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Abstract

This study assessed low back muscle fatigue during Sorensen back endurance test in chronic low back pain
(CLBP) patients and healthy controls, and investigated relationship between the erector spinae muscle fatiga-
bility and subject’s anthropometric characteristics. Four groups (n =10 per group) of middle-aged (47-52-year-
old) subjects participated: 1) female CLBP patients, 2) healthy female subjects, 3) male CLBP patients and 4)
healthy male subjects. Subjects performed Sorensen back endurance test until exhaustion, while electromyographic
(EMG) power spectrum median frequency compression over time ( MF slope) as indicator of the erector spinae
muscle fatigability, and endurance time were recorded. The endurance time was shorter (p <0.05) in male CLBP
patients compared to the healthy male and female subjects. No significant gender differences in endurance time
were found in CLBP patients and in healthy subjects. EMG power spectrum MF slope did not differ significantly
in CLBP patients and in healthy subjects. However, MF slope was higher (p <0.05) in healthy male than in
female subjects. Body mass and BMI correlated moderately positively with MF slope (r = 0.40-0.67 ) in all mea-
sured groups. We conclude that male CLBP patients had lower back extensor muscle isometric endurance com-
pared to the healthy subjects of both genders, whereas no gender differences in isometric endurance were found
in CLBP patients and in healthy subjects. Healthy male subjects had greater lumbar erector spinae muscle fati-
gability compared to the healthy female subjects. Subjects with higher body mass and body mass index fatigued
faster during Sorensen back endurance test.
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such as atrophy of low back muscles or alteration of
muscle fibers (20) and altered muscle coordination
patterns (34). The alterations in the structure of low
back muscles can lead to weakness and fatigability,

Introduction

Low back pain is one of the most frequent health
problems in industrial countries. Advanced age has

been shown to increase the risk for nonspecific
chronic low back pain (CLBP), the prevalence of
which is highest in middle-age, whereas men and
women have equal risk (13). It has been suggested
that CLBP is associated with several structural and
functional abnormalities in neuromuscular system
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to low back muscle impairments recognized as a
potential cause of CLBP (20). In physically demand-
ing occupations, low back muscle fatigue is easily
developed during repetitive lifting, bending and
twisting maneuvers, which have been shown to be
occupational risk factors for CLBP (11).
Neuromuscular fatigue is generally defined as the
failure to maintain the required or expected force
(3). The assessment of low back muscle fatigue has
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been of interest for investigators over many years
because of its tight association with low back pain.
Numerous studies have identified an association
between patients with low back pain and easily
fatigued low back muscles, either based on subjective
(endurance time) (2. 14, 19) or objective (elec-
tromyographic spectral analysis) (6, 8, 16, 17, 23, 27)
assessment methods on muscle fatigue. Surface elec-
tromyography (EMG) is a noninvasive technique for
assessing muscle function that has played a major
role in basic understanding of the low back muscle
fatigue in both normal subjects and in patients with
low back pain during specific postures and move-
ments. It has been suggested that muscle fatigue is
present as soon as a muscle contraction starts (4)
and can be measured by a shift of the EMG power
spectrum to lower frequencies (spectral compression)
caused by neural and metabolic factors in the mus-
cle (18). The fatigue-induced EMG spectral com-
pression has been related to the action potential con-
duction velocity propagation. This is most likely due
to an accumulation of metabolites (e.g. H* and
extracellular K*) (4, 31) reducing intracellular pH
(5) and, thus, decreasing sarcolemma excitability.
Although the exact mechanisms underlying the
EMG spectral compression are not fully understood,
the resultant shift to lower frequencies during
sustained contraction is recognized as an electro-
physiological monitoring of fatigue process (16, 12,
21, 33).

A Serensen back endurance test (2), i.e. holding
the upper body in a horizontal and unsupported pos-
ture against the gravity, which is about 40-50% of
maximal voluntary contraction force, is commonly
used to measure the low back muscle fatigue during
sustained submaximal isometric contraction (1, 16,
21, 27, 30). Kankaanpéi et al. (16) investigated the
influence of body mass index (BMI = ratio of body
mass in kilograms to height in meters squared) on
paraspinal muscle fatigability by using Serensen
back endurance test and found a strong influence of
this factor. BMI showed a strong negative correla-
tion with endurance time and a strong positive cor-
relation with paraspinal muscle fatigability assessed
by EMG power spectrum median frequency (MF)
compression over time (MF slope). EMG power
spectrum MF slope (fatigue) during the test was
dependent on BMI in both sexes, but the effect of
BMI was more pronounced in women than men.
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One of our earlier studies (27) demonstrated a strong
negative correlation between BMI and endurance
time during Serensen test in patients with CLBP,
whereas medium level positive correlation was found
between BMI and MF slope of the lumbar erector
spinae muscle during fatigue test. However, no gen-
der differences were assessed in this study. There are
some suggestions, that subject body mass and/or
upper body mass may also influence the Serensen
test result (1, 21). Despite the wide-spread use of
Serensen back endurance test to monitor the low
back muscle fatigue, the relationship between the
EMG power spectrum compression during sustained
isometric contractions and anthropometric charac-
teristics in subjects with CLBP and healthy individ-
uals and its gender differences are not well under-
stood.

The aims of this study were 1) to compare low
back muscle fatigability during Serensen back iso-
metric endurance test in patients with idiopathic
CLBP and age- and gender-matched healthy control
subjects, 2) to correlate objective patterns of the erec-
tor spinae muscle fatigability with subject’s anthro-
pometric parameters, and 3) to evaluate gender
differences in low back muscle fatigue patterns. The
erector spinae muscle fatigability during Serensen
back isometric endurance test was objectively
assessed by EMG power spectrum MF slope. We
hypothesized that subjects with higher body mass
and BMI have a greater MF slope during Serensen
back isometric endurance test, i.e. will fatigue faster.

Materials and methods
Subjects

Four groups of middle-aged (47-52-year-old)
subjects participated in this study: (1) female CLBP
patients (n = 10), (2) healthy female control subjects
(n=10), (3) male CLBP patients (n = 10) and (4)
healthy male control subjects (n = 10). The anthro-
pometric parameters of the subjects are presented
in Table 1. Patients were recruited through the Tartu
University Hospital, where they had frequently
sought medical attention for low back pain. In the
initial clinical examination at the hospital, the cause
of the low back pain was confirmed to be nonspe-
cific, and patients with nerve root compression or



disc prolapse, severe scoliosis, spondyloarthrosis, pre-
vious back surgery, and other serious and specific
causes of low back pain were excluded. The CLBP
diagnosis included the criteria that patients had low
back pain for longer than 3 months (on the average
for 6.8 + 2.1 yrs) and that they did not have radicu-
lar symptoms. All patients completed questionnaires
concerning their low back pain history. Current low
back pain was subjectively assessed by 10 point
visual analogue scale (VAS) and functional disabil-
ity by Oswestry questionnaire (9). None of the con-
trol subjects had a history of pain in lower back or
had experienced low back pain during the previous
year. In addition, subjects were excluded if they had
cardiovascular, respiratory, orthopedic, neurologi-
cal, endocrine, or renal conditions that were con-
tradictions to a sustained isometric exercise. Only
pre-menopausal middle-aged women were recruited.
All women were tested during the follicular phase
of menstrual cycle. At the arrival in the laboratory
subject’s anthropometric measures (height, body
mass) were collected and BMI (kg'm™2) was calcu-
lated. Subjects who had BMI of greater than 40
(morbidly obese) were also excluded. Written
informed consent was obtained from all subjects.
The study carried the approval of the University
Ethics Committee for Human Studies.

Sorensen back endurance test

Back extensor muscle isometric endurance was
evaluated using Serensen test (2). The subject lay in
a prone position on a treatment couch with the lower
half of the body below the level of the anterior supe-
rior iliac spines strapped to the couch at three
positions: at the ankles as close to the malleoli as pos-
sible, at the knee creases, and at the level of the greater
trochanter of the femur. The seat belts were tightened
as firmly as possible while considering the subject’s
level of comfort. The subject’s hands were placed at
the sides of the trunk, and the chest was supported
at a 45° angle downward from the horizontal
position. While the subjects performed Serensen back
endurance test, they were instructed at the beginning
of the test to lift the upper trunk clear of the chair
and maintain unsupported upper body in the hori-
zontal plane as long as possible (until exhaustion).
The horizontal position during the test was controlled

by a small sack (hanging from the ceiling), which was
placed between the scapulae. The test was terminated
when the subject could no longer maintain upper
body in the horizontal plane (defined as > 2 cm reduc-
tion in height for 2s) despite strong verbal encour-
agement. The endurance time was recorded using a
stopwatch and was taken as indicator of back exten-
sor muscle isometric endurance.

Surface EMG recordings

While the Serensen back isometric endurance test
was performed, surface EMG was recorded bilater-
ally from the centre of the lumbar erector spinae
muscle. After the skin was shaved, abraded, and then
cleaned with alcohol, pairs of bipolar surface EMG
electrodes (Ag-AgCl, 8-mm diameter, 20-mm inter-
electrode distance) were attached bilaterally over the
lumbar erector spinae muscle at the level of L3
(approximately 3 cm laterally to the center of the
spinous process). As a reference electrode a large
carbon rubber plate (Nemectron, Germany,
7 % 12.5 cm) was placed on the iliac crest. The EMG
signals were amplified and displayed with Medicor
MG-440 preamplifiers with the frequency band
ranging 1 Hz - 1 kHz. The output signals from EMG
preamplifiers were digitized on-line (sampling fre-
quency | kHz) by analogue-to-digital converter
installed in personal computer. The digitized signals
were stored on a hard disk for further analysis. EMG
power spectrum MF was calculated by using Fast
Fourier Transform Algorithms (18), where a 1024
data point window (1s) slides over the whole
recorded signal area with a 512 point shift (50%
overlap). During Serensen back isometric endurance
test the MF was determined and averaged over each
period of 5s, whereas the following characteristics
were calculated: initial MF as the mean of the first
5s, end MF as the mean of the last 5s and MF slope
as the percent change from initial value (%o'min-!).
MF slope was taken as indicator of the erector
spinae muscle fatigability.

Statistical analysis

Standard statistical methods were used for the
calculation of means and standard errors of the
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means (£SE). One-way analysis of variance (ANOVA)
followed by Tukey post hoc comparisons was used to
evaluate differences between the groups and between
body sides. Pearson’s correlation coefficient was used
to estimate linear relationships between subject’s
anthropometric characteristics, endurance time and
EMG power spectrum parameters. Statistical signif-
icance was accepted at p <0.05.

Results
Endurance time

Male CLBP patients had shorter (p <0.05)
endurance time in Serensen test compared to the
healthy female and male subjects (Fig. 1). No sig-
nificant differences in endurance time were observed
between the healthy male and female subjects, and
female CLBP patients.

Changes in surface EMG spectral median frequency

Initial MF of the erector spinae muscle during
Serensen back isometric endurance test in healthy
male subjects was higher (p < 0.01) compared to the
healthy female subjects (Fig. 2A). No significant dif-
ferences (p <0.05) in initial MF were observed
between the female and male CLBP patients and
healthy female subjects. Healthy male subjects had
higher (p <0.05 - 0.01) MF slope than healthy female
subjects (Fig. 2B). No significant differences in MF
slope were found between the female and male
CLBP patients, and between patients and healthy
subjects.

Correlation analysis

Tables 2 and 3 provide the correlation coefficients
between anthropometric parameters and low back
muscle fatigue characteristics in female subjects and
in male subjects, respectively. In female and male
CLBP patients and healthy female subjects the
endurance time correlated moderately to strongly
negatively (r = —0.46 to —0.75) with MF slope. In
male CLBP patients and in healthy female subjects
body mass and BMI correlated moderately nega-
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Fig. 1. — Endurance time in chronic low back pain (CLBP)

patients and healthy subjects (mean + SE). * p<0.05; ** p<0.01.

tively with endurance time (r = —0.44 to —0.69).
Female CLBP patients had strong positive correla-
tion and healthy control subjects had moderate pos-
itive correlation between endurance time and initial
MF for right side during Serensen test (r = 0.72 and
0.49, respectively). Body mass and BMI correlated
moderately positively with MF slope (r = 0.40-0.67)
in all measured subject groups. In healthy female
subjects MF slope correlated moderately positively
with initial MF (r =0.45-0.61).

Discussion

The results of the present study suggested that
male CLBP patients had a reduced back extensor
muscle isometric endurance compared to the healthy
control subjects of both gender when performed
Serensen back endurance test until exhaustion. Male
CLBP patients had shorter endurance time, i.e.
fatigued faster than healthy control subjects despite
the subjects having been strongly verbally encour-
aged to continue throughout the sustained isometric
contraction. Several previous studies demonstrated
a reduced back extensor muscle isometric endurance
in CLBP patients compared to the healthy control
subjects (2, 14, 25). Many studies comparing men
to women during Serensen back isometric endurance
test reported shorter endurance time in men (2, 21,
24, 26). However, the relative weight of the trunk is
generally lower for women resulting in a longer
endurance time in this test (15, 16). No gender dif-
ferences in endurance time when performing
Serensen test were observed in CLBP patients and
in healthy control subjects in the present study.
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Fig. 2. — Initial median frequency (MF) of EMG power spec-
trum (A) and MF slope (B) of the erector spinae muscle during
Serensen back endurance test in chronic low back pain (CLBP)
patients and healthy subjects (mean + SE). * p <0.05; ** p<0.01.

The most commonly used EMG variable for
assessing low back muscle fatigue is MF or half-
power point of the EMG (10). The initial value of
MF was associated to the distribution of the mus-
cle fiber type recruited (22), while MF slope, i.e. the
rate of change over time, was associated to the fati-
gability properties of the active motor units (7). In
the present study, healthy male subjects had a higher
initial EMG power spectrum MF of the erector
spinae muscle compared to the healthy female sub-
jects when performing Serensen back endurance test.
This is an indicator of the greater pre-fatigue load-
ing of the erector spinae muscle during sustained
isometric contraction in healthy men than in women.
Concerning gender, the differences between healthy
men and women in low back muscle function have
been found, indicating greater low back muscle fati-
gability for men (25, 29). In the present study, a
steeper MF slope of the erector spinae muscle dur-
ing the Serensen back endurance test in healthy male

Table 1. — Anthropometric characteristics of
the subjects (mean * SE)

Women Men
Variable CLBP Healthy CLBP Healthy
patients subjects patients subjects
(n=10) (n=10) (n=10) (n=10)
Age (years) 503134 496+1.3 507119 493+6.5
Height (cm) 164.7+22 1632111 177.8+£25 177517
Body mass (kg) 71.9+3.9 67.2+39 g§1.2+37 80,534
BMI (kg'm™2) 269+14 246+14 256%1.2 256%1.3

CLBP - chronic low back pain; BMI — body mass index.

control subjects was observed compared to the
healthy female control subjects, indicating greater
fatigability in men. A steeper MF slope obtained
from the lumbar erector spinae muscle in healthy
men compared to the women during an unsupported
trunk holding test has been reported previously (33),
which is in good agreement with the present results.
The observed gender differences in fatigability of the
low back muscles have been attributed to greater
type I (slow twitch)/type 11 (fast twitch) muscle fiber
area ratios in women (32), suggesting a difference in
the functional capacity of the lumbar back muscles
between females and males. In several previous stud-
ies, low back muscle fatigue has been assessed by
using EMG power spectrum indices (8, 21, 24). It
has been suggested that EMG power spectrum MF
slope during fatigue reflects the changes in the action
potential propagation of individual muscle fibers
that are a result of the underlying accumulation of
metabolic by-products (lactate and extracellular K*)
during the fatiguing contraction (5, 35).

Differences in EMG power spectrum compres-
sion parameters during fatiguing contraction in
CLBP patients compared with those in healthy con-
trol subjects have usually shown a steeper slope (27,
28). However, no significant differences in MF slope
between female and male CLBP patients were found
in the present study and this finding is somewhat
surprising for us. These differences between our find-
ings and previous studies may be caused by the dif-
ferences in the experimental settings and the number
of the subjects who participated in this study.

It has been indicated that MF slope obtained
from the low back muscles during a sustained sub-
maximal contraction is approximately linear and
strongly negatively correlated with endurance time,
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Table 2. — Correlations between anthropometric parameters and low back muscle fatigue characteristics during
Sorensen back endurance test in female CLBP patients and healthy subjects

Parameters Height BM BMI i Initial Initial MF MF
MF MF slope slope
(right) (left) (right) (left)
CLBP patients (n =10
Height X 0.23 -0.28 -0.20 —0.38 -0.38 —0.01 0.16
BM X 0.85% 0.21 -0.01 0.30 0.64* 0.52
BMI X -0.12 0.15 0.50 0.57 0.44
tendur X 0.72* 0.29 —0.63* —0.75*
Initial MF (right) X 0.70* —0.38 —0.15
Initial MF (left) X 0.22 0.22
MF slope (right) X 0.45
MEF slope (left) X
Healthy subjects (n=10)
Height X 0.01 0.07 0.08 -0.37 0.28 -0.15 -0.01
BM X 0.88%* —0.44 0.27 0.46 0.40 0.52
BMI X —0.65% 042 0.68* 0.47 0.64%
i X -0.33 0.35 0.16 0.59
Initial MF (right) X 0.47 0.60 0.58
Initial MF (left) X 0.45 0.61
MF slope (right) X 0.51
X

MF slope (left)

CLBP - chronic low back pain; BM - body mass; BMI - body mass index; t.,4, — endurance time; MF - median frequency; MF slope

- median frequency decrease over time. * p <0.05.

Table 3. — Correlations between anthropometric parameters and low back muscle fatigue characteristics during
Sorensen back endurance test in male CLBP patients and healthy subjects

Parameters Height BM BMI tendur Initial Initial MF MF
MF MF slope slope
(right) (left) (right) (left)
CLBP patients (n = 10)
Height X 0.28 -0.39 0.19 -0.40 -0.68 0.23 0.22
BM X 0.77 -0.58 0.07 0.16 0.67* 0.64*
BMI X —0.69* 0.32 0.61 0.65% 0.57
Cendur x -0.26 0,57 0.46 0.66*
Initial MF (right) X 0.78* 0.02 0.10
Initial MF (left) X 0.14 0.39
MF slope (right) X 0.30
MF slope (left) X
] n=10
Height X 0.51 0.43 0.07 0.39 0.35 0.29 0.22
BM X 0.90* 0.22 0.65*% 0.91* 0.61 0.46
BMI X 0.02 0.41 0.71* 0.56 0.59
S X 0.49 0.42 -0.31 -0.36
Initial MF (right) X 0.83* 0.11 0.01
Initial MF (left) X 0.01 0.06
MF slope (right) X 0.97*%
MF slope (left) X
CLBP - chronic low back pain; BM - body mass; BMI - body mass index; t.,q,, — endurance time; MF - median frequency; MF slope

- median frequency decrease over time. * p <0.05.
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suggesting it being a sensitive, objective, and moti-
vation-independent indicator providing information
regarding the degree of muscle fatigue (12, 21, 26).
In the present study, MF slope of the erector spinae
muscle during Serensen back endurance correlated
moderately to strongly with endurance time in
female and male CLBP patients and healthy female
control subjects.

One purpose of this study was to correlate objec-
tive patterns of the low back muscle fatigue with
subject’s anthropometric parameters. A moderate to
strong negative correlation between body mass and
BMI, and endurance time evaluated during Serensen
test was observed in male CLBP patients and in
healthy female control subjects. Body mass and BMI
correlated moderately negatively with MF slope in
all measured groups of subjects. Thus, the correla-
tion analysis indicated that subjects with higher body
mass and BMI appeared to fatigue faster during
Serensen back endurance test than that of subjects
with lower body mass and BMI. However, the rela-
tionship between anthropometric characteristics and
low back muscle fatigability in different loading con-
ditions and its association with gender and CLBP
need further clarification.

The present study has limitations, because only a
small number of CLBP patients and healthy control
subjects of the both gender were measured. How-
ever, despite limitations this study indicated that low
back muscle fatigability is associated with subject’s
body mass and BMI.

In conclusion, the present study demonstrated
that middle-aged male CLBP patients had lower
back extensor muscle isometric endurance when
performing Serensen test compared to the healthy
male and female subjects. However, no gender dif-
ferences were found in isometric endurance in
CLBP patients and in healthy subjects. The erec-
tor spinae muscle fatigability parameter (MF
slope) during Serensen back endurance test did
not detect differences between CLBP patients and
healthy subjects, but unexpectedly, healthy male
subjects demonstrated higher erector spinae mus-
cle fatigability than demonstrated healthy female
subjects. This greater erector spinae muscle fati-
gability in healthy male subjects was associated
with greater pre-fatigue MF compared to healthy
female subjects. Correlation analysis revealed that
erector spinae muscle fatigability in CLBP patients

and healthy subjects was associated with anthro-
pometric characteristics: subjects with higher body
mass and BMI fatigued faster. But the subject pop-
ulation was small and further investigation is war-
ranted.
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