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Abstract : Obijectives: To compare the effects of whole body vibration with suspension
therapy in relation to balance and functional capacity in diplegic cerebral palsied children.
Subjects and methods: Thirty diplegic cerebral palsied children of both sexes were enrolled in
the study with their ages ranged between 7 and 9 years. They were randomly and equally
distributed into two study groups. The first group underwent the whole body vibration training
and second group underwent suspension therapy through the spider cage. Also, both groups
received the same designed physical therapy program. Stability indices and functional capacity
were evaluated by using 6-minute walk test and Biodex stability system respectively before and
after six successive months of treatment. Results: significant differences were obtained when
comparing the pre and post treatment results of all measuring variables of both groups showed
(P <0.05) except non-significant differences in medio-lateral stability index (P >0.05) in group
I. Also, the results showed that the group underwent the suspension had more effect in
comparison to the group of whole body vibration. Conclusion: Whole body vibration and
suspension therapy training are effective additional tools in rehabilitation of diplegic cerebral
palsied children with decreased balance and functional capacity in favor of the suspension
therapy.
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Introduction

Cerebral palsy could be defined as a group of sensorimotor disorders caused by a non-progressive
lesion during development of the brain resulting in disorders of posture and movement [1]. Diplegic CP
considers the most common type of CP in which the lower limbs are more affected than upper limbs [2].
Frequent falls, impaired balance and gait disturbances are common disorders in CP children [3]. Decreased
range of movement, muscle strength, sensory organization, motor coordination, cognition and abnormal muscle
tone [4], abnormalities in the vestibular apparatus [5] causes the balance disorders in CP children. In diplegic
CP children, balance is mainly affected due to impairments of neural motor control mechanisms and
musculoskeletal disorders [6]. Most of the therapy program aim to keep the alignment of the extremities to
overcome the edema, soft tissue overstretch and pain through the weight-bearing exercises [7].Whole-body
vibration (WBYV) is one of the methods of muscle strengthening [8, 9]. A study showed that WBV therapy was
superior to a low intensity resistance training program in improving isometric and dynamic muscle strength in
middle aged and older women [10]. The patient is practicing on vibrating platform either in a standing or
moving positions. Controlling of balance is necessary for performing most of functional activities which helps
the children to maintain their balance during unexpected disturbances when they make a movement toward the
border of the limit of stability [11]. The children keep their feet in contact with the moving surface of WBV
more time than walking over ground [12]. Researchers are needed to investigate the longer effects of WBV on
the child’s capability to keep their balance while overcoming the obstacles [13]. Suspension therapy is an
efficient method in the treatment of CP children. It could be used with traditional physical therapy methods to
improve balance with increasing independence which improves the muscle strength, function of the vestibular
system coordination and balance [14]. Biodex Stability System (BSS) enables objective assessment of balance
[15]. Six minute walk test (EMWT) is used to determine the functional ability [16], in which the subjects walk
as they can in 6 minutes (min.) about a pre-measured distance. The 6MWT is an effective for assessing the
children with musculoskeletal disorders as walking [17]. This test is an indirect assessment of subject’s capacity
during activities of daily living and follow-up of the treatment [18] and to measure walking ability [19]. The
test has been validated in several populations, including patients CP [20].

Several studies were conducted to investigate the effects of WBV and suspension therapy in CP
children. So, this study was designed to compare between the effects of WBV with suspension therapy in
relation to balance and functional capacity in diplegic CP children.

Materials and Methods

Thirty children with diplegic CP from both genders, with their ages ranged between 7 and 9 years, were
enrolled in this study via National Institute for Neuro-Motor System and Out-patient Clinic of Faculty of
Physical Therapy, Cairo University. Selecting this age group could be attributed to the fact that, agility and
balance defects are common in CP children in the age from 7 to 14 years [21]. Children with 7 to 10 years of
age are capable of maintaining balance and effectively use the vestibular system as in adult [22].

The inclusion criteria were as following: children had sufficient cognition, the degree of spasticity was
1" to 2 according to Modified Ashowrth Scale [23]; having level 11 on Gross Motor Functional Classification
Scale (GMFCS) [24].They had mild to moderate dynamic deformity. All the subjects were using AFOs on
regular basis. They were able to walk independently at least 10 meters without the use of walking aids but with
crouch gait. The strength of quadriceps, hamstring and calf muscles is at least grade 3 according to Kendall et
al. [25].

The exclusion criteria were as following: hearing or vision loss, lower limb surgery or Botulinum toxin
injections of the lower limb within the last 6 months, cardiac anomalies, mixed CP type.

The children were randomly and equally distributed into two study groups. Study group I included 15
children (8 girls and 7 boys) received WBYV training and study group Il included 15 children (7 girls and 8
boys) received suspension therapy. In addition, both groups received the same designed exercise program.

This work met the Ethics of the World Medical Association (Declaration of Helsinki) for studies of the
humans. The Parents signed a consent form before participation. Purpose of the study, potential risks, benefits
and the procedures involved for evaluation and treatment were explained to all parents.
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Randomization

Forty children were selected for eligibility. Ten children were excluded because nine of them did not
meet the inclusion criteria and the parent of the tenth child refused to participate in the study. Randomization
process was performed following the baseline measurements by closed envelopes. The 30 closed envelopes were
prepared by the authors. Each envelope contained a labeled card with either study group | or study group II.
Finally, each child was instructed to draw his/ her envelope which contained whether he/she was allocated to the
study group | or Il. The flow chart of the study design is represented in Figure 1.

Assessment for eligibility (N = 40)

Excluded (n = 10)
¢ Not meeting inclusion criteria (n = 9)
o Refused to participate (n = 1)

Included for study
(n=30)

L

Informed consent obtained
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v
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Allocated to the study group | Allocated to the study group 11
. (n=15) (n=15)
v
r ) y
Exercise therapy program Exercise therapy program
+
+
Whole body vibration ;
L y Suspension therapy
2 y
Six successive months intervention
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Follow-up after 6 months (n = 15) Follow-up after 6 months (n = 15)
Excluded from analysis (n = 0) Excluded from analysis (n = 0)

Figure 1. Flow chart showing the experimental design of the study
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Evaluation
a- Preliminary evaluation

The motor functions of the children were measured by the Gross Motor Function Measure (GMFM-88)
[26]. The GMFM-88 was designed to measure changes in GMF over time in children with motor disorders as
children with CP [27]. It includes 5 dimensions (lying and rolling; sitting; crawling and kneeling; standing;
walking, running, and jumping) [28]. The percentage of the maximum score for each dimension is taken.

b. Balance evaluation and Six Minute Walk Test

A familiarity session was conducted before each test to to ensure the comfort of the children with the
research team and to be familiar with different test steps.

Balance evaluation

The BSS included a support handle and an anterior screen adjusted according to the child’s height. The
screen provided feedback through it the child could keep the cursor in the center to get the best score of balance.
Dynamic limit of stability on stability level 8 was performed. Moreover, level 8 represented the most stable
level, as high test-retest reliability for the BSS was reported when using high resistance levels [29]. When the
child was centered on the platform, heels coordinates and feet angles and introduced to the system. After the
platform changed to an unstable position, the child focused on the visual feedback from the screen which placed
in front of him/her while trying to maintain the cursor in the middle of the screen. The test consumed 30
seconds (sec.). At the end of each test, the result was obtained on the screen consisting of overall stability index
(Overall Sl), antero-posterior stability index (A/P SI) and medio-lateral stability index (M/L SlI). The test was
repeated for 3 times and the mean of the 3 trials was taken. The higher mean values indicated balance difficulty
[30].

Six Minute Walk Test

According to the guidelines of the American Thoracic Society, the children in both groups instructed to
walk on a rectangular and unobstructed pathway which was conducted by the authors. The walking distance
was 20 meters (m) between turning points. The therapist followed closely with a stopwatch to measure the
distance covered by the child in 6 min. and to ensure safety. The child was encouraged to cover as many laps of
as he/ she could in 6 min. without running [31].

Treatment protocol

Each treatment was given for 1 hour/3 days/ week for six successive months. Each group received the
same exercises program for 30 min /3 days/ week for six successive months. In addition, the children in the
study group | underwent WBYV and study group Il underwent suspension therapy for 30 min /3 days/ week for
six successive months. A familiarity session was conducted before the treatment protocol to all the children in
which the children practiced WBYV and suspension therapy.

Whole body vibration

The WBY device (Vibraflex Home Edition 1I®, Orthometrix Inc, and White Plains, NY) was used. The
treatment schedule was adopted from previous studies [32, 33, 34]. Each session included cycles of 3 min of
vibration followed by 3 min rest till the end of the session. So, the duration of each treatment session was about
9 min. The child stood on the vibration plate. The peak-to-peak displacement increased with increasing the
distance between the feet and the center of the plate. Three places were represented on the plate labeled as 1, 2
and 3 indicating the peak to-peak displacements of 2, 4 and 6 mm respectively. The tilt angle was firstly 35
degrees which was increased gradually till the device placed completely on the ground that was depended on
the ability of the child to keep the upright position. The children were firstly connected to the tilting table
through two straps (the first one was at the knees and the second one at the pelvis level). The frequency of 12
Hz with 2 mm displacements was firstly used. The child was instructed to flex his/ her knees and hips between
10 to 45 degrees in order to prevent reaching of the vibration to the head. The child was encouraged to correct
his/ her posture through visual feedback from the mirror of the WBYV device and verbal cueing of the therapist.
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Suspension therapy via spider cage

The child was standing in the medial of the spider cage while he/ she was hooked up by a belt around
his/her waist by velcro straps. The belt was connected to the cage by elastic cords in a spider shape. The
suspension provided assistance, support or resistance during training [35]. A group of exercises were applied as
following:

1. Cords beside: when the cords connected to the belt at the same level of connection of the cords to the
cage, there was full weight bearing on both lower limbs. The cords were elastic to help the child to control
and re-adjust him/ herself. In the beginning, the cords’ tensions were equal to enable the child to assume
the upright posture and gradually decreased. Whereas, the tension of the front and back cords was
interchangeably decreased while repeating the same exercises. A group of exercises balance were applied
to improve which included: kneeling, half kneeling, kneel-walking, standing weight shift, stoop and
recover, squatting from standing position, throwing ball, kicking ball, standing on one foot standing on
balance board, stepping, jumping in place and jumping abroad.

2. Full suspension: the child was fully suspended when level of connection of the cords to the cage was
higher than its connection to the belt. The vestibular stimulation could be provided. The therapist pulled
the child backward to swing him/her forward and backward, side to side and up and down movements
through space until he/ she stopped. Each exercise was performed for 1-2 min followed with 1-2 min rest
[36].

In addition, each child in both groups underwent individually the same designed exercises program. The
program was included the following:

= Stretching exercises for the tight muscles
= Strengthening exercises for the antispastic muscles
= Balancing exercises in standing

= Gait training

Data analysis

The data of stability indices and the functional capacity of both groups were analyzed. The mean (X )
and standard deviation (SD) of the measuring variables in addition to the age, weight and height were done.
Paired t-test was conducted to compare the pre and post treatment results in each group. Unpaired t-test was
conducted to compare pre and post treatment results of both groups. The significance level for the statistical
tests was p < 0.05. The statistical analysis was done by SPSS (Statistical Package for Social Sciences, version
20).

Results

Subjects’ characteristics

Table 1, presented the age, weight and height of both study groups. The obtained results showed non-
significant differences between both groups indicating homogeneity of the study sample for both groups (P >
0.05).

Table 1. Subjects’ characteristics

Group | (n=15) Group Il (n=15) t-value p-value
Age (years) 7.11%0.56 7.52 +0.63 1.88 0.07
Weight (Kg) 27.06+ 3.79 27.86+4.43 0.53 0.59
Height (cm) 115.12+ 4.59 117.33+6.85 1.04 0.32

Data are expressed as x + SD  kg: Kilogram  c¢m: Centimeter P-value: level of significance
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Stability indices

Table 2, presented the stability indices of both groups. The Unpaired t-test revealed non-significant
differences between both groups in the pre-treatment results (P > 0.05) and significant differences of post
treatment results with higher results to group 1(P <0.05). The Paired t-test of both groups recorded significant
differences between pre and post-treatment results (P <0.05) which were in the form of significant reduction in
all stability indices of both groups except non-significant differences in M/L SI (P >0.05) in group | was
recorded.

Table 2. Stability indices of both groups

Group | Group 11
Overall SI A/P SI MI/L SI Overall SI A/P SI M/L SI
Pre 1.91+0.23 158+0.29 1.67+0.28 1.89+0.25 1.53 £0.24 1.60 £0.21
Post 1.64 +0.26 1.38+0.20 1.60+£0.25 1.37£0.18 1.25 +0.17 1.20 £0.15
t-value -3.012 -2.199 -0.722 -6.538 -3.687 -6.003
p-value 0.0054* 0.0363* 0.4761 0.0001* 0.0010* 0.0001*

Sl: Stability index ~ A/P: Antero- posterior

* Significant at P < 0.05

Data are expressed as x + SD

M/L: Medio-lateral ~ P-value: Level of significance

Six- minute walk test

Table 3, presented the 6MWT of both groups. The Unpaired t-test revealed non-significant differences
between both groups in the pre-treatment results (P > 0.05) and significant differences of post treatment results
with higher results to group (P <0.05). The Paired t-test of both groups recorded significant differences
between pre and post-treatment results (P <0.05).

Table 3: Six minute walk test of both groups

Group | (meter) Group Il (meter)

Pre 298 +8.34 295.57 £ 9.30
Post 330 £7.45 350.32 +£10.75
t-test 11.08 14.92
p-value 0.0001* 0.0001*

Data are expressed as X = SD P-value: level of significance * Significant at P < 0.05

Discussion

Improvement of mobility in CP children could effectively result in savings of health care system [37].
Balance and gait disorders are the most problems of CP [38]. The clinical implication of this study was to the
present study was designed to compare the effects of WBV training with suspension therapy in relation to
balance and functional capacity in diplegic CP children. Both methods are effective additional tools to the
rehabilitation program in favor of the suspension therapy with high recommendation for using suspension
therapy.

The Paired t-test of both groups recorded significant differences between pre and post-treatment results
(P <0.05) which were in the form of significant reduction in all stability indices and 6MWT of both groups
except non-significant differences in M/L SI (P >0.05) in group | was recorded. This improvement might be
attributed to the combined effect of a designed exercise program and sensory stimulation through WBV or
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suspension therapy which worked at a multi-system level: the visual, proprioceptive, and vestibular inputs
leading to muscle tone modulation that encouraged the appearance of normal motor response, improved the
sensorimotor integrative process and enhanced the relationship between the sensory and motor system [39].

The improvement in the stability indices of the study group received suspension therapy could be
explained by Stillman [40] who stated that during the learning process of skills, proprioceptive awareness of
movements and postures and is necessary. The proprioceptive system could detect and adjust the slower
movements. Also, it could be able to stimulate precise, immediate and fast reflexive compensatory reactions in
response to sudden changes in internal or external forces during standing balance. Keen [41] reported that the
spider cage could help the patient to overcome the effect of gravity in static and dynamic patterns and modulate
the muscle tone to keep the body from falling. McCollum and Leen [42] added that spider cage could provide
the child with more support to decrease the center of pressure (COP) displacement and keeping the COP near
the center. So, suspension therapy is an effective tool added to traditional physical therapy treatment to improve
the postural stability in children with CP [43].

The functional capacity of the children in both groups was improved which could be related to
improvement in the balance through improving the biomechanical loading on lower limbs. These results are
supported by the American Thoracic Society which mentioned that one of the factors which might contribute to
increasing of functional capacity is improved biomechanical loading of the joints which leads to a more
efficient and comfortable gait. Also, improved body image, increased confidence, and decreased fear of
movement could result in improvement in functional walking [44].

Unpaired t-test revealed significant differences of post treatment results of both groups with higher
results to group received the suspension therapy (P <0.05). These results could be attributed to the improvement
of the function of vestibular system and proprioceptive system. The spider cage might stimulate the otolith
organs of the vestibular through the linear displacement of the cage. These results in consistent with Senior [45]
who stated that the suspension therapy could develop the equilibrium reaction to maintain and regain standing
balance through vestibular input, proprioception and vision.

The study has some limitations including, only one kind of CP with relatively small sample size which
limit the generalizability of the findings. Second, the short duration of the study to detect whether the effects of
the suspension therapy or WBV were maintained and whether there were any longer term outcomes after
terminating the program. Therefore, future studies can extend the duration of the study to help determine the
long term sustainability of the program with a large sample sizes and other types of CP.

Conclusion

According to the results of this study, its conclusion that, the WBYV and suspension therapy are effective
additional tools to the rehabilitation program for children with spastic diplegic CP in improving the balance and
functional capacity with high recommendation for using suspension therapy.
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