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Abstract: Background: The back pain screening tool Risk-Prevention-Index Social (RPI-S) identifies
the individual psychosocial risk for low back pain chronification and supports the allocation of
patients at risk in additional multidisciplinary treatments. The study objectives were to evaluate
(1) the prognostic validity of the RPI-S for a 6-month time frame and (2) the clinical benefit of
the RPI-S. Methods: In a multicenter single-blind 3-armed randomized controlled trial, n = 660
persons (age 18–65 years) were randomly assigned to a twelve-week uni- or multidisciplinary exercise
intervention or control group. Psychosocial risk was assessed by the RPI-S domain social environment
(RPI-SSE) and the outcome pain by the Chronic Pain Grade Questionnaire (baseline M1, 12-weeks M4,
24-weeks M5). Prognostic validity was quantified by the root mean squared error (RMSE) within
the control group. The clinical benefit of RPI-SSE was calculated by repeated measures ANOVA in
intervention groups. Results: A subsample of n = 274 participants (mean = 38.0 years, SD 13.1)
was analyzed, of which 30% were classified at risk in their psychosocial profile. The half-year
prognostic validity was good (RMSE for disability of 9.04 at M4 and of 9.73 at M5; RMSE for pain
intensity of 12.45 at M4 and of 14.49 at M5). People at risk showed significantly stronger reduction
in pain disability and intensity at M4/M5, if participating in a multidisciplinary exercise treatment.
Subjects at no risk showed a smaller reduction in pain disability in both interventions and no group
differences for pain intensity. Regarding disability due to pain, around 41% of the sample would
gain an unfitted treatment without the back pain screening. Conclusion: The RPI-SSE prognostic
validity demonstrated good applicability and a clinical benefit confirmed by a clear advantage of an
individualized treatment possibility.
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1. Introduction

Low back pain (LBP) is one of the most disabling health complaints with the world´s highest
disability rate [1], causing immense costs for the health care systems [2]. Evidence-based treatment
guidelines for LBP [3,4] point out that individual psychosocial factors, such as distress, pain-related
cognitions or social environment, play a major role in the chronification of unspecific LBP [5–7].
Some Cochrane Reviews conclude that physical or medical therapy treatments are more successful
if they are combined with psychosocial elements as multimodal therapy in comparison to unimodal
therapy [8–11].

To date, however, it has not been conclusively clarified why, and which type of multidisciplinary
therapy can achieve a better effect. After all, such effects can depend on the individual risk profile of a
person on the one hand and on the reinforcing mechanisms of action of different therapy modules on
the other. Regarding exercise therapy, there are indications that psychosocial factors may influence
physiological exercise adaptation outcomes [12–15]. For example, it has been shown that the individual
distress level influences the exercise dose-response effect on pain and depression outcomes, whereby
a high exercise dose leads to worse outcomes because of additional high stress levels [16,17]. These
rarely analysed mediation or moderation effects of the relationship to exercise adaption [18] could offer
an explanation for the often-reported short-lasting effects of exercise treatments on LBP reduction [19].
Besides this, selection tools to detect individual risk profiles and to find the right combination and
dose of exercise and behavioral treatment are lacking to the greatest extent. The most commonly
used screening instruments evaluate psychosocial risk factors for LBP chronicity for primary care and
without suggestions for an individualized treatment allocation [20–23]. Solely the Keele StarT Back
(SBT [4,24]) provides an individual risk profile identification and allocation to uni- or multimodal
treatment for physiotherapy and usual care in primary prevention, But this is not similarly applicable
for exercise treatments. Recently, the RPI-S was developed, a screening tool that focuses on psychosocial
risk and protective factors with respect to exercise treatments (e.g., individual distress vs. social
support) [25]. The instrument was developed for a 1-year prognosis in a secondary prevention setting,
and it is still unknown whether the RPI-S is valid for a shorter prediction in another population, and
whether its applicability and benefit for clinical practice is acceptable.

The objective of this study is an explorative evaluation of the RPI-S, 1) whether the RPI-S is valid
for a half-year prognosis within a secondary prevention sample and 2) whether the use of RPI-S results
in an appropriate individual treatment allocation to uni- or multidisciplinary exercise treatment and
clinical benefit. This should be analysed exemplarily for one risk domain of the RPI-S, whereby it is
assumed that individuals at risk are more responsive to a synergistic LBP multidisciplinary therapy
than people at no risk due to possible interaction effects.

2. Material and Methods

2.1. Design and Procedure

Study objectives were pursued in a subsample of a multicentre single-blind 3-armed randomised
controlled trial (RCT, trial No. DRKS00004977, study design see [26,27] within the MiSpEx
network (https://mispex.de/machbarkeit-multimodales-training/). The 24-week study comprised
five measurements: baseline (M1), after 3 weeks (M2), after 6 weeks (M3), after 12 weeks (M4) and after
24 weeks (M5), whereby only results related to M4 and M5 were reported here. Each measurement
started with a questionnaire administered by a study nurse and was followed by a medical examination.
At baseline, subjects were randomly assigned (nblock = 18, basis 1:1; www.randomization.com) to
an exercise intervention (SensoriMotor Training; SMT), a multidisciplinary exercise intervention
(SensoriMotor Training and Behavioral Training; SMT+BT), and a control group (regular routines) [28].
Subjects in the intervention groups participated in a supervised centre-based training of 3 weeks,
followed by 9 weeks of home-based training, with an average duration of 30 minutes 3 times/week.

https://mispex.de/machbarkeit-multimodales-training/
www.randomization.com


J. Clin. Med. 2020, 9, 1197 3 of 11

Study personnel were blinded and participants were told not to communicate their group allocation to
other participants or staff.

All clinical investigations have been conducted according to the principles expressed in the
Declaration of Helsinki. Final ethical approval has been provided 01/25/2012 by the major institutional
ethics review board of the University of Potsdam, Germany (number 36/2011). The study was registered
as a clinical trial 05/16/2013 in the German Clinical Trial Register with the identification number:
DRKS00004977. Study conduction was between 06/2013-12/2014. Adverse events were reported in
the manuscript.

2.2. Intervention

The exercise intervention included four different sensorimotor exercises, of which two directly
trained the core stabilizing and core surrounding muscles, while the other two indirectly trained
upper and/or lower extremities (detailed description see [27,29,30]). At the centre-based phase, the
subjects were guided by sports- and physiotherapists, while the home training was audio-guided by a
DVD. Therapists provided support by phone, e-mail or face-to-face contact for all participants at any
time. The additional Behavioral-Therapy module (BT module) included an education film, cognitive
distraction tasks (while practicing sensorimotor training) and body scan tasks provided by a DVD (for
detailed description see [27]). The educational film (to be watched with the life partner) focussed on
the social environment of the participant’s inclusive partnership task and three units: I) an education
phase (explanation of social and personal risk factors and the bio-psycho-social model of chronic pain),
II) an exercise phase (coping strategies and tasks), and III) a transfer phase (reflection on and improvement
of daily life routines).

2.3. Participants

Participants (n = 744) between 18–65 years were recruited at different clinical study sites across
Germany. Low back pain appearance (lowest ribs to gluteal folds) was defined as a minimum pain
intensity score of 20 on a 100-point Visual Analogue Scale. Sample size calculation was based on a
feasibility study that yielded an effect size for the outcome variable pain of f = 0.25 (α ≤ 0.05; 1-β = 0.999,
drop out 30%, power analysis by G*Power [31]).

The inclusion criteria were: at least one episode (≥4 days) of nonspecific low back pain in the
previous 12 months, to be able to understand the extent and content of the study and to answer a
German questionnaire without help. The exclusion criteria were pregnancy, acute pain during the past
seven days, being unable to stand upright, not able to give outcome sick leave information, or showing
signs of acute risk factors referred to as “red flags” (inflammatory, traumatic or systematic processes).
All participants signed a written informed consent after receiving written and oral information about
the study (Flow chart of Enrolment see [27] and S1).

The recruited participants follow the same inclusion and exclusion criteria as participants within
the developmental study of the RPI-S [25]. For this reason, sample characteristics are similar.

2.4. Instruments

The randomized controlled multicenter trial contained a broad measurement set up (such as
questionnaires for the assessment of stress, depression, anxiety, fear-avoidance, pain vigilance, social
support/attachment and lifestyle) which is not described in detail here, because the manuscript is
focusing on the quality of the Risk Prevention Index (RPI-S, e.g., [29,32]).

2.4.1. Outcome Variables

Pain was assessed by the Chronic Pain Grade questionnaire (CPG [33]), a seven-item questionnaire
assessing pain intensity and disability, during the intervention period on a 10-point Likert scale.
Scoring reveals two subscales “characteristic pain intensity” (CPI) and “subjective pain disability”
(DISS) ranging from 0 to 100. Further, subjects can be graded due to the severity of their pain (0—no
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pain complaints to IV—high disability). Internal consistency (Cronbach´s alpha) in the sample was
0.85 for CPI and 0.91 for DISS.

2.4.2. Prognostic Variables

The individual psychosocial risk profile for getting chronic low back pain and the expected
treatment response were assessed at baseline (M1) by one domain of the RPI-S [25], which is a screening
tool that should facilitate physician’s decision making in back pain management. The instrument
screens for the individual risk constellation in four psychosocial risk domains: subjective distress, pain
experiences, social environment, and medical care environment related to each outcome (pain intensity
CPI and pain disability DISS). The relevant items for the RPI-S were selected by Lasso algorithm [25] to
obtain a total score for each domain and outcome, ranging from 0 to 100, item scores were weighted
by regression coefficients and summed up. The analyses for clinical benefit were performed only
for the social environment domain of the RPI-S (RPI-S domain social environment (RPI-SSE), total
20 items, of which 15 items scores for CPI and 17 for DISS), because not all RPI-S domain-variables
were included in this randomized controlled trial. A score above the domain-specific critical cut-off

would indicate the need of an additional treatment in the respective domain, which means that a
multidisciplinary exercise treatment strategy would be recommended. For subjects with low domain
scores, a unimodal exercise treatment would be recommended. The cut-offs for people at higher risk
were already determined in the development sample by ROC curves, in which the RPI-S reached
acceptable discriminant validity with AUC = 0.79 for DISS and AUC = 0.82 for CPI [25].

The development and validation of the back pain screening tool RPI-S was carried out along the
PROGnosis RESearch Strategy [34] to investigate clinical outcomes in three consecutive multi-center
longitudinal studies within the MiSpEx network [35] and has passed through all 4 PROGRES
steps [36–38] with around 3500 participants to date. The presented study objectives treat a first
(retrospective) external evaluation of the validity and clinical relevance as it is suggested for the 4th
PROGRES step [38]; here, only one RPI-S domain was analyzed, because the development was not
finalized at this stage. A further external validation with all RPI-S domains and a comparison to the
STarTBack [24] was conducted in a one-year two-armed randomized controlled multicenter trial (Trial
No. DRKS 00010129, [30]) with 1600 participants, but not published yet. Finally, a further consecutively
three-armed randomized controlled multicenter trial (Trial No. DRKS 00020373) with 1200 chronic low
back pain patients has just started, in which the RPI-S then serves a priori for a therapy allocation.

2.4.3. Statistics and Data Analysis

Study objectives were analyzed in a subsample of the presented RCT, whereby the subsample
selection was based on complete cases (in RPI-S) and on subjects with a minimum CPG-Pain Class of 1.
Both conditions were necessary for a strict validity check. The variable income was estimated from a
comparable sample.

2.5. Validity and Prognosis Error

The prognosis error between predicted and observed values of CPI and DISS at 12-weeks and
24 weeks follow-up was calculated with the root mean squared error (RMSE [39]), using only the data
of control subjects.

2.6. Responsiveness and Applicability

Subjects with high RPI-SSE scores are expected to profit more from the multidisciplinary (SMT+BT)
than from the unimodal exercise treatment (SMT), i.e., larger reductions of CPI and DISS. For subjects
with low scores, a unimodal treatment should be ample. Due to the explorative character of the study
(no a priori allocation to the treatment groups based on the risk scores), this analysis could only be
performed retrospectively.
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For the evaluation of the clinical benefit, the sample was split alongside the cut-off scores of the
RPI-SSE in both intervention groups. Subjects with an RPI-SSE score of ≥31 (CPI) and RPI-SSE ≥ 17
(DISS) were classified as the medium/high risk group (defined as at risk), whereas subjects with
RPI-SSE < 31 (CPI) and RPI-SSE < 17 (DISS) were classified as the low risk group (defined as at no
risk). For each of the two risk groups, repeated measures analyses of variances were calculated
for CPI and DISS at baseline (M1), 12 weeks follow-up (M4, after homebased intervention), and
24 weeks follow-up (M5, 3 months after the end of intervention) (factor: time) comparing the unimodal
(SMT) and multidisciplinary (SMT+BT) intervention groups (factor: intervention group) and their
development over time (interaction: time*intervention group). Simple contrasts were used to compare
pain values at each of the follow-up measurements with baseline pain. The significance was set at
p < 0.05. Uncorrected p- values were reported due to the explorative character of the analyses. Analysis
was only performed in the highly standardized intervention groups.

3. Results

3.1. Descriptives

In total, n = 660 volunteers were randomly allocated in the randomized controlled trial (see S2).
A subsample of n = 274 persons fulfilled the study criteria for the analysis presented here, which were
a pain class higher zero (CPG > 0) and complete cases for the RPI-SSE for M1, M4 and M5. These
participants showed a mean age of 37.94 years, with a standard deviation of SD = 13.08 and a moderate
characteristic pain intensity (CPI) at baseline (M1): M = 34.08 (SD = 17.44), at 12 weeks follow-up
(M4): M = 26.21 (SD = 17.83) and at 24 weeks follow-up (M5): M = 24.84 (SD = 17.61); disability
(DISS) improved from baseline (M1): M = 19.98 (SD = 21.98), to 12 weeks follow-up (M4): M = 10.41
(SD = 15.58) and to 24 weeks follow-up (M5): M = 8.49 (SD = 13.21). In total, 49.8% of respondents
lived in partnership, 42.5% were single and 7.7% widow/divorced/separated. A total of 17.5% were still
in education, 22.6% had a low, 20.1% a medium and 36.1% a high level of education. With regard to
network contacts, the respondents had an average of M = 5.22 (SD = 3.47) family members in constant
contact and an average of 10.39 (SD = 8.04) friends in their circle of friends. The frequency of contact
with the close reference person is described by 84% as intensive. Work absence due to pain was on
average M = 2.35 (SD = 10.14) days within the last 3 months at baseline. Most of these variables were
not related to the outcome development. Only marital status shows a low correlation with M4 and M5
for both outcomes (Pearson between r = 0.19 and 0.27, p < 0.001).

Baseline RPI-SSE scores were M = 25.34 (SD = 11.65) related to CPI and M = 13.40 (SD = 9.66)
related to DISS. The distribution of the sample within people at risk and no risk by the RPI-SSE cut-off

is presented in Table 1. Differences in DISS and CPI between baseline and M4 and M5 for the RPI-SSE

groups are displayed in Table 2.

Table 1. Numbers of subjects within the intervention groups stratified into ‘at risk’ and ‘at no risk’
groups by the RPI-S domain social environment (RPI-SSE).

RPI-SSE Group RPI-SSE
Intervention Group

TotalCG SMT SMT+BT

DISS
at no risk < 17 49 44 42 135 69.2%

at risk ≥ 17 8 31 21 60 30.8%
Total 57 75 63 195 100.0%

CPI
at no risk < 31 60 67 64 191 70.0%

at risk ≥ 31 15 41 26 82 30.0%
Total 75 108 90 273 100.0%

CG—control group, SMT—unimodal sensorimotor training, SMT+BT—multimodal sensorimotor training combined
with behavioral therapy modules, CPI—characteristic pain intensity, DISS—disability score, RPI-SSE—RPI-S domain
social environment.
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Table 2. Differences in DISS and CPI between baseline (M1), 12 weeks follow-up (M4) and 24 weeks
follow-up (M5). Negative values indicate a reduction at M4 and M5, respectively.

Characteristic Pain Intensity—CPI

At no risk at risk
∆CPIM4M1 ∆CPIM5M1 ∆CPIM4M1 ∆CPIM5M1

mean sd mean sd mean sd mean sd
CG –6.48 12.33 –6.24 12.52 –12.14 15.45 –10.48 19.74

SMT –3.77 16.27 –4.17 19.10 –14.44 14.54 –12.93 14.48
SMT+BT –4.94 11.70 –6.76 13.10 –16.94 21.44 –21.75 19.34

Disability-Score—DISS

At no risk at risk
∆DISSM4M1 ∆DISSM5M1 ∆DISSM4M1 ∆DISSM5M1

mean sd mean sd mean sd mean sd
CG –3.03 7.04 –1.96 8.09 –25.00 16.33 –26.19 18.20

SMT –2.00 9.57 –2.19 12.09 –18.78 28.79 –23.19 29.91
SMT+BT –5.70 9.10 –5.56 11.43 –30.19 26.95 –36.46 23.99

CG—control group, SMT—unimodal sensorimotor training, SMT+BT—multimodal sensorimotor training combined
with behavioural therapy modules, CPI—characteristic pain intensity, DISS—disability score.

3.2. Validity and Prognosis Error

The results for the root mean squared error (RMSE) within the control group are presented in
Table 3. The second column shows high prognostic validity for a half year with more accuracy than the
prediction of future pain outcomes on baseline values.

Table 3. Predictive validity of RPI-SSE for CPI and DISS using RMSE, compared to prediction on the
baseline level of CPI and DISS.

M4—Baseline
RMSE

M4—Prediction
RMSE n M5—Baseline

RMSE
M5—Prediction

RMSE n

CPI 15.09 12.45 68 16.03 14.49 62
DISS 13.45 9.04 52 14.23 9.73 48

RMSE—root mean squared error, CPI—characteristic pain intensity, DISS—disability score, n—observation numbers
(may differ due to differences in completion of DISS and CPI at M4 and M5).

3.3. Responsiveness and Applicability

Characteristic Pain Intensity

Repeated measures ANOVA revealed a significant main effect of time in both risk groups (at no risk:
Fc(2, 196) = 9.577, p < 0.001, ηpart

2 = 0.089; at risk: F(2, 94) = 33.815, p < 0.001, ηpart
2 = 0.418), meaning

that, regardless of group allocation, CPI changed significantly from M1 to follow-up. The effect was
medium in people at no risk and strong for people at risk. Planned contrasts showed that this reduction
in CPI is evident in both intervention groups from baseline to M4 as well as from baseline to M5.

The main effect of the intervention group did not reach significance in either of both risk groups
(at no risk: F (1, 98) = 1.253, p = 0.266, ηpart

2 = 0.013; at risk: F (1, 47) = 0.125, p = 0.725, ηpart
2 = 0.003),

which means that an overall group difference between SMT and SMT+BT was not detected.
There is only a significant time*intervention group interaction for people at risk (F (2, 94), p = 0.044,

ηpart
2 = 0.064; people at no risk: F (2, 196) = 0.435, p = 0.648) (see Figure 1a,b). People at risk benefit

from a larger reduction in CPI from baseline to M5 in the SMT+BT (M = -21.75, SD = 19.34) than
participants in the SMT group (M= -12.93, SD = 14.48), although contrast analysis does not reach
significance (F (1, 47) = 2.704, p = 0.107).
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Figure 1. Displaying the time * group interaction for CPI in the ‘at-no-risk’ (low risk a) and ‘at-risk’
(medium/ high risk, b) group, comparing SMT vs. SMT+BT at the three measurements.

3.4. Disability

Repeated measures ANOVA reveals a significant main effect of time in both groups (at no risk:
F (2, 134) = 6.568, p = 0.002, ηpart

2 = 0.089; at risk: F (2, 58) = 27.453, p < 0.001, ηpart
2 = 0.486), meaning

that, regardless of group allocation, DISS changes significantly in both groups from M1 to both
follow-ups. The effect is strong for persons at risk and medium for persons at no risk.

Furthermore, there is no significant main effect of intervention group in both risk groups (no risk:
F (1, 67) = 0.235, p = 0.630, ηpart

2 = 0.003; at risk: F (1, 29) = 0.755, p = 0.392, ηpart
2 = 0.025), meaning

that an overall difference between SMT and SMT+BT is not detected.
Finally, there is a significant time*intervention group interaction within the at-risk group: F (2, 58),

p = 0.022, ηpart
2 = 0.123 (see Figure 2a,b). Planned contrasts show that persons at risk benefit from a

larger reduction in DISS from baseline to M5 in the SMT+BT (M = -36.46, SD = 23.99) than in the SMT
group (M= -23.19, SD = 29.91).
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4. Discussion

The objective of the study was an evaluation of the applicability and validity of the recently
developed back pain screening tool RPI-S [25], which aims to facilitate individual treatment allocation
decisions within an exercise treatment context. For this purpose, one RPI-S domain (namely RPI-SSE)
was applied in a subsample of a 3-group RCT with a uni- and multidisciplinary exercise treatment.

Concerning the question of whether the Risk Prevention Index (RPI-SSE) is valid for a half-year
prognosis in a secondary preventive context, it was shown that the prognosis errors within this study
are better than those of the development sample [25] and furthermore exacter than those of a prediction
on baseline values, confirming the applicability of the instrument.

Related to the question of whether the use of RPI-SSE results in an appropriate allocation to
unimodal or multidisciplinary exercise treatment, it was shown that individuals at risk in their
social environment (high scores in the RPI-SSE), benefited more from the multidisciplinary treatment
regarding the reduction of pain-related disability in comparison to individuals at no risk. It is important
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to note here that the observed improvements were of high sustainability, as this is an essential criteria
in the evaluation of a therapy success [40]. This specific pattern could also be observed for self-reported
characteristic pain intensity, although the effect was small and less specific. People at higher risk in
RPI-SSE consistently showed an improvement in pain intensity, although this could not be clearly
attributed to a specific form of intervention.

The last reported result may reflect the general variability of self-reported characteristic pain
intensity over time due to, for example, specific and non-specific treatment effects [41,42]. In contrast,
pain-related disability more often represents chronic states that strongly impact social tasks, and
is itself influenced by the individual’s environment [43]. The offered education with the spouse
addresses maladaptive pain-cognitions (e.g., fear, avoidance beliefs), responsible medication intake
and a stimulation of adaptive interactions with the social environment. This may help to improve
disability states.

Regarding participants at risk in the presented sample, it is appropriate to conclude that 41%
regarding disability and 38% regarding self-reported characteristic pain intensity were treated with
a unimodal exercise intervention, hence with an intervention that probably does not offer the best
benefit for these individuals. On the other hand, 67% (for DISS) and 71% (for CPI) were probably
‘overtreated’ in the multidisciplinary group because, according to their RPI-S-risk score, the unimodal
exercise treatment would have been sufficient. In total, 70% were classified as being at no risk, and
initially would have to be allocated to unimodal treatment, and 30% were classified as being at risk
and would therefore possibly benefit more from a multidisciplinary treatment option. The results refer
to the risk due to the social environment and its habits for the persons under study. Information about
the other risk domains (e.g., stress, pain experience, medial environment) cannot be derived from the
data and will be examined in the follow-up study.

The Risk Stratification Index (domain RPI-SSE) determine the prevalence of risk groups similar to
the StarT Back [24], which classifies 28% of high-risk individuals with a need for multidisciplinary
treatment and 72% of no-risk individuals with back pain of any duration with allocation to unimodal
treatment with physiotherapy only. The RPI-S, in general, may have a different sensitivity to previous
psychosocial screening tools, which was recently criticized [44,45], but this has to be examined further.

5. Limitations

There are some limitations to respect: (1) in this explorative study, only one risk domain (RPI-SSE)
was evaluated, which does not allow a transfer to other RPI-S domains; (2) the evaluation was only
retrospectively analysed, therefore missing an a priori design; (3) the sample size is limited due to
complete cases and CPG > 0 selection, which leads to small groups in the final analysis. (4) The
term multidisciplinary intervention was used for our combined SMT+BT tool; this is different to a
multidisciplinary form in clinics, which requires an agreement between different experts.

6. Conclusions

The validity and clinical benefit of the RPI-S domain social environment was proven in a half-year
randomized controlled trial with a uni- and multidisciplinary approach. Individuals assigned “at
risk” by the RPI-SSE benefited more from a multidisciplinary exercise treatment than subjects “at no
risk”. The RPI-S is the first LBP screening tool that can be used in the context of exercise treatments.
It further gives information about four psychosocial risk domains (mainly yellow flags), which provides
practitioners with more specific knowledge about their patient´s individual risk profiles and treatment
needs. Applying the RPI-S may prevent the over- or under-treatment of patients due to unspecific
alignment to treatment options. Nevertheless, further developmental and validation steps are strongly
required. Therefore, a further external validation [30] and a priori stratification by the RPI-S is planned
in two consecutively randomized controlled multicentre trials.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/4/1197/s1; S1:
Consort Flow Diagram.

http://www.mdpi.com/2077-0383/9/4/1197/s1


J. Clin. Med. 2020, 9, 1197 9 of 11

Author Contributions: All authors substantially contributed to the conception and realization of the studies and
critically revised the manuscript for important intellectual content. Original draft (P.-M.W.), Conceptualisation, data
curation (F.M., P.-M.W.), Methodology (P.-M.W., D.D.), validation, formal analysis (D.D., A.-K.P.), investigation,
resources, review editing (all), project administration, funding acquisition (F.M., P.I.). All authors have read and
agreed to the published version of the manuscript.

Funding: The present study was funded by the German Federal Institute of Sport Science on behalf of the Federal
Ministry of the Interior of Germany as the major funder. It is realized within MiSpEx – the National Research
Network for Medicine in Spine Exercise (grant-number: 080102A/11-14).

Acknowledgments: Thanks go to Helmut Küchenhoff, Gerhard Tutz, Steffen and Juliane Müller, Josefine Stoll,
Philipp Flössel, Martin Handel, Thore Haag, Ann-Christin Pfeifer, Simone Gantz, Daniel Niederer, Jessie de Witt
Huberts and all local principal investigators for the invaluable support in study design. We prospectively thank
both the technical and medical staff at study sites for their investment during study conduction.

Conflicts of Interest: All sources of funding for the research reported are declared. The funder does not
influence data collection, analysis, and interpretation or writing of the manuscript. The authors declare that they
have no competing interests. No financial and personal relationships with other people or organizations have
inappropriately influenced our work.

Abbreviations

AUC Area under the Curve
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CPI Characteristic Pain intensity, scale of Chronic Pain Grade questionnaire
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DRKS German Clinical Trials Register
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LBP Low Back Pain
M1, M2, M3, M4, M5 visits 1-5
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RPI-SSE Risk Prevention Index – Social: domain social environment
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SMT sensorimotor training (=motor control exercise)
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