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Abstract

Purpose Non-specific chronic low back pain (NSCLBP) patients present with reduced back extensor muscle endurance
which could be explained by the higher fatigability of their lumbar muscles. However, studies investigating lumbar muscle
fatigability have shown contradictory findings. Furthermore, none investigated potential asymmetry in lumbar muscle fati-
gability, despite neuromuscular asymmetry being reported as a risk factor for NSCLBP. The present study’s primary purpose
was to determine whether NSCLBP patients presented with higher lumbar muscle fatigability and fatigability asymmetry
than asymptomatic participants.

Methods Thirty NSCLBP patients and 23 asymptomatic participants performed the Sorensen test. The median frequen-
cies from the electromyographs of the right and left erector spinae longissimus (ESL) and lumbar multifidus (LMF) were
measured during the test. A linear regression was performed on the median frequencies on each muscle. Slope and initial
median frequency were extracted to characterize fatigability. Asymmetry was quantified by the absolute differences between
right-side and left-side muscle pairs.

Results NSCLBP patients presented significantly poorer back extensor muscle endurance than asymptomatic participants.
No differences were found between NSCLBP patients and asymptomatic participants in terms of fatigability or fatigabil-
ity asymmetry for either the ESL or LMF. The initial median frequency in both muscles was significantly lower among
NSCLBP patients.

Conclusions The present study showed that NSCLBP patients did not present higher fatigability or higher fatigability asym-
metry in lumbar muscles than asymptomatic participants. The heterogeneity of the NSCLBP population, due to the absence
of any specific etiology, may explain these findings.
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extensor muscles.

2. Fatigability of lumbar muscle did not differ between
NSCLBP patients and asymptomatic participants.

3. NSCLBP patients did not present higher asymmetry of
fatigability.
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Background

Low back pain (LBP) has been the leading cause of dis-
ability worldwide since 1990 [1], with an increase in years
lived with disability of over 50% since then [2]. Most LBP
is classified as non-specific because the pain’s source can-
not be precisely established in 85-90% of cases [3]. With
pain lasting for more than 3 months [3], about 10% of
these cases will become chronic and be identified as non-
specific chronic low back pain (NSCLBP). This represents
a major, global, socioeconomic challenge [4].

Deconditioned lumbar extensor muscles have been
identified as one risk factor of NSCLBP [5]. It is difficult
to establish whether the characteristics of muscle decon-
ditioning are due to or result from the growing pain as
lumbar muscles atrophy. At the lumbar spine level, sev-
eral studies have reported a strong positive correlation
between pain and muscle atrophy location [6—8]. How-
ever, contradictory results have been reported in patients
presenting unilateral pain: the presence of either bilateral
[8] or ipsilateral muscle atrophy [7]. Exploring structural
modifications, Mannion et al. [9] suggested that fiber-type
transformations, rather than size transformations, were the
predominant changes in NSCLBP. These authors observed
a higher proportion of type IIx (fast-twitch or glycolytic)
fibers than type I (slow-twitch oxidative) fibers in patients
with chronic LBP, in comparison with asymptomatic indi-
viduals. Subsequent studies supported Mannion’s results,
reporting a lower level of back extensor muscle endurance
[10, 11] and a higher level of back extensor muscle fati-
gability in NSCLBP patients [12, 13]. Severijns et al. [14]
defined fatigability as “the magnitude or rate of change of
motor performance on an objectively measured reference
criterion after any type of voluntary activity or exercise.”
Lower endurance and higher fatigability also characterize
the deconditioned lumbar extensor muscles in NSCLBP
patients. Indeed, reduced back extensor endurance has
been shown to be one of the muscle deconditioning char-
acteristics leading to the development of NSCLBP [15].
However, the characteristics of lumbar muscle fatigability
in NSCLBP patients remain unclear because many studies
did not observe higher fatigability [16, 17].

It has also been suggested that asymmetry in spine mus-
cles could contribute to chronicity [18]. Some studies have
found that muscle contraction patterns are closely associ-
ated with spine loading [19, 20]. NSCLBP patients have
asymmetrical lumbar erector spinae longissimus (ESL)
contraction patterns during lifting tasks [21], leading to
an imbalance in spinal loading and potential spinal injuries

[18]. NSCLBP patients also present with an asymmetrical
ESL flexion-relaxation phenomenon associated with spi-
nal rotation [22]. These asymmetrical patterns may cause
cumulative stress and pain in the lumbar region [23]. In
this context, it is possible that asymmetric lumbar muscle
fatigability could contribute to asymmetric back move-
ments and consequently to pain during daily life activities
[18]. More than 20 years ago, Tsuboi et al. [24] reported
significant differences in the degrees of fatigability asym-
metry between the left and right lumbar multifidus (LMF)
in both asymptomatic participants (APs) and NSCLBP
patients. However, that study reported no direct compar-
ison between those two populations. What is more, the
study was never replicated. The present study aimed to
clarify previous findings on lumbar muscle fatigability in
NSCLBP patients, as this could have an impact on reha-
bilitation techniques for this population. We hypothesized
that during the performance of a trunk extensor endurance
test, NSCLBP patients would demonstrate greater lumbar
muscle fatigability (hypothesis 1) and a higher degree of
asymmetry in this fatigability than APs (hypothesis 2).

Methods
Study design

This prospective study was approved by the local ethics
commission, with reference CER: 14-126. This study is
part of a larger project on the identification of NSCLBP
subgroups whose protocol was recently published [25].

Participants

Patients were recruited from the rheumatology and ortho-
pedic divisions of a tertiary university hospital in Switzer-
land (Geneva University Hospitals). They were included in
the NSCLBP group if they had presented with NSCLBP
(absence of infection, rheumatologic or neurologic diseases,
spinal fractures, any known spinal deformities, tumors or
radicular symptoms) for more than 3 months. Participants
were included in the AP group if they had no history of
back pain in the last 6 months. For both groups, additional
exclusion criteria were pregnancy, age below 18 or above
60 years, previous back surgery, a body mass index over 30,
and pain or injury in any other body parts. Thirty chronic
NSCLBP patients and 23 APs were enrolled and then evalu-
ated in a human movement laboratory.
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Pain-related outcomes

In order to characterize pain-related variables, pain duration
and intensity were assessed using a 10-cm visual analogical
scale (VAS). Assessment of functional disability and pain
catastrophizing were quantified using the French versions
of the Oswestry Disability Index (ODI) [26] and the Pain
Catastrophizing Scale (PCS) [27], respectively. As recom-
mended by the World Health Organization, the Global Phys-
ical Activity Questionnaire (GPAQ) was used to quantify
weekly physical activity [28].

Experimental procedure

Experimental procedures were described to participants on
arrival, and they signed a written informed consent form.
They performed a trunk extensor endurance test known as
the Sorensen test (Fig. 1) [29]. Participants were placed in
a prone position on an examination couch so that the upper
edges of their iliac crests were aligned with the couch’s edge.
Both lower limbs were attached to the couch using three
straps at the levels of the pelvis, knees, and ankles [29].
With their arms folded across their chest, participants were
asked to maintain a horizontal position (ankles, knees, and
shoulders aligned) for as long as possible. The investigator
gave verbal feedback and standardized encouragement dur-
ing the test. Endurance performance was quantified by the
maximum holding time; the investigator stopped the test if
participants reached 240 s [30]. During the test, participants
were asked to quantify their perceived exertion every 15 s
(including at the end of the test) on the Borg CR-10 scale as
suggested in a previous study [31].

Fig. 1 Illustration of the testing
position for the Sorensen test
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Instruments and data processing

Electromyograph (EMG) signals were measured using
active surface electrodes (model: Trigno, Delsys Inc., Bos-
ton, MA, USA) at a sampling frequency of 1000 Hz. Elec-
trodes were positioned bilaterally on the ESL (at the level
of the L1 spinous process) and LMF muscles with regard
to muscle fiber direction following the recommendations of
the Surface ElectroMyoGraphy for the Non-Invasive Assess-
ment of Muscles (SENIAM) project, on shaved, abraded,
and cleaned (with an alcoholic solution) skin [32]. All data
processing was performed using MATLAB R2012a (Math-
Works, Inc., Natick, MA, USA). Raw EMG signals were
passband filtered (20-500 Hz) using a 4th order Butterworth
filter [12].

Median frequency (MF) has been shown to be a reliable
parameter with which to evaluate the fatigue of paraspinal
muscles in both APs and LBP patients [33]. The MF of the
surface EMG power spectrum was calculated at each 1 s
interval using a fast Fourier transform. A linear regression
analysis was performed on the MFs calculated as a func-
tion of time. As MF evolution is linear during fatigue tasks
[34], participants with an MF linear regression coefficient of
r<0.70 were excluded from further analysis. The MF slope
was used to evaluate muscle fatigability and was determined
from the linear regression’s slope [34]. The initial MF (MFi)
was defined as the intercept of the regression line. To avoid
subcutaneous bias, the slope was normalized to the MFi,
as in Eq. 1 [35]. The MF at the end of the endurance task
(MFend) was calculated using the normalized linear regres-
sion equation at the performance time (Eq. 2). Two variables
were used to quantify the reduction in MF: the normalized
median frequency slope (NMFs) and the MF percentage
of diminution (%dim). The %dim was calculated as shown
in Eq. 3. These two variables were calculated to facilitate
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comparisons with the literature [10]. For all variables, the
mean value of the right and left sides of each muscle was
used for statistical analysis. The asymmetry between the
right and left of the NMFs and %dim for each muscle pair
were calculated using the relative difference between the
right (R) and left (L) sides (Eq. 4) [22]

NMFSmuscle = (MF Slopemuscle/MFimuscle) x 100 (1)
MFend,,, . = (performance X NMFs_ i) + MFi e
@)
% dimmuscle = (MFimuscle - MFendmuscle)/MFimuscle (3)
AX =|Xg — X| |(where X are the @

fatigability variables : NMFs or % dim)
(where X are the fatigability variables: NMFs or %dim)

Statistical analysis

Analyses were performed using R v.3.1.3 software and the
RStudio interface, with a level of significance set at p <0.05.
The Shapiro—Wilk test was used to evaluate the normality
of the data distribution. Comparisons between groups were
made using unpaired Student’s t tests for outcomes with
normal distributions, unpaired Mann—Whitney U tests for
non-normal distributions, and Pearson’s chi-squared test
for dichotomous outcomes. Intragroup comparisons were

Table 1 General characteristics of the study sample

performed using the Wilcoxon test. Cohen’s effect size
(ES) and the 95% confidence interval (95% CI) were also
reported.

Results

Four NSCLBP patients and three APs were excluded due to
MF linear regression coefficients (r) inferior to 0.70. Two
NSCLBP patients could not perform the test because of pain.
Finally, 24 NSCLBP patients and 20 APs were included. Par-
ticipants’ characteristics are presented in Table 1. Intergroup
comparisons showed that the NSCLBP group had a signifi-
cantly shorter endurance performance than the AP group,
with a median (interquartile range) of 124 (87-175) seconds
and 182 (133-222) seconds, respectively (p value =0.013;
ES=0.369; 95% CI= —95 to—8). Results showed that five
APs and two NSCLBP patients reached the limit of 240 s.
Six out of the seven participants (four APs and two NSCLBP
patients) also reached the maximum value of the Borg scale
at the time of the 240 s. Concerning fatigue parameters, no
significant differences were found between the groups for
either the NMFs or %dim (Table 2). NSCLBP patients had
significantly lower MFi than APs for all muscles, whereas no
differences were found in MFend for any muscles (Table 2).
Concerning asymmetry parameters, no significant differences
between groups were found for either the ANMFs or A%dim
for any muscles (Table 3).

Groups p value 95% CI ES
NSCLBP patients (n = 24) Asymptomatic Partici-
pants (n = 20)
Individual characteristics
Female (%)* 9 (38%) 9 (45%) 0.845 —32.8t053.8 0.045
Age (year)® 40.8 (9.1) 36.2 (10.0) 0.157 —19to11.1 0.490
Body mass (kg)® 68.6 (8.8) 66.4 (10.3) 0.480 —4.2108.7 0.243
Body height (m)° 1.72 (0.08) 1.72 (0.09) 0.890 —631t05.6 0.044
Body mass index (kg.m™2)° 22.4(21.6:24.2) 22.5(20.7:23.1) 0.703 —09t02.0 0.090
Pain-related characteristics
Current pain (VAS / 10) 3.2(1.4) - - - -
Pain duration (years)® 10.6 (9.8) - - - -
ODI (%)° 14.2 (7.6) - - - -
PCS® 17.2 (10.6) - - - -
GPAQ (MET-minute/week)® 2280 (1440:3120) 2520 (1670:3320) 0.595 — 1320 to 740 0.040

ES Cohen’s effect size, 95% CI 95% confidence interval, VAS visual analogue scale, GPAQ global physical activity questionnaire

#p < 0.05

*Values are n (%) and Pearson’s chi-squared test was used

Values are mean (standard deviation) and unpaired Student’s r-test was used

“Values are median (interquartile range) and Mann—-Whitney U test was used
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Table 2 Fatigue parameters

Groups pvalue  95% CI ES
NSCLBP patients Asymptomatic Partici-
pants
ESL n=24 n=20
MFi 75.5 (65.1:87.3) 85.8 (79.5:95.0) 0.048*  —22.0to—0.1  0.245
MFend 52.5 (46.3:65.0) 51.7 (46.4:61.5) 0.844 —-7.0t09.2 0.148
NMFs (%) —21.7(-29.5:—16.5) —19.5(-26.5:—15.6) 0471 —0.08 to 0.04 0.012
%dim 34.9 (25.4:40.7) 42.8 (28.7:50.1) 0.207 —4.51t016.7 0.135
LMF n=23 n=19
MFi 101.1 (89.0:105.5) 109.1 (105.3:122.5) 0.027* —-225t0—-15 0283
MFend 63.3 (51.3:89.0) 62.1 (50.8:72.3) 0.423 — 8510 18.0 0.029
NMFs (%) — 27 (- 30:—20) —25(-31:-20) 0.851 —0.07 to 0.06 0.178
%dim 31.1(25.8:44.1) 40.7 (33.1:49.9) 0.133 —-27t0179 0.185

%dim is percentage of median frequency diminution; Mann—Whitney U test was used for group compari-

son

ESL lumbar erector spinae, LMF lumbar multifidus, MFi initial median frequency, MFend last median fre-
quency, NMFs normalized median frequency slope, 95% CI 95% confidence interval, ES Cohen’s effect

size

*p < 0.05
Table 3 Asymmetry parameters Groups P value 95% CI ES
NSCLBP patients Asymptomatic Par-
ticipants
ESL n=23 n=20
ANMFs 6.0 (2.6:10.1) 3.9(2.2:9.6) 0.482 0.03 to 0.06 0.007
A%dim 8.8 (7.3:29.0) 6.7 (1.6:11.9) 0.138 - 13t 15.0 0.181
LMF n=21 n=19
ANMFs 4.2(2.2:7.9) 3.3(1.4:6.1) 0.337 —0.01 to 0.04 0.069
A%dim 5.5(2.1:9.3) 6.7 (1.6:10.3) 0.818 —-47t03.2 0.151

%dim is percentage of median frequency diminution; A is asymmetry; Mann—Whitney U test was used for

group comparison

ESL lumbar erector spinae, LMF lumbar multifidus, NMFs normalized median frequency slope, 95% CI
95% confidence interval, ES Cohen’s effect size

p < 0.05

Discussion

The present study aimed to clarify the characteristics of
fatigability in NSCLBP patients. Although observed back
extensor muscle endurance during the Sorensen test was
lower in NSCLBP patients than in APs, measurements of
lumbar muscle fatigability were not significantly different
between the groups (rejecting hypothesis 1) and showed no
patterns of asymmetrical fatigability (rejecting hypothesis
2).

Previous findings on lumbar muscle fatigability revealed
several inconsistencies with studies that reported higher
NSCLBP fatigability [12, 13], and other studies showed
NSCLBP patient fatigability similar to that of APs [16, 17].

@ Springer

The absence of significant differences between NSCLBP
patients and APs in terms of their fatigability parameters
(NMFs and %dim), observed in the present study, was pre-
viously reported by Kankaanpidi et al. [16]. Indeed, these
authors found no significant difference in the NMFsgq
between NSCLBP patients and APs when using a 90-second
seated back extension against a dynamometer as a fatigue
task. A study by Johanson et al. reported %dim; ;s (NSCLBP
patients =36%; APs=47%) results similar to ours (NSCLBP
patients =31%; APs=41%), but they did not provide any sta-
tistical analyses [10]. Other studies that reported increased
fatigability in NSCLBP populations also had relevant dif-
ferences in their protocols from the present study. Although
MFi in the present study was computed using the intercept of
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the regression line, two other studies chose to compute MFi
using the mean of the first or the first five seconds [12, 13].
These methods are more sensitive to extreme values or EMG
artefacts than using the regression line’s intercept, and this
could significantly affect the results. In addition, the studies
by Lariviere et al. [17, 36] used a dynamometer rather than
the Sorensen test to induce trunk muscle fatigue. It is known
that maximum voluntary isometric contraction is difficult
to perform on a pathological population and it may alter
their results [37]. It is also worth noting that these studies
were only able to demonstrate increased fatigue in subgroups
of patients. In the first study [36], only the male NSCLBP
patients were found to have greater absolute ESL and LMF
MF slopes, whereas in the second [17], a significant dif-
ference in MF slope was only reported for patients with a
high level of pain catastrophizing. No significant difference
in fatigability was found for NSCLBP patients with PCS
scores below 21. The present study’s results are consistent
with this finding, as our NSCLBP patients also had a mean
PCS below 21 (Table 1). It has been suggested that patients
with a low level of pain catastrophizing tended to finish all
activities despite pain leading to more physical activity and
better endurance [38]. Overall, it appears that there was no
difference in lumbar muscle fatigability between NSCLBP
patients and APs, although it might be the case in specific
subgroups of NSCLBP patients.

The present study’s results for MFi were partially consist-
ent with those found by Kankaanpii et al. [16]. Indeed, those
authors found lower MFi in NSCLBP patients than in APs
but only for the right ESL. It is important to note that the
present study computed MFi using the intercept of the regres-
sion line, whereas Kankaanpii et al. used the mean of the
first five seconds to obtain their MFi value. As well as Kolur
et al. [12] and Suuden et al. [39] found, in opposition, no sig-
nificant differences in initial MF between groups for lumbar
muscles. Suuden et al. [39] suggested that a lower MFi was an
indicator of greater pre-fatigue loading. The measurement of
MFi showed good reproducibility [40] but was not validated
as a measure of the state of muscle fatigue. However, it was
reported that initial MF was related to such different muscle
parameters as conduction velocity, composition, and cross-
sectional area (force) of the muscle fibers [41-43]. The lower
MFi observed in the NSCLBP patients could be related to
these parameters. However, it is important to note that the MF
value can be influenced by several factors, such as electrode
location or soft tissue (low-pass effect on EMG) [43]. Further
investigations will be needed to verify this hypothesis.

Finally, regarding asymmetry, no significant differences
were found in lumbar muscle fatigability asymmetry, for
either muscle, between NSCLBP patients and APs. This
result does not confirm our second hypothesis. The pre-
sent study’s NSCLBP patients presented with low levels
of disability and pain (see Table 1), which may not have

been severe enough to highlight any asymmetry between
groups. Only Tsuboi et al. [24] have investigated the
side-to-side difference of lumbar muscle fatigability in
NSCLBP patients. They found that the right MF slope
was significantly different from the left MF slope, both in
LBP patients and in APs. However, comparing the right
side to the left side does not reflect asymmetry. Indeed,
the difference can be hidden depending on which side is
higher or lower. This absence of higher LMF fatigabil-
ity asymmetry in NSCLBP patients is consistent with the
bilateral atrophy of LMF present in NSCLBP patients and
reported by Beneck and Kulig [8]. It could now be interest-
ing to couple imagery analysis (e.g., magnetic resonance
imaging) with EMG analysis to verify whether there
are subgroups among NSCLBP patients. One NSCLBP
patient subgroup could have a symmetrical muscle adap-
tation, whereas another may not, which could explain the
inconsistencies in lumbar deconditioning observed among
NSCLBP patients.

The present study had certain limitations. First, nine
participants were excluded because their linear regression
coefficient was below 0.7. Of these, three NSCLBP patients
showed an insufficient endurance performance time and
consequently an insufficient number of MF values to cal-
culate a linear regression. Two other NSCLBP patients
could not perform the test due to the intensity of their
pain. One NSCLBP patient and three APs were excluded
because EMG artefacts on their signals altered their MF
linear regression. Secondly, the end of the Sorensen test
at of 240 s could have been a limit. However, only one AP
was stopped at 240 s without reaching the maximal value
on the Borg scale, suggesting that participants were close
to their maximum capacity. Hence, it is unlikely that this
time limit has significantly affected the results. Thirdly,
Miiller et al. [44] showed that hip extensors could also play
a significant role in the Sorensen test, despite it being con-
sidered the gold standard of back extensor endurance tests
[44]. The contribution of hip extensors was not included
in the analysis and interpretation of the present results.
Furthermore, psychological factors [45] and anthropo-
metric characteristics [39] have been found to influence
the Sorensen test’s performance. The present study did
not include these factors in its analysis. In addition, the
use of surface EMG electrodes for the assessment of LMF
activity remains contentious considering the contradic-
tory findings of different studies [46, 47]. The results of
LMF activity must therefore be considered with caution.
Finally, the NSCLBP population was heterogeneous due to
the absence of a specific etiology. A previous study found
that only analyses based on NSCLBP subgroups revealed
significant differences in lumbar muscle activity compared
to APs during usual sitting posture [48]. The fact that no
significant differences were observed in the present study
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may be due to the analysis of pooled NSCLBP patients, but
the overall low number of participants prevented us from
performing any additional subgroup analysis.

Conclusion

This study showed that NSCLBP patients did not present
higher fatigability or higher fatigability asymmetry between
the right and left lumbar muscles than asymptomatic partici-
pants. These findings could be explained by the heterogene-
ity of our NSCLBP population due to the absence of any
specific etiology. However, the initial median frequencies of
the lumbar muscles were lower in NSCLBP patients and fur-
ther investigations are needed to understand these findings.
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