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Abstract 

To compare the effects of the Thoracic Flexibility Exercise (TFE) with those of Lumbar 

Stabilization Exercise (LSE) in patients with chronic low back pain. Participants were 

randomly assigned to TFE (n=11) or LSE (n=11) groups. Both groups ' chronic low back 

pain patients underwent standard physiotherapy for 35 minutes per session. TFE and LSE 

exercises were performed three times per week for four weeks. The visual analog scale, 

autonomic nerve activity, and standard deviation average to normal were measured after four 

weeks of training. After four weeks of training, the visual analog scale, autonomic nerve 

activity, and standard deviation normal to normal improved significantly in both groups after 

the intervention compared to the baseline (p<0.05). 

Further, the visual analog scale, autonomic nerve activity, and standard deviation average 

to regular improved significantly in the TFE group than in the LSE group (p<0.05). This 

study demonstrates that TFE and LSE are beneficial for improving pain and heart rate 

variability. However, TFE was superior to SLE in enhancing the visual analog scale, 

autonomic nerve activity, and standard deviation from ordinary to normal. 
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1. Introduction 

Chronic Low Back Pain (CLBP) usually persists for several months, limiting the range of 

motion of the lower back and lower extremity and over-activating and controlling the 

movement of the spinal muscles [1][2]. Also, chronic pain reduces the ability to perform 

activities of daily living and affects physical problems, including depression and feelings of 

helplessness, resulting in poor quality of life [3][4]. Heart Rate Variability (HRV) is an 

indicator of the balance of the sympathetic and parasympathetic nervous systems. It is 

affected by chronic pain, which activates the body's stress response, indicating a reduction in 

HRV [5][6]. 

Various interventions, such as the stretching program [7], Lumbar Stabilization Exercise 

(LSE) [1], and thoracolumbar exercise program [8], have been used to improve balance 
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ability and gait functions in individual patients with CLBP. These training approaches have 

been shown to effectively improve pain, balance, disability, thoracic mobility, and depression. 

Recent studies reported that thoracic flexibility interventions have been applied to reduce 

back pain, increase spine mobility, and improve balance [8][9][10]. The thoracic curve is 

affected by the weight load and the type of movement, and the reduction in the motility of the 

thoracic kyphosis as a result of increased thoracic kyphosis increases the motility as a reward 

for the lumbar and cervical spine [11][12]. Thoracic Flexibility Exercise (TFE) is a method of 

spinal exercise that focuses on the extension of the thoracic spine, which results in increased 

respiration by reducing tension in the intervertebral disc and surrounding tissues [8][9]. Also, 

TFE reduces the compensatory action of the lumbar spine and improves the mechanical 

stability of the lumbar spine, which affects pain reduction, increased flexibility of the thoracic 

spine, and balance ability [8][9][13]. Increased thoracic mobility can balance muscle 

development and reduce tension, stress, muscle spasms, and pain [14]. 

Although TFE is known to stabilize the lumbar spine and improve spinal mobility by 

focusing on the mobility and rotation of the thoracic spine for CLBP, previous studies have 

not compared the effects of LSE and TFE in patients with CLBP. The present study's purpose 

is to compare the effects of a 4-week program of TFE training with those of LSE training on 

the Visual Analog Scale (VAS) and HRV in patients with CLBP. 

 

2. Methods 
 

2.1. Subjects 

Twenty-two patients with CLBP at Y-Hospital volunteered to participate. The inclusion 

criteria were: (1) subjects with mechanical low back pain, (2) pain lasting more than 3 

months, (3) no radiation pain under the knee, and (4) no sensory loss and reflex loss. (5) 

Patients with CLBP who were between VAS 3-6 points. The exclusion criteria were 

rheumatoid, fractures, spinal tumors, other orthopedic surgery, other chronic pain disorders, 

major circulatory, respiratory, neurological diseases, heart disease, cognitive deficiency, 

infection, and other organs. All subjects provided written informed consent for participation 

and voluntarily signed an experimental agreement. The general characteristics of the 

participants in this study are shown in [Table 1]. 

 

2.2. Experimental procedures 

A randomized controlled test design was used. Using an online randomization program, the 

participants were randomized into either the LSE (n=11) or TFE group (n=11). All outcome 

measures and the subjects' characteristics were assessed on study day 1 and 1 day after four 

weeks of exercise, measured by two physical therapists who were blinded to the grouping. 

Specifically, VAS and HRV were the outcome measures. At the start of the trial, participants 

from both groups were accustomed to LSE or TFE, depending on randomization. Throughout 

the trial, all the participants received the standard physiotherapy for 35 minutes per session, 

and the standard physiotherapy provided was as follows: the first 10 minutes of the hot pack 

was allocated in the LBP area; the next 20 minutes were spent on transcutaneous electrical 

nerve stimulation (IN-1200A, Young-in Co. South Korea); the final 5 minutes were spent on 

ultrasound therapy (ST-10A, Stratek Co. South Korea). LSE and TFE were performed in the 

same place and under the principal examiner's supervision to ensure the primary examiner's 

proper performance and the safety of all registered participants 3 times per week for four 

weeks. The LSE training consists of three exercise methods (bridge exercise, kneeling 
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opposites, and bent-knee leg lift) that can be performed [8][16]. The TFE training consists of 

three exercise methods (trunk rotation exercise, McKenzie exercise, and thoracic extension 

exercise in supine) that can be performed [8][17]. All exercises will be maintained for 10 

seconds and returned to the start position. Repeat ten times after 10 seconds of rest. 

Table 1. Clinical information of the patients with chronic low back pain 

Characteristics 
Lumbar stabilization exercise 

(n=11) 
Thoracic flexibility exercise 

(n=11) 
P 

Age (year) 036.1 ± 3.59 038.1 ± 4.09 0.237 

Height (cm) 165.4 ± 6.41 167.8 ± 7.43 0.416 

Weight (kg) 065.5 ± 11.9 0067.5 ± 13.68 0.731 

Gender(M/F) 6/5 7/4 0.665 

Body mass index  
(kg/m2) 023.8 ± 2.79 023.9 ± 3.49 0.923 

M, male; F, female.  

Values are expressed as mean ± standard deviation or frequency. 

 

2.3. Outcome measurements 

 

2.3.1. VAS 

Lumbar pain was assessed using the VAS, which evaluates the perception of pain intensity 

and consists of a 100 mm line ranging from "no pain" on the left to "severe pain" on the right. 

The subjects were asked to point to the current pain level. Higher values indicate more severe 

pain, and VAS showed good reliability and concurrent validity (ICC .87) [15]. 

 

2.3.2. HRV 

HRV was measured using the autonomic balance tester (SA-3000p, Medi-core Co. Ltd. 

Korea) for 5 minutes. Autonomic Nerve Activity (ANA) and Standard Deviation Normal to 

Normal (SDNN) were measured. ANA is less than 90 is bad, 90 ~ 110 is average, 110 or 

more is good, SDNN is the standard deviation of the heart rate interval, provides information 

on cardiovascular stability and the ability of the autonomic nervous system to control the 

body and the higher the value within 30 ~ 60 the higher the resistance of stress. 

 

2.4. Data analysis 

PASW Statistics 19 software (SPSS, Chicago, IL, USA) was used for all statistical 

analyses. Data were presented as mean and Standard Deviation (SD). Normality was 

examined using the one-sample Kolmogorov-Smirnov test. Independent t-tests were used to 

compare between-group means, and paired t-tests were used to compare within-group means. 

Statistical significance was set at P<0.05. 
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3. Results 

Outcome measures are presented in [Table 2]. No significant differences were observed 

between the groups in any of the measured baseline values. All outcome measures showed 

significant improvement in post-test results compared to pre-test results in both groups 

(p<0.05). After treatment, VAS (p<0.001) was significantly decreased in the TFE group 

relative to the LSE group. The post-treatment ANA and SDNN were increased dramatically 

in the TFE group compared to the LSE group (p<0.001). 

 

4. Discussion 

The present study compares the effect of four-week exercise programs involving LSE and 

TFE on VAS, ANA, and SDNN in patients with CLBP. Both groups showed significant 

differences in all outcome measures after the four-week exercise compared to the baseline. 

The post-test VAS, ANA, and SDNN were significantly improved in the TFE group 

compared to the LSE group. 

Compared with the LSE group, VAS significantly decreased by 51.2% in the TFE group 

after four weeks of the study intervention. Furthermore, significant improvements in ankle 

VAS were observed after treatment, decreasing by 47.5% in the LSE group and 148.5% in the 

TFE group. These results are consistent with previous studies [8][9]. Park et al. [8] reported 

that applying thoracolumbar exercise improved the static balance, Oswestry disability index, 

thoracic mobility, and pain compared to the baseline. Heo et al. [9] reported that thoracic 

mobilization exercise in patients with CLBP improved lumbar stability, balance, and VAS. 

The TFE reduces the load and compression of the joints of the thoracic and lumbar region 

through stretching and decreasing pressure through stretching, increasing the mobility of the 

thoracic and lumbar region and improving the mechanical stability of the lumbar spine [13, 

18, 19]. These factors likely contribute to the more significant decreases in VAS in the TFE 

group relative to that in the LSE group. 

Table 2. Changes in the intervention in each group. 

Parameters 

Lumbar stabilization exercise (n=11) Thoracic flexibility exercise (n=11) 

P 

Pre-test Post-test Pre-test Post-test 

VAS (score) 05.09 ± 0.83 03.45 ± 0.82* 05.64 ± 0.81 02.27 ± 0.65* < 0.001† 

ANA 73.91 ± 7.03 80.45 ± 8.05* 77.37 ± 7.02 90.37 ± 6.82* 0.005† 

SDNN 

(ms) 

28.25 ± 4.45 33.31 ± 5.61* 29.48 ± 4.13 42.41 ± 5.89* < 0.001† 

VAS; visual analog scale. 

ANA; autonomic nerve activity. 

SDNN; standard deviation normal to normal.  

*p<0.05 indicate a significant difference between pre- and post-interventions within the group. 

†p<0.05 indicates a significant difference in the change in scores between the groups. 

 

After completing the study interventions, ANA and SDNN significantly increased by 

49.6% and 60.9%, respectively, in the TFL group compared to the LSE group. Furthermore, 

in the LSE group, ANA and SDNN after treatment significantly increased compared with 

those at baseline in both groups, particularly by 8.1% and 15.2%, respectively. Similar 

increases were observed in the TFE group, rising by 14.4% and 30.5%. These results are 
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consistent with previous studies [20][21]. Reis et al. [20] used posteroanterior thoracic 

mobilization on pain and HRV in patients with fibromyalgia and found that a single treatment 

session with thoracic mobilization therapy improved VAS and HRV. Minarini et al. [21] 

examined the effects of thoracic spinal manipulation on HRV in asymptomatic patients and 

found that thoracic spinal manipulation resulted in better HRV activity than shame treatment. 

The TFE reduces the tension in the intervertebral discs and surrounding tissues through the 

trunk extension, resulting in increased respiratory volume and the extension of the spinal 

extensor muscles [22]. Also, TFE increases the mobility of the thoracic spine and improves 

the lumbar spine's stability, leading to decreased pain [9]. Along with reducing pain, muscle 

tension decreased, and increased respiration rate affected the autonomic nervous system of 

patients with CLBP, indicating increased heart rate displacement [4][6]. These factors likely 

contribute to the more significant increases in HRV in the TFE group relative to that in the 

LSE group. 

 

5. Conclusion 

Our findings indicate that TFE and LSE programs improve VAS, ANA, and SDNN. 

Further, VAS, ANA, and SDNN were significantly enhanced in the TFE group compared to 

the LSE group. In addition, these findings will contribute to developing other new therapeutic 

interventions for patients with CLBP. Future research will need to investigate the effects of 

TFE on the functional ability, stress, and activities of daily living of patients with CLBP. 
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