Original Article

https://doi.org/10.12965/jer.2142608.304

Journal of Exercise Rehabilitation 2021;17(6):410-417
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The purpose of this study was to investigate the static and dynamic bal-
ance and body activities after administering a trunk stability exercise
program using a sling for children with spastic cerebral palsy of Gross
Motor Function Classification System (GMFCS) levels [lI-IV. This study
was conducted based on a quasi-experimental study design. Six of the
study participants were assigned to the control group and six were as-
signed to the experimental group using simple random sampling. Both
groups underwent a double-blind clinical trial study in which exercise
therapy was performed for 40 min twice a week for 8 weeks. The exper-
imental group underwent the sling exercise program and the control
group underwent neuro-developmental treatment. The results showed
that static and dynamic balance were significantly different before and
after intervention in both the experimental and control groups (P<0.05),
and there was also a statistically significant difference between the

INTRODUCTION

Cerebral palsy is a nonprogressive central nervous system lesion
that occurs in the developing brain before, during, or after birth
that can change in course but causes permanent neurodevelop-
mental disorders (Brunner and Cuestas, 2019). Children with ce-
rebral palsy are accompanied by musculoskeletal problems along
with complex disorders such as cognitive, communication, senso-
ty, perceptual, behavioral disorders, and epilepsy (Rosenbaum et
al., 2007). Among the various problems, the defect in the trunk
stabilization directly affects the balancing ability and functional
movement (Lee et al., 2020). Primarily, weakness of the abdomi-
nal and trunk muscles, a musculoskeletal problem, causes trouble
in postural stability and balance, and as a result when performing

two groups (P<0.05). Gross motor function and activities of daily life
showed significant improvement before and after intervention in the ex-
perimental group (P<0.05), but there was no statistically significant dif-
ference in the control group (P<0.05). There was a statistically signifi-
cant difference between the two groups (P<0.05). Therefore, the sling
exercise program can be used as an effective treatment for improving
balance and physical activity in children with cerebral palsy of GMFCS
levels IlI-IV who have difficulty walking. In addition, such exercise will
have a positive impact on the independence of such children and help
them to participate in social activities.

Keywords: Cerebral palsy, Sling exercise training, Trunk stability, Bal-
ance, Motor function

gross motor functions such as sitting, standing, and walking, the
ability to control posture decreases and limits in activities of daily
living appear (Krigger, 2000).

The ability to balance is an essential element of gross motor
function and activities of daily living (Yavuzer et al., 2006). Bal-
ancing can be divided into static balance and dynamic balance,
where static balance refers to the ability to maintain balance on a
fixed support surface without shaking, while dynamic balance re-
fers to the ability to maintain posture alignment when carrying
out movements (Haliloglu et al., 2019). Insufficient balancing
ability causes compensatory movements of the head or upper arm
to maintain posture, and abnormal aspects in postural response,
balance response, and functional movement occur, resulting in

secondary dysfunction (Aradjo et al., 2020). Among the balancing
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abilities in various postures, the ability to balance sitting posture
affects the children’s learning and task performance, and thus is
deemed to be a basis of daily life and social activities (Santamaria
et al., 2020) Particularly, for children who have difficulty in stand-
ing and are incapable of walking, the ability to balance sitting pos-
ture has a greater influence on the daily life (Inamdar et al., 2021).
In conclusion, insufficient trunk stabilization causes a limitation
on the balancing ability, which not only affects the functional
movement but also reduces the sensorimotor adaptation ability
depending on various environmental changes and tasks, resulting
in restrictions on the daily life and participation of the social ac-
tivity (Himmelmann and Uvebrant, 2018).

The methods for stabilizing the trunk being applied in the clin-
ical trials include various intervention methods, such as therapy
training using horseback riding equipment, therapy using virtual
reality, neurodevelopmental treatment, etc. (Dewar et al., 2015).
One of the treatment methods to provide an unstable support sur-
face, the sling exercise utilizes various axis changes through the
hanging string (Kim et al., 2018b). This is an effective treatment
method for muscle strengthening exercise because the effects of
joint mobility and elongation, increase and relaxation of muscular
endurance, and stabilization of the trunk can be obtained through
this treatment (Chen et al., 2016). In addition, slings can be used
as a means of assistance during exercise to reduce passive factors
and enable active treatment participation of the subject (Vikne et
al., 2007). When the activation of specific muscles is promoted
using a sling can provide greater activation to the subject and a
higher degree of freedom to the therapist (Maeo et al., 2014).

Although there are previous studies that trunk stabilization ex-
ercise using a sling is effective in stabilizing the trunk, most of
the studies that applied sling exercise therapy in the clinical set-
ting were for musculoskeletal patients. In addition, studies on
central nervous system patients are often applied to adults or chil-
dren with cerebral palsy of Gross Motor Function Classification
System (GMFCS) levels I-I1, so objective data are insufficient for
children with cerebral palsy in levels III-IV, who have difficulty
walking. Therefore, the purpose of this study is to investigate the
effects of a trunk stabilization exercise program using a sling on
static and dynamic balance and body activities of daily living in
children with spastic cerebral palsy who have difficulty walking.

MATERIALS AND METHODS

Participants
This study has a quasi-experimental design for children diag-
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nosed with cerebral palsy and receiving physical therapy at medi-
cal and health institutions in Busan and Ulsan. These are all chil-
dren under the age of 11 with spastic cerebral palsy, which fall
into GMECS levels III-1V, and are children with a cognitive level
that can understand the therapist’s instructions. However, chil-
dren who were taking drugs related to spasms and seizures or who
had undergone surgery or chemical procedures to reduce spasticity
were excluded. All participants and their guardians participated
in this study voluntarily after being explained the research pur-
pose and method in detail, and the study was approved by the
Bioethics Committee of Dong-Eui University to comply with the
Bioethics and Safety Act (IRB No. DIRB-201909-HR-R-20).

Sling exercise program

In this study, 12 participants were randomly divided into an
experimental group and a control group with 6 participants in
each group, and the experiment was conducted for 8 weeks. For
measurement, a physical therapist with more than 5 years of expe-
rience, not a researcher, performed an evaluation related to balance
and gross motor function before and after the intervention. For
the intervention, the experimental group applied the sling exer-
cise program, and the control group applied neurodevelopmental
therapy twice a week for 40 min. The sling exercise program was
conducted using a sling exercise tool (Redcord, Oslo, Norway) by
a physical therapist with more than 5 years of experience that com-
pleted professional training in the central nervous system. Table 1
details the modified method for this participant’s characteristics,
with reference to Park and Hwangbo (2014).

Outcome measurements

This study was a randomized, double-blind, placebo comparison
that provided the participants and the measurer, excluding the re-
searchers, minimal information about the participants participat-
ing in the experiment, so the study proceeded with a physical thet-
apist with more than 5 years of experience that is not a researcher
as the measurer in an intensive care unit where the child’s perfor-
mance is not disturbed. Before the study, the measurer showed
and explained a demonstration so that the children could under-
stand the correct movement, and then all children were subjected
to the same conditions.

Static/dynamic balance

For the evaluation of balancing ability, BioRescue balance anal-
ysis system (RM Ingenierie, Rodez, France) was used. This mea-
suring tool can check the participant’s balancing ability and weight
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Table 1. Sling exercise program

Exercise Position

Exercise program

Warm-up exercise (5 min)
Main exercise (30 min)

Hook-lying

and stabilization of the trunk.

Quadruped
performed repeatedly.

Kneel stand

Pelvic posterior tilt exercise in the hook-lying position for activate the abdominal and trunk muscles.
Prone onelbow  The knee is supported by a sling, and a foam roller is positioned at the abdomen to induce stability of the shoulder joint

To reduce weight load a sling is applied to the trunk, quadruped position is maintained with quadruped motions are

Support forearm on the platform connected to the sling, and tilt body forward, hold the position for 3-5 sec to contract the

stabilizing muscles, and then returns to the starting position.

Sitting Hold the handle with both hands on the platform and the therapist pushes the platform forward, inducing pelvic anterior
and posterior tilt as well as head and trunk equilibrium reactions.

Cool-down exercise (5 min)  Supine

In the supine position, flex the hips and knees and hold the knees with two hands. Then take deep breaths while relaxing

the shoulders, abdomen, and lower back.

bearing in various postures, and it is easy to check the data because
the measurement results are displayed on the computer screen as
numerical values and graphs. In addition, it is known that it is
possible to measure and train a variety of participants, including
children with cerebral palsy, in symmetry in weight bearing and
balancing ability (Han et al., 2019).

In this study, to exclude changes due to leg tension, ankle foot
orthosis was worn if necessary, and the static and dynamic stability
was measured by measuring the total surface area and length of
the center of gravity of the body in a sitting position. For the start-
ing posture for measurement, the hip joint and knee joint of the
participant were mad at 90° each, and the participant was asked to
sit in an upright posture and to stare at the front. The sole of the
foot was to touch the ground at this time, and a footrest was pro-
vided to ensure safety when the sole of the foot did not touch the
ground. When measuring static balance, as the measurer signaled
‘start’ the participants bent both shoulder joints to 90° and fully
extended the elbow joint, raising the arm and holding it for 12 sec.
When measuring dynamic balance, as the measurer signaled ‘start’
the participants bent both shoulder joints and elbow joints at 90°
and performed eight hand claps (Lee et al., 2021). Both measure-
ments were repeated 3 times per participant, and the average val-
ue was calculated. Furthermore, the effect on muscle fatigue was
minimized by taking a 5-min break between each measurement.
The measurement was carried out in a quiet room considering
that children with cerebral palsy are easily distracted and not able
to concentrate for a long time.

Gross motor function

To evaluate the change in gross motor function, the Gross Mo-
tor Function Measure-88 (GMFM-88) was used, which can be ap-
plied to children with cerebral palsy and Down syndrome that are
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5 months to 16 years of age. There are five measurement areas of
this evaluation tool, and the scores and total points for each area
are converted into raw scores and percentages and recorded. The
score was graded on a 4-point ordinal scale from 0-3 points, and
there are definitions for partial and complete performances of each
item in the evaluation execution and scoring guide, and the eval-
uator was fully aware of this. GMFM-88 had an intrainspector re-
liability of 0.91, a test-retest reliability of 0.998, and an inter-in-
spector reliability of 0.997, which proved to be a discriminatory
and sensitive tool (Rosenbaum et al., 2002).

Activities of daily living

The activities of daily living were measured using the Function-
al Independence Measure for children (Wee-FIM), a tool made
by modifying and supplementing the Functional Independence
Measure (FIM). Wee-FIM is applicable to general children aged
6 months to 7 years, children with developmental disabilities
aged 6 months to 12 years, children with a living mental age of
7 years ot younger, to evaluate their functional independence (Park
et al., 2013). This tool includes six evaluation items and 18 sub-
ordinate items for each item. Each item is on a 7-point scale, and
the total score may be calculated within a range of at least 18 up
to 126 points (Msall et al., 1994). This is a measuring tool with a
verified and standardized reliability, which has a test-retest reli-
ability of 0.83 to 0.99 and an inter-inspector reliability of 0.74 to
0.96 (Ottenbacher et al., 2000).

Data analysis

The data measured in this study were analyzed using the IBM
SPSS Statistics ver. 25.0 IBM Co., Armonk, NY, USA), and the
statistical significance level (o) was set to 0.05. After confirming
the assumption of normality of the measured variables through
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Table 2. General characteristics of each group

Table 4. Difference between the two groups in changes of balance

Characteristic Experimental (n=6)  Control (n=06) Z  Pvalue Variable Experimental Control Z  Pvalue
Gender 0.00 1.00 Static Balance
Male 2(33) 2(33) Surface area ellipse (nm?) -199.66+6837 -2500+17.20 -2.88 0.00*
Female 4(67) 4(67) Length (cm) 6.25+4.62 -185+£187 200 0.04*
Age 6.66+2.73 6.50+2.88 008 093 Dynamic Balance
Height (cm) 113.00+14.96 111.83+1636 016 087 Surface area ellipse (nm?) -27550+127.33 -2566+1526 -2.88  0.00*
Weight (kg) 2350+7.42 20.50+6.28 056 057 Length (cm) 961+6.20 -128+067 -288 0.00*
Gestational age (wk) 29.16+2.22 31.33+4.63 104 029 Values are presented mean + standard deviation.
Birth weight (g) 1,550.00+266.45 1,850.00+327.10 -1.54 012 *P<0.05.

Values are presented as number (%) or mean + standard deviation.

Table 3. Comparison of balance between before and after treatment

Variable Group Pre Post Z  Pvalue

Static balance
Surface area  Experimental 242.16+10457 4250+4543 -2.20 0.02*
ellipse (mm’) Control 126336641 10133+5357 220 002*

Length(cm)  Experimental 11.20+8.85 495+443 -220 0.02*
Control 10.98+7.82 913613 -220 0.02*

Dynamic balance

Surface area  Experimental 334.50+167.47 59.00+4039 -2.20 0.02*

ellipse (mm’) Control 188009425 162.33+8524 -220 002*
Experimental  16.30+10.56 6.68+4.77 220 0.02*
Control 1323+1060 11.95+1061 -220 0.02*

Length (cm)

Values are presented mean + standard deviation.
*P<0.05.

the Shapiro-Wilk test, a nonparametric method was implemented.
Changes in balance and gross motor function before and after treat-
ment in the experimental group and the control group that were
subjected to the sling exercise program were analyzed by the Wil-
coxon Signed—Rank test, and the difference in measurement re-
sults between the experimental group and the control group was
analyzed by the Mann—Whitney test.

RESULTS

The participants of the study were four males and eight females
out of a total of 12, average age was 6.58+2.68 years old, the av-
erage height was 112.42+14.96 cm, and the average weight was
22.00£6.74 kg. The general characteristic of the experimental
group and the control group were tested for homogeneity before
intervention, and as a result, there was no significant difference
between the two groups. Details are shown in Table 2.

https://doi.org/10.12965/jer.2142608.304

Table 5. Comparison of GMFM score between before and after treatment

Variable Group Pre Post Z  Pvalue
GMFM D Experimental 69.23+16.45 7820+16.19 -202  0.04*
(standing) Control 5171£2027 5299+2197 -134 0.8
GMFM E (walking, Experimental 47.45+2433 5231+2572 -220 0.02*

running, Control 2870+25.18 2940+2632 -134 018
jumping)
GMFM total Experimental 82.03+9.15 8554+858 -220 0.02*

Control 7225991 7311+1098 -160 0.10

Values are presented mean + standard deviation.
GMFM, Gross Motor Function Measure.
*P<0.05.

Static/dynamic balance

The within-group effect can be confirmed in Table 3. In the
within-group effect test, there was a statistically significant differ-
ence between the static and dynamic balance mean values of the
experimental group and the control group before and after the in-
tervention. There was also a significant difference in the value of
the difference in the sway area and length of the static and dynamic
balance between the groups, which can be confirmed in Table 4.

Gross motor function

There was a statistically significant difference in the scores and
total scores of the D (standing), E (walking, running, jumping)
areas before and after the intervention in the experimental group.
The control group did not show a significant difference, which
can be seen in Table 5. There was a statistically significant differ-
ence between the experimental group and the control group be-
fore and after the intervention for the score of each area and the
total score (Table 6).

Activities of daily living

The total score of the daily living activities shows a significant
difference in the experimental group before and after the interven-
tion in the within-group effect test, but not in the control group,
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Table 6. Difference between the two groups in change of GMFM score

Table 8. Difference between the two groups in change of Wee-FIM score

Variable Experimental  Control Z  Pvalue Dimension Experimental Control Z Pvalue
GMFM D (standing) 897+683 128+214 -224 002* Self-care 1.50+1.04 0.33+£0.51 -2.03 0.04*
GMFM E (walking, running, jumping)  4.85+4.00 069+1.16 -237 0.01* Sphincter control 0.00+£0.00 0.00+£0.00 0.00 1.00
GMFM total 350+£091 086+144 -241 001" Mobility: transfer 0.66+0.51 0.33+£0.51 -1.10 0.26
Values are presented mean + standard deviation. Locomotion 033+0.51 000£000 148 013
GMFM, Gross Motor Function Measure. Communication 0.00+0.00 0.00+£0.00 0.00 1.00
*P<0.05. Social cognition 0.16+040 0.00+0.00 100 031
Total Wee-FIM 266+1.50 0.66+0.81 -2.39 0.01*

Table 7. Comparison of Wee-FIM score between before and after treatment

Group Pre-treat Post-treat Z  Pvalue
Self-care

Experimental 3250+6.31 34.00+5.58 -2.04 0.04*

Control 30.66+6.21 31.00+5.93 1.4 0.15
Sphincter control

Experimental 13.66+0.51 13.66+0.51 0.00 1.00

Control 13.83+0.40 1383+0.40 0.00 1.00
Mobility: transfer

Experimental 16.66+3.55 17.33+3.77 -2.00 0.04*

Control 1450+4.76 14.83+4.99 -1.4 0.15
Locomotion

Experimental 11.50+1.51 11.83+1.72 -1.41 0.15

Control 9.66+1.03 9.66+1.03 0.00 1.00
Communication

Experimental 12.66+1.03 12.66+1.03 0.00 1.00

Control 13.16+1.32 13.16+1.32 0.00 1.00
Social cognition

Experimental 17.33+3.82 17.50+3.72 -1.00 0.31

Control 18.83+1.60 18.83+1.60 0.00 1.00
Total Wee-FIM

Experimental 104.33+11.09 107.00£1001 222 0.02*

Control 100.66+10.51 101.33+1080  -1.63 0.10

Values are presented mean + standard deviation.
Wee-FIM, Functional Independence Measure for children.
*P<0.05.

which can be confirmed in Table 7. There was a statistically sig-
nificant difference between the total score values of the experimen-
tal group and the control group before and after the intervention,
and the specific differences in each area and in the total score can
be confirmed in Table 8.

DISCUSSION

This study was conducted to investigate the effects of a sling
exercise program for trunk stability on static and dynamic balance
and body activities in a sitting posture for children with spastic
cerebral palsy.
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Values are presented mean + standard deviation.
Wee-FIM, Functional Independence Measure for children.
*P<0.05.

For children with cerebral palsy, trunk stability and the ability
to balance sitting posture are essential for performing hand move-
ments such as playing and eating, and for children who have diffi-
culty standing or walking, it is even more important for a smooth
wheelchair life (Kim et al., 2018a). In a meta-analysis that sum-
marized nine studies targeting stroke patients with limited bal-
ance ability, sling exercise training treatment combined with ex-
isting rehabilitation treatment could improve balance function after
stroke (Chen et al., 2016), and research by Park and Hwangbo
(2014) also claimed that sling exercise therapy is effective in trunk
stability and balance. In a study by Moraes et al. (2016), trunk
muscle strength reinforcement using horseback riding therapy
was performed twice a week for 30 min for 12 weeks in children
with cerebral palsy, and it was found that the sway distance and
sway speed were significantly reduced in the sitting position. This
is consistent with the study result that both static/dynamic bal-
ance of the experimental group to which the sling exercise pro-
gram was applied was significantly improved. The sling exercise
therapy is a dynamic state exercise conducted on an unstable sup-
port surface (Park et al., 2015). In a treatment applied in clinical
practice, exercise in static and dynamic state is applied to improve
balancing ability, and among them, exercise in a dynamic state
induces more muscle activity and increases the sense of balance and
posture maintaining ability (Lehman et al., 2005; Schubert et al.,
2008). Movement in an anxious environment promotes dynamic
balance and postural control over movement in a stable environ-
ment because it can potentially alter the order of neuromuscular
recruitment patterns (Nepocatych et al., 2018). In other words,
performing exercise using a therapeutic ball or sling rather than
in an environment such as a fixed ground stimulates the motor
organs of the cerebrum and stimulates proprioceptors to maximize
the sense of balance and ability to maintain balance (O'Sullivan et
al., 1997). Moreover, it is believed that the inclusion of a
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closed-kinetic chain motion that enhances joint stability and sup-
port of limbs and promotes simultaneous contraction of agonist
and antagonist muscles in the program composition promoted
trunk stabilization of the participant and improved balance (Dan-
nelly et al., 2011).

Casady and Nichols-Larsen (2004) reported a significant increase
in gross motor function when horseback riding treatment was ap-
plied for 10 weeks for 45 min for trunk stabilization to children
with cerebral palsy, and in a study by Ko et al. (2016), which ap-
plied a sling exercise therapy for 40 min twice a week for 6 weeks
to infants and toddlers with developmental disabilities, significant
improvement in gross motor function was also observed. All pre-
vious studies conducted programs for trunk stabilization and led
improvements in children’s gross motor functions, and even in
this study a significant improvement in gross motor function was
confirmed after 8 weeks of trunk stabilization sling exercise pro-
gram, which matches with results from previous studies. The sling
exercise program used for trunk stabilization in this study is a
sensoty-motor control training, and the training proceeds by re-
peating the same motion in a moving string. This is to recreate
the engram for the movement in the center, and it not only im-
proves the stability of the trunk, but also improves the ability to
control the trunk and align posture, and promotes movement (Lee
and Lee, 2014). This improvement of trunk control and posture
alignment ability induces the promotion of movement such as
functional movement, so it is considered that there was a signifi-
cant improvement in the gross motor function.

The meta-analysis by Chen et al. (2016) claimed, based on nine
studies, that sling exercise training treatment has a superior effect
of improving the functional independence than the existing reha-
bilitation treatments. The functional independence of the partici-
pant was measured using Barthel index score, which can be used
as the same measure as FIM (Prodinger et al., 2017). The Wee-FIM
used in this study is a tool which was modified from FIM to be
used for children, so it has the same evaluation items, differing
only in target age. Thus, the before-and-after significant difference
of the experimental group in the score of the daily living activities
shown in the result of this study can be interpreted as the result
that is consistent with that of the precedent study. The sling re-
duces the weight bearing of parts of the body so that even those
who lack motor ability can actively participate in the exercise and
control their own movements while having the opportunity to
train for proprioception and neuromuscular control (Choi and Kang,
2013). Thus, it can be said that more efficient and functional ac-
tive exercise is possible (Jung and Choi, 2019). Since the sling ex-
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ercise is conducted based on positive participation, it can be help-
ful to improve the function and the quality of life as well as the
static posture alignment (Mau-Moeller et al., 2014).

As such, the results of this study suggest that the sling exercise
program for trunk stabilization is effective in improving children’s
balance and body activities, and the results may emphasize the
importance of active treatment participation and trunk control in
the treatment of children with spastic cerebral palsy and recom-
mend the application of sling exercise program for children who
lack trunk stability. Also, according to the result of this study, the
active treatment approach has a higher connection to the function-
al areas of the physical activity than the passive one. This can be
deemed to be meaningfully applicable to children with disabili-
ties who have limitations on the social engagement because of
taking more time to do self-management in daily life.

However, the participant is a child with spastic cerebral palsy,
so it is difficult to apply this to all types of cerebral palsy, and among
the children with spastic cerebral palsy accounting for 60% to 70%
of the entire children with cerebral palsy, only the children who
fall intco GMFCS level 11T to IV were selected as the participant,
and thus it is difficult to make a generalization and interpretation
because of the small number of participants. In addition, due to
environmental and ethical issues, it was difficult to completely
control the participant’s treatment at other institutions because
the experiment was designed as a quasi-experimental design. In
the future, it is expected that observation over time or studies tar-
geting children with more various types of cerebral palsy will
continue to provide evidence for the development of a more sys-
tematic sling exercise program and an active treatment approach.
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