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Stability exercise (SE) and balance exercise (BE) are generally-applied 
clinical interventions for back pain. For a proper clinical application, it is 
necessary to characterize and compare the effects of SE and BE on 
low back pain (LBP). The purpose of this study was to compare the ef-
fects of SE and BE on the activity of trunk muscles in women with 
chronic LBP. Women with chronic LBP (n= 30) who volunteered for this 
study were randomly divided into two exercise groups of 15 partici-
pants. We obtained pre- and postintervention data through application 
of the visual analogue scale (VAS), Oswestry Disability Index (ODI), and 
electromyography (EMG). While post-intervention EMG showed de-
creased activity of the external oblique (EO) in the SE group, the EMG 
results in the BE group showed increased EO activity (P< 0.05). Both 

groups had increased muscle activity of the erector spinae (P< 0.05). 
Both groups showed significant reductions on the VAS and ODI 
(P< 0.05). Both SE and BE were effective in reducing pain in the study 
participants. The decrease in EO muscle activity in the SE group seems 
to be due to the SE inducing cocontraction and distributing the role of 
the EO to other muscles. In contrast, EO muscle activity was increased 
in the BE group. It appears that the EO is important in maintaining the 
center of gravity and base of support during BE. The role of EO seems 
to maintain trunk stability as it increases muscle activity of EO.
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INTRODUCTION

Low back pain (LBP) is the most common musculoskeletal 
complaint in today’s societies, with up to 60% lifetime prevalence; 
about 40% of people have had LBP during the last 12 months, 
with a point prevalence of 12%–20% (Hoy et al., 2012). A mi-
nority of these are repeated recurrences with persistent symptoms 
(Meziat Filho et al., 2009). In the acute phase of back pain, symp-
toms disappear after appropriate treatment, but the weakness of 
back muscles due to lack of exercise in daily life and posture insta-
bility due to improper posture leads to instability of the spine, re-
sulting in chronic back pain and long-term disability (Hirasawa 
et al., 2007). Muscle impairment and motor control dysfunction 
appear to be strongly associated with chronic and recurrent LBP 
(Silfies et al., 2009). Back pain is most common among men and 

women between the ages of 30 and 50 (Ng et al., 2018), mainly 
occurring in women after the ages of 40 (Hicks et al., 2005). This 
is due to a decrease in muscle mass, an increase in osteoporosis, and 
a high frequency of housework laboring at the waist (Marini et al., 
2017). Many previous studies have investigated chronic back pain 
and have described the main cause of back dysfunction and pain 
as the weakening of the abdominal muscles (Hodges, 2011). When 
back pain progresses for months, the movement of the body is re-
stricted and the muscles atrophy. If the condition becomes chron-
ic, the cross-sectional area of the muscle around the vertebral bod-
ies is decreased, leading to deterioration of back pain, secondary 
damage, and recurrence (Danneels et al., 2001). The available evi-
dence suggests that education alone, back belts, shoe insoles, and 
ergonomics do not prevent LBP (Steffens et al., 2016). There is 
evidence that muscle management through exercise is the best 
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treatment for back pain.
Stability exercise (SE) has been used for the treatment of pa-

tients with chronic back pain because of the advantage of 
strengthening by inducing coordinated contraction of trunk mus-
cles to restore functional posture and movement control. There-
fore, SE is becoming an essential LBP approach (Noormoham-
madpour et al., 2018). McGill recommended curl-up, side bridge, 
and bird dog for trunk stability in patients with back pain (Mc-
Gill and Karpowicz, 2009); Wasser also recommended a step-by-
step exercise method (Wasser et al., 2017). These exercises em-
phasized muscular coordination and cocontraction as well as mus-
cle strength around the trunk. 

Patients with chronic back pain are less able to maintain one 
leg standing posture (Luoto et al., 1998), improvement of 
strength and improvement of balance should be done together 
(Frost and Brown, 2016). Sensory-motor training, which stimu-
lates the proprioceptive sensor using unstable surfaces, (Ehren-
brusthoff et al., 2018) is effective to normalize the muscle re-
sponse pattern by stimulating the deep muscles involved in sta-
bility (Silfies, 2009). Low-load local muscle exercise is associated 
with long-term improvement in feedforward postural adjustments 
(Tsao et al., 2008). The use of an unstable surface may increase the 
activation of global and local trunk muscles during bridging exer-
cises in the supine and prone positions (Kang et al., 2012). Indi-
viduals with LBP may be better able to recruit the transverse ab-
dominis (TrA) during the more complex unstable-based tasks. 
Clinically, unstable-based therapy can be used to train the neuro-
muscular system of the deep spinal stabilizers in subjects with 
LBP (Saliba et al., 2010). 

The purpose of this study is to investigate the difference between 
balance exercise (BE) that can give a proprioceptive stimulus using 
an unstable support surface, and a SE that induces cocontraction 
and coordination of muscles during certain functions. There are 
few studies comparing the therapeutic effects of SE with features 
that induce coordination and BE using proprioceptive stimulation 
on an unstable surface, in female LBP patients. The goal of this 
study is to compare the therapeutic effects of the two exercise 
methods.

MATERIALS AND METHODS

Subjects
Thirty female patients with chronic LBP and lack of exercise 

participated in this study. All participants were recruited through 
local physical therapy clinic’s poster advertisements. All subjects 

were informed of the purpose and methods of this study, and their 
consent was approved by the Institutional Review Board of Daegu 
University (1040621-201711-HR-032-002). The participants 
were selected based on the criteria listed below.

(a) Patients with chronic LBP for more than 12 weeks.
(b) Patients who have relapsed more than three times with LBP.
(c) Patients between the ages of 20 and 60 years.
(d) Patients without back surgery experience.
(e)  Patients without spinal deformity, bone fracture, or scoliosis 

on radiological examination.
(f)  Patients without sensory neuropathy, nervous system prob-

lems, respiratory system disease, or brace.
(g)  Patients without a recent history of other musculoskeletal 

disorders.
(h)  Patients who have not regularly or systematically exercised 

in their daily lives for the past three years.

Surface EMG recording and data processing
In this study, to measure the muscle activity of external oblique 

(EO), internal oblique (IO), and erector spinae (ES) in the partici-
pants, we referred to the previous studies and marked with oil pen 
the electrode attachment area of each muscle. The areas were marked 
so that the electrodes could be repositioned in the same areas. Par-
ticipants were prepped for surface electromyography (EMG) elec-
trode placement using standard protocols of shaving and wiping 
the skin with rubbing alcohol. Disposable pre-gelled EMG 
Ag-AgCl electrodes with a 1.5-cm center-to-center inter-electrode 
distance were applied with individual electrodes placed perpen-
dicular to the muscle fiber orientation and electrode pairs placed 
parallel to the muscle belly over the following 3 muscle groups: 
EO (below the rib cage, along a line connecting the inferior costal 
margin and the contralateral pubic rim) (Ng et al., 1998); IO (1 
cm medial to the anterior superior iliac spine [ASIS] just below a 
line joining the bilateral ASIS) (Ng et al., 1998); and lumbar por-
tion of the ES (between the midline and lateral aspect of the body 
at the L1 vertebral level) (Dankaerts et al., 2006). Electrode place-
ments were confirmed with palpation and manual resistance to 
muscle groups. Unipolar electrodes were used and the distance 
between the centers of the electrodes was fixed at 1.5 cm. EMG 
activity was recorded with a 1,500-Hz sampling frequency using 
a TeleMyo DTS (Noraxon Inc., Scottsdale, AZ, USA). The EMG 
signal processing was analyzed with Myo-Research Master Edi-
tion 1.06 software. EMG signals had bias removed, and were 
band-pass (cutoff frequency 20–450 Hz) and band-stop (cutoff 
frequency 59–61 Hz) (Naddaf et al., 2018) filtered to remove 
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movement artifact and 60-Hz electrical noise using notch filters. 
Root mean square processing was performed to quantify the col-
lected EMG signals.

Because the study subjects were limited by pain, the % maxi-
mum voluntary isometric contraction was difficult to measure and 
the % reference voluntary contraction (RVC) was measured instead. 
Prior to instrumentation for motion capture, RVCs for all muscle 
groups were obtained for EMG normalization purposes (Sundelin 
and Hagberg, 1989). Participants were positioned prone with 
knees flexed to 90 degrees and asked to lift their thighs off the 
surface for three seconds to obtain RVCs for trunk and hip exten-
sors (Dankaerts et al., 2004). RVCs for trunk flexors were obtained 
with participants lifting bilateral feet approximately 8 cm off the 
table for duration of 3 sec from a hook-lying position (Dankaerts 
et al., 2004). The surface EMG was measured in the kneeling 
leaning-forward position with the electrodes attached to the trunk. 
The subjects were held in a kneeling position with both hands 
holding the sling handle at the ASIS position and tilting forward 
to angle the shoulder to 90 degrees and keeping it in position for 
three seconds. The muscle activity of EO, IS, and ES used in this 
posture was measured, and the RVC was calculated by repeating 
the measurement three times. Rest time between measurements 
was given for one minute. One expert performed all measurements. 
Oswestry Disability Index (ODI) and visual analogue scale (VAS) 
were measured pre- and posttest. ODI was used to determine the 
change in lumbar function. VAS was used to determine changes 
in LBP.

Experimental procedures
Both groups exercised for 3 days a week, 30 min a day, for 8 

weeks. The SE program is McGill’s exercise (curl up, side bridge, 
and bird dog), and Sahrmann 0–5 level exercise. After 4 weeks, 
the SE program progressed to a higher level of difficulty.

The BE program was performed with standing, spot walking, 
and one leg standing using a Pro balance trainer (BOSU, Ashland, 
OH, USA) and sitting exercise, standing, and one leg standing 

using a dynamic air cushion (TOGU, Prien-Bachham, Germany). 
After 4 weeks, the BE program progressed to a higher level of dif-
ficulty.

Statistical analyses
All statistical analyses (gender, age, height, weight, and body 

mass index) were conducted using IBM SPSS ver. 18.0 (IBM Co., 
Armonk, NY, USA). Independent t-test was used to compare the 
differences between two groups. The Shapiro–Wilks analyses were 
used to test normality of all data of the different quintiles. Paired 
t-test was used to compare the muscle activity before and after ex-
periment between groups. Statistical significance α was set at 
0.05.

RESULTS

There was no significant difference in the general characteristics 
of the subjects between the two groups (P>0.05) (Table 1). Table 
2 shows the results of the EMG activity of each muscle. After the 
intervention, the EO muscle activity of the SE group decreased 
from 40.75±2.76 (% RVC) to 36.51±4.27 (P<0.05). ES muscle 
activity of the SE group increased from 64.37±14.25 to 81.95±  
13.33 (P<0.05). After the intervention, the EO muscle activity of 
the BE group increased from 42.04±3.95 to 42.88±4.67 (P< 

Table 1. General characteristics of participants

Characteristic SEG BEG P-value

Gender, female 15 15
Age (yr) 22.31± 1.6 22.92± 1.55 0.822
Height (cm) 166.31± 7.84 166.92± 8.62 0.592
Weight (kg) 57.15± 9.73 57.15± 8.76 0.362
Body mass index (kg/m2) 23.20± 2.90 22.72± 1.81 0.754

Values are presented as number or mean± standard deviation.
SEG, stability exercise group; BEG, balance exercise group. 

Table 2. The comparison of electromyography in each of the groups at pre- 
and post-group

Variable Pretest Posttest Difference value t P-value

EMG-EO
   SEG 40.75± 2.76 36.51± 2.47 -4.24± 4.45 3.69 0.002*
   BEG 42.04± 3.95 42.88± 4.67 0.84± 1.11 -2.93 0.011*
   t -2.47 4.29
   P-value 0.954 0.001
EMG-IO
   SEG 34.36± 6.85 35.00± 6.53 0.64± 1.19 2.08 0.056
   BEG 28.11± 7.66 28.25± 6.75 0.13± 5.09 -0.10 0.921
   t 1.34 -0.38
   P-value 0.716 0.712
EMG-ES
   SEG 64.37± 14.25 81.95± 13.33 17.59± -8.91 3.46 0.004*
   BEG 50.95± 12.78 59.87± 14.76 19.68± 15.49 -2.23 0.043*
   t 3.42 -1.34
   P-value 0.587 0.191

Values are presented as mean± standard deviation (% reference voluntary contrac-
tion).
EMG, electromyography; EO, external oblique; IO, internal oblique; ES, erector spi-
nae; SEG, stability exercise group; BEG, balance exercise group. 
*Significant difference within group (P< 0.05).
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0.05). ES muscle activity of the BE group increased from 50.95±  
12.78 to 59.87±14.76 (P<0.05). Table 3 shows that there is a 
significant difference between VAS and ODI before and after in-
tervention in both groups.

DISCUSSION

The main purpose of this study was to compare the effects of 
BE and SE in female patients with chronic LBP. According to the 
results of VAS and ODI, both exercises seemed to be effective for 
pain reduction and function enhancement. EMG results showed 
that EO muscle activity decreased and muscle activity of IO and 
ES increased in the SE group. This result suggests that other mus-
cles are coordinating in place of the role of EO. This may be inter-
preted as an effect of appropriate muscle-to-muscle cocontraction 
resulting in reduced pain and increased function. Even though the 
EO muscle activity is not high in the posture requiring stability 
of the trunk, it seems that an appropriate distribution of muscle 
activity enhanced trunk stability by increasing the muscle activity 
of IO and ES. 

On the other hand, the activity of EO and ES in the BE group 
was increased. EO and ES were observed to cocontract to maintain 
the measured posture. It appears that EO is active as a counter-
force against the muscle activity of ES. Imai et al. (2010) reported 
that the BE on the unstable support surface significantly increased 
the muscle activity of the EO. The role of EO appears to be im-
portant in maintaining the center of gravity within the balancing 
control base of support during balancing exercise (Ito et al., 2016). 
The global muscles of the trunk (such as the EO) are concerned 
with producing and controlling both trunk and pelvis movements 

(Richardson et al., 2002). Previous studies suggested that control 
of the EO muscle is necessary to properly stabilize the spine, 
maintain optimal alignment and movement, and prevent exces-
sive stress and compensatory motions of the pelvis during move-
ments of the extremities (Ito et al., 2016). It seems that the role of 
EO as a trunk stabilizer is emphasized in the stance requiring 
trunk stability to maintain the upper extremity of the anterior 
muscle. Among the posterior muscles, the role of ES appears to be 
to maintain balance on an unstable base like Togu or Bosu. 

Both groups showed increased ES muscle activity. This leads us 
to believe that ES is important in postures that require trunk sta-
bility. Participants with reduced pain and increased function were 
more likely to use ES in a posture that required trunk stability. 
The superficial group of the ES has an optimal lever arm for lum-
bar extension. According to Bogduk’s study (1992a), 40%–80% 
of the total extension moment is caused by the superficial muscle 
fibers of the iliocostalis and longissimus attached to the ES apo-
neurosis. The deep muscle fiber contraction force of ES prevents 
anterior shear through compression and posterior shear. According 
to Bogduk (1992a), when the patient is standing upright, the 
lumbar back extensor causes posterior shear in L1–4 and anterior 
shear in L5. This muscle’s tension is important for counterbalanc-
ing an anterior shear force generated by translation motion of the 
iliopsoas, such as forward bending. Bogduk (1992b) believed that 
performing an extension exercise in any posture can cause an inju-
ry, especially if there is translational instability in the lumbar 
spine and compression affects the patient’s condition. Hides et al. 
(2008) reported that patients with multifidus (MF) atrophy need 
an exercise program designed to restore muscle volume. ES in the 
posterior as well as the abdominal muscles seem to play a signifi-
cant role in trunk stability. Clinicians should pay attention not 
only to the muscles around the abdomen but also to the muscles 
around the waist in the interventions for back pain. 

In summary, SE appears to affect pain control through deep 
muscle (IO) activation, and BE appears to affect pain control due 
to cocontraction of ES and EO. The opposite effect of increasing 
or decreasing EO seems to be pain control if the distribution of 
muscle activity is appropriate for trunk stability.

This study has several limitations. It was difficult to measure 
muscle activity of deep muscles such as TrA and MF, which are 
known to be important for trunk stability, with a surface EMG 
device. Because it was an experiment using surface EMG, there 
were difficulties in understanding the relationship between the 
superficial muscle activation and deep muscle activation of sub-
jects. However, it was difficult to reduce the variability of each 

Table 3. The comparison of VAS and ODI in each of the group at pre- and 
posttest

Group Pretest Posttest Difference value z P-value

SEG-VAS 4.13± 0.74 1.33± 1.05 -2.8± 1.15 -3.432 0.001*
BEG-VAS 3.93± 0.59 2.33± 1.54 -1.6± 1.4 -2.831 0.001*
U 94.5 60.5
P-value 0.027 0.029
SEG-ODI 26.96± 9.85 12.45± 3.12 -14.5± 10.31 -3.414 0.005*
BEG-ODI 26.51± 6.94 15.12± 6.00 -11.4± 4.66 -3.417 0.001*
U 104.5 96.5
P-value 0.504 0.512

Values are presented as mean± standard deviation (score) unless otherwise indei-
cated.
VAS, visual analogue scale; ODI, Oswestry disability index; SEG, stability exercise 
group; BEG, balance exercise group. 
*Significant difference within group (P< 0.05).
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participant’s level of activity during the 8 weeks long interven-
tion. In a future study, we would like to investigate the roles and 
functions of muscles by measuring the activity, movement, and 
thickness of deep muscles such as TrA and MF using ultrasound.

In conclusion, both groups experienced positive effects of im-
proving lumbar function and improving LBP after 8 weeks of ex-
ercise intervention. However, measurements of muscle activity in 
the two groups showed different results. We recommend SE for 
patients who need muscle cooperation and BE for patients who 
require activation of EO. Considering the difference in individu-
als’ levels of muscle activity, we expect to be able to customize to 
individual characteristics. Patients with LBP who engage in both 
SE and BE may find this to be an effective treatment for back 
pain. In addition, patients who have difficulty with SE, such as 
post-surgery patients, elderly people, beginners, and children, 
may be more effectively treated by applying BE at the beginning 
of their exercise therapy. 
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