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ABSRACT
Background: Spastic diplegic children suffer from spasticity, muscle tightness and
limitation of range of motion impeding their functional abilities and gait.
purpose: To evaluate the immediate effect of low frequency whole-body vibration on
spasticity, popliteal angle, and gait kinematics in spastic diplegic children.
Methods: Study was carried out on forty spastic diplegic children their age ranged
from 4 to 6 years old they were selected from the outpatient clinic of the Faculty of Physical
Therapy Cairo University, they had level 1 and II according to the gross motor function
classification system and had grade of 1 and 1+ spasticity according to modified Ashwarth
scale, Hoffman reflex (H/M) was used to assess spasticity,2- in-1 Digital Angle Ruler used
to assess the popliteal angle range and Tekscan Software was utilized to evaluate gait
kinematics.
Results: there is significant decreases in spasticity and popliteal angle immediately
after application of whole-body vibration associated with significant improvement of
kinematics gait parameters (P< 0.001).
Conclusion: Low frequency whole body vibration is an effective modality for spastic
cerebral palsied children it reduced spasticity and improves range of motion and kinematic
gait parameters.
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1. INTRODUCTION
Spastic children are the most common type of cerebral palsy (CP) accounting for
approximately 70%–80% of all children [1]. Spastic diplegic children accounts about 30-40 %
of CP children, spastic diplegia accounts 70% to 80% of preterm infants with CP [2].
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Spasticity is a muscular response increased with velocity when the muscle is stretched
passively. Spastic dipelgic children had muscular stiffness in the affected limbs causing
limitation of movements [3], lower extremities are more affected than upper extremities in
spastic diplegic children [4,5].
Diplegic children had lumbar lordosis, anterior pelvic tilt, hip adduction and internal
rotation, knee flexion, toe in and equinovalgus foot deformity. Diplegic children walk with
abnormal adapted gait pattern as equinus, jumping, crouched, scissoring and stiff knee gait
pattern [6].
Diplegic children had flexed and internal rotated hips, semi flexed knees with planter
flexed ankles. The upper limbs pattern delayed up to three or four years of age, it includes
shoulder internal rotation, elbows flexion, wrists and fingers flexion, and adducted opposed
thumbs [7].
Diplegic children had poor motor control, abnormal muscle contracture and abnormal
muscular co contraction affecting the selective motor control and voluntary excursion of
movement and function pattern. Diplegic children had weakness in posture reaction and
mechanisms leading to poor balance and movement strategy [8].
Whole body vibration (WBV) is Mechanical oscillation generates force that acts on
the body with different amplitudes and frequencies [9], was introduced to decrease muscle
weakness and loss bone density in cosmonauts because lack gravity in the [10]. Whole body
vibration improves balance, bone mineral density and stimulate muscle spindles and Golgi
tendon organ thus reducing muscle spasticity [11].Whole body vibration modulate muscle
tone [12], stimulate proprioceptive reflex, reduce pain [13], and had warm-up effect reducing
risk of soft tissue [14].
To date, limited research investigated the immediate effect of low frequency WBV on
lower extremity spasticity and ambulation in spastic diplegic children [15]. The current study
aimed to determine the effectiveness of low frequency WBV on lower extremity spasticity,
popliteal angle range and kinematics gait parameters in spastic diplegic children.
2. Materials and Methods
Study design
The design of the study was prospective intervention study. Informed consent was
obtained from all the participants caregivers the study was approved by the ethical committee
of the faculty of physical therapy of Cairo university (P.T. RECC/012/001846).
Participants
Forty spastic diplegic children were selected from the outpatient clinic of Faculty of
Physical Therapy Cairo University, their age ranged from four to six years they had level I
and II according to Gross Motor Function Classification System and Spasticity grade 1 and 1+
according to Modified Ashworth Scale, they can understand order and follow instruction.
Children were excluded if they had visual or auditory problems, uncontrolled convulsions,
fixed contractures and deformities, surgical intervention less than one year and Children
injected by BOTOX within four months.
Materials
Modified Ashworth scale: to measure the grade of spasticity of the selected children
[16]. Gross motor function classification system Expanded and Revised version to measure
function activities level of the selected children [17]. 2- in-1 Digital Angle Ruler (Made in
china). EMG Neuropac S1, Model DI 90B, SN 00030, made in Japan to measure H\M ratio
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and Tekscan’s walkway pressure assessment (Tekscan Inc., Boston, USA) system – Tekscan
to measure gait kinematics [18]. Whole body vibrator (vegamax fitness VG300A, made in
china).
Procedure
Spasticity, popliteal angle and gait kinematics were assessed before and immediately
after application of whole body vibration, the child lies in a prone position to measure H\M
ratio firstly by EMG from the soleus muscle then changes his position to supine to evaluate
the popliteal angle by 2- in-1 Digital Angle Ruler, then gait kinematics were evaluated by
Tekscan Software. All children received whole body vibration for twenty minutes, the
vibration protocol was 20 Hz with 2 mm vertical displacement with children in a semi-squat
position on the platform to focus energy on the lower extremities [19].
1Hoffmann reflex of soleus muscle: The soleus H-reflex, is obtained by anodal
stimulation of the posterior tibial nerve at the popliteal fossa, stimulation starts with Small
intensities to record H- response then with higher intensities to record M- response [20].
2The popliteal angle was measured by 2- in-1 Digital Angle Ruler from supine
position with hip flexed to right angle [21].
3Tekscan’s walkway pressure assessment system used to measure step length,
step width, foot angle, walking speed and time. The child was instructed to walk over the
walkway for two or three times till the child became adapted with the apparatus then the data
recorded. The data then were displayed and exported in spread sheet form.
Data Analysis: The statistical analyses were performed by the statistical package of
social sciences (SPSS) version 20. Descriptive statistics (mean and standard deviation) were
computed for all data. The paired t - test was applied for comparison within the group.

3. Results
I- General characteristics of the subjects
The mean age of children was 5.33 ± 0.82 years. The gender distribution of children
revealed that there were 21 (52.5%) girls and 19 (47.5%) boys. The spasticity grade
distribution of children revealed that there were 18 (45%) children were with spasticity grade
I and 22 (55%) children with spasticity grade II. The GMFM distribution of children revealed
that there were 23(57.5%) children were with GMFM level I and 17 (42.5.%) children with
level II.
II. Effect of application of WBV on H/M ratio
as shown in table (1) there was a significant decrease in H/M ratio in comparison of
the pre and immediate post application of WBV (p = 0.0001) The mean difference was 8.84
and the percent of change was 28.84%.
III. Effect of application of WBV on popliteal angle
as shown in table (1) there was significant decrease popliteal angle in comparison of
pre and immediate post application of WBV (p = 0.0001). The mean difference was 10.2
degrees, and the percent of change was 25.04%.
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Table 1. Comparison of H/M ratio and popliteal angle between pre and immediate
post application of WBV
H/M ratio
 ±SD

Pretreatment

Immediate post treatment

30.65 ± 5.84

21.81 ± 6.51

t- value

pvalue

Sig

41.52

0.0001

S

t- value

pvalue

Sig

32.75

0.0001

S

Popliteal angle (degrees)

 ±SD
Pretreatment

Immediate post treatment

37.53 ± 6.45

28.43 ± 6.19

IV- Comparison between pre and immediate post application of WBV of spatial
parameters
There was a significant increase in step length immediate post application of WBV
compared with pre application of WBV (p = 0.0001). The mean difference was 5.05 cm, and
the percent of change was 26.64%. There was a significant increase in step width immediately
post application of WBV as compared with pre application of WBV (p = 0.002). The mean
difference was -0.92 cm, and the percent of change was 14.39%. There was a significant
increase in foot angle immediately post application of WBV as compared with pre application
of WBV (p = 0.0001). The mean difference was -4.84 degrees, and the percent of change was
31.02% as shown in table (2).
Table 2. Comparison between pre and immediate post application of WBV of spatial
parameters
Pre
Spatial parameters

immediate
Post

MD

% of
tchange value

pvalue

Sig

 ± SD

 ± SD

step length (cm)

18.95 ± 4.65

24 ± 4.82

5.05

26.64

-6.33

0.0001

S

step width (cm)

6.39 ± 1.69

7.31 ± 1.02

-0.92

14.39

-3.92

0.002

S

foot angle (degree)

15.6 ± 7.34

20.44 ± 3.62 -4.84

31.02

-5.97

0.0001

S

Χ

: Mean

SD : Standard
deviation

MD

: Mean difference

t
: Paired t value
value

p
value
S

: Probability
value
: Significant

V- Comparison between pre and immediate post application of WBV of temporal
parameters
There was a significant increase in cadence immediately post application of WBV as
compared with pre application of WBV (p = 0.001). The mean difference was 7.39 cm, and
the percent of change was 9.71%. There was a significant increase in gait velocity
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immediately post application of WBV as compared with pre application of WBV (p = 0.001).
The mean difference was 6.6 cm/sec, and the percent of change was 16.76 as shown in table
(3).
Table 3. Comparison between pre and immediate post application of WBV of
temporal parameters.
Temporal
parameters

Pre

immediate
Post

MD

% of
tchange value

pvalue

Sig

 ± SD

 ± SD

Cadence (steps/min)

76.09 ± 9.16

83.48 ± 8.54

-7.39

9.71

-8.01

0.001

S

Gait velocity (cm/sec)

39.36 ± 14.7

45.96 ±
12.53

-6.6

16.76

-7.7

0.001

S

Χ : Mean

SD: Standard
deviation

MD: Mean
difference
t value: Paired t
value

p value: Probability value
S:
Significant

NS: Nonsignificant

4. DISCUSSION
Whole body vibration is a commonly used method in pediatric rehabilitation centers
for physical disabled children as it is useful in treatment of spastic children, with minimal cost
as appose to the more expensive ways used to inhibit spasticity and had long term effect but
there is limited research studying its immediate effect on low frequency WBV on spastic
children, as spasticity impedes function in spastic CP children and affects their quality of life,
low frequency WBV used as method than increase voluntary control and damp spasticity. The
effect of low frequency WBV may last for an hour.
Whole body vibration applied with the children standing with semi flexed knee on a
vibrating platform to increase the force effectiveness with frequency of 20 Hz, this comes in
agreement with Yong-Gu Han et al., (2019) who reported that WBV with 18 to 20-Hz was
more effective as higher frequencies make the children feels fatigue and requires a long time
for the muscle recovers and lower frequency don’t improves muscle strength or function
abilities [22].
The result of our studies showed immediately reduction of spasticity of the calf
muscle, increase the range of the popliteal angle and improve step length, step width, foot
angle, walking speed this comes in agreement with Chunung et al., (2017) who reported that
stimulating alpha motor neurons influencing the Ia afferent fibers of the muscle spindle and
reduce spasticity by which inhibit the monosynaptic reflex [23].
These findings comes in agreement with Tupimai et al., (2016) who reported
reduction in spasticity of hip adductor, quadriceps, hamstrings, and soleus muscle measured
by Modified Ashworth Scale after WBV application for 12 children with spastic CP with
GMFCS levels I–III [24].
There is significant reduction of H/M ratio after application of low frequency WBV
for 20 minutes and this comes in agreement with Krause et al., (2015) who found an
immediate reduction in the musculus soleus stretch-reflex response after applying whole body
vibration on 44 children with CP [25], this also comes in agreement with, Ahlborg et al.,
(2006) who reported that WBV in spastic diplegia adults improved in muscle strength and
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reduced spasticity of the knee extensor muscles[26], this also comes in agreement with Sean
A et al., (2015) Who reported that whole body vibration provides symptomatic relief for CP
children and it may improve spasticity, muscle strength and coordination [27].
Whole body vibration induced excitatory influences continue for a short time after the
WBV, resulting in a transient increase in spasticity followed by induced inhibitory influences
resulting in reduction of spasticity. Whole body vibration reduced spasticity so the children
are more free and relaxed allowing them to execute more effective tasks so there is
improvement in the popliteal angle and kinematics gait parameters this comes in agreement
with Lanitia L.Ness (2009) who reported that reduction in quadriceps spasticity after WBV is
greater after 15 minutes of application than 5 minutes of application [28]. Also, our results
agree with Hsin-Yi et al., 2015 who suggested that an 8-week WBV intervention normalized
muscle tone, improved active joint range and enhanced ambulatory performance in children
with cerebral palsy for at least 3 days [29].
Whole body vibration stimulates muscle spindle, tendon organs, Pacinian, and
Meissner corpuscles [30], WBV stimulates proprioceptive receptors specially the muscle
spindles which could initiate stretch reflexes, resulting in the activation of α motor neurons
and causes muscle contraction, WBV could also improve postural stability due to its positive
effects on muscle strength, synchronization of the motor units firing and improved cocontraction of synergist muscles, that might bring about better balance control strategies in
patients [31].

5. Conclusion
Low frequency whole body vibration is an effective modality for spastic cerebral
palsied children it reduced spasticity and improves range of motion and kinematic gait
parameters.
Recommendations
 Using whole body vibration on other cases than cerebral palsy.
 Using whole body vibration for different age groups.
 Matching different age groups on the training program of vibratory stimulation for
different cases.
 Using whole body vibration for other cases with different spasticity and functional
levels.
 Increasing application time of whole-body vibration.
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