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Summary

BACKGROUND AND AIMS: Chronic musculoskeletal 
pain is a major public health problem worldwide. Both self-
reported functional capacity and self-perceived health sta-
tus are reduced in patients with chronic musculoskeletal 
pain. Previous studies mostly assessed functional capac-
ity through self-reported questionnaires instead of objec-
tive measurements. The aim of this study, therefore, is to 
assess the amount of change over time and its clinical 
meaningfulness in functional capacity and self-perceived 
health status of patients with chronic musculoskeletal pain 
undergoing Bern Ambulatory Interprofessional Rehabilita-
tion (BAI-Reha).

METHODS: The registry-based longitudinal cohort study 
with prospectively collected data from a rehabilitation pro-
gramme took place in a real-life setting. Patients (n = 81) 
with chronic musculoskeletal pain took part in the BAI-
Reha. The main outcomes were the six-minute-walk test 
(6MWT), the safe maximum floor-to-waist lift (SML) and 
the European Quality of Life and H ealth measure visu-al 
analogue scale (EQ VAS). Timepoints of measurement 
were at baseline and post-BAI-Reha (i.e., at 4 months). 
The quantity of interest was the adjusted time effect (point 
estimate, 95% confidence interval, and p-value for testing 
the null hypothesis of no change over time). Statistical 
significance (α = 0.05) and clinical meaningfulness of the 
mean value change over time were assessed using pre-
defined thresholds (six-minute-walk test 50 m, SML 7 kg, 
and EQ VAS 10 points).

RESULTS: The linear mixed model analysis showed a sta-
tistically significant change over time for the six-minute-
walk test (mean value change 56.08 m, 95% CI [36.13, 
76.03]; p <0.001), SML (mean value change 3.92 kg, 
95% CI [2.66, 5.19]; p <0.001), and EQ VAS (mean value 
change 9.58 points, 95% CI [4.87, 14.28]; p <0.001).

Moreover, the improvement in the six-minute-walk test is
clinically meaningful (mean value change 56.08 m) and
almost clinically meaningful (mean value change 9.58
points) in the EQ VAS.

CONCLUSION: Patients walk further, lift more weight, and
feel healthier after interprofessional rehabilitation when
compared to baseline measurement. These findings con-
firm and add to previous results.

IMPLICATIONS: We encourage other providers of reha-
bilitation for patients with chronic musculoskeletal pain to
measure functional capacity with objective outcome vari-
ables and to use self-reported outcome measures in ad-
dition to self-perceived health status. The well-established
assessments used in this study are suitable for this pur-
pose.

Introduction

Chronic musculoskeletal pain is a major public health
problem worldwide. Prevalence in the general population
ranges from 0% to 24%, with most estimates between 10%
and 15% [1–3]. In Switzerland, 16% of the general popula-
tion and 18.6% of the older population are affected [4, 5].
Primary and secondary chronic musculoskeletal pain are
subcategories of chronic pain and affect the musculoskele-
tal system. Chronic musculoskeletal pain is defined as pain
that persists or recurs for more than 12 weeks in joints,
bones, muscles, or tendons. It is linked with emotional dis-
tress (e.g., depressed mood, anxiety, anger, or frustration)
and/or functional impairments [6]. Chronic musculoskele-
tal pain is not just a nociception of prolonged duration, but
a unique, individualised experience, consisting of dynam-
ic interactions of physiological, psychological, and social
factors [7].

Patients with chronic musculoskeletal pain report a reduc-
tion in both self-reported functional capacity and self-per-
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ceived health status [8–12]. Functional capacity refers to a
person's maximum potential to perform a functional activ-
ity in a standardised environment, such as walking, lifting,
or maintaining a body position [13]. It can be measured us-
ing strictly defined performance-based test batteries [14].
Impaired functional capacity can lead to substantial lim-
itations in activity and participation (e.g., job demands,
leisure, and household responsibilities) [15]. Self-per-
ceived health status summarises all aspects of a person's
subjectively assessed health, such as physical functioning
in everyday life, specific illness characteristics (severity
and prognosis), life circumstances, and cultural back-
ground [16].

The spectrum of treatment modalities for people with
chronic pain is broad. It includes medication, individual in-
terventions such as information, education, physiotherapy
and occupational therapy, surgical procedures and place-
bo therapies, but also interprofessional rehabilitation pro-
grammes [25]. In the current literature, the definition and
use of the terms interprofessional, multidisciplinary, and/or
interdisciplinary rehabilitation may vary, making compar-
isons difficult. Interprofessional rehabilitation is congruent
with an interdisciplinary setting as defined by Körner and
Bengel [26].

In the last decade, several randomised controlled trials
have been published showing that interprofessional inter-
ventions are more effective than a single intervention for
people with chronic pain (e.g., [27–30]). The Bern Am-
bulatory Interprofessional Rehabilitation (BAI-Reha) was
developed based on evidence and international recommen-
dations for interprofessional interventions for persons with
chronic pain. The chosen teamwork approach best fits the
characteristics of a transdisciplinary team model [31]. With
the professions involved, the outpatient setting and the pa-
tient-centred and goal-oriented approach, BAI-Reha is in
line with current recommendations from the literature and
is comparable in content to other effective interprofession-
al treatment programmes, although the duration is longer
[18, 20, 32].

Previous studies on interprofessional rehabilitation for pa-
tients with chronic musculoskeletal pain showed low to
moderate effects on self-reported outcome measurements
such as psychological symptoms, activity and participa-
tion, health, and quality of life [17–21]. In previous studies
investigating the effects of rehabilitation on functional ca-
pacity in patients with chronic musculoskeletal pain, the
reduction was mostly self-reported instead of objectively
measured [8, 22]. However, self-reported outcome mea-
surements carry the risk of recall bias or biased estimation
[23]. In contrast, standardised functional tests (e.g., six-
minute-walk test [6MWT], lifting, or sitting tests), support
the understanding of underlying factors for restrictions in
activity and participation in patients with chronic muscu-
loskeletal pain [24].

The effectiveness of BAI-Reha for patients with chronic
musculoskeletal pain was shown in a previous study with
a different cohort of patients in terms of return to work,
quality of life, and burden of suffering [33]. In this study,
functional capacity was not objectively assessed. Exercise
proved to be a safe way to improve functional capacity
over time in patients with chronic conditions [34] and exer-
cise is an essential component of BAI-Reha, since patients

spend a substantial part of their rehabilitation exercising.
Therefore, BAI-Reha lends itself to also assessing func-
tional capacity. Furthermore, studies in the field of cancer
or lung disease show that functional capacity and self-per-
ceived health status are linked [35, 36]. Consequently, the
two factors should be assessed together in patients with
chronic musculoskeletal pain.

Therefore, the aim of this study is to assess the amount of
change over time and its clinical meaningfulness in func-
tional capacity and self-perceived health status of patients
with chronic musculoskeletal pain undergoing BAI-Reha.

Methods

Study design

This study is a register-based longitudinal cohort study. We
collected data prospectively and submitted it to the hospi-
tal's chronic pain registry. We consecutively collected da-
ta at baseline and post-BAI-Reha (i.e., at 4 months). The
intervention team entered the functional capacity data in-
to the registry, while the self-perceived health status data
came directly from the patients. We extracted the coded da-
ta from the registry. Study data is accessible on request and
has been shared for Master’s and PhD Students in the fields
of Occupational and Physical Therapy and Social Work.

The research related to human use complies with all the
relevant national regulations and institutional policies, was
performed in accordance with the tenets of the Helsinki
Declaration and has been approved by the Ethics Review
Board Bern, Switzerland (Project ID: 2018-01583).

Setting

After the referral of potential patients by general prac-
titioners, the specialist physicians of the Department of
Rheumatology and Immunology, University Hospital (In-
selspital) and University of Bern, Switzerland carried out
an initial broad suitability screening. Subsequently, the de-
finitive suitability for participation in the BAI-Reha was
assessed during a 3-day inpatient stay at the Department
of Rheumatology and Immunology. The intervention team,
consisting of physiotherapists, occupational therapists,
nurses, psychologists, clinical social workers, and physi-
cians, assessed patients with chronic musculoskeletal pain
using validated subjective and objective assessments and
complete medical histories. The consensus discussions on
patients' suitability are embedded in the regular daily ward
meetings during their inpatient stay. The heads of the in-
terprofessional team (see setting) meet monthly to discuss
challenges and possible solutions regarding the pro-
gramme (e.g., dealing with insurance issues, implementing
the latest research, etc.). In addition, the intervention team
receives monthly case supervision by a psychosomatic spe-
cialist to deal with challenging patient situations and to
strengthen their professional mindsets. Finally, the team
members interact daily in meetings, in the corridor, and/or
during breaks.

For this study, we retrieved coded data from the Inselspital
Department of Rheumatology and Immunology chronic
musculoskeletal pain registry at the end of May 2020. We
included all datasets from April 2018 to May 2020 with
baseline and postevaluations (i.e., at 4 months). Data from
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patients who were excluded from BAI-Reha or who had
not given consent to take part in a scientific study were
excluded from the analysis. We performed baseline and
follow-up measurements at the Bern University Hospital,
Inselspital, Department of Physiotherapy, Insel Gruppe,
Bern, Switzerland, and the Department of Rheumatology
and Immunology.

Participants

To be included, patients had to be over the age of 18,
suffering from chronic musculoskeletal pain with psycho-
logical and/or psychosocial impairments, and willing to
take part in active rehabilitation. They also had to already
have tried monoprofessional physiotherapy without suc-
cess. This last condition renders inclusion criteria stricter
than in comparable programmes [37, 38]. We excluded pa-
tients with primary psychological disorders or who were
unable to take part in group discussions held in German.
Patients with ongoing investigations into financial com-
pensations under disability insurance or insufficient pain
control by medication were also excluded from participa-
tion.

Informed consent was obtained from all patients included
in this study.

Interventions

BAI-Reha is an interprofessionally organised intervention
that lasts 12 weeks and is divided into three phases of

4 weeks each. The programme consists of individual and
group interventions, as well as independent, self-directed
exercises derived from evidence-based practice and inter-
national guidelines. Individual goals for patients are set in
interprofessional team meetings with review and adjust-
ment of goals with and without patients (before the start
and at weeks 2, 4, and 9 of BAI-Reha). The content and
duration of the interventions are listed in table 1.

Specific to the BAI-Reha is its interprofessional nature.
This means that more than one profession provides inter-
vention and collaborate on a daily basis in each phase of
the intervention (e.g., goal setting, intervention). The team
has regular meetings with and without the patients (at base-
line and at 2, 4, and 9 weeks). Furthermore, there is an in-
tegrated system similar to a primary nursing system with
defined contact persons for the patients. Members of the
interprofessional team work together as equals without or-
ganisational and professional leadership.

Patients are requested not to engage in other interventions,
especially during the first 4 weeks (e.g., additional physio-
therapy, occupational therapy, massages, complementary,
or/and alternative medicine). After BAI-Reha, they are ad-
vised to proceed with the self-directed exercises and, if
necessary, to continue with individual therapy (e.g., psy-
chotherapy, physiotherapy for coaching and exercise adap-
tation).

Table 1:
Content of interprofessional BAI-Reha: Description and duration of interventions. Note: Time needed for independent self-directed exercises was variable.

Description of interventions Duration (h)

Phase one: 1st to 4th week Individual interventions Medical treatment

Physiotherapy 2

Occupational therapy 4

Behavioural therapy 4

Social worker`s intervention 4

Interprofessional meeting 2

Independent self-directed exercises 2

Group interventions Group exercise 10

Behavioural therapy group intervention 6

Occupational therapy groups 12

Basic Body Awareness group (BBAT) 4

Aquatic exercise 2

Nordic walking 4

Total 56

Phase two: 5th to 8th week Individual interventions Individualised interventions based on the patients' specific needs
(medical treatment, physiotherapy, occupational, and/or behavioural
therapy)

Workplace visits and interventions 4

Independent self-directed exercises

Group interventions Group exercise 10

Supervision of independent self-directed exercise programme 2

Total 24

Phase three: 9th to 12th week Individual interventions Individualised interventions based on the patients' specific needs
(medical treatment, physiotherapy, occupational, and/or behavioural
therapy)

Interprofessional meeting 1

Independent self-directed exercises

Group interventions Group exercise 8

Supervision of independent self-directed exercise programme 2

Total 17

All phases Total 97
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Variables

To measure functional capacity, we used two standardised
tests from the functional capacity evaluation (FCE) [39].
We selected the six-minute-walk test and safe maximum
floor-to-waist lift (SML) to be representative of upper and
lower extremity or back problems. We used the European
Quality of Life and Health measure (EuroQoL) visual ana-
logue scale (EQ VAS) to measure the self-perceived health
status. Primary outcome variables are walking distance
with the six-minute-walk test (m), weight lifted with the
SML (kg), and points in the EQ VAS. Secondary outcome
variables are heart rate pre- and post-test of the six-minute-
walk test (bpm), time to complete the SML (sec), and heart
rate pre- and post-test of the SML (bpm).

We determined the thresholds for clinically meaningful
changes over time in the primary outcome variables a pri-
ori, taking clinical considerations, the current minimal
clinically important difference literature, and normative
values [40–45] into account. We set the corresponding
thresholds at 50 m for the six-minute-walk test, 7 kg for
the SML, and 10 points for EQ VAS. The threshold for the
SML is rather high at 7 kg because there is no minimal
clinically important difference for this test, which is why
we could only consider the existing limits of agreement
[46].

Six-minute-walk test (6MWT)

The walking test was executed on a 50-metre-distance
track. Patients with chronic musculoskeletal pain were in-
structed to walk as far as possible for 6 minutes. Pausing
was allowed, but the time kept running. Every 2 minutes,
the patients were informed of the remaining time without
additional encouragement. The walking distance was mea-
sured in metres. Heart rate was measured before and after
the test with a polar heart rate sensor (chest strap). Previous
studies indicate very good test-retest reliability of the six-
minute-walk test (ICC >0.9) [47,48].

Safe maximum floor-to-waist lift (SML)

The lifting test was carried out with a standardised wooden
crate (40 × 30 × 26 cm) of 2.5 kg. Weight increments of
at least 2.5 kg were added until the maximum weight that
could be handled safely was reached. The time it took for
the patient to lift the weight five times from the table to the
floor and back again, with a 90° rotation of the body, was
measured. The patient’s hands remained on the crate dur-
ing the test (time limit ≤90 sec). Heart rate was measured
before and after the test with a polar heart rate sensor (chest
strap). Previous studies indicate an excellent test-retest re-
liability of the SML (ICC 0.92) with limits of agreement
from –8.0 to 6.7 kg [46]. In addition, the FCE lifting tests
appear to be behavioural tests with several influencing fac-
tors (e.g., physical ability, beliefs, and perceptions) [49].

Self-perceived health status (EQ VAS)

The EuroQoL is a short questionnaire assessing self-per-
ceived health-related quality of life. It is based on an index
with five items (EQ-5D) and a visual analogue scale (EQ
VAS) [50]. The vertical EQ VAS is 20 cm long and patients
marked their current self-perceived health status. Measur-
ing overall health, 100 points is labelled as “best imagin-

able health status”, and 0 points is equivalent to “worst
imaginable health status” [51]. Previously, the test-retest
reliability of the EQ VAS, measured in patients with
rheumatoid arthritis, showed good results: (ICC 0.82, 95%
CI [0.74, 0.88]) [51]. The EQ VAS seems to be more re-
sponsive to mild self-perceived health status impairments
than the EQ-5D [51]. The EQ VAS is interval scaled and is
more accurate in detecting subtle changes without the ceil-
ing effect present in the EQ-5D [52]. Therefore, only EQ
VAS was analysed in this study.

Measurements

All primary and secondary outcome variables were mea-
sured at baseline and post-BAI-Reha. Depending on the
waiting time between the suitability assessment and the
start of rehabilitation, the duration between baseline and
postevaluation may have varied and was, on average, 4
months. Graduated physiotherapists or fourth-year physio-
therapy students who had received training from certified
FCE therapists measured functional capacity. They per-
formed refresher training at least annually to guarantee
standardised testing. To measure self-perceived health sta-
tus, the patients completed the EQ VAS electronically on a
tablet.

Statistical methods

We used descriptive statistical methods to describe patient
characteristics.

For each dependent variable, we fitted a linear mixed mod-
el to the data with time point, age, sex, body mass index,
visual analogue scale (VAS) of 0–100 for pain today, and
VAS of 0–100 for pain in the last week as fixed effects
and subjects as random intercepts. The quantity of interest
was the adjusted time-effect (point estimate and 95% con-
fidence interval [CI] as well as p-value) for the test of
the null hypothesis of no change. We performed a residual
analysis to check if there was evidence against model as-
sumptions, that is, the normality of random intercepts and
residuals. We performed all analyses using the “lme4”
package within the R statistical software R version 3.6.3
[53]. We assumed a level of significance of α= 0.05 and as-
sessed if the mean value changes over time were clinically
meaningful, using predefined thresholds for each primary
outcome variable (see above).

Results

We included a total of 81 patients with chronic muscu-
loskeletal pain between 22 and 77 years of age (mean value
43.06, standard deviation (SD) 10.89 years) in this study.
The flowchart of patient inclusion is shown in figure 1.

There were no dropouts from the programme during the
evaluated period. We excluded 32 patients who missed
post-data collection entirely. Figure 2 and table 3 show that
there are missing values for several patients. This was the
case either because they had decided not to participate in
the measurements or because the transfers from the sepa-
rate rehabilitation documentation to the registry were not
complete. Descriptive values are presented as mean value
and (SD). A total of 65.4% of patients were women, with a
BMI of 26.84 (5.54), VAS pain today of 58.25 (19.08), and
VAS pain over the last week of 66.25 (16.51).
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Figure 1: Flowchart of patient inclusion.

Figure 2: Change of mean value over time for the primary outcome variables 6MWT (m), SML (kg), and EQ VAS (points). 6MWT: Six-minute-
walk test, baseline n = 78; post-BAI-Reha, n = 66. SML: safe maximum floor-to-waist lift, baseline n = 77; post-BAI-Reha, n = 63. EQ VAS: Eu-
ropean Quality of Life and Health measure visual analogue scale, baseline n = 80; post-BAI-Reha, n = 76.

Patient characteristics at baseline are shown in table 2.

Primary outcome variables

As shown in table 3, the linear mixed model analysis
showed a statistically significant change over time for all
three primary outcome variables: six-minute-walk test,
SML, and EQ VAS. A clinically meaningful change over
time after BAI-Reha was achieved for the six-minute-walk
test. EQ VAS just failed to reach the threshold for clinically
meaningful change over time, while SML did not reach the
predefined threshold for clinical meaningfulness.

Secondary outcome variables

In the secondary outcome variables, only the six-minute-
walk test heart rate post-test (mean value change 6.98 bpm,
95% CI [2.82, 11.12]; p = 0.001 showed a statistically sig-

nificant change over time. All other secondary outcome
variables, i.e., time to complete the SML (mean value
change –0.69 sec, 95% CI [–4.93, 3.56], p = 0.747), heart
rate pretest SML (mean value change –2.19 bpm, 95% CI
[–6.26, 1.88], p = 0.287), heart rate post-test SML (mean
value change 1.67 bpm, 95% CI [–3.82, 7.15], p = 0.546),
and heart rate pretest six-minute-walk test (mean value
change –0.88 bpm, 95% CI [–5.57, 3.80], p = 0.708) did
not show statistically significant changes over time.

Discussion

The aim of this study was to assess the amount of change
over time in functional capacity and self-perceived health
status in patients with chronic musculoskeletal pain under-
going BAI-Reha. The results revealed a statistically signif-
icant and clinically meaningful change over time in walk-
ing distance, and a statistically significant change over
time in the weight lifted and self-perceived health status.
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To our knowledge, this is the first study showing objective-
ly measured improvements in functional capacity and self-
perceived health status for patients with chronic muscu-
loskeletal pain after interprofessional rehabilitation. While
previous studies [8, 22] mostly used self-reported outcome
measurements for functional capacity, it is potentially
more objective to assess them with functional testing. Pa-
tients tend to underestimate their functional capacity with
self-reported outcome measurements because it can be dif-
ficult to rate a capacity that has not been performed re-
cently [54]. Therefore, in previous studies using subjective
measurements, the rehabilitation effects in functional ca-
pacity may have been underestimated. Also, the patients’
direct experience of their functional capacity through per-

formance-based testing may have a direct therapeutic ef-
fect [54]. Therefore, this study can provide valuable in-
formation for patients, clinicians, healthcare insurance
providers, employers, and researchers (e.g., how much fur-
ther patients with chronic musculoskeletal pain can walk
on average after BAI-Reha).

Based on current literature, we expected the patients in this
study to improve after BAI-Reha in the six-minute-walk
test. Our findings confirm the results of previous studies
that showed an improvement in walking distance through
interprofessional rehabilitation [20, 55]. The regular exer-
cise therapy (individual and group) that is an essential part
of BAI-Reha is, in our opinion, one of the crucial factors
for this outcome. In addition, some patients return to walk-

Table 2:
Sociodemographic characteristics of patients at baseline.

Baseline characteristics n %

Sex Men 28 34.6

Women 53 65.4

CMPS-detail * Associated with actual and/or potential tissue damage 10 12.3

Associated with tissue damage and a mental disorder 60 74.1

Indicators of significant impairment in psychosocial functions 11 13.6

Marital status Married with children 22 27.2

Married 13 16.1

Single 13 16.1

Couple 10 12.3

Couple with children 7 8.6

Other 15 18.5

N/A 1 1.2

Educational level ** Lower secondary education 12 14.8

Upper secondary education 40 49.4

Bachelor’s or equivalent level 14 17.3

Master’s or equivalent level 4 4.9

Doctorate or equivalent level 2 2.5

Other *** 8 9.9

N/A 1 1.2

Employment status Employed 35 43.2

Unemployed 11 13.6

Unfit 17 21.0

Homemaker 7 8.6

Self-employed 5 6.2

Other 4 4.9

N/A 2 2.5

* Chronic musculoskeletal pain syndrome (CMPS)-detail based on ICD-10.

** Educational levels are based on International Standard Classification of Education (ISCED 2011) levels of education.

*** Other levels of education: early childhood education, primary education, or postsecondary education.

Table 3:
Change of mean value over time, averaged over the levels of sex, for the primary outcome variables six-minute-walk test (m), SML (kg), and EQ VAS.

Baseline 4-months post-BAI-Reha

n Mean value ( SD) M edian n Mean value (SD) Median Mean value
change (95%
CI)

Clinically
meaningful
threshold *

6MWT (m) 78 521.92 93.61 520.00 66 579.53 94.53 576.50 56.08 **,
†[36.13,
76.03]

50

SML (kg) 77 15.81 7.92 15.00 63 19.64 8.61 20.00 3.92** [2.66,
5.19]

7

EQ VAS 80 43.34 16.90 41.00 76 53.25 20.51 54.00 9.58** [4.87,
14.28]

10

* Clinically meaningful threshold was defined a priori of analysis, BMI: Body Mass Index; VAS: visual analogue scale from 0–100. Time effects were adjusted for age, sex, BMI,
VAS pain today, VAS pain over the last week.

** statistically significant p <0.001, † clinically meaningful change.

6MWT: six-minute-walk test; SML: safe maximum floor-to-waist lift; EQ VAS: European Quality of Life and Health measure visual analogue scale; CI: confidence interval.
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ing longer distances several times a week during BAI-Reha
(e.g., commuting between home and the hospital as well as
between the different therapy locations), which could have
an additional training effect. However, based on our study,
it is not possible to draw firm conclusions about causation
and effect of individual interventions.

Clinically, an increase of 0.5 km/h walking speed, which
corresponds to a gain of 50 m in the six-minute-walk test,
seems to be very meaningful in the daily life of a person.
For example, it enables a wider range of independent mo-
bility and can make a difference when it comes to keeping
up with others while walking in public spaces. The patients
in our study achieved this improvement in walking dis-
tance.

Despite the statistically significant changes over time, the
change in patients’ lifting capacity measured with the
SML, does not seem to be clinically meaningful. We ex-
pected these results. In the absence of a previously es-
tablished minimal clinically important difference for the
SML, it was important to us not to choose a value that
was below the smallest detectable change. However, from
a clinical perspective, 7 kg as an minimal clinically im-
portant difference appears to be quite high in patients with
chronic musculoskeletal pain. Unfortunately, with the pre-
sent change in the SML (3.92 kg), we do not know if a true
change is present.

This line of thought could be challenged by the existing
minimal clinically important difference of the similar Pro-
gressive Isoinertial Lift Evaluation test (PILE). For the
PILE, an minimal clinically important difference of 4 kg
for patients with chronic musculoskeletal pain, which had
been suggested previously, was almost achieved in this
study [41]. Two previous studies on patients with chronic
back pain also found statistically significant improvements
in lifting capacity with the PILE test [56, 57]. These stud-
ies used relative values in relation to body mass or a mul-
tilevel testing procedure and did not examine the clinical
meaningfulness of the observed improvement. Defining
the threshold as an absolute weight may seem convenient,
but a relative value with reference to the baseline measure-
ment could also be useful. Another reason for not reach-
ing the set threshold with the SML could be the enormous
heterogeneity in the baseline measurements (min 2.50 kg,
max 37.50 kg, SD 7.92 kg). For a patient who only lifted
2.5 kg at the beginning, an increase of 7 kg would mean
lifting more than three times the initial weight. If we look
at the relative values, our patients improved by 24.79%
compared to the initial mean value. An increase of 7 kg
would be equivalent to a 44.28% improvement relative to
our baseline values. Looking at these numbers, a threshold
of 7 kg seems to be very high for our sample.

Also, the ability to lift more weight was rarely set as an
individual goal by patients. Most patients do not reach the
stage of high-impact strength training during BAI-Reha
that would be required for a substantial improvement in
lifting capacity, or they already have sufficient lifting ca-
pacity and had no need for further improvement. A sub-
group analysis between low versus high capacity at the be-
ginning of the programme could also be very interesting
and could possibly deliver valuable prognostic factors for
patients’ lifting capacity.

Surprisingly, time to lift did not improve statistically sig-
nificantly after BAI-Reha (estimate –0.69 sec). We expect-
ed the patients to move more efficiently and, therefore, in-
crease movement speed in the test situation. One reason for
not becoming faster could be that patients move more con-
sciously after BAI-Reha.

Self-perceived health improved statistically significantly
and almost reached the threshold for clinical meaningful-
ness of 10 points post-BAI-Reha, as expected. A change of
9.58 points is enough to be noticed in daily life and not to
be judged by patients as part of their usual ups and downs.

Interprofessional rehabilitation targets different aspects of
self-perceived health status. Physical functioning in every-
day life is one of them, which can be linked to an improve-
ment in functional capacity. By increasing the function-
al capacity, certain parts of everyday life (e.g., household
duties) can be carried out more easily. Previous studies
have reported similar results to our study on changes in
self-perceived health status after interprofessional rehabil-
itation in patients with chronic pain [19, 58]. A similar
amount of change compared to our study was found in
the EQ VAS with data from the Swedish Quality Register
for Pain Rehabilitation. At baseline, patients with chronic
musculoskeletal pain had a mean value EQ VAS of 41.22
points and improved to 50.99 points immediately after in-
terprofessional pain rehabilitation. They continued to im-
prove slightly and had a mean value of 52.96 points at a
12-month follow-up, which is almost equivalent to a mod-
est long-term effect size (Cohen's d = 0.46) [59]. We would
expect similar results with BAI-Reha at a 12-month fol-
low-up.

There are many strengths and challenges within interpro-
fessional rehabilitation [60]. Therefore, we would like to
highlight some points that are specific to the BAI-Reha
programme and that have been taken into account in its
implementation. A flat hierarchy is practised within the
BAI intervention team, which leads to everyone feeling
accountable. Through shared working spaces of the inter-
vention team, a high level of communication is facilitat-
ed through numerous spontaneous and planned meetings.
This way, synergies are promoted, and parallel work is re-
duced.

As the same staff members are responsible for both as-
sessment and intervention, continuity is automatically pro-
vided for the patients. The team members involved jointly
deliberate and there must be consensus on the inclusion
of patients in the programme. This increases the patients’
awareness that the intervention team is committed to their
rehabilitation potential and recovery. This effect is further
enhanced by the use of a system similar to a primary nurs-
ing system.

By far, the biggest challenges in the BAI-Reha are its high
case complexity of patients and the associated resource re-
quirements.

Limitations and strengths

Since this is a registry-based study, there is no control
group, and some data are missing. The data came from a
clinical setting, and the outcome values of functional ca-
pacity had to be entered separately in the clinical docu-
mentation system and in the registry. Data may have been
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lost in the process, or patients may have refused to take
certain measurements. Blinding of healthcare professionals
and patients during interventions and functional capacity
testing was not possible. Furthermore, the examiner was
usually the physiotherapist treating the respective patient.
This could result in the patient feeling pressured to perform
better to increase treatment success. Also, one of the first
authors is substantially involved in the BAI-Reha, as she
is part of the intervention team and could therefore have
certain biases or be routine-blinded (e.g., prioritisation of
physiotherapeutic interventions and outcome variables).
The time between baseline and postmeasurements varied
with respect to the start of the BAI-Reha after the suitabil-
ity assessment. Depending on the activity level of the pa-
tients and ongoing therapeutic interventions, the baseline
measurements could have changed in the meantime.

Moreover, the suitability assessment before the BAI-Reha
might induce a selection bias and therefore prevent gener-
alisation to a larger population. Without a control group,
we cannot exclude the possibility that phenomena such as
regression to the mean may affect the results. The highly
individualised treatment approach due to the heterogenous
presentation of patients with chronic musculoskeletal pain
might affect the external validity of this study. Even though
BAI-Reha is standardised by means of defined treatment
schedules, the interventions themselves are not standard-
ised but targeted to the individual needs of the patients with
chronic musculoskeletal pain. This reflects current best
practice in treating patients with chronic musculoskeletal
pain and is, therefore, at the same time a strength of the
BAI-Reha [61, 62].

A further strength of this study is its comprehensive dataset
deriving from a real-life setting. It is increasingly seen
that data analysis based on real-life conditions is a way
to enable healthcare decision-making to be more respon-
sive to the needs of individual patients, leading to more
personalised and, thus, effective healthcare [63]. The se-
lected outcome variables are well established and provide
reference and normative values so that clinicians can com-
pare them with their own patient population. These out-
come variables can be collected easily and with minimal
equipment. The research question was asked with a clinical
background; hence it was important to establish whether
the changes over time were clinically meaningful besides
being statistically significant. This makes them transfer-
able to clinical work with patients affected by chronic mus-
culoskeletal pain.

Future research

Potential future research questions based on the same reg-
istry data could focus on further defining the minimal clin-
ically important difference of functional capacity and self-
perceived health status in patients with chronic
musculoskeletal pain. Once sufficient one- and two-year
follow-up data from the BAI-Reha are available, the long-
term change in functional capacity and self-perceived
health status will be analysed.

Conclusion

Patients walk further, lift more weight, and feel healthier
post-BAI-Reha. Hence it can be concluded that interpro-

fessional patient-centred and goal-oriented rehabilitation
can make a difference in the lives of patients with chronic
musculoskeletal pain.

These findings confirm and add to previous results. Our
study provides objectively measured values for convenient
outcome measurements of functional capacity and self-per-
ceived health status. We encourage other providers of reha-
bilitation for patients with chronic musculoskeletal pain to
measure functional capacity with objective outcome vari-
ables and to use self-reported outcome measures in addi-
tion to self-perceived health status. The well-established
assessments used in this study are suitable for this purpose.
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