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Abstract 

Postural balance is important for activities of daily living. Patients with chronic low back pain 
(CLBP) exhibit balance problems, such as difficulty performing daily activities. Specifically, CLBP 
patients with clinical lumbar instability (CLI) have demonstrated deep trunk muscular dysfunction that 
induces poor postural control and may result in a high risk of falling. This study aimed to investigate the 
effect of a 10-week core stabilization exercise (CSE) regimen versus a strengthening trunk exercise (STE) 
regimen and conduct a 3-month follow-up on balance, pain, and trunk muscle activity patterns in CLI 
patients. A single-blind randomized controlled trial was used to compare the effects of CSE and STE on 
balance, pain, and trunk muscle activity patterns in 38 CLBP patients with CLI. The results of the 5-
times-sit-to-stand test (FTSST) and pain intensity revealed significant improvements in both groups after 
ten weeks of exercise and at the 3-month follow-up point. However, the differences in the FTSST scores 
and pain intensity between the CSE and STE patients were not significant. Moreover, the CSE group 
presented significantly greater deep abdominal muscle activation than the STE group after ten weeks of 
exercise. In addition, both groups exhibited a trend of improvement in terms of deep back muscle 
activation. Therefore, the current study results suggest that both exercise regimens can improve balance 
performance and pain intensity. Moreover, the CSE group showed more significant improvements in deep 
abdominal muscle activation than the STE group. 

Keywords: Clinical lumbar instability, Balance performance, Trunk muscle activity pattern, Core 
stabilization exercise, Strengthening exercise 
 
 
Introduction 

Low back pain (LBP) is the most common musculoskeletal disorder [1,2], with a world prevalence 
of approximately 25 - 84 % [1,3,4]. Previous studies have reported that the 1-year prevalence of LBP in 
Thailand is 49 - 77 % [5,6]. Most LBP cases are benign, which may disappear within six weeks. 
However, approximately 20 % of individuals with LBP do not report any improvement in their condition, 
leading to chronic low back pain (CLBP) [7]. CLBP interferes with biomechanical changes and decreases 
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an individual’s ability to work, which leads to reduced productivity and socialization and an increased 
economic burden due to medical costs [8,9]. CLBP has several subcategories, one of which is clinical 
lumbar instability (CLI).  CLI is defined as the inability of the spine to maintain its normal displacement 
patterns under physiologic loads, so there is no initial or additional neurologic deficit, no significant 
deformity, and no incapacitating pain [10]. Prior research has demonstrated that CLI accounts for 12 - 13 
% of CLBP cases [11,12]. 

In CLI patients, previous studies reported that they suffer from low back pain [13,14] and exhibit 
changes in the trunk muscle recruitment pattern [15-17]. These problems are associated with balance 
performance, which requires interaction between the musculoskeletal and neural control systems [18-20]. 
Moreover, previous research has revealed that clinical lumbar instability patients show a significant 
increase in path length and mean velocity in the anterior-posterior and medial-lateral directions as well as 
the total area of excursion when compared with healthy individuals [21]. Therefore, CLBP patients with 
CLI could have poor balance.       

Postural balance, which is controlled by sensory information, central processing, and neuromuscular 
responses, is important for activities of daily living [18,19,22]. Sensory information consists of the 
vestibular, visual, and somatosensory (cutaneous and proprioceptive) systems [19,23]. Many researchers 
have reported that diminished postural control manifests as problems with balance, such as performing 
static and dynamic postures [22,24-26]. In CLBP, sensory information may be altered due to the trunk 
muscles and surrounding structures' poor quality [27,28]. Pain, and its effect on postural balance, is an 
important factor [29] and may lead to an increase in the presynaptic inhibition of muscle input. Moreover, 
pain is associated with decreased proprioception and muscle strength, affecting the sensory information 
and compromising the relationship between postural responses and sensory information [30]. 
Furthermore, CLBP is associated with experiencing multiple falls (odds ratio between 1.54 to 3.90) [31-
33]. Proprioception is the complex interaction between efferent and afferent fibres in order to control 
body movement and posture. Silfies et al. (2005) reported that patients with clinical lumbar instability 
demonstrated lower abdominal synergist ratios-the internal oblique and rectus abdominis as well as the 
external oblique and rectus abdominis-than healthy controls (p < 0.05) [34,35]. Specifically, CLBP 
patients with CLI present with deep trunk muscle (transversus abdominis (TrA), internal oblique (IO), 
and lumbar multifidus (LM) dysfunction [10], which could impair proprioception and induce poor 
postural control [36]. 

Two muscular systems provide stability and movement for the lumbar spine: The deep and 
superficial muscular systems [37]. The deep muscular system consists of the TrA and IO as well as the 
LM muscles. The deep muscular system has been proposed to function primarily as a force transducer 
that provides feedback on spinal position and movements to the neural control subsystem [38,39]. The 
LM muscle is better suited for segmental control. The multifidus muscle is proposed to function as a 
stabilizer during lifting and rotational movements of the lumbar spine [38-40], whereas the TrA is thought 
to contribute to spinal stability by creating a rigid cylinder around the spine and increasing the stiffness of 
the lumbar spine [38,40]. Izzo et al. (2013) suggested that the role of the deep trunk muscles is to produce 
a stiffening effect on the lumbar spine through an attachment to the thoracolumbar fascia in conjunction 
with an increase in intra-abdominal pressure; eventually, this could result in spinal stability in patients 
with clinical lumbar instability [15,38,41]. The superficial muscle system consists of the rectus abdominis 
(RA) and iliocostalis lumborum pars thoracis (ICLT) muscles. As these muscles do not directly attach to 
the lumbar spine, they cannot influence the lumbar motion segments. These muscles act as mobilizing 
muscles that demonstrate non-continuous activation to produce general gross trunk stabilization and 
generate large torque for trunk movement as well as spinal compression [35,38]. They are also crucial in 
the shock absorption of the loads [42]. 

The strengthening trunk exercise (STE) is commonly used in LBP patients to improve pain, physical 
disability, and trunk muscle activity [13,43,44]. The STE could activate the abdominal and paraspinal 
muscles as a whole at a relatively high contraction level [45]. Clinical studies using the core stabilization 
exercise (CSE) have demonstrated pain relief and the potential to improve an individual’s physical 
abilities, quality of life, and trunk muscle activation [13-16]. The CSE could also enhance neuromuscular 
control skills as well as retrain deep abdominal and back muscles around the lumbar spine. The exercises 
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progressed when applying a low load to the muscles through controlled movements [13, 14,46]. 
Andrusaitis et al. (2011) compared the effects of CSE and STE in CLBP patients. They reported that CSE 
more effectively relieved pain and improved physical ability than STE. However, the balance did not 
differ between the CSE and STE groups [47]. However, Kaji et al. (2010) presented a statistically 
significant decrease in the centre of pressure (COP) displacement in CLBP patients after CSE training. 
This finding may be related to an improvement in neuromuscular control. Therefore, they proposed that 
CSE programs of the lumbo-pelvis-hip complex should be considered important in improving balance 
[48]. In their previous study, Puntumetakul et al. (2013) demonstrated that a 10-week and 3-month 
follow-up of CSE training could improve pain-related outcomes in chronic low back pain patients with 
CLI [16]. Moreover, the CSE can effectively relieve pain, which might then improve balance 
[29,30,47,49]. However, no studies have reported on the effect of 10-week and 3-month follow-up CSE 
on balance performance in chronic low back pain patients with CLI. 

We hypothesized that CSE training specific to deep trunk muscle could significantly improve 
balance performance, pain intensity, and trunk muscle activity patterns than STE training. However, 
research comparing the effects of the CSE and STE in CLBP patients with CLI in terms of balance 
performance, pain intensity, and trunk muscle activity patterns is limited. Therefore, this study aimed to 
investigate the effect of a 10-week (and 3-month follow-up) CSE regimen versus STE training on balance 
performance, pain intensity, and trunk muscle activity patterns in patients with CLI. 
 

Materials and methods 

Study design  
A single-blind randomized controlled trial was used to compare the effects of CSE and STE on 

balance performance, pain intensity, and trunk muscle activation patterns in CLBP patients with CLI. 
This study was conducted at the Research Center in Back, Neck, and Other Joint Pain and Human 
Performance (BNOJPH) Laboratory at Khon Kaen University in Thailand. Ethical approval for this 
research was obtained from the Human Research Ethics Committee (HE572089) of the University of 
Khon Kaen. 

 

Participants  
Between May 2014 and January 2016, 38 clinical lumbar instability patients were recruited to 

participate in this study using a convenience sampling method with the Srinagarind hospitals in the Khon 
Kaen province. A physical therapist and physiatrists screened all participants in terms of medical history, 
physical examination, and radiographs in order to exclude other spinal conditions, such as 
spondylolisthesis and scoliosis [10,14,15]. Clinical lumbar instability was confirmed by the Delphi 
checklist, in which expert practitioners defined common identifiers of lumbar clinical instability. 
Moreover, Cook et al. (2006) suggested that the Delphi checklist is associated explicitly with clinical 
lumbar instability and may be beneficial for clinical differential diagnosis [13,20]. CLI was diagnosed by 
the Delphi checklist using a score of 7 out of 13 in subjective aspects and a positive sign in at least 2 out 
of 3 of the following provocation tests: Painful catch, aberrant movement sign, or prone instability test 
[13,16]. Exclusion criteria were as follows: Any back or other joint disorders, deformities, or fracture 
(spine, pelvic, and lower limbs), obvious abnormal movement of the lumbar motion segment when 
assessing flexion-extension radiographs (i.e., sagittal plane translation larger than 4.5 mm of the vertebral 
body width according to others or sagittal plane rotation larger than 15 degrees at L1-L2, L2-L3 or L3-L4, 
20 degrees at L4-L5, or 25 degrees at L5-S1) [10,15], visual problems that were not corrected with 
glasses or contact lenses, vestibular or brain disorders, spinal cord disorders, systemic diseases (e.g., 
diabetes with neuropathy) that could affect balance, and/or regularly performed CSE or STE exercises 
[14,15]. The sample size, using a formula of repeated measures analysis of variance, was calculated from 
the difference in the mean change in the FTSST scores between the CSE and STE patients one day after 
ten weeks of intervention in 10 participants (CSE = 5, STE = 5) obtained from a pilot study, assuming 90 
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% power and a 20 % attrition rate. An optimal sample size per group was calculated to be at least 19 
individuals. 

 
Procedure  
This study was conducted according to the flowchart in Figure 1. All participants were screened via 

medical history and physical examination. Two participants were excluded due to their experiencing a 
prominent abnormal movement of the lumbar motion segment during the flexion-extension radiographs 
assessment (sagittal plane translation > 4.5 mm). All the participants were asked to sign a written 
informed consent form before participation. At baseline, balance performance, pain intensity, and muscle 
activation patterns were evaluated by a physical therapist with 20 years of experience (WY). Then, the 
participants were asked to choose an opaque, sealed envelope that would randomly assign them to either 
the CSE or STE group. Block randomized allocation with a block size of 2 was used in this study. A 
physical therapist undertook the randomization process with six years of experience (PS) who was not 
involved in the recruitment, treatment, or evaluation. 

Both the CSE and STE exercises were supervised by a physical therapist with 30 years of 
experience (RP). All participants performed 2 20 min sessions of exercise per week for ten weeks. The 
participant did their exercise through the physical therapist by face to face. The participants had their 
exercise performance re-assessed every session to determine whether they correctly performed the 
previous exercise. The progress of the training was based on individual performance. If any participants 
failed to perform the previous exercise accurately, they were retrained on the previous exercise until they 
succeeded. The progression of both exercises is in the same condition. Both groups were required to 
practice the exercise daily at home using the same level, position, and repetition as in the clinic. A 
researcher (RP) made a telephone call to motivate all participants every week to continue their daily home 
exercises. 

The day after the completion of the training, all participants were asked to return to the clinic for 
evaluation as well as again after three months by a researcher (WY) who was blinded to the experimental 
procedures. 
 
 

 
 
Figure 1 Flow of participants through the study. 
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Exercise intervention 
Core stabilization exercise  
Details on the CSE are described in our previous study [16]. This program prescribed 20 

min/session, two sessions/week with a physical therapist in addition to a daily home program for ten 
weeks. The core stabilization exercise (abdominal drawing-in maneuver) aims to improve neuromuscular 
control skills, help relearn normal function, and enhance the strength and endurance of the local muscle 
system around the lumbar spine, such as the transversus abdominis and lumbar multifidus muscles, in 
order to maintain static and dynamic spinal stability [50,51]. The 10-week exercise program was divided 
into 3 phases. The 1st phase focused on correctly isolating the TrA and LM muscles' low-load activation 
using an abdominal drawing-in maneuver (ADIM) technique. A pressure biofeedback device 
(Chattanooga Australia Pty Ltd, Brisbane, QLD, Australia) and electromyography biofeedback (MP100, 
BIOPAC Systems Inc., Goleta, CA, USA) were used to facilitate correct performance during training. 
The 2nd phase involved the application of the low load to the muscles through controlled movements of 
the upper and lower extremities. The last phase aimed to integrate this co-activation into functional tasks. 

 
Strengthening exercise 
The STE program activated the erector spinae muscles and abdominis muscles through body extension 

and flexion, respectively. This program was adapted from a previous program [43] that extended the 
exercise from 8 weeks to 10 weeks. The progression of the exercise program was based on individual 
performance. Each set in the program was repeated 10 times and held for 10 s, with 5 min of rest between 
sets. 

 
Outcome measurements  
Primary outcome 
Balance performance 
The 5-times-sit-to-stand test (FTSST) is a clinical balance test for investigating balance 

performance. The FTSST score is defined as the amount of time spent alternatively standing up from and 
sitting down on a chair in 5 repetitions. The starting position is a seated position on an adjustable-height 
chair, in which its height can be adjusted to the participant’s leg length. Participants were asked to sit with 
half of their thighs on the seat with their hips and knees bent at approximately 90 degrees and their feet 
flat on the floor. The researcher provided the following instructions according to the standardized 
laboratory protocol [52,53]: “I want you to stand up and sit down five times as quickly as you can-but 
safely-when I say ‘Go.’” Timing began when the examiner said “Go” and stopped when the subject’s 
buttocks touched the fifth repetition chair. The participants were asked to stand up for each repetition 
completely. Additionally, the participants were allowed to practice two times before the test. The 
participants performed three trials of the FTSST with 1 min of rest between trials; the average of the 
scores from the three trials was collected for statistical analysis. This test has excellent inter-rater (ICC = 
0.99) [53] and intra-rater (ICC = 0.89) [52] reliability and validity and also correlates with the Timed Up 
and Go test (Pearson’s correlation r = 0.64, p < 0.001) and Dynamic gait index (Spearman p = –0.68) 
[52,54]. The minimal clinically important change (MCIC) for balanced performance on the FTSST is 
reported to be at least 5 s for people with chronic musculoskeletal pain [55]. To ensure the reliability of 
the FTSST, the intra-rater reliability was determined using 10 CLBP with CLI participants. The intra-
rater study was conducted with the researcher (WY). The intra-rater reliability for the FTSST 
measurements was analyzed using the intra-class correlation coefficient (ICC 3, 1). The results indicated 
an excellent intra-rater reliability of the FTSST (ICC 3,1 = 0.98). 
 

Secondary outcomes 
Pain intensity 
An 11-point numeric rating scale (NRS) with verbal reports at either end of the exercise was chosen 

for the self-reported measure of pain intensity. The participants reported the intensity of their pain on a 
scale ranging from 0 (indicating no pain) to 10 (indicating the most pain ever experienced) [56,57]. The 
participants were asked to circle the number on the NRS that best described their resting pain intensity 
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within 24 h. The minimal clinically significant change (MCIC) for pain on the NRS is reported to be at 
least 2.5 points for persons with chronic low back pain [58]. 

 
Trunk muscle activity pattern 
Trunk muscle activity patterns were measured by surface electromyography (sEMG). After light 

skin abrasion and alcohol cleansing, four pairs of electrodes were placed over the right side of 4 trunk 
muscles: This includes transverse abdominis (TrA) and internal oblique (IO), rectus abdominis (RA), 
lumbar multifidus (LM), and iliocostalis lumborum pars thoracis (ICLT). The details of the electrode 
placement were consistent with previous studies [15,16]. The ground electrodes of the right RA and ICLT 
muscles were placed over the ribcage, and the other two ground electrodes of the right TrA and IO and 
LM muscles were placed over the right iliac crest. The EMG signals were sampled at 1,000 Hz with a 
gain of 1,000, 10 - 500 Hz bandwidth, and a 110-dB common-mode rejection ratio. The task, abdominal 
drawing-in maneuver (ADIM) with a 10 s hold in a 4-point kneeling position, was performed three times 
with a 1 min rest between trials [15]. Abdominal and back muscle activities were normalized using 
submaximal voluntary isometric contractions. For the abdominal muscles (TrA and IO and RA), 
participants raised both feet 1 cm from the floor in a crook lying position with a 5 s hold. For the back 
muscles (LM and ICLT), participants performed a double knee raise 5 cm from the floor in a prone lying 
position with a 5 s hold [15,16]. The raw EMG signal was first visually checked for electro cardiac 
artefacts. The root mean square values of the EMG signals produced during an isometric hold of these 
activities were then used to normalize the sEMG signals obtained during the ADIM. The abdominal (TrA 
and IO/RA) activation ratios and back (LM/ICLT) muscles were then calculated using the normalized 
data. Previous studies have not reported a value for the MCIC in trunk muscle activity patterns. For the 
trunk muscle activity's reliability, intra-rater reliability was determined using 10 CLBP with CLI 
participants. The intra-rater study was conducted with the researcher (WY), and the intra-rater reliability 
of the trunk muscle activity measurements was analyzed using the intra-class correlation coefficient (ICC 
3,1). The results indicated an excellent intra-rater reliability of the sub-maximal voluntary isometric 
contractions of TrA and IO (ICC 3,1 = 0.98), RA (ICC 3,1 = 0.99), LM (ICC 3,1 = 0.97), and ICLT (ICC 
3,1 = 0.97). In addition, the results showed an excellent intra-rater reliability of the ADIM of the TrA and 
IO (ICC 3,1 = 0.98), RA (ICC 3,1 = 0.97), LM (ICC 3,1 = 0.97), and ICLT (ICC 3,1 = 0.98). 

 
Data analysis  
The results are presented as means and standard deviations. All analyses were performed based on 

the intention-to-treat, with the last observation carried forward. SPSS version 19 for Windows was used 
to analyze all the data, and the Shapiro-Wilk test was used to evaluate the normality of distribution for all 
the data. Differences in FTSST scores, pain intensity, and trunk muscle activity patterns within a group 
(baseline, after 10 weeks of intervention, and at 3 months follow-up) were assessed using a one-way 
repeated measure ANOVA for time effect with a Bonferroni post-hoc analysis (significant at p < 0.017; 
0.05/3). An independent t-test was used to analyze the different group effects (STE and CSE exercise) at 
each measurement time point (significant at p < 0.05). 

 
Results and discussion 

Thirty-eight patients with CLI were randomly assigned to either the CSE (n = 19) or STE (n = 19) 
group and were analyzed in this study. One participant in the CSE group was unable to progress to the 
autonomous stage of the exercise. All participants in the STE group were able to progress through the 
exercise, completing the 10-week of STE. Table 1 shows the baseline characteristics of the participants in 
both groups. No significant difference in terms of characteristics and baseline outcomes was found 
between the groups. 
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Table 1 Baseline characteristics of the participants. 
 

Characteristics CSE (n = 19) STE (n = 19) p-value 

Female:Male 14:5 14:5 1.00 
Age (years), mean ± SD 37.26 ± 13.38 39.10 ± 10.91 0.23 
Weight (kg), mean ± SD 57.31 ± 8.83 58.42 ± 9.58 0.72 
Height (cm), mean ± SD 161 ± 7.16 162 ± 6.24 0.60 
Body mass index (kg/m2), mean ± SD 22.07 ± 2.94 22.02 ± 2.71 0.58 
Pain intensity (NPRS), mean ± SD 5.78 ± 1.51 5.63 ± 1.42 0.81 
Pain duration (months), mean ± SD 10.79 ± 5.51 10.00 ± 5.32 0.70 

Abbreviation: SD; standard deviation, CSE; core stabilization exercise, STE; strengthening exercise, NRS; numeric 
pain rating scale, kg; kilogram, cm; centimeter.   
 
 

Balance performance 
The CSE group significantly improved in balance performance measured by FTSST scores from 

baseline to 10 weeks of exercise (8.39 ± 1.67 vs. 6.71 ± 1.10; p = 0.001) as well as at the 3-month follow-
up (8.39 ± 1.67 vs. 6.90 ± 1.42; p = 0.002) (see Table 2). The STE group significantly improved in 
balance performance measured from baseline to 10 weeks of exercise (9.02 ± 1.79 vs. 7.33 ± 1.43; p = 
0.001) and at the 3-month follow-up (9.02 ± 1.79 vs. 7.67 ± 1.56; p = 0.001). However, no significant 
differences were found between the exercise groups at any measurement point.  

 
Pain intensity 
The CSE group significantly improved in pain from baseline to 10 weeks of exercise (5.84 ± 1.30 

vs. 1.63 ± 1.46; p = 0.001) as well as at the 3-month follow-up (5.84 ± 1.30 vs. 1.74 ± 1.73; p = 0.001). 
The STE group significantly improved in pain from baseline to 10 weeks of exercise (5.74 ± 1.56 vs. 2.53 
± 1.54; p = 0.001) and at the 3-month follow-up (5.74 ± 1.56 vs. 2.68 ± 1.92; p = 0.001). However, no 
significant differences were found between the exercise groups. 

 
Ratio of abdominal muscles 
The TrA and IO/RA ratio of the CSE group reported a trend of improvement from baseline to 10 

weeks of exercise and at the 3-month follow-up point, whereas they slightly decreased from baseline to 
10 weeks of exercise and at the 3-month follow-up point in the STE group. Moreover, the TrA and IO/RA 
ratio of the CSE group significantly improved when compared with the STE at 10 weeks of exercise (1.18 
± 1.89 vs. 0.14 ± 0.14; p = 0.001). However, there was no difference between both groups at the 3-month 
follow-up point. 

 
Ratio of back muscles  
There was no significant improvement in the LM/ICLT ratio within and between both groups after 

ten weeks of exercise nor at the 3-month follow-up point. However, the back muscle ratio revealed more 
significant improvement in the CSE group than in the STE group for all the measurement time points.  
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Table 2 Comparison between core stabilization exercise (n = 19) and strengthening exercise (n = 19) on 
FTSST, pain intensity, ratio of abdominal muscles, and ratio of back muscles. 
 

Variables CSE group,  
Mean ± SD 

STE group,  
Mean ± SD 

CSE versus STE,  
Mean difference± SD (95 % CI) 

FTSST, sec 
Baseline 
10 weeks of intervention 
3-month follow-up 

 
8.39 ± 1.67 

6.71 ± 1.10 A 
6.90 ± 1.42 A 

 
9.02 ± 1.79 

7.33 ± 1.43 A 
7.67 ± 1.56 A 

 
–0.63 ± 0.56 (–1.77 to 0.51)  
–0.62 ± 0.41 (–1.47 to 0.21)  
–0.77 ± 0.48 (–1.75 to 0.21)  

Pain intensity, score 
Baseline 
10 weeks of intervention 
3-month follow-up 

 
5.84 ± 1.30 

1.63 ± 1.46 A 
1.74 ± 1.73 A 

 
5.74 ± 1.56 

2.53 ± 1.54 A 
2.68 ± 1.92 A 

 
0.10 ± 0.47 (–0.84 to 1.05)  
–0.90 ± 0.49 (–1.88 to 0.09) 
–0.94 ± 0.59 (–2.15 to 0.25)  

Ratio of Abdominal muscles 
(TrA & IO/RA) 
Baseline 
10 weeks of intervention 
3-month follow-up 

 
 

0.28 ± 0.20 
1.18 ± 1.89  
0.32 ± 0.24 

 
 

0.94 ± 3.31 
0.14 ± 0.14  
0.29 ± 0.45  

 
 

–0.66 ± 0.76 (–2.20 to 0.88) 
1.04 ± 0.44 (0.15 to 1.92) B 
0.03 ± 0.12 (–0.20 to 0.27) 

Ratio of Back muscles 
(LM/ICLT)  
Baseline 
10 weeks of intervention 
3-month follow-up 

 
1.75 ± 1.30 
2.90 ± 1.93  
3.39 ± 2.85  

 
1.55 ± 0.79 
1.86 ± 1.38  
2.17 ± 1.62  

 
0.20 ± 0.35 (–0.51 to 0.91)  
1.04 ± 0.54 (–0.06 to 2.14)  
1.22 ± 0.75 (–0.31 to 2.74)  

Notes: A = significant difference from baseline; within group p < 0.01  
            B = significant difference between group P = 0.001. 
Abbreviation: SD; standard deviation, CSE; core stabilization exercise, STE; strengthening trunk exercise. 
 
 

Discussion 
The results of the current study demonstrated that the clinical balance performance and pain 

intensity of CLBP patients with CLI improved significantly after practicing the CSE or STE after ten 
weeks as well as at three months follow-up. Moreover, the CSE group’s TrA and IO/RA ratio 
significantly improved compared with the STE group after ten weeks of exercise.  

CLI patients suffer from pain, altered trunk muscle patterns, and poor trunk movement control [13-
17,21]. Poor balance in CLI patients is due to postural control requiring interaction between the 
musculoskeletal and nervous systems [18,19,21]. In terms of musculoskeletal components, patients with 
CLI often demonstrate an excessive range of motion (ROM) and decreased trunk muscle activation. 
Moreover, in terms of neural components, such patients suffer from pain during transitional activities as 
well as chronic pain [16,20,21].  

In the current study, the abdominal muscles’ ratio (TrA and IO/RA) significantly improved in the 
CSE group compared with the STE group after ten weeks of exercise (p = 0.001). The CSE group showed 
an improvement in the TrA and IO/RA ratio. It may have been due to a specific training effect of the 
CSE, which focuses on the preferential retraining of the TrA muscle. The results supported previous 
studies that the CSE improves deep abdominal muscle activation [16,59]. Puntumetakul et al. (2013) 
demonstrated that 10-week CSE improves pain-related outcomes and more significantly induces TrA 
activation in patients with CLI than stretching exercises with a hot pack [16]. Moreover, this study 
showed an increased ratio in the abdominal muscles following the exercise program in the CSE group, 
which supports the CSE's effectiveness in improving deep abdominal muscle function. Conversely, the 
TrA and IO/RA ratio activation slightly decreased in the STE group. The reduction of the abdominal 
muscles ratio (TrA and IO/RA) in the STE group was probably due to the focus on the superficial 
abdominal muscle (RA) in the STE. This result was in agreement with the study by Atkins et al. (2015), 
who applied a static bracing exercise of the trunk associated with the rectus abdominis, external oblique, 
and erector spinae muscle in swimmers and found greater peak amplitudes of the rectus abdominis muscle 
via sEMG [60]. However, the ratio of abdominal muscles (TrA and IO/RA) was no different between 
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both groups at the 3-month follow-up point. Therefore, the effect of core stabilization exercise on deep 
abdominal muscles cannot produce retention effects on a 3-month follow-up. The ratio of the back 
muscles (LM/ICLT) showed a trend of improvement in the CSE group and STE group after ten weeks of 
exercise as well as at the 3-month follow-up point. Therefore, the LM/ICLT ratio showed no difference 
between the groups in the current study.   

The reduction of pain intensity might be related to deep abdominal muscle. This is aligned with 
previous research that reported reduced low back pain was associated with an increased TrA contraction 
ratio [61]. Moreover, previous research has reported that reduced low back pain is associated with an 
increased TrA contraction ratio [61]. Moreover, previous studies have suggested that an increase in the 
activation of the deep abdominal or deep back muscles may reduce the lower back's pain intensity [16, 
62]. Therefore, the current study reported that the CSE group's pain intensity reported a greater trend of 
improvement than the STE group. This study reported that both exercise groups showed a significant 
improvement in low back pain after ten weeks of training and three months of follow-up. Moreover, this 
finding can improve low back pain scores more greatly than a clinically significant difference. According 
to Ostelo and de Vet (2005), the minimum clinically important difference (MCID) for the numeric rating 
scale (NRS) is 2.5 [58]. 

In addition, pain is associated with balance performance. Leveille et al. (2009) demonstrated 
chronic musculoskeletal pain is associated with increased falling, and more severe pain is associated with 
significantly higher fall rates (adjusted relative risk 1.53) [63]. Pain may lead to increased presynaptic 
inhibition of muscle input. An adaptation of the cortical processing of proprioceptive information can 
occur in CLBP [26,64]. Proprioceptive alteration is one of the possible causes of changes in postural 
balance in CLBP patients. Pain is associated with decreased proprioception and muscle strength, affecting 
sensory information and compromising the relationship between postural responses and sensory 
information [30,49,65]. Therefore, decreased pain improves clinical balance performance. In our study, 
both groups significantly improved in terms of balance performance as measured by FTSST scores from 
baseline to 10 weeks of exercise and at the 3-month follow-up point. However, this finding should be 
treated with some caution, as a difference in FTSST scores, while statistically significant, is not 
considered a clinically significant difference. According to Benaim et al. (2019), the minimum clinically 
important difference (MCID) for the FTSST is 5 s [55]. 

The FTSST scores and pain intensity of the CSE and STE patients were not significantly different. 
However, the abdominal muscles' ratio significantly improved in the CSE group after ten weeks of 
exercise compared with the STE group. Therefore, both exercises could improve balance performance 
and pain intensity in CLBP patients with CLI. However, the CSE group could more greatly improve their 
deep abdominal muscle activation than the STE group. Thus, we suggest that therapies should be chosen 
according to which exercise is the most appropriate for the problems presented by each individual 
patient.  

A limitation of the current study is that the investigation involved CLBP patients with CLI. 
Therefore, the results might not apply to other groups with low back pain and CLI, such as acute and sub-
acute low back pain. Further research is required to study the effects of CSE and STE on the balance 
performance of other groups with low back pain and CLI. Since the current study was limited to the 
investigation of back proprioception in CLBP patients with CLI, future studies should investigate the 
effect of the CSE and STE on back proprioception in CLBP patients with CLI. 

 
Conclusions 

The results revealed significant differences in the FTSST scores and pain intensity between the CSE 
and STE programs after ten weeks of exercise and at the 3-month follow-up point. However, the 
abdominal muscles' ratio significantly improved in the CSE group after ten weeks of exercise compared 
with the STE group. Therefore, this study suggests that both exercises can improve balance performance 
and pain intensity in chronic low back pain patients with clinical lumbar instability. Moreover, the CSE 
group showed greater improvements in deep abdominal muscle activation than the STE group.   
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