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Abstract.	 [Purpose] The aim of this study was to examine the effects of exercise to strengthen the muscles of the 
hip together with lumbar segmental stabilization exercise on the lumbar disability index, lumbar muscle strength, 
and balance. [Subjects and Methods] This study randomly and equally assigned 40 participants who provided writ-
ten consent to participate in this study to a lumbar segmental stabilization exercise plus exercise to strengthen the 
muscles of the gluteus group (SMG + LES group) and a lumbar segmental stabilization exercise group. [Results] 
Each evaluation item showed a statistically significant effect. [Conclusion] Clinical application of exercise in this 
study showed that lumbar segmental stabilization exercise plus exercise to strengthen the muscles of the gluteus 
resulted in a greater decrease in low back pain disability index and increase in lumbar muscle strength and balance 
ability than lumbar segmental stabilization exercise in chronic low back pain patients receiving the exercise treat-
ments during the same period.
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INTRODUCTION

At present, low back pain is one of the most common 
diseases in industrialized modern societies. In Korea, the 
frequency of low back pain is gradually on the rise, and 60 
to 80% of people experience low back pain at some time in 
their life1). Low back pain occurs most frequently in those 
in their 30s to 50s in both men and women, and it occurs 
most in women aged 40 or older2, 3). Low back pain is clas-
sified into acute (six weeks or shorter), subacute (from six 
weeks to three months), and chronic low back pain (three 
months or longer) according to duration4). Weakening of the 
abdominal muscles among the trunk muscles of low back 
pain patients is generally prevalent, and the strengthening of 
the abdominal muscles is essential in recovery of the spinal 
neutral position5). When imbalance between the abdominal 
muscles of the trunk and extensor muscles occurs, it trig-
gers low back pain and reduces stabilization of the lumbar 

segment6). In addition, low back pain patients experience a 
decrease in trunk activity because of pain, structural dam-
age, and inhibition of the reflex muscle contraction mecha-
nism, and due to decrease of the activity of the trunk for 
a long time and disuse, muscle atrophy and a decrease in 
muscle strength occur, which aggravate low back pain and 
bring about secondary lumbar segment damage and physical 
disability7). Regardless of the clinical causes, all those who 
complain of low back pain experience a decrease in muscle 
strength, muscle endurance, and flexibility, and limitation of 
lumbar and lower limb joint range of motion8).

The lumber muscles, which consist of deep stabilizer 
muscles; the multifidus muscle, transversus abdominis mus-
cle, and internal oblique abdominal muscle, and superficial 
stabilizer muscles, the erector spinae muscle, rectus abdomi-
nis muscle, and external oblique abdominal muscle-play a 
role in lumbar segmental stability and as a basic support, and 
for lumbar segmental stabilization, strengthening of deep 
and superficial stabilizer muscles and co-coordination are 
necessary9). The multifidus muscle and transversus abdomi-
nis muscle contract faster than the other muscles engaged 
in lumbar segmental stabilization, thereby maintaining body 
balance in all movements of the human body10). However, 
Adams11) noted that stabilization muscles of the lumbar pel-
vic area were first mobilized involuntarily during movement 
of the lower limbs in healthy people, while stabilization 
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muscles of the lumbar pelvic area in low back pain patients 
with unstable lumbar vertebrae were mobilized later.

In order to reduce such instability and increase stabili-
zation of the waist, lumbar stabilization exercise has been 
applied to low back pain patients in many cases, and lumbar 
segmental stabilization exercise requires normal motor 
sensation so that the correct alignment of the trunk can be 
perceived and incorrect alignment of the trunk can be cor-
rected12).

The ability to actively control the muscles of the hip 
plays an important part in lumbar segmental stability. As a 
function of the gluteus maximus muscle, the sacroiliac joint 
delivers loads from the trunk to the lower limb, and if this 
joint moves excessively, it results in pressure on the joints 
and disks between the L5–S1 vertebral body, sacroiliac joint, 
and pubic symphysis, which leads to functional failure of the 
sacroiliac joint and low back pain. This causes the gluteus 
maximus muscle to contract, creating a self-locking mecha-
nism, thereby providing stability to the sacroiliac joint13).

Those with low back pain have a decreased balance abil-
ity compared with healthy people14). When the human body 
is exposed to an unexpected load, the muscles should swiftly 
respond to maintain balance and posture against the load, 
but low back pain patients have a delayed response time, 
triggering a problem in postural maintenance and balance. 
Lumbar segmental instability resulting from low back pain 
triggers a decrease in trunk mobility and balance ability due 
to damage to postural adjustment and a decline in muscle 
mobilization ability15).

Recently, a lot of research applying lumbar segmental 
stabilization exercise to chronic low back pain patients is 
being conducted. Nonetheless, research focusing on the 
muscles of the hip is insufficient, although there is a close 
association between low back pain and the muscles of the 
hip and the muscle of the hip greatly and positively affect 
low back pain. Accordingly, the aim of this study was to 
examine the effects of exercise to strengthen the muscles of 
the hip together with lumbar segmental stabilization exercise 
on the lumbar disability index, lumbar muscle strength, and 
balance.

SUBJECTS AND METHODS

This study randomly selected 40 subjects from among fe-
male low back pain patients aged between 30 and 50, whose 
visual analogue scale score were 5 points or higher and 
whose low back pain disability indices were 20% or higher. 
They understood the purpose of this study, listened to an ex-
planation about the experimental procedure, and voluntarily 
consented to participate in this study. The participants were 
provided a written informed consent form in accordance 
with the ethical standards of the Declaration of Helsinki. 
This study randomly and equally assigned 40 participants 
who provided written consent to participate in this study to 
a lumbar segmental stabilization exercise plus exercise to 
strengthen the muscles of the gluteus group (SMG + LES 
group) and a lumbar segmental stabilization exercise group 
(LSE group).

The same lumbar segmental stabilization exercise was 
applied to both groups, and the exercise to strengthen the 

muscles of the hip was added to the SMG + LSE group. All 
the subjects performed their respective exercise three times 
per week (for 50 minutes per day) every other day. The test 
items included the Oswestry Disability Index which was 
used to examine the degree of functional disability resulting 
from low back pain. In order to measure lumbar isometric 
muscle strength, M3 (Schnell, Germany) isometric muscle 
strength measurement equipment was utilized, and in order 
to examine balance, a Tetrax (Sunlight Ltd., Israel) was 
employed. Test were carried out before the intervention and 
again after six weeks of the intervention.

For all the exercises, in exercise of each step, the lumbar 
segment was located in the neutral position, and the targeted 
muscles were coordinately contracted. The neutral position 
here does not mean that the lumbar vertebrae lordosis angle 
was zero but instead refers to the lumbar vertebrae posture 
in which the patient felt most comfortable. The exercise 
to strengthen the muscles of the hip was conducted after 
thorough training of the patients; the patients were trained 
to precisely trigger muscle contraction with a focus on the 
muscles of the hip. For all the exercises, a therapist provided 
a demonstration in advance.

In exercise of the SMG+LSE group, the exercise to 
strengthen the muscles of the gluteus focused on the large 
gluteus muscle and the middle gluteus muscle. During the 
first to third weeks, the subjects conducted each exercise 15 
times each per set without resistance, and two sets were per-
formed for both the left and right sides; during the fourth to 
sixth weeks, the subjects performed each exercise 15 times 
each per set, with resistance, for a total of two sets for both 
sides.

Lumbar segmental stabilization exercise allows slight 
pelvic posterior tilt and increases intra-abdominal pressure 
by pulling the abdominal wall inward, triggering activation 
of the transversus abdominis muscle and internal oblique 
abdominal muscle, thereby promoting the contraction ac-
tion of the muscles16). In a prone position, a biofeedback 
device (stabilizer) was located on the lower abdomen of the 
patients. While relaxing the body, the pressure was increased 
to 70 mmHg, and the patients were trained to pull the navel 
toward the waist while maintaining contraction and to breath 
before the actual exercise.

From the first to third week, the patients conducted ex-
ercise in a supine position, side-lying position, quadruped 
position, sitting position, and standing position on the wall 
without resistance, and from the fourth to sixth week, the 
patients conducted exercise with resistance in the same posi-
tions as in the first to third weeks. The abdominal muscle 
was pulled toward the inside of the abdomen within 10% of 
maximal muscle contraction power17), and the contraction 
time of the deep muscles was 10 seconds per session, with 
20 sessions per set.

The exercise was the same as the lumbar segmental 
stabilization exercise for the SMG+LSE group and was 
conducted for 10 seconds per session, with 20 sessions per 
set; two sets were performed.

Regarding the statistical processing in this study, means 
and standard deviations of all the data collected for the 
purpose of this study were calculated using PASW Statistics 
18.0 for Windows. A paired t-test was conducted in order to 
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examine changes in lumbar disability index, lumbar muscle 
strength, and balance before and after the experiment within 
each group, and an independent t-test was carried out in 
order to compare homogeneity and changes between the 
groups. The significance level was set at (α)=0.05.

RESULTS

The general characteristics of the subjects were as fol-
lows Table 1.

The lumbar disability index changed by 9.9±3.2 in the 
SMG+LSE group and by 4.5±2.4 in the LSE group, and there 
was significant difference between the two groups (p<0.05). 
Isometric muscle strength with lumbar flexion changed 
by 23.7±10.9 in the SMG+LSE group and by 14.5±9.8 in 
the LSE group after the exercise, with significant differ-
ences between the two groups (p<0.05). Isometic muscle 
strength with lumbar extension changed by 30.6±17.4 in the 
SMG+LSE group and by 15.7± 14.7 in the LSE group, with 
significant differences between the two groups (p<0.05). 
The stability index changed by 4.8±1.8 in the SMG+LSE 
group and by 2.6±1.5 in the LSE group, with significant dif-
ferences between the two groups after the exercise (p<0.05). 
The weight distribution index changed by 2.3±1.1 in the 
SMG+LSE group and by1.4±1.0 in the LSE group, with 
significant differences between the two groups (p<0.05) 
(Table 2).

DISCUSSION

This study conducted experiments in order to examine the 
effects of exercise to strengthen the hip muscle together with 
lumbar segmental stabilization exercise on the low back pain 
disability index, lumbar muscle strength, and balance.

At present in the clinical field, lumbar segmental stabi-
lization exercise programs focusing on deep muscles are 
being applied to many chronic low back pain patients for 
motor therapy. For prevention and treatment of low back 
pain, excessive movement of the lumbar segment should be 
decreased, and the body alignment of the spine and pelvis 
should be corrected; for stabilization of the distal parts of the 
four limbs when the limbs start to move, proper isometric 
contraction of the trunk muscles is necessary18).

Lumbar segmental stabilization exercise is drawing atten-
tion as a method for effective pain management in chronic 
low back pain patients, and stabilization exercise has been 
shown to improve lumbar stability through better muscle 
strength and improvement of muscle and movement adjust-

ment ability based on the sensory motor control mechanism. 
In order to reduce instability of the lumbar segment and in-
crease stability, this study applied the abdominal drawing-in 
maneuver as a lumbar segmental stabilization exercise and 
conducted exercise therapy.

Recently, studies of low back pain, the hip joint, and hip 
muscle strength have been reported, and Reiman noted that 
for low back pain treatment, the causes and methods of treat-
ment of diverse types of lumbar pain should be considered, 
including movements of the waist, pelvis, hip joint, and 
lower limbs19).

Reiman also observed that functional disorder resulting 
from weakening of the hip muscles and restricted hip joint 
range of motion has elements related to pathology of the 
waist and the lower limbs and that there is some associa-
tion between the weakening of the hip muscles, functional 
disorder of the hip joint, and pathology of the waist20).

As mentioned by leading researchers, there is a biody-
namic relationship between low back pain, the hip joint, and 
hip muscles, and when applying an exercise program for 
low back pain treatment to chronic low back pain patients, 
stability of the pelvis and hip joints and strengthening of the 
hip muscles are important.

This study applied hip muscle strengthening exercise and 
lumbar segmental stabilization exercise to female chronic 
low back pain patients in their 30s to 50s and examined 
changes in the low back pain disability index, lumbar muscle 
strength, and balance. The subjects were divided into the 
SMG+LSE and LSE groups, and the SMG+LSE group con-
ducted lumbar segmental stabilization exercise (abdominal 
drawing-in technique) plus hip muscle strengthening exer-
cise, whereas the LSE group carried out lumbar segmental 
stabilization exercise (abdominal drawing-in technique). It 
is not easy to perfectly maintain the abdominal drawing-in 
technique. Therefore, prior to the experiment, the patients 
lay on a prone position and were trained on how to utilize 
the biofeedback device (stabilizer), and then the experiment 
proceeded.

The results showed that hip muscle strengthening exer-

Table 1.	General characteristics of the subjects

SMG + LSE group 
(N=20)

LSE group 
(N=20)

Mean ± SD Mean ± SD
Age (years) 41.2 ± 5.5 41.2 ± 6.7
Height (cm) 161.5 ± 6.0 159.9 ± 4.7
Weight (kg) 59.7 ± 7.2 56.6 ± 4.2
SMG: strengthen the muscles of the gluteus; LSE: lumbar sta-
bilization exercise

Table 2.	Comparison of changes in the Oswestry Disability 
Index, isometric lumbar flexion and extension 
strengthening, stability Index, and weight distribu-
tion index between the groups

SMG+LSE group  
(N=20)

LSE group  
(N=20)

Mean ± SD (Post–Pre) Mean ± SD (Post–Pre)
ODI * 9.9 ± 3.2 4.5 ± 2.4
ILFS * 23.7 ± 10.9 14.5 ± 9.8
ILES * 30.6 ± 17.4 15.7 ± 14.7
SI * 4.8 ± 1.8 2.6 ± 1.5
WDI * 2.3 ± 1.1 1.4 ± 1.0
*p<0.05
SMG: strengthen the muscles of the gluteus; LSE: lumbar 
stabilization exercise; ODI: Oswestry Disability Index; 
ILFS: isometric lumbar flexion strength; ILES: isomet-
ric lumbar extension strength; SI: stability index; WDI: 
weight distribution index
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cise in addition to lumbar segmental stabilization exercise 
increased the stability of the hip joint and pelvis, which was 
conducive to increasing lumbar segmental stability. It was 
also more effective for increasing the lumbar low back pain 
disability index, isometric muscle strength of lumbar flexion 
and extension, and balance ability.

To sum up the results, both SMG+LSE and LSE were 
effective for improving the low back pain disability index, 
lumbar muscle strength, and balance in chronic low back 
pain patients. Comparison of the changes in the two groups 
revealed that there was a more significant effect on low 
back pain index, lumbar muscle strength, and balance in the 
SMG+LSE group than in the LSE group. It is considered 
that the lumbar segmental stabilization exercise strength-
ened deep muscles, increasing lumbar segmental stability, 
and that hip muscle strengthening exercise increased the 
stability of the pelvis and hip joint, thereby positively affect-
ing an increase in lumbar segmental stability.

The limitations of this study are that although the experi-
ment was conducted with female chronic back pain patients 
in their 30s to 50s as the subjects, the number of subjects was 
small, and therefore it is difficult to generalize the results. 
Furthermore, physical activities and environmental factors 
other than exercise were not completely controlled for the 
subjects who participated in this experiment. Therefore, it is 
considered that continuous research actively complementing 
the proposed limitation is necessary.

In conclusion, clinical application of exercise in this 
study showed that SMG+LSE resulted in a greater decrease 
in the low back pain disability index and increase in lumbar 
muscle strength and balance ability than LSE in chronic low 
back pain patients receiving the exercise treatments duing 
the same period. In exercise therapy programs for chronic 
low back pain patients, adding hip muscle strengthening 
exercise to lumbar segmental stabilization exercise will be 
very helpful for rehabilitation and maintenance of smooth 
daily life. In the future, research focusing on hip muscle 
strengthening as well as lumbar segmental stabilization 
should be conducted continuously.

REFERENCES

1)	 van Middelkoop M, Rubinstein SM, Kuijpers T, et al.: A systematic re-
view on the effectiveness of physical and rehabilitation interventions for 
chronic non-specific low back pain. Eur Spine J, 2011, 20: 19–39. [Med-
line]  [CrossRef]

2)	 Deyo RA, Weinstein JN: Low back pain. N Engl J Med, 2001, 344: 363–
370. [Medline]  [CrossRef]

3)	 Hicks GE, Fritz JM, Delitto A, et al.: Preliminary development of a clini-
cal prediction rule for determining which patients with low back pain will 
respond to a stabilization exercise program. Arch Phys Med Rehabil, 2005, 
86: 1753–1762. [Medline]  [CrossRef]

4)	 Koes BW, van Tulder MW, Thomas S: Diagnosis and treatment of low back 
pain. BMJ, 2006, 332: 1430–1434. [Medline]  [CrossRef]

5)	 Lee W, Lee Y, Gong W: The effect of lumbar strengthening exercise on 
pain and the cross-sectional area change of lumbar muscles. J Phys Ther 
Sci, 2011, 23: 209–212.  [CrossRef]

6)	 Jung DE, Kim K, Lee SK: Comparison of muscle activities using a pres-
sure biofeedback unit during abdominal muscle training performed by 
normal adults in the standing and supine positions. J Phys Ther Sci, 2014, 
26: 191–193. [Medline]  [CrossRef]

7)	 Kader DF, Wardlaw D, Smith FW: Correlation between the MRI changes 
in the lumbar multifidus muscles and leg pain. Clin Radiol, 2000, 55: 145–
149. [Medline]  [CrossRef]

8)	 Lee SW, Kim SY: Effects of hip exercises for chronic low-back pain pa-
tients with lumbar instability. J Phys Ther Sci, 2015, 27: 345–348. [Med-
line]  [CrossRef]

9)	 McGill SM, Grenier S, Kavcic N, et al.: Coordination of muscle activity 
to assure stability of the lumbar spine. J Electromyogr Kinesiol, 2003, 13: 
353–359. [Medline]  [CrossRef]

10)	 Hodges PW, Gandevia SC: Activation of the human diaphragm during a re-
petitive postural task. J Physiol, 2000, 522: 165–175. [Medline]  [CrossRef]

11)	 Adams MA: Biomechanics of back pain. Acupunct Med, 2004, 22: 178–
188. [Medline]  [CrossRef]

12)	 Maffey-Ward L, Jull G, Wellington L: Toward a clinical test of lumbar 
spine kinesthesia. J Orthop Sports Phys Ther, 1996, 24: 354–358. [Med-
line]  [CrossRef]

13)	 Yoo WG: Effects of individual strengthening exercises on subdivisions of 
the gluteus medius in a patient with sacroiliac joint pain. J Phys Ther Sci, 
2014, 26: 1501–1502. [Medline]  [CrossRef]

14)	 Alexander KM, LaPier TL: Differences in static balance and weight dis-
tribution between normal subjects and subjects with chronic unilateral 
low back pain. J Orthop Sports Phys Ther, 1998, 28: 378–383. [Medline]  
[CrossRef]

15)	 Borghuis J, Hof AL, Lemmink KA: The importance of sensory-motor con-
trol in providing core stability: implications for measurement and training. 
Sports Med, 2008, 38: 893–916. [Medline]  [CrossRef]

16)	 Richardson CA, Jull GA: Muscle control-pain control. What exercises 
would you prescribe? Man Ther, 1995, 1: 2–10. [Medline]  [CrossRef]

17)	 Barr KP, Griggs M, Cadby T: Lumbar stabilization: core concepts and cur-
rent literature, Part 1. Am J Phys Med Rehabil, 2005, 84: 473–480. [Med-
line]  [CrossRef]

18)	 Gombatto SP, Norton BJ, Sahrmann SA, et al.: Factors contributing to 
lumbar region passive tissue characteristics in people with and people 
without low back pain. Clin Biomech (Bristol, Avon), 2013, 28: 255–261. 
[Medline]  [CrossRef]

19)	 Reiman MP, Weisbach PC, Glynn PE: The hips influence on low back 
pain: a distal link to a proximal problem. J Sport Rehabil, 2009, 18: 24–32. 
[Medline]

20)	 Reiman MP, Bolgla LA, Loudon JK: A literature review of studies evaluat-
ing gluteus maximus and gluteus medius activation during rehabilitation 
exercises. Physiother Theory Pract, 2012, 28: 257–268. [Medline]  [Cross-
Ref]

http://www.ncbi.nlm.nih.gov/pubmed/20640863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20640863?dopt=Abstract
http://dx.doi.org/10.1007/s00586-010-1518-3
http://www.ncbi.nlm.nih.gov/pubmed/11172169?dopt=Abstract
http://dx.doi.org/10.1056/NEJM200102013440508
http://www.ncbi.nlm.nih.gov/pubmed/16181938?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2005.03.033
http://www.ncbi.nlm.nih.gov/pubmed/16777886?dopt=Abstract
http://dx.doi.org/10.1136/bmj.332.7555.1430
http://dx.doi.org/10.1589/jpts.23.209
http://www.ncbi.nlm.nih.gov/pubmed/24648629?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.191
http://www.ncbi.nlm.nih.gov/pubmed/10657162?dopt=Abstract
http://dx.doi.org/10.1053/crad.1999.0340
http://www.ncbi.nlm.nih.gov/pubmed/25729164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25729164?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.345
http://www.ncbi.nlm.nih.gov/pubmed/12832165?dopt=Abstract
http://dx.doi.org/10.1016/S1050-6411(03)00043-9
http://www.ncbi.nlm.nih.gov/pubmed/10618161?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00165.xm
http://www.ncbi.nlm.nih.gov/pubmed/15628775?dopt=Abstract
http://dx.doi.org/10.1136/aim.22.4.178
http://www.ncbi.nlm.nih.gov/pubmed/8938601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8938601?dopt=Abstract
http://dx.doi.org/10.2519/jospt.1996.24.6.354
http://www.ncbi.nlm.nih.gov/pubmed/25276045?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1501
http://www.ncbi.nlm.nih.gov/pubmed/9836168?dopt=Abstract
http://dx.doi.org/10.2519/jospt.1998.28.6.378
http://www.ncbi.nlm.nih.gov/pubmed/18937521?dopt=Abstract
http://dx.doi.org/10.2165/00007256-200838110-00002
http://www.ncbi.nlm.nih.gov/pubmed/11327788?dopt=Abstract
http://dx.doi.org/10.1054/math.1995.0243
http://www.ncbi.nlm.nih.gov/pubmed/15905663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15905663?dopt=Abstract
http://dx.doi.org/10.1097/01.phm.0000163709.70471.42
http://www.ncbi.nlm.nih.gov/pubmed/23402957?dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2013.01.005
http://www.ncbi.nlm.nih.gov/pubmed/19321904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22007858?dopt=Abstract
http://dx.doi.org/10.3109/09593985.2011.604981
http://dx.doi.org/10.3109/09593985.2011.604981

