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Abstract
Background: A subgroup of low back pain (LBP) patients present with movement control impairment
(MCI). Although there has been extensive research in this area, there is a lack of knowledge of how
movement control develops over time and the factors that impact MCI after an acute LBP-episode.
Objective : The investigation followed the time-course of MCI in the �rst three months after an onset of
acute LBP-episode, including a baseline-effect evaluation of various demographic, physical and
psychosocial characteristics on MCI. Methods : Within this prospective cohort study, 68 subjects with an
acute onset of LBP of less than four weeks duration were recruited. In conclusion, 56 subjects were
assessed three times at four, eight and twelve weeks. Questionnaire data was collected using an online
survey, including demographic data, pain intensity, recurrence of LBP, disability, depression, pain-related
activity patterns, activity level and the use of physiotherapy treatment. In addition, a physical examination
was performed at the same time points (TP) to assess MCI. For the data analysis, we performed a
regression analysis, using proportional odds models. Results : The majority of the participants presented
with MCI during the measurement period, although with highly individual courses. The evaluation of
baseline and time effects for disability, pain-related activity patterns and physical treatment con�rmed
interactions with MCI. In contrast, pain intensity and recurrent episodes of LBP revealed effects on MCI
only in the adjusted model in combination with other variables. Conclusions : MCI plays a signi�cant role
in a subgroup of subjects in the course of LBP after an acute onset of symptoms. Physiotherapy
treatment showed short time effects on MCI and might be essential in strati�ed care in a primary care
setting. Further longitudinal studies are needed to assess the association of those different physical and
psychosocial characteristics of MCI to calculate their time-interaction on MCI. This is due to the
multidimensional nature of LBP and the underlying mechanisms of MCI still being unidenti�ed.

Background
Low back pain (LBP) is an important health issue with a one year prevalence of 38.1% [1]. Typically, after
the onset of an acute LBP episode, symptoms show substantial improvement within two to six weeks.
However, up to 70% of these patients will have recurrent LBP episodes [2]. In addition, �uctuating as well
as persistent pain courses for longer periods have been described [3]. Around 10% of people who suffered
from acute LBP develop persistent LBP [1, 4]. Persistent LBP can lead to reduced activity levels, disability
and is responsible for a considerable economic burden on the health care system [1, 5, 6]. Considering
these challenges, it is of great interest to improve outcomes in people with acute LBP and to explore
potential risk factors and mechanisms contributing to the transition from acute to persistent LBP.

An important risk factor for pain and disability is movement control impairment (MCI) [7–11]. From the
biomechanical approach, intact movement control of the spine includes both spinal movement and
spinal stabilization during dynamic and static activities, as well as accurate trunk muscle activation to
control body posture [12, 13]. The central nervous system (CNS) organizes these complex mechanisms.
Afferent inputs from the peripheral sensorimotor system are evaluated together with cortical information
of the body’s position to plan and initiate coordinated motor responses to changing environments [12].



Page 3/24

Within these processes, pain disturbs habitual afferent input and subsequently may affect movement
control. For instance, mechanical factors such as abnormal mechanical tissue load, repetitive
movements or sustained postures induce nociceptive activation and can contribute to pain development
[8, 14, 15]. Subsequently, compensatory mechanisms result at multiple levels including neurochemical,
structural and functional changes [12, 16–19]. Maladaptation at inter- and intramuscular activity levels in
movement behavior, posture [13, 20, 21] and body perception [12, 22, 23] may result in MCI [10, 24–27]. A
battery of functional tests were proposed to assess MCI [7, 27, 28] and to discriminate between people
with and without LBP [29].

Besides biomechanical factors affecting pain and movement control, psychosocial factors were
identi�ed to interfere in a painful state [30–33]. These can disturb movement control by amplifying
neurophysiological signaling such as higher tissue sensitivity [12, 14, 25, 34]. Pain as danger signal
increases awareness and affects individual reactions and coping strategies [31, 35]. The resulting pain-
related activity patterns can be either adaptive (adaptive responding = AR) concomitant with adjustments
in activity load or pacing or result in maladaptive behavior such as fear avoidance (FAR) or endurance
responses (ER) [36]. In FAR behavior, the interpretation of pain as a threat and ultimately results in fear
avoidance behaviors that mediate ongoing pain, such as inactivity, disability and depression [30, 31, 33].
In contrast, elevated activity levels regardless of pain intensity de�ne ER. Pain-related endurance occurs
during task persistence, when pain is ignored by suppression of pain-related thoughts or distraction. Such
behavior imposes a risk of overloading joints, muscles, ligaments and tendons [30, 35, 37].

Thus, differences in activity-related behavior can affect the course of LBP. On one hand, subjects
experiencing LBP with high pain intensity and high disability levels demonstrate reduced physical activity
levels [32, 38, 39]. On the other hand, the relationship between physical activity and disability varied
signi�cantly among subgroups [36, 38]. There is evidence for both low and high physical activity levels to
be associated with higher prevalence of persistent LBP [40, 41] and further research in this �eld is
mandatory [14, 42, 43].

However, the effect of physical activity level on MCI in LBP has not yet been identi�ed. In particular, the
multidimensional nature of underlying mechanisms as well as the longitudinal time course of MCI after a
recent onset of acute LBP. Therefore, the objective of this study was to assess MCI after the onset of
acute LBP and follow it’s course for 12 weeks. In addition, the aim was to evaluate effects of pain
intensity, disability, depression, pain-related activity patterns on the course of MCI.

Methods

Design
This prospective cohort study assessed participants at three measurement times and investigated the
course of MCI in the �rst 12 weeks after an acute LBP episode. In addition, we collected demographic
data, information about the nature and intensity of the pain, previous LBP episodes, disability, depression,
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pain-related activity patterns, activity level and the demand for physiotherapy treatment. We calculated
the effect of these factors at baseline on MCI in the course of LBP.

Study sample
In total, 68 subjects participated in the study during the period of November 2017 to January 2019. We
recruited participants from private physiotherapy practices, two hospital outpatient practices and the
University Campus. The study was advertised over different communication channels (by word of mouth,
e-mail, homepages of the University and the hospitals). The inclusion criteria were 1) acute LBP for less
than four weeks(In the case of a recurrent LBP episode, the participant had to be pain-free for at least
three months prior to pain onset); 2) aged between 18 to 65 years old; 3) the ability to understand and
write German and 4) access to the Internet. The exclusion criteria were 1) LBP caused by serious
pathologies, such as trauma, tumors, infections, instable anomaly or signs of cauda equina symptomatic;
2) severe psychological problems requiring psychiatric treatment; 3) pregnancy and 4) the �rst year after
giving birth. Seven quali�ed physiotherapists examined the subjects in outpatient clinics. Each assessor
received individual instructions for two hours and were provided with written instructions on the testing
procedure to screen for selection criteria and to perform the test procedures. Whenever possible, the same
examiner performed the assessments. In case of absence, another quali�ed assessor substituted the
latter to ensure the de�ned time points. All subjects received written and verbal information and informed
consent was obtained. The experimental protocol was in accordance with the Declaration of Helsinki and
performed with the approval of the Ethics Committee of the Canton of Zurich.

Study protocol
The study protocol comprised three measurement time points (TP) over a period of 12 weeks. Baseline
measurements (TP1) were completed within four weeks after onset of acute LBP, followed by subsequent
examinations at 8 and 12 weeks (TP2 resp. TP3).

We collected data from online surveys and physical examinations concurrently throughout the study
period. We gathered demographic data and number of recurrent LBP episodes only at baseline. We
assessed pain intensity, disability, depression, pain-related activity patterns and activity level at all three
TP’s using speci�c questionnaires. In addition, subjects had to specify whether they were receiving
physiotherapy treatment (yes or no). The physical examination assessed movement control abilities.

Questionnaires
Reliable and valid questionnaires assessed pain, psychological and physical characteristics. Subjects
received a link for the online survey to complete the questionnaires within two days. If the subjects did
not �ll in the questionnaires within this time, they obtained an electronic reminder. This was followed by a
phone call, if they did not respond to the initial request.

Drop outs were de�ned as missing data on two subsequent measurements, if subjects responded
unreliably with more than one-week delay or if the subjects withdrew from the study.



Page 5/24

Pain intensity
We applied a Numeric Rating Scale (NRS) to measure pain intensity [44]. The NRS is a 11-point numeric
scale ranging from 0 to 10, with 0 representing «no pain» and 10 representing «pain as severe as you can
imagine» [44]. We calculated pain intensity as a mean of the actual pain intensity, the mean and the
maximal perceived pain during the last two weeks. We categorized mean pain intensity as minor pain/
recovery = 0–1 =, mild pain = 2–3, moderate pain = 4–5, severe pain = 6–10 [3].

Disability
The German version of the Oswestry Disability Index (ODI-D) is a self-administered questionnaire to
evaluate the individual’s functional status [45] with substantive reliability (r = 0.96) and construct validity
(r = 0.80) [46]. The ODI-Index is calculated by the sum-score of individual items divided by the maximal
possible score of 50 multiplied by 100 [47]. A higher ODI-Index indicates greater disability [45, 46].

Depression
The German version of the Depression Anxiety Stress Scales (DASS) assesses mental distress in patients
with pain. It contains three subscales for depression, anxiety and stress, each containing 7 items [48]. For
the present study, we applied the sum-score from the subscale for depression (DASS-D). DASS-D has a
cut-off of 10 points for depression and presents moderate diagnostic abilities with sensitivity and
speci�city of 77% and 83% [48].
Pain-related activity patterns: The Avoidance and Endurance Questionnaire (AEQ) assesses the cognitive,
affective and behavioral responses to pain and consists of various subscales [35, 49]. Among them, the
Thought Suppression Scale (TSS) evaluates non-speci�c suppression of thoughts of pain and a strong
sense of task endurance (internal consistency of Cronbach α = 0.80). The Behavioral Endurance Scale
(BES) consists of the Humor/ Distraction Scale and the Pain Persistence Scale assessing persistence in
everyday activities regardless of pain intensity (Cronbach α = 0.83) [35, 49]. Together with the DASS-D we
employed the mean sum score of the two subscales TSS and BES to classify patients into subgroups of
adaptive responders (AR), fear-avoidance-related responders (FAR) or endurance-related responders (ER).
We used the following scores to compute the evaluation of subgroups: AR = DASS-D < 10, BES < 3, TSS < 
3; FAR = DASS-D >/=10, TSS < 3, BES < 3; ER = either DASS-D >/=10 (for distress-ER) or DASS-D < 10 (for
eustress-ER), TSS >/=3 and BES >/=3. [50].

Activity level
We used the German version of the International Physical Activity Questionnaire (IPAQ) short-form
questionnaire to survey the average physical activity level over the last seven days. Subjects recorded
duration, frequency and intensity of their physical activities, walking and leisure time [51]. Based on the
amount of activation, we calculated an average metabolic equivalent of task (MET)-Score (MET-minutes/
week). The short-form IPAQ showed acceptable reliability (95%CI 0.73–0.77) and is recommended to
monitor activity levels [52].
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Physical examination
Movement control impairment (MCI): The MCI test battery includes six direction speci�c active tests of
extension, �exion and lateral-�exion (waiters bow, pelvic tilt, one-leg stance, sitting knee extension, pelvis
transfer in quadruped position: rocking forwards and rocking backwards, prone lying active knee �exion).
We examined the tests as described by Luomajoki [29]. The six tests revealed substantial inter- and intra-
tester reliability (CI 95% 0.19–0.95) [28]. The test score (number of positive, i.e. not accurate performed
tests) was used as outcome measurement. According to the study of Luomajoki [29], LBP patients
showed on average 2.21 positive tests (95% CI 1.94–2.48) and differed signi�cantly from healthy
controls. Based on these recommendations, we considered two positive tests as the cut-off score to
con�rm MCI.

Statistical analysis
We conducted all analyses with the statistical software R, version 3.5.3 (2019-03-11) [53–56]. The initial
data analysis applied was descriptive statistics and a Spearman Correlation analysis, screening for
disproportional subject characteristics, data outlier and absences of collinearity. Then, the regression
analysis assessed the effect-evaluation. We evaluated a proportional odds model for ordinal response Yij

of person i at time point j with random effects as best model �t. The proportional odds model assumes
that each explanatory variable exerts the same effect on each cumulative logit, regardless of the cut-off k.
The estimated coe�cients can be interpreted as log odds ratios (= logit-differences) of the event Y > k for
all thresholds k, comparing two observations that differ with “one unit” (i.e. one test in the MCI battery) on
the corresponding independent variable. The thresholds θk, k = 1,….K – 1 are of no direct interest. The level
of signi�cance was set at α = 0.05. We applied two different proportional odds model: the unadjusted
model considered the baseline value of a single explanatory variable (Table 1) for ordinal response Yij of
person i at time point j, while the adjusted model included all explanatory variables.
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Table 1
Relative frequency of the explanatory variables

Variables   Baseline (TP1) TP2 TP3

Sex (female)   30/68 (54%)    

Recurrent LBP episodes None:
1-2x:
3-4x:
>4x:

24%
36%
22%
18%

   

MCI test MCI ≥ 2 positive tests 60.7% 61.1% 56.4%

Pain intensity (NRS, 0–10) Minor /recovery
Mild
Moderate
Severe

5.4%
30.3%
39.3%
25%

40.7%
44.5%
9.2%
5.6%

43.6%
23.6%
29.1%
3.6%

Disability
(ODI Index)

Minimal
Moderate
High
High-disability

67.3%
27.3%
5.5%
0%

90.6%
9.4%
0%
0%

83.3%
14.8%
1.9%
0%

Depression (DASS-D) Sum-score ≤ 10
> 10

98%
2%

98%
2%

100%

Pain-related activity pattern AR
ER
FAR

56.4%
43.2%
0.0%

55.8%
44.2%
0.0%

54.9%
45.1%
0.0%

Activity level (IPAQ) Low
Moderate
High

10.4%
62.4%
27.0%

10.2%
56.3%
33.3%

15%
50%
30%

Physiotherapy (PT) Yes
No

47.3%
52.7%

29.1%
70.9%

21.4%
78.6%

MCI test: Movement control impairment test, Pain intensity: minor pain/ recovery = NRS 0–1; mild
pain = NRS 2–3; moderate pain = NRS 4–5; severe pain = NRS 6–10; Disability (ODI-Index): Score ≤ 
20% = minimal disability; Score ≤ 40% = moderate disability; Score ≤ 60% = high disability; Score > 
60% = very high disability/ high-maintenance; Depression (DASS-Depression): cut off value for
depression > 10; Activity level: low activity level ≥ 600 MET-min/week; moderate activity level, > 3000
MET-min/week; high activity level; AEQ: AR = DASS-D < 10, BES < 3, TSS < 3; FAR = DASS-D >/=10, TSS 
< 3, BES < 3; ER = either DASS-D >/=10 (for distress-ER) or DASS-D < 10 (for eustress-ER), TSS >/=3
and BES >/=3.

Results
Of 68 subjects at baseline, 56 subjects completed the full measurement period of 12 weeks. Dropouts
were due to lack of time, severe health reasons or pregnancy. We found no baseline differences between
dropouts and participants concerning age, gender, pain history, psychological variables or MCI scores.
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On average, subjects were 39 years old (SD 13) and 30 subjects were female (54%). The clinical,
behavioral and psychosocial data from baseline (TP1) and the two subsequent measurements (TP2 resp.
TP3) are presented in Tables 2 and 3 and Fig. 1. The Spearman’s correlation analysis did not reveal
signi�cant correlations between variables.
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Table 2
Unadjusted binary and proportional odds logistic regression

Variables Coe�cients
Estimate

Std. Error z value P(>|z|)  

Age          

Age 0.03 0.02 1.46 0.146  

TP2: age -0.04 0.03 -1.37 0.170  

TP3: age -0.06 0.03 -1.97 0.049  

           

Sex          

Sex_female -1.67 0.62 -2.72 0.006  

TP2: sex_female 0.73 0.71 1.02 0.306  

TP: sex_female 1.07 0.72 1.48 0.139  

           

Pain intensity          

Pain intensity -0.12 0.18 -0.70 0.490  

TP2: Pain intensity 0.23 0.21 1.09 0.280  

TP3: Pain intensity 0.07 0.22 0.31 0.760  

           

Recurrent episodes of LBP        

Rec.LBP2 (1–2 times) -0.27 0.81 -0.34 0.730  

Rec.LBP3 (3–4 times) -0.10 0.91 -0.11 0.910  

Rec.LBP4 (≥ 4 times) -0.17 0.96 -0.18 0.860  

TP2: Rec.LBP2 1.04 0.94 1.11 0.270  

TP3: Rec.LBP2 -0.88 0.95 -0.93 0.350  

TP2: Rec.LBP3 -0.12 1.06 -0.11 0.910  

TP3: Rec.LBP3 0.93 1.03 0.90 0.370  

TP2: Rec.LBP4 -0.40 1.13 -0.35 0.730  

TP3: Rec.LBP4 -0.56 1.12 -0.50 0.620  
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Variables Coe�cients
Estimate

Std. Error z value P(>|z|)  

           

Disability          

Disability 0.07 0.03 2.48 0.013  

TP2: disability -0.05 0.03 -1.68 0.093  

TP3: disability -0.09 0.03 -2.84 0.005  

           

Pain-related activity patterns        

AEQ_Endurer -1.36 0.61 -2.21 0.027  

TP2: AEQ_Endurer 0.15 0.72 0.21 0.831  

TP3: AEQ_Endurer 1.42 0.72 1.96 0.050  

           

Activity level          

Log (activity level) 0.30 0.31 0.99 0.320  

TP2:Log(activity level) 0.25 0.36 0.68 0.490  

TP3:Log(activity level) 0.31 0.35 0.87 0.380  

           

Physiotherapy treatment (PT)        

PT_No 0.30 0.62 0.48 0.632  

TP2: PT_No 1.62 0.73 2.23 0.026  

TP3: PT_No -0.30 0.72 -0.41 0.681  
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Table 3
Adjusted binary and proportional odds logistic regression

Variable Coe�cients
Estimate

Std.Error z value P(>|z|)

Age        

Age -0.02 0.04 -0.48 0.631

TP2: age 0.04 0.05 0.77 0.438

TP3: age -0.01 0.05 -0.16 0.873

         

Sex        

Sex_female -2.54 0.84 -3.04 0.002

TP2: sex_female 1.15 0.91 1.27 0.206

TP: sex_female 0.97 0.89 1.09 0.275

         

Pain intensity        

Pain intensity -0.62 0.31 -1.98 0.048

TP2: Pain intensity 0.71 0.37 1.92 0.055

TP3: Pain intensity 0.84 0.35 2.40 0.016

         

Recurrent episodes of LBP      

Rec.LBP2 (1–2 times) 1.57 1.09 1.44 0.151

Rec.LBP3 (3–4 times) 1.42 1.21 1.17 0.242

Rec.LBP4 (≥ 4 times) 0.44 1.11 0.39 0.694

TP2: Rec.LBP2 0.06 1.24 0.05 0.961

TP3: Rec.LBP2 -2.50 1.21 -2.07 0.039

TP2: Rec.LBP3 -0.42 1.37 -0.03 0.762

TP3: Rec.LBP3 0.34 1.28 0.26 0.792

TP2: Rec.LBP4 -0.52 1.27 -0.41 0.684

TP3: Rec.LBP4 -0.60 1.22 -0.49 0.620
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Variable Coe�cients
Estimate

Std.Error z value P(>|z|)

         

Disability        

Disability 0.19 0.06 3.31 0.001

TP2: disability -0.21 0.07 -3.20 0.001

TP3: disability -0.18 0.06 -2.94 0.003

         

Pain-related activity patterns      

AEQ_Endurer -0.40 0.81 -0.49 0.625

TP2: AEQ_Endurer -1.08 0.92 -1.18 0.239

TP3: AEQ_Endurer 0.71 0.89 0.79 0.427

         

Activity level        

Log (activity level) 0.61 0.37 1.66 0.097

TP2:Log(activity level) 0.19 0.40 0.47 0.640

TP3:Log(activity level) 0.33 0.41 0.80 0.422

         

Physiotherapy treatment (PT)        

PT_No -0.35 0.75 -0.46 0.642

TP2: PT_No 2.98 0.91 3.27 0.001

TP3: PT_No 0.83 0.83 1.01 0.314

The regression analysis evaluated the effect of baseline values of physical and psychological variables
on MCI over the 12 weeks measurement period using a proportional odds model. Both, the effects of the
unadjusted model (effect evaluation of single variables on MCI over time) as well as the adjusted model
(effect evaluation included all variables) are presented in Tables 2 and 3.

Test of movement control impairment (MCI)

The score of the MCI test presented at all three TP`s with a mean of two positive tests and a range from
zero to six, �ve and four positive tests respectively (Table 1). At baseline, 61% of all patients performed
positive (i.e. not accurate) in at least two tests, decreasing to 56% at TP3. Hence, more than half of the



Page 13/24

participants revealed MCI during the whole measurement time. However, the individual course of MCI over
the three-month measurement period showed numerous manifestations (Fig. 1a). The regression
analysis with time as between variable did not reveal signi�cant effects at TP2 (95%-CI: -0.64 to 0.74)
and TP3 (95%-CI: -0.97 to 0.42; Table 3).

Gender: At baseline, female participants displayed a one unit (one positive test) lower MCI-score
compared to male participants (Fig. 1b). The evaluation in both proportional odds models at baseline
revealed a signi�cant logit-decrease of 1.67 (95%CI: -2.88 to -0.47) resp. 2.54 (95%CI: -4.18 to -0.90) for
females compared to male subjects (Table 2,3). This signi�cant baseline-difference decreased over time
and did not affect the further course of MCI.

Pain intensity: At baseline, 36% of all subjects reported minor and mild pain, whereas 64% reported
moderate to severe pain. Figure 1c illustrates the average MCI score over time within pain categories.
There was no generalized pattern apparent for these pain categories. Only the adjusted model revealed a
signi�cant pain-time-interaction effect on MCI with a logit increase of 0.71 (95%CI: -0.2 to 1.44) and 0.84
(95%CI: 0.15 to 1.52) (Table 3).

Recurrent LBP: Subjects without previous episodes of LBP demonstrated MCI scores of two positive tests
over the whole measurement time. Participants with a history of previous LBP showed greater changes in
the MCI test. This effect was not signi�cant in all subgroups, representing the number of recurrences as
displayed in Fig. 1d. The subgroup with 1–2 recurrent LBP episodes revealed a decreased MCI score of
one unit between TP2 and TP3, indicating normalization of movement control. Participants with 3–4
recurrent LBP episodes showed a one unit higher MCI score at TP3, indicating persistence of MCI. The
evaluation in the proportional odds models disclosed a signi�cant effect towards TP3 with a logit-
decrease of -2.50 (95%CI: -4.86 to -0.13) (Table 3) in the adjusted model in the subgroup with 1–2
previous LBP episodes compared to the group that had never experienced LBP.

Disability
At all three TP’s more than 94% of the subjects reported a minimal to moderate disability regarding the
ODI index (Table 2), while only 6% had a high disability and none had severe disability. The time-
disability-interaction effect on MCI showed a statistically signi�cant logit-decrease in both proportional
odds models, indicating that a one unit increase in disability was followed by a signi�cant decrease in the
MCI-score, logit-decrease of -0.09, (95%-CI (-0.16, -0.03)), -0.21 (95%-CI (-0.34, -0.08)) and − 0.18 (95%-CI
(-0.30, -0.06)), Table 2,3).
Depression
Within our study population, depression occurred in 2% of all subjects, a slightly lower prevalence than in
the general Swiss population of 9%. Although depression is well documented as a major contributor to
poor outcome in persistent LBP [30, 31, 57], due to the low prevalence of depression reported at baseline,
this variable was excluded from further statistical analyses.
Pain-related activity patterns: The majority of subjects (56%) were adaptive responders (AR), whereas the
remaining showed endurance-related (ER) activity patterns (Table 1). We did not �nd fear-avoidance
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responders (FAR), due to low manifestation of depressive symptoms. The subjects classi�ed as ER at
baseline showed lower MCI scores compared to AR at the �rst two TP’s. Both groups demonstrated
similar MCI mean values at TP3 (Fig. 1e). The unadjusted proportional odds model revealed a signi�cant
logit-increase of 1.42 (95%CI: 0.00 to 2.84) of the MCI score in the subgroup of ER compared to AR from
TP1 to TP3 (Table 2).

Activity level
At baseline, the majority of the subjects (62%) reported their activity level to be moderate, 27% reported
high activity levels and approximately 10% low activity levels (Table 2). The average activity level was
around 3000 MET-min over all TP’s (Table 2), whereas the median increased towards TP3 by
approximately 500 MET-min. Data distribution of the activity levels demonstrated a skewness of 2.35 and
kurtosis of 5.89, indicating the need for logarithmization for further analysis [58]. The subsequent
evaluation within the proportional odds models did not reveal any signi�cant effects.
Physiotherapy treatment
Participants receiving physiotherapy treatment at baseline showed lower MCI scores (MCI score
difference of 0.22, 1.09, and 0.03, Fig. 1f). The different MCI score at TP2 was clinically relevant, as the
participants having received physiotherapy treatment at baseline showed intact movement control (mean
MCI-score of 1 positive test). At TP3, this effect disappeared and a marginal difference in MCI-score
remained. The effect evaluation in both proportional odds models revealed a signi�cant increase in MCI
from TP1 to TP2 in participants without physiotherapy treatment compared to physiotherapy treatment
Table 2,3).

Discussion
The study aimed to evaluate the course of movement control abilities of the lower trunk in the �rst 12
weeks after onset of an acute LBP episode. The majority of the participants presented with MCI during
the measurement period, although with highly individual courses. The evaluation of baseline and time
effects for disability, pain-related activity patterns and physical treatment con�rmed interactions with
MCI. In contrast, pain intensity and recurrent episodes of LBP revealed effects on MCI only in the adjusted
model in combination with other variables.

Movement control impairment (MCI)

Impairments in lumbar movement control is an early consequence of LBP and was evident in more than
half of all participants from the beginning, and during the 12 week measurement period. By using this
MCI test, movement abilities in LBP has been investigated previously. The MCI test was able to
differentiate between healthy controls and LBP patients, and also between sub-acute and chronic LBP
patients [29]. The observation of the subject sample over a longer time interval might have provided
further information on the course of MCI and its potential effects on pain persistence. In addition,
considerable between-subject variabilities in the time course of MCI impeded data interpretation. On one
hand, despite substantial reliability of MCI tests, instruction as well as interpretation of the test might
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have been slightly different between assessors. Furthermore, sample heterogeneity concerning movement
capabilities and gender differences might explain the spread of results. As evident in our data, gender
differences in movement abilities, postural patterns, lumbar positioning sense and timing of lumbopelvic
movements have been described in people with and without LBP [59–61]. Nevertheless, it was suggested
that gender differences may not be relevant when subgrouping subjects by different patterns of lumbar
posture and movements [62]. Based on our results revealing more positive tests in male participants than
female participants, we suggest that an individual gender analysis may be a prerequisite for
categorization based upon movement characteristics. Unfortunately, the sample size of our study
population was too small to perform the suggested analysis.

Pain and disability

Pain and movement control are interrelated constructs. Previous research con�rmed movement
maladaptation due to pain, although there is still an ongoing debate as to what comes �rst [12, 13, 19, 20,
63–65]. Unexpectedly, our data indicated a negligible effect of the number of recurrent LBP episodes on
MCI, with respect to 1–2 recurrent episodes. Based on reports of frequent reoccurrences, it was suggested
to interpret LBP as a long-term condition, demonstrating heterogeneous pain patterns [3, 66]. Although we
observed similar pain patterns in our study population, effects on MCI were not veri�ed. The same applies
for pain intensity, our results revealed a pain x time-interaction effect on MCI only in the adjusted model.
Thus, the effects of pain intensity on MCI were confounded by the other biopsychosocial variables.
Indeed, statistical analysis recognized disability as a main variable to interact with MC, in both models.
However, interpretations of the �ndings are di�cult due to an increase in disability, as a result of a
decrease of the MCI-score. Disability quanti�es functional limitations in daily life that result from LBP
and the reported inverse relation is contrary to expectations. It was assumed that the level of disability
was directly related to maladapted movement patterns [11, 62, 64, 65]. In contrast to these reports, our
study population within primary care, presented only minor disability. Could it be that people with a low
level of disability may have less awareness to control their movements and posture and are thus at
higher risk for MCI? In particular, pain-related activity patterns, such as pain-related fear or a high level of
task-persistence, are signi�cant predictors of self-reported disability in acute LBP and the latter for
persistent LBP [32, 38, 57, 67, 68]. Still, these �ndings complement the multidimensional nature of pain
that affect cognitive processes and motor responses and in the end, contribute to neurophysiological
consequences at different levels of the nervous system [12, 18, 22, 31, 35].

Pain-related activity patterns

ER and AR at baseline revealed signi�cant differences regarding the MCI-score. Furthermore, ER affected
MCI at baseline and TP3 in the unadjusted model. This is in line with the hypothesis of the avoidance
endurance model that proposes ER to mediate pain persistence. In the ER subgroup, MCI scores increased
over the study time period. In contrast, in the AR subgroup MCI-score showed an inverse effect by
decreasing. Based on the de�nition of endurance behavior, we can hypothesize that this trend might
continue over a longer period of time and requires a longer observation period.
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Even though endurance behavior and self-reported measures of activity level seem to be similar
constructs, they were not interrelated in this study. Limitations are possible due to a coincidentally
homogenous and unequally distributed study sample or the average of the subjects reported moderate
activity level. Effects on MCI may be expected when the activity level is either high or low. Although the
short-form of the IPAC showed acceptable reliability and was recommended to be used for national
monitoring [52], self-reporting activity questionnaires seem to be more unreliable using them in a
population with LBP [69]. Pain-related factors have been reported to in�uence negatively the self-reported
activity-level [70], on the other hand social bias was associated with over reporting of individual activity
levels [71].

Physiotherapy treatment (PT)

The evaluation of physiotherapy treatment revealed a signi�cant effect on MCI from the �rst to the
second TP in favor of the group that received physiotherapy treatment within the �rst four weeks.
Although those effects could not be con�rmed up to 12 weeks after onset of LBP, early therapy might be
able to prevent persistent pain in vulnerable patients. Supporting this assumption are reported promising
results on subgroup-based treatment approaches, with a focus on movement control exercises [10, 72–
76].

Implications for clinical practice and future research

The multidimensional presentation of LBP explains the complexity to evaluate factors that in�uence
movement control [77]. This study con�rms MCI in the course of LBP after onset of an acute episode.
Further research should investigate the movement control abilities over a longer time period with the
focus on gender differences, pain treatment and disability and psychosocial factors [12, 18, 22, 31, 35].
Indeed, literature suggests sub-grouping into different pain patterns [3, 66], when assessing the effect of
pain on the ability to control movement.

Important factors are the relationship between the appropriate level of physical activity, LBP and its
impact on MCI [14, 42, 43]. For the assessment of activity level, preference should be given to objective
measurement methods, such as the accelerometer-based activity registration [69], in combination with
the self-reporting questionnaire. Furthermore, a more heterogeneous population, including subjects with
high and low activity levels is required to draw more conclusions that are accurate.

Conclusions
MCI plays a signi�cant role in a subgroup of subjects in the course of LBP after an acute onset of
symptoms. Physiotherapy treatment showed short time effects on MCI and might be essential in
strati�ed care in a primary care setting.

Thus, there is an imminent need for longitudinal studies to assess the association of those different
physical and psychosocial characteristics to MCI and recording their time-interaction on MCI, as the
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multidimensional nature of LBP and its underlying mechanisms of MCI are still unidenti�ed.
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Figure 1

Movement control impairment test and the explanatory variables


