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	 Background:	 The level of disability and endurance of back muscles have been investigated, but there is conflicting evidence 
following specific exercise interventions for participants with recurrent low back pain (LBP). The purpose of this 
study was to compare the level of disability and slope of median frequency (MF) of thoracic and lumbar erec-
tor spinae (ES) muscles following core stabilization exercise (CSE) and spinal flexibility exercise (SFE).

	 Material/Methods:	 In total, 46 individuals participated in this study. There were 25 participants in the CSE intervention group (av-
erage age of 47.7±8.9 years) and 21 participants in the SFE group (average age of 53.1±9.0 years). Each group 
participated in the specific exercise intervention program for 4 weeks while maintaining their current activity 
and/or exercise levels. The Oswestry Disability Index (ODI) was used to measure the level of disability chang-
es. The fatigability of the ES back muscles was measured by the slope of MF, using a modified Sorensen test.

	 Results:	 The disability level decreased significantly following CSE intervention (t=2.23, p<0.05). However, there was no 
significant difference in muscle fatigability changes in the 4-week intervention period for either group.

	 Conclusions:	 The CSE intervention reduced disability level following the 4-week intervention period. Further studies are need-
ed to investigate the effectiveness of specific back muscle exercises in longer intervention periods for back 
muscle fatigability.
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Background

Low back pain (LBP) results in increased financial burdens 
and is one of the most common health problems [1,2]. LBP 
is a common reason for seeking medical care, and the esti-
mates of the direct cost burden in the United States vary con-
siderably, with the most recent estimate at $86 billion in in-
cremental health-care costs [3,4]. People with LBP often have 
reduced muscle strength and endurance, which may compro-
mise the functional capacity of spinal stabilization and flexi-
bility. However, reports regarding back muscle fatigability and 
disability level are controversial [5–9].

It has been reported that recurrent LBP is associated with 
altered motor coordination of the trunk muscles [10–12]. 
Although specific exercise programs as a treatment for LBP 
have been effective [13–15], most researchers fail to provide 
evidence based on the level of disability and fatigability, fa-
voring one exercise over another, and few explain how exer-
cise programs work. According to the Philadelphia Panel [16], 
this lack of evidence suggests the need for randomized, con-
trolled trials to establish the effectiveness of exercise inter-
vention. Understanding the efficacy of interventions might 
enhance the quality of treatments by using specific exercise 
interventions such as core stabilization exercises (CSE) and 
spinal flexibility exercise (SFE).

Core strengthening of trunk muscles includes the paraspinal 
and gluteal muscles in the back and the pelvic floor and hip 
girdle musculature [17,18]. The SFE stretch the low back mus-
cles, increasing flexibility and decreasing stiffness in subjects 
with chronic LBP [19]. However, a controversy has arisen re-
garding the benefits of stretching, because of the perception 
that it prevents injury and may enhance performance [20].

Several studies also have identified a difference between eas-
ily fatigued erector spinae (ES) muscles and LBP based on fa-
tigability tests [21–24]. However, no study has investigated 
level of disability and fatigability changes following specific 
therapeutic intervention in subjects with recurrent LBP. The 
patients with recurrent LBP possess different issues based on 
anatomical and functional aspects compared with chronic LBP, 
and often have a likelihood of reinjury as the prevalence rate 
of previous episodes of LBP increases [25–27].

The effect of stretching to increase hamstring flexibility in in-
dividuals with previous hamstring injury and uninjured con-
trol subjects was reported [28]; however, no support for the 
effectiveness of the intervention for functional improvement 
was found according to the results of pooled meta-analysis re-
ports [16,29]. There was also a lack of investigation regarding 
back muscle endurance and trunk flexibility for the LBP group 
to improve function in activities of daily living.

A connection between fatigability by electromyography (EMG) 
and level of disability is clinically important for back muscle 
endurance to prevent further injuries. The difference in fre-
quency of power spectrum for surface EMG following specific 
intervention would be applicable to evaluate localized muscu-
lar fatigue in a non-invasive fashion [7–9,30]. Therefore, our 
study was conducted in order to investigate the efficacy of 
exercise interventions based on the Oswestry Disability Index 
(ODI) and the slope of median frequency (MF) as the method 
for assessing muscle endurance.

Participants with LBP have less endurance and thus small-
er MF during sustained muscle contractions [8,9,31,32]. The 
signal from surface EMG is the instantaneous algebraic sum-
mation of action potentials from muscle fibers, and its pow-
er spectrum can be estimated from a fast Fourier transform 
of the signal. The slope of MF of the EMG power spectrum is 
valuable as an alternative assessment tool to identify muscle 
fatigue [33,34]. However, there is a lack of research compar-
ing this tool with randomized exercise interventions based on 
disability and fatigability changes.

It is important to monitor different regions of ES muscle fati-
gability changes for enhancing clinical applicability and specific 
rehabilitation strategies for participants with LBP. There is no 
data elucidating whether strengthening or stretching exercis-
es are capable of altering physiologic characteristics, such as 
muscle fatigue, in participants with recurrent LBP. Therefore, 
the purpose of this study was to compare thoracic and lum-
bar parts of ES muscles following exercise interventions (CSE 
or SFE) and to investigate the level of disability and fatigabil-
ity changes for participants with recurrent LBP.

Material and Methods

Selection of participants

Subjects were recruited from those who expressed interest 
in the study in the greater urban area of Cleveland, Ohio. The 
volunteers for this study were participants who presented 
with recurrent LBP, met study inclusion criteria, and experi-
enced a disturbing impairment or abnormality in the func-
tioning of the low back for more than a 2-month duration 
[35]. In our study, the Consolidated Standards of Reporting 
Trials (CONSORT) statement was used for the randomization 
process and allocation concealment to improve the quality 
of the scientific literature to avoid contamination of inter-
ventions [36].

Participants were able to participate if they: 1) were 21 years 
of age or older, 2) had recurrent LBP for more than 2 months 
without pain referral into the lower extremities, 3) reported 
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pain as tolerated during exercise, and 4) had no structural def-
icits such as scoliosis, kyphosis, or spondylitis.

Participants were excluded from participation if they: 1) had a 
diagnosed psychological illness that might interfere with the 
study protocol, 2) had overt neurological signs (sensory defi-
cits or motor paralysis), and/or 3) were pregnant. Participants 
were withdrawn from the study if they requested to withdraw. 
Those subjects who met study inclusion criteria received in-
formation about the study and signed a copy of the informed 
consent form approved by the Institutional Review Board at 
Cleveland State University.

The effect of dominance was also investigated based on the leg 
test, since the previous study confirmed that dominance side 
could be a confounding factor [37]. In the current study, the right 
lower extremity was regarded as the dominant side for all partici-
pants, as they preferred to use the right limb to kick a ball [38,39].

Based on the selection criteria, the participants’ demograph-
ics were compared. Forty-six participants participated in this 
study, and Table 1 indicates that 25 participants comprised 
the CSE intervention group (average age of 47.7±8.9 years); 
21 participants were in the SFE group (average age of 53.1±9.1 
years). Overall, there were no differences between groups in 
age, height, body weight or the months since pain onset.

Disability level

Subject disability was inferred from self-reported scores on 
the Oswestry Low Back Pain Disability Index (ODI) [40]. The 
ODI is one of the most frequently used tools for measuring 
disability. A sum is calculated and presented as a percentage, 
where 0% represents no disability and 100% represents the 
worst possible disability.

EMG measurement

The EMG measurements were obtained from the participants 
and repeated under identical conditions after 4 weeks of in-
tervention. In this study, the endurance of the back muscles 
was determined by using a modified version of the isometric 
fatigue test as originally introduced by Sorensen [31,37,41]. 
The participants, with EMG electrodes attached over the mus-
cles of the low back, lay prone while lifting their trunks off 
the table and holding the position for 1 minute. The partic-
ipants’ upper bodies were positioned with their iliac crests 
at the edge of the table; their lower bodies were secured 
at the ankles and hamstring level using seatbelt straps. 
Participants held their arms across their chests with each 
hand placed on the opposite shoulder while standard ver-
balized encouragement was given throughout the time-con-
trolled 60-second test.

Variable CSE Group SFE Group Statistic p

Number of subjects 25 25

Age (years)

	 Range 29–62 27–63 t=–2.01 p>0.05

	 Mean ±SD 47.7±8.9 53.1±9.1

Gender

	 Female 5 10 c2=0.71 p>0.05

	 Male 9 6

Height (cm)

	 Range 155–187 159–184 t=1.78 p>0.05

	 Mean ±SD 172.8±7.5 167.8±7.8

Body weight (kg)

	 Range 52–82 50–79 t=1.68 p>0.05

	 Mean ±SD 70.53±8.03 64.80±10.51

Onset months

	 Range

	 Mean ±SD 11.88±5.56 10.09±7.000 t=0.96 p>0.05

Table 1. Summary of subject demographics and bivariate relationship with selected demographics.

* Data are given as Mean (± standard deviation) except where noted. c2 indicates Chi-square; df – degree of freedom; p – probability; 
N – Number of cases; CSE – core stabilization exercise; SFE – spinal flexibility exercise.
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The EMG electrodes were placed bilaterally over the greatest 
convexity of the thoracic ES at the T10-T11 level and the lum-
bar ES muscles over the belly of the longissimus at the L4-L5 
levels [42]. These electrode sites and the distance of the elec-
trodes were carefully determined for each subject according 
to the method of Zipp [43].

The EMG signals were pre-amplified at the skin (gain 35×) 
and further amplified downstream (bandwidth 20–4000 Hz; 
model D-100 pre-amplifier and model ENG 55 driver ampli-
fier, Therapeutics Unlimited, Iowa City, Iowa), with the total 
system adjusted for each subject to allow maximal amplifi-
cation without saturation of the analogue-to digital convert-
er. The digitized data were stored on computer disks for sub-
sequent analysis.

Muscle fatigue measurements were evaluated on both the 
right and left sides for the ES muscles and were characterized 
by the MF of a fast Fourier transform (FFT) of the EMG data. 
Using standard FFT of the EMG data, the power spectrum for 
each 1-second time interval was obtained. The MF difference 
indicates local muscle fatigue during a sustained isometric con-
traction of the muscle [44]. The frequency content of the signal 
shifts to decreased frequencies as the amplitude of the record-
ed signals increases. This cross-talk across all electrode sites 
was carefully monitored and checked with the same methods 
used in our previous study [45].

EMG signals from the isometric fatigue test were transformed 
into their frequency spectrum using wavelet analysis. The MF 
was defined as the frequency that divided the spectrum into 
2 equal areas [31]. The linear regression analyses were per-
formed to calculate MF as a function of time. The initial MF 
was defined as the intercept of the regression line, and the 
slope of MF was determined as the slope of the regression 
line. The test method was repeated following the completion 
of the 4-week exercise program. In addition, this method as-
sured that the testing conditions were the same for pre- and 
post-test sessions by the examiner, specifically the surface 
electrodes and trunk angle.

Exercise protocol

The participants were assigned to the CSE group or the SFE 
group and came into the lab once a week for 4 weeks, in ad-
dition to performing the exercises at home daily for 20 min-
utes. The randomization procedure was conducted by a com-
puter program before recruitment began and was balanced to 
ensure equal allocation to either group. In addition, the exam-
iner who collected data for all outcome measures was blinded 
to the participants’ group allocation. The participants were su-
pervised in the lab in order to ensure that the exercises were 
performed correctly. To ensure adherence, the participants 
kept an exercise log and phone calls were made to each sub-
ject at least once a week. The intensity of the exercise was 
at the subject’s tolerance level, and the participants were en-
couraged to report any problems immediately.

The exercise protocol was conducted for approximately 20 min-
utes, and participants were required to hold each position for 
5 seconds without emphasis on co-contraction of the abdomi-
nal muscles. Specific information regarding each exercise pro-
tocol was utilized to allow practical application 5 times a week 
for 2 sets of 15 repetitions performed as tolerated.

The CSE approach used in this study is commonly advocated 
in the rehabilitation of LBP patients [31,46]. The exercise pro-
gram consisted of 5 different types of exercises (Figure 1): up-
per body extension in prone position, alternate arm and leg lift 
in quadruped position, alternate arm and leg lift in prone po-
sition, and diagonal curl-up and straight curl-up in supine po-
sitions. The quadruped exercise, for example, was performed 
from an all-fours position with the arms and legs extending 
reciprocally to recruit the trunk and hip extensors.

The SFE protocol included 5 exercises (Figure 2): knee to 
chest for each leg in supine position, double leg knee to 
chest in supine position, prayer stretch on all fours, lean-
ing forward position while sitting, and lateral side stretch 
in standing position.

CSE Pre CSE Post T p SFE Pre SFE Post T p

Right TE –0.16 (0.03) –0.17 (0.03) 0.10 0.91 –0.20 (0.03) –0.25 (0.03) 0.56 0.58

Left TE –0.20 (0.03) –0.19 (0.03) –0.25 0.80 –0.21 (0.02) –0.23 (0.03) –0.52 0.61

Right LE –0.25 (0.04) –0.27 (0.04) –0.30 0.76 –0.32 (0.04) –0.36 (0.04) 0.67 0.51

Left LE –0.27 (0.05) –0.23 (0.05) –0.51 0.61 –0.33 (0.03) –0.39 (0.04) –0.11 0.91

Table 2. The slope of MF measurements for thoracic and lumbar ES muscles between pre- and post-intervention.

Mean (± standard deviation); TE – thoracic erector spinae; LE – lumbar erector spinae; CSE – core stabilization exercise; SFE – spinal 
flexibility exercise.
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Statistical analysis

Descriptive statistics were used to compare the mean and 
standard deviation of each muscle group as well as subject 
characteristics. The changes in slope of MF for the thoracic 
and lumbar ES muscles following interventions were com-
pared by paired t-test. The differences between pre- and 
post-exercise interventions were also compared by the in-
dependent t-test. For all statistical tests, type I error rate 
was set at 0.05.

The preliminary power analyses that were conducted re-
vealed that the sample sizes used were sufficient for analysis. 
Preliminary power analyses associated with comparing the 2 
independent treatment groups, conducted under the assump-
tions of setting type I error rate at 0.05, with 2-tailed testing, 

and assuming effect sizes of 0.2, 0.4, 0.6, 0.7, 0.8, and 0.9, pro-
duced estimated power values of 0.10, 0.26, 0.50, 0.63, 0.75, 
and 0.84, respectively. Since these power estimates would 
be associated with follow-up tests of simple effects (e.g., ex-
ploring the nature of a treatment by time interaction for out-
comes), these power estimates are potentially conservative. 
The analyses were conducted under the assumptions of set-
ting a type I error rate at p<0.05.

Results

The level of disability was compared based on the ODI scores. 
As shown in Figure 4, the level of disability significantly de-
creased from 24.89±11.89 to 17.73±11.75 for the CSE group 
(t=2.23, p<0.05). The disability level was reduced by 28.8% 

Type of exercise Description

1. Upper body extension
2. Alternate arm and leg lift
3. Alternate arm and leg
    extension on all fours
4. Diagonal curl-up
5. Curl-up 
 

With pillow supporting abdomen, clasp hands behind back and lift body o�  oor. Keep chin tucked while lifting in prone position
Keep knee locked and lift leg 8–10 inches from  oor along with opposite arm in quadruped position
Raise opposite arm and leg in quadruped position. Do not arch neck

Keeping arms folded across chest, tilt pelvis to  atten back in supine position. Lift head and shoulders from  oor while rotating to one side
With arms at sides, tilt pelvis to  atten back in supine position. Raise shoulders and head from  oor. Use arms to support trunk if necessary

Figure 1. The core stabilization exercise program.
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following the exercise intervention. Following the SFE in-
tervention, however, the disability level was reduced from 
26.69±8.65 to 24.46±8.87 (t=–0.86, p>0.05), and the index 
was reduced by 8.3%.

In Table 2, the slopes of MF measurements were included for 
thoracic and lumbar ES muscles. Following CSE intervention, 
there were no changes on the right thoracic ES (t=0.01, p>0.05, 
95% CI: –0.08 to 0.08), left thoracic ES (t=–0.25, p>0.05, 95% CI: 
–0.09 to 0.07), right lumbar ES (t=–0.31, p>0.05, 95% CI: –0.10 
to 0.08), or left lumbar ES (t=–0.51, p>0.05, 95% CI: –0.15 to 
0.09). Regarding the SFE intervention, there were no changes 
on the right thoracic ES (t=0.55, p>0.05, 95% CI: –0.07 to 0.12), 
left thoracic ES (t=–0.51, p>0.05, 95% CI: –0.08 to 0.05), right 
lumbar ES (t=0.67, p>0.05, 95% CI: –0.09 to 0.18), or left lum-
bar ES (t=–0.11, p>0.05, 95% CI: –0.16 to 0.14).

Discussion

The purpose of this study was to compare fatigability changes 
for the thoracic and lumbar parts of the ES muscles following 
randomized trials (CSE or SFE) in participants with recurrent LBP.

The results of this study based on the ODI scale revealed that 
disability level decreased significantly following the CSE inter-
vention. However, the ODI of the SFE group was reduced by 
8.3% following the intervention. The minimal clinically impor-
tant difference (MCID) is the smallest difference in a measured 
variable that signifies an important change in the management 
of the patient [47]. There is a real chance that a statistically 
significant result might be too small to be sensitive enough 
to detect a clinical difference. The problem of equating sta-
tistical significance with clinical importance is that it ignores 

Type of exercise Description

1. Knee to chest on each leg
2. Double leg knee to chest
     in supine position
3. Prayer stretch in all fours
4. Leaning forward position
     while sitting
5. Lateral side stretch in
     standing position

Alternatively pull one leg at a time to the chest and then curl the head up toward the knee
Pull both legs to the chest and keep the back of the head down. Curl head up toward the knees

With legs bent, reach forward. Pull back with straight arms while pressing down slightly with both palms
In a seated position, gently bend at the waist and hold

Keep the heel of the straight leg on the ground, with toes pointed straight ahead, and slightly press on one side of the pelvis to the opposite
side

Figure 2. The spinal flexibility exercise program.
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the possibility that a statistically significant result may not al-
ways be clinically relevant.

In this regard, the 28.8% reduction of disability level following 
the CSE intervention is important for a range of commonly used 
back pain outcome measures. A moderate disability level was 
reported before the CSE intervention, and the level changed 
to minimal disability after the 4-week period. Although a 30% 
change from baseline could be a clinically meaningful improve-
ment, this finding indicated a valuable disability reduction when 
comparing before and after measures for individual patients [48].

The EMG signal phenomena are referred to as myoelectric 
manifestations of fatigue [31]. The exercise intervention after 

4 weeks was not enough to decrease back muscle fatigabili-
ty; however, the part of the back muscles based on thoracic 
and lumbar regions should be considered carefully for future 
back muscle fatigability studies.

The muscle endurance following the CSE increased, and there 
was no significant difference between interventions. However, 
these changes were significantly different in the part of the 
low back muscles. The slope of MF measurements for the tho-
racic and lumbar ES muscles needs to be considered follow-
ing the interventions. The MF slope decayed less in the CSE 
group than in the SFE group, indicating increased endurance 
following the CSE. The slope of MF in our study demonstrat-
ed no statistically significant difference following treatments; 
however, the effect may be clinically valuable.

However, during a fatiguing trunk extension exercise, an in-
crease in the lumbar paraspinal EMG signal occurs up to ap-
proximately 55% of maximum fatigue, at which point a de-
crease in EMG is observed [49]. Although the results of our 
study indicated no differences following exercise interven-
tion, the back muscles allow for continuation of the exercise.

Measuring different parts of the lumbar ES muscles is essen-
tial for understanding the anatomical and biomechanical char-
acteristics of the trunk muscles [45]. The results of this inter-
action indicated that the combined effects based on muscles 
following the intervention were discernibly larger and signifi-
cant among those explanatory variables. According to Janda, 
the ES muscles stiffen more than the abdominal muscles in par-
ticipants with LBP [50]. The attachment of the lumbar ES mus-
cles, rather than the thoracic ES muscles, results in an effective 

Potential eligible patients who have chronic LBP
Invited to exercise therapy (n=67)

Ineligible (n=4)
Declined participation (n=3)

Performed core stabilization
excercise (n=30)

Withdrawal (n=5)

Lost to follow up during treatment (n=1)
Refused group assignment (n=1)

Family problem (n=1)
Other health problem (n=2)

Total stabilization group
(N=25)

Withdrawal (n=9)

Lost to follow up during treatment (n=4)
Refused group assignment (n=2)

Family problem (n=1)
Other health problem (n=2)

Total flexibility group
(N=21)

Performed spinal �exibility
excercise (n=30)

Baseline evaluation (n=60)

Randomized

Figure 3. �Flow diagram depicting how the 
treatment group was formed as well 
as group membership and number of 
drop-outs throughout the course of 
the study.

OD
I

Core stabilization excercise

*

Spinal 
exibility excercise

Before
After

0.4

0.3

0.2

0.1

0.0

Figure 4. �The Oswestry Disability Index (ODI) scale following two 
interventions. The ODI decreased significantly from 
24.89±11.89 to 17.73±11.75 for the core stabilization 
exercise group (t=2.23, p=0.03). However, the ODI 
of the spinal flexibility exercise group changed from 
26.69±8.65 to 24.46±8.87 following the intervention 
(t=–0.86, p=0.40).
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lever arm for lumbar stabilization. Therefore, the lumbar ES 
muscle is more effective in creating a stabilizing moment over 
the lumbar vertebral segments during the test.

One of the limitations in this study was the selection of the 
group, which included ‘volunteers’. The small sample size may 
have potential limitations, and increasing the number of partic-
ipants would serve to increase the power of the study. Another 
limitation was that the individual exercise programs might be 
different within a selected group. It would be reasonable to pro-
vide stabilization exercises for patients who have evidence of 
instability, and flexibility exercises should be prescribed for pa-
tients who have limited range of motion/muscular restrictions. 
However, there was no evidence that flexibility or stretching ex-
ercises improve muscle fatigability, although the exercises were 
randomly provided to compare effectiveness of the intervention.

In addition, the variability between the results of the elec-
trode placement might be important. The crosstalk and signal 
fidelity across all electrode sites was carefully monitored and 
checked on the back muscles with the sensitivity of the mea-
surement. It would be beneficial to quantify inter- and intra-
subject variability with subgroup analyses, which can increase 

efficacy of the test. In our data, differences in baseline values 
for dependent measures were carefully analyzed for within 
and between group statistical analyses. Despite these limita-
tions, the quantification of the fatigability test was valuable.

It is important for future studies to have longer exercise inter-
vention periods in order to differentiate the outcomes of the 
musculoskeletal system. Future studies should also include 
a larger sample size in order to better generalize the results. 
Follow-up, randomized controlled trials to more fully investi-
gate treatment effects and factors that might mediate these 
effects should be pursued.

Conclusions

The level of disability improved following the CSE intervention, 
but there was no statistically significant difference in the SFE 
group. Since the 4-week exercise intervention was insufficient 
to improve back muscle fatigability, further randomized con-
trolled studies are needed to investigate the effectiveness of 
exercise interventions over longer time periods for neuromus-
cular rehabilitation training.
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