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Abstract

The purpose of this study was to investigate muscle activity variability within and between
the right and left side of lumbar muscles in patients with chronic low back pain (cLBP) com-
pared to healthy controls (HCs) during sustained quiet sitting. Surface electromyographic
(EMG) signals were collected bilaterally from the lumbar muscles with 2 high density surface
EMG grids of 9x14 electrodes. Root mean square values (RMS) over 1-sec epochs of all
bipolar EMG leadings were obtained. Between-sides alternating activation was computed,
as well as temporal- and spatial variability within the electrode grids through the coefficient
of variation and correlations between RMS distributions. The subjective influence of sitting
was evaluated by the rating of perceived exertion and the amount of LBP on a numeric pain
rating scale. Compared to HCs, the patients with cLBP had lower temporal (p = 0.03) and
similar spatial muscle activity variability during sitting, despite a more variable sitting posi-
tion. This did not result in increased muscle fatigue indicated by EMG, but the patients with
cLBP reported higher levels of RPE during- and more LBP after the sitting and as a conse-
qguence ended the sitting earlier than HCs (p < 0.01). Present findings lend support to the
presence of less tolerance for low-level static muscle load in patients with cLBP.

Introduction

Low back pain (LBP) is a common health complaint with a global lifetime prevalence of about
40% [1]. Specific pathological causes of LBP like infection, tumor, osteoporosis, fracture or
structural deformity are rare, generally reported as less than 15% [2, 3]. This leaves the major-
ity of LBP labelled as non-specific [1, 4]. Therefore, rather than structural derangement, a
functional disturbance in the complex system that coordinates the network of paraspinal mus-
cles could be the background for non-specific LBP [5]. Moreover, pain itself may induce
guarded behavior and fear which in turn may induce altered muscle activation and monoto-
nous movement patterns [6-8], contributing to a transition from acute to chronic LBP [1].
Chronic LBP (cLBP) is defined as non-specific LBP lasting longer than 12 weeks [2]. A review
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from 2012 using 86 estimates, reported a global prevalence of cLBP of on average 20% with a
standard deviation of 10% [9]. Moreover, the European guidelines for the management of
chronic nonspecific low back pain [1] conclude that 12% of the general population reported to
be disabled by cLBP.

During low force activities, reduced trunk motor variability is associated with increased
muscle fatigue, decreased endurance and increased pain and may therefore play a role in the
cause of cLBP [10, 11]. Altered neuromuscular function in patients with cLBP has been shown
during different tasks [11-15]. However, the observed muscle activation pattern in patients
with cLBP is highly variable and inconsistent [16]. One reason for this inconsistency could be
that most studies investigating LBP utilized classic bipolar surface electromyography (EMG)
where one signal detected by electrodes usually covering about 1 cm by 3 cm of the skin above
the muscle is analyzed.

However, in the lumbar region nearly 70 muscles of variable size are contributing to several
possible actions and hence exert various forces and actions on the spinal motion segments
[17]. In this way, the numerous back muscles provide a pool of possible “motor solutions” that
may be recruited to suit the needs of the vertebral column. In contrast to classic bipolar EMG,
high-density surface electromyography (HDSEMG) applies multiple (from about 30 to over
100) small electrodes in a grid over the skin above the muscle of investigation. HDsEMG can
therefore reveal information from bigger portions of lumbar muscles and information of the
spatial distribution of the activation [18, 19]. The change of the average EMG amplitude dur-
ing sustained sitting can provide a representative and therefore possibly more stable represen-
tation of the activation changes of the whole muscle group [11, 20]. Previously, we have shown
indications for relations between frequency of alternating activation between the left and right
sides of the lumbar muscles, spatial and temporal variation in muscle activation at both sides
and manifestations of muscle fatigue development during sustained sitting in healthy subjects
[20]. Moreover, Falla et al [11] showed a significant shift in lumbar muscle activation during
dynamic tasks in healthy controls, but not in cLBP. Whether or not persons with cLBP also
have altered side-to-side alternating activation and temporal and spatial variation during sus-
tained sitting is unknown.

Therefore, the purpose of the present study was to investigate temporal and spatial muscle
activation variability within, and alternating activation between the right and left sides of lum-
bar muscles in patients with cLBP compared to healthy control persons with HDSEMG during
sustained quiet sitting. Systematic temporal changes during sitting were evaluated by linear
regression of the EMG amplitude and frequency content and temporal variation by the coeffi-
cient of variation around the de-trended EMG amplitude. Spatial variability in the EMG
amplitude was explored through the average spatial coefficient of variation and correlations
between the amplitude distribution at different time instances. We hypothesized that patients
with cLBP would have less variable muscle activation and would be more affected by the sus-
tained sitting showing in more signs of muscle fatigue, reduced sitting time and increased
pain.

Methods

Subjects

Eighteen patients (13 males and 5 females) with cLBP and 32 healthy controls (HCs; 16 males
and 16 females) in the age range 29 to 53 years were included in the study (Table 1). The
patients with cLBP were recruited from the outpatient clinic at Vestfold Hospital Trust, were
diagnosed with non-specific low back pain of at least 3 months duration and were referred
from general practitioners. The HC were without back pain in the previous year or back pain
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Table 1. Subject characteristics.

Characteristic HC (n=25) cLBP (n=18) torU(p)
Mean (SD) Mean (SD)

Age (year) 39.9 (6.6) 40.8 (7.8) -0.45" (0.66)

Height (cm) 174.1 (9.6) 177.6 (7.9) -1.27'(0.21)

Weight (kg) 70.0 (12.1) 73.3(9.6) 179.5Y (0.26)

BMI (kg/m?) 22.9(2.2) 23.2(2.1) -0.39"(0.70)

Muscle depth (mm) 9.6 (2.4) 10.2 (3.6) -0.58"(0.57)

PAL (0-10) 7.2(1.9) 7.4 (1.5) 2109 (0.71)

Average pain last week (0-10) 6 (2.6)

ODI 26.9 (9.6)

TSK (13-52) 27.1(7.4)

Mean and standard deviation (SD) of the low back pain patients (cCLBP) and healthy control subjects (HC)
characteristics.

Abbreviations: BMI; Body Mass Index, ODI; Oswestry Disability Index, PAL; Physical Activity Level, TSK; Tampa
Scale of Kinesiophobia.

Group differences evaluated with * independent T-test or ¥ Mann-Whitney U test with the level of significance (p).

https://doi.org/10.1371/journal.pone.0213778.t001

lasting longer than one week in the previous 3 years. Exclusion criteria were anamnesis of
medical or drug abuse, surgery on the musculoskeletal system of the trunk, known congenital
malformation of the spine or scoliosis, systemic-neurological-degenerative disease, history of
stroke, psychiatric disorder and pregnancy. Moreover, due to test protocol risks, persons with
abnormal blood pressure were also excluded from the study. Participants were asked not to
perform any back-straining exercises 48h prior to examination and not to use any medications
except for Paracetamol or Ibuprofen preparations during one week before participation. Infor-
mation of lumbar muscle fatigue, variation in muscle activation and gender differences during
sustained sitting from the 32 HCs has previously been published [20].

Due to poor signal quality from muscles covered with subcutaneous soft tissue and
fascia > 15 mm, seven HCs were excluded and 25 HCs were included in final analyses (13
males and 12 females).

The project was approved by the Regional Committee for Medical Research Ethics (REK)
in the South-Eastern Norwegian Regional Health Authority (S-08630a, 2008/1585) and all sub-
jects signed an informed consent prior to participation.

Experimental setup and procedure

The same experimental procedure was used as in [20], and for details one is referred to this
paper. In short, the participants’ characteristics were obtained through a custom-made ques-
tionnaire. Ultrasound measurements 3 cm lateral of the spinous process at the L3-L4 level
were used to determine the subcutaneous soft tissue and fascia thickness.

The sitting position was controlled by two inclinometers placed on the back at the Th.12
and S1-level (Fig 1). The signals were collected with a sampling frequency of 1500 Hz in
MyoResearch XP Master Edition (Noraxon). A target position from the inclinometer at Th 12
was given on a computer screen.

Two HDSEMG grids consisting of 126 (9 medial-lateral columns by 14 caudal-cranial rows)
gelled Ag-AgCl electrodes with 4 mm inter electrode distance were attached to the skin with
double-sided tape. Prior to electrode placement, the skin was prepared with an abrasive paste
and an electrode gel was applied on the electrodes. The center of the electrode grids was placed

PLOS ONE | https://doi.org/10.1371/journal.pone.0213778 March 14,2019 3/13


https://doi.org/10.1371/journal.pone.0213778.t001
https://doi.org/10.1371/journal.pone.0213778

® PLOS |ONE

Variability in lumbar muscle activity and low back pain

Fig 1. Placement of inclinometers and HDSEMG grids. The drawing demonstrates the electrode grids placement a)
and b), center of the grid located 3 cm from the spine process and with the base of the grid at the level of the posterior
superior iliac spine C). A) and B) demonstrates the position of the trunk and pelvis inclinometers, one in the lower
part of the thoracic spine, and one on the sacrum.

https://doi.org/10.1371/journal.pone.0213778.9001

3 cm from the spine process with the base of the grids at the level of the posterior superior iliac
spine. Two 128-channel ActiveTwo amplifier systems (BioSemi, Amsterdam, The Nether-
lands), were used for data collection with a sample rate of 2048 Hz per channel (24 bit, 4th
order Delta-Sigma modulator with 64x oversampling; fixed first order analog anti-aliasing fil-
ter, -3dB at 3.6 kHz), using data acquisition software (MyoDaq) developed at the Department
of Clinical Neurophysiology of the Radboud University Nijmegen Medical Center.

In a seated position, the subjects performed three 5s maximal contractions of back exten-
sion against resistance of a strap around the upper part of the trunk. Three minutes rest was
taken between the 3 trials. After another break of 10 minutes, the participants were asked to
maintain a trunk inclination of 5° forward from vertical for 30 minutes or until “task failure”.
Task failure was defined as a deviation from the target inclination of 1 degree for more than 3
s. Every five minutes, subjects rated their perceived exertion (RPE) experienced during the sus-
tained sitting on a scale ranging from 6-20 (Borg, 1982).

Data analyses

First, HDsEMG channels with poor quality were removed. Then, the signals were band pass
filtered (30 — 300Hz) and a bipolar spatial filter was applied in the cranial-caudal direction
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with inter electrode distances of 12 mm, leaving 9 columns and 11 rows with bipolar EMG.
For each bipolar signal, the root mean square (RMS) and median frequency (MDF) were cal-
culated in 1s non-overlapping epochs. The RMS values were normalized to the 1s highest RMS
value obtain during the maximal contractions. It is important to note that the participants
with cLBP reached lower levels of RMS during the MVCs, indicating a possible motor unit
recruitment failure, hampering comparison of normalized RMS data with HC. Therefore,
absolute RMS data are also presented. For each grid and all epochs, the overall grid average
was obtained.

The slope of a linear regression of the changes in grid averaged RMS and MDF values dur-
ing sustained sitting were obtained (RMSslope and MDFslope) to quantify systematic changes
over time.

The frequency of the alternating activation between left and right lumbar muscles was used
to quantify the variability in muscle activity between sides as previously described in detail [20].
In short, the detrended grid average RMS signal was normalized to the second highest RMS
value from each signal. The second highest value was used due to the possible effects of transient
artifacts in the signals on the peak RMS value. The number of periods with a difference between
the two sides exceeding 30% was counted and divided by time, resulting in a frequency.

The temporal variations in amplitude were quantified as the coefficient of variation of the
de-trended grid averaged signals (COVgmporar = 100*SD de-trended RMS /mean RMS).

To explore the spatial variability of the EMG amplitudes within the electrode grid during
the quiet sitting, the coefficient of variation of all RMS signals in the grid per epoch was
obtained and averaged over the sitting period (COVgspaTrar)-

The RMS distribution changes over time were quantified by the correlation coefficients
between RMS values of different epochs. Correlation coefficients (CCT) for all possible combi-
nations were obtained during the sustained sitting task resulting in a matrix of correlations.
The median value (CCTygp) was taken where low CCTygp thus indicates a large variation in
RMS distribution.

None of the calculated EMG variables differed significantly between the electrode-grids
placed on the left and right side of the back. Therefore, all EMG variables were averaged
bilaterally.

The average medio/lateral and anterior/posterior position for each second was computed.
From the inclinometer data, the absolute change and variability (SD) in position during sitting
was calculated.

Statistical analyses

The statistical analyses were performed with the software PASW Statistics 21. A Shapiro-Wilk
W-test for normality was performed on all dependent variables before statistical analysis. As
almost all variables turned out to have a non-normal distribution, non-parametric statistics
were applied. For within subject changes the Wilcoxon signed rank test was performed and
the Mann-Whitney U test was applied for differences between groups. The slopes for MDF
and RMS were tested against zero with the one sample Wilcoxon test. The significance level
for all tests was set to p < 0.05, and comparisons were performed two tailed. The non-paramet-
ric testing hampered multivariate testing and no correction for multiple comparisons was
undertaken, impeding a more exploratory nature of the study.

Results

The BMI and the depth of the lumbar muscles measured with US (skin plus subcutaneous fat
layer) were, together with other subjects characteristics, similar in patients with cLBP and HCs
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(all p-values > 0.1) (Table 1). Eight patients with cLBP (~40%) and one HC ended the sitting
task before the scheduled 30 minutes due to experienced perceived exertion, pain and discom-
fort in the sitting position. On average, the LBP patients had significant shorter sitting time
(median (IQR) HC; 30 (0), cLBP; 20 (23), (p < 0.01).

During the sitting, only very small changes in position were observed (all changes for trunk
and pelvis position < 2.1°). However, the change in medial-lateral direction of the trunk posi-
tion was significant larger in patients with cLBP compared to HCs (p < 0.01). Moreover, dur-
ing the sitting the patients with cLBP had increased variation in the trunk and pelvis position
compared to the HCs (Table 2). This was statistically significant (p-values < 0.05) in all direc-
tions except for the anterior-posterior direction of the pelvis (p = 0.25). Moreover, the patients
with cLBP reported higher RPE at the start and after the sitting and had a greater change in the
RPE after the sitting (all p-values < 0.02) (Table 3).

Muscle activation and variability during sustained sitting

The absolute RMS amplitude at the start of the sitting was lower in the patients with cLBP
compared to HCs (p < 0.01), while this value normalized to the RMS obtained during MVC
had a tendency to be higher in patients with cLBP (p = 0.06) (Table 2). Moreover, the MDF at
the start of the sitting was higher in patients with cLBP (p < 0.01). During the sitting, both the
absolute and relative RMS increased significantly in both groups (both p < 0.01; Table 2 and
Fig 2) while the MDF remained unchanged.

There were no group differences in the change of absolute RMS (p = 0.56), relative RMS
(p =0.17) or MDF (p = 0.38) during the sitting (Table 2).

Table 3 summarizes the EMG variability of lumbar muscles. The patients with cLBP had
significantly lower (p = 0.03) temporal variation (COVrtgmporar) in grid-averaged RMS. The
alternating frequency was not different between patients with cLBP and in HCs, (p = 0.56).
The spatial variability of the EMG amplitudes within the electrode grids during the sitting
(COVspatiar) and the EMG spatio-temporal correlation (CCTygp) were high without group
differences (COVgpariar; p = 0.46, CCTygp; p = 0.56).

Table 2. Muscle activation during sitting.

HC (n =25) cLBP (n=18) Up)

Median (IQR) Median (IQR)
Start EMG RMS (uV) 481 (391; 919) 265 (173; 487) 106 (<0.01)
Start EMG RMS (%RMSmvc) 19.7 (12.6; 25.2) 24.2 (18.1; 43.9) 145 (0.05)
Start EMG MDF (Hz) 101.8 (96.7; 113.9) 125.9 (117.9;148.4) 80 (< 0.01)
EMG RMS slope (uV/min) 3.9(0.9; 10.1)** 3.5(0.2;9.2)** 201 (0.56)
EMG RMS slope (% RMSmvc/min) 0.13 (0.03; 0.28)** 0.27 (0.05; 0.51)** 281 (0.17)
EMG MDF slope (Hz/min) -0.02 (-0.19; 0.19) -0.06 (-0.29; 0.07) 189 (0.38)

Median and interquartile range (IQR) of the low back pain patients (cLBP) and healthy control subjects (HC) of the
grid-averaged root mean square amplitude (RMS) and median frequency (MDF) of EMG collected from the lumbar
muscles at the start of the sitting task and the slope of the change of these variables during sustained sitting. RMS
values are presented both in uV and as a percentage of the maximal RMS obtained under a maximal voluntary
contraction (%RMSmvc). U-values and significant levels (p) of the group effect resulting from the Mann-Whitney U
test are also included.

** significant different from zero.

https://doi.org/10.1371/journal.pone.0213778.t1002
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Table 3. Variation in posture and muscle activation during sitting.

HC cLBP U(p)

Median (IQR) Median (IQR)
trunk a/p SD (°) 0.16 (0.11; 0.24) 0.21 (0.19;0.30) 315 (0.03) *
trunk m/1 SD (°) 0.41 (0.30; 0.76) 0.73 (0.66;1.29) 348 (<0.01)*
pelvis a/p SD (°) 0.74 (0.35; 1.52) 0.81 (0.55; 1.99) 270 (0.27)
pelvis m/1 SD (°) 0.26 (0.20; 0.51) 0.47 (0.27; 1.41) 310 (0.04)*
EMG alternating frequency (min™!) 8.0 (4.8 9.1) 7.6 (4.3;11.7) 201 (0.56)
EMG COVygpporar (%) 8.7 (7.4; 10.9) 7.0 (3.0; 9.4) 135 (0.03)*
EMG COVspariar (%) 26.1(19.1; 34.8) 27.9(16.1; 44.1) 255 (0.46)
EMG CCTpp (1) 0.89 (0.83; 0.93) 0.93(0.71; 0.97) 202 (0.57)

Median and interquartile range (IQR) of the low back pain patients (cCLBP) and healthy control subjects (HC) of the variables showing variation in posture and muscle

activation during the sustained sitting task. Variation in posture: Coefficient of variation (COV) of the position in anterior-posterior (a/p) and medial-lateral (m/1)

direction for the trunk and pelvis. Variation in muscle activation investigated by root mean square amplitude (RMS) of EMG collected from the lumbar muscles

obtained with bipolar leadings. Frequency of alternating activation between the left and right side of the back muscles, the coefficient of temporal variation of the grid-

average RMS (COVrgepmporar) the average coefficient of spatial variation of the RMS within the electrode grid (COVgpatiar) and the RMS distribution change

(CCTypep). U-values and significant levels (p) of the group effect resulting from the Mann-Whitney U test are also included.

* significant group difference.

https://doi.org/10.1371/journal.pone.0213778.1003
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Fig 2. Change in RMS during sitting. The figure shows the change in average RMS during sitting in cLBP patients
(red) and healthy controls (green). Solid line: group median. Shaded area: inter quartile range. Since not all
participants could sit for 30 minutes, the number of participants presented in this figure are less at the end than at the
beginning.

https://doi.org/10.1371/journal.pone.0213778.g002
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Table 4. Differences from before to after sustained sitting.

HCn=25 cLBPn =18 U (p)
Pre SS Post SS Z(p) Pre SS Post SS Z (p)
RMSpve (mV) 3.1(1.8-5.3) 2.5 (2.0-5.3) 0.5 (0.6) 1.3 (0.6-2.8) 1.2(0.6-2.1) 2.1 (0.04) 183 (0.30)
NPRS (0-10) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.3(0.2) 3.5 (1.8-6.0) 6.0 (3.5-8.0) 2.6 (0.01) 370 (<0.01)
Perceived exertion 6.0 (6.0-8.5) 13.0 (11.0-15.0) -4.3(<0.01) 9.0 (6.0-13.0) 19.0 (17.0-19.3) -3.7 (<0.01) 336 (0.01)

Median and interquartile range (IQR) of pre and post sustained sitting (SS) results in low back pain patients (cLBP) and healthy controls (HC) of muscle activation

during maximal voluntary contraction in sitting trunk extension (RMSyyc), rating of low back pain (NPRS) and rating of perceived exertion. Results from the

Wilcoxon signed rank test (within subjects change) Z (p) and Mann-Whitney U test (group differences in change) U (p) are included.

https://doi.org/10.1371/journal.pone.0213778.t1004

Muscle activation during maximal voluntary contractions before and after
sustained sitting

Results from muscle activation during MVC before and after the sitting are shown in Table 4.
The patients with cLBP had lower maximal RMS during MVC before and after the sitting

(p <0.05). Both groups had reduced RMSyy after the sitting, significant for the patients with
cLBP (p = 0.04). However, the change in RMSyvc was not significant different between the 2
groups (p = 0.30). The patients with cLBP had higher pain ratings in the beginning and at the
end of the sitting (both p < 0.01), and the patients increase in LBP was significant (p = 0.01).

Discussion

The aim of the present study was to investigate lumbar muscle activation during, and as a
result of, sustained quiet sitting in patients with cLBP compared to healthy controls (HCs).

The patients with cLBP had on average a significantly shorter sitting time than HCs. More-
over, they developed a significant increase in pain and showed a larger increase in perceived
exertion compared to HCs during the sitting. Our results support therefore the presence of less
tolerance for low-level static muscle load in patients with cLBP induced by the quiet sitting.
This is in agreement with other studies [21, 22], and our observations during prolonged stand-
ing [23].

As instructed, during this quiet sitting task, both the HCs and the patients with cLBP had
very little variation in their posture. Nevertheless, this postural variation during sitting was sig-
nificantly larger in patients with cLBP compared to the HCs. Perceived discomfort from the
quiet sitting may well be compensated by tiny changes in lumbar intervertebral positions, and
hence increase variation in lumbar muscle system. This is also in agreement with our previous
observations during prolonged (not quiet) standing, where patients with cLBP changed stand-
ing posture more frequent than HCs [21]. The perception of muscle fatigue, musculoskeletal
pain and discomfort in the postural control system are believed to initiate such changes in pos-
ture [24] and it is not likely that this increased variation would cause the discomfort and pain.

The initial activation level in our study was on average about 20% RMSy;vc, and somewhat
higher in patients with cLBP. A significant increase in RMS and RPE was observed in both
patients with cLBP and HCs indicating an on-going fatiguing process during sitting. The target
sitting position (5° trunk inclination) in our experimental setup probably led to a higher acti-
vation level in lumbar extensor muscles during the sitting than what is usually observed
(< 10%RMSmax) [25].

Compared to HCs, the patients with cLBP seems to have reduced temporal variability in
lumbar muscle activation during the quiet sitting. This is in line with observations of reduced
motor variability in chronic pain conditions and linked to muscle fatigue [10]. Reduced
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temporal variability in muscle activity has been shown to induce local muscle fatigue even
under isometric muscle contractions at a very low level [26]. Although this reduced temporal
variability was accompanied by increased pain and perceived exertion in the patients with
cLBP, the myoelectric manifestation of muscle fatigue (increased RMS or decreased MDF)
were not different between the two groups.

During sitting, both patients with cLBP and HCs had little variation in the RMS distribu-
tion over time (high CCTygp; around 0.9) in lumbar muscles (Table 3). Thus, the slightly
increased variation in position accompanied by a significant reduction in temporal RMS varia-
tion was not accompanied by a significant increase in variation in RMS distribution over time.
This contrasts the findings of Falla et al. [11] where a significant shift in lumbar muscle activa-
tion during dynamic tasks was seen in healthy controls, but not in cLBP. However, differences
in the task makes direct comparisons difficult.

Our finding of little variation of RMS distribution over time although increase of variation
of position lend some support to the theory that patients with cLBP may have difficulty to
deactivate lumbar muscles despite changing sitting position, and result in constant low level
isometric activity resulting in local muscle fatigue and possibly leading to musculoskeletal
pain. Reduced ability to relax muscles after activation and shorter rest periods during repetitive
tasks have been observed in neck pain patients [27]. However, the lower EMG amplitudes in
the patients with cLBP could also indicate reduced activation in the low back muscles. The
increased movement variation could be caused by other, non-investigated muscle groups con-
tributing to back extension.

The alternating activation between sides of lumbar muscles was similar in patients with
cLBP compared to HCs. Higher frequency of alternating activation in lumbar muscles have
previously been linked to increased fatigue development during sustained sitting [20], to
fatigue in biceps brachii in healthy persons [28] and pain intensity in trapezius in patients with
a chronic musculoskeletal disorder (fibromyalgia) [29]. Similar, spatial variation in muscle
activation observed during constant force contractions seem to have positive effect on local
signs of muscle fatigue during sustained contractions [30, 31]. The exact mechanism for alter-
nating activation is not clear, although feedback from local muscle fatigue via afferents to o-
motoneurones (via interneurons) has been mentioned as a plausible mechanism [32]. The
patients with cLBP in our study had similar manifestations of local muscle fatigue in the EMG
signal during the sitting (similar increase in RMS) which may explain the observed similar
alternating activation. Moreover, the force level of the contraction can be a considerable factor
for alternate activity, and the muscle activation level observed in our study may have been too
high for true alternating activation to occur. Furthermore, the patients with cLBP in our study
had increased postural movement variability, reducing the validity of alternating activation
and other muscle activation variability comparisons.

Low maximal RMS during the MVC performed before the sustained sitting, and low EMG
and high RPE was observed in patients with cLBP at the start of the sitting (Table 4). This indi-
cates reduced muscle activation, plausibly caused by pain [16]. An interpretation of the
increased ratings of perceived exertion at the start of the sitting could be that patients with
cLBP already at the start of the sitting were experiencing muscle fatigue.

Study limitations

Although the number of participants was large enough to detect group differences, the sample
size of 18 patients and 25 HC in combination with non-parametric statistics without multi-
testing correction opens for a risk of random significant differences. Therefore, especially the
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results with low statistical significance should be taking with care and seen in view of other
studies in the literature.

The HC group were persons without back pain in the previous year or back pain lasting
longer than one week in the previous 3 years. Some of those HC participants, therefore proba-
bly have had LBP during their life, like most of the healthy general population. Therefore, the
results represent differences between persons with chronic LBP and a normal healthy popula-
tion only and cannot be generalized to a population without any LBP history.

Although we asked the participants not to use any medications except for Paracetamol or
Ibuprofen preparations one week before examination and we have the impression that our
participants in general are very dutiful, we cannot guarantee that they did not do so. Medica-
tions might affect muscle activation.

Even though the electrode grid covers a substantial portion of the lumbar muscles, we
acknowledge that fibres of iliocostalis and latissimus dorsalis muscle with substantial extensor
action is not well represented by the electrode position in this study.

Low maximal RMS during the MVC performed by the patients with cLBP is of concern. It
is an indication of altered voluntary drive, and may be an avoidance behavior due to pain
expectancy during muscle contraction. This also hampers the interpretation of group compari-
sons of normalized RMS values, since the normalized RMS values in patients with cLBP most
likely are overestimated. However, conclusions in this paper are mainly based upon temporal
and spatial variability of muscle activation, not influenced by the absolute EMG amplitude.
Moreover, the change in maximal RMS during MV C performed before and after the sitting
was not different in patients with cLBP and HCs, indicating that reduced performance in
patients during MVC might not solely be as a result of pain avoidance behavior.

Our study investigated the spatial RMS distribution during sitting in one single position/
task, and we recognize that comparing the spatial RMS distribution within participants
between tasks with fairly similar postures would increase the validity of these analyses.

Clinical relevance and future directions

From a clinical view, in contrast to pain-free individuals, patients with cLBP seem to employ
different movement strategies. Although guarded movements and stiffened behavior are fre-
quently observed [33, 34], increased variation in sitting position in this study can be seen as a
normal response to increased perception of musculoskeletal discomfort and pain. Patients
with cLBP seem therefore to have a normal (postural) strategy while sitting, and this strategy
probably does not contribute largely to the LBP for patients included in this study. Despite
increased variation in sitting position, no increased variability in muscle activation of the low
back muscles was observed. Psychological factors are important in LBP [35], and the uncer-
tainty related to what the non-specific LBP represents for the individual may contribute to
alterations in activation of trunk muscles, such as relatively higher activation level and reduced
variability in muscle activation [10, 11]. Cognitive behavioural interventions seem effective in
reducing disability and pain in non-specific LBP [36], and understanding the mechanisms by
which psychological factors can affect the development of cLBP are wanted [37]. A com-
mendable direction for future studies is to evaluate the effect of cognitive behavioural interven-
tions on motor control, muscle activation and psychological systems during activities
requiring low-level load (e.g. sitting and standing in different ways) in daily life.

Conclusions

The patients with cLBP in our study had reduced tolerance for sitting, similar spatial- and
lower temporal variability of muscle activation in the low back muscles compared to HCs
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during sitting, despite increased variability in the sitting position. However, this did not result
in increased manifestations of muscle fatigue in the EMG, although the patients with cLBP
experienced higher levels of perceived exertion and more pain during sitting. The patients
with cLBP might have avoided activation changes in the low back region and compensated
this somewhat by activation of other muscle groups, but terminated the sitting early due to this
strategy.
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