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Abstract

Background: The long-term effects of behavioural medical rehabilitation (BMR), as a type of multidisciplinary
rehabilitation, in the treatment of chronic non-specific low back pain (CLBP) have been shown. However, the
specific effects of behavioural exercise therapy (BET) compared to standard exercise therapy (SET) within BMR are
not well understood. The aim of the study was to assess the effectiveness of BMR + BET compared to BMR + SET in
individuals with CLBP in a two-armed, pre-registered, multicentre, parallel, randomised controlled trial (RCT).

Methods: A total of 351 adults with CLBP in two rehabilitation centres were online randomised based on an ‘urn
randomisation’ algorithm to either BMR + SET (n = 175) or BMR + BET (n = 176). Participants in both study groups were
non-blinded and received BMR, consisting of an multidisciplinary admission, a psychosocial assessment,
multidisciplinary case management, psychological treatment, health education and social counselling. The intervention
group (BMR + BET) received a manualised, biopsychosocial BET within BMR. The aim of BET was to develop self-
management strategies in coping with CLBP. The control group (BMR + SET) received biomedical SET within BMR with
the aim to improve mainly physical fitness. Therapists in both study groups were not blinded. The BMR lasted on
average 27 days, and both exercise programmes had a mean duration of 26 h. The primary outcome was functional
ability at 12months. Secondary outcomes were e.g. pain, avoidance-endurance, pain management and physical
activity. The analysis was by intention-to-treat, blinded to the study group, and used a linear mixed model.

Results: There were no between-group differences observed in function at the end of the BMR (mean difference, 0.08;
95% CI − 2.82 to 2.99; p = 0.955), at 6 months (mean difference, − 1.80; 95% CI; − 5.57 to 1.97; p = 0.349) and at 12
months (mean difference, − 1.33; 95% CI − 5.57 to 2.92; p = 0.540). Both study groups improved in the primary
outcome and most secondary outcomes at 12months with small to medium effect sizes.

Conclusion: BMR + BET was not more effective in improving function and other secondary outcomes in individuals
with CLBP compared to BMR + SET.

Trial registration: Current controlled trials NCT01666639, 16/08/2012.

Keywords: Behavioural exercise therapy, Multidisciplinary biopsychosocial rehabilitation, Chronic low back pain,
Biopsychosocial framework
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Background
Chronic low back pain (CLBP) is one of the leading
causes of years lived with disability worldwide [1]. In
Germany, musculoskeletal and connective tissue diseases
are the most common conditions of adults who receive a
traditional multidisciplinary rehabilitation [2]. CLBP is
the most prevalent health condition in this category.
Traditional multidisciplinary rehabilitation is the main
type of rehabilitation in Germany and aims to improve
function and work ability. It mostly takes place in an in-
patient setting and lasts about 3 weeks.
According to current evidence, multidisciplinary biop-

sychosocial rehabilitation should be the treatment of
choice for individuals with disabling CLBP who have not
responded to other treatment options [3–5]. With be-
havioural medical rehabilitation (BMR) [6, 7], a type of
multidisciplinary rehabilitation with an explicitly biopsy-
chosocial approach is being used in Germany for indi-
viduals with disabling CLBP. The overall mechanism of
action of a BMR is based on the biopsychosocial model
for low back pain as described by Waddell et al. [8]. Ac-
cordingly, CLBP and its associated disability are under-
stood to result from complex interactions between many
different physical, psychological and social factors who
overlap and interact with each other [5, 9]. Within this
biopsychosocial framework, BMR follows a cognitive-
behavioural approach [7, 10–12] with the aim to identify
and alter harmful beliefs, emotions, and behaviour re-
garding pain and function.
BMR has been proven to be superior in comparison to

traditional multidisciplinary rehabilitation in individuals
with musculoskeletal disorders regarding depression in
the short term and regarding selected strategies for cop-
ing with pain in the long term [6]. It has also been
shown to improve subjective health status [13]. A meta-
analysis [5], whilst including BMR, detected long-term
improvements with small to medium effect sizes of
multidisciplinary biopsychosocial rehabilitation regard-
ing the outcomes of pain and disability compared to
usual care or interventions mainly targeting physical
factors.
BMR includes standard exercise therapy (SET), which

is mainly based on a biomedical approach with methods
aiming at an improvement in physical fitness [6]. SET
usually accounts for about 68% of all interventions in
traditional multidisciplinary rehabilitation in Germany
[14]. The potential underlying mechanisms of action for
SET [15–17] to reduce disabling CLBP are improve-
ments in several domains: strength and endurance of
back muscles, trunk flexibility, bone strength, blood sup-
ply to spinal muscles, joints, and intervertebral discs,
body composition, and cardiorespiratory fitness. Those
improvements could supposedly contribute to a healing
process in body functions and structures, which in turn

could lead to reduced pain and improved function [16,
17].
Although SET is embedded in a BMR [6, 7, 12], it does

not contain contents or methods for targeting psycho-
social factors [18–22] that have been shown to be related
to the development of disabling CLBP. This could be an
obstacle to recovery and improved function in individ-
uals with CLBP [23–27].
By contrast, exercise therapy based on frameworks of

behaviour change is lacking within German rehabilita-
tion [28]. BET, as conceptualised by [29], goes beyond a
mere biomedical approach by addressing personal con-
text factors such as the above-mentioned psychosocial
factors in individuals with CLBP [18, 26] and systematic-
ally integrates behaviour change techniques [30] to pro-
mote physical activity. The other aims of BET are to
improve health-related fitness and to improve the self-
management of CLBP [12]. Such a theory-based inter-
vention seems advantageous in fostering long-term ad-
herence to a physically active lifestyle due to evidence
across medical conditions [31] and in musculoskeletal
conditions in particular [32].
However, there is a need for a better understanding of

the mechanisms of action of multidisciplinary biopsy-
chosocial rehabilitation [5, 18, 33] and the specific ef-
fects of BET on the long-term effects of such
programmes as this is the basis for improved treatment
efficacy and decisions regarding who might benefit the
most from this treatment option [18].
Therefore, the aim of the study was to assess the spe-

cific effects of BMR with BET compared to BMR with
SET in individuals with CLBP in a two-armed, pre-
registered, multicentre, parallel, randomised controlled
trial (RCT). It is hypothesised that a behavioural ap-
proach to exercise therapy (BET) [12], which addresses
both relevant psychosocial factors of pain chronification
[34–36] and determinants of physical activity behaviour
change [29, 30, 32], improves the long-term effectiveness
of BMR compared to BMR with SET.

Methods
Study design and procedure
This study was conducted according to the recommen-
dations of the World Medical Association (Declaration
of Helsinki: [37]). Ethical approval had been granted by
the independent Research Ethics Committee of the Med-
ical Faculty of Friedrich-Alexander-University of
Erlangen-Nuremberg (Re.-No. 4510). The study was reg-
istered prospectively (ClinicalTrials.gov: NCT01666639)
and the study protocol, in line with the Consort State-
ment [38], was published in this journal [12].
It was a multicentre, prospective, two-arm parallel ran-

domised controlled trial with four measurement time
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points conducted in two rehabilitation centres in
Germany.
In Germany, the need for rehabilitation is determined

by general practitioners or company physicians. With
their diagnostic findings, a patient applies for authorisa-
tion of rehabilitation at the German Pension Insurance
Association, which examines internally whether the ap-
plication meets the requirements for a BMR. In case of a
positive result, the association informs the patient with
regard to the rehabilitation centre in which the BMR will
take place. The exact date of admittance is determined
individually in the respective centre.
For the study, recruitment was conducted consecu-

tively between January 2012 and March 2013, after
6 months between July 2012 and September 2013, and
the one-year follow-up was finished in March 2014.
After the submission of the signed informed consent of
the study participants, enrolment took place based on
the assessment of the inclusion and exclusion criteria
(see Table 1) by the physicians within the inpatient re-
habilitation centres.
The recruitment procedure was adjusted to each of

the centre’s internal structures and processes regarding
the invitation of participants. In the rehabilitation centre
“Paracelsus-Klinik an der Gande”, potential study partic-
ipants were identified by a screening of the record of
participants by the head physician prior to the invitation
to the BMR. Afterwards, eligible participants obtained a
written participant information and a consent form
about the study and were asked to participate. After
returning the signed consent form within 7 days, the
participants were randomised online. The invitation of
the randomised participants took place weekly and in
groups according to the group assignment in the re-
spective week of arrival. At the beginning of the BMR,
an information meeting was held by the head physician
for all eligible participants, explaining the study in detail.
In the rehabilitation centre “Klinik Weser”, potential

study participants were identified at the beginning of the
BMR in medical admission interviews by physicians and
obtained a written consent form. In an information
meeting, all eligible participants were informed about
the study comprehensively by the head physician. On
the second day, after returning the signed consent form,

the online-based randomisation took place. Due to
spatial and personnel-wise requirements, one control
and one intervention group started simultaneously every
fourteen days. Therefore, the recruitment of eligible par-
ticipants took place in a biweekly rhythm.
Primary and secondary outcomes were measured with

standardised questionnaires directly at the start of the
BMR (t1), after 4 weeks at the end of it (t2) as well as
six (t3) and 12months (t4) after completion of the BMR.
The follow-up questionnaires were sent by post by the
project team of the University six and 12months after
the BMR. Postal reminders were sent after 3 weeks in
cases where the questionnaire had not been returned.

Participants
Participants with CLBP were eligible for the study. CLBP
was defined as persisting pain for at least 3 months,
localised below the costal margin and above the inferior
gluteal folds, without referred leg pain and that is not
caused by a known specific pathology [39]. Inclusion
and exclusion criteria were based on ICD-10 (Inter-
national Classification of Diseases) [40]).
Both participating inpatient rehabilitation centres are

in Lower Saxony, a federal state in northwest Germany.
The main medical conditions being treated in the cen-
tres are musculoskeletal disorders, with both offering in-
patient and outpatient programmes. BMR is provided as
an inpatient programme in both rehabilitation centres.
The rehabilitation centre “Klinik Weser” has 251 beds
and the other, “Paracelsus-Klinik an der Gande”, has 120
beds. The latter is privately owned by the Paracelsus
concern (https://bit.ly/3u7cvMJ), but individuals with
musculoskeletal disorders are mainly assigned through
the German Pension Insurance Association. “Klinik
Weser” (https://bit.ly/2OvQojm) is one of 22 rehabilita-
tion centres directly owned by the Association. Both re-
habilitation centres were involved in numerous research
activities during the last years.

Intervention
Both participating centres had, based on a common con-
ceptual framework [6, 7], a conceptually similar BMR for
participants with musculoskeletal disorders and concur-
rent substantial psychological or social components of

Table 1 Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria

• M51.2-M51.9 (other intervertebral disc disorders)
• M53.8, M53.9 (other specified/unspecified dorsopathies)
• M54.4-M54.9 (lumbago with sciatica, low back pain, pain in thoracic spine,
other/unspecified dorsalgia)

• F45.4 (persistent somatoform pain disorder)
• F45.41 (chronic pain disorder with somatic and psychological factors)
• F54 (psychological and behavioural factors associated with disorders or
diseases classified elsewhere)

• specific underlying diagnosis of the back pain (e.g. radicular
symptoms, myelopathy)

• considerably reduced health status (comorbidities)
• considerable reduction of sight and hearing
• severe psychiatric condition as secondary diagnosis
• age below 18 or over 65
• lack of ability to speak German
• ongoing application for retirement
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function. The BMR considers the biopsychosocial mech-
anisms relevant for the chronification of musculoskeletal
disorders [7, 8]. Empowerment and self-management are
encouraged throughout the intervention. There are no
single underlying mechanisms established which might
explain the effectiveness of a complex BMR [5, 41].
Therefore, the biopsychosocial framework seems to be
the best available framework to describe the complex
interplay of biological, psychological, and social factors,
which are addressed within the BMR. All treatment
components within the BMR are guided by treatment
principles based on a cognitive-behavioural approach
[12, 42]. However, the psychological treatment specific-
ally addresses beliefs, emotions and behaviour as de-
scribed in the fear-avoidance [43, 44] or avoidance-
endurance model [45]. The psychological therapists fur-
ther introduce the biopsychosocial model, discuss the
role of thoughts and emotions, pain acceptance, sleep
hygiene, the relationship between pain and social com-
petence or the development of goals to self-manage pain
in everyday life. Further information about content and
methods of the psychological treatment within BMR
have been described in the study protocol [12]. The SET
within a BMR follows a biomedical approach and specif-
ically addresses physical factors (e.g. strength/endurance
of back muscles, trunk flexibility, bone strength, blood
supply, body composition, cardiorespiratory fitness) [17].
In routine care, the BMR lasts for 27 days on average.

Compared to traditional multidisciplinary rehabilitation,
the BMR has the following specifically defined criteria
[7]: 1) multidisciplinary admission, 2) standardised psy-
chosocial assessment, 3) reconciled multidisciplinary
case management, 4) case reviews on a regular basis, 5)
supervision, 6) closed groups (groups remain together in
all treatments during their whole stay at the rehabilita-
tion centre), 7) the possibility of an individually tailored
therapy schedule and 8) therapist consistency (a therap-
ist accompanies a group throughout the whole treat-
ment). The multidisciplinary core of the BMR relies on
psychological treatments, which are provided by a psych-
ologist or psychotherapist and SET, which is provided by
physical therapists. Other interventions are education
about health and health behaviour as well as social coun-
selling. The total extent of therapy during the inpatient
stay is 65 h on average, including approximately 26 h of
exercise therapy. The multidisciplinary team of an BMR
in both rehabilitation centres consists of the physicians,
psychologists or psychotherapist, physical therapists, oc-
cupational therapists, nutritionists, nurses, and social
workers [7].
In each rehabilitation centre, the same multidisciplin-

ary team conducted the BMR in both study groups. But,
SET and BET within BMR were provided by different
physical therapists as described below.

Control group (BMR + SET)
The SET within the BMR consisted of a closed group
(10 to 12 participants) with eight to 13 sessions and a
session duration of 30 to 45 min each. Additionally, par-
ticipants received an assessment of physical fitness, back
school (mainly education about CLBP), general resist-
ance training, water-based therapy, walking/Nordic
walking and stationary cycling. The primary aim of the
SET within the BMR was to improve physical fitness.
The total extent of SET was approximately 26 h. The
SET in both rehabilitation centres was conducted by ex-
perienced physical therapists. These physical therapists
provided only SET and were not involved in BET. Fur-
ther details are available in the study protocol [12].

Intervention group (BMR + BET)
The BET within the BMR was also conducted in a closed
group with six to 12 participants. BET aimed at 1) the
development of active self-management strategies when
coping with CLBP, 2) an introduction to physical activity
and the long-term maintenance of it and 3) the improve-
ment of health-related fitness. To address these objec-
tives, appropriate exercise elements were systematically
combined with health education and behavioural tech-
niques. The main difference between BET and SET is
the combination of the three mentioned aims based on a
biopsychosocial framework within a coherent closed
group format in BET. Exercises to improve physical or
health-related fitness were similar in SET and BET.
The promotion of self-management in BET included

education and group discussions about different coping
strategies in relation to physical activity, the interplay of
thoughts, mood and posture and how to deal with recur-
ring episodes of CLBP. Further details are described in
Additional file 1, in the study protocol [12] as well as in
a detailed manual with media and materials (409 pages,
available in German under https://bit.ly/3u69mwz).
The BET consisted of 15 sessions, with a duration of

60 min each. Additionally, participants received two
introductory sessions for strength training, two for aer-
obic exercise (walking, nordic walking and stationary
cycling) and two for water-based training during the first
week. Moreover, three modules of action planning and
barrier management were distributed over 3 weeks. The
total extent of the BET was approximately 26 h. The de-
tailed manual was developed to support the therapists in
the implementation of the intervention. The 15 sessions
and the related modules were guided by trained physical
therapists in both rehabilitation centres. In one centre,
eight therapists were trained in BET, and two in the
other centre. These physical therapists remained the
same in both centres during the study period and did
not provide SET. Further details are available in the
study protocol [12].
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Treatment integrity
The therapists who performed the BET in the interven-
tion group (IG) received an intensive standardised train-
ing on objectives, content, structure, components, and
methods of the programme based on the manualised
intervention concept (see https://bit.ly/3u69mwz). Both
workshops were delivered by the same trainers and con-
sisted of 31 lessons of 45 min each. Pilot groups with the
BET programme were performed during the implemen-
tation phase of the study. To minimise the confounding
of the randomisation, trained BET therapists signed a
written contract concerning discretion about objectives,
content, structure, methods, media and materials used
within the BET. In cases of vacation or sick leave,
trained replacement therapists were available in both re-
habilitation centres. Two announced visitations during
the intervention phase were performed to assure treat-
ment adherence [12].

Outcomes and measurements
The level of function, used as the primary outcome, was
measured by the Hannover Functional Ability Question-
naire (HFAQ, 1–100 [46]). The chosen secondary outcome
measures were pain (Numeric Rating Scale, NRS, 0–100);
depression (Patient Health Questionnaire, PHQ-D, 0–27
[47]); anxiety (General Anxiety Disorder 7-item Scale,
GAD-7, 0–21 [48]); health-related quality of life (Short-
Form-12, SF-12, 0–100 [49]); stress (Perceived Stress Scale,
PSS, 0–40 [50]); physical activity (Freiburg Questionnaire
on Physical Activity, FFkA, hours/week [51]); and pain-
related emotions, cognitions and behaviour (Pain Manage-
ment Questionnaire, FESV, 4–24 [52]), Tampa Scale for
Kinesiophobia, TSK, 0–15 somatic focus, 0–24 fear-
avoidance [44], Avoidance-Endurance Questionnaire, AEQ,
0–6 [45]) as well as emotional, motivational and volitional
determinants of physical activity (cognitive attitudinal com-
ponent, emotional attitudinal component, intention, self-
efficacy, risk perception, outcome expectancies, and out-
come experiences) [30, 53–58]. Ranges for these measure-
ments are provided in Table 2. Further information is
available in the study protocol [12].
Physical functioning (e.g. HFQA), health-related qual-

ity of life (e.g. SF-12) and pain intensity (e.g. NRS) are
recommended core outcome measures for clinical trials
in nonspecific low back pain [59, 60]. The NIH task
force [60] further recommends depression (e.g. PHQ-D)
and catastrophizing (e.g. AEQ) as outcomes in CLBP.
Pain management (FESV), anxiety (GAD-7), and stress
(PSS) are important outcome domains to assess the ef-
fects of the cognitive-behavioural approach used in BMR
and BET and were also used in previous studies [6, 61].
The Tampa Scale for Kinesiophobia [44, 62] captures
fear of movement/(re) injury and is a widely accepted
measure to analyse the fear-avoidance related pathway

to CLBP and function. The Avoidance-Endurance Ques-
tionnaire [45] assesses, in addition to the fear-avoidance-
related pathway, a second one with endurance-related
responses to chronic pain and allows to distinguish be-
tween affective, cognitive and behavioural responses to
pain within a biopsychosocial framework. These psycho-
social factors are addressed in the cognitive-behavioural
approach of BMR and BET but not in SET. All outcome
measures are equally important to gain deeper insights
regarding the contribution of psychosocial factors within
a biopsychosocial framework on disabling CLBP. Phys-
ical activity as well as its emotional, motivational, and
volitional determinants are addressed by health behav-
iour change techniques [30–32] with the aim to develop
a physically active lifestyle. These techniques were only
used in BET. The choice of the primary outcome and
the secondary outcome measures reflects the focus of
this study on the influences of a behavioural approach to
exercise therapy on the effectiveness of BMR.
With exception of physical activity, all outcomes were

assessed at all four time points. Physical activity was
assessed at start of rehabilitation (t1), after 6 months (t3)
and after 12 months (t4). As the physical activity level
during the inpatient BMR is not comparable to the situ-
ation before and after the BMR, we decided not to meas-
ure physical activity at the end of BMR (t2).

Randomisation
Participants with CLPB were randomised into either a)
the usual BMR with SET as the control group (CG) or b)
BMR with the BET as the intervention group (IG). The
randomisation of eligible participants took place before
completion of the t1 questionnaire using an online-based
randomisation feature. For that purpose, we implemented
a central data base for electronic data recording which
was used in each of the two rehabilitation centres. In both
of them, an independent employee, who was not involved
in the study, used the online-based randomisation to
register eligible participants via a web application. After
registration, the online-based randomisation automatically
carried out the allocation to one of the treatment groups.
This system has been developed in a prior study [63] and
incorporates the existing national data protection regula-
tions. Clear advantages of this procedure are a prompt
randomisation and a concealment of the sequence of allo-
cation. For sequence generation, we used an ‘urn random-
isation’ algorithm [64] which has good statistical
properties [65] and can be used to stratify according to
different criteria. Stratification was performed for ‘rehabili-
tation centre’ and ‘gender’, with two categories each.

Blinding
The blinding of the study’s therapists was not possible
because they were either trained to perform the BET or
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Table 2 Baseline characteristics
Outcome (unit) N

CG/IG
Control
group (CG)

Intervention
group (IG)

Age (Year), Mean (SD) 162/165 51 (7.4) 51.24 (7.4)

Sex, Female % 163/164 81.7 75.76

Married/ Partner % 161/164 78.26 66.25

Employed % 161/163 90.68 83.54

Sick Leave due to Back Pain Last six months, Mean (SD) 163/163 17.09 (47.55) 19.67 (49.22)

Severely Handicapped ID % * 163/164 8 10

Functional Ability (HFAQ) (0–100) 163/164 62.28 (20.50) 63.33 (19.95)

Pain Intensity (NRS) (0–100) 159/162 59.99 (17.44) 59.59 (16.06)

Physical Composite Scale (SF-12) (0–100) 152/152 35.46 (9.03) 36.23 (8.39)

Mental Composite Scale (SF-12) (0–100) 152/152 40.32 (12.01) 39.97 (11.92)

Depression (PHQ-D) (0–27) 160/157 9.65 (4.66) 10.01 (5.16)

Anxiety (Gad-7) (0–21) 159/163 8.64 (4.83) 9.29 (5.02)

Stress (PSS) (0–40) 160/162 7.78 (3.20) 7.83 (3.39)

Catastrophising (AEQ) (0–6) 161/164 0.77 (1.11) 0.92 (1.15)

Help−/Hopelessness (AEQ) (0–6) 161/164 2.45 (1.21) 2.52 (1.22)

Thought Suppression (AEQ) (0–6) 163/163 3.64 (0.90) 3.72 (0.94)

Anxiety/Depression (AEQ) (0–6) 161/164 2.64 (1.16) 2.77 (1.28)

Positive Mood (AEQ) (0–6) 160/164 3.22 (1.24) 3.68 (1.24)

Avoidance of Social Activities (AEQ) (0–6) 162/163 1.86 (1.26) 2.07 (1.33)

Avoidance of Physical Activities (AEQ) (0–6) 163/163 3.31 (1.02) 3.49 (0.98)

Humour/Distraction (AEQ) (0–6) 162/163 3.07 (0.89) 3.01 (1.04)

Pain Persistence Behaviour (AEQ) (0–6) 160/164 3.68 (1.24) 3.62 (1.34)

Action-oriented Coping (FESV) (4–24) 161/ 153 14.80 (4.81) 15.02 (4.75)

Cognitive Restructuring (FESV) (4–24) 161/ 153 13.03 (4.58) 13.47 (4.47)

Subjective Coping Competence (FESV) (4–24) 161/ 153 15.45 (4.63) 15.21 (4.41)

Mental Distraction (FESV) (4–24) 161/ 153 10.58 (4.67) 10.39 (4.94)

Counter Activities (FESV) (4–24) 161/ 153 13.21 (4.37) 12.39 (4.44)

Relaxation (FESV) (4–24) 161/ 153 10.77 (4.92) 11.17 (4.66)

Fear-Avoidance (TSK) (0–24) 158/158 6.87 (3.26) 7.54 (3.53)

Somatic focus (TSK) (0–15) 159/160 6.78 (3.43) 7.17 (3.45)

Basic Physical Activity (FFkA) (hours/week) 161/163 2.89 (6.65) 2.44 (4.80)

Physical Activity during Leisure Time (FFkA) (hours/week) 161/164 3.22 (4.39) 2.72 (3.27)

Sport Activity (FFkA) (hours/week) 162/164 1.69 (2.74) 1.58 (2.64)

Total Physical Activity (FFkA) (hours/week) 161/163 7.82 (10.63) 6.73 (7.47)

Cognitive Attitudinal Component (0–8) 161/164 5.32 (0.77) 5.28 (0.80)

Emotional Attitudinal Component (0–8) 160/164 4.75 (0.81) 4.70 (0.88)

Intention (1–4) 162/164 3.30 (0.54) 3.29 (0.50)

Self-efficacy (1–4) 162/164 3.20 (0.55) 3.19 (0.60)

Action Planning (1–4) 162/162 2.88 (0.74) 2.85 (0.81)

Risk Perception (1–5) 161/162 3.23 (0.73) 3.28 (0.76)

Outcome Expectancies (1–4) 163/164 2.75 (0.31) 2.74 (0.28)

Outcome Experiences (1–4) 160/164 2.73 (0.65) 2.74 (0.80)

Action Control (1–4) 160/162 2.49 (0.67) 2.54 (0.78)

N number of participants, SD standard deviation: * = p < 0.05, ID identity card, HFAQ Hannover Functional Ability Questionnaire, NRS Numeric Rating Scale, PHQ-D
Patient Health Questionnaire, GAD-7 General Anxiety Disorder 7-item Scale, PSS Perceived Stress Scale, AEQ Avoidance-Endurance Questionnaire, FESV Pain
Management Questionnaire, TSK Tampa Scale for Kinesiophobia, FFkA Freiburg Questionnaire on Physical Activity, SF-12 Short-Form-12
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were chosen to deliver the existing exercise therapy
within the BMR during the study period. Participants
were masked regarding the treatment group and were
not informed as to whether they were participating in
the CG or IG during the study period. A statistician who
was not involved in the study process performed the
statistical data analysis. Furthermore, the evaluation was
blinded to the treatment group.

Statistical analyses
The level of function associated with CLBP, 12 months
after the end of the BMR, was used as the primary out-
come [46]. Regarding the short-term effects of both in-
terventions, only small differences between groups and
small effect sizes at the end of the BMR (t2) (d = 0,3 or
f(V) = 0,15) were expected to be found [5, 25, 26]. Be-
cause of the minor long-term effects of the BMR,
medium effect sizes (d = 0,5 or f(V) = 0,25) were ex-
pected at six and 12 months. Sample power (Software:
G-Power 3.0) concerning the primary outcome was ap-
proximated for an analysis of covariance at 12 months
(t4) with a medium effect size of Cohen’s d = 0,5, an
alpha error of 5% and a test power of 80%. This approxi-
mation resulted in a sample size of at least 128 partici-
pants without missing values. Anticipating a dropout
rate of 40%, it was necessary to include 214 participants
(n = 107 for each study group).
Statistical analyses were performed using R statistics

[66]. Baseline differences in demographics as well as the
primary and secondary outcomes data were analysed
using two-sample t-tests for parametric and the Wil-
coxon test for non-parametric distribution as well as the
chi-squared test for nominal data.
The chance for dropout was estimated using logistic

regression. Therefore, the known binary variable of early
study discontinuation was included as depended vari-
able. The selection of predictors followed an explorative
approach based on the explained overall variance
(Nagelkerkes R2) and the statistical significance of the
given predictor. As candidate predictors all baseline vari-
ables and also some post baseline measures of several
outcomes that were recorded before discontinuation
were included as covariates. For a pre-selection of pre-
dictors, a statistical learning approach (LASSO regres-
sion) was applied.
Hypothesis testing was conducted by a comparison of

changes in the IG and the CG regarding the primary and
secondary outcomes. The primary confirmatory analysis
of the study was the comparison of mean changes in the
primary outcome of function, measured by the
Hannover Functional Ability Questionnaire (HFAQ, 1–
100 [46]) at 12 months (t4).
Therefore, a saturated 4 × 2-factorial linear mixed ef-

fects model was fitted for primary and secondary

outcomes, including all four measurement time points.
Both groups were included as fixed effects and intercept
and slope were additionally included as random effects
whilst controlling for statistically significant differences
at baseline [67]. Because of the disparity between the
duration of the inpatient rehabilitation phase (27 days on
average) and the follow-up phase (12 months), separate
slopes for these phases were estimated by a spline
model. Primarily, overall group differences were identi-
fied by a model comparing a likelihood ratio test of a
hypothesised model incorporating the interaction effects
of group by time and a nested null model leaving out
these interactions.
The data analysis followed the principles of the

‘intention-to-treat’ approach [68].
For the primary outcome of function and the second-

ary outcome of pain, we examined the proportion of
participants reaching a minimal clinically meaningful
level of improvement based on the full available data at
baseline and after 12 months. Based on Ostelo et al. [69],
a minimal clinically meaningful improvement was de-
fined as a 30% reduction from the baseline score.
Regarding within-group effects, standardised effect

sizes (SES) were reported for each study group. The stat-
istician was blinded to the group allocation.

Results
Flow chart (Fig. 1)

Description of the study sample
The initial sample included 327 participants with CLBP
(CG: n = 163; IG: n = 164). Table 2 shows the baseline
characteristics of all participants by study group. Partici-
pants were mainly female (79%), and the mean age was
51 years (SD: 7,4). No significant differences between
participants in both study groups were found regarding
most baseline characteristics.
Of 595 participants who had been assessed for eligibil-

ity, 351 signed the informed consent and were randomly
assigned to the CG or IG.
A total of 244 participants had been excluded due to

various reasons (see Fig. 1). The dropout rate through-
out the study was 27,8% on average and was higher in
the CG (t2: 5,4%; t3: 20,5%; t4: 33,8%) compared to the
IG (t2: 4,8%; t3: 13,9%; t4: 21,8%) at the end of the BMR
and then after six and 12months. The allocation to the
CG was a significant predictor for the risk to drop out of
the study at 12 months, with an odds ratio of 1.14
(95%KI: [1.04;1.26]). Unmarried participants with a part-
nership compared to unmarried participants without a
partnership had a significantly lower risk of dropping
out of the study. Other predictors, which reduced the
risk of dropout, were cognitive attitudes towards phys-
ical activity and a longer duration of the BMR. In
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Fig. 1 Flow chart. t1 = start of BMR; t2 = end of BMR; t3 = 6months; t4 = 12 months
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contrast, higher values for anxiety (GAD-7) slightly in-
creased the chance of dropout. The explained variance
of the overall model was low (Nagelkerkes R2 = 16.1%,
Brier Score: 17.1%).

Primary outcome
Functional ability (HFAQ)
BMR + BET was not superior with regard to improving
function compared with BMR + SET at the end of the
BMR (t1-t2) (mean difference, 0.08; 95% CI − 2.82 to
2.99; p = 0.955), in the phase after the BMR (t2-t4)
(mean difference, − 1.80; 95% CI -1.80; − 5.57 to 1.97;
p = 0.349) and after 12 months (t1-t4) (mean difference,
− 1.33; 95% CI − 5.57 to 2.92; p = 0.540). Both pro-
grammes, BMR with BET and BMR with SET, signifi-
cantly improved function over the course of 12 months
with small effect sizes. See Table 3 for the mean changes
(SDs) in both study groups in each phase.
A minimal clinically meaningful improvement of 30%

[69] in function based on the full available data at base-
line and after 12 months showed 13 participants in the
BMR + SET group and 17 participants in the BMR +
BET group. A comparison between BMR + SET and
BMR + BET showed further 0 versus 3 participants expe-
rienced a decline in function, and 109 versus 97 reported
no change, respectively.

Secondary outcomes
There were no significant between-group differences in
pain intensity (NRS) at the end of the BMR (t1-t2), in
the phase after the BMR (t2-t4) and after 12 months (t1-
t4).
In behavioural pain coping strategies (FESV), there

was a significant between-group difference in the use of
counter activities in favour of the BMR + BET group at
the end of the BMR (t1-t2). Regarding other behavioural
pain coping strategies, such as mental distraction and re-
laxation, no significant between-group differences were
identified. There were also no significant between-group
differences in cognitive pain management strategies
(FESV) with action-oriented coping, cognitive restruc-
turing, and subjective coping competence.
The same was the case for the following secondary

outcomes: health-related quality of life (physical and

mental composite scale) (SF 12), depression (PHQ-D),
anxiety (GAD 7), stress (PSS), kinesiophobia (TSK),
avoidance-endurance (AEQ), physical activity (FFkA),
emotional, motivational, and volitional determinants of
physical activity. A significant between-group difference
was found for action planning at the end of the BMR
(t1-t2).
Both programmes, BMR with BET and BMR with

SET, significantly improved most of the secondary out-
comes with small to medium within-group changes.
All results and the unadjusted means (SDs) for the pri-

mary and secondary outcomes are available in
Additional file 2.

Discussion
BMR with BET did not lead to superior improvements
in function for participants with CLBP in comparison to
BMR with SET. It had been hypothesised that a behav-
ioural approach to exercise therapy [12], which ad-
dresses both relevant determinants of pain
chronification [34–36] and determinants of physical ac-
tivity behaviour change [29, 30, 32], improves the long-
term effectiveness of BMR compared to BMR with SET.
The analysis of secondary outcomes, such as pain, anx-

iety, depression, quality of life, stress, pain management,
coping with pain, physical activity and the motivational/
volitional determinants of physical activity also did not
yield significant between-group differences. Both pro-
grammes, BMR with BET and BMR with SET, signifi-
cantly improved function over the course of 12 months
with small effect sizes. This is also the case for secondary
outcomes with some exceptions, which either yielded no
improvements or where the within-group changes
amounted to small to medium effect sizes.
A systematic variation of single treatment components

within a complex rehabilitation programme is one way
to better understand the underlying mechanisms of ac-
tion of these multi-component interventions and to im-
prove our knowledge about which specific treatment
components might improve treatment efficacy [18]. The
focus in our study was on the component of exercise
therapy within in the BMR: the effects of a behavioural
approach (BET), compared to a biomedical approach
(SET), on the effectiveness of BMR.

Table 3 Functional ability (HFAQ)

Functional Ability

Phase BMR + SET Mean change
(SD)

SES p-
value

BMR + BET Mean change
(SD)

SES p-
value

adjusted mean difference (95%
CI)

p-
value

t1-t2 5.85 (13.19) 0.44 0.000 5.94 (13.09) 0.45 0.000 0.08 (−2.82 to 2.99) 0.955

t2-t4 0.37 (16.09) 0.02 0.794 −1.44 (15.72) −0.09 0.278 −1.80 (− 5.57 to 1.97) 0.349

t1-t4 6.02 (18.06) 0.33 0.000 4.69 (17.74) 0.26 0.002 −1.33 (− 5.57 to 2.92) 0.540

BMR behavioural medical rehabilitation, SET standard exercise therapy, BET behavioural exercise therapy, SES standardised effect size, SD standard deviation, CI
confidence interval, t1 start of BMR, t2 end of BMR, t3 6 months, t4 12 months, p significance Level, bold p < 0.05; italic = p < 0.10.
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Concerning the present study, it can be critically dis-
cussed whether the conceptual differences between BET
and SET within the BMR were sufficient to reach a dif-
ferent effect on the primary outcome after 12 months.
Both study groups received a complex BMR with the
aim to improve self-management of CLBP and around
65 h of therapy including 26 h of exercise therapy in ap-
proximately 4 weeks. In the following sections we will
discuss the conceptual overlap or differences between
both exercise programmes along the three aims of BET.
This approach systematically combined exercise with pa-
tient education and behavioural techniques to a) im-
prove health-related fitness, b) promote a physically
active lifestyle, and c) develop self-management of
CLBP.

Improvement of health-related fitness
Conceptually, both BET and SET contained a similar
dose of exercise (e.g. general resistance training, water-
based therapy, walking/Nordic walking and stationary
cycling) of approximately 26 h over a four-week period.
Although clear dose-response relationships have not yet
been established for exercise in CLBP, this dose of exer-
cise in SET and BET seemed sufficient to expect at least
first acute physiological adaptions. This in turn may
have contributed to the observed increase in function in
both study groups after 4 weeks corresponding to a
medium effect size.
Exercise influences pain and function in CLBP by po-

tentially 33 unique mechanisms, but a clear understand-
ing of why it works has not yet been established [15].
These mechanisms were grouped into five themes by
Wun et al. [15] of which four, namely neuromuscular,
neurophysiological, cardiometabolic, and tissue healing,
were likely influenced by BET as well as SET. However,
there is only preliminary evidence how exercise-related
biopsychosocial mechanisms might mediate changes in
function and pain in individuals with CLBP [70].
BET and SET where both embedded into a biopsycho-

social BMR and it was not possible in this study to iden-
tify a unique mechanism which is only present in BET
or SET. Based on the biomedical approach in SET and
the biopsychosocial approach in BET, it is likely that
psychosocial mechanisms were specifically addressed in
BET while other mechanisms (e.g. neuromuscular,
neurophysiological, cardiometabolic, tissue healing) were
addressed in SET as well as BET. Despite the possible
existence of a unique mechanism, explaining a major
proportion of the variance in function and pain, no par-
ticular mode of exercise has proven to be superior to
other modes in CLBP and other chronic pain conditions
[4, 18, 71]. Most of these studies compare two types of
exercise interventions designed to improve physical

fitness rather than self-management and physical activity
promotion in CLBP.
Future studies could investigate how exercise mediates

changes in function and pain in individuals with disab-
ling CLBP who have not responded well to other treat-
ments, and whether addressing these mechanisms
improves the effectiveness of exercise therapy. This re-
quires study designs that allow a unique mechanism to
be identified and where exercise is assessed as a single
component rather than embedded in a complex
programme like BMR.

Promotion of a physically active lifestyle
A physically active lifestyle is associated with numerous
health benefits and is also recommended for people liv-
ing with a chronic disease by the WHO [72]. There is
evidence, that a physically active lifestyle protects against
the incidence of low back pain [73], and is associated
with a lower prevalence of low back pain [74]. Low levels
of physical activity were also associated with the devel-
opment of disabling CLBP, although uncertainties re-
main regarding independent associations [75].
Reviews have shown that behaviour change techniques

might improve exercise adherence in various populations
with chronic conditions, including CLBP [31, 32]. More
recent reviews show that supervised exercise pro-
grammes with motivational strategies [76, 77] as well as
pain science education, graded exposure and multimodal
interventions [78] improve exercise adherence in indi-
viduals with CLBP, while action plans or self-
management were not supported [76, 78].
BET included several behaviour change techniques to

address motivational and volitional determinants of
physical activity behaviour change (see https://bit.ly/3u6
9mwz). In contrast, the biomedically oriented SET did
not contain any behaviour change techniques to system-
atically promote exercise adherence. In line with this,
significant between-group differences were to be ex-
pected for the motivational/volitional determinants of
physical activity as well as the corresponding physical ac-
tivity behaviour. Only participants from the IG reported
a significant increase in self-reported sport activity of 53
min per week after 12 months, compared to the start of
the BMR, whereas participants in BMR + SET performed
on average 22 min less sport activity. In our view, this is
a relevant finding, as even small increases of physical ac-
tivity are associated with health benefits and are recom-
mended by the recently published WHO Guidelines on
physical activity and sedentary behaviour [72]. Overall,
there were no significant between-group differences re-
garding physical activity.
Motivational/volitional determinants and physical ac-

tivity were already quite high in both study groups at the
start of the BMR and additional improvements could
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not be expected. Determinants of motivation and vol-
ition are not taken into account as selection criteria for
assigning participants to BET within the BMR. Consider-
ing a more person-centred and targeted approach to ex-
ercise therapy [29], the inclusion of motivational or
volitional determinants as selection criteria for assigning
participants to a BET within a BMR could improve ef-
fectiveness in promoting a physically active lifestyle.

Development of self-management strategies to deal with
CLBP
According to cognitive-behavioural models [34, 36, 43],
very high or very low levels of physical activity represent
maladaptive pain coping behaviours as a consequence of
maladaptive emotions and beliefs. Exercise therapy with
a cognitive-behavioural approach [11, 79], such as
graded activity, addresses psychosocial mechanisms
more specifically by altering maladaptive pain-related
beliefs, emotions and behaviour. Currently, there is lim-
ited evidence for a long-term improvement in function
when graded activity is compared to a CG, and no differ-
ence has been found when it is compared to other exer-
cise interventions [80].
The physical therapists in BET used patient education

and focused on beliefs, emotions, and behaviour in rela-
tion to physical activity. For example, they discussed
positive physiological health-related effects of physical
activity and its psychological benefits (e.g. stress and
mood management), the relevance of maladaptive pain-
related beliefs and behaviour (e.g. avoidance or endur-
ance behaviour), as well as adaptive responses (e.g. phys-
ical activity for relaxation or mood management). They
further introduced different types of exercise, as men-
tioned above, and encouraged participants to practice
physical activity that is in line with their experiences and
individual preferences. Physical therapists introduced the
“Rate of Perceived Exertion”-Scale (Borg scale, ranging
from 6 to 20) and encouraged participants to exercise at
a level that is ‘somewhat hard’ [81]. Additionally, partici-
pants were trained in manual pulse measurement to
control intensities of aerobic exercises. Further details
regarding the core principles, methods and contents of
BET are available in the manual (see https://bit.ly/3u6
9mwz), in the study protocol [12], as well as in the Add-
itional file 1.
One could argue that addressing maladaptive beliefs,

emotions, and behaviour in persons with CLBP is not
within the scope of the physical therapy profession or
that therapists are not trained well enough accordingly.
There is a broad range of challenges when psychosocial
principles ought to be integrated into physical therapist
practice, but many might be overcome with appropriate
training [82, 83]. Nicholas et al. [26] have outlined the
skills for physical therapists to perform psychologically

informed treatments, which are also supported by the
recent curriculum for physical therapy of the IASP
(https://bit.ly/2PcNXDk). In our study all physical thera-
pists who delivered BET had been trained intensively
and had been provided with a very detailed manual with
additional material to support the implementation.
SET did not contain specific patient education or

cognitive-behavioural techniques to systematically alter
maladaptive beliefs, emotions, or behaviours in CLBP.
The physical therapists in SET delivered education about
anatomy and physiology of the spine, pathophysiological
causes of CLBP and posture/movement during activities
of daily living. However, it is possible that SET within
BMR influences psychological risk factors such as pain-
related beliefs, emotions and behaviour to some extent
without using specific content or techniques to address
these factors (e.g. [84, 85]. If this is the case, the similar
trajectories in the primary outcome as well as the sec-
ondary outcomes in both study groups might have been
the consequence.
Within BMR, both study groups received a psycho-

logical treatment with six to eight sessions of around 60
min, which had also a focus on self-management of
CLBP [7, 12]. The psychological therapists in the BMR
brought up the role of beliefs, emotions and behaviour
in coping with pain but did not focus specifically on
physical activity.
In BET there was a clear focus on self-management of

CLBP in relation to physical activity [12]. Considering a
recently published review [86], the BET approach might
rest too narrowly on certain psychological dimensions,
whereas social factors (e.g. work, family, relationships,
socioeconomic status, environment) are not addressed in
either SET or BET. However, some of these social fac-
tors are addressed within the other components of the
BMR (e.g. social counselling, psychological treatment).
This biopsychosocial approach of the BMR was applied
in both study groups, which likely contributed to the
similar effects in both of them.
In summary, there is a conceptual difference between

BET and SET within the BMR as the described aims,
methods and contents in BET to promote a physically
active lifestyle as well as to promote self-management of
CLPB were only provided in the BMR + BET study
group and not in the BMR + SET study group.
In the following sections we discuss other possible rea-

sons for the observed results, compare these with other
studies in the field and discuss strengths and limitations
of our study.

Quality of the implementation of BET
A potentially low quality of the implementation of BET
could be another explanation for the observed results. It
cannot be ruled out entirely that important
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modifications from the BET manual may have taken
place as it was not possible to supervise all BET sessions
during the study period and visits had to be announced.
We did not identify modifications from the written BET
manual during our two announced visits. We could not
detect any changes which might be a sign for adminis-
trative challenges for the delivery of BET during the
study period. Therefore, there is no evidence of a low-
quality implementation of BET.

Comparison with other studies
We identified seven RCTs [6, 87–92] and four quasi-
experimental studies [61, 93–95] that compared two
or more rehabilitation programmes in participants
with CLBP in a setting similar to that of our study.
Three of the RCTs [6, 90, 91] used function as a pri-
mary outcome, and one [92] as a secondary outcome.
The measurement differed as the Oswestry Disability
Index was used three times as the primary outcome
measure [89–91], the Pain Disability Index once [6]
and the Hannover Functional Ability Questionnaire
once [92]. Most of these RCTs had a 12-month
follow-up [6, 90, 91], one had 6 months [92] and one
had 12 weeks [89]. Only two of these studies [89, 91]
assessed different approaches of exercise therapy but
showed no between-group differences at 12 weeks [89]
or 12 months [91] in function, which is in line with
our study results. Iversen and colleagues [89] com-
pared two rehabilitation programmes that differed
only in the type of standardised exercise therapy used
(general exercise versus resistance band training),
while Verra et al. [91] compared two rehabilitation
programmes of which one used tailored interventions
by matching subgroups with specific pain profiles.
These tailored interventions included physiotherapy/
exercise therapy based on a behavioural approach.
Neither study included behaviour change techniques
to foster a physically active lifestyle as used in BET
[12].
One RCT [6] compared a traditional multidisciplinary

rehabilitation with a biopsychosocial one. It [6] showed
no between-group differences in function at a 12-month
follow-up. The exercise therapy component in this RCT
was based on a biomedical approach.
In summary, the comparability of these RCTs [6, 89–

92] to our study is limited due to different measure-
ments, study designs, follow-ups, and heterogeneous in-
terventions that differ in content and dose. This
challenge has also been described recently by Schmidt
et al. [90]. However, in line with our results, these RCTs
did not show a between-group difference in function at
follow-up.
The remaining above-mentioned RCTs [87, 88] com-

pared two nearly identical traditional multidisciplinary

rehabilitation programmes but with one including an
optimised treatment component (e.g. back school, psy-
chological treatment) and reported results favouring the
rehabilitation programme with the optimised component
with corresponding small effect sizes. They used other
primary outcome measures and did not report function
as the primary outcome even though the measurement
of function has been established as a core outcome
measure [59, 60]. This limits the comparability of these
RCTs with our study.
In our previous quasi-experimental study [61], we

showed a small between-group difference in function
after 12 months favouring a multidisciplinary biopsy-
chosocial rehabilitation that included the same BET
approach which was used in the current study, com-
pared to a traditional multidisciplinary rehabilitation
with SET. Due to the comparison of two different
complex rehabilitation programmes, it was not pos-
sible to analyse how BET might have contributed to
the observed between-group difference in this study.
The other quasi-experimental studies which were con-
ducted in the German rehabilitation setting in study
populations with CLBP and other musculoskeletal dis-
orders [93–95] did not report function as outcome
measures which limits the comparability with our
current study. All quasi-experimental studies included
cognitive-behavioural strategies in line with a biopsy-
chosocial framework in the intervention groups and
reported favouring results in comparison to a trad-
itional multidisciplinary rehabilitation with a biomed-
ical approach. However, it must be taken into
account that quasi-experimental designs increase the
risk of bias compared to an RCT design and have
other methodological limitations.

Study population in BMR
Another explanation for the observed results relates to
the study population in the BMR. Multidisciplinary biop-
sychosocial rehabilitation is recommended for individ-
uals with CLBP and associated disability [4, 5]. It has
been stated in a recent review [5] that higher symptom
severity might modify the effect of multidisciplinary
biopsychosocial rehabilitation even though this could
not be supported in subgroup analyses as only a few
studies (3 of 41) included a study population with a
higher baseline severity defined by 60% of the maximum
score on a pain and a function measure. In our study,
the percentage of participants with a strong functional
decline (> 60%) at baseline was 41%, and the percentage
of those with high pain levels (> 7 points on the numeric
scale) was 34%. Furthermore, a 30% improvement in
function and pain is considered a clinically meaningful
change in participants with CLBP [69, 96]. Such an im-
provement was detected in 11% of the CG (n = 13) and
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15% of the IG (n = 17) for function as well as 19% of the
CG (n = 20) and 18% of the IG (n = 22) for pain. Overall,
both study groups showed only a moderate functional
decline and pain intensity at baseline, which might have
reduced the probability of improvements on an absolute
scale. In other secondary outcomes, the study partici-
pants were also only slightly or moderately impaired,
and the percentage of participants with strong impair-
ments was below 40% in both study groups. Future re-
search should further explore what works for whom and
which subgroup might benefit the most from a complex
BMR. This would improve the effectiveness of this treat-
ment in the long-term.

BMR, BET and mechanism-based treatment options
BMR is a group-based intensive treatment option for
participants with disabling CLBP, who have not
responded to other treatment options. Our results show
that BET+BMR as well as SET+BMR improve function,
pain, and other secondary outcomes in participants with
disabling CLBP. However, not all participants with dis-
abling CLBP benefit equally from a BMR. The challenge
within a group-based BMR is to consider the heterogen-
eity in disabling CLBP with individual mechanisms that
might contribute to CLBP and to address this with a
correspondingly arranged treatment plan. The concept
of BMR [7] takes individual mechanisms into account,
for example with multidisciplinary admission, standar-
dised psychosocial assessment, reconciled multidisciplin-
ary case management, case reviews on a regular basis,
and the possibility of an individually tailored therapy
schedule. The concept also puts a strong emphasis on
individual preferences and experiences of the partici-
pants with CLBP.
Another widespread approach in pain management as-

sumes that individuals with CLBP benefit more from an
individualised treatment option that targets a specific
underlying pain mechanism [97, 98]. The idea of a
mechanism-based classification of pain dates back more
than 20 years [99], but for the majority of those affected
with non-specific disabling CLBP it doesn’t seem to be
possible to identify a specific underlying mechanism [9,
100]. On the one hand, group-based interventions in the
treatment of disabling CLBP have been criticized as less
effective due to their one-size-fits-all approach, on the
other hand, a rigid definition of mechanism-based sub-
groups based on a mostly unidimensional pathophysio-
logical rationale was also criticized [98, 101, 102]. Such a
mechanism-based classification is particularly challen-
ging in disabling CLBP as multiple factors of different
dimensions often interact with one another [100].
Novel approaches such as multidimensional clinical

reasoning take into account the individual context as
well as the complex interplay between multiple factors

that could influence function and pain in participants
with CLBP [101]. O’Keeffe et al. [103] compared such an
individualised cognitive functional therapy (CFT) with a
group-based exercise and education intervention and re-
ported reduced disability, but not pain, at 6 and 12
months in favour of CFT. However, Mescouto et al. [86]
have described that although CFT is based on a biopsy-
chosocial approach, the focus is on changing individual
cognitions and behaviour, but less on other social factors
in the wider social context that might also contribute to
disabling CLBP.
To the best of our knowledge, there are no studies to

date on how an individual mechanism-based approach
of exercise therapy influences the effectiveness of a
multidisciplinary biopsychosocial rehabilitation, such as
the BMR, in the treatment of disabling CLBP. Based on
our results in this study, we speculate that only a small
between-group difference could be expected. In addition,
from a cost-benefit perspective, it is currently not known
how an individual mechanism-based approach in exer-
cise therapy compares to an intensive group-based
multidisciplinary biopsychosocial rehabilitation. The best
available moderate to low quality evidence to date shows
that a multidisciplinary biopsychosocial rehabilitation is
more effective than physical treatment or usual care in
reducing disability and pain in participants with disab-
ling CLBP [5]. Future studies could investigate whether
optimized individual mechanism-based approach of ex-
ercise therapy, such as the CFT, in the treatment of
CLBP are equally effective as a multidisciplinary biopsy-
chosocial rehabilitation. The results would presumably
have important consequences for future decision-making
processes in the management of CLBP. To further im-
prove our understanding of the underlying mechanisms
of action of complex rehabilitation programmes, pre-
planned mediation analyses within adequately powered
RCTs that consider known mediators based on the biop-
sychosocial framework would also be helpful [104].
Our trial had several strengths. In both rehabilitation

centres, an evidence-based BMR was conducted.
Thereby, the study had a strong CG as we compared
two intensive and complex multidisciplinary biopsycho-
social rehabilitation programmes that differed only in
one treatment component instead of a comparison with
wait-list CGs, less complex interventions or usual care.
The study was registered prospectively and incorporated
an external, blinded ‘urn’-randomisation [64, 65], which
is a generalization of the class of biased-coin designs. It
is a method designed for stratification while preserving
randomness and basically avoids some of the disadvan-
tages of stratified block randomisation. However, this
randomisation algorithm cannot be described in terms
of simple randomisation algorithms. The probability that
a subject will be assigned to a given treatment group is
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not constant. It is systematically biased in favour of bal-
ance, but not as strong as e.g. block randomisation to-
wards the end of every block, where allocation gets
deterministic in trade off for balance. Further strengths
of this study are the manualised BET, an intention-to-
treat analysis and concealed allocation. The statistical
analysis was blinded and was performed by a statistician
who did not directly take part in conducting the study.
The study was funded independently and publicly.
Several limitations have to be taken into account.

Dropout after six and 12months was higher in the CG
(21, 34%) compared to the IG (14, 22%). Even though re-
duced function at baseline does not seem to be a rele-
vant predictor for dropout at the last point of
measurement, it cannot be ruled out entirely that partic-
ipants whose function deteriorated later did dropout
more often in the CG. Data not missing at random
(NMAR) might have taken place.
The statistical power was calculated to detect a

medium effect in the between-group difference of the
primary outcome. As we compared two highly intensive
multidisciplinary biopsychosocial rehabilitation pro-
grammes which differed only in the approach of exercise
therapy, even a small between-group difference would
have been of interest. We therefore decided to increase
the number of participants in the study sample in the
available study period. We made this decision early in
the course of the study, before we started any prelimin-
ary data analysis. However, the final study sample was
not sufficient to detect a very small between-group dif-
ference. Given the high burden of CLPB on individuals
and the society, even a small effect would be important.
The blinding of the study’s therapists was not possible.

Even though visitations did not indicate a contamin-
ation, this might have happened at some point during
the intervention period lasting for 12 months.
The focus of this study was on the influences of a be-

havioural approach to exercise therapy on the effective-
ness of a BMR. In line with the aim of the study we
assessed psychosocial determinants as well as determi-
nants of health behaviour change in addition to recom-
mended core outcome domains [59, 60]. A valid
assessment of health-related fitness at all four measure-
ment time points requires equipment and additional
personnel and financial resources which were not
available.
BMR in Germany is a complex and intensive process

based on a comprehensive and consistent biopsychoso-
cial framework that includes key elements which charac-
terise an effective rehabilitation as described by Wade
et al [41]. Our results indicate that SET as well as BET,
when embedded in such a BMR approach, are both
equally effective. It seems reasonable to assume that the
observed effects in both study groups, which showed a

similar course in the primary as well as most of the sec-
ondary outcomes with small-to-medium effect sizes in
both study groups, are influenced by similar biopsycho-
social mechanisms. However, this needs to be further ex-
plored in future studies as a similar effect does not
necessarily have to be caused by the same underlying
mechanisms.
Taking a wider perspective into account [90], CLBP

and associated disability is a major public health prob-
lem, and no single intervention or solution will guide its
prevention and management [4, 9, 18]. Sustaining long-
term improvements in individuals with persistent low
back pain and reducing the societal burden of CLBP re-
quires embedding the intensive BMR into a whole-of-
society approach, where ‘local participation and owner-
ship, integration with existing priorities and policies, and
coordination with national and regional systems and
processes are crucial’ [105], p 2386).

Conclusion
SET+BMR and BET+BMR do not differ in terms of their
effectiveness in improving function or other secondary
outcomes. Therefore, a SET with a biomedical approach,
when embedded into a complex BMR, is equally effect-
ive compared to BMR with a biopsychosocial orientated
BET. However, within BMR, in contrast to SET, BET of-
fers a standardised, manualised, evidence-based and
theory-based approach, which is recommended for the
BMR by the German Pension Insurance Association.
Implementing BET in multidisciplinary biopsychosocial
rehabilitation such as BMR for the treatment of CLBP is
one option in routine care. There are only few studies
available which have studied the effects of a biopsycho-
social approach to exercise therapy on the effectiveness
of a complex inpatient rehabilitation programme. Future
studies in this area of research would further contribute
to an improved understanding of the mechanisms of ac-
tion of multidisciplinary biopsychosocial rehabilitation.
These studies should consider pre-planned and well
powered mediation analyses as well as mechanism-based
and person-centred approaches to exercise therapy
which take into account the biopsychosocial framework
in the development of CLBP.

Abbreviations
BMR: Behavioural medical rehabilitation; CLBP: Chronic non-specific low back
pain; BET: Behavioural exercise therapy; SET: Standard exercise therapy;
RCT: Randomised controlled trial; IG: Intervention group; CG: Control group;
HFAQ: Hannover Functional Ability Questionnaire; NRS: Numeric Rating Scale;
PHQ-D: Patient Health Questionnaire; GAD-7: General Anxiety Disorder 7-item
Scale; SF-12: Short-Form-12; PSS: Perceived Stress Scale; FFkA: Freiburg
Questionnaire on Physical Activity; FESV: Pain Management Questionnaire;
TSK: Tampa Scale for Kinesiophobia; AEQ: Avoidance-Endurance
Questionnaire; SES: Standardised effect size; SD: Standard deviation; ICD
10: International Classification of Diseases 10; CI: Confidence interval;
NMAR: Not missing at random

Semrau et al. BMC Musculoskeletal Disorders          (2021) 22:500 Page 14 of 18



Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12891-021-04353-y.

Additional file 1. Description of the 15 units of BET (closed group) with
an overview of contents: education about CLBP, education about
physical activity, coping with pain, and exercises.

Additional file 2. Tables with results for all secondary outcomes.
Unadjusted means for the primary outcome and each secondary
outcome at t1 = start of BMR, t2 = end of BMR, t3 = 6 months; t4 = 12
months for each study group.

Acknowledgements
The authors thank the German Pension Insurance Association (Deutsche
Rentenversicherung Bund), which funded and supported this research. We
would like to thank all study participants very much for their time and
commitment. We also thank very much Dr. med Désirée Herbold
(former chief physician, rehabilitation centre ‘Paracelsus-Klinik an der Gande’),
Dr. med Martin Holme (medical director), Dr. med Gabriele Sohr (assistant
medical director, rehabilitation centre ‘Klinik Weser Bad Pyrmont’) and all the
employees in both institutions who were in any way engaged in this study.
We further thank all the study’s therapists very much (for ‘Paracelsus-Klinik an
der Gande’: Frank Härdter, Arndt Buttgereit and Dana Voigt; for ‘Klinik Weser
Bad Pyrmont’: Gabriele Voß, Maria Prinzel, Ute Müller, Maike von der Heide,
Gabriele Engelsmann) and the entire team of physical therapists in both
institutions for their outstanding engagement. We thank our student
assistants Joscha Sommer, Alexander Auer and Michael Popp very much for
their reliable support throughout the whole study.

Authors’ contributions
KP, JS, CH and SP contributed substantially to the conception and design of
the work. JS was responsible for the acquisition of the data. CH was
responsible for the analysis of the data. JS and SP made substantial
contributions to the interpretation of the data. JS and SP drafted the work
and substantively revised it. The authors have read and approved the
submitted version of the manuscript.

Funding
The study was funded by the German Pension Insurance Association
(Deutsche Rentenversicherung Bund) within the research programme
‘Chronic diseases and patient orientation’ in module two of the second
funding phase (Funding code: 0421/00–40–67-30-26). Open Access funding
enabled and organised by Projekt DEAL.

Availability of data and materials
The datasets used and/or analysed in the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted according to the recommendations of the World
Medical Association (Declaration of Helsinki: [27]). Ethical approval has been
granted by the independent Research Ethics Committee of the Medical
Faculty of Friedrich-Alexander-University of Erlangen-Nuremberg (Re.-No.
4510). All study participants gave full informed written consent to participate
in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interest.

Author details
1Department of Sport Science and Sport, Friedrich-Alexander-University
Erlangen-Nuremberg, Gebbertstraße 123 b, 91056 Erlangen, Germany.
2Novartis Pharma GmbH, Roonstraße 25, 90429 Nuremberg, Germany.
3Deutscher Verband für Gesundheitssport und Sporttherapie (DVGS) e.V,
Vogelsanger Weg 48, 50354 Hürth-Efferen, Germany.

Received: 17 January 2021 Accepted: 10 May 2021

References
1. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global,

regional, and national incidence, prevalence, and years lived with disability
for 354 diseases and injuries for 195 countries and territories, 1990–2017: a
systematic analysis for the global burden of disease study 2017. Lancet.
2018;392(10159):1789–858. https://doi.org/10.1016/S0140-6736(18)32279-7.

2. Deutsche Rentenversicherung Bund. Reha-Bericht 2019: Die medizinische
und berufliche Rehabilitation der Rentenversicherung im Licht der Statistik
2019. https://bit.ly/34iXLz2. Accessed 4 Oct 2020.

3. Salathé CR, Melloh M, Crawford R, Scherrer S, Boos N, Elfering A. Treatment
efficacy, clinical utility, and cost-cffectiveness of multidisciplinary
biopsychosocial rehabilitation treatments for persistent low back pain: a
systematic review. Global Spine J. 2018;8(8):872–86. https://doi.org/10.11
77/2192568218765483.

4. Foster NE, Anema JR, Cherkin D, Chou R, Cohen SP, Gross DP, et al.
Prevention and treatment of low back pain: evidence, challenges, and
promising directions. Lancet. 2018;391(10137):2368–83. https://doi.org/10.1
016/S0140-6736(18)30489-6.

5. Kamper SJ, Apeldoorn AT, Chiarotto A, Smeets RJEM, Ostelo RWJG, Guzman
J, et al. Multidisciplinary biopsychosocial rehabilitation for chronic low back
pain: Cochrane systematic review and meta-analysis. BMJ. 2015;350(feb18 5):
h444. https://doi.org/10.1136/bmj.h444.

6. Mangels M, Schwarz S, Worringen U, Holme M, Rief W. Evaluation of a
behavioral-medical inpatient rehabilitation treatment including booster
sessions: a randomized controlled study. Clin J Pain. 2009;25(5):356–64.
https://doi.org/10.1097/AJP.0b013e3181925791.

7. Deutsche Rentenversicherung Bund. Verhaltensmedizinisch orientierte
Rehabilitation: Rahmenkonzept der Deutschen Rentenversicherung für die
verhaltensmedizinisch orientierte Rehabilitation (VOR). 2014. https://bit.ly/2
St4px0. Accessed 4 Oct 2020.

8. Waddell G. The biopsychosocial model. In: Waddell G, editor. The Back pain
revolution. 2nd ed. Edinburgh: Churchill Livingston; 2004. p. 265–82.

9. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S,
et al. What low back pain is and why we need to pay attention. Lancet.
2018;391(10137):2356–67. https://doi.org/10.1016/S0140-6736(18)30480-X.

10. Morley S, Williams A. New developments in the psychological Management
of Chronic Pain. Can J Psychiatr. 2015;60(4):168–75. https://doi.org/10.1177/
070674371506000403.

11. Henschke N, Ostelo RW, van Tulder MW, Vlaeyen JW, Morley S, Assendelft
WJ, et al. Behavioural treatment for chronic low-back pain. Cochrane
Database Syst Rev. 2010:CD002014. https://doi.org/10.1002/14651858.CD002
014.pub3.

12. Hofmann J, Peters S, Geidl W, Hentschke C, Pfeifer K. Effects of behavioural
exercise therapy on the effectiveness of a multidisciplinary rehabilitation for
chronic non-specific low back pain: study protocol for a randomised
controlled trial. BMC Musculoskelet Disord. 2013;14(1):89. https://doi.org/1
0.1186/1471-2474-14-89.

13. Bethge M, Müller-Fahrnow W. Wirksamkeit einer intensivierten stationären
Rehabilitation bei muskuloskelettalen Erkrankungen: Systematischer Review
und Meta-Analyse. [Efficacy of intensified inpatient rehabilitation in
musculoskeletal disorders: systematic review and meta-analysis]. Rehabilitation
(Stuttg). 2008;47(04):200–9. https://doi.org/10.1055/s-2008-1077091.

14. Brüggemann S, Sewöster D, Kranzmann A. Bewegungstherapeutische
Versorgung in der medizinischen Rehabilitation der Rentenversicherung –
eine Analyse auf Basis quantitativer Routinedaten. [Exercise Therapy in
German Medical Rehabilitation - an Analysis based on Quantitative Routine
Data]. Rehabilitation (Stuttg). 2018;57(01):24–30. https://doi.org/10.1055/s-
0043-102556.

15. Wun A, Kollias P, Jeong H, Rizzo RR, Cashin AG, Bagg MK, et al. Why is
exercise prescribed for people with chronic low back pain? A review of the
mechanisms of benefit proposed by clinical trialists. Musculoskelet Sci Pract.
2020;51:102307. https://doi.org/10.1016/j.msksp.2020.102307.

16. Verbunt JA, Smeets RJ, Wittink HM. Cause or effect? Deconditioning and
chronic low back pain. Pain. 2010;149(3):428–30. https://doi.org/10.1016/j.pa
in.2010.01.020.

17. Linton SJ, van Tulder MW. Preventive interventions for back and neck pain
problems: what is the evidence? Spine. 2001;26(7):778–87. https://doi.org/1
0.1097/00007632-200104010-00019.

Semrau et al. BMC Musculoskeletal Disorders          (2021) 22:500 Page 15 of 18

https://doi.org/10.1186/s12891-021-04353-y
https://doi.org/10.1186/s12891-021-04353-y
https://doi.org/10.1016/S0140-6736(18)32279-7
https://bit.ly/34iXLz2
https://doi.org/10.1177/2192568218765483
https://doi.org/10.1177/2192568218765483
https://doi.org/10.1016/S0140-6736(18)30489-6
https://doi.org/10.1016/S0140-6736(18)30489-6
https://doi.org/10.1136/bmj.h444
https://doi.org/10.1097/AJP.0b013e3181925791
https://bit.ly/2St4px0
https://bit.ly/2St4px0
https://doi.org/10.1016/S0140-6736(18)30480-X
https://doi.org/10.1177/070674371506000403
https://doi.org/10.1177/070674371506000403
https://doi.org/10.1002/14651858.CD002014.pub3
https://doi.org/10.1002/14651858.CD002014.pub3
https://doi.org/10.1186/1471-2474-14-89
https://doi.org/10.1186/1471-2474-14-89
https://doi.org/10.1055/s-2008-1077091
https://doi.org/10.1055/s-0043-102556
https://doi.org/10.1055/s-0043-102556
https://doi.org/10.1016/j.msksp.2020.102307
https://doi.org/10.1016/j.pain.2010.01.020
https://doi.org/10.1016/j.pain.2010.01.020
https://doi.org/10.1097/00007632-200104010-00019
https://doi.org/10.1097/00007632-200104010-00019


18. Vlaeyen JWS, Maher CG, Wiech K, van Zundert J, Meloto CB, Diatchenko L,
et al. Low back pain. Nat Rev Dis Primers. 2018;4(1):52. https://doi.org/10.103
8/s41572-018-0052-1.

19. Linton SJ, Flink IK, Vlaeyen JWS. Understanding the etiology of chronic pain
from a psychological perspective. Phys Ther. 2018;98(5):315–24. https://doi.
org/10.1093/ptj/pzy027.

20. Itz CJ, Geurts JW, van Kleef M, Nelemans P. Clinical course of non-specific
low back pain: a systematic review of prospective cohort studies set in
primary care. Eur J Pain. 2013;17(1):5–15. https://doi.org/10.1002/j.1532-214
9.2012.00170.x.

21. Menezes Costa L d C, Maher CG, Hancock MJ, McAuley JH, Herbert RD, LOP
C. The prognosis of acute and persistent low-back pain: A meta-analysis.
CMAJ. 2012;184:E613–24. https://doi.org/10.1503/cmaj.111271.

22. Nicholas MK, Linton SJ, Watson PJ, Main CJ. Early identification and
management of psychological risk factors (“yellow flags”) in patients with
low back pain: a reappraisal. Phys Ther. 2011;91(5):737–53. https://doi.org/1
0.2522/ptj.20100224.

23. Alhowimel A, AlOtaibi M, Radford K, Coulson N. Psychosocial factors
associated with change in pain and disability outcomes in chronic low back
pain patients treated by physiotherapist: a systematic review. SAGE Open
Med. 2018;6:2050312118757387. https://doi.org/10.1177/2050312118757387.

24. Hill JC, Fritz JM. Psychosocial influences on low back pain, disability, and
response to treatment. Phys Ther. 2011;91(5):712–21. https://doi.org/10.2
522/ptj.20100280.

25. Main CJ, George SZ. Psychologically informed practice for management of
low back pain: future directions in practice and research. Phys Ther. 2011;
91(5):820–4. https://doi.org/10.2522/ptj.20110060.

26. Nicholas MK, George SZ. Psychologically informed interventions for low
back pain: an update for physical therapists. Phys Ther. 2011;91(5):765–76.
https://doi.org/10.2522/ptj.20100278.

27. Foster NE, Thomas E, Bishop A, Dunn KM, Main CJ. Distinctiveness of
psychological obstacles to recovery in low back pain patients in primary
care. Pain. 2010;148(3):398–406. https://doi.org/10.1016/j.pain.2009.11.002.

28. Geidl W, Wais J, Fangmann C, Demisse E, Pfeifer K, Sudeck G. Physical
activity promotion in daily exercise therapy: The perspectives of exercise
therapists in German rehabilitation settings. BMC Sports Sci Med Rehabil.
2019;11:28. https://doi.org/10.1186/s13102-019-0143-7.

29. Geidl W, Semrau J, Pfeifer K. Health behaviour change theories:
contributions to an ICF-based behavioural exercise therapy for individuals
with chronic diseases. Disabil Rehabil. 2014;36(24):2091–100. https://doi.
org/10.3109/09638288.2014.891056.

30. Schwarzer R, Lippke S, Luszczynska A. Mechanisms of health behavior
change in persons with chronic illness or disability: the health action
process approach (HAPA). Rehabil Psychol. 2011;56(3):161–70. https://doi.
org/10.1037/a0024509.

31. Conn VS, Hafdahl AR, Brown SA, Brown LM. Meta-analysis of patient
education interventions to increase physical activity among chronically ill
adults. Patient Educ Couns. 2008;70(2):157–72. https://doi.org/10.1016/j.pec.2
007.10.004.

32. Jordan JL, Holden MA, Mason EE, Foster NE. Interventions to improve
adherence to exercise for chronic musculoskeletal pain in adults. Cochrane
Database Syst Rev. 2010:CD005956. https://doi.org/10.1002/14651858.
CD005956.pub2.

33. Balagué F, Mannion AF, Pellisé F, Cedraschi C. Non-specific low back pain.
Lancet. 2012;379(9814):482–91. https://doi.org/10.1016/S0140-6736(11)60610-7.

34. Hasenbring MI, Verbunt JA. Fear-avoidance and endurance-related
responses to pain: new models of behavior and their consequences for
clinical practice. Clin J Pain. 2010;26(9):747–53. https://doi.org/10.1097/AJP.
0b013e3181e104f2.

35. Leeuw M, Goossens MEJB, Linton SJ, Crombez G, Boersma K, Vlaeyen JWS.
The fear-avoidance model of musculoskeletal pain: current state of scientific
evidence. J Behav Med. 2007;30(1):77–94. https://doi.org/10.1007/s10865-
006-9085-0.

36. Pincus T, McCracken LM. Psychological factors and treatment opportunities
in low back pain. Best Pract Res Clin Rheumatol. 2013;27(5):625–35. https://
doi.org/10.1016/j.berh.2013.09.010.

37. World Medical Association. WMA Declaration of Helsinki - Ethical Principles
for Medical Research Involving Human Rights. 2013. https://www.wma.net/
policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-resea
rch-involving-human-subjects/. Accessed 4 Oct 2020.

38. Boutron I, Altman DG, Moher D, Schulz KF, Ravaud P. CONSORT statement
for randomized trials of nonpharmacologic treatments: a 2017 update and a
CONSORT extension for nonpharmacologic trial abstracts. Ann Intern Med.
2017;167(1):40–7. https://doi.org/10.7326/M17-0046.

39. Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-Moffett J, Kovacs F,
et al. Chapter 4. European guidelines for the management of chronic
nonspecific low back pain. Eur Spine J. 2006;15(Suppl 2):S192–300. https://
doi.org/10.1007/s00586-006-1072-1.

40. DIMDI. DIMDI - ICD-10-GM Version 2019. 2019. https://www.dimdi.de/static/
de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2019/. Accessed 4 Oct
2020.

41. Wade DT. What is rehabilitation? An empirical investigation leading to an
evidence-based description. Clin Rehabil. 2020;34(5):571–83. https://doi.
org/10.1177/0269215520905112.

42. Morley S. Efficacy and effectiveness of cognitive behaviour therapy for
chronic pain: Progress and some challenges. Pain. 2011;152(3):S99–S106.
https://doi.org/10.1016/j.pain.2010.10.042.

43. Pincus T, Smeets RJEM, Simmonds MJ, Sullivan MJL. The fear avoidance
model disentangled: improving the clinical utility of the fear avoidance
model. Clin J Pain. 2010;26(9):739–46. https://doi.org/10.1097/AJP.0b013e31
81f15d45.

44. Kori SH, Miller RP, Todd DD. Kinesiophobia: a new view of chronic pain
behavior. Pain Management. 1990:35–42.

45. Hasenbring MI, Hallner D, Rusu AC. Fear-avoidance- and endurance-related
responses to pain: development and validation of the avoidance-endurance
questionnaire (AEQ). Eur J Pain. 2009;13(6):620–8. https://doi.org/10.1016/j.
ejpain.2008.11.001.

46. Kohlmann T, Raspe H. Der Funktionsfragebogen Hannover zur alltagsnahen
Diagnostik der Funktionsbeeinträchtigung durch Rückenschmerzen (FFbH-
R). [Hannover Functional Questionnaire in ambulatory diagnosis of
functional disability caused by backache]. Rehabilitation (Stuttg). 1996;35:I–
VIII.

47. Löwe B, Spitzer RL, Zipfel S, Herzog W. PHQ-D - Gesundheitsfragebogen für
Patienten: Manual Komplettversion und Kurzform. 2002. https://www.
klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_Klinik/download/
PHQ_Manual1.pdf. Accessed 4 Oct 2020.

48. Löwe B, Decker O, Müller S, Brähler E, Schellberg D, Herzog W, et al.
Validation and standardization of the generalized anxiety disorder screener
(GAD-7) in the general population. Med Care. 2008;46(3):266–74. https://doi.
org/10.1097/MLR.0b013e318160d093.

49. Bullinger M, Kirchberger I. SF-36. Fragebogen zum Gesundheitszustand.
Göttingen: Hogrefe; 1998.

50. Cohen S, Williamson G. In: Spacapan S, Oskamp S, editors. Perceived Stress
in a probability sample of the United States. Newbury Park: CA: Sage; 1988.
p. 31–67.

51. Frey I, Berg A, Grathwohl D, Keul J. Freiburger Fragebogen zur körperlichen
Aktivität - Entwicklung, Prüfung und Anwendung. [Freiburg Questionnaire
of physical activity--development, evaluation and application]. Soz
Praventivmed. 1999;44(2):55–64. https://doi.org/10.1007/BF01667127.

52. Geissner E. FESV-Fragebogen zur Erfassung der Schmerzverarbeitung: (FESV-
questionnaire for the detection of pain coping strategies). Göttingen:
Hogrefe; 2001.

53. Seelig H, Fuchs R. Messung der sport- und bewegungsbezogenen
Selbstkonkordanz. Z Sportpsychol. 2006;13(4):121–39. https://doi.org/10.102
6/1612-5010.13.4.121.

54. Lippke S, Ziegelmann JP, Schwarzer R, Velicer WF. Validity of stage
assessment in the adoption and maintenance of physical activity and fruit
and vegetable consumption. Health Psychol. 2009;28(2):183–93. https://doi.
org/10.1037/a0012983.

55. Fleig L, Lippke S, Wiedemann AU, Ziegelmann JP, Reuter T, Gravert C.
Förderung von körperlicher Aktivität im betrieblichen Kontext: Ein
randomisiertes Kontrollgruppen-Design zur Untersuchung von
stadienspezifischen Interventionseffekten. [Promoting physical activity in a
workplace setting: A randomized control group study of stage-matched
interventions.]. Zeitschrift für Gesundheitspsychologie. 2010;18(2):69–78.
https://doi.org/10.1026/0943-8149/a000011.

56. Sniehotta FF, Scholz U, Schwarzer R. Bridging the intention–behaviour gap:
planning, self-efficacy, and action control in the adoption and maintenance
of physical exercise. Psychol Health. 2005;20(2):143–60. https://doi.org/10.1
080/08870440512331317670.

Semrau et al. BMC Musculoskeletal Disorders          (2021) 22:500 Page 16 of 18

https://doi.org/10.1038/s41572-018-0052-1
https://doi.org/10.1038/s41572-018-0052-1
https://doi.org/10.1093/ptj/pzy027
https://doi.org/10.1093/ptj/pzy027
https://doi.org/10.1002/j.1532-2149.2012.00170.x
https://doi.org/10.1002/j.1532-2149.2012.00170.x
https://doi.org/10.1503/cmaj.111271
https://doi.org/10.2522/ptj.20100224
https://doi.org/10.2522/ptj.20100224
https://doi.org/10.1177/2050312118757387
https://doi.org/10.2522/ptj.20100280
https://doi.org/10.2522/ptj.20100280
https://doi.org/10.2522/ptj.20110060
https://doi.org/10.2522/ptj.20100278
https://doi.org/10.1016/j.pain.2009.11.002
https://doi.org/10.1186/s13102-019-0143-7
https://doi.org/10.3109/09638288.2014.891056
https://doi.org/10.3109/09638288.2014.891056
https://doi.org/10.1037/a0024509
https://doi.org/10.1037/a0024509
https://doi.org/10.1016/j.pec.2007.10.004
https://doi.org/10.1016/j.pec.2007.10.004
https://doi.org/10.1002/14651858.CD005956.pub2
https://doi.org/10.1002/14651858.CD005956.pub2
https://doi.org/10.1016/S0140-6736(11)60610-7
https://doi.org/10.1097/AJP.0b013e3181e104f2
https://doi.org/10.1097/AJP.0b013e3181e104f2
https://doi.org/10.1007/s10865-006-9085-0
https://doi.org/10.1007/s10865-006-9085-0
https://doi.org/10.1016/j.berh.2013.09.010
https://doi.org/10.1016/j.berh.2013.09.010
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://doi.org/10.7326/M17-0046
https://doi.org/10.1007/s00586-006-1072-1
https://doi.org/10.1007/s00586-006-1072-1
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2019/
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2019/
https://doi.org/10.1177/0269215520905112
https://doi.org/10.1177/0269215520905112
https://doi.org/10.1016/j.pain.2010.10.042
https://doi.org/10.1097/AJP.0b013e3181f15d45
https://doi.org/10.1097/AJP.0b013e3181f15d45
https://doi.org/10.1016/j.ejpain.2008.11.001
https://doi.org/10.1016/j.ejpain.2008.11.001
https://www.klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_Klinik/download/PHQ_Manual1.pdf
https://www.klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_Klinik/download/PHQ_Manual1.pdf
https://www.klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_Klinik/download/PHQ_Manual1.pdf
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1007/BF01667127
https://doi.org/10.1026/1612-5010.13.4.121
https://doi.org/10.1026/1612-5010.13.4.121
https://doi.org/10.1037/a0012983
https://doi.org/10.1037/a0012983
https://doi.org/10.1026/0943-8149/a000011
https://doi.org/10.1080/08870440512331317670
https://doi.org/10.1080/08870440512331317670


57. Sniehotta FF, Schwarzer R, Scholz U, Schüz B. Action planning and coping
planning for long-term lifestyle change: theory and assessment. Eur J Soc
Psychol. 2005;35(4):565–76. https://doi.org/10.1002/ejsp.258.

58. Scholz U, Sniehotta FF. Langzeiteffekte einer Planungs- und
Handlungskontrollintervention auf die körperliche Aktivität von
Herzpatienten nach der Rehabilitation. Zeitschrift für
Gesundheitspsychologie. 2006;14(2):73–81. https://doi.org/10.1026/0943-814
9.14.2.73.

59. Chiarotto A, Boers M, Deyo RA, Buchbinder R, Corbin TP, Costa LOP, et al.
Core outcome measurement instruments for clinical trials in nonspecific
low back pain. Pain. 2018;159(3):481–95. https://doi.org/10.1097/j.pain.
0000000000001117.

60. Gewandter JS, Dworkin RH, Turk DC, Farrar JT, Fillingim RB, Gilron I, et al.
Research design considerations for chronic pain prevention clinical trials:
IMMPACT recommendations. Pain. 2015;156(7):1184–97. https://doi.org/10.1
097/j.pain.0000000000000191.

61. Semrau J, Hentschke C, Buchmann J, Meng K, Vogel H, Faller H, et al. Long-
term effects of interprofessional biopsychosocial rehabilitation for adults
with chronic non-specific low back pain: a multicentre, quasi-experimental
study. PLoS One. 2015;10(3):e0118609. https://doi.org/10.1371/journal.pone.
0118609.

62. Vlaeyen JW, Kole-Snijders AM, Boeren RG, van Eek H. Fear of movement/(re)
injury in chronic low back pain and its relation to behavioral performance.
Pain. 1995;62(3):363–72. https://doi.org/10.1016/0304-3959(94)00279-n.

63. Hentschke C, Hofmann J, Pfeifer K. A bio-psycho-social exercise program
(RÜCKGEWINN) for chronic low back pain in rehabilitation aftercare: study
protocol for a randomised controlled trial. BMC Musculoskelet Disord. 2010;
11(1):266. https://doi.org/10.1186/1471-2474-11-266.

64. Wei LJ, Lachin JM. Properties of the urn randomization in clinical trials.
Control Clin Trials. 1988;9(4):345–64. https://doi.org/10.1016/0197-24
56(88)90048-7.

65. Stout RL, Wirtz PW, Carbonari JP, Del Boca FK. Ensuring balanced
distribution of prognostic factors in treatment outcome research. J Stud
Alcohol Suppl. 1994;12:70–5. https://doi.org/10.15288/jsas.1994.s12.70.

66. Hothorn T, Everitt B. A handbook of statistical analyses using R. 3rd ed. Boca
Raton: CRC Press Taylor & Francis Group; 2014. https://doi.org/10.1201/b17081.

67. Senn S, Stevens L, Chaturvedi N. Repeated measures in clinical trials: simple
strategies for analysis using summary measures. Stat Med. 2000;19(6):861–
77. https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6<861::AID-SIM4
07>3.0.CO;2-F.

68. Gupta SK. Intention-to-treat concept: a review. Perspect Clin Res. 2011;2(3):
109–12. https://doi.org/10.4103/2229-3485.83221.

69. Ostelo RWJG, Deyo RA, Stratford P, Waddell G, Croft P, von Korff M, et al.
Interpreting change scores for pain and functional status in low back pain:
towards international consensus regarding minimal important change.
Spine. 2008;33(1):90–4. https://doi.org/10.1097/BRS.0b013e31815e3a10.

70. Mühlhauser Y, Vogt L, Niederer D. How and how fast does pain lead to
disability? A multilevel mediation analysis on structural, temporal and
biopsychosocial pathways in patients with chronic nonspecific low back
pain. Musculoskelet Sci Pract. 2020;49:102199. https://doi.org/10.1016/j.
msksp.2020.102199.

71. Geneen LJ, Moore RA, Clarke C, Martin D, Colvin LA, Smith BH. Physical
activity and exercise for chronic pain in adults: an overview of Cochrane
reviews. Cochrane Database Syst Rev. 2017;4:CD011279. https://doi.org/10.1
002/14651858.CD011279.pub3.

72. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al.
World Health Organization 2020 guidelines on physical activity and
sedentary behaviour. Br J Sports Med. 2020;54(24):1451–62. https://doi.org/1
0.1136/bjsports-2020-102955.

73. Hartvigsen J, Christensen K. Active lifestyle protects against incident low
back pain in seniors: a population-based 2-year prospective study of 1387
Danish twins aged 70-100 years. Spine. 2007;32(1):76–81. https://doi.org/10.1
097/01.brs.0000250292.18121.ce.

74. Alzahrani H, Mackey M, Stamatakis E, Zadro JR, Shirley D. The association
between physical activity and low back pain: a systematic review and meta-
analysis of observational studies. Sci Rep. 2019;9(1):8244. https://doi.org/10.1
038/s41598-019-44664-8.

75. Shiri R, Falah-Hassani K. Does leisure time physical activity protect against
low back pain? Systematic review and meta-analysis of 36 prospective
cohort studies. Br J Sports Med. 2017;51(19):1410–8. https://doi.org/10.1136/
bjsports-2016-097352.

76. Nicolson PJA, Bennell KL, Dobson FL, van Ginckel A, Holden MA, Hinman RS.
Interventions to increase adherence to therapeutic exercise in older adults
with low back pain and/or hip/knee osteoarthritis: a systematic review and
meta-analysis. Br J Sports Med. 2017;51(10):791–9. https://doi.org/10.1136/
bjsports-2016-096458.

77. Beinart NA, Goodchild CE, Weinman JA, Ayis S, Godfrey EL. Individual and
intervention-related factors associated with adherence to home exercise in
chronic low back pain: a systematic review. Spine J. 2013;13(12):1940–50.
https://doi.org/10.1016/j.spinee.2013.08.027.

78. Barbari V, Storari L, Ciuro A, Testa M. Effectiveness of communicative and
educative strategies in chronic low back pain patients: a systematic review.
Patient Educ Couns. 2020;103(5):908–29. https://doi.org/10.1016/j.pec.201
9.11.031.

79. Smeets RJEM, Vlaeyen JWS, Hidding A, Kester ADM, van der Heijden GJMG,
Knottnerus JA. Chronic low back pain: physical training, graded activity with
problem solving training, or both? The one-year post-treatment results of a
randomized controlled trial. Pain. 2008;134(3):263–76. https://doi.org/10.101
6/j.pain.2007.04.021.

80. López-de-Uralde-Villanueva I, Muñoz-García D, Gil-Martínez A, Pardo-
Montero J, Muñoz-Plata R, Angulo-Díaz-Parreño S, et al. A systematic review
and meta-analysis on the effectiveness of graded activity and graded
exposure for chronic nonspecific low back pain. Pain Med. 2016;17:172–88.
https://doi.org/10.1111/pme.12882.

81. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc.
1982;14(5):377–81.

82. Foster NE, Delitto A. Embedding psychosocial perspectives within clinical
management of low back pain: integration of psychosocially informed
management principles into physical therapist practice - challenges and
opportunities. Phys Ther. 2011;91(5):790–803. https://doi.org/10.2522/ptj.201
00326.

83. Nielsen M, Keefe FJ, Bennell K, Jull GA. Physical therapist-delivered
cognitive-behavioral therapy: a qualitative study of physical therapists'
perceptions and experiences. Phys Ther. 2014;94(2):197–209. https://doi.
org/10.2522/ptj.20130047.

84. Mannion AF, Müntener M, Taimela S, Dvorak J. Volvo award winner in
clinical studies: a randomized clinical trial of three active therapies for
chronic low Back pain. Spine. 1999;1999:24.

85. Smeets RJEM, Wade D, Hidding A, van Leeuwen PJCM, Vlaeyen JWS,
Knottnerus JA. The association of physical deconditioning and chronic low
back pain: a hypothesis-oriented systematic review. Disabil Rehabil. 2006;
28(11):673–93. https://doi.org/10.1080/09638280500264782.

86. Mescouto K, Olson RE, Hodges PW, Setchell J. A critical review of the
biopsychosocial model of low back pain care: time for a new
approach? Disabil Rehabil. 2020:1–15. https://doi.org/10.1080/09638288.2
020.1851783.

87. Hampel P, Köpnick A, Roch S. Psychological and work-related outcomes
after inpatient multidisciplinary rehabilitation of chronic low back pain: a
prospective randomized controlled trial. BMC Psychol. 2019;7(1):6. https://
doi.org/10.1186/s40359-019-0282-3.

88. Meng K, Seekatz B, Roband H, Worringen U, Vogel H, Faller H. Intermediate
and long-term effects of a standardized back school for inpatient
orthopedic rehabilitation on illness knowledge and self-management
behaviors: a randomized controlled trial. Clin J Pain. 2011;27(3):248–57.
https://doi.org/10.1097/AJP.0b013e3181ffbfaf.

89. Iversen VM, Vasseljen O, Mork PJ, Gismervik S, Bertheussen GF, Salvesen Ø,
et al. Resistance band training or general exercise in multidisciplinary
rehabilitation of low back pain? A randomized trial. Scand J Med Sci Sports.
2018;28(9):2074–83. https://doi.org/10.1111/sms.13091.

90. Schmidt AM, Laurberg TB, Moll LT, Schiøttz-Christensen B, Maribo T. The
effect of an integrated multidisciplinary rehabilitation programme for
patients with chronic low back pain: long-term follow up of a randomised
controlled trial. Clin Rehabil. 2020;269215520963856(2):232–41. https://doi.
org/10.1177/0269215520963856.

91. Verra ML, Angst F, Brioschi R, Lehmann S, Benz T, Aeschlimann A, et al.
Effectiveness of subgroup-specific pain rehabilitation: A randomized
controlled trial in patients with chronic back pain. Eur J Phys Rehabil Med.
2018;54:358–70. https://doi.org/10.23736/S1973-9087.17.04716-5.

92. Schweikert B, Jacobi E, Seitz R, Cziske R, Ehlert A, Knab J, et al.
Effectiveness and cost-effectiveness of adding a cognitive behavioral
treatment to the rehabilitation of chronic low back pain. J Rheumatol.
2006;33(12):2519–26.

Semrau et al. BMC Musculoskeletal Disorders          (2021) 22:500 Page 17 of 18

https://doi.org/10.1002/ejsp.258
https://doi.org/10.1026/0943-8149.14.2.73
https://doi.org/10.1026/0943-8149.14.2.73
https://doi.org/10.1097/j.pain.0000000000001117
https://doi.org/10.1097/j.pain.0000000000001117
https://doi.org/10.1097/j.pain.0000000000000191
https://doi.org/10.1097/j.pain.0000000000000191
https://doi.org/10.1371/journal.pone.0118609
https://doi.org/10.1371/journal.pone.0118609
https://doi.org/10.1016/0304-3959(94)00279-n
https://doi.org/10.1186/1471-2474-11-266
https://doi.org/10.1016/0197-2456(88)90048-7
https://doi.org/10.1016/0197-2456(88)90048-7
https://doi.org/10.15288/jsas.1994.s12.70
https://doi.org/10.1201/b17081
https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6<861::AID-SIM407>3.0.CO;2-F
https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6<861::AID-SIM407>3.0.CO;2-F
https://doi.org/10.4103/2229-3485.83221
https://doi.org/10.1097/BRS.0b013e31815e3a10
https://doi.org/10.1016/j.msksp.2020.102199
https://doi.org/10.1016/j.msksp.2020.102199
https://doi.org/10.1002/14651858.CD011279.pub3
https://doi.org/10.1002/14651858.CD011279.pub3
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1097/01.brs.0000250292.18121.ce
https://doi.org/10.1097/01.brs.0000250292.18121.ce
https://doi.org/10.1038/s41598-019-44664-8
https://doi.org/10.1038/s41598-019-44664-8
https://doi.org/10.1136/bjsports-2016-097352
https://doi.org/10.1136/bjsports-2016-097352
https://doi.org/10.1136/bjsports-2016-096458
https://doi.org/10.1136/bjsports-2016-096458
https://doi.org/10.1016/j.spinee.2013.08.027
https://doi.org/10.1016/j.pec.2019.11.031
https://doi.org/10.1016/j.pec.2019.11.031
https://doi.org/10.1016/j.pain.2007.04.021
https://doi.org/10.1016/j.pain.2007.04.021
https://doi.org/10.1111/pme.12882
https://doi.org/10.2522/ptj.20100326
https://doi.org/10.2522/ptj.20100326
https://doi.org/10.2522/ptj.20130047
https://doi.org/10.2522/ptj.20130047
https://doi.org/10.1080/09638280500264782
https://doi.org/10.1080/09638288.2020.1851783
https://doi.org/10.1080/09638288.2020.1851783
https://doi.org/10.1186/s40359-019-0282-3
https://doi.org/10.1186/s40359-019-0282-3
https://doi.org/10.1097/AJP.0b013e3181ffbfaf
https://doi.org/10.1111/sms.13091
https://doi.org/10.1177/0269215520963856
https://doi.org/10.1177/0269215520963856
https://doi.org/10.23736/S1973-9087.17.04716-5


93. Fuchs R, Goehner W, Seelig H. Long-term effects of a psychological group
intervention on physical exercise and health: the MoVo concept. J Phys Act
Health. 2011;8(6):794–803. https://doi.org/10.1123/jpah.8.6.794.

94. Hampel P, Gräf T, Krohn-Grimberghe B, Thomsen M, Mohr B. Effektivität
eines kognitiv-behavioralen Depressionsbewältigungstrainings in der
stationären orthopädischen Rehabilitation bei chronisch unspezifischem
Rückenschmerz und Depressivität. Z Klin Psychol Psychother. 2009;38(3):
154–65. https://doi.org/10.1026/1616-3443.38.3.154.

95. Bandemer-Greulich U, Bosse B, Fikentscher E, Konzag TA, Bahrke U.
Wirksamkeit psychologischer Interventionen auf die Schmerzverarbeitung
innerhalb einer orthopädischen rehabilitation von chronischen
Rückenschmerzen. [efficacy of psychological interventions on pain coping
strategies in orthopedic rehabilitation of chronic low back pain]. Psychother
Psychosom Med Psychol. 2008;58(1):32–7. https://doi.org/10.1055/s-2007-
970999.

96. Farrar JT, Young JP, LaMoreaux L, Werth JL, Poole MR. Clinical importance of
changes in chronic pain intensity measured on an 11-point numerical pain
rating scale. Pain. 2001;94(2):149–58. https://doi.org/10.1016/s0304-3959(01
)00349-9.

97. Bishop FL, Dima AL, Ngui J, Little P, Moss-Morris R, Foster NE, et al.
"lovely pie in the sky plans": a qualitative study of Clinicians'
perspectives on guidelines for managing low Back pain in primary Care
in England. Spine. 2015;40(23):1842–50. https://doi.org/10.1097/brs.
0000000000001215.

98. Karayannis NV, Jull GA, Hodges PW. Physiotherapy movement based
classification approaches to low back pain: comparison of subgroups
through review and developer/expert survey. BMC Musculoskelet Disord.
2012;13(1):24. https://doi.org/10.1186/1471-2474-13-24.

99. Woolf CJ, Bennett GJ, Doherty M, Dubner R, Kidd B, Koltzenburg M, et al.
Towards a mechanism-based classification of pain? Pain. 1998;77(3):227–9.
https://doi.org/10.1016/S0304-3959(98)00099-2.

100. Maher C, Underwood M, Buchbinder R. Non-specific low back pain.
Lancet. 2017;389(10070):736–47. https://doi.org/10.1016/S0140-6736(16)3
0970-9.

101. O'Sullivan PB, Caneiro JP, O'Keeffe M, Smith A, Dankaerts W, Fersum K, et al.
Cognitive functional therapy: an integrated behavioral approach for the
targeted Management of Disabling low Back Pain. Phys Ther. 2018;98(5):
408–23. https://doi.org/10.1093/ptj/pzy022.

102. Sun X, Briel M, Walter SD, Guyatt GH. Is a subgroup effect believable?
Updating criteria to evaluate the credibility of subgroup analyses. BMJ. 2010;
340(mar30 3):c117. https://doi.org/10.1136/bmj.c117.

103. O'Keeffe M, O'Sullivan P, Purtill H, Bargary N, O'Sullivan K. Cognitive
functional therapy compared with a group-based exercise and education
intervention for chronic low back pain: a multicentre randomised controlled
trial (RCT). Br J Sports Med. 2020;54(13):782–9. https://doi.org/10.1136/
bjsports-2019-100780.

104. Mansell G, Kamper SJ, Kent P. Why and how back pain interventions work:
what can we do to find out? Best Pract Res Clin Rheumatol. 2013;27(5):685–
97. https://doi.org/10.1016/j.berh.2013.10.001.

105. Buchbinder R, van Tulder M, Öberg B, Costa LM, Woolf A, Schoene M, et al.
Low back pain: a call for action. Lancet. 2018;391(10137):2384–8. https://doi.
org/10.1016/S0140-6736(18)30488-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Semrau et al. BMC Musculoskeletal Disorders          (2021) 22:500 Page 18 of 18

https://doi.org/10.1123/jpah.8.6.794
https://doi.org/10.1026/1616-3443.38.3.154
https://doi.org/10.1055/s-2007-970999
https://doi.org/10.1055/s-2007-970999
https://doi.org/10.1016/s0304-3959(01)00349-9
https://doi.org/10.1016/s0304-3959(01)00349-9
https://doi.org/10.1097/brs.0000000000001215
https://doi.org/10.1097/brs.0000000000001215
https://doi.org/10.1186/1471-2474-13-24
https://doi.org/10.1016/S0304-3959(98)00099-2
https://doi.org/10.1016/S0140-6736(16)30970-9
https://doi.org/10.1016/S0140-6736(16)30970-9
https://doi.org/10.1093/ptj/pzy022
https://doi.org/10.1136/bmj.c117
https://doi.org/10.1136/bjsports-2019-100780
https://doi.org/10.1136/bjsports-2019-100780
https://doi.org/10.1016/j.berh.2013.10.001
https://doi.org/10.1016/S0140-6736(18)30488-4
https://doi.org/10.1016/S0140-6736(18)30488-4

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Study design and procedure
	Participants

	Intervention
	Control group (BMR&thinsp;+&thinsp;SET)
	Intervention group (BMR&thinsp;+&thinsp;BET)
	Treatment integrity
	Outcomes and measurements
	Randomisation
	Blinding
	Statistical analyses

	Results
	Flow chart (Fig. 1)
	Description of the study sample
	Primary outcome
	Functional ability (HFAQ)

	Secondary outcomes

	Discussion
	Improvement of health-related fitness
	Promotion of a physically active lifestyle
	Development of self-management strategies to deal with CLBP
	Quality of the implementation of BET
	Comparison with other studies
	Study population in BMR
	BMR, BET and mechanism-based treatment options

	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

