.H. Kessels, R.S.G.M. Perez Ph.D., L.M. Bachmann M.D. Ph.D., F.
Brunner M.D. PhD
Submitted

169



Abstract

Background and Objective: Guidelines for CRPS 1 advocate several substance clas-
ses to reduce pain and support physical rehabilitation, but guidance about which agent
should be prioritized when designing a therapeutic regimen is not provided. Using a
network meta-analytic approach, we examined the efficacy of all agent classes investi-
gated in randomized clinical trials of CRPS1, and provide a rank-order of various sub-
stances stratified by length of illness duration.

Method and data treatment: Network-Meta-analysis. Searches in electronic, pre-
vious systematic reviews, conference abstracts, book chapters, and the reference lists
of relevant articles were performed. Eligible studies were randomized trials comparing
at least one analgesic agent in patients with CRPS 1 with placebo or with another anal-
gesic, and reporting efficacy in reducing pain. Summary efficacy stratified by symptom
duration and length of follow-up was computed across all substance classes. Two au-
thors independently extracted data.

Results: In total, 16 studies were included in the analysis. Bisphosphonates appear
to be the treatment of choice in early stages of CRPS 1. The effects of calcitonin over-
pass that of bisphosphonates and other substances as a short term medication in more
chronic stages of the illness. While most medications showed some efficacy on short
term follow-up, only bisphosphonates, NMDA analogues and vasodilators showed bet-
ter long term pain reduction than placebo.

Conclusion: This network meta-analysis indicates that a rational therapeutic strate-
gy of pain management in CRPS 1 should consider bisphosphonates in early CRPS 1 and
a short term course of calcitonin in later stages. Other available treatments were less
effective.
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Introduction

In Complex Regional Pain Syndrome (CRPS) Type 1, sensory changes including pain,
allodynia and hyperalgesia represent cardinal symptoms that form a considerable
health burden for the patient [1]. Several agents have been suggested to reduce the
severity of these symptoms, but to date there is no clear guidance about which agent
should be prioritized when tailoring a personalized therapeutic regimen for individual
patients. Guidelines propose several substance classes to reduce pain or pain sensitiza-
tion and support physical rehabilitation. For example, the two latest guidelines remain
unspecific with respect to treatment alternatives for different illness stages [2, 3].
These guidelines only provide a summary of the available evidence without putting
treatment options into clinically applicable context. Therefore, in clinical practice the
view that a patient should be treated early and aggressively in the hope to prevent
chronic stages still prevails.

At present, treatment recommendations include conventional analgesics (parace-
tamol, non-steroidal anti-inflammatory drugs (NSAID) and opioids), anaesthetics, anti-
convulsants, anti-depressants, free radical scavangers, oral muscle relaxants, cortico-
steroids, calcitonin, bisphosphonates and calcium channel blockers [4]. The magnitude
of treatment options reflects the uncertainty and dilemma regarding the optimal
choice. Uncertainty for both the patient and the clinician regarding the efficacy of a
treatment prevails and could have a negative effect on the course of CRPS.

Recently, network meta-analysis, a new systematic review approach has become
available, which allows for complete assessment across different drugs used for a spe-
cific indication [5, 6]. In particular, this method provides a rank-order that can be used
for benchmarking purposes and decision-analytic modelling. Using such a network
meta-analytic approach, this study examines the efficacy of all agent classes investigat-
ed within randomized clinical trials, and provides a rank-order of various substances
stratified by length of illness duration.

Methods

A search method was used according to the PRISMA statement (Figure 1) for conduct-
ing meta-analyses of randomized controlled trials [7, 8].
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Figure 1. Study flow
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Literature search

We identified randomized controlled trials (RCTs) in patient with CRPS 1, published
between 1990 and January 2013, by searching the following databases: MEDLINE
(OvidSP), MEDLINE In-Process Citations (OvidSP), Embase (OvidSP), Cochrane Database
of Systematic Reviews (CDSR), Cochrane Central Register of Controlled Trials (CENTRAL)
and PsycINFO (OvidSP). The terms for the search strategies were identified through
discussion between an information specialist and the review team, by scanning the
background literature, and by browsing the MEDLINE Thesaurus (MeSH). Two detailed
search strategies are described in Appendix I. To ensure the completeness of the litera-
ture search, the reviewers, experienced researchers in the field of CRPS 1, screened
bibliographies of all included studies, retrieved review articles and current treatment
guidelines in an additional hand search and all potentially eligible references were in-
cluded in the full text review (inclusion and exclusion criteria applied).

Eligibility criteria

All RCTs were considered eligible for inclusion in this investigation that were published
between January 1990 und January 2013 and met the PICO reporting system (patient,
intervention, control, outcome) the following way: CRPS 1 patients, effect of pharma-
ceutical treatments, placebo controlled, pain and disability reduction. In order to re-
duce potential confounders caused by clinical, interventional and pharmacological
heterogeneity, we decided to limit our analysis to medications administered orally or
intravenously. No limits for the study setting or language of the publication were ap-
plied. Excluded were non-randomized studies, or conference proceedings.

Study selection

The bibliographic details of all retrieved articles were stored. Two reviewers (MW and
FB) independently screened 1915 references by title and abstract. The full text was
reviewed by both reviewers (MW and FB) independently in all studies meeting the pre-
defined eligibility criteria (n= 98). Disagreements were discussed and resolved by con-
sensus or by third party arbitration (LMB). Researchers with specific language proficien-
cies reviewed non-English language references. In the case of several publications for
the same RCT without change in outcome or follow-up duration, the most recent publi-
cation was chosen and missing information from the previous publication added.

Outcome

Due to insufficient and heterogeneous reporting on other outcomes such as physical
function or health-related quality of life, the analysis was limited to the outcome
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“pain”. All studies reporting a valid and comparable pain measure on a visual analogue
scale (VAS) or a numeric rating scale (NRS) were included in the analysis.

Data extraction and synthesis

Summary estimates per group (means, changes in means) with measures of variability
(standard deviation [SD], 95% confidence interval [Cl]), as available, were extracted. We
summarized different formulations and routes of administration. Medications were
categorized into the following groups: 1) calcitonin; 2) bisphosphonates; 3) traditional
analgesics (acetaminophen, non-steroidal anti-inflammatory drugs (NSAID) and opi-
oids); 4) radical scavengers 5) NMDA; 6) steroids; 7) NO-transmitted vasodilatation and
8) anticonvulsants.

Methodological quality

Two reviewers (MW, FB) independently assessed the methodological quality of each
study as recommended [7] by using the Jadad-Score [9]. The Jadad-Score is a simple,
short, reliable and valid 3-item scale (randomization procedure, blinding, drop out)
developed to assess the quality of clinical reports in pain relief. Methodology was con-
sidered high when the score was 3 and more. A score of less than 3 comprises an in-
creased risk for bias. The authors agreed in 96%, consensus was reached in a total 4%
of the ratings. We did not exclude studies based on their quality rating.

Statistical analysis

Network meta-analysis allows for complete assessment across different drugs used for
a specific indication [5, 6, 10-12]. The analysis was based on methodology described
earlier by Kessels et al. [6]. A linear regression is used to determine the parameters
describing the difference in effect between a specific intervention and the reference
intervention and to check the assumptions needed to model the effect parameters. The
method provides an easy and transparent way to estimate treatment effect parameters
in meta-analyses involving studies with more than two arms [6].

Whenever available, we used results from the intention-to-treat analysis. If re-
quired, we imputed missing SDs of mean changes for each treatment using the largest
SD reported in the set of included studies for this outcome. This procedure was neces-
sary in 6 cases. For each participant, we simulated the outcome by sampling from a
normal distribution with the mean and SD of the outcome in a specific treatment arm
as described in the study report. Because of chance, the mean and SD parameters could
be different from the original values. Therefore, these differences were corrected by a
simple linear transformation. For all the treatment classes, a data set was generated in
such a manner that it led to the same likelihood function as that from the original data.

174



CHAPTER 7 % RATIONAL PAIN MANAGEMENT

To that new data set, a linear regression model was fitted. Drug classes, creating a
unique code for each class, were entered as covariates. To preserve randomization
within each trial, we included an indicator variate for each study. This variate adjusted
for all differences in risk profiles and study setup among trials. From this regression
model, we estimated an effect size and 95% Cl’s between placebo and all other treat-
ment options.

Analyses were repeated for two a priori defined subgroups: i) studies with baseline
mean disease duration of less than 12 months disease duration vs. studies with base-
line mean disease duration of 12 months and more; and ii) follow-up duration of less
than 2 months vs. follow-up duration of 2 months and more. All analyses were per-
formed with Stata SE 11.2 (Copyright 1996—-2010 StataCorp LP, 4905 Lakeway Drive,
College Station, TX 77845 USA).

Ethics statement

For this study no ethical approval was required. No protocol was published or regis-
tered. All methods were determined a priori.

Results

Study selection

The search and inclusion process is summarized in Figure 1. Out of 1915 records, 98
were reviewed in full text. The full text assessment utilizing the inclusion and exclusion
criteria resulted in the exclusion of 82 studies. The main reasons for exclusion are
summarized in Figure 1 and included other non-randomized studies (n= 18), other in-
terventions not meeting the inclusion criteria (n=15) and insufficient or invalid outcome
measures (n=39). In total 16 RCTs were included in the analysis.

Study characteristics

A detailed description of the studies, the treatment under investigation and additional
treatments is summarized in Table 1. The diagnosis CRPS 1 was either based on the
IASP-Orlando diagnostic criteria (n=6), the Bruehl/Harden criteria (n=3) or the Kozin
classification (n=2), the Steinbrocker (n=2), the Atkins (n=1) or Budapest (n=1) criteria.
One study reported no diagnostic criteria [13]. Mean disease duration was less than 12
months in eight studies [13-19]. Mean disease duration of 12 months or more was
reported in seven studies [20-26]. One study did not report disease duration and was
classified as mean duration less than 12 month [27]. The number of patients included in
each treatment arm ranged from nine to 30 patients, the follow-up duration was be-
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tween 14 and 127 days. Follow-up duration of two and more months was reported in
eight studies [13, 15, 16, 18, 20, 24-26]. Study quality was moderate to good in 11 stud-
ies (Jadad score 3 and higher). Five studies had a Jadad score of less than 3 points [13,
17, 22, 25].

Randomized comparison against placebo or a control group was conducted for the
groups as follows: 1) calcitonin in three studies (calcitonin 100 U i.m. [22], 200 [17] —
400 U i.n. [15]); 2) bisphosphonates in four studies (clodronate 300mg [19], pamidro-
nate 60mg [25] and alendronate 7.5mg i.v. [14] alendronate 40mg p.o. [16]); 3) pain
medications in 2 studies (paracetamol 1500mg [17], parecoxib 0.7 and 2.9 i.v. [27]) ; 4)
radical scavangers in one study (mannitol 10% i.v. [24]); 5) NMDA in three studies (me-
mantine 40mg p.o. [21], ketamin 100mg i.v. [18] and 7.2ug/kg/min. [26]), 6) cortico-
steroids 2 studies (methylprednisolone 5.7mg i.v. [28], prednisone 5mg p.o. [13]), 7)
NO-transmitted vasodilatation in one study (tadalafil 16mg p.o. [20]); 8) anticonvul-
sants in one study (gabapentin 1800mg [23]).
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The overall treatment effect of all of the included pharmacological categories is sum-
marized in Appendix Ill. Bisphosphonates and calcitonin were most effective followed
by NMDA analogues, conventional analgetics, vasodilators and steroids. The radical
scavengers mannitol and the anticonvulsants gabapentin were similarly effective then
placebo in decreasing pain.

Results for symptom duration of less and more than 12 months

In patients with symptom duration of less than 12 months, bisphosphonates were most
effective. Patients with symptom duration for more than 12 months responded best to
calcitonin. For details please see figure 2 and figure 3.

Figure 2. Summary of Results in mean symptom duration less than 12 months
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Figure 3. Summary results mean disease duration 12 months and more
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Results for follow-up after less and more than 2 months

In studies with a follow-up of less than two months, calcitonin was most effective.
More effective than placebo were NMDA analogs, bisphosphonates, analgesics and
steroids (figure 4). The effect of steroids was more effective than placebo but less ef-
fective than bisphosphonates and analgesics. In studies with follow-up of two months
and more bisphosphonates (n=14) were most effective (figure 5). NMDA analogs and
the vasodilator taldalafil were also more effective than placebo. Steroids, the radical
scavenger mannitol and calcitonin were not more effective than placebo.
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Figure 4. Results follow-up less than 2 months
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Figure 5. Results Follow-up 2 months and more
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Discussion

Main findings

Whereas bisphosphonates appeared to be most beneficial in mean disease duration of
CRPS of less than twelve months the effects of calcitonin overpass those of bisphos-
phonates and other substances in more chronic stages of the illness. Calcitonin appears
to be the treatment of choice as a short term medication in advanced stages of CRPS.
While most medications showed some efficacy on short term follow-up, only bisphos-
phonates, NMDA analogs and vasodilators showed better long term pain reduction
than placebo.

Results in light with existing literature

In a recent systematic review bisphosphonates and oral taldalafil were identified to
significantly reduce pain [29]. The current analysis expands our understanding of the
efficacy in short and long term CRPS 1. Further, short term effects were seen in several
medications including calcitonin, radical scavenger, NMDA analogs, bisphosphonates,
analgesics and steroids wile long term efficacy was only present in bisphosphonates
and NMDA analogs. This is in agreement with the findings of a recently published RCT
and therefore not jet included in this analysis that showed good efficacy for bisphos-
phonates in patients with CRPS 1 of less than four months duration [30] Just recently,
two updated guidelines for the diagnosis and treatment of CRPS were published [2, 3].
Although they both thoroughly review the existing literature, they do not provide a
rank-order of the available substances stratified by the length of illness duration.

Strength and limitation

To our knowledge this is the first network meta-analysis providing a comprehensive
evaluation of currently available pharmaceutical treatment strategies in patients with
CRPS 1. In particular, the network approach allowed us to provide a rank-ordering of
drug classes and allowed us to explore the temporal aspect of drug efficacy in more
detail. The review was conducted according to modern methodological standards,
searches were comprehensive, no language limitations were imposed, a thorough bib-
liographic search was conducted in order to include all relevant studies and the extrac-
tion process was done carefully.

The weaknesses of our study are twofold. First, the majority of studies included
only a small group of patients and for some drug classes assessed, the number on in-
cluded studies was small for most, and in a number of cases only one drug in a drug
class was assessed. Second, although we aimed at investigating pharmaceutical efficacy
on disability outcomes as well, presentation of results (heterogeneity on the level of
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outcome measurement and reporting) impeded us from conducting efficacy analysis
beyond pain outcome measures.

Implication for research

Further research should aim at clarifying the role of calcitonin and bisphosphonates in
short and long term CRPS 1- in terms of short term and long term pain control and
disability.

Moreover, the analgesic effects of bisphosphonates remains incompletely under-
stood. We are aware of a few studies on animals and humans postulating potential
pathophysiologic pathways of action [31]. However, further investigations should aim
at exploring these further.

Quite similarly, the analgesic properties of calcitonin remain unclear. A few, often
uncontrolled studies postulated a central nervous involvement which was independent
from an effect on osteoclastic bone resorption [32-34].

Based on our current pathophysiologic understanding of CRPS [35], treatment reg-
imens should distinguish between early (neurogenic inflammation, vasomotor dysfunc-
tion) and chronic (neuroplastic changes in the central nervous system) illness stages.
Further research should take this aspect into account.

From a more methodological viewpoint initiatives aiming at reaching a consensus
regarding relevant outcome measures and their quantification, particularly to assess
function restoration should be encouraged [36].

Implication for practice

Our findings encourage using bisphosphonates as a first line treatment for pain control
in early CRPS and calcitonin as a short term addition to bisphosphonates in later stages
(after 12 month of symptom duration). Our findings endorse a recent warning to limit
the calcitonin treatment period to six weeks in maximum, after finding a potential asso-
ciation with cancer incidence of various types [37].

Conclusion

Based on an efficacy network meta-analysis of 16 randomized controlled trials a ration-
al therapeutic strategy should consider illness duration and should either contain
bisphosphonates (disease duration less than 12 months, follow-up 2 months and more)
or short-term calcitonin (for disease duration 12 months and more, follow-up less than
2 months). Further studies are warranted exploring the analgesic effects of bisphos-
phonates in more detail.
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Appendix I:
Search strategies for Medline and Embase

(a) Medline (1990-2013/01/week 2) (OvidSP)
The Medline search was from 1990 to 2013/01/week 2 and identified 906 references.

No. Search Results

1 randomized controlled trial.pt 342334

2 controlled clinical trial.pt. 85694

3 random$.ab 572469

4 placebo.ab 136550

5 drug therapy.fs. 1588363

6 random§.ti. 94252

7 trial.ab. 253825

8 groups.ab. 1145730

9 or/1-8 3070837

10 animals/ not (animals/ and humans/) 3720385

11 9 not 10 2608039

12 complex regional pain syndromes/ or reflex sympathetic dystrophy/ 3791

13 (CRPS or complex regional pain syndrome$ or RND or CRPS1).ti,ab. 2140

14 posttrauma$ dystroph$ or post trauma$ dystroph$ or reflex$ neurovascular 58
dystroph$).ti,ab.

15 (reflex$ sympathetic dystroph$ or sudeck$ atroph$ or algodystroph$ or 2099
algoneurodystroph$).ti,ab.

16 (algo dystroph$ or algo neurodystroph$).ti,ab. 12

17 (shoulder hand syndrom$ or shoulder hand dystroph$).ti,ab. 175

18 cervical sympathetic dystrophS.ti,ab. 0

19 or/12-18 5383

20 11and 19 1167

21 limit 20 to yr="1990 -Current" 906

Based on the following Trials filter: Lefebvre C, Manheimer E, Glanville J. Chapter 6: searching for studies. Box
6.4.c: Cochrane Highly sensitive search strategy for identifying randomized controlled trials in Medline: Sensi-
tivity-maximizing version (2008 version); OVID format. In: Higgins JPT, Green S (editors). Cochrane Handbook
for Systematic Reviews of Interventions Version 5.0.1 [updated September 2008]. The Cochrane Collabora-
tion, 2008. Available from www.cochrane-handbook.org. (b) Embase (1990-2013/week 2) (OvidSP).
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The Embase search was from 1990 to 2013/week 2 and identified 1406 references.

No. Search Results
1 random.tw. or clinical trial.mp. or exp treatment outcome/ 1814870
2 animal/ 1802202
3 animal experiment/ 1554445
4 (rat or rats or mouse or mice or murine or rodent or rodents or hamster or 5230067
hamsters or pig or pigs or porcine or rabbit or rabbits or animal or animals or dogs
or dog or cats or cow or bovine or sheep or ovine or monkey or monkeys).mp.
5 or/2-4 5230067
6 exp human/ 14036759
7 human experiment/ 307990
8 or/6-7 14038153
9 5not (5and 8) 4134417
10 1not9 1753891
11 complex regional pain syndrome/ or exp complex regional pain syndrome type i/ 6240
12 (CRPS1 or CRPS or complex regional pain syndrome$ or RND).ti,ab 3173
13 (posttrauma$ dystroph$ or post trauma$ dystrophs$ or reflex$ neurovascular 62
dystroph$).ti,ab.
14 (reflex$ sympathetic dystroph$ or sudeck$ atroph$ or algodystroph$ or 2767
algoneurodystroph$).ti,ab.
15 (algo dystroph$ or algo neurodystroph$).ti,ab. 12
16 (shoulder hand syndroms$ or shoulder hand dystroph$).ti,ab. 231
17 cervical sympathetic dystrophS.ti,ab. 0
18 or/11-17 8153
19 10 and 18 1423
20 limit 19 to yr="1990 -Current" 1406

Trials filter: Wong SS, Wilczynski NL, Haynes RB. Developing optimal search strategies for detecting clinically
sound treatment studies in EMBASE. Journal of the Medical Library Association 2006;94(1):41-7.
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Appendix II:
Summary of study quality according to the jadad score quality assessment

[9]

Author Year Randomisation Randomisation double blinding drop out  Score
correct blind adequate?  described?
Adami 1997 1 -1 1 1 1 3
Birkenstaff 1991 1 1 1 1 1 5
Frade 2005 1 1 1 1 0 4
Groeneweg 2008 1 1 1 1 1 5
Gustin 2010 1 -1 1 1 1 3
Hamamoci 1996 1 -1 0 -1 0 0
Lucovic 2006 1 -1 0 -1 0 0
Manicourt 2004 1 1 1 1 1 5
Ogawa 1998 1 -1 0 -1 1 0
Perez 2008 1 1 1 1 1 5
Robinson 2004 1 -1 1 -1 1 1
Sahin 2006 1 -1 0 -1 0 0
Schwartzmann 2009 1 1 1 1 1 5
Sigtermans 2009 1 1 1 1 1 5
Taskaynatan 2004 1 1 1 1 1 5
van de Vusse 2004 1 1 1 1 1 5
Varenna 2000 1 1 1 1 1 5
Wallace 2002 1 1 1 1 1 5

Jadad Scoring system: methodological quality high > 3 points; increased risk for bias in < 3 points.

Scoring: 1 point if adequately described, O points: not adequately described. Give 1 additional point if for
question 1, the method to generate the sequence of randomization was described and it was appropriate
(table of random numbers, computer generated, etc.) AND / OR if for question 2 the method of double blind-
ing was described and it was appropriate (identical placebo, active placebo, dummy, etc.). deduct 1 point if
for question 1, the method to generate the sequence of randomization was described and it was inappropri-
ate (patients were allocated alternately, or according to date of birth, hospital number, etc.) AND / OR for
question 2, the study was described as double blind but the method of blinding was inappropriate (e.g.,
comparison of tablet vs. injection with no double dummy)
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Appendix Ill:
Summary of treatment efficacy overall

Bisphosphonate ——
Calcitonin- ——

MWD A analogs- ——
=
= Analgetics [
=
3
i i — e
£ Vasodilators

SteroidsA ——
AnticonwUlsive- [ e —
Radical scavenger] : | : : :
-10 0 10 20 a0
coeff

Coefficient, effect size and 95% Cl’s in the regression model between placebo and intervention.
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CHAPTER 8 % GENERAL DISCUSSION

The research presented in this doctoral thesis examined a series of problems associated
with two pain conditions—non-specific low back pain (LBP) and complex regional pain
syndrome type 1 (CRPS 1)—where the diagnosis relies on patient-relevant symptoms
and clinical findings. The work presented in this thesis addressed topics at the diagnos-
tic-prognostic-therapeutic junction. It suggests future studies that are needed to inves-
tigate the influence of clinical information on the prognosis and treatment outcome in
patients suffering from these pain disorders. The findings presented in this thesis may
inspire future research in both LBP and CRPS 1.

Results in light of existing literature

Hayden et al. identified a set of factors associated with poor prognosis in observation
studies of patients with LBP [5]. It is reasonable to believe that these factors potentially
influence treatment outcome in RCTs. Research on disease prognosis is an emerging
field and many prognostic factors have been identified recently [6]. The amount of
indexed publications addressing prognosis in back pain and cited in PubMed increased
from 5 percent in 1990 to 22 percent in 2012. We demonstrated that in studies of LBP,
many important prognostic factors are incompletely assessed or reported. Even 10
years after the publication of the CONSORT statement [7] which aimed at improving the
reporting in RCTs, on average only half of the prognostic factors identified by Hayden et
al. are reported [8]. We therefore conclude that the influence of prognostic factors on
the course of LBP and treatment efficacy is not fully understood. Future research
should systematically assess and report prognostic factors. We also support current
research initiatives aimed at conducting individual participant data meta-analysis based
on high quality RCTs [9]. This will eventually allow researchers to understand the influ-
ence of prognostic factors and to develop individualized treatment strategies for specif-
ic subgroups.

Maladaptive cognitive behaviors are considered to play a significant role in the
development of chronic LBP [10]. However, the importance of the fear avoidance mod-
el, a theoretical model used to explain how psychological factors affect the experience
of pain, has been questioned [11, 12]. The two systematic analyses presented in this
thesis support the importance of fear avoidance beliefs in LBP. We showed that high
fear avoidance beliefs were associated with poor work-related outcome in patients
with persisting LBP of less than six months duration. The review also highlights im-
portant gaps in the literature that should be considered in future research. Most im-
portantly, the interaction of different coping strategies should be further studied. In the
original Fear Avoidance Model, catastrophizing is a prerequisite for fear avoidance.
However, there is evidence that fear avoidance can be present without catastrophizing
[13]. In addition, other coping strategies might be equally or more important.

We analyzed how fear avoidance beliefs influenced treatment efficacy in various
treatment strategies [14]. While the findings were consistent, the heterogeneity of the
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outcomes measured, the various analyses conducted, and the different study protocols
used impeded us from conducting meta-analyses. The results presented in this study
should inspire future research to assess the influence of various prognostic factors on
treatment outcome. It can be hypothesized that patients with different coping strate-
gies respond better to different treatment interventions. Our results show that patients
with LBP and fear avoidance beliefs respond well to treatments addressing those be-
liefs, while patients without fear avoidance beliefs have no benefit. This might explain
negative study findings when a treatment strategy is used for all patients without risk
stratification. Risk stratified treatment strategies have been shown to be cost effective
[15]. The STarT Back tool used by Hill et al. [15] includes single item questions for fear
avoidance beliefs, catastrophizing, and depression. Future studies should systematically
assess coping strategies and their influence on treatment efficacy.

The diagnostic accuracy of bone scintigraphy for the diagnosis of CRPS 1 was sys-
tematically assessed. While in patients with non-specific LBP, the use of imaging studies
is not recommended [1], the recommendations for those with CRPS 1 are less clear. The
use of bone scintigraphy has been advocated by some as a gold standard test for the
diagnosis [2]. Our analysis showed that a positive finding is not necessarily concordant
with and a negative scan does not necessarily rule out CRPS 1 [3]. These findings are
important for clinicians: bone scintigraphy should be only used in conjunction with
clinical findings. Future research should aim at understanding when bone scintigraphy
or other imaging techniques might be of importance in the diagnostic process. We
agree with Hancock and colleagues that future research should further investigate the
diagnostic and prognostic utility of findings in laboratory tests and imaging studies in
non-specific pain disorders [4]. However, before recommending the use of any test in
clinical practice, their diagnostic accuracy and clinical validity need to be established.

Whereas clinical LBP management involves early prognostic screening for delayed
recovery [16, 17], these concepts are largely lacking in CRPS 1. The systematic analysis
of prognostic factors in CRPS 1 identified 28 potentially relevant factors. Those most
consistently associated with poor prognosis were cold skin temperature (5 studies) and
the presence of sensory disturbances (3 studies) [18]. However, quality was poor in
many of the studies. The measurement of prognostic factors or potential confounders
and the statistical methods used were often inappropriate. Most factors only weakly
correlated with 49 prognostic factors identified by an expert Delphi consensus study
[19]. Future research should systematically assess the influence of the factors identified
by this systematic analysis and the expert Delphi consensus study.

A recently published analysis showed that the presence of “allodynia” and “hypoes-
thesia” were negative predictors for treatment response to sympathetic blockade with
local anesthetics [20]. This finding supports that research should systematically study
the influence of prognostic factors on treatment response. Further, validated and com-
parable measurements and appropriate statistical methods should be used to further
investigate the importance of prognostic factors for the course of CRPS.
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While in patients with LBP, maladaptive cognitive behaviors are considered to play a
significant role in the development of chronicity [10], in patients with CRPS their influ-
ence is not clear [19, 21]. In the systematic analysis of prognostic factors, only one
study identified previous psychological problems associated with poor prognosis [22].
In a recently published cross-sectional analysis of patients with chronic CRPS, passive
coping but not fear avoidance beliefs contributed to limitations in activity [23]. In the
early 1990s, based on their comparative findings in patients with CRPS, LBP, or post-
herpetic neuralgia, Rose and colleagues suggested that the fear avoidance model might
explain psychological overlay in chronic pain conditions regardless of pathology [24].
More than 30 years later, there is little research on psychological factors in CRPS avail-
able. Future research should include psychological measures and investigate how cop-
ing strategies influence prognosis and treatment outcome in patients with CRPS.

Treatment recommendations for patients with CRPS 1 include a magnitude of
treatment options from analgesics, anticonvulsants, anti-depressants, free radical
scavangers, oral muscle relaxants, corticosteroids, calcitonin, and bisphosphonates to
calcium channel blockers [25, 26]. The magnitude of treatment options reflects the
uncertainty and dilemma regarding the optimal choice. By using a network-meta-
analytic approach of 16 randomized controlled trials we intended to establish a rank
order of treatment efficacy for pain management. Based on the results a rational ther-
apeutic strategy should consider illness duration and should either contain bisphospho-
nates (disease duration less than 12 months, follow-up 2 months and more) or short-
term calcitonin (for disease duration 12 months and more, follow-up less than 2
months). Consistent with these findings, a recently published RCT in patients with CRPS
1 of less than 3 months disease duration found a good treatment response to bisphos-
phonates [27]. Additional research should aim at clarifying the role of calcitonin and
bisphosphonates in short- and long-term CRPS 1 in terms of short-term and long-term
pain control and disability.

Strength and limitation

The work presented in this thesis was conducted according to modern methodological
standards. Great care was taken to comply with current guidelines on how to conduct
systematic reviews, meta-analysis and network meta-analysis.

There are some limitations to the findings presented in this thesis. First, the heter-
ogeneity in studies, the differences in outcome assessment and non-reporting in many
studies impeded us from conducting meta-analysis in most systematic reviews. Future
studies need to address this by using thorough methodology, providing comprehensive
description of study populations and using a core set of measures for outcomes and
prognostic factors that will allow for comparison between studies. Second, while the
network meta-analysis is an exciting and promising technique that allows for compari-
son between treatments where no head-to-head comparison is available, the findings
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are as robust as the quality of the randomized controlled trials they are based on. In
many studies presented in this thesis, study quality was poor and only limited data was
available for clinically relevant outcomes. Therefore, the findings have to be interpreted
with caution. Third, LBP and CRPS 1 are heterogeneous conditions and the findings
presented in this thesis might not be generalizable to all patients with LBP and CRPS 1.
Many studies included a small group of patients and for many treatment groups only
one study was available.

Implication for research

We suggest the following implication on future research based on the various aspects
discussed above: Large prospective cohort studies are needed that aim at predictors of
outcome and effective interventions research in both, non-specific LBP and CRPS 1.
Future research should focus on identification of relevant prognostic factors that influ-
ence the course of a disease. A defined prognostic profile may compensate for the
current lack of diagnostic precision and will allow clinicians to guide treatment accord-
ing to a specific risk profile. In addition to cohort studies, clinical registries could pro-
vide valuable information on all patients treated for LBP and CRPS 1. In comparison to
clinical trials, such registries also contain information on patient populations not in-
cluded in the clinical trials. This additional information would improve generalizability
of findings. Further, for various treatment modalities there is still a relative lack of evi-
dence on efficacy. We require sufficiently powered intervention studies investigating
the efficacy of various treatment options in LBP and CRPS 1. These studies should focus
on classifying subgroups of patients and risk profiles that are associated with an unfa-
vorable or favorable treatment response. This will further enhance treatment outcomes
in at-risk patients and may prevent overtreatment of patients with a favorable course
of the disease.

Implication for practice

Our findings may have a substantial impact on health care cost in Switzerland. LBP and
CRPS represent an important spectrum of pain disorders with substantial disability, loss
of productivity, and health care costs [5, 28-32]. In LBP, the total economic burden to
Swiss society was estimated between 1.6 and 2.3% of GDP [34]. According to the Swiss
Accident Insurance (SUVA), the costs for one single CRPS case amount to the consider-
able sum of 152’000 Swiss Francs within a 10-year period whereas the average cost per
case comes to 5200 Swiss Francs [33]. The main drivers of these costs are long-term
disability, compensation claims, and disability pension. Therefore, early effective and
targeted treatment interventions are needed to prevent long-term disability and ad-
dress this growing economic and health care problem.
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Conclusion

With our research activities we expect to make a sustained contribution to the emerg-
ing recognition of the importance of prognostic factors in chronic pain. We hope that
clinicians, researchers and patients affected with CRPS and LBP can benefit from our
findings. The results presented in this thesis demonstrate that many questions need to
be addressed until we know how prognostic factors influence the course of the disease
and treatment efficacy. The findings for LBP might influence research strategies in CRPS
1. Future clinical trials should systematically assess and report important prognostic
information and use of valid, reliable, standardized, and comparable measures. Further,
we support the development and the use of core sets of factors to measure, as pro-
posed for LBP research [35], all patients with pain conditions.
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Summary

Non-specific low back pain (LBP) and complex regional pain syndrome 1 (CRPS 1) are
two important examples of non-specific pain conditions. While non-specific LBP is
common, CRPS 1 is less known but economically very important. Both illnesses share a
high patient burden and lead to substantial healthcare expenditures for pain manage-
ment.

Non-specific LBP is defined as lumbar pain without a specific morphological corre-
late and accounts for over 90 percent of all LBP cases. In the absence of a structural
abnormality explaining the patient complaint, the diagnosis is solely based on the clini-
cal findings. Further examinations—in particular imaging—do not give a causal explana-
tion. CRPS 1 is defined as a pain state following injury, which exceeds in magnitude and
duration the expected clinical course when other underlying diseases are excluded.
Clinical manifestations include a broad spectrum of sensory, autonomic, motor, and
trophic changes usually associated with significant impairment of motor function. For
diagnosis, the use of the “Budapest criteria” is recommended. These criteria consider
signs and symptoms of the clinical manifestation.

While in specific pain conditions a targeted therapy of the underlying somatic
anomaly may be initiated, in non-specific LBP and CRPS 1, no causal derived therapies
are possible and the therapy remains symptom-based. In order to avoid chronicity, it is
important to identify early those patients at risk for delayed recovery. However, when
no clear underlying cause can be found, the identification of patients at risk represents
a major challenge in clinical practice.

The results presented in this thesis should be seen as a contribution to the prob-
lems outlined above. The research presented in this thesis comprises a series of pro-
jects that were performed at the Horten Centre, University of Zurich, Zurich, Switzer-
land, and at the Occupational and Industrial Orthopaedic Center (OIOC), New York
University Hospital for Joint Diseases (NYU-HJD), New York, U.S.A, in collaboration with
the University Hospital Balgrist, Zurich, Switzerland.

In Chapter 2 we demonstrated that in LBP studies many important prognostic fac-
tors are incompletely assessed or reported. Even 10 years after the publication of the
CONSORT statement which aimed at improving the reporting in RCTs, on average only
half of the prognostic factors identified by Hayden and colleagues are reported. We
therefore concluded that the influence of prognostic factors on the course of LBP and
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treatment efficacy is not fully understood. Future research should systematically assess
and report prognostic factors.

In Chapter 3 we studied the influence of fear avoidance beliefs on the prognosis of
LPB. High fear avoidance beliefs were associated with poor work-related outcome in
patients with persisting LBP of less than three months duration. Further, important
gaps in the literature are highlighted in this review.

In Chapter 4 we analyzed how fear avoidance beliefs influenced treatment efficacy
in various treatment strategies. While the findings were consistent, the heterogeneity
of outcomes measured, the various analyses conducted and the different study proto-
cols used impeded us from conducting meta-analyses. The results presented in this
study should inspire future research to assess the influence of various prognostic fac-
tors on treatment outcome.

In Chapter 5 we systematically assessed the diagnostic accuracy of bone scintigra-
phy for the Diagnosis of CRPS 1. Our analysis showed that a positive finding is not nec-
essarily concordant with and a negative scan does not necessarily rule out CRPS 1.

Whereas clinical LBP management involves early prognostic screening for delayed
recovery, these concepts are largely lacking in CRPS 1. The systematic analysis of prog-
nostic factors in In Chapter 6 we identified 28 potentially relevant factors for the out-
come of CRPS 1. Most consistently associated with poor prognosis were cold skin tem-
perature (5 studies) and the presence of sensory disturbances (3 studies). However, the
study quality was poor in many studies. The measurement of prognostic factors or
potential confounders and the statistical methods used were often inappropriate.
While in patients with LBP, maladaptive cognitive behaviors are considered to play a
significant role in the development of chronicity, in CRPS their influence is not clear. In
the systematic analysis of prognostic factors, only one study identified previous psycho-
logical problems associated with poor prognosis.

In patients with CRPS 1, treatment recommendations include a magnitude of op-
tions. The wide variety of treatment options reflects the uncertainty and dilemma re-
garding the optimal choice. In Chapter 7 we used a network-meta-analytic approach of
16 randomized controlled trials to establish a rank order of treatment efficacy for pain
management. Based on the results, a rational therapeutic strategy should consider
illness duration. Further bisphosphonates (disease duration less than 12 months, fol-
low-up 2 months and more) or short-term calcitonin (for disease duration 12 months
and more, follow-up less than 2 months) were most effective. However, there are some
limitations that need to be addressed in future studies. For many treatments, only a
few studies and small patient samples were available. Future research should further
investigate the pathway of action of pharmacological agents. Further treatment regi-
ments and administration routes should be studied. Finally, studies should use reliable
and comparable outcome measures so clinicians and researchers will be able to com-
pare study outcomes.
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% SUMMARY

In conclusion, prognostic factors may play an important role in chronic non-specific
pain conditions. Future research should aim at understanding the influence of prognos-
tic factors and how they affect treatment efficacy and prognosis. With our research
activities we expect to make a sustained contribution to the emerging recognition of
the importance of prognostic factors in chronic pain. We hope that clinicians, research-
ers, and patients affected with LBP and CRPS can benefit from our findings.
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Samenvatting

Aspecifieke lage rugpijn (LRP) en complex regionaal pijn syndroom 1 (CRPS 1) zijn twee
belangrijke voorbeelden van non-specifieke pijnklachten. Terwijl LRP veel voorkomt, is
CRPS 1 minder bekend, maar heeft een hoge economische impact. Voor beide aandoe-
ningen geldt dat ze een hoge ziektelast voor de patiént veroorzaken, en tot hoge ge-
zondheidsuitgaven leiden.

Aspecifieke LRP wordt gedefinieerd als lumbale pijn zonder een specifiek morfolo-
gisch substraat, en omvat meer dan 90 procent van alle gevallen van lage rugpijn. Van-
wege het ontbreken van een structurele afwijking die een verklaring kan bieden voor
de klachten van de patiént, wordt de diagnose volledig gebaseerd op klinische bevin-
dingen. Aanvullende onderzoekingen — in het bijzonder beeldvormende technieken —
leveren geen causale verklaring voor de klachten. CRPS 1 wordt omschreven als een
pijnlijke conditie na een trauma, die in ernst en duur het verwachte klinische beloop
overtreft, en andere onderliggende aandoeningen zijn uitgesloten. Het klinisch beeld
omvat een breed spectrum aan sensorische, autonome en trofische verschijnselen, die
doorgaans gepaard gaan me substantiéle motorische beperking. Voor het stellen van
de diagnose worden de “Boedapest criteria” aanbevolen, welke gebaseerd zijn op door
de patiént gerapporteerde en door de arts waargenomen verschijnselen.

Terwijl bij specifieke pijncondities een gerichte causale behandeling van de onder-
liggende afwijking mogelijk is, is dit niet het geval bij aspecifieke LRP en CRPS 1, en is de
behandeling doorgaans symptomatisch. Om het chronisch worden van deze aandoe-
ningen te voorkomen moeten risicopatiénten vroeg worden geidentificeerd. Echter, het
ontbreken van duidelijke onderliggende oorzaak ontbreekt de identificatie van risico-
factoren in de klinische praktijk.

De resultaten beschreven in dit proefschrift moeten worden gezien als een bijdrage
aan de oplossing van de problemen zoals hierboven geschetst. Het onderzoek gepre-
senteerd in dit proefschrift omvat een serie onderzoekingen uitgevoerd aan Horten
Centre, University of Zurich, Zwitserland, en aan het Occupational and Industrial Ortho-
paedic Center (OIOC), New York University Hospital for Joint Diseases (NYU-HID),
Verenigde Staten, in samenwerking met het University Hospital Balgrist, Zurich, Zwit-
serland.

In Hoofdstuk 2 hebben we aangetoond dat in LRP studies belangrijke prognostische
factoren onvoldoende worden onderzocht of gerapporteerd. Zelf tien jaar na de publi-
catie van de CONSORT statement gericht op het verbeteren van de verslaglegging van
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RCTs, werd gemiddeld genomen slechts de helft van de prognostische factor zoals door
Hayden voorgesteld gerapporteerd. Wij concludeerden derhalve dat de invlioed van
prognostische factoren voor beloop en behandeling van LRP nog onvoldoende duidelijk
is. In toekomstig onderzoek moeten prognostische factoren voor deze aandoening
systematisch worden onderzocht.

In Hoofdstuk 3 hebben we de invloed van angst-vermijdingsgedachten (“fear avoi-
dance beliefs”) op de prognose van LBP onderzocht. Een hoge mate van angst-
vermijdingsgedachten was geassocieerd met lage werk-gerelateerde uitkomst bij pati-
enten met persisterende LRP korter dan 3 maanden. Daarnaast werden belangrijke
hiaten in de literatuur belicht in deze literatuurstudie.

In Hoofdstuk 4 hebben we geanalyseerd op welke wijze angst-vermijdings-
gedachten de uitkomst van verschillende behandelstrategieén beinvloedt. Hoewel de
bevindingen consistent waren, was het verrichten van een meta-analyse niet mogelijk
vanwege de heterogeniteit in uitkomstmaten, de verschillende wijzen van analyseren
en de verschillen in studiemethodiek tussen de geévalueerde studies. De resultaten uit
dit onderzoek kunnen als inspiratie dienen voor toekomstig onderzoek naar de invloed
van diverse prognostische factoren op de behandelingsuitkomst.

In Hoofdstuk 5 hebben we de diagnostische precisie van bot scintigrafie voor het
diagnosticeren van CRPS 1 onderzocht. Onze resultaten laten zien dat een positieve
scan niet noodzakelijk wijst op CRPS 1, en een negatieve scan deze aandoening niet
altijd uitsluit.

Daar waar het bij LRP gebruikelijk is vroegtijdig te screenen op prognostische facto-
ren voor vertraagd herstel, is dit niet het geval bij CRPS 1. In hoofdstuk 6 beschrijven we
de identificatie van 28 potentieel relevante factoren voor beloop van CRPS. Koude
huidtemperatuur (5 studies) en de aanwezigheid van sensorische stoornissen (3 stu-
dies) waren het meest consistent in verband gebracht met slechte prognose van CRPS
1. Echter, de methodologische kwaliteit van de meeste studie was beperkt. Het meten
van prognostische factoren en het toepassen van statistische analyses was doorgaans
onvoldoende. Hoewel bij LRP patiénten men het er over eens is dat maladaptieve cog-
nities een rol spelen bij de ontwikkeling van chroniciteit, is de invloed hiervan bij CRPS
onduidelijk. Bij de systematische analyse van prognostische factoren werd slechts één
studie gevonden waarin voorgaande psychologische problematiek geassocieerd werd
met slechte prognose.

Veel verschillende therapeutische mogelijkheden worden beschreven voor de be-
handeling van CRPS 1. Het grote aanbod aan behandelingsopties reflecteert de onze-
kerheid over de beste keuze voor de behandeling van deze klacht. In Hoofdstuk 7 heb-
ben we met behulp van een netwerk meta-analytische methodiek een rangorde voor
behandelingseffect bepaald op basis van 16 gerandomiseerde gecontroleerde studies.
Voor een rationale therapeutische strategie zou de ziekteduur in ogenschouw moeten
worden genomen. Bisfosfonaten (ziekteduur korter dan 12 maanden, follow-up 2
maanden of meer) of kortdurend calcitonine ziekteduur korter dan 12 maanden, fol-
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low-up 2 korter dan 2 maanden) leken daarbij het meest effectief. Echter, ook hiervoor
geldt dat methodologische tekortkomingen in de onderliggende artikelen werden ge-
vonden. Voor veel behandelingen geldt dat er slechts een beperkt aantal studies wer-
den gevonden, onderzocht bij kleine patiéntengroepen. Het werkingsmechanisme van
verschillende farmaca zou verder moeten worden onderzocht, evenals de behande-
lingsprotocollen en toedieningswegen van medicamenten. Voorts zouden betrouwbare
meetinstrumenten moeten worden gebruikt om behandelingseffecten op vaardighe-
den-niveau en andere gezondheid gerelateerde uitkomsten in kaart te brengen.

Concluderen kan worden gesteld dat prognostische factoren een belangrijke rol
kunnen spelen in chronische aspecifieke condities, en toekomstig onderzoek zou erop
gericht moeten zijn de rol van prognostische factoren verder te ontrafelen. Met ons
onderzoek willen we een bijdrage leveren aan de erkenning van het belang van prog-
nostisch onderzoek voor chronische pijn. We hopen dat clinici, onderzoekers en patién-
ten met LRP en CRPS kunnen profiteren van onze bevindingen.
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Valorization addendum

Relevance

The work presented in this thesis addressed topics at the diagnostic-prognostic-
therapeutic junction. It contributes important new evidence to three main areas of
patient-centered care for non-specific low back pain and CRPS 1.

First: We showed that fear is a potentially modifiable psychological factor that influ-
ences both the prognosis and treatment success in patients with persistent low back
pain. Fear may lead to fear of activity and avoidance, which leads to disuse and distress
and results in a deleterious cycle. Stratified primary care management that included
psychological factors for patients with low back pain improved the outcome and re-
duced the cost of care compared to standard care [1]. Our findings emphasized the
importance of systematic risk stratification for patients with low back pain, and we
demonstrated that fear reduced the efficacy of treatment strategies based solely on
biomechanical principles.

These findings may have important social and economic impact. Because musculo-
skeletal pain results in distress, loss of productivity, and increased health care cost [2,
3], the Bone and Joint Decade recommended that musculoskeletal pain conditions
should be a priority within the World Health Organization (WHO) non-communicable
disease initiatives. This will attract the attention of policy makers and enable a collabo-
rative, preventive, treatment and research approach [4]. Our findings also contributed
to the discussion on the need for standardized disease definitions and outcome
measures to facilitate comparisons of study outcomes.

Second: In this thesis, we presented the first systematic analysis of prognostic factors in
patients with CRPS 1. More research is needed to fully identify early indicators of the
course of CRPS 1. As shown in patients with low back pain, the identification of specific
subgroups may lead to individualized treatment approaches, which may improve the
outcomes. Our findings highlight the importance of systematic data collection from
patient registries. In Switzerland, the Swiss Accident Insurance agency (SUVA) analyzes
patients with CRPS 1 that are unable to work. However, little data are available for
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patients that display a benign course of CRPS 1. To promote the identification of prog-
nostic factors, clinicians and health care policy makers should provide a framework that
facilitates the collection and analysis of data on all patients treated for CRPS 1.

Third: Systematic reviews and meta-analyses are considered the highest level of evi-
dence in evidence-based medicine. However, it is important for clinicians, policy mak-
ers, and health insurance agencies to be aware of the limitations of meta-analyses. In
meta-analyses, a summary estimate is calculated across different studies. In that pro-
cess, study-specific information is potentially lost. For example, treatment A may be
more effective in the early course of a disease and treatment B may be more effective
during a chronic state. When disease duration is not considered in the analysis, the
summary estimate in the meta-analysis shows that both treatments are equally effec-
tive. Moreover, the patient clinical profile is highly important in non-specific pain condi-
tions, where no underlying cause can be identified. In randomized controlled trials for
low back pain, we showed that, on average, only 50% of the known prognostic factors
were reported; therefore, only limited information on the patient clinical profiles were
known. Therefore, all stakeholders should support a collaborative effort to obtain a
consensus on disease definitions and outcomes, in an effort to support the collection of
high quality data for patients with chronic pain conditions.

Target groups

Clinicians

Our study findings are important for clinicians that care for patients with low back pain
and CRPS 1. Our findings provided further support and guidance on the use of risk strat-
ification in patients with low back pain, and we highlighted the potential for enhancing
patient outcome and reducing treatment costs. We critically reviewed the use of bone
scintigraphy for the diagnosis of CRPS 1. We provided a rank order of treatments to
optimize efficacy and showed that disease duration should be considered in the treat-
ment decision.

Health care policy makers

Risk stratification for patients with non-specific low back pain has been shown to im-
prove patient outcomes and reduce health care costs. The findings in this study further
supported those findings by addressing fear avoidance behavior in patients with persis-
tent low back pain. We showed that this approach is important and might further im-
prove outcome. We also found some evidence that strategies for addressing fear
avoidance applied to patients without fear avoidance beliefs might be ineffective or
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might even have negative effects. Therefore, a systematic risk assessment should be
recognized as an important strategy that can reduce unnecessary diagnostic imaging
studies and treatments in low risk patients and provide early targeted care in patients
at risk for chronic low back pain.

Health care policy makers should also be aware of the limitations of systematic reviews
and meta-analyses outlined above.

Stakeholders

Our findings support the recommendation that stakeholders, including medical, phar-
maceutical, and surgical support industries, should obtain a consensus on definitions
for conditions and outcomes [4]. In particular, for non-specific pain conditions, it is
difficult or even impossible to compare results between studies without a consensus on
the disease definition and outcome. Although the evidence has suggested that a risk-
stratified approach for non-specific low back pain treatments improved patient out-
come with lower cost, not all stakeholders are likely to welcome the focus on preven-
tion and the evidence-based, cost-efficient management of low back pain [5]. However,
we believe that standardized definitions and outcome measures and a systematic as-
sessment of prognostic factors will eventually facilitate the identification of patient
subgroups, and that some subgroups may benefit from treatments that are currently
considered ineffective.

Activities

The results presented in this thesis have led to several activities in the field. Our results
on the influence of fear avoidance beliefs were presented at the Public Health Confer-
ence in Switzerland, where stakeholders from various areas participated (policy makers,
public health experts, clinicians, and researchers) [6]. Several presentations recom-
mended the clinical implementation of systematic assessments of prognostic factors
with a convenient screening tool, known as the STarT Back Tools [1]. This is currently
being implemented or tested in several clinics. As a result of the work presented in this
thesis, a standardized screening tool was developed — the patient attitude survey (PAS).
The PAS includes in addition to the STarT Back questions additional questions derived
from validated questionnaires for other psychological domains. The PAS was and tested
by a multidisciplinary team at the New York University in New York. The PAS will be
translated and cross-culturally validated for Swiss and Swedish populations. The goal of
this process is to provide a rapid, generic screening tool for identifying potentially mod-
ifiable psychological risk factors that can be used in different musculoskeletal condi-
tions.
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Furthermore, a cohort study was conducted to identify early prognostic factors for
the disease course in patients with CRPS 1 that had an otherwise unexplained painful
swelling of the hand or foot eight weeks after trauma or surgery. The results from that
study will soon be published [7]. The findings of this study will directly influence treat-
ment of patients with CRPS 1.

Innovation

In recent years, increasing attention has been focused on data quality and reporting
quality. In analyzing the current quality of reporting prognostic factors in low back pain,
we found a need for improvement. We used an innovative approach for analyzing stud-
ies; we systematically extracted prognostic information and studied the influence of
prognostic factors on the study outcome. With this approach, we could identify clinical-
ly relevant subgroups in an otherwise poorly-defined population of patients with non-
specific low back pain.

In this thesis, we presented the first network meta-analysis of pharmaceutical ther-
apies for treating CRPS 1. This newly-available technique allows comparisons of differ-
ent drugs with no available head-to head comparison data. This approach provided a
rank order assessment of treatment efficacy.

Implementation

In a collaborative, international effort, we will conduct a systematic assessment of po-

tentially modifiable psychological factors that apply to various pain conditions. The aim

is to validate a rapid, convenient tool that can be implemented by clinicians in a busy

clinic and will enable early detection of maladaptive coping behavior. Several steps

must be taken to achieve this goal:

e Translate and perform a cross-cultural validation of the PAS for patients with low
back pain

e Validate the PAS for patients with other pain conditions

e Compare the predictive validity of the PAS across different pain conditions and
across different cultural settings

e Develop an open source, web-based questionnaire and associated apps to facilitate
its use and access in clinical practice

e Negotiate with stakeholders, including insurance agencies, health care policy mak-
ers, and clinicians

e Establish registries to facilitate data collection for systematic assessments of prog-
nostic information and outcome measures for patients with back pain conditions
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e Publicly advertise, present, and publish evidence to support the importance of cop-
ing strategies in pain conditions
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