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Abstract. [Purpose] The purpose of this study is to investigate the effects of lumbar stabilization exercise and
sling exercise on lumbosacral region angle, lumbar muscle strength, pain scale of patients with chronic low back
pain. [Subjects and Methods] The subjects of this study were 29 chronic low back pain patient women who were
selected among participants in exercise class at K Region Health Promotion Center in South Korea and were randomly assigned to the lumbar stabilization exercise group (n=10), sling exercise group (n=10), and the control group
(n=9). Both lumbar stabilization and sling exercise programs were executed for 60 minutes, three times a week, for
12 weeks. Before and after exercise we measured lumbosacral region angle (lumbar lordosis angle, lumbosacral
angle, sacral inclination angle), lumbar muscle strength, and pain scale in all subjects. Two-way analysis of variance
was conducted to analyze experimental data. In order to analyze the interaction effect, we conducted paired t-test
before and after treatment. [Results] Lumbar stabilization exercise group and sling exercises group did not affect
lumbar lordosis angle, lumbosacral angle and sacral inclination angle. Whereas the lumbar flexion muscle strength
and lumbar extension muscle strength significantly increased in the lumbar stabilization exercise group and sling
exercise group. The flexibility increased in the lumbar stabilization exercise group and sling exercise group. The
pain scale decreased in the lumbar stabilization exercise group and sling exercise group. [Conclusion] Both lumbar
stabilization exercise and sling exercises are useful therapeutic approaches to chronic back pain.
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INTRODUCTION
Back pain is a common musculoskeletal ailment related to vertebral malalignment1). To distribute the body’s load during orthograde movement and other daily activities, human vertebrae form normal curvatures from the neck to the pelvis.
However, inclination or declination of sagittal lumbar lordosis can lead to excessive load being applied on vertebral joints and
intervertebral discs, resulting in nerve root compression, disc degeneration, and inflammation of joint capsules2–4). Christie
et al.5) reported increased lumbosacral angles in patients with chronic back pain. In addition, more than 80% of patients with
back pain have limited range of motion, lumbar flexion, flexor muscle weakening, and imbalance of muscle strength6, 7).
Research findings have also verified the association between chronic back pain and vertebral instability caused by lumbar
muscular atrophy10).
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Table 1. Physical characteristics of subjects
Group
Age (yrs)
Height (cm)
Weight (kg)
Body mass index (kg/cm 2)

Lumbar stabilization exercise
(n=10)
43.1 ± 3.7
161.6 ± 3.4
57.5 ± 6.1
21.9 ± 1.6

Sling exercise
(n=10)
43.6 ± 4.5
160.0 ± 3.8
58.7 ± 5.0
22.9 ± 1.8

Control
(n=9)
41.3 ± 3.8
161.1 ± 4.2
56.2 ± 4.6
21.6 ± 1.2

Value are Mean ± SD.

Therefore, strengthening lumbar muscles and increasing lumbar flexibility are important objectives of lumber pain treatment8). Exercise can help strengthen muscles and maintain asymptomatic lumbar lordosis9). Specifically, lumbar stabilization
exercises can provide therapeutic benefits in the treatment of chronic back pain11) through the adjustment of vertebral segments and an increase in dynamic stability and lumbar muscle strength12, 13).
Sling exercise, which is based on the concept of lumbar stabilization, is also used to treat back pain. Sling exercise is
a closed-chain load-bearing exercise using a suspension that has been reported to improve lumbar curvature and muscle
imbalance14–16).
But, there are no studies that compare the clinical outcomes of lumbar stabilization exercises with the outcomes of sling
exercises. Thus, this study compares the effects of each type of exercise on lumbosacral region angle, lumbar muscle strength,
and pain scale in patients with chronic back pain.

SUBJECTS AND METHODS
At the National Health Center in Seoul, 29 patients met the study criteria and consented to participate in our study. These
were patients with chronic back pain in their age 30–40s who did not require surgical treatments following X-ray and CT
(computed tomography) scans. The enrolled patients were randomly assigned to a lumbar stabilization exercise group (n=10),
a sling exercise group (n=10), and a control group (n=9). The study was conducted in compliance with the Declaration of
Helsinki, and all patients were given complete information about our investigation. The patients consented to the collection
and utilization of personal information. Table 1 summarizes patient characteristics.
Lumbar lordosis angle, lumbosacral angle, and sacral slope were measured on simple X-ray images of the lateral view of
the lumbar region. Angles were measured by using a ViewRex PACS (Techheim, Korea) system. Lumbar lordosis angle was
measured at the intersection between a line extending from the upper plate of L1 and another extending from the lower plate
of L5. Lumbosacral angle was measured at the intersection between a line extending from the lower plate of L5 and another
extending from the upper plate of the sacrum. Sacral slope was measured at the intersection between a line extending from
the upper and lower plates of the sacrum.
The lumbar muscle strength test was performed using the Biodex 3.0 (Biodex Medical Systems, Shirley, NY, USA), an
isokinetic muscle strength analyzer, to measure the muscle strength involved in lumbar flexion and extension. Before the
lumbar muscle strength test, subjects were given 10 minutes for the stretching and warm-up exercise, and the actual test was
performed after they were familiar with the lumbar flexion and extension test method. Lumbar flexor and extensor muscles
were measured five times at 30°/sec, and the maximum value from the five measurements was recorded.
Flexibility test was performed by bending the upper body forward. After sufficient stretching prior to the flexibility test,
the subjects sat on the examination table and bent the upper body forward as much as possible with the legs fully extended.
This motion was performed and measured twice, and the maximum value from the two measurements was recorded. The
maximum value was recorded in cm.
Pain scale were subjectively assessed by using questionnaires, where the participants could rate their pain from 0 for “no
pain” to 10 for “severe pain” depending on their perceived levels of pain and disability.
Exercise programs were executed for 60 minutes, three times a week for 12 weeks. The program included 10 minutes of
warm-up, 40 minutes of main exercise, and 10 minutes of cool-down. Warm up exercises consisted of walking and stretching, and cool-down exercises consisted of stretching. The main exercise consisted of eight kinds of workouts; 1) sit up, 2)
superman exercise, 3) quadruped arm & leg raise, 4) squat, 5) lower body fixation plank (surface or sling), 6) upper body
fixation plank (surface or sling), 7) side plank (surface or sling), and 8) hip bridge (surface or sling). Both lumbar stabilization
and sling exercise groups performed 1)–4) on the floor. The lumbar stabilization group performed 5)–8) on the floor, and
the sling exercise group performed the same exercises using slings. Both groups performed three sets of each exercise with
10 movements per set.
The data in this study were analyzed using SPSS (Version, 18). Two-way ANOVA by repeated measure was performed
to test interaction effects on the measured variables between groups and measurement time. Statistical significance was set
at p<0.05.
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Table 2. Change of lumbosacral region angle
Variability
Lumbar lordosis angle (°)
Lumbosacral angle (°)
Sacral inclination angle (°)

Group
Lumbar stabilization exercise
Sling exercise
Control
Lumbar stabilization exercise
Sling exercise
Control
Lumbar stabilization exercise
Sling exercise
Control

Pre
40.0 ± 1.5
38.9 ± 2.1
40.0 ± 2.4
13.0 ± 1.0
13.5 ± 1.8
13.1 ± 1.7
39.4 ± 1.8
38.5 ± 2.2
39.7 ± 1.5

Post
39.7 ± 1.6
38.7 ± 2.1
40.1 ± 2.4
12.8 ± 1.2
13.5 ± 1.8
13.1 ± 1.7
38.9 ± 1.8
38.7 ± 2.1
39.4 ± 1.7

Value are Mean ± SD.

Table 3. Change of lumbar muscle strength and flexibility
Variability
Lumbar flexion muscle (Nm)

Group
Lumbar stabilization exercise
Sling exercise
Exercise
Lumbar extension muscle (Nm) Lumbar stabilization exercise
Sling exercise
Control
Flexibility (cm)
Lumbar stabilization exercise
Sling exercise
Control

Pre
109.7 ± 9.8
107.9 ± 7.4
105.4 ± 11.1
172.0 ± 14.1
164.8 ± 14.8
169.6 ± 14.9
9.8 ± 6.0
8.5 ± 6.6
8.7 ± 5.7

Post
116.6 ± 8.6***
117.5 ± 8.6*
106.2 ± 12.4
184.0 ± 17.2***
188.4 ± 18.2***
171.2 ± 26.1
11.3 ± 6.0**
11.5 ± 5.6*
9.1 ± 5.7

Value are Mean ± SD, paired t-test: *p<0.05, **p<0.01, ***p<0.001.

Table 4. Change of pain scale
Variability
Pain scale (score)

Group
Lumbar stabilization exercise
Sling exercise
Control

Pre
5.5 ± 1.3
5.3 ± 1.3
5.2 ± 2.1

Post
4.0 ± 0.6**
3.8 ± 1.0**
5.1 ± 1.8

Value are Mean ± SD, paired t-test; **p<0.01.

RESULTS
As shown in Table 2, the lumbar lordosis angle did not have any interaction effects between groups and treatment. The
lumbosacral angle did not have any interaction effects between groups and treatment. The sacral inclination angle did not
have any interaction effects between groups and treatment. As shown in Table 3, lumbar flexion muscle strength showed
interaction effects between group and treatment (p<0.05). Interaction effect analysis results indicated that the lumbar stabilization exercise group and sling exercise group showed a significant increase from pre- to post-exercise respectively (p<0.001,
p<0.5), whereas the control group did not have a significant difference in the lumbar flexion muscle strength between these
periods.
Lumbar extension muscle strength showed interaction effects between group and treatment (p<0.01). Interaction effect
analysis results indicated that the lumbar stabilization exercise group and sling exercise group showed a significant increase
from pre- to post- exercise respectively (p<0.001, p<0.001), whereas the control group did not have a significant difference
in the lumbar extension muscle strength between these periods.
Flexibility showed interaction effects between group and treatment (p<0.001). Interaction effect analysis results indicated
that the lumbar stabilization exercise group and sling exercise group showed a significant increased from pre- to post-exercise
respectively (p<0.1, p<0.5), whereas the control group did not have a significant difference in the flexibility between these
periods.
As shown in Table 4, pain scale showed interaction effects between group and treatment (p<0.05). Interaction effect
analysis results indicated that the lumbar stabilization exercise group and sling exercise group showed a significant decrease
from pre- to post-exercise respectively (p<0.01, p<0.01), whereas the control group did not have a significant difference in
the flexibility between these periods.
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DISCUSSION
This study examined the effects of lumbar stabilization and sling exercises on lumbosacral region angle, lumbar muscle
strength, and pain score of patients with chronic back pain. Neither type of exercise had significant effects on lumbar lordosis,
lumbosacral angle or sacral slope; however, both types of exercise increased lumbar muscle strength and reduced pain scores.
Low back pain is a clinically common musculoskeletal ailment that can interfere with occupational and daily activities.
The spine, which is closely associated with lumbar pain, is the central pillar of the body. The sagittal balance of the spine
is formed by cervical lordosis, thoracic kyphosis, and lumbar lordosis. Changes in the lumbar curvature increase dynamic
loads on the lumbar area, often inducing lumbar pain17). Lumbar lordosis angle is an index of lumbar lordosis and structural
stability. The lumbosacral angle is another important measure that accounts for two-thirds of lumbar lordosis18).
Previous studies have reported no significant difference in the lumbar lordosis angle between patients with chronic back
pain and those without, while others have reported increased lumbar lordosis angles in the former5, 19, 20). In our study of low
back pain patients, neither lumbar stabilization exercises nor sling exercises had a significant effect on the lumbar lordosis
angle, lumbosacral angle, or sacral slope compared to pre-intervention measurements. Similarly, in a study by Oh et al. 21),
lumbar stabilization exercise did not significantly affect the lumbar lordosis angle in women in their 20–30s. Therefore, our
findings are consistent with those from other studies in that lumbar stabilization and sling exercises did not affect sagittal
lumbar lordosis in patients with chronic back pain. However, research attempting to establish standardized and normal values
of lumbar lordosis has been inconclusive, as lumbar lordosis is affected by several variables, including age, gender, vertebral
disease and related biomechanical structures22). Therefore, a systemic evaluation of the effects of exercise on lumbar lordosis
using clinical findings is necessary.
Chronic back pain is associated with the weakening of the lumbar extensor and flexor muscles, muscle imbalances23), and
especially lumbar instability. Treatment of chronic back pain thus requires lumbar stabilization exercises, which strengthen
the lumbar muscles and increase flexibility24). Previous studies have reported successful increases in muscle strength from
such exercises10, 25). Sling exercises have also been reported to increase lumbar muscle strength in patients with chronic back
pain26). In our study, lumbar stabilization and sling exercises significantly increased lumbar muscle strength and flexibility in
patients with chronic back pain. Therefore, our findings underscore the therapeutic benefits of these exercises in increasing
lumbar muscle strength and the range of motion of the lumbar joints, and ultimately regaining lumbar stability.
Among patients for whom the main symptom is chronic back pain, pain reduction is an important objective of treatment.
In a previous study, lumbar stabilization exercise alleviated pain in patients with chronic back pain27). Likewise, lumbar
stabilization and sling exercises were found to reduce lumbar disability scores in previous studies26, 28). Our findings were
similar: lumbar stabilization and sling exercises significantly reduced the subjective pain score of patients with chronic back
pain. Therefore, it seems that both the lumbar stabilization exercise and the sling exercise lower the stress on the spinal
structure. As a result, it can be seen that lumbar stability, lumbar muscle strength, increased range of motion and reduction of
pain are effective in low back pain patients.
In conclusion, 12 weeks of lumbar stabilization and sling exercises did not affect lumbosacral region angle in patients
with chronic back pain; however, the exercises effectively increased lumbar muscle strength and flexibility and reduced pain
scores, likely by reducing the load on the spine. Therefore, both lumbar stabilization exercise and sling exercises are useful
therapeutic approaches to chronic back pain.
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