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Abstract- The link between fatigue properties of the trunk flexors and low back pain (LBP) was compared between 18 
participants with a history of LBP and 18 healthy controls. Participants were asked to maintain the trunk in a horizontal 
position as long as possible against a load equal to 20, 40, or 60% of their maximal voluntary isometric contraction (MVIC 
v) strength of the trunk flexors. Time to task failure (TTF) and changes in median power frequency (MPF) of the trunk 
flexors during the fatigue protocol were the primary dependent measures. As expected, TTF decreased as task difficulty was 
increased (F=76.5, p<0.05). On average, TTF was 59.82 (±21.2 min) minutes for 20% MVIC, 28.61 (± 19.1 min) minutes at 
40% MVIC, and 9.39 (±10.4 min) minutes for 60% MVIC. However, there was no main effect of group on time to task 
failure. Normalized slopes of MPF revealed group differences for the left and right rectus abdominus, but only at the 40% 
MVIC load condition (p<0.05). This study confirms others demonstrating that participants with a history of LBP do not have 
a significant loss in abdominal endurance versus healthy controls, raising questions regarding the role of the trunk flexor 
muscles in low back pain. 
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I. INTRODUCTION 
 
Low back pain (LBP) is a common problem, 
affecting as much as 80% of the population at some 
point.1Chronic low back pain (CLBP), defined as 
back pain lasting more than 3 months, is particularly 
problematic; despite the fact that patients with CLBP 
make up only 6-10% of the LBP population, they 
account for 75-90% of the total cost.2-4 Thus, a better 
understanding of the mechanics driving CLBP would 
go a long way towards reducing the disability and 
cost to society produced by this insidious problem.  
 
Considerable data exist on the role of the strength and 
endurance of the trunk extensors in LBP.5-7 However, 
less is known about the trunk flexor muscles, which, 
as regulators of spinal stability, may also play an 
important function in preventing or exacerbating back 
pain. Some data indicate that deep abdominal muscles 
may have a role in spinal activity and therefore 
LBP.8Further, it has been shown that abdominal 
muscle bracing increases spinal stability.9 
 
It has been reported that trunk and abdominal muscle 
use differs between subjects with LBP and healthy 
controls.10,11 LBP patients have a longer reaction time 
in response to sudden trunk loading than healthy 
participants and LBP patients take a longer time to 
shut off agonist muscles in response to sudden 
loading.10 
 
In a separate study involving abdominal exercises in 
subjects with and without CLBP, the patients with 
CLBP had different muscle use patterns—some 
exercises caused higher activity of the muscles in the 
subjects with CLBP than in the control subjects, 
whereas other exercises produced lower activity.11 
 

 
Despite the evidence that subjects with LBP have 
significantly different trunk and abdominal muscle 
use patterns than healthy controls, it is still unknown 
how this relates to overall muscular strength and 
endurance of the trunk flexors. There is currently 
conflicting evidence on the link between trunk and 
abdominal strength and LBP. One study investigating 
office workers with sub-acute LBP found a 
significant difference in abdominal strength and 
endurance between patients and healthy controls.12 In 
another study, which used aquatic exercises to treat 
CLBP, abdominal strength and change in pain 
together were significant predictors of the change in 
disability in the CLBP patients treated, explaining 
nearly half (48%) of the variance in change in 
disability.13Comparison of lumbar stabilization to 
dynamic exercises treatment for LBP found that both 
exercises decreased pain, but the lumbar stabilization 
group reduced disability. As both exercises focused 
on improving lumbar strength and led to a reduction 
in back disability and pain suggests lumbar strength 
plays a role in LBP.14  However, many other studies 
have not found differences in abdominal strength or 
endurance between LBP patients and control 
subjects.1,15-17 
 
The extant literature suggests that women are more 
fatigue resistant than men in many muscle groups,18,19 
including the trunk extensors.20  However, few data 
exist on sex-specific differences in trunk flexor 
fatigability.  If trunk flexor fatigue is, in fact, an 
important factor in LBP, then an increased fatigability 
of these muscles might be expected in females, as risk 
of low-back injury appears greater in women than 
men.21 
 
Thus, the purpose of this study was to examine the 
link between endurance of the trunk flexors and LBP 
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in both sexes. Past studies on abdominal endurance 
have failed to account for differences in subject 
anthropometrics which may affect measurements of 
their muscle strength and endurance.6,12,13,16,17 Our 
study controls for such variation by counterbalancing 
a subject’s trunk weight before determining their 
maximal voluntary isometric contraction (MVIC) and 
asking them to maintain their trunk position against a 
load magnitude of 20, 40, or 60% of their MVIC until 
task failure.  

 
II. DETAILS EXPERIMENTAL  
 
2.1. Subjects 
Thirty-six participants (age 22.5 ± 2.4 years; height 
67.6 ± 3.82 in; weight 157.0 ± 25.8 lbs) completed 
this study. Eighteen (10 female, 8 male) of the 
participants were healthy controls and 18 (10 female, 
8 male) were participants with a history of low back 
pain severe enough to require professional treatment 
but asymptomatic for the past 3 months. Groups did 
not significantly differ in weight, height or age.  
 
2.2. Procedures 
Subjects participated in three sessions, separated 72 
hours to allow time for the muscles to completely 
recuperate. Each session tested a different load 
magnitude (20, 40,or 60% MVIC). The order in 
which the sessions occurred was randomized. Surface 
EMG data were recorded bilaterally from the 
following four muscle groups: 1) rectus abdominus 2) 
external oblique 3) internal oblique and 4) rectus 
femoris. Participants were positioned in supine on a 
segmented table in a neutral hip position so that the 
top of the iliac crest was aligned with the superior end 
of the lower segment of the table. The participant was 
then fastened to the table at the level of the ASIS. The 
participant’s trunk was fastened to a free-floating 
padded board connected via a low-friction pulley 
system to a weight stack which allowed for full 
counterbalance of the participant’s trunk mass as 
shown in Fig. 1. A potentiometer attached to the 
upper segment of the table allowed real-time 
monitoring of trunk position.  
 
Force production was monitored via a force 
transducer fixed between the upper segment of the 
table and the floor. Participants were asked to 
perform a maximal voluntary isometric contraction 
(MVIC) to assess trunk flexor muscle strength. 
Participants were then asked to maintain the trunk in 
a horizontal position (± 1 degree) as long as possible 
against a load equal to 20, 40, or 60% of MVIC. Task 
failure occurred when the participant was unable to 
maintain this position for 3 consecutive seconds. 
While performing the task, the participants received 
visual feedback using custom software developed in 
the lab. The visualgain was set at a low value (i.e., 
1°/cm).  
 

2.3. Data Reduction and Analyses 
For each muscle, the median power frequency (MPF) 
was determined using a Fast-Fourier transformation 
and was calculated for one second epochs during the 
fatigue trials with a50% overlap using custom 
software developed in MatLabTM. The normalized 
slope of the MPF was then calculated by dividing the 
median frequency slope by the initial median 
frequency value and then multiplying by 100. A three 
way mixed-model MANOVA was used to determine 
the effects of load magnitude (20, 40, or 60% MVIC), 
group (healthy, LBP) and sex (female, male) on time 
to task failure (TTF) and the normalized slope of 
median frequency of each muscle, and EMG burst 
pattern.  
 

 
Fig.1. Custom table designed to counter-balance trunk weight 

during trunk flexor fatigue task. 
 

 
Fig.2. Effects of LBP on timetotask failure at the three load 

conditions. 
 

 
Fig.3. Effects of sex on time to task failure at the three load 

conditions. 
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III. RESULTS AND DISCUSSION 
 
3.1. Time to Task Failure 
As expected, increased load magnitude significantly 
decreased the time to task failure (TTF) in the 
participants (p=0.00). On average, TTF was 59.27 (± 
21.0 min) minutes against a load of 20% of MVIC, 
28.89 (± 18.8 min) minutes at 40% of MVIC, and 
10.18 (±10.2 min) minutes for 60% of MVIC.  
Variability, measured by calculating the standard 
deviation as a percentage of the mean, increased as 
the load intensified. The standard deviation was 36%, 
66%, and 102% of the mean at 20%, 40%, and 60% 
of MVIC respectively. 
 
The control participants outperformed the LBP 
participants at all levels, holding their position for an 
average of 7.03 (±3.9 min) minutes longer (Fig.2). On 
average, TTF in participants with a history of LBP 
was 88%, 77%, and 52% of TTF of healthy 
participants at 20, 40, and 60% MVIC effort 
respectively. However, there was only trend for the 
main effect of group (p=0.08) and analyses of simple 
effects at each load magnitude revealed no significant 
effects (p=0.31 at 20% MVIC; p=0.24 at 40% MVIC; 
p=0.06 at 60% MVIC). The participants with a 
history of LBP also showed higher variability than 
their control counterparts. At 20% MVIC, the control 
group’s standard deviation as a percentage of the 
mean was 29%, but 43% for the LBP group. The 
same pattern reoccurred with a load of 40% MVIC, 
where control standard deviation was 53% of the 
mean, as compared to the LBP percentage of 81%, 
and 60% MVIC, where the control standard deviation 
was 85%, compared to 121% for the LBP group. 
There was a main effect of sex on TTF (F=5.65, 
p<0.05). The female population’s TTF differed from 
the male population with a mean difference of 9.26 
(±3.9 min) minutes. On average, TTF in the male 
population was 92%, 60%, and 38% of TTF of the 
female population at 20, 40, and 60% MVIC effort 
respectively (Fig 4.). Post-hoc analyses revealed that 
TTF at the 40% and 60% of MVIC for female 
participants was longer compared to male 
participants.  However, when the sexes were stratified 
by group, only the healthy population’s TTF 
approached significance (p=0.06). Further analyses 
revealed that the healthy female population differed 
significantly from their male counterparts at 40% and 
60% of MVIC. There was no difference between the 
male and female populations with a history of LBP, 
either overall or at each load magnitude (p=0.17 
overall; p=0.32 at 20% MVIC; p=0.37 at 40%; 
p=0.16 at 60%) The MANOVA revealed that there 
was no significant interaction between load, sex, and 
group.  
 
Sex had a significant main effect on peak force 
(MVIC), as expected. However, group did not 
(p=.176). When peak force was controlled for by 

using it as a covariate of TTF, sex still had a main 
effect on TTF, while group did not (p=.082).  

 
3.2. Normalized Slope of MPF 
Analyses of normalized slopes of the mean power 
frequency (MPF) revealed that percent effort had a 
significant main effect on the left and right external 
obliques, the left and right rectus abdomini, and the 
left rectus femoris (Fig. 4).  The normalized slopes 
for these five muscles were, on average, -0.07, -0.30, 
and -2.15 for the 20%, 40%, and 60% efforts 
respectively. As shown in Fig. 4 (bottom), the left and 
right rectus abdominus (LRAB and RRAB) showed 
significant differences between the control and LBP 
participants at 40% of MVIC. There was no 
significantinteraction between load, sex and group for 
normalized slope of any of the muscles tested. 
 

 
 

 

 
Fig.4.Effects of group by percent effort on the MPF of the 

external oblique (top), internal oblique (middle), and rectus 
abdominus (bottom) averaged across the left and right sides 

 
This study confirms others demonstrating that 
participants with a history of LBP do not have a 
significant loss in abdominal endurance versus 
healthy controls raising questions regarding the role 
of the trunk flexor muscles in low back pain.1,15-17 
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Although some researchers have proposed that LBP 
may lead to physical deconditioning due to aversion 
to low back movement, and therefore reconditioning 
through strength and cardiovascular exercises should 
serve as a potential treatment for LBP,18,19 our study 
does not support this hypothesis.  
 
As well, our study supports the proposition that 
females have greater resistance to fatigue than males. 
To our knowledge, this is the first study to compare 
trunk flexor muscle endurance in females and males, 
and confirms studies on the appendicular and back 
extensor muscles, showing that females have greater 
fatigue resistance than males at higher 
loads.20,21Interestingly, once we controlled for group, 
this disparity only appeared in the TTF of the healthy 
controls at 40% and 60% of MVIC.  It is possible that 
females with a history of LBP are more susceptible to 
changes in endurance of the trunk flexors than their 
male counterparts. One study, which compared sex 
differences in muscle fatigue by comparing healthy 
controls to patients with multiple sclerosis, found that 
the participants with multiple sclerosis showed 
reduced sex differences.22 However, the processes 
behind this disparity in fatigue are still under 
investigation,21 and as such, it is unknown how 
exactly a chronic ailment like multiple sclerosis or 
low back pain (both of which result in weakened back 
muscles and present similar symptoms) might change 
the sex specific effects on muscle endurance. Given 
there were no significant sex differences in the 
normalized slope of the MPF in our study, sex 
distinctions in TTF are not readily explained by this 
physiological measurement of endurance. When we 
controlled for peak force, sex still had a main effect 
on TTF, which indicates that the fact that men 
possess larger muscles and therefore have to support 
a larger trunk mass also did not account for the 
disparities in muscle fatigue.  
 
We found that the sex variance only appeared in the 
higher loads (at 40% and 60% of MVIC), which was 
an unexpected result. According to one review, most 
of the studies investigating sex differences in muscle 
fatigue at different workloads have found that women 
have a greater resistance to fatigue at lower level 
tasks, but that this superior resistance disappeared as 
the workload increased.20 Another review found a 
significant negative relation between the percent of 
maximal effort exerted in a task and the extent of the 
sex difference.21 However, none of the studies 
reviewed investigated the trunk flexors, as ours did.  
 
The higher loads, in addition to increasing sex 
differences, also showed increased variability in TTF, 
when measured by the standard deviation as a 
percentage of the mean. This, in addition to our 
findings that percent effort had a significant main 
effect on the normalized slopes of several muscles, 
suggests that as the load increases, participants use 

different muscle strategies to achieve their goals. This 
is particularly true in the participants with a history of 
LBP, whose time to task variability was much higher 
compared to the healthy participants. Similarly, 
although none of the loads showed a statistically 
significant effect of group in TTF, the differences 
between the control and LBP groups expanded and 
the p values decreased as the percent effort increased. 
Since we used individuals whose back pain had been 
asymptomatic for at least three months, it is possible 
that their abilities to handle the lower loads had 
returned before they could manage higher loads. 
Because low back functions return in waves in 
recovering patients (first is range of motion, followed 
by velocity and finally acceleration), as Marras23 
found, it is possible that muscular endurance at 
increasingly higher loads returns in the same pattern. 
However, it is important to note that everyday tasks 
are more likely to be performed at a lower workload, 
like 20% of MVIC, and therefore, our findings when 
testing fatigue at 20% of MVIC are more applicable 
to everyday life. 
 
The study was conducted with mostly young, 
relatively fit men and women at Ohio University. As 
such, it is difficult to generalize the results to the 
entire population, although other studies have arrived 
at the same conclusions despite different 
populations.1,15-17,20,21 As this was an isometric 
extension endurance test, boredom and/or 
psychological characteristics, rather than just 
physiological characteristics, could have played a 
part, as they have been shown to do in the past.13 
However, we also measured muscle fatigue using 
EMG data, which is not subject to those 
psychological characteristics, and because most of the 
participants were drawn from similar backgrounds, it 
is unlikely that any of these characteristics would 
have played a large role in the between subjects 
effects of TTF. Lastly, as with any cross-sectional 
study, it is challenging to determine the causal 
relationship between variables. A longitudinal study 
is needed to examine the effects of trunk flexor 
endurance on predicting future episodes of LBP. 
 
CONCLUSIONS 
 
This work investigated the role of a history of low 
back pain and sex in trunk flexor endurance, both of 
which have clinical significance for therapists 
wishing to rehabilitate patients with LBP. Our study 
suggests that therapists should not train trunk flexor 
endurance as a means of improving back pain, as it is 
unlikely that trunk flexor muscular endurance is a 
driving factor in LBP. 
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