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a b s t r a c t

The aim of this study was to investigate the relation between variability in muscle activity and fatigue
during a sustained low level contraction in the lumbar muscles. Twenty-five healthy participants (13
men 12 women) performed a 30 min sitting task with 5 degrees inclination of the trunk. Surface electro-
myographic (EMG) signals were recorded bilaterally from the lumbar muscles with 2 high density surface
EMG grids of 9 � 14 electrodes. Median frequency (MDF) decrease, amplitude (RMS) increase and the rat-
ing of perceived exertion (RPE) were used as fatigue indices. Alternating activation and spatial and tem-
poral variability were computed and relations with the fatigue indices were explored. During sitting, the
mono- and bipolar RMS slightly increased while the MDF remained unchanged indicating no systematic
muscle fatigue, although the average RPE increased from 6 to 13 on a scale ranging between 6 and 20.
Higher frequency of alternating activation between the left and right side was associated with increased
RPE (p = 0.03) and decreased MDF (p = 0.05). A tendency in the same direction was seen between
increased spatial and temporal variation within the grids and increased RPE and decreased MDF. Present
findings provide evidence for a relationship between variability in muscle activity and fatigue.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The complex network of muscles in the lumbar spine consists of
nearly 70 muscles of variable size. Each of the lumbar muscles is
capable of several possible actions and exerts various forces and
actions on the spinal motion segments (Bogduk, 2005). The numer-
ous back muscles provide a pool of possible motor units that may
be recruited to suit the needs of the vertebral column, and hence
play a role in load distribution, load transfer and control of move-
ment. How they are recruited into action and to what kind of
action is poorly understood.

Muscular fatigue is the inevitable consequence of sustained con-
tractions and is generally defined as an exercise induced reduction
in the ability of a muscle to generate force or power (Gandevia,
2001). Spatial (Holtermann et al., 2010; Larivière et al., 2006) and
temporal (van Dieën et al., 1993; van Dieen et al., 2009) variability
in muscle activation are related to the rate of fatigue development.
Moreover, females have been observed to be more fatigue resistant
compared to men, and possible mechanisms for this gender differ-
ence include factors related to muscle mass, substrate utilization,

muscle morphology, and neuromuscular activation patterns (Hicks
et al., 2001; Larivière et al., 2006).

Muscle effort of trunk extensors during standing and sitting
postures usually remains below 10% of maximum activation (Mork
and Westgaard, 2005; van Dieën et al., 2001). Such low-level mus-
cle activity can be sustained for a long time and is often accompa-
nied by a subjective experience of fatigue (Sjogaard et al., 2004) as
well as electromyographic manifestations of fatigue, like increased
amplitude of the electromyogram (EMG) and a shift in the EMG
power spectrum to lower frequencies (Blangsted et al., 2005;
Jorgensen et al., 1988). In addition, fatigue prevention and pain
intensity are shown to be inversely related to the frequency of
differential activation between the heads of the biceps brachii
muscle and parts of the trapezius muscle, respectively (Holtermann
et al., 2010, 2011). Such a use of mechanical redundancy has
been suggested to prevent or delay fatigue development also in
lumbar muscles by alternating activity between muscle parts or
synergistic muscles (Larivière et al., 2006; McLean et al., 2000;
van Dieën et al., 1993), but has so far not been investigated in
detail during low force contractions. Moreover, lumbar activation
and fatigue during sustained low force contractions have rarely
been studied, despite that muscle activation and fatigue have been
linked to low back pain for decades (Bonato et al., 2003; De Luca,
1993; Roy et al., 1989). To our knowledge there are only two
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studies addressing this (Farina et al., 2003; van Dieen et al., 2009).
Van Dieën et al. revealed electromyographic manifestations of fati-
gue during a very constrained lying task, while Farina et al. could
not observe any fatigue related changes in the EMG signal from
lumbar muscles during a less constrained standing task. In van
Dieën at al’s study, the development of fatigue was linked to the
temporal variability in muscle activity, defined by the coefficient
of variation (CV). However, the amount of variability in muscle
activity during a less constrained task, e.g. sitting, and its relation
to muscle fatigue remains unclear (van Dieen et al., 2009).

Furthermore, possible differences in fatigue development in
deep and superficial lumbar muscle during low level muscle effort
may be present due to differences in biomechanical load (Bogduk,
2005). Surface EMG with monopolar leadings (1 electrode above
the muscle and the other not) represent activity from a larger area
of muscle fibers than surface EMG from bipolar leadings (both elec-
trodes above the muscle) that mostly represent signals from super-
ficial motor units since the common signal present on both
electrodes simultaneously is cancelled out and action potentials
traveling over superficial muscle fibers are dominating (Hotta
and Ito, 2011; Kleine et al., 2000; Roeleveld et al., 1997). In the tra-
pezius muscle, monopolar and bipolar configurations showed dif-
ferent changes with fatigue (Kleine et al., 2000), while this has
not been used to investigate low back muscles yet.

The aim of the present study was to investigate if electromyo-
graphic manifestations of fatigue occur in deep and superficial
lumbar muscles during sustained sitting, whether such fatigue is
associated with lumbar muscle variability between- (i.e. the alter-
nating activation) or within sides (i.e. reduced temporal or spatial
variation of the signal) and whether there are gender differences.
We hypothesized a beneficial effect of spatio-temporal variability;
increased temporal and spatial variability and low frequency
alternating activation was expected to be associated with reduced
fatigue development indicated by less decreased EMG frequency
content, less increased EMG amplitude and less increased perceived
effort. Moreover, we expected that deep and superficial lumbar
muscles would have different fatigue development due to
differences in biomechanical loading, and that this would result in
differences between bipolar and monopolar EMG. In addition we
hypothesized that female subjects, as a consequence of an expected
lower trunk mass, would show less pronounced electromyographic
manifestations of fatigue and report less perceived exertion.

2. Methods

2.1. Design

A cross-sectional laboratory experiment was carried out. Partic-
ipants performed a 30 min sitting task with maximal voluntary
back extension prior to and after this task while low back muscle
activation was evaluated with high density surface electromyogra-
phy (HDsEMG) and position with two inclinometers.

2.2. Participants

32 healthy adults (16 males and 16 females) without back pain
in the age range 29–53 years were included in the study. The two
genders were matched on age. The exclusion criteria were back
pain in the previous year or back pain lasting longer than one week
in the previous 3 years, surgery on the musculoskeletal system of
the trunk, known congenital malformation of the spine or scoliosis,
body mass index >27 kg/m2, systemic-neurological-degenerative
disease, history of stroke, pregnancy and abnormal blood pressure.
After inspection of the EMG signal, 7 subjects with subcutaneous
soft tissue and fascia >15 mm were excluded due to poor signal
quality. Therefore, 25 subjects were included in final analyses (13

males and 12 females) of which the characteristics are summarized
in Table 1. The project was approved by the Regional Committee
for Medical Research Ethics (REK) in the South-Eastern Norwegian
Regional Health Authority and all subjects signed an informed
consent prior to participation.

2.3. Experimental setup and procedure

A custom-made questionnaire was utilized to collect the partic-
ipants’ characteristics. Ultrasound measurements were taken of
the distance between the skin and the paraspinal muscles (subcu-
taneous soft tissue and fascia) 3 cm lateral of the spinous process at
the L3–L4 level.

Two inclinometers were placed on the back to control the sit-
ting position; one located on the proc spinous in the lower part
of the thoracic spine (Th 12), and one on the sacrum at the S1-level.
Target position (horizontal line with marked area of ±1 degree on a
total figure display of 10 degrees) and real time feedback (rising
bar) of the inclinometer at Th 12 was provided on an 1900 computer
screen placed at a distance of �90 cm at eye level. Data from the
inclinometers was collected with a sample rate of 1500 Hz and
saved in a separate file during acquisition in MyoResearch XP
Master Edition (Noraxon).

Two HDsEMG grids consisting of 126 (9 � 14) Ag–AgCl
electrodes with 4 mm inter electrode distance (IED) were attached
to the skin. The skin was prepared with an abrasive paste before
double-sided tape was attached to the skin. Electrode gel was
applied before the electrode grids were attached to the tape. The
orientation of the grid was with 9 mediolateral columns and 14
caudal–cranial rows (Fig. 1). The surface EMG data was recorded
using two 128-channel ActiveTwo amplifier systems (BioSemi,
Amsterdam, The Netherlands) in a ‘‘daisy-chain’’ configuration,
with a sample rate of 2048 Hz per channel. The acquisition soft-
ware (MyoDaq) was developed at the Department of Clinical Neu-
rophysiology of the Radboud University Nijmegen Medical Center.

To determine maximum voluntary contraction (MVC) the sub-
jects performed 3 maximal contractions of back extension against
resistance of a strap around the upper part of the trunk while sit-
ting, each lasting 5 s with 3 min rest between the contractions.
After another break of 10 min, the participants were asked to
maintain the target inclination of the trunk for 30 min or until
‘‘task failure’’, 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 sustained
sitting on a scale ranging from 6 to 20 (Borg, 1982).

2.4. Data analyses

Prior to further analysis, HDsEMG channels with poor quality
were removed. Thereafter, the signals were band pass filtered at
30–300 Hz and bipolar spatial filtered in the cranial–caudal
direction (12 mm IED) leaving 99 bipolar EMG signals in 9 columns

Table 1
Subjects characteristics. Mean and standard deviation (SD) of the subjects character-
istics for the 13 male (Men) and 12 female (Women) participants. Results of
independent T-test (t) or Mann–Whitney U (U) test evaluating gender differences
with the level of significance (p) are also included.

Men Women t or U P
Mean (SD) Mean (SD)

Age (year) 39.5 (6.6) 40.2 (6.8) 0.25t 0.81
Height (cm) 182.1 (4.7) 165.5 (4.5) �9.03t <0.01*

Weight (kg) 79.5 (8.6) 59.8 (4.5) 155.5u <0.01*

BMI (kg/m2) 24.0 (2.5) 21.8 (1.0) �2.83t 0.01*

Muscle depth (mm) 9.1 (2.3) 10.1 (2.6) 1.04t 0.31

* Statistically significant effect (p < 0.05).
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and 11 rows. For each monopolar and bipolar signal, the muscle
activity level was described using the root mean square (RMS)
calculated in 1 s non-overlapping time-windows and normalized
to the 1 s highest RMS value (RMSmax) during the three MVCs
performed prior to the sustained sitting task. In addition, median
frequency (MDF) of the power density spectrum was computed
in epochs of 1 s with a frequency resolution of 1 Hz.

For each grid and all epochs, the overall average RMS EMG
amplitude (grid average) was obtained.

Changes in grid average RMS and MDF during the sustained
contraction were quantified as the slope of a linear regression
(RMSslope and MDFslope).

The variability in lumbar muscle activity between left and right
side was quantified by calculation of the alternating activation be-
tween left and right lumbar muscles. Similar to the investigation
of differential activation in the biceps brachii and trapezius muscles
(Holtermann et al., 2008, 2011), the alternating activation was
determined using the following procedure: the temporal trend
throughout the contraction was removed from both grid averaged
RMS signals. The detrended RMS was normalized to the second
highest value of each RMS signal. The second highest value was used
due to the possible effects of transient artifacts in the signals on the
peak RMS value. This resulted in two signals ranging from approxi-
mately 0–1. The difference between these two signals was
calculated. Alternating activation was defined as the difference be-
tween left and right RMS signals exceeding a threshold of 0.3. This
implies that these differential activity instances result of an RMS
increase on one side while the RMS on the other side remained un-
changed or decreased, or the activity increased or decreased on both
sides with different rates. However, it is unlikely that the latter
caused the detected alternating activity due to threshold setting.
Finally, the frequency of these periods with alternating activation
(the number of activations per min) was counted.

To investigate temporal variations in amplitude, the grid aver-
aged signals were de-trended and the temporal coefficient of
variation (COV) for each grid was calculated (COV = 100 * SD
de-trended RMS /mean RMS). In order to quantify RMS distribution
changes, correlation coefficients were calculated between RMS val-
ues of all electrodes at one epoch with the RMS values the same
electrode or electrode pair at another epoch. Correlation coeffi-
cients (CCT) were obtained for all possible combinations for
recording from the sustained sitting task (1800 s) resulting in a
matrix of 1800 � 1800 correlations. Median (CCTMED) and coeffi-
cient of variation of all correlations (CCTCOV = 100 * SD CCT/mean
CCT) were computed to quantify the amount and variability of
the RMS distribution change during the sustained contraction.
Low CCTMED and high CCTCOV indicate a large variation in RMS dis-
tribution during the sitting.

To reduce data, all EMG parameters were averaged bilaterally.
Using the inclinometer data, for each second, the mean medio/

lateral and anterior/posterior position was computed. The absolute
change in position was calculated as the average position during
the last minute of contraction (sitting) minus the average position
during the first minute.

2.5. Statistical analyses

The statistical analyses were performed with the software
PASW Statistics 19. A Shapiro–Wilk W-test for normality was per-
formed on all dependent variables before statistical analysis. Para-
metric statistics were applied on normal distributed variables,
while non-parametric alternatives were used for non-normal dis-
tributed variables. Paired statistics were applied to analyze the
changes in a/p position for the pelvis. The slopes for MDF and
RMS were tested against zero. Differences between men and wo-
men were evaluated by independent samples tests. Correlations
were obtained between measures of variability (CCTMED, CCTCOV

and COV) and slopes of RMS, MDF and RPE. The significance level
was set to P < 0.05, a trend to P < 0.1. Comparisons were performed
two tailed.

3. Results

Twenty-four out of 25 participants managed to perform the
30 min sitting task. One participant was not able to maintain the
sitting position for more than 20 min due to experienced perceived
exertion, pain and discomfort in the sitting position. The females
had a significantly lower BMI than the males, but the depth of
the muscle (skin plus subcutaneous fat layer) measured by ultra-
sound was similar (Table 1).

Feedback was given from the trunk during the sitting, resulting
in very small changes in the trunk position (mean ± SD in a/p direc-
tion 0.0 ± 0.2 degrees; m/l direction 0.3 ± 1.5 degrees). The change
in pelvis position was slightly larger (mean ± SD in a/p direction
1.2 ± 2.9 degrees; m/l direction 0.1 ± 0.9 degrees). There were no
significant gender differences.

RPE increased with (median (range)) 6 (9) from 6 (5) prior to 13
(11) after the 30 min sitting task, without any gender difference.

The activation level of the lumbar muscles at the start of the
30 min sitting task was on average (SD) 11(6) and 18 (8) % RMS-
max obtained with mono- and bipolar leadings, respectively
(Table 2). A repeated measures ANOVA with electrode leading
(monopolar and bipolar) as within and gender as between subjects
factors showed significant differences between monopolar and
bipolar RMS (F = 71, p < 0.01) and MDF (F = 20, p < 0.01), where
bipolar EMG had higher RMS (%RMSmax) and MDF (Hz) values
than monopolar EMG, without gender effect (F = 0.7, p = 0.41 for
RMS, F = 0.9, p = 0.36 for MDF) or interaction between gender and

Fig. 1. The picture illustrates the placement of the electrode grid (a) and (b), 3 cm
from the spine process to center of the grid and with the base of the grid in level of
the posterior superior iliac spine C). (A) illustrates the placement of the trunk
inclinometer, in the lower part of the thoracic spine, and (B) illustrates the
placement of the pelvis inclinometer on the sacrum.
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electrode leading (F = 0.4, p = 0.54 for RMS, F = 0.03, p = 0.88 for
MDF).

3.1. Electromyographic manifestation of fatigue

The mono- and bipolar RMS increased on average (SD) 3.3 (3.1)
and 4.5 (4.4) %RMSmax during the 30 min sitting, respectively,
while the monopolar and bipolar MDF remained unchanged
(Table 3). A repeated measures ANOVA with electrode leading
(monopolar and bipolar) as within and gender as between subjects
factors showed a general increase of RMS (positive RMS slope,
F = 37, p < 0.01), but no general change in MDF over time (MDF
slope not different from 0, F = 2.5, p = 0.12). In addition, monopolar
and bipolar RMS slopes were almost significantly different (F = 4,
p = 0.05) and the MDF slopes (F = 7, p = 0.01) were significantly dif-
ferent, where the bipolar EMG showed larger RMS increase and
MDF decrease than monopolar EMG. Moreover there was a gender
effect on RMS slope (F = 5, p = 0.03) where men increased more in
RMS than women, but not on MDF slope (F = 0.1, p = 0.69). Further-
more there was no interaction between gender and electrode lead-
ing in MDF slope (F = 2, p = 0.22) or in RMS slope (F = 0.1, p = 0.75).

3.2. Alternating activation and EMG variability (between and within
side EMG variability)

Table 4 summarizes the EMG variability between- and within
lumbar muscle sides. Alternating activation was observed in all
subjects during the sustained sitting. On average the frequency of
alternating activation in mono- and bipolar EMG was 8.5 min�1(iqr
5.1–9.8) and 8.0 min�1(iqr 4.8–9.1) respectively. The Wilcoxon
sign rank test revealed no significant difference between mono-
and bipolar alternating activation (p = .23). Mann–Whitney U test
revealed no gender effect on alternating activation (p = .11).

The average mono- and bipolar CCTMED were high (on average
(range) r = 0.93 (0.26) and r = 0.93 (0.10), mono- and bipolar
CCTMED respectively). A Wilcoxon signed rank test shows that the
temporal variation in COV was slightly, but significantly higher
than the spatial variation in RMS distribution CCTCOV (p = 0.01
and p < 0.01 for monopolar and bipolar data, respectively). Mann
Whitney U test revealed no gender effect in COV (monopolar
p = 0.73 and bipolar p = 0.57), CCTMED (monopolar p = 0.94 and
bipolar p = 0.65) or CCTCOV (monopolar p = 0.23 and bipolar
p = 0.27).

3.3. Associations between the alternating activation, variability of the
signal and fatigue development

The correlation coefficients between alternating activation,
variability in the EMG signal and fatigue development variables
(DRPE, RMS slope and MDF slope) are shown in Table 5. The

alternating activation was related to fatigue development. In bipo-
lar signals higher frequency of the alternating activation was sig-
nificantly correlated with increase in RPE (spearman’s rho 0.43;
p = 0.03). The relation between the alternating activation and de-
crease in MDF just missed to reach significance (spearman’s rho
0.39; p = 0.05). In monopolar signals the sign of the coefficients
show similar associations, however not statistically significant.

The associations between RPE and monopolar EMG variability
measures were moderately strong (rho range 0.35; 0.41), statisti-
cally significant for CCTCOV (p = 0.04), and a trend for CCTMED

(p = 0.05) and COV (p = 0.09). All other associations were weak to
moderate (rho range 0.17; 0.42) and did not reach statistical
significance.

Furthermore, the subjective fatigue indicator (RPE) and the
EMG fatigue variable (MDF slope) were negatively related (a large
increase in RPE was related to a large decrease in MDF). This rela-
tion was statistically significant for the bipolar (spearman’s rho
�0.47; p = 0.02), but only a trend for the monopolar signals (spear-
man’s rho �0.38; p = 0.06). There was no significant relation
between MDF and RMS slopes.

4. Discussion

The purpose of the present study was to investigate if electro-
myographic manifestations of fatigue occurred in deep and super-
ficial lumbar muscles during sustained sitting, whether this was
associated with the variability of the signal and whether there
were any gender differences. Below our results are discussed in
light of these aims.

4.1. Manifestations of fatigue

The unchanged MDF throughout the sustained contraction indi-
cates no general sign of local muscle fatigue, although we observed
a small but significant increase in RMS and high ratings of per-
ceived exertion, which may be interpreted as a subjective feeling
of fatigue (Hotta and Ito, 2011).

The unchanged MDF and increased RMS in our study are in line
with previous studies involving sustained low level contractions in
lumbar muscles (Farina et al., 2003). This may partly be explained
by recruitment of additional MUs to compensate the force loss in
fatigued muscles (Moritani et al., 1986). The recruitment follows
the ‘‘size principle’’ (Henneman et al., 1965), where bigger and fas-
ter motor units are recruited which may cause an increase in MDF
(Gazzoni et al., 2001). The increased RMS amplitude may also be
due to a Synchronization in motor unit firing, but this should also
lead to a decrease in MDF (Kleine et al., 2001; Merletti and Parker,
2004), which was not observed in our data.

4.2. The relationship between variability in muscle activity and fatigue
development

In support of our hypothesis, the alternating activation between
sides of the lumbar muscles was related to fatigue development
during sustained sitting. Higher frequency of the alternating
activation was related to a decrease in MDF and increased RPE.
Our results are in line with observations in earlier studies where
low frequency differential activation between biceps brachii
muscle compartments is related to decreased fatigue development
(Holtermann et al., 2010). The exact mechanism behind alternating
activity is not clear, although fatigue related feedback information
via afferents to a-motoneurones, probably via interneurones has
been proposed to be a mechanism in alternating activity in knee
extensors (Kouzaki and Shinohara, 2006).

Table 2
Initial activation level. Mean and standard deviation (SD) of the grid-average RMS
(relative to the RMS during maximal voluntary back extension; RMSmax) and MDF of
EMG collected from the lumbar muscles at the start of the 30 min sitting task
obtained with mono- and bipolar leadings. Results are presented for the 13 men and
12 women separately. F-values and significant levels (p) of the gender effect resulting
from the one way ANOVA are also included.

Men Women Gender effect
Mean (SD) Mean (SD) F (p)

Monopolar RMS (%RMSmax) 9.8 (7.3) 12.5 (3.5) 1.4 (0.2)
Bipolar RMS (%RMSmax) 17.0 (10.4) 18.77 (4.5) 0.3 (0.6)
Monopolar MDF (Hz) 97.7 (13.4) 93.4 (16.1) 0.7 (0.4)
Bipolar MDF (Hz) 109.6 (17.5) 104.5 (12.5) 0.7 (0.4)
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In accordance with previous findings there was a moderate, but
mostly just statistically not significant relation between temporal
variation within the muscles and MDF and RPE (van Dieën et al.,
1993).

We also expected that spatial EMG variability within the same
side of the lumbar muscles would be related to decreased muscle
fatigue. Although the signs of the correlations between the spatial
variability measures and MDF decrease indicated such an associa-
tion, this relation was weak (range of spearmans rho 0.19; 0.28)
and did not reach statistical significance. Also the relation between
spatial variability of bipolar EMG and RPE were similarly weak,
although variability of monopolar EMG and RPE was significant
(see below for discussion of differences between bipolar and mono-
polar results). Moreover, although not statistical significant, there
was an opposite relation between spatial (and temporal) variability
and RMS, where more variability had a tendency to be associated
with increased RMS. This suggests that the relation between vari-
ability and higher MDF was at least partly mediated by increased
motor unit recruitment andnotmerely bydecreasedmuscle fatigue.

4.3. Differences between superficial and deeper muscle fibres

Bipolar EMG reflects the activity of relatively more superficial
motor units than monopolar EMG (Roeleveld et al., 1997). The rel-
atively higher bipolar compared to monopolar RMS observed at
start of the sitting (�18 versus �11 %RMSmax respectively) indi-
cates that the superficial muscle fibres are more active than the
deeper ones in the beginning of the sitting. Furthermore, the bipo-
lar MDF decreased and RMS increased more than the monopolar
which indicates that relatively larger and faster motor units were
recruited in deep muscle structures than in superficial structures
in order to maintain position during the sitting. The electrode grid
utilized covers multiple muscles in the lumbar area which are sub-
jected to different biomechanical loading during sitting (Bogduk,
2005). Deeper muscles (mostly represented in monopolar EMG)
are small, and their primary function is considered to be control
of load transfer and segmental motion, while superficial muscles
(mostly represented in bipolar EMG) are bigger and, if bilaterally
activated, extend the trunk along the sagittal plane (Bogduk,
2005). Consequently there are higher biomechanical demands on
superficial muscles which partly explain the higher activation level
in bipolar EMG at start and the larger increase in bipolar EMG.
Moreover, the significant relation between CCTCOV and RPE ob-
served in monopolar EMG may reflect changes in deep muscle lay-
ers motor recruitment due to subtle adjustments in-between
lumbar spinal segments during sitting.

4.4. Gender effect

In contrast to previous studies, our results show no gender effect
on the change in MDF throughout the sustained contraction. The
majority of studies demonstrating less fatigable back muscles in
women compared to men (Kankaanpaa et al., 1998; Mannion and
Dolan, 1994) used the Sorensen test were the load involves the mass
of the trunk, and decreased fatigability observed in women may be
explained by lower trunk mass; less blood-flow occlusion, utiliza-
tion of oxidative pathways and fatigue resistant muscle fibers and
less fatigability. The sitting position in our study requires a low

Table 3
EMG changes during the sustained contraction. Mean and standard deviation (SD) of the RMS and MDF slopes during the 30 min sitting task of the 13 men and 12 women.
F-values and significant levels (p) of the intercept and gender effect resulting from the general linear model are also included.

Men Women Intercept Gender effect
Mean (SD) Mean (SD) F (p) F (p)

Monopolar RMS slope (%/min) 0.16 (0.10) 0.06 (0.08) 35 (<0.01)* 7.7 (0.01)*

Bipolar RMS slope (%/min) 0.19 (0.13) 0.10 (0.13) 30 (<0.01)* 3.0 (0.1)
Monopolar MDF slope (Hz/min) 0.14 (0.30) 0.12 (0.52) 2.5 (0.13) 0.02 (0.89)
Bipolar MDF slope (Hz/min) �0.11 (0.40) 0.03 (0.25) 0.4 (0.56) 1.0 (0.32)

* Statistically significant effect (p < 0.05).

Table 4
Alternating activation and spatial and temporal variation in RMS during sustained contraction. Median and range for the alternating activation, RMS distributions change
(CCTMED), coefficient of variation of the RMS distribution change (CCTCOV) and the coefficient of variation of the grid-average RMS amplitude (COV) for men and women.

Men Women Gender effect U(p)
Median (range) Median (range)

Monopolar alternating frequency (min�1) 9.4 (8.0) 7.2 (10.6) 108 (0.11)
Bipolar alternating frequency (min�1) 8.4 (9.2) 7.0 (8.7) 111 (0.08)
Monopolar CCTMED (r) 0.92 (0.26) 0.95 (0.25) 76 (0.94)
Bipolar CCTMED (r) 0.92 (0.10) 0.95 (0.08) 69 (0.65)
Monopolar CCTCOV (%) 7.6 (39.5) 4.2 (13.2) 101 (0.23)
Bipolar CCTCOV (%) 4.7 (14.0) 3.1 (6.4) 99 (0.27)
Monopolar COV (%) 10.4 (14.8) 11.6 (10.9) 71 (0.73)
Bipolar COV (%) 9.4 (21.7) 8.5 (12.6) 89 (0.57)

Table 5
Relation between RMS variation and fatigue indexes. Spearman’s rho correlations
between alternating activation, measures of variability and changes in perceived
exertion (DRPE), MDF slope and RMS slope during the sustained sitting. Results of
EMG variables obtained from monopolar and bipolar configurations are presented
separately.

DRPE MDFslope RMSslope

Monopolar
Alternating frequency (min�1) .30 �.24 �.06
CCTMED .40 �.19 �.22
CCTCOV �.41* .28 .38
COV �.35 .33 .20

Bipolar
Alternating frequency (min�1) .43* �.39 �.10
CCTMED .20 �.19 �.17
CCTCOV �.29 .23 .23
COV �.31 .42* .29

* Correlations with a significant level p < 0.05 (two tailed; more variability, less
fatigue).
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contraction level in the lumbar muscles (<20 %RMSmax) possibly
minimizing the impact of gender differences in trunk mass on lum-
bar muscle fatigue. However, the bipolar RMS increased more in
men during the sitting, indicating that men recruited relatively big-
ger and fastermotor units to maintain the sitting, possibly reflecting
higher trunk mass in men versus women (Table 1).

4.5. Limitation of the study

In the present study MVC force was not recorded and conse-
quently an unbiased index of fatigue in addition to changes in
MDF, RMS and RPE is missing. This is a limitation of the study.
However, we do not think this would have affected our findings.

5. Conclusions

In conclusion, although the subjects clearly indicated a subjec-
tive feeling of fatigue (large change in RPE) there was no general
sign of muscle fatigue in MDF, though there were large individual
variations. Our main finding was that alternating activation be-
tween sides of the lumbar muscles was related to fatigue develop-
ment during sustained sitting. Higher frequency of the alternating
activation was related to a decrease in MDF and increased RPE. A
similar tendency was seen between increased spatial and temporal
variation within the grids and decreased MDF and increased RPE.
Further there was no gender effect on changes in MDF, RPE, RMS
or variability measures. The relationship between the alternating
activation and non-specific lumbar back pain are unknown, and fu-
ture studies should focus on the possible relationship between
alterations in neuromuscular activation patterns in low level mus-
cle effort in relation to the development and maintenance of low
back pain.
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Table 1. Subject characteristics 

Mean and standard deviation (SD) of the low back pain patients (cLBP) 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 t independent T-test or U Mann-Whitney U test with the level 
of significance (p). 

Characteristic HC (n=25) cLBP (n=18) t or U (p) 

Mean (SD) Mean (SD) 

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

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

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

BMI (kg/m2) 22.9 (2.2) 23.2 (2.1) -0.39 t (0.70) 

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

PAL (0  10) 7.2 (1.9) 7.4 (1.5) 210 U (0.71) 

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

ODI 26.9 (9.6) 

TSK (13  52) 27.1 (7.4) 
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Table 2.  Muscle activation during sitting. 

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.

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

U (p)Median (IQR)  Median (IQR)  

Start EMG RMS (uV) 513 (376; 1010) 244 (173; 517) 98 (<0.01) 

Start EMG RMS (%RMSmvc) 19.5 (12.5; 25.4) 25.5 (17.8; 43.0) 147 (0.06) 

Start EMG MDF (Hz) 103.3 (89.0; 109.3) 121.1 (105.0;143.9) 350 (< 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) 

Muscle activation and variability during sustained sitting 

p

p

 p 

p

p p
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Table 3. Variation in posture and muscle activation during sitting. 

Median and interquartile range (IQR) of the low back pain patients (cLBP) 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/l) 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 (COVGRID),  the average coefficient of spatial variation of 
the RMS within the electrode grid (COVSPATIAL) and  the RMS distribution change (CCTMED). 
U-values and significant levels (p) of the group effect resulting from the Mann-Whitney U test 
are also included.

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/l 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/l SD (°) 0.26(0.20; 0.51) 0.47 (0.27; 1.41) 310 (0.04) 

EMG alternating frequency (min-1) 8.0 (4.8; 9.1) 7.6 (4.3; 11.7) 201 (0.56) 

EMG COVGRID (%) 8.7 (7.4; 10.9) 7.0 (3.0; 9.4) 135 (0.03) 

EMG COVSPATIAL (%) 26.1 (19.1; 34.8) 27.9 (16.1; 44.1) 255 (0.46) 

EMG CCTMED (r) 0.89 (0.83; 0.93) 0.93 (0.71; 0.97) 202 (0.57) 
* significant group difference.  
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Muscle activation during maximal voluntary contractions 

before and after sustained sitting. 

p

p

p

p

p

Table 4. Differences from before to after sustained sitting  

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 (RMSMVC), 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. 

HC n=25 cLBP n=18 U (p) 

Pre SS Post SS Z(p) Pre SS Post SS Z (p) 

RMSMVC

(uV) 
3088 (1790 
 5345) 

2531 (1957 
 5319) 

-0.5
(0.6) 

1288 (633 - 
2825) 

1224 (607 
2950) 

-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) 

Discussion 
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Postural strategy and trunk muscle activation during prolonged
standing in chronic low back pain patients

Inge Ringheim a,b,*, Helene Austein a,b, Aage Indahl b, Karin Roeleveld a

aDepartment of Neuroscience, Norwegian University of Science and Technology, Trondheim, Norway
bClinic Physical Medicine and Rehabilitation, Vestfold Hospital Trust, Stavern Norway

1. Introduction

During periods of prolonged standing we change postural
position more or less frequent, usually by shifting body weight
from one leg to the other. The individuals perception of muscle
fatigue, musculoskeletal discomfort and pain in the postural
control system are believed to initiate these changes [1]. In fact,
variation in muscle activation causing and resulting from these
postural changes may be directly related to a delay in muscle
fatigue, discomfort and decrease in pressure over joint tissues.

Patients with chronic low back pain (cLBP) often experience
increased symptoms due to sustained low-load activities such
as prolonged sitting and standing [2], and the perception of

discomfort associated with prolonged standing is commonly
assessed in LBP disability questionnaires [3].

A complex network, of almost 70 muscles of varying size, makes
up the lumbar-spine musculature. Each one is capable of several
possible tasks and exerts various forces and actions on the spinal
motion segments [4]. Collectively they provide a pool of possible
motor actions during load distribution, load transfer and control of
spinal movement. Reasonably strong evidence exists for altered
neuromuscular function and stiffened movement patterns in cLBP
patients during walking, trunk flexion and unstable sitting [5–
7]. Such stiffened postural control can then be seen as the cause of
these muscular pain problems, or at least a factor that might
explain the continuation of them.

During short periods of quiet standing (typical 60 s duration),
both in cLBP patients and healthy persons, postural control has
frequently been investigated through the assessment of postural
sway, measured by changes in the location of the center of pressure
(COP) on the supporting surface by means of a force platform.
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Prolonged standing has been associated with development and aggravation of low back pain (LBP).

However, the underlying mechanisms are not well known. The aim of the present study was to

investigate postural control and muscle activation during and as a result of prolonged standing in chronic

LBP (cLBP) patients compared to healthy controls (HCs). Body weight shifts and trunk and hip muscle

activity was measured during 15 min standing. Prior and after the standing trial, strength, postural sway,

reposition error (RE), flexion relaxation ratio (FRR), and pain were assessed and after the prolonged

standing, ratings of perceived exertion. During prolonged standing, the cLBP patients performed

significantly more body weight shifts (p < .01) with more activated back and abdominal muscles

(p = .01) and similar temporal variability in muscle activation compared to HCs, while the cLBP patients

reported more pain and perceived exertion at the end of prolonged standing. Moreover, both groups had

a similar change in strength, postural sway, RE and FRR from before to after prolonged standing, where

changes in HC were towards pre-standing values of cLBP patients. Thus, despite a more variable postural

strategy, the cLBP patients did not have higher muscle activation variability, but a general increased

muscle activation level. This may indicate a reduced ability to individually deactivate trunk muscles.

Plausibly, due to the increased variable postural strategy, the cLBP patients could compensate for the

relatively high muscle activation level, resulting in normal variation in muscle activation and normal

reduction in strength, RE and FRR after prolonged standing.
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However, few studies have addressed postural- and motor control
strategies in cLBP patients during prolonged standing, despite its
known relation to LBP. The nature of sway in prolonged standing is
not the same as in quiet standing, where sway is interpreted as
‘noise’ in the postural control system (i.e. deficiency in balance).
Large sway during prolonged standing is rather due to postural
changes in terms of voluntary movements performed periodically
as effective responses of the postural control system to complete
the task with minimal effort [8]. To the authors’ knowledge only
one study included cLBP patients [2], and they solely investigated
postural control. Findings from this study by Lafond et al. suggest
that cLBP patients have a stiffer posture with fewer postural
changes during prolonged standing compared to healthy controls
(HCs), in contrast to increased displacement during quiet standing
[2]. Moreover, they seem to be more affected by prolonged
standing, suggesting an altered postural control system [2].

The aim of the present study was to investigate muscle
activation level and variability in addition to postural control
during 15 min of prolonged standing in cLBP patients compared to
HCs and differences between the cLBP patients and HCs in the
effect of prolonged standing on neuromuscular control, proprio-
ception, postural sway, strength, pain and perceived effort. In line
with the findings of Lafond et al. [2], we hypothesized that cLBP
patients would have a postural strategy with reduced movement
accompanied by increased and less variable muscle activation
compared to HCs. Further we hypothesized that cLBP patients
would be more affected by prolonged standing.

2. Methods

2.1. Subjects

Seventeen patients (7 male, 10 female) with cLBP and 21 HCs
(8 male, 13 female) with no LBP in the previous year or LBP lasting
longer than one week in the previous 3 years in the age range 31–
50 were included in the study (Table 1). The cLBP patients were
recruited from the outpatient clinic at Vestfold Hospital Trust. All
eligible patients, diagnosed with cLBP for more than 3 months,
were invited to participate. 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, pregnancy and abnormal blood pressure.
Patients were asked not to use any medications except for
Paracetamol or Ibuprofen preparations one week before examina-
tion and not to perform any back-straining exercises 48 h prior to
examination.

All subjects signed an informed consent before enrolment,
approved by the Regional Committee for Medical and Health
Research Ethics (2012/1158/REK).

2.2. Participant characteristics

The height, weight, body mass index (BMI) and waist-hip ratio
were obtained. A questionnaire was employed to collect the
participants’ age, duration of pain, average pain intensity last week
and localization of pain. The Oswestry Disability Index was used to
assess pain-related disability specifically related to LBP [3]. The
Tampa Scale of Kinesiophobia was employed to assess fear of
movement and/or (re)injury [9].

2.3. Equipment

Surface electromyography (sEMG) signals were detected with
pairs of disposable sEMG electrodes (Ambu Blue Sensor M-00-S/50,
20 mm IED) bilaterally from the erector spinae (ES), gluteus
medius (GM), rectus abdominis (RA) and external oblique (EO)
muscles. A reference electrode was placed on S1 level. The skin at
the electrode sites was shaved and abraded with alcohol,
subsequently the bipolar sEMG electrodes were placed aligned
with the muscle fibre direction and in accordance with European
guidelines for sEMG (SENIAM) [10]. Before data collection, the
signal quality was checked by visual inspection of the EMG signal
during muscle contractions against light manual resistance.

A force sensor (Interface, Inc. Scottsdale, Arizona), attached
horizontally to a non-elastic polyester band around the subjects
torso at T6-T8 level and the wall, was used to measure the force
during maximal voluntary contraction (MVC) of trunk flexion and
extension, while the subject was standing in a modified ‘‘Cybex
6000 back extension module’’.

Ground reaction forces were recorded for each foot separately
using two force plates during all tasks except for MVC (AMTI, USA;
model BP400600-1000).

All data were sampled with 1500 Hz. The sEMG and force sensor
data were collected with TeleMyo 2400 (Noraxon Inc., USA). Prior
to digitalization, all channels were filtered with an 8th-order
Butterworth low-pass filter (500 Hz), and sEMG leads were filtered
with a 1st-order high-pass filter at 10 Hz. sEMG channel hardware
gain was 500. Analogue output from the Noraxon system was
synchronised with force plate data and stored in Qualisys Track
Manager (Qualisys Medical AB, Sweden, version 2.7) and exported
to Matlab R2011a (The Mathworks Inc., USA) for post processing
and analyses.

2.4. Procedure

Three standing tests were performed in the following order;
60 s quiet standing, 15 min prolonged standing and 60 s quiet
standing. Participants wore socks during all standing tests. During
quiet standing, the participants were blindfolded and stood as still
as possible with one foot on each force plate with their feet
approximately at pelvis width, looking straight ahead and keeping

Table 1
Characteristics of the cLBP and healthy controls (HC). BMI: body mass index.

Characteristic HC n = 20 cLBP n = 17 t (p)

Mean (SD) Range Mean (SD) Range

Age (years) 40.2 (5.4) 31–50 39.0 (5.4) 31–48 .65 (.52)

Height (cm) 174.6 (8.9) 162–191 177.5 (6.5) 163–188 �1.1 (.26)

Weight (kg) 77.5 (16.7) 56–120 81.7 (15.7) 57–113 �.78 (.44)

BMI (kg/m2) 25.2 (3.7) 20–33 25.9 (4.7) 18–38 �.48 (.64)

Waist–hip ratio 0.9 (0.1) 0.7–1.0 0.9 (0.1) 0.8–1.1 �1.6 (.11)

Duration of pain (months) 139 (119) 6–360

Average pain last week (0–10) 5 (1.7) 3–8

Tampa (13–54) 23.8 (8.6) 13–41

Oswestry (%) 21.1 (7.8) 10–42
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the hands alongside their body. During prolonged standing the
participants were not blindfolded. They were instructed to stand
naturally with one foot on each force plate, maintain an upright
posture and warned not to step off the force plates. Participants
listened to a story while prolonged standing. Participants rated
their LBP on a numeric pain rating scale (NPRS) before the first and
after the second quiet standing. The level of perceived exertion was
rated on a Borg scale [11] immediately after the prolonged
standing. Before this, the reposition error (RE) [12] with eyes open
and closed and the flexion relaxation ratio (FRR) tests [5], and three
MVCs in trunk extension and flexion were performed, with 1 min
break between contractions. After the standing tests, one MVC in
trunk extension and flexion and the FRR and RE tests were
performed.

2.5. Data processing

Force and sEMG data were low pass filtered with an 8th-order
recursive Butterworth filter of 20 Hz and 500 Hz, respectively. In
order to remove artefacts resulting from electrocardiography and
movement, a 40 Hz high-pass filter was used on the sEMG signals.
The choice of the relatively high cut-off frequency was based on
visual inspection of the signal after filtering, still leaving enough
information in the signal to sufficient answer our hypothesis
[13]. For each EMG signal during FRR, MVC and quiet/prolonged
standing the root mean square (RMS) was calculated in windows of
100 ms, 500 ms and 1 s, respectively, and signals from the standing
tests were normalized to the 1 s highest RMS value during the
three MVCs performed prior to standing. In addition, median
frequency (MDF) of the power density spectrum was computed in
epochs of 1 s during prolonged standing. Although the contraction
was non-isometric, the 1 s epochs were stable enough to obtain
good MDF values.

2.6. Data analysis

2.6.1. MVC

Trunk flexion and extension strength was determined as
highest force produced during the three MVC repetitions prior
to and the single MVC repetition after the standing tests and
normalized to body weight (N/kg).

2.6.2. Quiet standing

Only the last 50 s from the quiet standing trials were analyzed.
Ground reaction forces and moments from the two force plates
were combined to calculate global center of pressure (COP). The
RMS distance from mean COP (COP RMS) and COP speed, in both
anterior–posterior (A-P) and medial–lateral (M-L) directions
separately, and area of COP displacement (COP area) were
obtained. These measures have previously been reported in
studies of quiet and prolonged standing [2,8]. COP speed was
defined as overall COP displacement (length of the COP trace)
divided by the total time period. COP area was calculated using
the principal component analysis that calculates an ellipse that
fits the data [14]. The COP area corresponds to the area of the
ellipse, where the data samples lie inside the 95% confidence
interval.

2.6.3. Prolonged standing

From the prolonged standing, the first 10 s were removed. The
number of shifts in body weight (BW) was determined. A shift in
BW was defined as a change from a symmetrical stance (50% BW
each leg) to an asymmetric stance (>65% BW on one leg), and the
other way around. A similar definition has been used previously to
look at asymmetrical standing postures [15] and postural changes
during prolonged standing [16].

From the sEMG signals from each muscle the following
variables were calculated; start RMS (% RMS max), slope RMS (%
RMSmax/min), slope MDF (Hz/min) and coefficient of variation
(COV, 100 � SD detrended RMS/mean RMS).

2.6.4. Statistics

Depending on whether or not the measures were normally
distributed (Shapiro-Wilk tests), parametric or nonparametric
tests were run. Nonparametric statistics were also applied if the
measures had non-homogeneity of variances (Levene’s test).
Mann-Whitney U Tests and Independent Samples T-Tests were
conducted for comparison between groups. Wilcoxon Signed Rank
Tests and Paired Samples T-Tests were used to compare outcomes
within groups from pre to post prolonged standing. All tests were
performed two-tailed and statistical significance was accepted at
p < .05. Statistical processing was conducted in SPSS version 20
(SPSS Inc., Chicago, USA).

3. Results

The subjects age and anthropometric characteristics were
similar for the cLBP patients and the HCs (all p-values > .1)
(Table 1). The cLBP patients had a large variation in pain duration
(6 months and 18 years), but rather similar (about mid-scale)
scores on pain intensity and LBP related disability (Table 1). One
healthy participant (female) was removed from analysis due to
early ended prolonged standing task.

3.1. Postural changes and muscle activation during prolonged

standing

Results from prolonged standing are shown in Table 2. The
cLBP patients made significantly more body weight shifts and
had increased postural sway values for all COP variables
compared to HCs, reaching statistical significance for COP
speed and a trend for COP area and A-P COP RMS. The relative
muscle activation level (% RMSmax) at the start and during the
prolonged standing was higher in cLBP patients for all muscles
except for GM. There was no systematic change in RMS and
MDF during prolonged standing in either groups (RMS- or
MDF-slopes were not different from zero). The variability in
muscle activity (COV) was relatively high in GM and ES (about
30) and small in RA (about 7), without significant groups
differences.

3.2. Pre and post prolonged standing tests

Results from the pre and post prolonged standing tests are
shown in Table 3.

There were no significant differences between cLBP patients
and HCs for any of the five COP-measures during quiet standing
before or after (all p-values > .11) prolonged standing.

The HCs significantly increased two COP-measures and had a
trend towards a significant increase in the other three ones from
before to after prolonged standing. The cLBP patients only
increased COP speed M-L (p = .01), without any group differences
in changes.

Compared to HCs, cLBP patients had significantly lower trunk
extension- and flexion strength before (p < .02) and after (p < .05)
standing. From before to after the standing both groups reduced
trunk extension and flexion strength (all p < .01), and this strength
reduction was not significantly different between cLBP patients
and HCs (p > .11).

The cLBP patients had on average lower FRR compared HCs both
before and after standing (p-values < .01). There was a significant
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decrease in FRR in both groups. The relative change in FRR was
similar in cLBP patients and HCs.

In the analysis of RE three participants (one HC and two cLBP
patients) were excluded from further analysis due to erroneous
measurements. There were no significant differences between
groups or pre to post changes in any of the RE variables or tests.

The perceived exertion after standing and the change in pain
perception from pre to post standing was significantly greater in
the cLBP patients compared to HCs (p < .01).

4. Discussion

In contrast to the observations by Lafond et al. [2], cLBP patients
in our study performed more body weight shifts and had increased
body sway during prolonged standing compared to HCs. Thus, our
results don’t show postural strategy with reduced movement in
cLBP patients and consequently this may have not contributed to
their LBP. The reason for this discrepant result despite no apparent
differences in study population or instructions given regarding the

Table 2
Centre of pressure (COP) and surface electromyography (sEMG) during prolonged standing in non-specific chronic low back pain (cLBP) and healthy controls (HC). Median

(Mdn) and inter quartile range (IQR) in body weight shifts, COP area, speed and root mean square (RMS) in medio-lateral (M-L) ad anterior-posterior (A-P) direction. Mdn and

IQR of initial sEMG RMS amplitude (start RMS), the RMS slope and median frequency (MDF) slope and coefficient of variation (COV) from the erector spinae (ES), external

oblique (EO), rectus abdominis (RA) and gluteus medius (GM). Results from the Mann-Whitney U test are included.

HC n = 20* cLBP n = 17 U(p)

Mdn (IQR) Mdn (IQR)

Body weight shifts 3.0 (0–21) 47.0 (8–89) 98 (.03)

COParea (cm2) 2.8 (1.3–13.3) 9.1 (4.8–20.5) 232 (.06)

COPspeed (M-L) (mm/s) 12.0 (10.1–21.6) 20.5 (14.3–27.4) 240 (.03)

COPspeed (A-P) (mm/s) 13.5 (11.1–29.5) 31.1 (15.0–40.7) 253 (.01)

COP-RMS (M-L) (mm) 13.8 (10.2–21.2) 19.7 (14.3–31.7) 233 (.54)

COP-RMS (A-P) (mm) 11.5 (6.6–51.9) 32.6 (20.9–77.5) 228 (.08)

Start RMS (%max)

ES 7.7 5.1–10.0 12.6 8.7–18.1 90 (.01)

EO 10.6 7.2–13.3 15.2 9.7–24.2 81 (.01)

RA 4.2 2.5–5.5 6.6 3.6–13.0 97 (.03)

GM 8.3 4.9–11.6 10.4 6.3–36.5 119 (.19)

Slope RMS (% RMSmax/min)

ES 0.2 �1.9 to 5.2 1.1 �4.6 to 12.2 161 (.68)

EO 0.7 �1.3 to 2.2 �1.4 �4.1 to 5.7 160 (.85)

RA 0.2 �0.5 to 1.1 0.3 0.1–2.1 165 (.41)

GM �0.6 �1.7 to 3.5 �1.5 �9.1 to 7.7 138 (.66)

COV (%)

ES 25.9 16.4–34.9 33.9 24.2–46.9 114 (.09)

EO 15.2 9.6–26.4 13.3 9.2–18.7 138 (.47)

RA 5.5 4.0–8.8 8.4 4.6–13.6 142 (.41)

GM 31.0 17.5–39.7 27.4 23.4–48.5 145 (.62)

Slope MDF (Hz/min)

ES 3.5 �2.9 to 9.9 4.8 �16.8 to 9.0 145 (.41)

EO 3.1 �4.8 to 8.3 4.5 �7.2 to 11.1 139 (.22)

RA �2.8 �14.0 to 7.8 �0.9 �8.6 to 7.8 145 (.29)

GM 2.5 �8.0 to 28.3 12.9 �9.0 to 21.3 158 (.28)

*Data from 19 HCs in the analysis of EMG from EO and GM due to erroneous EMG data.

Table 3
Pre and post prolonged standing (PS) results in non-specific chronic low back pain (cLBP) and healthy controls (HC). Median (25–75 percentile) of postural sway variables

from the quiet standing task, trunk flexion and extension strength (FORCEMVC), flexion relaxation ratio (FRR), reposition error (RE), rating of low back pain (NPRS) and rating of

perceived exertion (only post prolonged standing). 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.

HC n = 20 cLBP n = 17 U(p)

Pre PS Post PS Z(p) Pre PS Post PS Z(p)

Quiet standing

COParea (cm2) 138.6 (87.7–197.5) 154.8 (111.8–284.8) �1.8 (.07) 151.6 (81.9–339.6) 190.0 (118.1–379.0) �1.0 (.31) 165.5 (.89)

COPspeed (M-L) (mm/s) 8.3 (6.6–10.1) 8.9 (7.5–10.8) �1.9 (.06) 7.9 (6.3–11.0) 8.5 (7.6–11.2) �2.6 (.01) 188.5 (.58)

COPspeed (A-P) (mm/s) 8.3 (7.2–9.2) 8.8 (7.8–9.5) �2.7 (.01) 8.6 (7.7–9.9) 8.7 (7.8–10.4) �0.7 (.46) 138.5 (.34)

COP-RMS (M-L) (mm) 4.7 (3.7–6.3) 5.8 (4.3–7.9) �2.0 (.04) 5.1 (3.8–6.6) 5.5 (4.5–7.3) �1.5 (.12) 149.5 (.54)

COP-RMS (A-P) (mm) 2.1 (1.6–2.4) 2.2 (1.7–2.9) �1.7 (.09) 2.5 (1.7–3.1) 2.2 (1.6–3.1) �0.4 (.69) 131.5 (.24)

FORCEMVC (N/kg)

Extension 9.4 (8.2–10.5) 8.4 (6.9–10.4) �2.9 (<.01) 7.4 (6.4–9.2) 6.5 (5.5–8.2) �3.6 (<.01) 117 (.11)

Flexion 8.6 (7.9–9.9) 7.6 (7.2–8.7) �3.7 (<.01) 7.4 (6.6–8.8) 6.8 (5.4–7.9) �3.6 (<.01) 144 (.44)

FRR

FRR 10.3 (4.9–19.5) 4.8 (2.5–9.3) �3.0 (<.01) 3.5 (2.5–7.0) 2.4 (1.8–3.0) �3.6 (<.01) 154 (.64)

RE (deg)*

Eyes open 3.3 (2.1–7.6) 4.1 (2.8–8.1) �0.8 (.45) 6.1 (2.4–11.5) 4.3 (3.1–7.9) �1.4 (.17) 99 (.14)

Eyes closed 4.0 (2.6–6.6) 4.6 (1.8–7.4) �0.2 (.84) 3.1 (1.9–9.8) 4.9 (3.2–9.5) �1.5 (.149 178 (.23)

NPRS (0–10) 0.0 (0–0) 0.0 (0–0) �1.0 (.32) 3.5 (2.0–4.0) 5.0 (3.0–7.0) �2.9 (<.01) 53 (<.01)

Perceived exertion 7.0 (7.0–9.0) 13.5 (11.5–15.0) 32 (<.01)
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prolonged standing, may be hazard, or may lay in the information
patients receive under clinical examination in our hospital with the
overall message that the spine is strong and will not easily suffer
any injuries with normal use, it is beneficial to be physically active,
and that less pain focus might facilitate natural and less painful
movements [17].

Despite increased postural movements, no increased muscle
activation variability in cLBP patients was observed. However, cLBP
patients had increased trunk and abdominal muscle activation
already at the start of prolonged standing, indicating a reduced
ability to deactivate trunk muscles. Plausibly, due to the increased
postural movements, the cLBP patients could compensate for the
relatively high muscle activation level, resulting in a similar to HCs
muscle activation variability.

The muscle activation variability in both the cLBP patients and
the HCs was rather high. Variability in muscle activation is
associated with decreased fatigue development [18,19], and
reduced variability has been found to be related to pain
development [20]. Possibly due to the high muscle activity
variability, no signs of muscle fatigue could be observed in the
EMG signal during the prolonged standing despite activation levels
of around 10% RMSmax, while muscle fatigue development has
been shown in healthy subjects during contraction levels as low as
2% RMSmax [19].

Despite this lack of muscle fatigue signs during prolonged
standing, the trunk flexion and extension strength and the FRR
were reduced and postural sway during quiet standing was
somewhat increased after prolonged standing in both groups
indicating fatigue and fatigue being a factor modifying the flexion
relaxation phenomenon and postural sway [21], although fatigue
has not been reported to have effect on FRR in healthy subjects
previously [22].

Anyway, although the cLBP patients reported higher level of
perceived exertion after prolonged standing than HCs, none of the
above variables indicated more fatigue in cLBP patients compared
to HCs, although other studies showed increased fatigability and
less back extensor endurance in cLBP patients [23,24]. This might
be related to the increased postural movements during prolonged
standing in our study, while these other studies did not allow for
increased movement variability in cLBP. These results could be
seen in line with the original hypothesis of Lafond et al. of
increased postural movements to delay discomfort and fatigue and
reduce pain. Especially since neither group developed a meaning-
ful change in pain as the HCs did not develop pain at all, while the
increase of the NPRS in cLBP patients was 1.5, staying under the
2 point change which is regarded as ‘‘clinical meaningful change’’
[25].

The cLBP patients showed significantly lower strength and FRR
both before and after prolonged standing, which is in agreement
with previous reports of low strength [26] and FRR associated with
LBP [5,27], indicating increased muscle activation in full flexion,
like during prolonged standing.

We found no difference between cLBP patients and HCs in
reposition error or in its change after prolonged standing. Fatigue
has shown to significantly impair reposition of the trunk both in
cLBP patients and healthy subjects [28]. Altered proprioception has
been associated with LBP in some studies [29], but not in others
[12]. Lafond et al. argued for a reduced proprioceptive function in
cLBP patients to cause the reduced balance and stiff behaviour in
cLBP patients [2]. Our results do not support this.

5. Conclusions

Contrary to the findings of Lafond et al. [2], the cLBP patients
present a postural strategy with more postural variation compared
to HCs during prolonged standing. Moreover, they were not more

affected by standing compared to HCs. The cLBP patients showed
an increased muscle activation level during prolonged standing
and FRR indicating a reduced ability to individually deactivate
trunk muscles. Possibly due to increased postural movements and
similar muscle activation variability, cLBP patients did not develop
more fatigue than HCs nor did they develop a clinical meaningful
increase in LBP due to standing.
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