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About 85% of people experience low back pain (LBP)
during their lifetimes.1,2 LBP is a major cause of dis-
ability worldwide.3 Acute LBP can be treated within 6
weeks.4 However, 71% of patients with acute LBP do
not fully recover.5 In this case, LBP over 12 weeks is
defined as chronic low back pain (CLBP).6,7 Prior
studies have shown that hospitalization and physical
therapy incur large medical costs for managing LBP.8

CLBP is common in adults over 40 and leads to psy-
chological problems such as low job satisfaction, anx-
iety, depression, and negative perception.9

CLBP treatment is also needed for social and eco-
nomic reasons. Many medical doctors rely on nons-
teroidal anti-inflammatory drugs, opioids, and neu-
rotropic medications, or steroid injections and surgery
as their main tools.10 However, in recent years, non-
pharmacological approaches have become popular.11

Various treatments have been proposed for the treat-
ment of CLBP, but recent guidelines and reviews rec-
ommend regular physical exercise.12,13 Several previous
studies also reported that exercise can be compared to
other conservative treatments to improve the pain
intensity and disability of CLBP.14,15

Among the various exercise methods, sling exercise
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(SE) is widely used in hospitals and treatment rooms
to manage high risks because the suspension mecha-
nism attached to the ceiling provides an unstable
device.16,17 SE has several features. Firstly, the SE is
weight-bearing training that adjusts muscle co-acti-
vation to stabilize joints. Secondly, SE intensity can
be controlled with elastic cords that can unload body
weight.18 Thirdly, it is an efficient exercise for nor-
malizing muscle response pattern, adjusting postural
balance, and reducing pain in patients with CLBP.19-21

Looking at previous studies on SE, it was reported
that SE improved CLBP more than other exercise
methods.22 However, some other studies have report-
ed opposite results that SE and other exercise (OE)
did not differ in improving CLBP.23 Therefore, the
effectiveness of SE compared with other treatments
remains unclear.
As far as we know, Korea uses and studies SE more

than any other country.24 However, in the systematic
review and meta-analysis study, the Korea database
is not included. So studies published in Korea has
limitations that are not known worldwide. Therefore,
the purpose of this study is to systematically review
and meta-analyze the effects of SE on CLBP in
studies published in Korea.

This study was conducted with the approval of the
research by the Institutional Review Board of Nambu
University (IRB: 1041478-2020-HR-029). This study
was performed in accordance with PRISMA guidance,
ensuring a rigorous approach.

The following databases were searched from the
earliest available date to June 2020: Research
Information Sharing Service, Korean Studies
Information Service System, National Digital Science
Library, DBpia, Earticle, scholar, and National
Assembly Library. We used the search terms “Low
Back Pain,” “Sling,” and “Sling Exercise” in Korean
and English.

Types of studies
Only randomized controlled trials (RCT) investigat-

ing the use of SE as a treatment for CLBP were
included.

Types of participants
The study samples included patients with CLBP

affected for longer than two months. University stu-
dents, minors, and non-hospital gym customer
studies were not included.

Types of interventions
We included articles in which SE was compared with

modality treatment, as well as any OE treatment for
CLBP.

Types of outcome measures
The findings were analyzed in two primary outcome

categories: pain and disability. We categorized out-
comes as short term (post-treatment assessment no
longer than 6 weeks) or long term (≥12 weeks).

The two independent reviewers (First Author,
Corresponding author) screened for potentially rele-
vant titles and abstracts based on the pre-specified
criteria (PICOS), and full-text articles were retrieved
whenever necessary. If a journal article and thesis
paper were duplicated, the journal article was adopt-
ed. Disagreements were resolved by the principle of
majority voting, including the views of co-authors.

The two independent reviewers (First Author,
Corresponding author) abstracted and cross-checked
the data obtained from the included trials. These data
were then compiled in a pre-designed data extraction
form. Disagreements were resolved by the principle of
majority voting, including the views of co-authors.

The two independent reviewers (First Author,
Corresponding author) used the Cochrane
Collaboration’s risk of bias tool to evaluate the
methodological quality of all included studies. The
following domains were evaluated: random sequence
generation, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome assess-
ments, incomplete outcome data, selective reporting,
and other bias. For each domain, each study’s
description of methods was examined and a judgment
regarding potential bias was made according to three
categories: low risk, high risk and unclear risk.
Disagreements were resolved by the principle of
majority voting, including the views of co-authors.

METHODS

Literature Search

Selection of Studies

Data Extraction

Inclusion Criteria

Quality Assessment
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Meta-analysis procedure was performed with
Revman 5.4. The random effects model was used to
estimate the mean of the distributions of the effect
sizes of different populations. WMD was used when
individual studies were in the same unit. SMD was
used when individual studies were different units. A
chi-square test was performed to detect statistically
significant heterogeneity. We then estimated the
amount of heterogeneity among studies by using the
I2 statistic: <25%, low; <50%, moderate heterogeneity;
and >50%, substantial heterogeneity. Heterogeneity
was further investigated by checking data extracted
from outlier studies and exploring the effects of study
exclusion in sensitivity analyses. No funnel plots or
assessments for publication bias were performed
because of the small number of studies (maximum
three studies) that were pooled in the comparisons
included in this literature. The control conditions
were divided into two groups: Modality therapy and
other exercise. We then performed separate subgroup
analyses for short-term and long-term follow-up
time points. One study included two different control

groups, which were individually considered during
analysis.

We initially retrieved 759 articles (Journal: 516,
Thesis: 243) from the databases that were relevant to
the search terms. Eight studies were finally included
for analysis (Figure 1).

We included eight single-center randomized con-
trolled studies with the aim to examine the efficacy of
SE on CLBP.25-32 These were four journal articles and
four theses. They were published between 2012 and
2018. One study was published in English, and the
rest were published in Korean. The summarized
characteristics of the studies included in our system-
atic review are presented in Table 1.

Statistical Analysis

Literature Search

Study characteristics

Figure 1. Flowchart of the study selection process

RESULTS



2158

Effects of Sling Exercise on Pain and Disability in Patients with Chronic Low Back Pain: Meta-Analysis of Studies in Korea

The eight studies were randomized, but no details
were provided.25-32 We could not determine the alloca-
tion concealment of the eight studies.25-32 None of the
studies met the criterion of blinding of participants
and outcome assessors.25-32 Given the direct partici-
pant involvement due to the nature of therapeutic
trials, and self-reported outcome measures such as

pain and disability, it was not feasible to blind partic-
ipants and outcome assessors.25-32 The risk of incom-
plete outcome data was low for only six included
studies.25,27-30,32 Selective outcome reporting was at a
low risk of bias in all eight included studies25-32, while
sources of other bias were unclear.25-32 Figure 2 shows
the detailed results of the quality assessment of indi-
vidual characteristics.

SE: sling exercise, MCE: motor control exercise, VAS: visual analogue scale, ODI: oswestry disability index, MT: modality therapy, LSE: lumbar stabilization
exercise, TM: thoracic mobilization, ME: mat exercise, VI: vibration, RE: resistance exercise, USSE: unstable supporting surface exercise

Authors (years) Publication 
type

Disease
period

Journal

Thesis

Thesis

Thesis

Thesis

Thesis

Journal

Journal

Journal

Thesis

Thesis

2<

3<

3<

3<

3<

3<

3<

3<

3<

3<

3<

Ha et al. (2012)

Kim (2013) (1)

Kim (2013) (2)

Park (2013)

Cho (2015) (1)

Choi (2015) (2)

Kim et al. (2017)

Kim & Kim (2018)

Park et al. (2018)

Woo (2018) (1)

Woo (2018) (2)

SE (9)

SE (11)

SE (11)

SE + LSE (10)

SE (10)

SE + TM (10)

SE (15)

SE + VI (35)

SE (55)

SE (10)

SE (10)

Intervention

Sling (n) Control (n)

MCE (11)

MT (10)

MT (10)

MT (10)

MT (10)

MT (10)

ME (15)

RE (35)

MT (61)

USSE (10)

ME (10)

Duration
(week)

Time
(min)

4

6

6

4

4

4

4

12

12

6

6

Number
(total)

8

18

18

12

16

16

12

36

36

12

12

40

30

30

60

50

50

20

30

50

30

30

VAS

VAS

VAS

VAS

VAS

VAS

VAS

VAS

VAS

Outcomes

Pain Disability

ODI

ODI

ODI

ODI

ODI

ODI

ODI

ODI

ODI

Table 1. Characteristics of studies included in the analysis

Methodological Quality of Included Studies

Figure 2. Methodological evaluation of RCT study using Risk of Bias tool
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The studies comparing SE with MT revealed signifi-
cant short-term [WMD=-1.64, 95% CI (-3.06, -
0.22), P<0.00001] and long-term [WMD=-0.34, 95%
CI (-0.42, -0.26)] differences in pain (Figure 3). The
heterogeneity for short-term pain was substantially
high (I2= 99%). A meta-analysis excluding Choi 2015
(b) reduced heterogeneity (I2= 95%) and revealed a
statistically significant effect size [WMD=-0.92, 95%
CI (-1.90, 0.06), P<0.00001].

The studies comparing SE with OE revealed signifi-
cant short-term [WMD=-1.18, 95% CI (-2.15, -
0.20), P<0.00001] and long-term [WMD=-0.66, 95%
CI (-0.89, -0.43)] differences in pain (Figure 4). The
heterogeneity for short-term pain was substantially
high (I2 = 97%). A meta-analysis excluding Woo 2018
(a) and (b) reduced heterogeneity (I2= 0%) and revealed
a statistically non-significant effect size [WMD=-
0.38, 95% CI (-0.63, -0.12), P=0.33].

Comparison of SE and MT for pain Comparison of SE and OE for pain

Figure 3. Forest plots for effect size comparison of SE and MT for pain
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The studies comparing SE with MT revealed signifi-
cant short-term [SMD=-15.82, 95% CI (-23.10, -
8.54), P<0.00001] differences in disability (Figure 5).
The heterogeneity for short-term disability was sub-
stantially high (I2= 93%). A meta-analysis excluding
Choi 2015 (a) and (b) reduced heterogeneity (I2=80%)
and revealed a statistically significant effect size
[SMD=-7.24, 95% CI (-10.61, -3.87), P=0.008].

The studies comparing SE with OE revealed non-
significant short-term [WMD=-2.96, 95% CI (-3.71,
-2.20), P=0.06] differences in disability (Figure 6).
The heterogeneity for short-term disability was sub-
stantially high (I2= 60%). A meta-analysis excluding
Woo 2018 (a) and (b) reduced heterogeneity (I2=0%)
and revealed a statistically non-significant effect size
[WMD=-2.18, 95% CI (-3.01, -1.35), P=0.84].

Comparison of SE and MT for disability Comparison of SE and OE for disability

Figure 5. Forest plots for effect size comparison of SE and MT for disability

Figure 6. Forest plots for effect size comparison of SE and OE for disability



2161

C.B. Park, H.J. Jeong, B.G. Kim

In this study, the effect of SE was compared to MT
and OE and analyzed based on prior studies of CLBP
patients published in Korea from the earliest search-
able date to June 2020. 

Comparing and analyzing SE and MT or OE for
pain, the overall average effect size for SE was high
effect size (MT: -1.31, OE: -1.07). This is consistent
with the result that pain is less with SE than MT and
OE when SE is applied to CLBP patients.33 SE pro-
vides an unstable support surface, it is thought to
reduce pain by inducing co-contraction of muscles
and providing lumbar-pelvic stability.34 Therefore, SE
is thought to be more effective in reducing pain than
MT and OE. 

Comparing and analyzing SE and MT for disability,
the overall average effect size for SE was high effect
size (MT: -15.82). This is the result of recovering
from dysfunction more with SE than MT when SE is
applied to CLBP patients. It is thought that it had a
positive effect on disability recovery by promoting
neuromuscular activation during SE and smoothing
the coordination ability of trunk muscles.35

In this study, no difference was found as a result of
comparing the effect size of SE and OE on disability.
This is consistent with the study results that exercise
therapy is more effective in recovering from dysfunc-
tion than MT.14,15 This is consistent with the result
that there is no difference from OE when SE is
applied to CLBP patients.33 ODI evaluation items
included the degree of pain. It has been reported that
exercise therapy as well as SE improved pain, so it
seems to have affected the ODI evaluation as the pain
decreased.
As a result of analyzing a study published in Korea,

SE was effective in improving pain and disability. The
results of this study could be used as evidence for the
use of se in the treatment of CLBP patients in hospi-
tals in Korea.
An additional search was conducted on August 30 at

the final stage of the study. Six studies were found at
the last re-search of the study. However, the studies
did not meet the criteria of this study.
There are some limitations in this study. The num-

ber of RCT studies was small. The small number of
studies has several influences. It is difficult to gener-
alize the effects of SE, and overall heterogeneity is
high in this study. In order to perform an additional
meta-regression analysis for the reason of high het-
erogeneity, at least 10 studies were required, so fur-
ther analysis was limited. Because of the small num-
ber of studies, it was not evaluated for publication

bias. Hand searching was not conducted in this
study. Therefore, a wider range of research analysis
and verification is required for SE by supplementing
the limitations in this study, and further qualitative
follow-up studies should be conducted continuously.

The results of this study showed that SE for CLBP
patients had a positive effect on pain and disability.
SE may contribute to the recovery of CLBP patients if
it is applied in physical therapy to improve the main
symptoms of CLBP patients. In addition, high-quali-
ty clinical research on SE should continue.

No potential conflict of interest relevant to this arti-
cle was reported
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