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Summary

 Background: A number of studies have evaluated exercise interventions compared with other treatment strate-
gies for subjects with recurrent low back pain (LBP); however, subject pain level and balance were 
not carefully considered. The purpose of this study was to investigate the effectiveness of spinal 
stabilization exercises (SSE) for managing pain and increasing balance strategy changes following 
unexpected perturbations in patients diagnosed with recurrent LBP.

 Material/Methods: Twenty-one age- and gender-matched patients participated in a supervised SSE or control exercise pro-
gram 5 times a week over a 4-week period. The Million Visual Analogue Scale (MVAS) and Oswestry 
Disability Index (ODI) were used to measure each patient’s level of pain and disability. Balance mea-
surements were derived from recordings of the anterior-posterior (A/P) and medio-lateral (M/L) 
center of pressure (COP) displacements during 3 consecutive, unexpected random perturbations.

 Results: The level of reported pain and disability significantly decreased following treatment for both groups. 
Although the M/L sway was not significantly different in either group (p=0.86), there was a sig-
nificant difference between group and measurement time during A/P sway (p=0.04). The A/P 
displacement of the SSE group significantly decreased compared with the control group. The de-
creased A/P displacement can be linked to the SSE intervention, which helps prevent further in-
jury by limiting an individual’s response rate to external perturbations.

 Conclusions: Clinicians might consider SSE for LBP patients as a possible rehabilitation strategy to reduce A/P 
displacement.

 key words:	 balance	of	body	•	low	back	pain	•	stabilization	exercises	•	center	of	pressure

 Full-text	PDF: http://www.medscimonit.com/fulltxt.php?ICID=882522

 Word count: 3532
 Tables: 3
 Figures: 5
 References: 35

 Author’s address: Paul S. Sung, Department of Physical Therapy, College of Health Science, Korea University, Jeongneung 3-dong, 
Sungbuk-gu, Seoul, Korea 136-703, e-mail: psung@korea.ac.kr

Authors’ Contribution:
 A Study Design
 B Data Collection
 C Statistical Analysis
 D Data Interpretation
 E Manuscript Preparation
 F Literature Search
 G Funds Collection

Received: 2011.04.23
Accepted: 2011.11.08
Published: 2012.03.01

CR174

Clinical Research
WWW.MEDSCIMONIT.COM© Med Sci Monit, 2012; 18(3): CR174-181

PMID: 22367128

Current Contents/Clinical Medicine • IF(2010)=1.699 • Index Medicus/MEDLINE • EMBASE/Excerpta Medica • Chemical Abstracts • Index Copernicus



Background

Exercise therapy is a widely used treatment for low back pain 
(LBP) and has been shown to be more effective than the usu-
al care provided by general practitioners [1–3]. However, it 
is still unclear whether any specific type of exercise is more 
effective for pain relief and balance strategy than other exer-
cise interventions. Recently, evidence-based practice has led 
to the need to provide evidence for which treatment, if any, is 
optimal for patients with chronic LBP [4]. However, to date, 
LBP studies lack evidence regarding both a valid diagnosis 
and the appropriate treatment [5].

Previous investigations that have attempted to identify the in-
cidence of LBP include delayed response times in trunk mus-
cle stabilizers, balance sway, and pain reduction [5–7]. These 
factors have resulted in increased muscular fatigue and de-
creased spinal stability [8–10]. In this regard, stabilization train-
ing might provide stability of the pelvic girdle and relieve pain 
for those who have recurrent LBP. However, there is limited 
and mostly inconclusive evidence for the effectiveness of spe-
cific exercises. An increasingly common approach utilized in 
the physical therapy management of LBP has been low load, 
high repetition training of the abdominal and trunk muscles 
for increasing stabilization or muscle imbalance training [11]. 
These practices were developed partially in response to evi-
dence indicating specific neuromuscular alterations in the con-
trol and activation of the back and abdominal muscles in the 
presence of back pain conditions. However, there have been 
only a limited number of studies of balance changes in sub-
jects with recurrent LBP. It is difficult to define precisely when 
pain becomes chronic, but as many as 70% to 80% of individu-
als continue to have LBP for 1 year after the initial onset [12]. 
This episodic nature of LBP also affects the individual’s ability 
to function in both work and personal life. Indeed, the need 
for further clinical studies on specific treatments such as spi-
nal stabilization exercise (SSE) is imperative to understand-
ing the mechanism of improvement for chronic back pain.

Postural sway is associated with postural alignment, postur-
al strategies, and abnormal patterns of postural responses 
[13–15]. However, little evidence exists regarding balance 
and the level of pain changes in patients with LBP. Assessment 
of balance sway using center of pressure (COP) provides the 
characteristics of complex balance sway, since postural control 
is an integral part of motor control. It was reported that sub-
jects with LBP demonstrated increased postural sway along 
the anterior-posterior (A/P) axis [16]. Other studies indi-
cated that there was a significant increase in balance sway in 
the medio-lateral (M/L) direction in chronic LBP subjects 
[13]. However, a recent study contradicted these results by 
stating that individuals with LBP demonstrated reduced and 
delayed COP responses compared to healthy subjects [17]. 
This particular study’s results revealed that subjects with re-
current LBP might possess altered automatic postural coor-
dination in terms of magnitude of responses, indicating al-
terations in neuromuscular control. It is also possible that 
the unbalanced trunk musculature in subjects with LBP may 
reduce kinematic displacement and create increased back 
muscle stiffness associated with co-contraction to avoid fur-
ther injuries during daily activities [18,19].

Therefore, the purpose of this study was to determine the ef-
fectiveness of SSE in improving the level of pain and balance 

sway in patients with recurrent LBP following treatment. It 
was hypothesized that those who were treated with SSE would 
decrease their postural sway compared to the control group.

Material and Methods

Subjects

Subjects were recruited from the greater city Seoul, Korea. 
Subjects who expressed interest in the study became eligi-
ble for the study. Those subjects who met study inclusion 
criteria received information regarding the purpose and 
methods of the study and signed a copy of the Institutional 
Review Board approved consent form. In this study, patients 
with recurrent LBP were defined as those who met study in-
clusion criteria and experienced a disturbing impairment 
or abnormality in the functioning of the low back [20]. The 
patients with recurrent LBP were defined as those who pre-
viously experienced at least 1 episode of work-related back 
pain. Current diagnoses and prior injury data were based on 
both a physician’s history and physical exam results, which 
were obtained from the patients’ records. Subjects were eli-
gible to participate if they: 1) were 21 years of age or older, 
2) had at least 1 episode of work-related back pain without 
referred pain into the lower extremities, and 3) indicated a 
willingness to participate in a daily exercise program and in 
supervised exercise sessions 5 times a week for 4 weeks dur-
ing the intervention period. Subjects were excluded from 
participation if they: 1) had a diagnosed mental illness that 
might interfere with the study protocol, 2) had difficulty in 
understanding written/spoken English that precluded them 
from completing questionnaires, 3) had overt neurological 
signs (sensory deficits or motor paralysis), or 4) were preg-
nant. Patient hand preference was also considered as previ-
ously reported [21], and hand dominance was determined 
by using a modified Edinburgh Handedness inventory [22] 
based on the performance of 10 everyday tasks such as writ-
ing, drawing, and throwing.

Participants were withdrawn from the study if they request-
ed to withdraw. Those patients with LBP who met study in-
clusion criteria received information regarding the pur-
pose and methods of the study and signed a copy of the 
Institutional Review Board-approved consent form.

Outcome measures

Patient pain was determined from self-reported scores on 
the Million Visual Analogue Scale (MVAS). The scale was 
administered to each patient at the initial and final testing 
sessions. Despite its relative lack of use in studies, the MVAS 
was primarily selected for its psychometric properties and 
was also chosen secondary to the promising initial investiga-
tions of its test-retest reliability [23,24]. The 15 items of this 
instrument are scored using an anchored visual analog scale 
to allow responses to range from best- to worst-case scenari-
os. Such scales inherently increase the response categories 
available for subjects and rely less on verbal skills. In addi-
tion, the visual analog scale is more sensitive to measured 
changes. Also, patient disability was inferred from self-report-
ed scores on the Oswestry Disability Index (ODI), which was 
also given to each patient during the initial and final testing 
sessions. The ODI [25] is one of the most frequently used 
tools for measuring chronic disability. A sum is calculated 
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and presented as a percentage, where 0% represents no 
disability and 100% represents the worst possible disability.

The balance sway range based on ground reaction forces 
was collected using a 6-channel force platform (Advanced 
Mechanical Technology, Watertown, MA) for 5 seconds dur-
ing the task, with a sampling rate at 1000 Hz. The collected 
ground reaction force was filtered using zero-lag, fifth- or-
der Butterworth with the cutoff frequency of 10 Hz dur-
ing 3 consecutive, random perturbations. Before the ex-
periment, data were collected from the unloaded platform 
to determine the zero offset. The COP excursion was ob-
tained from force plate flexion-extension and lateral bend 
moments normalized by vertical force. The axes of the co-
ordinate system were labeled x, y, and z. There were 3 com-
ponents of force (Fx, Fy, Fz) and 3 components of moment 
(Mx, My, Mz). The amount of COP excursion was comput-
ed by the equation COPx=(–Fx–Fy)/Fz,, which is for the A/P 
direction, and COPy=(–Fy+Mx)/Fz, which is for the M/L dis-
placement. The average A/P and M/L ranges were calcu-
lated to quantify cumulative postural sway over the full 5 
seconds of the data collection period during each sudden 
perturbation.

For each perturbation, the sudden load protocol was applied 
for this study. Patients stood with knees extended, feet ap-
proximately shoulder-width apart, holding a pan with both 
hands, while maintaining 90 degrees of elbow flexion (Figure 
1). Each patient was blindfolded and stood on top of the 
AMTI force platform. The COP displacement was computed 
in the A/P and M/L directions and was measured randomly 
during 3 occasions in response to sudden loads (dropping 
a 6.4 Newton weight approximately 1.8 meters onto a load 
cell mounted pan). The patients experienced the first ball 
drop without previous understanding of the characteristics 
of the ball; therefore, continuation of the learning effects 
was observed from these 3 trials. Data was collected using 
a customized software program written in LabVIEW V7.1 
(National Instruments, Austin, TX). A greater neuromuscu-
lar demand to maintain standing balance is inferred if a larg-
er displacement occurs. This method of testing was repeated 
following the completion of the 4-week exercise program.

Randomization and treatment procedures

A randomization list was provided, with patients having an 
equal chance of being allocated to the intervention or con-
trol group. The coordinator ensured anonymity of allocation 
with respect to randomization. The randomization schedule 
was prepared prior to the beginning of the trial, and the co-
ordinator was given a sealed envelope for each patient be-
fore the assessment. In addition to performing home exercis-
es, the patients performed the 20-minute exercise session in 
the lab (supervised by the research coordinator) 3 times per 
week for 4 weeks to ensure that the exercises were being per-
formed correctly. Patients kept an exercise log, and phone calls 
were made to ensure compliance with the exercise protocol.

Intervention and patient management

The SSE protocol was designed to improve spinal stabili-
zation through core muscle strengthening rather than to 
improve spinal stabilization through low back muscles en-
durance or strengthening [3]. The SSE group performed 

specific localized exercises aimed at restoring the stabilizing 
protective function of the spinal muscles around the spinal 
joint. As applied by several authors, the exercises were de-
signed specifically to activate and train the isometric hold-
ing function of the spinal muscle at the affected vertebral 
segment (in co-contraction with the transversus abdomi-
nis muscle); this rehabilitation approach is described in de-
tail [3,5]. Patients from the SSE group were seen 3 times 
per week, but performed the exercises 5 times per week at 
home. The control group received a hard copy of medical 
management techniques, which included advice regarding 
bed rest, absence from work, prescription medications, and 
resuming normal activity as tolerated [26].

Statistical analysis

Statistical analyses were completed using SPSS 16 (SPSS, 
Chicago, IL). Normality was assessed for each of the de-
pendent variables. The independent variables included 
age, hand dominance, gender, and number of months 
since initial onset of pain. The Kolmogorov-Smirnov test 
was conducted for the dependent variables (pain/disabil-
ity scores, A/P and M/L balance sways). A power analysis 
was also conducted to ensure an appropriate sample size. 
We inspected descriptive statistics for sample characteris-
tics and scatter plots of the data to ensure that no outliers 
existed in the data set.

The level of pain/disability scores was evaluated by inde-
pendent t-test in order to detect any differences between 
groups. The mixed repeated measure analysis of variance 
(ANOVA) was used based on A/P and M/L balance sway 

Figure 1.  The set-up for the sudden load apparatus. A weighted 
tennis ball (6.4 N) is dropped onto a platform equipped 
with a load cell, which indicates the instant the ball hits the 
platform. (F: Force, BCOM: Body center of mass, GRF: Ground 
reaction force)
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changes during sudden perturbations. A Bonferroni post-hoc 
test was employed to determine which perturbations were 
significantly different for the A/P and M/L balance sways.

To take into account correlated error structure, a general es-
timating equation (GEE) with the Hubar-White correction 
for robust standard errors was performed to analyze balance 
sways. The GEE approach has important advantages over 
fixed and random effects models and requires only first and 
second moments of the dependent variable. Therefore, by 
implementing the GEE approach, parametric assumptions 
about unknown distributions and the correlation structure 
of observations can be avoided [27,28]. In addition, GEE 
produces estimators even when the arbitrarily chosen corre-
lation structure among observations is not overtly specified.

Preliminary statistical power analyses associated with com-
paring the two independent treatment groups, conducted 
with 2-tailed testing and assuming effect sizes of 0.2, 0.4, 
0.6, 0.7, 0.8, and 0.9, produced estimated power values of 
0.10, 0.26, 0.50, 0.63, 0.75, and 0.84, respectively. Since these 
power estimates would be associated with follow-up tests of 
simple effects, they are potentially conservative. For all sta-
tistical tests, type I error rate was set at 0.05. In addition, 
possible effects of age, gender, and length of time since ini-
tial onset of pain were also considered by adding these con-
tinuous variables to the model using ANCOVA procedures.

results

As shown in Table 1, 42 patients enrolled in the study, and 
the average patient age was 52.0±7.37 years, ranging from 
37 to 64 years of age. Treatment assignment did not dem-
onstrate significant differences based on patient age, with 
the average age being 53.09±9.04 years for the SSE and 
50.90±5.24 years of age for the control (p=0.34) groups. 
Assignment to treatment was not significantly different 
across genders (p=0.75). The number of months since pain 
onset averaged 11.1±6.25 months and ranged from 2 to 24 
months. Age and number of months since initial pain epi-
sode were not significantly correlated, with Pearson r=–0.11 
(p=0.47). The mean times since pain onset between the 
SSE intervention group (10.09±7.0 months; range=4 to 24 
months) and the control group (11.23±5.3 months; range=2 
to 24 months) were not significantly different (p=0.55). The 
body mass index (BMI) did not differ significantly between 
groups (26.83±3.61 vs. 25.04±3.02, respectively, p=0.62).

Where higher MVAS scores indicate worse health status, 
the level of pain significantly decreased before and after 
treatment intervention (42.70±13.80 vs. 33.26±15.27, re-
spectively) for the SSE group (Figure 2). For the control 
group, the scores also significantly decreased before and 
after treatment intervention (32.81±10.85 vs. 23.42±13.43, 
respectively). Although both groups reported decreased 

Variable Total SSE group Control group p

N 42 21 21

Gender
Male

Female
21
21

10
11

11
10

0.75

Body Mass Index  25.94±3.31  26.83±3.61  25.04±3.02 0.62

Age (mean ±SD)  50.19±9.28  53.09±9.04  50.90±5.24 0.34

Number of months since initial pain onset 
(mean ±SD)  11.06±6.25  10.09±7.00  11.23±5.33 0.55

Table 1. Summary of subject demographics and bivariate relationship of treatment group with selected demographics.

* Data are given as mean (SD) except where noted; SSE – spinal stabilization exercise; p – probability; N – number of cases; Age  – years for age.
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Figure 2.  The level of pain changes based on MVAS following 
intervention (F=7.38, p<0.01).
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Figure 3.  The level of pain changes based on ODI following 
intervention (F=14.18, p<0.001).
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or improved levels of pain from pre- to post-treatment, the 
SSE group demonstrated higher pain reduction compared 
to the control group (p<0.01).

For the ODI, where high scores indicate worse health sta-
tus, pre-treatment assessment scores were 17.29±9.15 vs. 
12.52±8.50 for the SSE group and control groups, respec-
tively, p<0.001. Accordingly, post-treatment assessment scores 
were 27.76±12.11 vs. 25.29±12.59 for the SSE and control 
groups, respectively (Figure 3). Overall, the SSE group dem-
onstrated higher pain reduction scores when compared to 
the control group (p<0.001). The ODI post-treatment out-
come was significantly related to the pre-treatment ODI score 
(p<0.001) and unrelated to age (p<0.92), gender (p<0.67), 
and weight (p<0.50) covariates. A modest trend for a treat-
ment effect (p<0.092) was also apparent.

Balance sway changes in quiet standing were evaluated based 
on sway in both the A/P and M/L directions of COP dis-
placement. A preliminary evaluation to examine pre-treat-
ment differences in the outcomes indicated no significant 
effects following treatment. The A/P COP sway decreased 
in both groups following intervention. As indicated in 
Tables 2 and 3, the A/P balance sway changes were signifi-
cantly different in the SSE group compared to the control 

group (p=0.04), while the M/L sway displacement did not 
differ among groups (p=0.86).

For the A/P displacement of balance sway, age, hand dom-
inance, gender, length of duration since pain onset, ODI, 
and MVAS were not statistically significant. These results 
also indicated that the A/P sway in the SSE group decreased 
following intervention over time (Figure 4). The A/P sway 
changes in the group following SSE decreased over time, 
especially in the A/P direction during the second pertur-
bation, compared to the control group. There were inter-
actions in group x perturbation (p=0.01), and there was a 
significant difference following treatment (p<0.001) and re-
peated perturbations (p<0.001). The Bonferroni post-hoc 
pairwise comparison test indicated that postural sway sig-
nificantly increased during the first perturbation compared 
to the third perturbation; however, the first perturbation 
was not statistically different from the second perturbation.

In Figure 5, the M/L COP sway displacement also changed 
slightly following intervention in group x perturbation (p=0.49). 
There was a significant difference following treatment (p<0.04) 
and repeated perturbations (p<0.001). The Bonferroni pairwise 
comparison test indicated that the first perturbation was signif-
icantly greater than both the second and third perturbations.

Coef. Std. err. z P>|z| [95% Conf. Interval]

Age –0.0012 0.0013 –0.92 0.359 –0.0038 0.0013

Dominance 0.0116 0.0266 0.44 0.663 –0.0406 0.0639

Gender –0.0110 0.0236 –0.47 0.640 –0.0573 0.0352

Duration 0.0028 0.0020 1.40 0.161 –0.0011 0.0068

Treatment –0.0559 0.0275 –2.03 0.042* –0.1098 –0.0020

ODI 0.1272 0.156 0.81 0.416 –0.1793 0.4339

MVAS –0.0112 0.0155 –0.72 0.470 –0.0416 0.0192

Constant 0.0952 0.1025 0.93 0.353 –0.1058 0.2962

Table 2. The A/P displacement changes following intervention during repeated perturbations.

* p<0.05; A/P, ODI, MVAS abbreviations.

Coef. Std. err. z P>|z| [95% Conf. Interval]

Age 0.0005 0.0013 0.40 0.687 –0.0021 0.0032

Dominance 0.0317 0.03452 0.92 0.359 –0.0360 0.0994

Gender –0.0180 0.0227 –0.79 0.429 –0.0627 0.0266

Duration 0.0023 0.0027 0.88 0.380 –0.0029 0.0077

Treatment –0.0040 0.02317 –0.18 0.861 –0.0494 0.0413

ODI 0.1241 0.1386 0.90 0.371 –0.1475 0.3957

MVAS –0.0144 0.0121 –1.19 0.233 –0.0382 0.0092

Constant 0.0060 0.1048 0.06 0.954 –0.1995 0.2115

Table 3. The M/L displacement changes following intervention during repeated perturbations.

* p<0.05; M/L, ODI, MVAS abbreviations.
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discussion

This study investigated the differences between SSE and con-
trol treatments for patients with LBP. The patients in both 
groups reported decreased pain levels following treatment. 
Overall, A/P and M/L COP sway also improved in both 
groups, and the A/P balance sway significantly decreased 
in the SSE group compared to the control group. Although 
the M/L sway was not significantly different in either group, 
there was a significant interaction between group and mea-
surement time in the A/P displacement.

The post-treatment MVAS scores, adjusted for all covariates, 
indicated that the SSE group scores were slightly higher than 
the control group scores. The decreased level of pain in the 
SSE group changed from a moderate to a mild range in ac-
cordance with the guidelines [29]. This improvement is im-
portant since the minimum clinically significant difference 
in MVAS pain scores was found to be 9 mm [30]. Therefore, 
the amount of pain reduction reported by patients in the 
SSE group is important to consider since the MVAS system-
atically assesses the level of pain and potentially predicts 
treatment outcomes in patients with LBP.

The results also indicated that there was no difference in 
pain based on age, gender, and BMI; however, previous 
studies have indicated that men and women can differ in 
self-reported levels of pain and the relative importance of 
pain to each gender [30,31]. Female patients report more 
frequent use of several coping strategies, which are unre-
lated to their appraisal of pain [31]. Appraisal of pain may 
have important implications for coping as well as contrib-
uting to the overall well-being of women and men. In our 
study, we hypothesized that it might be related to a dose-re-
sponse problem, where significant changes in the level of 
pain may take longer than 4 weeks to become detectable 
[3]. The fact that the level of pain improved across time, 
but not necessarily across treatments, suggests that over-
all improvement in pain scores may lag behind improve-
ments in the aspects of overall health status. As Ward and 
Leigh noted, it is possible that pain was a larger contribu-
tor to the measurement of overall health status than indi-
vidual physical disability [32]. As they indicated, disability 
appeared to be more important for males, while other re-
ports indicated that the presence of pain appears to pre-
dict the progression of disability.

The COP displacement, which has been used to character-
ize a neurological disorder during standing, represents the 
distribution of the total force applied to the feet [15]. The 
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Figure 4.  The A/P displacement changes before and after intervention 
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the group following SSE decreased compared to the control 
group over time, especially following the first perturbation. 
The pairwise comparison test indicated that the sway from 
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balance impairments in patients with LBP were thought to 
be secondary to a limitation in using appropriate balance 
strategies caused by the adoption of a pain-relieving hyper-
lordotic lumbar posture in standing [15]. Although chang-
es in trunk musculature control may lead to pain, it may also 
cause excitability changes in the motor pathway. It has been 
reported that the central nervous system does not simply stiff-
en the spine, but actively controls movements to maintain 
posture equilibrium [33]. The sudden perturbation events 
are not an actual situation, and possible learning effects may 
affect the results. However, this perturbation was applied to a 
controlled situation without any practice for both groups. In 
addition, the covariates were analyzed during data analyses 
to control initial differences between groups. Specific motor 
control dysfunctions might result in faulty movement strate-
gies, which could be corrected by properly coordinating ab-
dominal and back musculature in patients with chronic LBP.

The effects of SSE for subjects with LBP have not been in-
vestigated with regard to pain level and postural chang-
es. In our study, the displacement of the interaction effect 
indicated that the SSE group revealed decreased balance 
sway compared to the control group, especially in the A/P 
direction during the third perturbation. However, the bal-
ance sway results of this study are inconsistent with other 
studies [13,34]. Another study compared impaired sub-
jects to a healthy control group, and the impaired group 
was found to have a greater degree of sway compared to 
the healthy group [34]. The SSE exercises might be ben-
eficial because postural sway has been associated with low 
back symptoms in a working population [35]. The results 
from our investigation might be different due to addition-
ally detected impairments in balance performance among 
subjects with pronounced functional limitations and severe 
LBP problems [34,35].

This study provides information regarding impaired body 
balance associated with trunk muscle imbalance, which can 
be used to improve treatment strategies. It has been report-
ed that patients with LBP show increased postural sway along 
the A/P displacement [16]. Therefore, the displacement 
of A/P COP sway might be linked to both passive compo-
nents of musculoskeletal function and active muscular ten-
sion, which decrease body sway capacity. It is possible that 
the postural compensation strategies found following SSE 
might be enhanced for patients with LBP. Limitations in this 
study indicated that there was no evidence to suggest that 
the exercise programs would have similar dose/response 
curves or that a 4-week period would represent a reason-
able intervention time for either program. If motor con-
trol retraining is found to be an integral part of the treat-
ment of LBP, further evaluation of the dominant side and 
differential effectiveness of treatment may be important for 
establishing a mechanism of action for exercise therapies.

conclusions

The results of this study indicated significant improvements 
in pain and balance sway performance, especially regarding 
A/P COP sway, in patients with LBP. This A/P COP sway sug-
gests that the use of a SSE program might enhance the coor-
dination of postural adjustability. Although examining pos-
tural sway in a sitting position is necessary to investigate the 
association, this study suggests that SSE therapy might be 

associated with neuromuscular mechanisms to compensate 
for postural control. Follow-up studies are needed to investi-
gate the characteristics of the back muscles and the factors 
mediating neuromuscular differences in patients with LBP. 
The improvement of A/P balance in the SSE group indi-
cates that postural adjustability might help patients avoid fur-
ther injuries following repeated unexpected perturbations.
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