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Effects of an additional multimodal
intervention (MultiMove) during inpatient
rehabilitation on clinical and functional
outcomes in patients with chronic low back
pain- a pilot trial
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Abstract

Background As a leading cause of disability, chronic low back pain (CLBP) is a musculoskeletal condition often
associated with impaired physical and cognitive functions. Due to its multi-factorial facets, the application of
multimodal interventions is recommended. MultiMove is a multimodal intervention designed for CLBP patients,
which combines motor-cognitive and dancing exercises. This study aimed to assess the effects of an additional
MultiMove intervention to a standard inpatient rehabilitation on clinical and functional outcomes in CLBP patients.

Methods For this prospective, two-arm, controlled pilot trial, 27 CLBP patients (17 females, 10 males) undergoing a
3-week inpatient rehabilitation, in a rehabilitation clinic in Germany, were recruited. The intervention group (IG, n=15,
61.6+ 1.8 years) received a daily MultiMove session in addition to the standard rehabilitation, while the control group
(CG,n=12,63.8+2.2 years) followed the standard rehabilitation. Physical (Timed Up and Go (TUG) [primary outcome],
Five-Repetition Sit-to-Stand (FRSTS), and Six-Minute Walk Test (6MWT), trunk range of motion, single and dual task
walking)), clinical (acute/chronic pain intensity, Oswestry Disability Index, EQ-5D-5 L), cognitive (Stroop Color Word
Test, Trail Making Test), and psychosocial outcomes (Tampa Scale of Kinesiophobia, Beck Depression Inventory-I,
Coping Strategies Questionnaire) were assessed during the first (pre-test) and last day (post-test) of the inpatient
rehabilitation.

Results The statistical analyses revealed improvements in trunk range of motion (sagittal plane: p=0.018, d=1.00;
transversal plane: p=0.006, d=1.18) and 6MWT performance (p=0.003, d=1.30) in the IG compared to the CG.
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favour of the IG.

size is recommended to verify and extent these results.

clinic Bad Salzelmen (Schénebeck, Germany).

Kinesiophobia, Depression

Moreover, lower dual task costs for a gait variability measure (p=0.034, d=0.97) as well as reduced chronic pain
intensity (p=0.004, d=1.33), kinesiophobia (p=0.035, d=1.15), and depression (p=0.034, d=1.08) were found in

Conclusion Data indicate that the multimodal intervention MultiMove improved clinical and functional outcomes in
CLBP patients during inpatient rehabilitation. Therefore, conducting a randomized controlled trial with a large sample

Trial registration MultiMove project (German Clinical Trial Register, ID: DRKS00021696 / 10.07.2020, https://drks.de/
drks_web/navigate.do?navigationld=trial HTML26TRIAL _ID=DRKS00021696) and was carried out in the rehabilitation

Keywords Dancing, Functional mobility, Physical functions, Cognitive functions, Quality of life, Walking,

Introduction

Low back pain (LBP) is one of the highest cause of dis-
ability worldwide [1, 2] and affected 619 million peo-
ple globally in 2020 [3]. While the majority of patients
recover in the following weeks after the emergence of
symptoms, LBP can persist in some cases. If the LBP lasts
more than 12 weeks it is referred to as chronic low back
pain (CLBP) [4]. This condition is often associated with
an impaired motor control that can affect spine stability,
postural control, flexibility [5, 6], and, consequently, dete-
riorates gait performance [7]. More precisely, there are
several spatio-temporal gait parameters, such as stride
length, gait velocity, minimum toe clearance and their
respective variability, which were found to be impaired
in CLBP patients and might increase the risk of falling
[8, 9]. Moreover, CLBP has been shown to impair cogni-
tive functions indicated by a poorer performance during
executive function tests compared to healthy controls
[10]. Besides, psychosocial factors, such as depression
and kinesiophobia, were found to be associated with the
development of pain chronicity [4]. Consequently, CLBP
negatively impacts activities of daily living and thus qual-
ity of life [11].

Motor control and stabilization training is recom-
mended for the rehabilitation of CLBP as these interven-
tions have been shown to be most effective in reducing
CLBP intensity [12]. However, the prescription of an
appropriate intervention is often challenging [7]. There-
fore, multimodal approaches were developed with prom-
ising results [13]. In this regard, it was recently suggested
to combine motor-cognitive exercises, dance exercises,
as well as conventional strength and flexibility training
(termed MultiMove) to address the various impairments
of CLBP patients [14]. The motor-cognitive exercises
require simultaneous execution of motor, cognitive, and
visual tasks with incremental difficulty, which can be
beneficial for balance, stabilization, gait, and cognitive
performance [14, 15]. Besides, dancing has not only been
shown to induce favorable neurocognitive adaptations,
such as improved motor control, proprioceptive skills,

coordination, and cognition [16], but also to improve
psychological and social health especially in group set-
tings [17].

The MultiMove intervention was initially developed
as an outpatient progressive long-term rehabilitation
program (i.e., 12 weeks, 2x60 min per week). For this
pilot study, the MultiMove intervention was adapted to
be used in the early post-operative inpatient rehabilita-
tion for patients with specific CLBP. Thus, the aim of this
pilot study was to investigate the effects of a daily Multi-
Move intervention, in addition to the standard inpatient
therapy executed in Germany, on functional mobility
(primary outcome) as well as on pain intensity, trunk
range of motion (ROM), leg extensor muscle power, exer-
cise capacity, single and dual task walking performance,
executive functioning, pain coping skills, psychosocial
aspects, and quality of life (secondary outcomes). The
standard inpatient therapy consisted of daily interven-
tions, e.g., physical therapy, group therapy, medical
training therapy, aqua fitness, and trunk muscle strength-
ening, performed for 3 weeks.

We hypothesized that the additional MultiMove inter-
vention improves functional mobility, pain intensity,
physical functions, gait and cognitive performance, as
well as psychosocial aspects (e.g., kinesiophobia), disabil-
ity, and quality of life to a greater extent than the stan-
dard inpatient therapy alone.

Methods

Participants and study design

This prospective, two-arm, controlled pilot study is part
of the MultiMove project (German Clinical Trial Regis-
ter, ID: DRKS00021696 / 10.07.2020, https://drks.de/drks
_web/navigate.do?navigationld=trial HTML26TRIAL ID
=DRKS00021696) and was carried out in the rehabilitatio
n clinic Bad Salzelmen (Schonebeck, Germany).

Due to the pilot character of this study, no sample size
calculation was conducted. Patients were included, when
they complied with the following criteria: (i)>50 years
old, (ii) LBP symptoms for more than 12 weeks, (iii)
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diagnosed to suffer from CLBP according to the Interna-
tional Classification of Diseases 10th revision (ICD-10:
M54 Dorsalgia; M48.0 Spinal stenosis; M54.5 Low back
pain; M54.4 Lumbago with sciatica; M54.1 Radiculopa-
thy; M41.5 Other secondary scoliosis; M43.1 Spondylo-
listhesis; M42.1 Adult osteochondrosis of spine; M51.2
Other specified intervertebral disc displacement; M47.8
Other spondylosis; M53.2 Spinal instabilities). There
was no inclusion criterion regarding pain intensity, as all
patients were treated because of specific CLB in the inpa-
tient rehabilitation clinic. Exclusion criteria were as fol-
lows: (i) dependence on a walking aid or inability to walk
more than 300 m at a stretch, and (ii) any neurological,
cardiovascular, psychological, and musculoskeletal dis-
eases that preclude the execution of the intervention and
the measurements.

Study procedure

From May to June 2022, all CLBP patients who regis-
tered for an inpatient rehabilitation in the rehabilita-
tion clinic Bad Salzelmen in Schonebeck, Germany were
invited to take part in the study. On their admission day,
eligible patients were assigned either to the intervention
group (IG) or the control group (CG). Both groups fol-
lowed the standard rehabilitation program of 3 weeks
provided by the rehabilitation clinic. The IG additionally
performed a MultiMove intervention on a daily basis for
30 min (Table 1). No randomization could be performed
due to (i) the impossibility to foresee the exact number of
incoming patients, (ii) the requirement of the MultiMove
intervention to be performed as a group therapy, and (iii)
the restricted schedule imposed by all active contribu-
tors (i.e., investigators, medical staff, physical therapists).
Therefore, the patients were assigned to a group accord-
ing to their admission day during the 7-week recruitment
process (IG: week 1 to 4 and CG: week 5 to 7).

On their day of arrival at the clinic, all patients were
screened for eligibility by the medical staff. If the patients
met the inclusion criteria and agreed to participate in the
study, they were asked to fill a consent form. Afterwards,
they were invited to take part in the pre-test. During the
testing session, patients’ characteristics were recorded
(e.g., age, height, weight, sex) and they had to perform
two cognitive tests (i.e., Stroop Color and Word Test and
the Trail Making Test) to assess executive functioning.
Thereafter, the patients were equipped with two inertial
measurement units (IMU), which were fixed to the top
of each foot. They were then asked to complete three
physical performance tests: (i) the trunk flexibility test,
(ii) the Timed Up and Go (TUQG) Test, and (iii) the Five-
Repetition Sit-to-Stand (FRSTS) Test. Afterwards, the
patients performed the following single and dual tasks in
a randomized order: (i) single motor task (i.e., walking),
(ii) single cognitive task (i.e., arithmetic task), and (iii)
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motor-cognitive dual task (walking + arithmetic task) to
assess gait performance and dual task costs (DTC). The
testing session terminated with the Six-Minute Walk Test
(6MWT). At the end of the session, all patients received
six questionnaires: (i) the German Pain Questionnaire,
(ii) the Tampa Scale of Kinesiophobia, (iii) the Beck
Depression Inventory-1I, (iv) the Coping Strategies Ques-
tionnaire, (v) the Oswestry Disability Index, and (vi) the
EuroQol Group’s EQ-5D-5 L to quantify the acute and
chronic pain intensity, fear of movement in the context
of pain, depression, effectiveness of pain coping strate-
gies, deficits in physical and social functioning related
to back pain, and quality of life, respectively. They were
asked to fill them later during the day. All patients then
followed their inpatient rehabilitation program accord-
ing to the group assignment for 3 consecutive weeks. On
their last day of rehabilitation, patients were invited to
the post-test.

Interventions

Prior to the start of the study, three volunteer thera-
pists of the rehabilitation clinic were familiarized with
the MultiMove intervention in four teaching units of
90-120 min each. During the 3-week inpatient reha-
bilitation phase, which represents the standard care in
Germany, the participants of the IG participated in the
MultiMove intervention 5 days per week for 30 min
(30 min x 5 days x 3 weeks =450 min). The intervention
sessions started with motor-cognitive exercises followed
by dance choreographies, each performed for 15 min
with an incremental difficulty over time. Each training
session was supervised by one instructor. All patients
were initially asked to ensure an attendance rate of at
least 80% (12 sessions). However, due to the German
holidays (i.e., Mai 26 and June 6), the rate has been low-
ered to 60% (9 sessions) (9 x 30 min =270 min). A detailed
description of the inpatient rehabilitation and MultiMove
intervention including exercise examples is provided in
Table 1.

Primary outcome

Functional mobility

Functional mobility was assessed with the TUG Test [18].
The patients started in a sitting position on a standard-
ized chair (height: 44 cm) with the back and arms leaned
on the backrest and armrests, respectively. At an acoustic
start signal, the patients had to stand up without the help
of their arms, walk straight 3 m, turn, walk back to the
chair, and finally sit on the chair again without the help
of their arms as fast as possible, while maintaining a safe
pace. The test was repeated twice, and the mean time of
both trials was used for data analysis.
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Secondary outcomes

Pain intensity

The German Pain Questionnaire was used for system-
atic assessment of the patient’s individual pain situation.
In this regard, item 11 quantifies the acute and chronic
pain intensity (i.e., the LBP intensity felt at the beginning
of the testing session and the average LBP during the 4
previous weeks) using a numerical rating scale from 0 to
10 [19], which was included in the statistical analysis.

Trunk range of motion

The trunk flexibility test measured the trunk ROM using
the mobee® med (SportMed A.G. SA, Luxembourg) in
the sagittal, frontal, and transversal plane [20]. The mea-
surements of the sagittal and frontal trunk ROM were
performed in a standing position with both legs fully
extended, while the transversal trunk ROM was quanti-
fied in a sitting position with the arms crossed in front
of the chest. In addition, perceived pain intensity during
each movement was also recorded using a numerical rat-
ing scale ranging from 0 to 10.

Leg extensor muscle power

The FRSTS Test is a functional performance test that
measures the time to stand and sit five consecutive times.
The patients were asked to sit on a standardized chair
(chair height: 44 cm) with their arms crossed in front of
the chest. At an acoustic signal, the participants com-
pleted the test as fast as possible. Care was taken that
the feet stayed flat on the floor and the hips were fully
extended during each repetition. The test was repeated
twice, and the mean time of both trials was used for fur-
ther analysis. Additionally, the relative sit-to-stand mean
power was also calculated using the method suggested by
Alcazar et al. [21].

Exercise capacity

The 6MWT is a safe and simple test used for the evalu-
ation of exercise capacity [22]. During this test, the sub-
jects are asked to reach the maximal walking distance
within 6 min. In the present study, a straight track of
15 m marked every 1 m with a piece of tape has been set
up and the patients were asked to walk back and forth as
fast and safe as possible. The total distance was measured
and included in the final analysis.

Single and dual task gait performance

Two 60-s trials were performed for each task and
repeated twice. In the single motor task condition, the
patients walked at their preferred gait velocity back and
forth on a 15-m track. The spatio-temporal gait param-
eters were quantified with two IMUs (Xsens Technolo-
gies B.V,, Netherlands). The IMUs were fixed on top of
both feet with adhesive tape and the spatio-temporal gait
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parameters (ie., stride length, gait velocity, minimum
toe clearance, and their respective coefficient of varia-
tion (CoV)) were calculated according to the algorithm
of Hamacher et al. [23]. All data were processed with
MATLAB (MathWorks®, Version R2020b, Natick, USA).
In the single cognitive task condition, a random number
between 300 and 400 was given to the patients and they
were asked to continuously subtract the value by three
as fast as possible, while minimizing the number of mis-
takes. The final score was defined as the summation of all
subtractions correctly performed during both trials. The
motor-cognitive dual task involved the simultaneous exe-
cution of both the motor and cognitive tasks. The motor
and cognitive DTC were calculated as follows:

DTC = STZPT % 100 (1)

DTC = 2I=5T % 100 (2)

Where ST and DT are the single and dual task perfor-
mance respectively. The equation (1) was used when a
higher value reflected a better performance. Otherwise,
the equation (2) was used.

Executive functioning

The Stroop Color and Word Test was used to assess
inhibitory control. At first, an example of all three condi-
tions (i.e., (i) color words printed in black ink, (ii) the sign
“XXXXX” printed in different ink colors, and (iii) color
words printed in unmatched ink colors) was presented to
the patients. Each example was composed of a sample of
15 items. For each condition, an A4 sheet containing five
rows of 20 items was presented. The patients had 45 s to
read or name all the presented words or colors, respec-
tively. If every table was completed before the end of the
given time, an estimated result was calculated as follows:

number of correct answers % 45 (3)

estimated result = Time required

The interference score was determined following the
Golden’s method [24]. The test was repeated three times
and an average score was calculated, which was used for
data analysis.

The Trail Making Test Part A and B were used to assess
cognitive flexibility. For the Part A, the numbers from 1
to 25 were randomly represented on an A4 sheet. The
patients were asked to connect all numbers in ascend-
ing order with a pen and without lifting it. In Part B, the
numbers 1 to 13 and letters A to L were randomly repre-
sented on an A4 sheet. Here, the patients were asked to
alternatively connect all numbers in ascending order and
letters in alphabetical order (i.e., 1-A-2-B-3-C-...). The
patients were asked to first complete an example of each
part (Part A: numbers 1 to 8; Part B: numbers 1 to 4 and
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letters A to D). The time required to complete each part
as well as the time difference between the Part A and B
was used for further analysis [25].

Pain coping skills, psychosocial aspects, disability, and
quality of life

The Coping Strategies Questionnaire consists of 50
items and was used to evaluate six potential pain cop-

» o«

ing strategies (“diverting attention’, “reinterpreting pain
sensations’, “coping self-statements”, “ignoring pain sen-
sations’, “praying or hopping’, and “catastrophizing”), two
behavioral coping strategies (“increasing activity level”
and “increasing pain behavior”), and the effectiveness rat-
ing (“control over pain” and “ability to decrease pain”). All
ratings were quantified on a scale from 0 to 6 [26]. The
Tampa Scale of Kinesiophobia was used to measure the
fear of movement via 11 items and the final score was cal-
culated ranging from 11 to 44 [27]. The Beck Depression
Inventory-II is a 21-items questionnaire that was used to
assess the level of depression with scores ranging from
0 to 63 [28]. The Oswestry Disability Index is a 10-items
questionnaire, which was used to quantify the level of
disability in percent [29]. Lastly, the EQ-5D-5L was used
to measure five aspects of the quality of life (“mobility’,
“selfcare”, “activity’, “pain’; and “anxiety”) on a scale from
0 to 5, which are used to calculate a quality of life index
[30]. Additionally, it also assesses the subjective health
status through a visual analogue scale ranging from 0 to
100. All questionnaires have been shown to be valid and
reliable [26, 27, 29-31].

Statistical analysis

Only the data of patients who completed the pre- and
post-test (IG: n=15; CG: n=12) were used for the sta-
tistical analysis. Normal distribution of data has been
tested using the Shapiro-Wilk test. Given that no distri-
bution have been found to be extremely skewed, analyses
of covariance (ANCOVA) with baseline-adjustment have
been conducted to compare the data of groups recorded
at the post-test [32]. Differences were considered signifi-
cant when p<0.05 (* 0.01<p<0.05; **: 0.001<p<0.01;
*## p<0.001). Data are presented as means + standard
deviations (SD) and mean differences with 95% confi-
dence intervals (CI). All statistical analyses were per-
formed using SPSS (IBM° SPSS® Statistics Version 27).
Following the recommendation of Bakker et al. [33], we
compared effect sizes of the present study with those of
similar studies instead of rigid benchmarks. For that pur-
pose, Cohen’s d was calculated using G*Power (Version
3.1.0.6, Kiel University, Germany) and was interpreted
according to Kinney et al. [34]: small: d=0.14-0.30;
medium: d=0.31-0.55; large: d >0.55.
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Results

In total, 54 patients registered and 35 individuals met
the inclusion criteria and volunteered to participate in
the study. Due to dropouts (refusal to perform the post-
test), a final number of 27 patients suffering from specific
CLBP (17 females, 10 males) were included in the statisti-
cal analysis. A detailed overview of all excluded patients
and missing data is shown in the CONSORT flow dia-
gram (Fig. 1).

The characteristics of the patients and group distri-
bution are described in Table 2. Tables 3, 4 and 5, and
6 show the outcomes of the functional mobility, trunk
ROM, leg extensor muscle power, and exercise capac-
ity, single and dual task gait performance, executive
performance as well as pain intensity, pain coping skills,
psychosocial aspects, and quality of life, respectively, at
pre-test.

Physical functions

The ANCOVA with baseline—adjustment indicated a sig-
nificant increase of trunk ROM (sagittal and transversal
planes) in the IG compared to CG with large effect sizes.
Additionally, exercise capacity was also significantly
higher in the IG compared to CG with a large effect size.
No significant differences were found for trunk ROM
in the frontal plane, TUG Test performance, and leg
extensor muscle power between the IG and CG (Fig. 2;
Table 7).

Single and dual task gait performance

The ANCOVA with baseline-adjustment revealed no sig-
nificant differences for the spatio-temporal gait param-
eters at the post-test during both the single and dual task
walking. Similar results were found for the cognitive task
during both conditions. However, the DTC for the mini-
mum toe clearance CoV were significantly lower in the
IG compared to the CG with a large effect size (Table 8).

Executive functioning

No significant differences between groups at the post-test
were found for the interference score and the Trail Mak-
ing Test performance (Table 9).

Pain intensity, pain coping skills, psychosocial aspects,
disability, and quality of life

The ANCOVA with baseline-adjustment demonstrated
that chronic pain was significantly lower in the IG com-
pared to the CG at the post-test with a large effect size.
Additionally, kinesiophobia and depression were both
significantly reduced in the IG compared to the CG with
large effect sizes. The pain coping strategies, disability,
and quality of life did not significantly differ between
both groups at post-test (Table 10).
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Patients registered n = 54
7 weeks (Mai 2 — June 17)

Excluded n =19

Patients included n = 35

* Not interested n=11
* Walking criteria n=7
* < 50 years old n=1

[

Intervention group
Pretest n=17

Participant rejected

* Withdrawn participation n=2

Control group
Pre test = 18

Participant rejected

* Withdrawn participation n=6

l

Post test n =15

Posttest n =12

{

Data analysis n =15

Missing data

* FRSTS (pre)

* Single task walking (pre)
* GPQ (acute pain)

* TSK

* BDI-II

n =1 (pain)

n =1 (tiredness)

n =1 (data not readable)
n =7 (data not readable)
n =7 (data not readable)

Data analysis n =12

Missing data
* Single task walking (post) n =2 (pain)
* Dual task walking (post) n =2 (pain)

* GPQ (acute pain)
* GPQ (chronic pain)
¢ TSK

n = 1 (data not readable)
n = 2 (data not readable)
n =5 (data not readable)

* CSQ (diverting attention)
* CSQ (reinterpreting pain)
* CSQ (coping self-statement)

n =5 (data not readable)
n =5 (data not readable)
n =5 (data not readable)

* BDI-II
* CSQ (diverting attention)
* CSQ (reinterpreting pain)

n = 3 (data not readable)
n = 3 (data not readable)
n = 4 (data not readable)

n =5 (data not readable)
n =5 (data not readable)

* CSQ (ignoring pain sensation)
* CSQ (praying or hoping)

* CSQ (catastrophizing) n =4 (data not readable)
* CSQ (increasing activity level)  n =4 (data not readable)
* CSQ (increasing pain behaviour) n =5 (data not readable)
* CSQ (control over pain) n = 4 (data not readable)
* CSQ (ability to decrease pain) n =4 (data not readable)
* ODI n =1 (data not readable)
* EQ-5D-5L (mobility) n =4 (data not readable)
* EQ-5D-5L (selfcare) n = 3 (data not readable)
* EQ-5D-5L (activity) n = 3 (data not readable)
* EQ-5D-5L (pain) n = 3 (data not readable)
* EQ-5D-5L (anxiety) n = 3 (data not readable)
* EQ-5D-5L (VAS) n =4 (data not readable)
* EQ-5D-5L (index) n = 4 (data not readable)

n = 3 (data not readable)
n = 4 (data not readable)
n = 3 (data not readable)

* CSQ (coping self-statement)

* CSQ (ignoring pain sensation)
* CSQ (praying or hoping)

* CSQ (catastrophizing) n =5 (data not readable)
* CSQ (increasing activity level)  n =3 (data not readable)
* €SQ (increasing pain behaviour) n =4 (data not readable)
* CSQ (control over pain) n = 4 (data not readable)
* CSQ (ability to decrease pain)  n =3 (data not readable)
* ODI n = 2 (data not readable)
* EQ-5D-5L (mobility) n = 2 (data not readable)
* EQ-5D-5L (selfcare) n = 2 (data not readable)
* EQ-5D-5L (activity) n = 2 (data not readable)
* EQ-5D-5L (pain) n = 2 (data not readable)
* EQ-5D-5L (anxiety) n = 3 (data not readable)
* EQ-5D-5L (VAS) n = 3 (data not readable)
* EQ-5D-5L (index) n = 4 (data not readable)

Fig. 1 CONSORT flow diagram describing the recruitment process and the missing data for the statistical analysis
FRSTS: Five-Repetition Sit-to-Stand Test; GPQ: German Pain Questionnaire; TSK: Tampa Scale of Kinesiophobia; BDI-Il: Beck Depression Inventory-II; CSQ:
Coping Strategies Questionnaire; ODI: Oswestry Disability Index; VAS: Visual analogue scale

Discussion

The primary objective of this pilot study was to inves-
tigate if the MultiMove intervention in addition to a
standard inpatient therapy is more effective to improve
functional mobility compared to the standard inpatient
therapy alone in patients with specific CLBP. In contrast
to our hypotheses, no significant improvement in TUG
performance in favor of the patients who carried out the
MultiMove intervention was found. Nevertheless, sig-
nificant between-group differences were found for the

secondary outcomes trunk ROM (in particular in the
sagittal and transversal plane) as well as exercise capac-
ity. Although the spatio-temporal gait parameters did
not significantly differ between groups, lower DTC were
observed for the minimum toe clearance CoV. Moreover,
chronic pain intensity, kinesiophobia, and depression
were significantly reduced in the IG compared to the CG.

To our knowledge, MultiMove is the first multimodal
intervention that has combined motor-cognitive and
dance exercises, performed successively during each
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Table 2 Patients’' characteristics. Data are shown as means
(standard deviations)

Intervention Control group p

group
n 15 (10 females, 5 12 (7 females, 5
males) males)

Age [years] 63.8(8.3) 61.6(6.0) 0.116
Height [m] 1.69 (10) 1.67 (1) 0.126
Weight [kg] 7(142) 83.0(92) 0314
Body Mass Index [kg/ 284 (4.5) 299 (3.0) 0499
m?]

Table 3 Results for the functional tests performed at the pre-
test. Data are shown as means (standard deviations [SD])

Variable Pre-test

Intervention Control group

group

n Mean (SD) n Mean
(SD)
Timed Up and Go Test [s] 15 103(24) 12 133@3.)

Trunk flexibility test

Sagittal ROM 15 1205(180) 12 1093

[’] (25.1)
Frontal ROM 15 943 (22.2) 12 764
[] (24.1)
Transversal 15 76.7(23.3) 12 641
ROM [°] (25.2)
Five-Repetition Sit-to-Stand Test
Time [s] 14 145(4.0) 12 160(4.3)
Relative leg 14 2.7 (0.9 12 2.0(0.7)
extensor
muscle power
[W/kg]
Six-Minute Walk Test [m] 15 4024 12 3490
(102.0) (112.6)

ROM: Range of motion

Table 5 Results for the executive function tests performed at
the pre-test. Data are shown as means (standard deviations [SD])

Variable Pre-test

Intervention group  Control group

n Mean (SD) n Mean
(SD)
Stroop Color and Word Test
Interference 15 -21.8 (14.5) 12 -13.9
score (21.5)
Trail Making Test
Part A [s] 15 34.1(9.6) 12 423 (15.6)
Part B [s] 15 96.6 (59.5) 12 116.8
(67.5)
Part B-Part 15 64.5 (64.4) 12 74.6 (68.1)

Als]

***INSERT Table 6***

Physical functions
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Table 4 Results for the single and dual task gait performance
assessments at the pre-test. Data are shown as means (standard
deviations [SD])

Variable Pre-test
Intervention Control group
group
n Mean (SD) n  Mean (SD)
Single task
Stride length [m] 14 1.28(0.15) 10 1.16(0.10)
Velocity [m/s] 14 1.18(0.18) 10 1.04(0.17)
Minimum toe clearance [cm] 14 232(0.51) 10 2.18(045)
Stride length CoV [%] 14 13.1(1.9) 10 12829
Velocity CoV [%] 14 17.1(2.3) 10 166(2.2)
Minimum toe clearance CoV 14 299(7.2) 10 31.8(13.5)
[%]
Arithmetic task performance 14 522(157) 12 345(14.6)
Dual task
Stride length [m] 14 4 (0.16) 10 1.07 (0.09)
Velocity [m/s] 14 1.05(0.22) 10 0.86(0.16)
Minimum toe clearance [cm] 14 7 (0.53) 10 1.88(0.28)
Stride length Cov [%] 14 13.0(1.9) 10 13.2(1.5)
Velocity CoV [%] 14 176 (2.1) 10 18322
Minimum toe clearance CoV 14 30.0 (8.5) 10 39.3(10.6)
[%]
Arithmetic task performance 14 455(142) 10 30.0(13.5)
Dual task costs
Stride length [%)] 14 39(5.2) 10 8.1 (5.5)
Velocity [%)] 14 13.0(13.4) 10 164(11.3)
Minimum toe clearance [%)] 14 7.0(9.9) 10 12494
Stride length CoV [%] 14 -1.1 (20.6) 10 6.9(20.9)
Velocity CoV [%] 14 3.0(11.3) 10 85(145)
Minimum toe clearance CoV 14 -05(11.9) 10 17.2(26.6)
[%]
Arithmetic task performance 14 128 (17.3) 10 10.8(29.3)

[%]

CoV: Coefficient of variation

training sessions, to improve clinical and functional out-
comes after a 3-week inpatient rehabilitation in patients
with specific CLBP. Consequently, the comparison with
existing training modalities for CLBP is somewhat chal-
lenging. The following discussion will therefore com-
pare the effects of the MultiMove intervention on the
respective outcomes with the results of studies that have
investigated the effects of dance, motor skill, and motor-
cognitive training on the different outcomes.

Physical functions

Although, TUG performance (primary outcome) was
not improved in the group with an additional MultiMove
intervention compared to the standard care alone, trunk
ROM as well as 6MWT performance were significantly
increased with large effect sizes. These results are in
accordance with the outcome of a recent meta-analysis
highlighting the beneficial effects of dance interven-
tions on physical functions in healthy older adults [35].
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Table 6 Results of the questionnaires at the pre-test. Data are
shown as means (standard deviations [SD])

Variable Pre-test

Intervention Control group

group

n Mean (SD) n Mean
(SD)
Pain intensity
Acute (GPQ) 14 43(2.7) 11 6.1(2.2)
Chronic (GPQ) 15 592.1) 10 6.2 (2.1)
During the trunk 15 28(2.1) 12 38(2.1)
flexibility test
Kinesiophobia (TSK) 10 20.2 (6.2) 7 20.3(5.2)
Depression (BDI-Il) 10 12.7 (6.9) 9 114 (8.6)
Cognitive coping strategies (CSQ)
Diverting 12 15(1.3) 9 22(1.2)
attention
Reinterpreting 12 0.7 (0.9) 8 0.5(0.5)
pain
Coping 12 29(1.3) 9 3.2(1.0)
self-statement
Ignoring pain 12 19(1.3) 8 1.6 (0.9)
sensation

Praying or hoping 12 1.7 (0.8) 9 2.5(0.5)
Catastrophizing 13 22(1.1) 7
Behavioral coping strategies (CSQ)

Increasing activity 13 22(1.1) 9 2.5(0.7)
level
Increasing pain 12 26(0.7) 8 3.2(0.7)
behavior
Effectiveness rating (CSQ)
Control over pain 13 14(22) 8 0.4 (0.5)
Ability to de- 13 24(22)
crease pain
Disability (ODI) 14 27.1(11.4) 10 343
(10.5)
Quiality of life (EQ-5D-5 L)
Mobility 13 2.0(0.9) 10 26(1.1)
Selfcare 14 1.1(04) 10 1.7 (0.8)
Activity 14 2.0(0.8) 10 2401.0)
Pain 14 2.7(0.8) 10 3.2(0.8)
Anxiety 14 1.7 (0.9) 9 1.7 (0.9)
VAS 13 61.2(18.6) 9 50.3
(17.9)
Index 13 0.8(0.2) 8 0.6(0.3)

GPQ: German Pain Questionnaire; TSK: Tampa Scale of Kinesiophobia; BDI-
Il: Beck Depression Inventory-ll, CSQ: Coping Strategies Questionnaire;
ODI: Oswestry Disability Index; VAS: Visual analogue scale

Indeed, it has been demonstrated that dance training can
effectively increase flexibility, muscular strength, endur-
ance, and balance performance, which are required for
the completion of daily tasks. Moreover, a 6-week motor
skill-based training (i.e., person-specific exercises to
modify the altered movement pattern during functional
activities) has also led to a higher performance during
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a'picking up an object’ task compared to strength and
flexibility training in CLBP patients [36].

Single and dual task gait performance

Data of the present study indicate that the spatio-tempo-
ral gait parameters, such as stride length and gait veloc-
ity, were not altered by the MultiMove intervention. This
finding was unexpected given that a meta-analysis by
Fong Yan et al. [37], which compared the effect of dance
interventions with non-dance interventions on several
health-related outcomes, showed an increase in gait
velocity, especially in elderly, obese, and/or type 2 diabe-
tes populations. Nevertheless, the DTC of the minimum
toe clearance CoV were lower in the IG compared to the
CG suggesting a reduced minimum toe clearance vari-
ability during walking while simultaneously performing a
cognitive task compared to walking only. This might be
attributable to the motor-cognitive and/or dance train-
ing that requires the simultaneous execution of motor
and cognitive tasks [13—15]. Given that the variability
of the minimum toe clearance was negatively associated
with brain activity in the dorsolateral prefrontal cortex in
CLBP patients [38], which is involved in cognitive, affec-
tive, and sensory processing [39], it might be that neu-
roplastic changes induced by the additional MultiMove
intervention contributed to the reduced DTC.

Executive functioning

Two core executive functions, that are the inhibitory con-
trol and the cognitive flexibility [40], were assessed in this
study. In contrast to our hypotheses, data analysis did not
reveal significant differences between groups in cognitive
task performance. Given that motor-cognitive and dance
training performed over several months have been shown
to increase cognitive performance [15, 41, 42], this find-
ing might be related to the duration of the MultiMove
intervention, which lasted only 3 weeks. Consequently,
it might be that a longer MultiMove intervention and/or
a higher training volume could have improved executive
functioning.

Pain intensity

Chronic pain intensity (i.e., perceived pain intensity over
the last weeks) was significantly reduced with a large
effect size in the IG compared to the CG. This finding is in
line with the outcome of a recent review, which deemed
dancing as an effective adjunct to reduce chronic pain
across diverse populations [43]. Pain, especially chronic
pain, is mainly related to musculoskeletal conditions but
also to other psychosocial aspects such as stress, decon-
ditioning, fear, catastrophizing, as well as feelings of iso-
lation and separation. In this regard, Hickman et al. [43]
suggested that the mechanisms leading to the pain reduc-
tion include the physical (e.g., improved musculoskeletal
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Fig.2 Means and standard deviations for (A) Timed Up and Go Test, (B) Five-Repetition Sit-to-Stand Test, (C) Six-Minute Walk Test, and (D) Trunk Flexibility

Test of both groups at post-test

ROM: Range of motion; IG: Intervention group; CG: Control group. *p < 0.05; **p <0.01; #d=0.31-0.55; ** d>0.55

Table 7 Adjusted means (adjusted standard deviations) and outcomes of the ANCOVA with baseline-adjustment for the functional
mobility, trunk ROM, leg extensor muscle power, and exercise capacity tests performed at the post-test

Variable Post-test IG-CG  95%Cl ANCOVA d
1G CG F df p
Timed Up and Go Test [s] 99(1.7) 109 (1.7) -1.0 [-24,0.5] 1.9 1,24 0176  0.59
Trunk flexibility test
Sagittal ROM [°] 127.7(17.7) 1098 (17.8) 17.8 [34,32.2] 6.5 1,24 0.018 1.00
Frontal ROM [°] 1004 (19.9) 882 (20.0) 123 [-4.3,288] 23 1,24 0139 0.61
Transversal ROM [°] 83.9(13.9) 67.5(14.0) 16.4 [5.0,27.7] 8.9 1,24 0.006 1.18
Five-Repetition Sit-to-Stand Test
Time [s] 143 (4.2) 15.6 (4.2) -14 [-4.9,2.2] 0.7 1,23 0428 0.31
Relative leg extensor muscle power [W/kg] 2.8 (0.7) 23(0.7) 04 [-0.2,1.0] 22 1,23 0148  0.71
Six-Minute Walk Test [m] 4369 (99.5) 3069(99.8) 1300 [49.1,2109] 110 1,24 0.003 1.30

ANCOVA: Analysis of covariance; IG: Intervention group; CG: Control group; IG - CG: Mean difference between the intervention and control group; Cl: Confidence
interval; ROM: Range of motion; bold: p < 0.05 and/or d>0.55
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Table 8 Adjusted means (adjusted standard deviations) and outcomes of the ANCOVA with baseline-adjustment for the single and

dual task performance assessments at the post-test

Variable POST IG-CG 95% ClI ANCOVA d
1G cG F df p

Single task
Stride length [m] 1.30(0.10) 1.27 (0.10) 0.03 [-0.06,0.12] 0.6 1,22 0456 0.30
Velocity [m/s] 1.23(0.13) 1.26(0.13) 0.08 [-0.04,0.19] 1.8 1,22 0.196 0.23
Minimum toe clearance [cm] 2.35(0.35) 2.27 (0.35) 0.08 [-0.21,0.38] 0.3 1,22 0.568 0.23
Stride length CoV [%)] 129 (1.6) 11.7.(1.6) 1.2 [-0.1,2. 5} 34 1,22 0.078 0.75
Velocity CoV [%] 164 (1.5) 16.0 (1.5) 04 [-0.9,1.6] 04 1,22 0.547 0.27
Minimum toe clearance CoV [%] 33.1(8.5) 27.1(8.5) 6.0 -1 3.2] 3.0 1,22 0.095 0.71
Arithmetic task performance 47.7 (8.8) 514(89) -3.7 [-1 3 39] 1.0 1,24 0324 042

Dual task
Stride length [m] 1.19 (0.08) 1.20 (0.08) -0.01 [-0.08,0.07] 0.0 1,21 0.837 0.13
Velocity [m/s] 1.03(0.11) 1.03(0.11) 0.0 [-0.10,0.10] 0.0 1,21 0.997 0.00
Minimum toe clearance [cm] 1.98 (0.30) 2.14(0.30) -0.16 [-042,0.11] 1.5 1,21 0.228 0.53
Stride length CoV [%)] 12.9(2.0) 12.5(2.0) 04 [-13,2 1} 0.2 1,21 0.654 0.20
Velocity CoV [%] 16.9(1.8) 16.5(1.8) 04 [-1 9] 03 1,21 0.573 0.22
Minimum toe clearance CoV [%] 32.8(8.2) 29.5(8.3) 33 [-4.2,10.8] 0.9 1,21 0.365 0.40
Arithmetic task performance 453 (7.1) 388(7.3) 6.6 [-0.0,13.2] 43 1,21 0.051 0.90

Dual task costs
Stride length [%)] 7.7 (4.5) 6.1(4.6) 16 [-24,5.6] 0.7 1,22 0.409 0.35
Velocity [%] 15,5 (6.6) 133 (6.6) 2.2 [-34,7. 8} 06 1,22 0434 033
Minimum toe clearance [%)] 13.5(7.0) 76(7.1) 6.0 [-0.1,12.1] 41 1,22 0.055 0.84
Stride length CoV [%)] -2.5(19.1) 64(19.2) -89 [-25. 3 74] 13 1,22 0.271 046
Velocity CoV [%] -14(12.5) 49(12.5) -6.3 [-17.0,4.4] 15 1,22 0.236 0.50
Minimum toe clearance CoV [%] -11.6 (26.5) 14.3 (27.0) -259 [-49.7,-2.2] 5.1 1,22 0.034 0.97
Arithmetic task performance [%)] 78(16.3) 204 (16.3) -12.6 [-26.6, 1.4] 35 1,21 0.076 0.77

ANCOVA: Analysis of covariance; IG: Intervention group; CG: Control group; IG - CG: Mean difference between the intervention and control group; Cl: Confidence

interval; CoV: Coefficient of variation; bold: p < 0.05 and/or d > 0.55

Table 9 Adjusted means (adjusted standard deviations) and outcomes of the ANCOVA with baseline-adjustment for the executive

function tests at the post-test

Variable POST IG-CG 95% Cl ANCOVA d
1G cG F df p
Stroop Color and Word Test
Interference score -11.3(12.0) -96(12.2) -1.7 [-115,8.1] 0.1 1,24 0.725 0.14
Trail Making Test
Part A [s] 31.1(94) 36.6 (94) -55 [-13.2,2.2] 22 1,24 0.152 0.59
Part B [s] 89.8(19.2) 87.6(19.2) 23 [-13.2,17.7] 0.1 1,24 0.763 0.11
Part B— Part A [s] 56.5(17.7) 53.7(17.7) 2.8 [-11.4,17.0] 02 1,24 0.687 0.16

ANCOVA: Analysis of covariance; IG: Intervention group; CG: Control group; IG - CG: Mean difference between the intervention and control group; Cl: Confidence

interval; bold: d > 0.55

and cardiovascular function) and psychosocial benefits
of dancing (e.g., socialization, in-group bonding, touch).
Especially the latter might improve mood, self-confi-
dence, and pain thresholds. Additionally, it has been
shown that chronic pain is associated with functional and
structural impairments in several brain areas [39], which
might be positively influenced by the neuroplasticity pro-
moted by motor-cognitive and/or dancing exercises [15,
42], thereby potentially reducing pain intensity.

Pain coping skills, psychosocial aspects, disability, and
quality of life

Although the pain coping strategies, disability, and qual-
ity of life did not differ between groups after the inter-
ventions, lower kinesiophobia and depression were found
in favor of the IG. Regarding kinesiophobia, the motor-
cognitive and/or dancing exercises performed during the
MultiMove intervention could have contributed to this
finding, given that dance/movement therapies have been
suggested to increase self-awareness in patients with
chronic pain. This includes realizing that they are able to
move better and that pain is not as bad as they thought
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Table 10 Adjusted means (adjusted standard deviations) and outcomes of the ANCOVA with baseline-adjustment for the

questionnaires filled in at the post-test

Variable POST 1G-CG 95% ClI ANCOVA d
IG CcG F df p
Pain intensity
Acute (GPQ) 302.0) 4.1(.2) -1 [-2.9,0.8] 1.5 1,22 0.235 0.51
Chronic (GPQ) 3.6(1.8) 6.0 (1.8) 24 [-4.0,-0.8] 10.2 1,22 0.004 1.33
During the trunk flexibility test 24(1.8) 35(1.8) -1.2 [-2.7,0.3] 27 1,24 0.113 0.61
Kinesiophobia (TSK) 184 (3.3) 22.2(3.3) -3.8 [-7.3,-0.3] 54 1,14 0.035 1.15
Depression (BDI-I) 47 (4.8) 9.9 (4.8) -5.2 [-9.8,-0.5] 54 1,16 0.034 1.08
Cognitive coping strategies (CSQ)
Diverting attention 2.1(0.7) 1.7(0.7) 04 [-0.3,1.1] 15 1,18 0.239 0.57
Reinterpreting pain 0.8(0.5) 0.7 (0.5) 0.1 [-04,0.5] 0.1 1,17 0.753 0.20
Coping self-statement 3.1(0.7) 2.9(0.7) 0.1 [-0.5,0.8] 0.2 1,18 0.654 0.29
Ignoring pain sensation 2.1(0.8) 1.8(0.8) 04 [-04,1.1] 1.2 1,17 0.286 0.38
Praying or hoping 1.5(0.7) 2.0(0.7) -0.5 [-1.2,0.2] 20 1,18 0.174 0.71
Catastrophizing 1.5(0.7) 1.8(0.7) -03 [-1.0,04] 0.7 1,17 0418 043
Behavioral coping strategies (CSQ)
Increasing activity level 0.7) 0.7) 03 [-04,0.9] 0.8 1,19 0.378 043
Increasing pain behavior 6) 6) 0.2 [-0.4, 0.8] 0.5 1,17 0476 0.33
Effectiveness rating (CSQ)
Control over pain 1.0(0.8) 1.0(0.8) -0.0 [-0.8,0.7] 0.1 1,18 0.894 0.00
Ability to decrease pain 1.9(1.6) 1.5(1.6) 03 [-1.2,1.8] 0.2 1,19 0.667 0.25
Disability (ODI) 245 (6.2) 27.0(6.2) -2.5 [-8.0,3.0] 09 1,21 0.362 040
Quiality of life (EQ-5D-5 L)
Mobility 1.9 (0.6) 2406 -0.5 [-1.0,0.1] 3.1 1,20 0.093 0.83
Selfcare 14(0.7) 1.8(0.7 -04 [-1.1,0.3] 14 1,21 0.243 0.57
Activity 1.8(0.8) 2.0(0.8 -03 [-1.0,04] 0.7 1,21 0.409 0.25
Pain 24(0.7) 2407 -0.0 [-0.6,0.5] 0.0 1,21 0.868 0.00
Anxiety 1.1(0.6) 1.6 (0.6 -04 [-0.9,0.1] 32 1,20 0.090 0.83
VAS 63.7 (13.6) 61.5(13.8) 22 [-10.6, 14.9] 0.1 1,19 0.727 0.16
Index 09(0.1) 0.8(0.1) 0.1 [-0.0,0.2] 26 1,18 0127 1.00

ANCOVA: Analysis of covariance; IG: Intervention group; CG: Control group; CG - IG: Mean difference between control and intervention; Cl: Confidence interval;
GPQ: German Pain Questionnaire; TSK: Tampa Scale of Kinesiophobia; BDI-II: Beck Depression Inventory-Il, CSQ: Coping Strategies Questionnaire; ODI: Oswestry

Disability Index; VAS: Visual analogue scale; bold: p < 0.05 and/or d>0.55

as well as that movement can reduce pain, which collec-
tively might promote cognitive and emotional restruc-
turing with regard to physical activity and pain [44].
Depression was also reduced after the MultiMove inter-
vention compared to the standard care. This is in line
with the findings of a recently published umbrella review
indicating that physical activity interventions are effec-
tive to reduce depression, anxiety, and distress in healthy
adults as well as people with mental health disorders and
chronic diseases. It is thought that the beneficial effects
of exercise interventions on depression and anxiety are
related to various psychological, neurophysiological, and
social mechanisms [45]. Furthermore, especially danc-
ing is assumed to reduce depression due to the poten-
tial pleasure generated by the dance movements and the
social interaction [46]. Moreover, dancing could be more
attractive and inclusive than other exercise interventions,
which might enhance the adherence and compliance of
patients to the intervention [37].

Based on the effect sizes, the additional MultiMove
intervention had further positive effects regarding sev-
eral other outcomes that were, however, not significantly
different to the standard care. Therefore, conducting
a full-scaled randomized controlled clinical trial with
an adequate sample size is recommended to verify and
extent the results of the present study. Moreover, previ-
ous randomized controlled trials primarily investigated
the effects of multimodal interventions on pain inten-
sity or functional mobility as primary outcomes [47-50].
However, the role of cognitive functioning (including
executive functions) in chronic pain is sometimes over-
looked. Therefore, we recommend including cognitive/
executive function tests and/or brain imaging techniques
in future studies to unravel the relationship between cog-
nitive/executive functions and CLBP.
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Limitations

Given that MultiMove was designed as a group ther-
apy, patients were assigned to the IG and CG based on
their admission day and not via randomization. A sec-
ond limitation was that the MultiMove intervention was
an addition to the standard rehabilitation program and
not a substitute. Consequently, the differences between
groups in the clinical and functional outcomes might be
related to a higher training volume. However, the rec-
ommended training volume for CLBP rehabilitation is
2-3 sessions per week, 60—90 min each [51], resulting in
360-810 min of training, when calculated for a duration
of 3 weeks. Additionally, the average training volume per-
formed by the CG during the 3-week standard inpatient
rehabilitation was 1755 min (mean training volume per
week =585 min). In the present study, the patients took
part in 9-12 MultiMove sessions, which resulted in 270—
360 min of training. Thus, the improvements highlighted
above are more likely to be related to the exercise type
rather than to a higher training volume. Third, although
the interventions performed during standard care fol-
lowed a standardized program, deficit-oriented individ-
ual adjustments were made (e.g., intensity and duration),
which could have influenced the outcome of the present
study.

Conclusion

The present data did not reveal any negative effects
related to the addition of MultiMove to a standard inpa-
tient rehabilitation program. Therefore, MultiMove is a
safe new multimodal intervention with short, easy-to-
implement exercises with adaptative difficulty, which led
to improvements in trunk ROM, exercise capacity, DTC
during walking, chronic pain intensity, kinesiophobia,
and depression in patients with specific CLBP.

Abbreviations

6MWT Six-Minute Walk Test
ANCOVA  Analysis of covariance

CG Control group

@] Confidence interval

CLBP Chronic low back pain
CoV Coefficient of variation
DTC Dual task cost

FRSTS Five-Repetition Sit-to-Stand
IG Intervention group

IMU Inertial measurement units
LBP Low back pain

ROM Range of motion

SD Standard deviation

TUG Timed Up and Go

Acknowledgements

The authors would like to thank all collaborators of the rehabilitation clinic Bad
Salzelmen for their help and availability throughout the study. Special thanks
to Saskia Libnow and Lukas Baldauf for their contribution to the investigations
performed within this project.

Page 13 of 14

Author contributions

TN: conceptualization, methodology, investigation, documentation, data
analysis, original draft preparation, review, and editing; MB: conceptualization,
methodology, documentation, data analysis, original draft preparation, review,
and editing; KCB: conceptualization, methodology, documentation, review,
and editing; RB: conceptualization, methodology, documentation, review,
and editing; KR: patient recruitment, documentation, review, and editing; IR:
patient recruitment, documentation, review, and editing; KM: documentation,
review, and editing; JF: funding acquisition, conceptualization, methodology,
review, and editing; LS: funding acquisition, conceptualization, methodology,
review, and editing.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Data availability
Raw data are available from the corresponding author on request.

Declarations

Ethics approval and consent to participate

The study has been approved by the ethics committee of the Medical Faculty
of the OvGU Magdeburg (No.: 182/18) and conducted with respect to the
Declaration of Helsinki. Written informed consent was obtained from each
participant.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

1Department of Sport Science, Institute Ill, Otto von Guericke University
Magdeburg, Magdeburg, Germany

“University of Applied Sciences for Sport and Management Potsdam,
Olympischer Weg 7, 14471 Potsdam, Germany

3Departmem of Orthopaedics, Rostock University Medical Centre,
Rostock, Germany

“Department of Sport and Exercise Medicine, Institute of Movement
Science and Psychology, University of Hamburg, Hamburg, Germany
SRehabilitation Clinic Bad Salzelmen, Waldburg Zeil Clinics, Schénebeck,
Germany

Department of Orthopedic Surgery, Klinikum Magdeburg gGmbH,
Magdeburg, Germany

Received: 14 July 2023 / Accepted: 4 March 2025
Published online: 16 April 2025

References

1. ChenS,Chen M,Wu X, Lin S, Tao C, Cao H, et al. Global, regional and national
burden of low back pain 1990-2019: a systematic analysis of the global
burden of disease study 2019. J Orthop Translat. 2022,32:49-58.

2. Andersson GB. Epidemiological features of chronic low-back pain. Lancet.
1999;354(9178):581-5.

3. GBD 2021 Low Back Pain Collaborators. Global, regional, and national burden
of low back pain, 1990-2020, its attributable risk factors, and projections
to 2050: a systematic analysis of the global burden of disease study 2021.
Lancet Rheumatol. 2023;5(6):e316-29.

4. Koes BW, van Tulder MW, Thomas S. Diagnosis and treatment of low back
pain. BMJ. 2006;332(7555):1430-4.

5. Saragiotto BT, Maher CG, Yamato TP, Costa LOP, Menezes Costa LC, Ostelo
RWIJG et al. Motor control exercise for chronic non-specific low-back pain.
Cochrane Database Syst Rev. 2016;2016(1):CD012004.

6. PaolucciT, Attanasi C, Cecchini W, Marazzi A, Capobianco SV, Santilli V.
Chronic low back pain and postural rehabilitation exercise: a literature review.
J Pain Res. 2019;12:95-107.

7. Koch C, Hansel F. Chronic non-specific low back pain and motor control dur-
ing gait. Front Psychol. 2018;9:2236.



Nguyen et al. BMC Musculoskeletal Disorders

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2025) 26:372

Mortaza N, Abu Osman NA, Mehdikhani N. Are the spatio-temporal param-
eters of gait capable of distinguishing a faller from a non-faller elderly? Eur J
Phys Rehabil Med. 2014;50(6):677-91.

Hamacher D, Hamacher D, Herold F, Schega L. Are there differences in the
dual-task walking variability of minimum toe clearance in chronic low back
pain patients and healthy controls? Gait Posture. 2016;49:97-101.

BunkS, Preis L, Zuidema S, Lautenbacher S, Kunz M. Executive functions and
pain. Z Fir Neuropsychologie. 2019;30(3):169-96.

Morlion B. Chronic low back pain: pharmacological, interventional and surgi-
cal strategies. Nat Rev Neurol. 2013;9(8):462-73.

Niederer D, Weippert M, Behrens M. What modifies the effect of an exercise
treatment for chronic low back pain?? A meta-epidemiologic regression
analysis of risk of bias and comparative effectiveness. J Orthop Sports Phys
Ther. 2022;52(12):792-802.

George SZ, Fritz JM, Silfies SP, Schneider MJ, Beneciuk JM, Lentz TA, et al. Inter-
ventions for the management of acute and chronic low back pain: revision
2021.J Orthop Sports Phys Ther. 2021;51(11):CPG1-60.

Schega L, Kaps B, Broscheid K-C, Bielitzki R, Behrens M, Meiler K; et al. Effects
of a multimodal exercise intervention on physical and cognitive functions

in patients with chronic low back pain (MultiMove): study protocol for a
randomized controlled trial. BMC Geriatr. 2021;21(1):151.

Demirakca T, Cardinale V, Dehn S, Ruf M, Ende G. The exercising brain:
changes in functional connectivity induced by an integrated multi-

modal cognitive and whole-body coordination training. Neural Plast.
2016;2016:8240894.

Bldsing B, Calvo-Merino B, Cross ES, Jola C, Honisch J, Stevens CJ. Neurocog-
nitive control in dance perception and performance. Acta Psychol (Amst).
2012;139(2):300-8.

Meekums B, Karkou V, Nelson EA. Dance movement therapy for depression.
Cochrane Database Syst Rev. 2015;2015(2):CD009895.

Herman T, Giladi N, Hausdorff JM. Properties of the timed up and go'test:
more than meets the eye. Gerontology. 2011;57(3):203-10.

Nagel B, Gerbershagen HU, Lindena G, Pfingsten M. Entwicklung und
empirische uberprifung des Deutschen schmerzfragebogens der DGSS.
Schmerz. 2002;16(4):263-70.

Ganzalez GZ, Costa LucioladaC, Menezes, Garcia AN, Shiwa SR, Amorim CF,
Costa LOP. Reproducibility and construct validity of three non-invasive instru-
ments for assessing the trunk range of motion in patients with low back pain.
Fisioterapia E Pesquisa. 2014;21(4):365-71.

Alcazar J, Losa-Reyna J, Rodriguez-Lopez C, Alfaro-Acha A, Rodriguez-Manas
L, Aral, et al. The sit-to-stand muscle power test: an easy, inexpensive and
portable procedure to assess muscle power in older people. Exp Gerontol.
2018;112:38-43.

Bennell K, Dobson F, Hinman R. Measures of physical performance assess-
ments: self-paced walk test (SPWT), stair climb test (SCT), six-minute walk
test (6MWT), chair stand test (CST), timed up & go (TUG), sock test, lift and
carry test (LCT), and car task. Arthritis Care Res (Hoboken). 2011;63(Suppl
11):5350-70.

Hamacher D, Hamacher D, Taylor WR, Singh NB, Schega L. Towards clinical
application: repetitive sensor position re-calibration for improved reliability of
gait parameters. Gait Posture. 2014,39(4):1146-8.

Golden CJ. A manual for the clinical and experimental use of the Stroop color
and word test. Chicago: Stoelting; 1978.

Sanchez-Cubillo |, Peridfiez JA, Adrover-Roig D, Rodriguez-Sanchez JM, Rios-
Lago M, Tirapu J, et al. Construct validity of the trail making test: role of task-
switching, working memory, inhibition/interference control, and visuomotor
abilities. J Int Neuropsychol Soc. 2009;15(3):438-50.

Verra ML, Angst F, Lehmann S, Aeschlimann A. Translation, cross-cultural
adaptation, reliability, and validity of the German version of the coping strate-
gies questionnaire (CSQ-D). J Pain. 2006;7(5):327-36.

Rusu AC, Kreddig N, Hallner D, Hulsebusch J, Hasenbring MI. Fear of move-
ment/(Re)injury in low back pain: confirmatory validation of a German
version of the Tampa scale for kinesiophobia. BMC Musculoskelet Disord.
2014;15:280.

Kthner C, Birger C, Keller F, Hautzinger M. Reliabilitét und validitét des revi-
dierten Beck-Depressionsinventars (BDI-Il). Befunde Aus deutschsprachigen
stichproben. Nervenarzt. 2007;78(6):651-6.

Mannion AF, Junge A, Fairbank JCT, Dvorak J, Grob D. Development of a Ger-
man version of the Oswestry disability index. Part 1: cross-cultural adaptation,
reliability, and validity. Eur Spine J. 2006;15(1):55-65.

Ludwig K, Graf von der Schulenburg J-M, Greiner W. German value set for the
EQ-5D-5L. PharmacoEconomics. 2018;36(6):663—74.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

Page 14 of 14

Hinz A, Kohlmann T, Stobel-Richter Y, Zenger M, Brahler E. The quality of life
questionnaire EQ-5D-5L: psychometric properties and normative values for
the general German population. Qual Life Res. 2014;23(2):443-7.

Vickers AJ. Parametric versus non-parametric statistics in the analysis of ran-
domized trials with non-normally distributed data. BMC Med Res Methodol.
2005;5:35.

Bakker A, Cai J, English L, Kaiser G, Mesa V, van Dooren W. Beyond small,
medium, or large: points of consideration when interpreting effect sizes.
Educ Stud Math. 2019;102(1):1-8.

Kinney AR, Eakman AM, Graham JE. Novel effect size interpretation guidelines
and an evaluation of statistical power in rehabilitation research. Arch Phys
Med Rehabil. 2020;101(12):2219-26.

Liu X, Shen P-L, Tsai Y-S. Dance intervention effects on physical function in
healthy older adults: a systematic review and meta-analysis. Aging Clin Exp
Res. 2021;33(2):253-63.

Hooker QL, Lanier VM, Roles K, van Dillen LR. Motor skill training versus
strength and flexibility exercise in people with chronic low back pain:
preplanned analysis of effects on kinematics during a functional activity. Clin
Biomech (Bristol Avon). 2022;92:105570.

Fong Yan A, Cobley S, Chan C, Pappas E, Nicholson LL, Ward RE, et al. The
effectiveness of dance interventions on physical health outcomes compared
to other forms of physical activity: a systematic review and meta-analysis.
Sports Med. 2018;48(4):933-51.

Nguyen T, Behrens M, Broscheid K-C, Bielitzki R, Weber S, Libnow S, et al.
Associations between gait performance and pain intensity, psychosocial
factors, executive functions as well as prefrontal cortex activity in chronic
low back pain patients: a cross-sectional fNIRS study. Front Med (Lausanne).
2023;10:1147907.

Seminowicz DA, Moayedi M. The dorsolateral prefrontal cortex in acute and
chronic pain. J Pain. 2017;18(9):1027-35.

Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135-68.
Wollesen B, Wildbredt A, van Schooten KS, Lim ML, Delbaere K. The effects
of cognitive-motor training interventions on executive functions in older
people: a systematic review and meta-analysis. Eur Rev Aging Phys Act.
2020;17:9.

Teixeira-Machado L, Arida RM, de Jesus Mari J. Dance for neuroplasticity: a
descriptive systematic review. Neurosci Biobehav Rev. 2019,96:232-40.
Hickman B, Pourkazemi F, Pebdani RN, Hiller CE, Fong Yan A. Dance for
chronic pain conditions: a systematic review. Pain Med. 2022,23(12):2022-41.
Shim M, Johnson RB, Gasson S, Goodill S, Jermyn R, Bradt J. A model of
dance/movement therapy for resilience-building in people living with
chronic pain. Eur J Integr Med. 2017;9:27-40.

Singh B, Olds T, Curtis R, Dumuid D, Virgara R, Watson A et al. Effectiveness of
physical activity interventions for improving depression, anxiety and distress:
an overview of systematic reviews. Br J Sports Med. 2023;57(18):1203-9.
Mala A, Karkou V, Meekums B. Dance/Movement therapy (D/MT) for depres-
sion: a scoping review. Arts Psychother. 2012;39(4):287-95.

Magalhaes MO, Comachio J, Ferreira PH, Pappas E, Marques AP. Effectiveness
of graded activity versus physiotherapy in patients with chronic nonspecific
low back pain: midterm follow up results of a randomized controlled trial.
Braz J Phys Ther. 2018;22(1):82-91.

Magalhdes MO, Muzi LH, Comachio J, Burke TN, Renovato Franga FJ, Vidal
Ramos LA, et al. The short-term effects of graded activity versus physio-
therapy in patients with chronic low back pain: a randomized controlled trial.
Man Ther. 2015;20(4):603-9.

Bronfort G, Maiers MJ, Evans RL, Schulz CA, Bracha Y, Svendsen KH, et al.
Supervised exercise, spinal manipulation, and home exercise for chronic low
back pain: a randomized clinical trial. Spine J. 2011;11(7):585-98.

Nazzal ME, Saadah MA, Saadah LM, Al-Omari MA, Al-Oudat ZA, Nazzal MS,

et al. Management options of chronic low back pain. A randomized blinded
clinical trial. Neurosciences (Riyadh). 2013;18(2):152-9.

Henchoz Y, Kai-Lik So A. Exercise and nonspecific low back pain: a literature
review. Joint Bone Spine. 2008;75(5):533-9.

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



	﻿Effects of an additional multimodal intervention (MultiMove) during inpatient rehabilitation on clinical and functional outcomes in patients with chronic low back pain– a pilot trial
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participants and study design
	﻿Study procedure
	﻿Interventions
	﻿Primary outcome
	﻿Functional mobility


	﻿Secondary outcomes
	﻿Pain intensity
	﻿Trunk range of motion
	﻿Leg extensor muscle power
	﻿Exercise capacity
	﻿Single and dual task gait performance
	﻿Executive functioning
	﻿Pain coping skills, psychosocial aspects, disability, and quality of life

	﻿Statistical analysis
	﻿Results
	﻿Physical functions



