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The Effects of Sling Exercise on Gluteus Muscle Strength and Gait

Velocity in Females with History of Chronic Low Back Pain

Nam-goo Kang, PT, MSc!; Jae-Seop Oh, PT, Ph.D?

'Department of Rehabilitation Science, The Graduate School, Inje University
“Department of Physical Therapy, College of Biomedical Science and Engineering, Inje University

Background Gluteal muscle weakness or dysfunction leads to low back pain. Gluteal muscle is
important for posture, balance, and independent gait. Despite the well-established link between
with history of chronic low back pain (CLBP) and gluteal muscle weakness, there is little research
available on direct exercise interventions. Whether sling exercises increase gluteal muscle
strength in those with chronic low back pain has not been studied.

Purpose To determine the changes in gluteus maximus and gluteus medius muscle strength, gait
velocity, pain, and low back disability following an intervention using sling exercise for four
weeks in females with a history of CLBP.

Study design Cross-sectional study

Methods This study involved 27 females with a history of CLBP who visited the H fitness center.
The participants’ pain intensity was measured using the visual analogue pain scale. Disability was
measured using the Korean Oswestry Disability Index. A force measurement device was used to
collect data on gluteal muscle strength. The participants walked for five minutes at a preferred
walking speed on a treadmill, and the average walking speed was measured during gait and then
re-measured after exercise.

Results Pain intensity and disability were found to significant decrease after sling and common
exercise groups. Significant increased post-intervention versus pre-intervention were seen in the
hip abductor strength and gait velocity (p<0.05). No significant differences were seen in the hip
extensor strength (p>0.05). These results show that hip abductor strength was significantly
different between before and after sling exercise.

Conclusions Sling exercises may be effective for stability during the gait pattern and may be
recommended to improve the gluteal strength and lumbo-pelvic stability for those with chronic

low back pain.

Key words Chronic low back pain; Gait velocity; Gluteus medius strengthening; Gluteus muscle
weakness; Sling exercise.
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INTRODUCTION

Chronic low back pain (CLBP) is one of the most com-
mon musculoskeletal problems worldwide.!* There are
many risk factors for CLBP, such as excessive body weight,
age, insufficient muscle strength, and mechanical stress.!
Among these factors, muscle weakness or dysfunction of
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the muscle contraction leads to low back pain. Previous
authors have suggested that gluteal muscle weakness and
hip joint dysfunction strongly relate to chronic low back
pain in middle age women.? Hip extensor and abductor
weakness may lead women to adopt abnormal movement
strategies, resulting in compensatory motion in the lower
back.>7 Therefore, gluteal muscle weakness or hip contrac-
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tion dysfunction can lead to low back pain.? The gluteus
maximus (Gmax) and the gluteus medius (Gmed) contribute
extensively to weight-bearing movement by assisting in
stabilizing the lumbo-pelvic-hip complex.!>3-10

The Gmax has the most important effect during the first
50% of the trunk extension, and weakness in the Gmax
increases the stress in the intervertebral disc and the lumbar
spine ligaments.? Also, a decrease is shown in the cross-
sectional area of Gmax for women with chronic low back
pain, as well as a decrease in walking speed in subjects with
chronic low back pain.!! The Gmed is characterized by
weakness and tenderness in a subject with chronic low back
pain.!® The height difference in the pelvis due to Gmed
weakness also suggested that the Gmed strengthening is
effective for routinely standing subjects with low back
pain.%!2 In addition, activated Gmed are important for
posture, balance, and independent gait.>'> However, few
studies have investigated which exercise is effective for
strengthening this muscle and reducing CLBP.

Previous researchers have noted that CLBP is character-
ized by impaired gait, such as low walking speed, short
stride length, and inflexible coordination of the thorax-
pelvis segment.’>> Lamoth et al. reported the stability of
the lumbo-pelvic-hip complex is an important consideration
because it is largely related to injury prevention, by trans-
ferring load from the lower limbs to the pelvis and spine
and stabilizing the pelvis during walking.®!%!7 Henchoz et
al. also reported comparing the walking efficiency and
walking speed between a chronic low back pain group and a
control group, and it was concluded that chronic low back
pain represents a slow walking speed and that it is a result
of the compensation strategy by avoiding hip extension and
the lumbar spine.>!! Barzilay and Lee et al. also examined
the association between the hip abductor muscle weakness
and independent gait, and balance recovery during the
stance phase of gait.®!3

The clinical presentation of the association effects of hip
muscle strengthening and stability between independent gait
and the hip muscle could be explained by lumbo-pelvic-hip
control in the regulation of gait coordination in CLBP.!5-16
Despite the well-established link between chronic low back
pain and gluteal muscle weakness, there is little research
available on direct exercise interventions. One such exercise
intervention is a sling exercise. This includes a specific
exercise method.'?

Recently, a lumbar stability exercise using a sling has
been applied to treat low back pain.®!*20 Sling exercise
enables proprioceptive exercise training for recovery of
neuromusculoskeletal dysfunction and strengthening deep
muscle that engage in stability.?! Furthermore, sling exer-
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cise supports or suspends the pelvis and hip joint muscle
without pain, normalizes muscle response patterns, retrains
muscle motor units, and improves damaged postural align-
ment abilities.® 1821 However, the effect of the sling exercise
method increasing gluteus muscle strength in those with
chronic low back pain has not been studied.

The purpose of the present study was to determine the
changes in Gmax and Gmed muscle strength, gait velocity,
pain, and low back disability following an intervention
using sling exercise for four weeks in females with a history
of CLBP. We hypothesized that the sling exercise group
(SEG) would significantly increase their gluteal muscle
strength and gait velocity compared to the common exercise
group (CEG). We also hypothesized that the SEG would
significantly improve their pain and low back disability.

METHODS

This study involved 27 females with a history of CLBP
who visited the H fitness center. Inclusion criteria included
low back pain lasting more than three months and then
those who had been diagnosed with low back pain at
hospitals within the past one year. Symptoms have been
maintained at least one week before the study began.

Exclusion criteria included hip joint dislocation, fracture,
structural malformation, severe pain, neurological symp-
toms, history of medical surgery or treatment within the last
one year, and any other rehabilitation intervention at the
beginning of the study. Participant characteristics are shown
in Table 1. Ethics approval of this study was obtained from
the Inje University (INJE 2018-04-036-005), and written
informed consents were obtained from all subjects before
the data collection commenced. Sixteen subjects of the 27
chronic low back pain females group applied the sling
exercise and 11 subjects performed common exercises,
which included weight lifting, swimming, in-door cycling,
and climbing. Five of the 16 subjects in the common
exercises group first recruitment are unable to complete the
study due to personal reasons.

A total of two hip sling exercises were examined in this
study. The exercises were performed on both legs (domi-
nant side first), and then the exercises were carried out
under two conditions of the gluteus muscles (Gmax, Gmed),
namely A) Sling hip bridge exercise (SHB), and B) Sling
hip abduction exercise (SHA) in randomized order (Figure
1). Sling exercise were performed after 30-second resting
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Table 1. General characteristics of the subjects

Characteristics SEG (n=16) CEG (n=11) p
Age (years) 38.31+10.15 37.72+11.57 0.596
Height (cm) 163.00+4.80 162.27+2.45 0.078

Body weight (kg) 59.68+6.51 56.00+4.52 0.173
VAS (cm) 6.63+2.18 4.73+2.68 0.032
Low back disability (%) 31.19+15.60 18.45+12.63 0.047

Data are expressed as mean + standard deviation; *p<0.05.

Abbreviations: SEG, sling exercise group; CEG, common exercise group; VAS, visual analog scale.

A

Figure 1. Sling hip bridge exercise (A) and sling hip abduction exercise (B).

time per session and five minutes between each exercise. At
the start of the hip bridge exercise, the subjects adopted a
supine position with their arms parallel to the floor.%18-22
Each action was performed six to eight times for one set
and holding time 6 seconds. The overall set was repeated
three times, and there was a 90-second rest period after each
set. The intervention was conducted for a total of four
weeks and low back pain intensity and disability index, gait
velocity, and gluteus strength were repeatedly evaluated at
four weeks after sling exercise group (SEG) in the study.
The common exercise group (CEG) performed exercises to
improve whole body strengthening. Each exercise was per-
formed for 30 minutes, two times per week, for four weeks.

Measurement of back pain and low back disability

Pain level was evaluated using a visual analog scale
(VAS; 10 cm). Zero indicated no pain, and 10 cm indicated
the highest pain level.?>?* Low back disability was evalu-
ated using the Korean Oswestry Disability Index (KODI).
The KODI is a nine-item measure of current activity limita-
tion from LBP.2>26 It is an easy to use, reliable assessment
of the level of back pain interference with physical activity
and gait.

Vol. 5, No. 2, Dec. 2021

Measurement of gluteal muscle strength

The Gmax was measured at 90° of knee flexion and
prone position.?” The upper limbs were strapped by one
examiner and Gmax muscle strength was measured at peak
hip extension the with the force measurement device
(Figure 2).>27

The force measurement device was positioned at the
vertical middle point on the floor with non-elastic straps to

Figure 2. Force measurement device.

Journal of Musculoskeletal Science and Technology



62 Effects of Sling on Gluteus Muscle and Gait

middle aspect thigh. The Gmed was positioned at full
extension of the knee and the other side limb bent knee
flexion with supine position.?® The lower limbs were stra-
pped with hip abduction and peak Gmed muscle strength

was measured with the force measurement device (Figure 3).

The force measurement applied to resistance in a fixed
position, and the subjects being tested exerted a five-second
isometric maximum voluntary contraction. 28 This was fol-
lowed by three trials of maximum isometric effort. For data
analysis, the mean value was used for the three trials of
maximum muscle strength.

Statistical analyses

Data were statistically analyzed using the IBM SPSS
Statistics for Windows Program (ver. 18.0 for Windows;
SPSS Inc., Chicago, IL, USA). All data using paired r-test
was performed for participants for comparisons of gluteus
strength, gait velocity, KODI, and VAS. Pearson correlation
coefficient was conducted to examine whether there were
differences in gluteus muscle strength and gait velocity for
chronic low back pain. Statistical significance was accepted
at values of p<0.05.

A two-way mixed analysis of variance was used to
determine the time-by-group interaction effect or main
effect. The within-group factor was time (pre-intervention
vs. post-intervention) and the between-group factor was
group (SEG vs. CEG). If a significant time-by-group
interaction effect or main effect was detected, a post hoc #-
test was used. The significances of the between-group
differences in the demographics of the SEG and CEG were
analyzed by independent #-tests.

RESULTS

A significant time-by-group interaction was observed for
the SEG, CEG of the VAS, KODI, Gmed muscle strength,
and gait velocity. An independent-sample #-test demon-
strated that the KODI (Table 2; F=2.090, p=0.032, mean
difference=9.00), significantly decreased in the SEG com-
pared to the CEG. The gait velocity (Table 2; F=10.475,
p=0.003, mean difference=0.25) significantly increased in
the SEG compared to the CEG. In addition, a significant
main effect was found for time in the SEG. The post hoc #-
test showed that the SEG both Gmed and CEG Lt. Gmed
significantly increased post-intervention versus pre-inter-
vention (Table 2).

However, no significant difference pre- and post-inter-
vention was observed in the Gmax muscle strength in SEG
and CEG (Figure 4). The SEG Gmax and CEG Gmax had
no significant differences pre- and post-intervention in both
groups and no significant differences between groups (Fig-
ure 5).

A significant time-by-group interaction was found and
gait velocity (Table 2) significantly increased post-interven-
tion versus pre-intervention in the SEG. An independent-
sample #-test demonstrated that gait velocity significantly
increased post-intervention versus pre-intervention in the
SEG compared to the CEG (Figure 5).

A significant time-by-group interaction was found for the
VAS (Table 2; 6.63+2.18 vs. 2.63+1.14, p<0.001), and
KODI (Table 2; 31.19£15.60 vs. 17.00£6.99, p<0.001)
significantly decreased post-intervention versus pre-inter-
vention in the SEG. A significant main effect for time was
observed for pain and low back disability in both groups.
The post hoc t-test showed that VAS scores significantly
decreased post-intervention versus pre-intervention in both

Figure 3. Gluteal muscle strength measurement. A: Gluteus maximus, B: Gluteus medius.
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Table 2. Change in gluteal muscle strength, gait velocity, pain and low back disability pre- and post-intervention

Pre- Post- Within-group Between-group
Variable Group intervention intervention change change p
Mean+SD Mean+SD Mean difference (95% CI)

SEG (n=16) 5.85+3.12 6.96+3.18 1.10(-2.33,0.12) 0.07

Rt. Gmax 0.41(-1.44,2.27) 0.83
CEG (n=11) 6.50£3.55 8.01+3.20 1.51(-3.05,0.02) 0.12
SEG (n=16) 6.28+3.98 7.07+3.43 0.78(-2.02,0.44) 0.19

Lt. Gmax 0.22(-1.55,2.00) 0.78
CEG (n=11) 6.96+3.92 7.97+3.59 1.00(-2.37,0.35) 0.38
SEG (n=16) 4.57+1.48 5.83+1.78 1.25(-2.02,0.44) 0.00"

Rt. Gmed -0.81(1.48,0.15) 0.37
CEG (n=11) 4.28+2.24 4.71+2.45 0.43(-0.88,0.01) 0.55
SEG (n=16) 4.46+1.61 5.11£1.78 0.65(-0.88,-0.41) 0.00"

Lt. Gmed —0.24(0.62,0.02) 0.00"
CEG (n=11) 4.18+2.01 4.60£2.18 0.33(-0.64,-0.19) 0.00"
Gait SEG (n=16) 1.11+0.11 1.41+0.18 0.29(-0.36,-0.14) 0.00"

. 0.25(-0.34,0.16) 0.00"
velocity  CEG (n=11) 1.14+0.12 1.18+0.11 0.03(-0.34,-0.16) 0.01"
SEG (n=16) 6.63+2.18 2.63£1.14 4.00(2.86,5.13) 0.00"

VAS (cm) 1.54(-1.21,3.21) 0.00"
CEG (n=11) 4.72+2.68 2.27+1.19 2.45(1.13,3.77) 0.00"
SEG (n=16) 31.19£15.60 17.00+£6.99 14.18(8.47,19.90) 0.00"

KODI (%) 9.00(0.86,17.14) 0.03"
CEG (n=11) 18.45+12.63 13.27+6.37 5.18(-0.90,11.27) 0.55

Data are expressed as mean + standard deviation; *p<0.05.

Abbreviations: SEG, sling exercise group; CEG, common exercise group; Gmax, gluteus maximus; Gmed, gluteus medius; VAS,
visual analog scale; KODI, Korean Oswestry Disability Pain Index; SD, standard deviation; Cl, confidence interval; Rt, right; Lt,

left.
15 1 |
mm Pre SEG 20 . ] )
Post SEG | . Il Pre gait velocity
10+ = Pre CEG 151 ‘ T | | Post gait velocity
o
>4 mm Post CEG " T
5 1 E 1.0 4
0.54
04 -] 1 1] 3
Rt. Gmax Lt. Gmax Rt.Gmed Lt. Gmed 0.0 . .
SEG CEG

Figure 4. Change in gluteal muscle strength pre- and
post-intervention. * p<0.05. SEG, sling exercise group;
CEG, common exercise group; Gmax, gluteus maximus;
Gmed, gluteus medius; Rt, right; Lt, left.

groups (Table 2). The post hoc #-test showed that total
KODI scores significantly decreased post-intervention versus
pre-intervention in both groups. (Table 2). An independent-
sample #-test demonstrated that KODI (Table 2; F=2.090,
p=0.032, mean difference=9.00) significantly decreased in
the SEG compared to the CEG.

Vol. 5, No. 2, Dec. 2021

Figure 5. Change in gait velocity pre- and post-interven-
tion. "p<0.05. SEG, sling exercise group; CEG, common
exercise group. Gmax, gluteus maximus; Gmed, gluteus
medius.

DISCUSSION

We investigated the effects of sling exercise for four
weeks on gluteal muscle strength, gait velocity, pain, and
low back disability function in those with a history of CLBP.
Our results showed that both the SEG and the CEG

Journal of Musculoskeletal Science and Technology
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experienced less pain and increased gait velocity. However,
Gmed muscle strength and KODI improvements were only
observed in the SEG. These results confirm that both
interventions lead to pain relief and improved gait speed,
but only SEG increased the Gmed muscle strength and
decreased low back disability. These findings indicate that
sling exercise should be recommended in the rehabilitation
program for those with a history of CLBP to improve
gluteal muscle strength and gait velocity.

The SEG showed improvements in the only Gmed
muscle strength. There are several possible reasons for the
increased Gmed muscle strength. First, sling hip bridge
exercise was originated to improve trunk and back muscle
strength other than for gluteal muscle strength. Previous
research investigated the effect of sling exercise for streng-
thening of the trunk muscles for those with low back pain
and other studies on sling bridge exercise could improve the
Gmax muscle strength.!®1%21 |t is necessary to study whether
the sling bridge is helpful in improving Gmax muscle
strength.

Second, the length-tension relationship produces muscle
force. Altered muscle length affects the joint kinematics and
muscle activation can produce a certain degree of muscle
force.?® Sling hip bridge exercise is performed on both legs,
with extension to supporting straps. Therefore, both legs’
knee extension positioning is longer than hamstring muscle
length knee flexion position so this positioning is likely to
produce compensatory strategies in muscle contraction
during the sling hip bridge. Thus, Gmax cannot gain proper
muscle contraction. Youdas et al. reported significantly
decreased hamstring muscle activation with knee flexion for
one-leg bridge compared with a knee extension bridge
exercise.” Therefore, altered positioning and joint kinematics
can produce a certain degree of muscle force and affect
muscle contraction.?® Future research on which exercise
method provides more improvement to the Gmax muscle
strength and correlation between the SEG to CEG with a
history of CLBP.

Based on previous studies, strengthening of the Gmed
muscle is effective for pain relief and movement pattern in
subjects with low back pain.'® As a result, strengthening of
the Gmed through the sling exercise may help subjects with
low back pain. Previous researchers have investigated that
the Gmed provides more stabilizing muscle activation than
Gmax during the slow gait velocity.® In this study, gait
velocity was increased in the SEG compared with CEG, and
the slow period of gait velocity from 1 to 2 m/s. Also, when
walking speed increases, Gmed has a unique role in con-
trolling lower limb acceleration and stabilizing. Increased
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contributions of Gmed muscles are therefore required to
provide stability and propulsion when walking speed
increases.* Thus, there are more effects from Gmed muscle
strength than Gmax during the slow period gait parameter.
In addition, previous studies have demonstrated that the gait
velocity increased by the pelvis rotation movement pat-
tern.!L151631 However, low back pain patients not used to
pelvis rotation that alters movement strategy are encouraged
to slowly increase gait velocity and avoid pain caused by
the pelvis rotation.!'1¢ This study could not confirm a
significant difference in the VAS pre-intervention and post-
intervention in either group. Based on this result, we
suggest pain relief of the CLBP by strengthening the lumbo-
pelvic-hip complex muscles contributes to preventing un-
controlled rotation of the pelvis during the gait. Also, the
gait velocity was increased in both groups. It was found that
the pelvis movement was increased during the gait because
of the pain relief and that the SEG showed faster gait
velocity than the control group. However, in previous
studies, the presence of gluteal muscle pain does not
necessarily limit hip joint functional movement for middle-
aged women.? Therefore, It is difficult to confirm a direct
influence between pain relief and increased gait velocity.

Thus, based on our findings, we can expect that sling
exercises are more effective for stabilizing the lumbo-
pelvic-hip complex than general exercises and are effective
in relieving pain, functional improvement of low back pain,
increasing gluteal muscle strength, and increasing gait
velocity. The present study had several limitations. First, we
did not measure gluteal muscle activation. Future studies
are required to investigate the differences between Gmax
and Gmed muscle activity in the two interventions. Second,
we measure only female subjects.

CONCLUSIONS

This study investigated the effects of sling exercise on
gluteal muscle strength, gait velocity, pain, and low back
disability in those with a history of CLBP. The SEG showed
improved Gmed muscle strength, low back disability, and
gait velocity compared to the CEG. These results suggest
that the sling exercise is a more effective program for
strengthening Gmed muscles and for low back disability
and gait velocity, in particular in those with CLBP.

Key Points

Question Whether sling exercises can be used to increase
gait velocity and gluteal muscle strength in those with
chronic low back pain (CLBP).
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Findings The sling exercise showed improved gluteus medius
muscle strength and gait velocity compared to common exer-
cise with in CLBP. These results show that hip abductor
strength was significantly different between before and after
sling exercise.

Meaning Sling exercises may be effective for stability during
the gait pattern and may be recommended to improve the
gluteal strength and lumbo-pelvic stability for those with
CLBP.
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