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ABSTRACT
Background: Acute lymphoblastic leukemia (ALL) is the most common type of childhood cancer; Children with
this type of leukemia have poor postural balance, which is one of the side effects of chemotherapy. Objective: To
evaluate the therapeutic effect of static and dynamic balance exercises using both sides up (BOSU) ball on balance
in children with acute lymphoblastic leukemia after completing their 6 months-chemotherapy treatment.
Patients and methods: Thirty children patients of both sexes (18 boys and 12 girls) were participated in this study,
who were selected from Benha Children Hospital with acute lymphoblastic leukaemia and had chemotherapy
treatment for 6 months participated in this study. They were randomly assigned to 2 groups of an equal number,
control group, 15 child patients who were 5-8 years of age (6.53 £ 1.13) that underwent gait training therapy and
study groups, 15 child patients who were 5-8 years of age (6.67 + 1.11), that underwent the same program in addition
to static and dynamic balance training program by using BOSU ball. Results: There was a significant improvement
of balance performance in study group more than control group. Conclusion: Balance exercises using BOSU ball
can be used effectively in treating balance defect post chemotherapy in children with acute lymphoblastic leukemia.
Keywords: Acute lymphoblastic leukemia; Balance exercises; Post chemotherapy side effect.

INTRODUCTION

Acute lymphocytic leukemia (ALL) is the The advantages of physical exercise training
most common type of childhood cancer, and its interventions that act on many disabilities in children
incidence is steadily increasing. The 5-year survival such as the skeletal system, skeletal muscle,
rate has also risen up to more than 85% in high income neuromuscular system, heart and lung, cardiovascular
countries, but treatment has adverse impacts. Because system, fatigue, disturbances of postural balance, and
of this improvement in survival rate, attention has metabolic changes were examined. These side effects
shifted toward understanding the adverse impacts of can be prevented or significantly reduced by
cancer treatment such as chemotherapy-induced introducing a physical exercise program during or
neuropathy and loss of bone mineral density. Poor shortly after cancer treatment. Several interventions
balance is an adverse effect that is less investigated are introduced to reduce the level of vulnerability
for cancer treatment @, caused by disease and thus suggest the importance of

Balance defects seen in children and physical training activity in improving children's
adolescents having been through neurotoxic treatment quality of life ®. Balance training is an effective
for cancer, despite balance impairments occurring intervention to improve static postural sway and
during cancer treatment improve over time, their dynamic balance. Both sides up (BOSU) ball is a tool
mean scores remain below population norms at 6 that helps enhance postural balance and adds extra
months post treatment for many forms of cancer . intensity to many different types of training; upper

Motor skills in children grow fast and any and lower body, core and cardio, challenging body
intermission of this development, e.g. during the balance, improving core strength, stability, moreover
course of a cancer disease and its treatment, leads to it adds fun to children ©.

a lateness in a number of these motor skills ®. This Also, gait training can help in improve
can be accompanied by psychosocial effects in postural balance as it helps in strengthening the
affected individuals when dealing with other muscles of the body, improves balance and posture,
members of their same age group. A decrease of builds up endurance, develops muscle memory,
balance ability is supposed to be one side effect of retrains the legs for repetitive movement, and reduces
childhood cancer, according to the cancer type, the the risk of falls, while increasing body movements @

treatment, and the time elapsed since treatment ©.

@ @ This article is an open access article distributed under the terms and conditions of the Creative
L@‘m:J Commons Attribution (CC BY-SA) license (http://creativecommons.org/licenses/by/4.0/)
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MATERIALS AND METHODS

Thirty children patients of both sexes (18
boys and 12 girls) ranging in age from 5 to 8 years,
participated in this study. They were selected from
Benha Children Hospital. They were enrolled in this
study if they were diagnosed with acute
lymphoblastic leukaemia (ALL) and had their
chemotherapy treatment for 6 months. They could
stand independently, All children were able to follow
instructions during testing and treatment procedures.
Children were excluded if they had any other type of
leukemia, had high risk ALL (received more
intensified chemotherapy dose), had neurological
disorders that could affect balance, diagnosed with
another condition that could affect balance (i.e.,
fractures, symptomatic osteonecrosis), with visual
perceptual disorders, sensory or hearing deficits or
had psychological disturbances.

Ethical approval:

Subjects in this study were informed about the
study procedure and signed a written informed
consent. Approval of the Ethical Committee of
Cairo University was obtained.

The included subjects were randomly divided
to two groups of equal number, control group, which
received gait training therapy and study groups, which
received the same program in addition to balance
training program (static and dynamic) in BOSU ball.
The treatment was set for 90 min. for 3 sessions/week
for 3 successive months.

Instrumentation:  Instrumentation  used  for
evaluation was pediatric balance scale (PBS).
Recording balance score was at these times: T1: one
week before 1% chemotherapy dose (base line), T2:
just after completing six successive months of
chemotherapy treatment (pre-treatment), T3: three
successive months later after children received
physiotherapy treatment (post-treatment).

Pediatric balance scale:

The pediatric balance scale (PBS),
modulation of Berg's Balance Scale, was developed
as a balance scale for school age children with mild to
moderate motor defects. It is 14-items scale which is
easy to conduct, doesn't require special tools, and can
be finished in <20 min. A 0 to 4 grading scale
provides a quantitative and qualitative measure of
performance. A total numeric score is obtained at the
end of the test ©.

Evaluation procedure:
(Repeated measure design)

Before starting the test, the therapist is
responsible for explaining each item to the children,
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at first, every item was requested from the child and
then only one opportunity was given to practice the
item before the real performance. Each item was
scored on a scale of 0 to 4. During practice, the
therapist provided physical assistance and/or visual or
auditory cues, if needed, to make sure that the child
fully understood what he/she was supposed to be
doing. On average, it takes 15 minutes for each child
to finish the test completely. The test environment
setting was a quiet room, and away from physical
obstacles. The evaluation area was fixed during the
number of assessments. The second session of the test
was held 3 months after the first session. Attendance
of family members was optional while performing the
test ©,

Treatment Instrumentation:
Both Sides Up Ball (BOSU):

BOSU ball is a modern means that helps in
acquiring the basic physical fitness elements, which
in turn have a better effect on performing the basic
skills in various activities. It is a strong rubber
hemisphere fixed to a solid circular base of non-slip
synthetic fibers, and the ball is limited by prominent
lines on its full rotation not slip from above or from
the side and can be used and work on it from all
directions. The BOSU ball contributes as an aid mean
in acquiring specific physical qualities and general
fitness (9,

It is an effective mean to train both static and
dynamic balance, and also to train motor skills, motor
skills and proprioception; while training on an
unstable surface, the core muscles automatically fires
and contracts to keep the body upright. Thus, the
BOSU challenges individuals to increase strength and
balance simultaneously, also it is used to enhance
balance, torso or core strength, and proprioception 9.
The best thing about the BOSU, besides its versatility,
is that it adds fun to regular workouts ¢?.

Balance training on BOSU ball:

Balance training is an effective intervention
to improve static postural sway and dynamic balance.
Both sides up (BOSU) ball is a tool that helps in
enhancing postural balance, adding an extra intensity
to many different types of training; upper and lower
body, core and cardio, challenging body balance,
improving core strength, stability ©.

Gait training exercises:

Gait training is a number of exercises that
help for better walking. The exercises involve
improving mobility of lower extremity joints,
improving strength and balance, and mimicking the
repetitive nature of legs that occur during walking @2,
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Treatment procedure:

Group A: They received physical therapy program of

gait training between parallel bars for 30 minutes, the

training program was the same for each session as

follows: The child stood on a firm mattress in a

comfortable position with his/her base of support

nearly as the shoulder width between parallel bars, the

therapist stood behind the child, assist him/her if

needed, and encouraged the child to walk in an erect,

upright position and to take steps while keeping

his/her balance, he/she can hold on the bars if needed,

for 30 minutes.

Group B: They received physical therapy program of

gait training in addition to physical therapy program

to improve balance using BOUS ball with the stand

bar for holding on when needed, the training program

was the same each session for an hour. All exercises

were done on the dome side of the BOSU ball 4

minutes for each exercise, and rest period were given

according to each child when needed. The exercises

were:

1) Standing on BOSU ball.

2) Standing with closed eyes on BOSU ball.

3) Standing with feet together on BOSU ball.

4) Step standing on BOSU ball.

5) One leg stance on BOSU ball.

6) Turning 360° while standing on the BOSU ball.

7) Tracking an object behind shoulders while
standing on BOSU ball.

8) Pick up an object while standing on BOSU ball.

Table (1): Demographic data in the two groups

9) Reaching forward with outstretched arm while
standing on BOSU ball.

10) Kneeling on BOSU ball.

11) Squatting on BOSU ball.

12) Balancing reverse lunges on BOSU ball.

13) Four point contra-lateral limb extension on BOSU
ball.

14) Airplane on BOSU ball.

15) Walk up on BOSU ball.

Statistical analysis

Results were expressed as mean =SD,
number and percentage. Pearson chi-square and
unpaired t-test were used to analyze gender and age
distribution between groups. To examine the
normality of the data Kolmogorov-Smirnov statistic
with Lilliefors significance level and Shapiro-Wilk
test were used. The quantitative data of this study
were normally distributed. So, the comparison
between PBS scores of T1, T2 and T3 values among
the two groups was done using unpaired t-test.
Analysis of variance (repeated measures ANOVA)
and post-hoc test were used to compare the three
consecutive measures of PBS scores of T1, T2 and T3
values within each group.

RESULTS

Both gender and age showed a statistically
insignificant difference between study group and
control group (Table 1).

Gender Age
SO Gk P-value Mean £SD P-value
Number (%) Number (%) B
8 7
Control group 0 5 6.53+1.13
531'?/) 465'”) 0.456 0.74
Study group 66.7% 33.3% 6.67 £1.11

Table 2 illustrated the comparisons within each group between T1, T2 and T3 of PBS score. Both groups

showed a statistically significant difference.

Table (2): Comparisons within each group between baseline T1, pre-treatment T2 and post-treatment T3 of PBS

score
Time of Evaluation Mean £SD P-value
Baseline T1 30.93+2.71
Control group Pre-treatment T2 16.13+ 2.20 <0.001
Post- treatment T3 25.60 £ 1.88
Baseline T1 30.60 + 2.82
Study group Pre-treatment T2 15.93 + 2.02 <0.001
Post- treatment T3 36.93+1.94

Table 3 showed that there was a statistically insignificant difference between groups for T1, T2 and T3.

401



https://ejhm.journals.ekb.eg/

Table (3): Comparisons of PBS score for all times of measurement, baseline T1, pre-treatment T2 and post-

treatment T3, between groups

PBS score
Time of Evaluation Group Mean +SD P-value
. Control group 30.93+2.71
Baseline T1 Study group 30.60 + 2.82 0.744
o o Control group 16.13+£2.20 297
re-treatment Study group 15.93 + 2.02 0.79
Control group 25.60 + 1.88
Post-treatment T3 Study group 3693+ 194 <0.001

DISCUSSION

The current study aimed to evaluate the
therapeutic effect of static and dynamic balance
exercises using both sides up (BOSU) ball on balance
in children with acute lymphoblastic leukemia (ALL)
6 months after finishing their chemotherapy
treatment. The BOSU ball is a fun and kid-friendly
tool for balance training as it added fun to usual
workouts and encourages children patients 2,

The results of this study support the use of
balance training exercises (static and dynamic) for
children with acute lymphoblastic leukemia with
BOSU ball as it enhance balance, torso or core
strength, and proprioception ¢V,

In the current study there was a significant
affection of balance performance measured at T1
before chemotherapy treatment could be attributed to
ability of cancer to affect nerves by direct infiltration,
pressure by tumor, fibrosis from radiation therapy,
neurotoxicity from chemotherapy, or paraneoplastic
disorders. Neurologic complications in cancer
patients can affect any level of the central and
peripheral nervous system. Direct involvement
includes brain metastasis, intramedullary spinal cord
metastasis, epidural spinal cord compression,
leptomeningeal metastases, and cranial or peripheral
neuropathies 4,

These T1 results of decreased postural
balance performance were also revealed by Gilchrist
and Tanner @, who found that 50% of their
participants had balance impairment even before
starting the chemotherapy. It is likely due to the effect
of the disease or medical treatment that was given
during the diagnostic phase.

The significant affection of postural balance
performance denoted when comparing between T1
before chemotherapy treatment and T2 after
chemotherapy treatment for six months before
physical  therapy treatment, indicates that
chemotherapy treatment of ALL can affect balance
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through various mechanisms, including sensory and
motor peripheral neuropathy, cognitive impairment,
and reduced muscle strength and flexibility @,

The current study revealed a significant
improvement of balance performance in study group
more than control group. This could be attributed to
using BOSU ball as a training tool for balance which
plays an essential role in promoting balance, torso or
core strength, and proprioception. Rehabilitation
intervention has great possibility to alleviate the effect
of cancer and its treatment, and may have a role in
reducing morbidity and mortality rates 9.

Additionally, the results of the present study
comes in agreement with Huang and Ness ", who
reported that focusing of ALL children in engaging in
physical activities is noticeable, because ALL
pediatric patients can often exhibit some symptoms of
depression such as negative mood, interpersonal
problems, ineffectiveness, anhedonia, and negative
self-esteem. Physical exercise training, as well as
enjoyable activities, can enhance a relationship of
trust and security between the subjects concerned,
improve the child’s psychological aspect, enhance the
importance of the interpersonal component and
improve the overall quality of life of ALL children.

CONCLUSION

From the obtained results, it can be concluded
that balance exercises using both sides up (BOSU)
ball can be used effectively in treating balance defect
post chemotherapy in children with acute
lymphoblastic leukemia as it is a safe, effective in
improving both static and dynamic balance, as well as
training motor skills, kinesthetic awareness,
proprioception and core muscles, and finally it adds
fun to children in the psychological aspect.
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