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Abstract. [Purpose] To determine the effects of lumbar stabilization exercise with thoracic extension exercise on 
chronic low back pain patients. [Subjects and Methods] Thirty patients with chronic low back pain were randomly 
divided into a lumbar stabilization exercise group (group A) and a lumbar stabilization exercise with thoracic 
extension exercise group (group B). Group B did 15 min of lumbar stabilization exercises and 15 min of thoracic 
extension exercises, while group A did 30 min of lumbar stabilization exercises five times a week for 4 weeks. For 
assessing lumbosacral alignment, the lordotic angle, lumbosacral angle, and sacral angle were evaluated. The Os-
westry disability index was used for assessment of disability due to low back pain. [Results] Both groups showed 
improvement in lumbosacral alignment and in the disability index. Group B showed greater changes in the lordotic 
angle and in the Oswestry disability index than group A, although the differences were not statistically significant. 
[Conclusion] Lumbar stabilization exercise with thoracic extension exercise can be recommended for improvement 
of chronic low back pain, although the improvements seen in lumbosacral alignment and low back pain disability 
index in this study did not achieve statistical significance.
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INTRODUCTION

Low back pain is one of the most widespread disorders in modern societies. It can limit the daily activities of patients, 
and the cost of management can be considerable1). The causes of low back pain are varied and complex, should be dealt with 
from various viewpoints2). Socioenvironmental factors as well as personal constitution and habits can all play a part in the 
etiology of low back pain3). In recent studies, low back pain has been shown to be caused by weakness of the deep muscles 
of the lumbar region, reduction in postural sense and kinesthetic ability due to imbalance, and reduced proprioceptive sense. 
These factors result in an unstable spine and lead to recurrence of low back pain4). Bae et al.5) reported that exercise on an 
unstable surface was better for enhancing the size of the trunk muscles and improving balance ability than exercise on a stable 
surface. Selective exercises for the deep abdominal muscles and lumbar stabilization exercises could thicken the transversus 
abdominis, which is a deep abdominal muscle, and thereby help in adjusting posture and stabilizing the trunk6).

Chronic low back pain can cause postural problems due to pelvic torsion and lumbar lordosis, both of which lead to 
repeated attacks of low back pain7). Disorder of proprioceptive sensibility has been reported to occur due to incorrect align-
ment8, 9). Poor proprioceptive sensibility and somesthesia, as well as diminished vision, combine to cause disorder of balance 
control10). Recent studies on the treatment of low back pain have focused on the stabilization provided by strengthening of 
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the deep muscles in the lumbar spine and pelvis. Trunk movement patterns can be altered by changing trunk muscle activities 
or lengths11). The current study aimed to determine the effects of thoracic extension exercise in improving lumbosacral 
alignment and relieving low back pain.

SUBJECTS AND METHODS

This double-blind, randomized clinical trial was conducted with 30 patients who were admitted to a clinic inside H 
Company or a physiotherapy clinic in H Hospital for complaints of low back pain for more than 3 months. All participants 
gave written informed consent for inclusion in the study. The subjects were divided into a lumbar stabilization exercise group 
(group A; n = 15) and a lumbar stabilization exercise with thoracic extension exercise group (group B; n =15). The mean age, 
mean height, and mean weight in group A were 39.8 years, 165.5 cm, and 64.9 kg, respectively vs 40.1 years, 165.8 cm, and 
64.5 kg, respectively, in group B; these differences were not statistically significant.

Each group performed their respective exercises regularly for 4 weeks. The changes in the lumbosacral alignment and 
low back pain disability index (Oswestry disability index; ODI)12, 13) were measured and compared between the groups after 
the intervention as well as within the groups before and after the intervention. The lumbar stabilization exercise consisted of 
previously studied exercises14–18); the exercise methods proposed by Hur et al.19) were referred to as the thoracic extension 
exercise. In both groups, the exercise program began with a 5-min warm-up session of stretching; this was followed by 
30 min of stabilization exercises and thoracic extension exercise, and ended with a 5-min cool-down session (Table 1).

To assess lumbosacral alignment, lateral radiographs of the lumbosacral spine in the standing position were taken; all 
radiographs were taken by the same radiographer. Many methods have been used to measure lumbosacral alignment. In this 
study, we used the method proposed by Wiltse et al., which uses the lordotic angle (LA), lumbosacral angle (LSA), and sacral 

Table 1.  Lumbar stabilization exercise and thoracic extension exercise program

Type Program Time taken
Warm-up exercise General stretching 5 min
Lumbar stabilization exercise 1. Lower extremity lifting in a bridge posture

3. Lower extremity lift in a prone position on a ball
4. Upper extremity lift in a prone position on a ball
5. Moving the body forward grasping a sling in a kneeling position
6. Lifting the buttocks with the lower extremity hooked on a sling  

in a supine position

Group A; 30 min 
(10–12 times× 4 sets) 
Exercise time per set 
(30–40 s) 
Group B; 15 min 
(10–12 times × 2 sets) 
Exercise time per set 
(30–40 s)

Thoracic extension exercise Fig. 1. Group B; 15 min 
(10–12 times × 2 sets) 
Exercise time per set 
(30–40 s)

Cool-down exercise General stretching 5 min
Total 40 min
Group B: Lumbar stabilization exercise with thoracic extension exercise group; Group A: Lumbar stabilization exercise group

Fig. 1.  Thoracic extension exercise
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angle (SA) for measuring changes in lumbosacral alignment20). The ODI was used to evaluate disability due to low back pain.
The independent t test was used to perform a homogeneity analysis between the groups before and after the intervention 

and the paired t test was used to analyze the changes in the variables before and after exercise. PASW for Windows (ver. 18.0) 
was used for the statistical analysis. The significance level (p) was set to 0.05.

RESULTS

In the within-group comparison of the variables before and after the intervention, both groups showed significant increases 
in LA, LSA, SA, and ODI after 4 weeks of exercise (p < 0.05; Table 2).

There were no significant differences between the groups before the intervention. After the intervention, group B showed 
greater increase in LA and less decrease in LSA, SA, and ODI than group A; however, the differences were not statistically 
significant (Table 3).

DISCUSSION

The lumbosacral region in the spine experiences large applied momentum. The region is not stable and therefore the liga-
ments, muscles, and joints in the region are prone to injury because of incorrect posture, trauma, and disease. Many structural 
changes in alignment can occur, which are closely related to low back pain21). The relationship between lumbar lordosis and 
low back pain has been a controversial for a long time, and researchers have reported different conclusions. Some researchers 
have said that low back pain is related to increase in lumbar lordosis7), whereas others have claimed that low back pain is 
related to decreases in lumbar lordosis22). One study has found no correlation between low back pain and lumbar lordosis23). 
In this study, significant increase in LA was seen in both exercise groups: from 26.01° to 26.99° in group A and from 24.27° 
to 28.02° in group B. After the intervention, there was no significant difference in LA between the two groups; however, the 
increase was much greater in group B (3.75° in group B vs. 0.98° in group A). This result is consistent with previous studies 

Table 2.  Lumbosacral alignment and ODI index pre- and postintervention (N = 30)

Variable Group Preintervention 
(mean ± SD)

Postintervention 
(mean ± SD)

Lordotic angle (°)
Group B* 24.3 ± 4.9 28.0 ± 3.5
Group A* 26.0 ± 7.0 27.0 ± 6.7

Lumbosacral angle (°)
Group B* 17.1 ± 4.0 15.1 ± 3.1
Group A* 15.7 ± 4.7 13.5 ± 3.4

Sacral angle (°)
Group B* 37.2 ± 5.0 33.8 ± 2.7
Group A* 34.1 ± 6.3 31.3 ± 4.3

ODI (%)
Group B* 40.4 ± 9.4 23.0 ± 6.0
Group A* 36.7 ± 5.4 23.9 ± 7.6

*p < 0.05
Group B: lumbar stabilization exercise with thoracic extension exercise group; 
Group A: lumbar stabilization exercise group

Table 3.  Comparison between the groups pre- and postintervention (N = 30)

Variables Stage Group B 
(mean ± SD)

Group A 
(mean ± SD)

Lordotic angle (°)
Preintervention 24.3 ± 4.9 26.0 ± 7.0
Postintervention 28.0 ± 3.5 27.0 ± 6.7

Lumbosacral angle (°)
Preintervention 17.1 ± 4.0 15.7 ± 4.7
Postintervention 15.1 ± 3.1 13.5 ± 3.4

Sacral angle (°)
Preintervention 37.2 ± 5.0 34.1 ± 6.3
Postintervention 33.8 ± 2.7 31.3 ± 4.3

ODI (%)
Preintervention 40.4 ± 9.4 36.7 ± 5.4
Postintervention 23.0 ± 6.3 23.9 ± 7.6

Group B: lumbar stabilization exercise with thoracic extension exercise group; 
Group A: lumbar stabilization exercise group
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where normal people had larger increases in lumbar lordosis than patients with low back pain21, 24). Other studies have sug-
gested that thoracic curves are affected by weight load and motion types, and that the greater the thoracic stiffness, the more 
movements there are in the lumbar and cervical spine because of a compensatory action, which is a mechanical change in 
the thoracic vertebral region morphologically25). A previous study has reported that as age increases, women tend to develop 
more severe lumbar lordosis than men26). A study on growing children and adolescents also found that the lumbar lordotic 
angle increased from 25° at age 7 to 38° at age 19—an increase of 0.58° every year27). The lumbar lordosis that develops with 
age involves more of the upper lumbar vertebrae28). The present study showed that thoracic extension exercise affected the 
recovery of lumbar lordosis, which was curved in the upper lumbar vertebrae.

One study has reported that patients with low back pain have greater SAs than normal persons29). In the present study, 
the SA decreased from 34.08° to 31.25° in group A and from 37.25° to 33.81° in group B, which is consistent with previous 
findings. The recovery of the normal sacrum range because of the lumbar stabilization exercise, and the recovery of the upper 
lumbar lordosis because of the thoracic extension exercise, reduced the sacrum’s excessive inclination.

Many previous studies have reported reduction in the ODI after lumbar stabilization exercises30, 31). In the present study, 
both groups had significant reductions in ODI: from 36.74% to 23.85% in group A and from 40.44% to 22.96% in group B. 
No significant difference was found between the two groups after 4 weeks of exercise, but the change in ODI was greater in 
group B than in group A (17.48% in group B vs. 12.89% in group A).

This study has some limitations. The intervention duration was rather short at 4 weeks. Earlier studies have used different 
methods to measure the lumbosacral region, so there were large differences in the measured angles in terms of comparison 
and analysis. In a future study, we intend to measure changes in the thoracic kyphosis angle after thoracic extension exercise 
and analyze changes in the segmental angles in the upper lumbar vertebrae.
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