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Effects of whole-body vibration on
quadriceps and hamstring muscle strength,
endurance, and power in children with
hemiparetic cerebral palsy: a randomized
controlled study
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Abstract

Background: Hemiplegic cerebral palsy (CP) enormously affects the quadriceps and hamstring muscles. It causes
weakness in the affected lower-extremity muscles in addition to muscle imbalance and inadequate power
production, especially in the ankle plantar-flexor and knee extensor muscles. It also causes anomalous delayed
myoelectrical action of the medial hamstring. A whole-body vibration (WBV) exercise can diminish muscle spasticity
and improve walking speed, muscle strength, and gross motor function without causing unfavorable impacts in
adults suffering from CP. Thus, the aim of this study is to investigate the impacts of WBV training associated with
conventional physical therapy on the quadriceps and hamstring muscle strength, endurance, and power in children
with hemiparetic CP.

Results: The post-intervention values of the quadriceps and hamstring muscle force, endurance, and power were
significantly higher than the pre-intervention values for both groups (p = 0.001). The post-intervention values of the
study group were significantly higher than the control group (quadriceps force, p = 0.015; hamstring force, p =
0.030; endurance, p = 0.025; power, p = 0.014).

Conclusion: The 8 weeks of WBV training that was added to traditional physical therapy was more successful in
improving the quadriceps and hamstring muscle strength, endurance, and power in children with hemiparetic CP
when compared to traditional physical therapy alone.
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Background
Cerebral palsy (CP) is a developmental disorder of
movement and posture. It causes non-progressive distur-
bances of the brain, which prompts movement impedi-
ments and conversely influences sensation, perception,
cognition, behavior, and communication. Furthermore,
there are spasticity, dyskinesia, and hyperreflexia which
disturb motor control of walking, reaching, and accuracy
of grasping objects [1].
Results of the meta-analysis study of Spittle et al. [2]

revealed that the pervasiveness of CP was 14.6% in ex-
tremely preterm children, 6.2% in very preterm children,
and 0.7% in the moderate to late preterm when com-
pared with 0.11% in term-born children. Such result can
be divided on the basis of the motor effects it has on the
individual; these can incorporate pyramidal/spastic CP
or extrapyramidal/non-spastic CP [3, 4]. It was shown
that the most widely recognized sort of CP was the pyr-
amidal or spastic CP which is combined with tight or
contracted muscles [4, 5]. CP is frequently subdivided
according to the affected parts of the body into mono-
plegia, hemiplegia or hemiparesis, paraplegia or parapar-
esis, diplegia, and quadriplegia or quadriparesis [6].
Children with CP have weak muscle strength and con-
trol, which limits the functional activities such as stand-
ing and walking [7]. Also, the quadriceps and hamstring
muscles are affected in hemiplegic CP that may cause a
remarkable change in the functional activities such as
sit-to-stand activities, stairs climbing, and controlling
upright posture during walking [8].
The whole-body vibration (WBV) exercise is con-

ducted with the subject’s body on an oscillating platform
which vibrates horizontally at a frequency ranged from
10 to 25 Hz [9]. This stimulates the primary endings of
muscle spindles and actuates the motor neurons to pro-
duce muscle contraction, similar to the tonic vibration
reflex [10]. Its low-frequency training diminishes the
muscle tone in contrast to high frequencies (40 Hz),
which expands the muscle tone [11]. Therefore, WBV
has positive effects on muscle performance [12]. In
WBV training, the participant stands on a platform that
produces vertical vibrations which invigorate the muscle
spindles resulting in reflexive muscle contraction [13].
Muscle strengthening training is a significant strategy to

prepare frail muscles responsible for debilitated walking
capacity like quadriceps muscle in spastic kids. WBV is
currently a quickly evolving procedure that is utilized to
improve muscle strength in spastic conditions [14, 15].
WBV exercise builds muscle strength and force that could
prompt enhancements in the nature of the neuromuscular
capacities. Furthermore, when it is compared with other
common resistance training programs, a study revealed
that it requires some less rehabilitation time [16]. WBV
has been acknowledged as a treatment for patients with

spastic CP. Tupimai et al. [7] figured out a decrease in the
spasticity of the hip adductor, quadriceps, hamstrings, and
soleus muscle of the stronger leg just as the soleus of the
weaker leg after passive muscle stretching (PMS) associ-
ated with the use of oscillating WBV in children with
spastic CP when compared with PMS alone.
Nordlund and Thorstensson [17] detailed that WBV

training improved life quality and person satisfaction.
Likewise, it has useful outcomes of lower-extremity
muscle strength, back pain, and bone mineral density. In
addition, Wren et al. [18] indicated critical improvement
in the lower-limb muscle function in children with di-
minished mobility. Studies revealed that WBV enhanced
the muscle strength and decreased spasticity of the
quadriceps muscles in grown-ups with spastic diplegic
CP [19]. Additionally, it expanded the power force, vel-
ocity, and jump performance following one session of
WBV training [20, 21]. Torvinen et al. [22] deduced that
WBV improves isometric strength of the quadriceps
muscle and vertical jump performance in youthful sound
subjects.
Puthoff and Nielsen [23] mentioned that the imped-

ances in lower-extremity muscle performance (strength,
endurance, and power) took place due to functional defi-
ciency and inability. Along these lines, keeping up and
improving lower-extremity strength and force are funda-
mental factors to diminish the functional impediments
and incapacity. Duquette et al. [24] indicated in their re-
view study that WBV may enhance spasticity, muscle
strength, and coordination in children suffering from
CP. Similarly, it was effective in improving muscle
strength and the force limit of humans [9]. Be that as it
may, no investigations have explored the impact of vi-
bration incitement on the muscle strength, endurance,
and force of the lower limbs in children with hemipare-
tic cerebral palsy. Thus, this study explored the impact
of WBV training related to customary-used physical
therapy on the quadriceps and hamstring muscle
strength, endurance, and force in children with hemi-
paretic CP.

Methods
This randomized controlled study was conducted be-
tween September of 2019 and February of 2020. Forty-
four children, diagnosed as having spastic hemiparetic
CP (boys and girls), participated in the study. They were
selected from the Faculty of Physical Therapy clinic,
Cairo University, and National Institute of Neuromotor
System. Their age went from 4 to 8 years sequentially,
and somewhere in the range of 16 and 20 months, they
achieved a development as per Denver developmental
screening scale, to limit motor variability. The partici-
pants’ demographic data are shown in Table 1.
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The incorporation standards of the study were (1)
spasticity went from 1 to 1+ evaluation as per the modi-
fied Ashworth scale [25]; (2) levels I and II, as per Gross
Motor Function Classification System (GMFCS) [26]; (3)
ready to comprehend and adhere to verbal orders and
guidance included in both assessment and treatment; (4)
resilient to stand alone and walk forward and backward
without assistive device; (5) the CP diagnosis was con-
ducted by a pediatric neurologist; and (6) each one of
the children was 1 m tall or more so that they can stand
on the WBV device and grasp the hand rails. Children
with both hearing and visual impairments, fixed deform-
ities in either one of the lower extremities, a history of
convulsions, and children receiving anti-spastic drugs
who had undergone surgeries in the lower-limb muscu-
loskeletal system were excluded from the study. The
protocol of this study was approved by the ethical com-
mittee of the Faculty of Physical Therapy, Cairo Univer-
sity, Egypt (No: P.T.REC/012/ 002581), and was
retrospectively registered by the Pan African Clinical
Trial Registry (PACTR202006704135699). Following an
explanation of the experimental protocols, written in-
formed consent was obtained from all participants’
parents.
Enclosing assignment in sequentially numbered,

opaque, sealed envelopes was used for the allocation
concealment. An external independent person per-
formed the envelopes’ opening process, who was un-
aware of the group allocation until data analyses were
complete. Besides, he was not aware of the treatment
technique and had no contact with the participants.
A group of 63 children with CP were examined to be
sure that the basic requirements were met. It was re-
vealed that 19 children out of the total number did
not meet the consideration standards. The remaining
44 children were divided randomly into two groups
(n = 22 per group). A control group received a trad-
itional physical therapy program and a study group
received the same physical therapy program combined
with WBV training.

The G Power was used to calculate the sample size. Ef-
fect size (ES) was calculated with basis on α value and
power of the test. With ES (1), α (0.05), and power of
the test (0.85), the total sample size was estimated to
reach 38 children. Figure 1 shows the recruitment and
treatment allocations of the participants. After 8 weeks
of intervention, the measured outcomes were accessible
for 20/22 patients in the study group and 20/22 in the
control group.

Procedure
The children were evaluated for quadriceps and ham-
string muscle performance, including strength, endur-
ance, and power before and after the intervention.
Strength is the ability to exert force, while power is pre-
cisely defined as the time rate of accomplishing work,
where work is the result of the force exerted on an ob-
ject and the distance the object moves in the direction
in which the force is exerted. Furthermore, both vari-
ables reflect the ability to exert force at a given velocity.
Power is a direct mathematical function of force and vel-
ocity [27].
A Lafayette hand-held dynamometer (HHD) [Model-

01163, Lafayette Instrument Company, USA] is a con-
venient portable tool that can be easily applied in the
clinic for strength assessment. A study indicated moder-
ate to excellent test-retest reliability (interclass correl-
ation coefficients in the range of 0.56 and 0.97 of
strength estimations got with a HHD for various muscle
groups, pathologies, and application techniques) [28].

Quadriceps muscle force assessment
HHD was utilized to evaluate the muscle strength while
the child extends and flexes the knee. The participants
sat on a standard treatment table, when the quadriceps
muscle was allowed to contract to a degree not more
than 85° of knee flexion. The child could stabilize the
trunk and pelvis by grasping the table edge. The child
carried out three trials with a tangible exerted effort that
developed from 50%, 75%, and reached ultimately to

Table 1 Demographic characteristics of the participants

Study group, n = 20 Control group, n = 20 p value

Age, year 6.05 ± 1.5 5.85 ± 1.46 0.672

Weight, kg 18.95 ± 3.76 19 ± 6.31 0.976

Height, cm 110.60 ± 8.31 111.40 ± 11.94 0.807

BMI, kg/m2 15.36 ± 1.68 14.89 ± 2.06 0.439

Boys/girls 12/8 10/10 0.523

Affected side, right/left 12/8 9/11 0.342

Spasticity grades, 1/1+ 14/6 12/8 0.507

GMFCS level, I/II 7/13 9/11 0.519

Data are presented as mean ± standard deviation, *significantly (p < 0.05), BMI body mass index, spasticity grades modified Ashworth scale, GMFCS Gross Motor
Function Classification System
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100%. Then, he did three maximal contractions, which
went on for 5 s, with rest intervals of 60 s. The therapist
set the device sensor only proximal to the ankle joint
and balanced out the position of the HHD in relation
with the shank, without giving counterforce. The peak
force of every trial was recorded in pounds (lbs) [29].

Hamstring muscle force assessment
After the child has finished four contraction trials of the
hamstring muscle against HHD, data showed that the exer-
cise was accomplished with a gradual progress as follows:
25%, 75%, until reached to 100% of maximal effort on the
last trial. All contraction trials were conducted while the
child lay prone with the knee flexed to 90° [30]. When the
child accepted this position, the assessment of the ham-
string muscle force was acted as per the strategy of Rheault
et al. [31]. A static hamstring contraction was carried out
against the HHD which was put on the back side of the
lower leg, two inches proximal to the lateral malleolus. At
that point, the examiner requested that the child apply a
steadily expanded power until reaching to the maximal
contractile force, which was kept up for around 5 s to

accomplish the peak force result, while the examiner bal-
anced out the pelvis and held the HHD device to record
the force esteem. While performing the test, the child was
told to pull against the device, “pull as hard as you can, pull
harder, relax.” [32].

Muscle endurance: six-minute walk test (6 MWT)
This is a sub-maximal exercise test used to evaluate the
aerobic capacity and muscular endurance [33] that was
utilized to assess the muscle endurance. The recommen-
dations of the American Thoracic Society [34] indicated
that it is a practical test that requires 100 ft (30 m) pas-
sage to measure the distance that an individual can walk
rapidly in a time of 6 min. The therapist identified the
starting point and asked the child to walk the entire pas-
sage in 6 min; he followed him/her to protect him from
falling. Then, he measured the specific distance walked
quickly in 6 min by utilizing a stopwatch. The child was
told to cover the longest distance as possible without
running. When the child completed walking for 6 min,
he was asked to stop walking and the therapist stopped
the stopwatch. Subsequently, the total distance was de-
termined [35].

Fig. 1 Flowchart of the study processes. WBV indicates whole-body vibration
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Muscle power: vertical jump height (VJH) test
The vertical jump height test gives a significant index of
muscular power. It was utilized to estimate the muscle
power by determining the distance between the two
marks (the first mark is rated when the child stands next
to the chart, lifting his hand, while the other one is rated
after the child jumped and touched the chart). Then, the
Lewis formula [36] was employed to compute the aver-
age muscle power [average power (Watts) = 4.9 × body
mass (kg) × VJH (m) × 9.81].

Intervention
The control group got the traditional physical therapy
program for the rehabilitation of such children that in-
corporates (1) stretching activities to keep up muscle
elasticity particularly Achilles tendon, hamstring mus-
cles, hip flexors and adductors, shoulder internal rota-
tors, elbow and wrist flexors, pronators, and ulnar
deviators; (2) strength training to hip flexor, knee exten-
sor, and ankle dorsiflexor; (3) facilitation of postural re-
sponses to ameliorate the mechanisms of posture
control through the utilization of an assortment of activ-
ities including a ball and a balance board through inclin-
ing it forward, backward, and sideways; (4) stimulate the
joint mechanoreceptors to control spasticity by utilizing
proprioceptive exercise training (approximation) which
is applied in a slow and rhythmic way for upper and
lower extremities and trunk from a semi-leaned back
and quadruped positions; (5) facilitation of single limb
support; (6) balance training on the mat and tilting
board, from quadruped, kneeling, half kneeling, and
standing position; (7) facilitate the parachute reactions
by pushing the child from sitting on a roll and from a
standing posture to boost the child to take protective
steps either forward, backward, or sideways to get back
his/her balance [37]; (8) gait training exercises through
walking on different floor surfaces (mat, floor, carpets)
that will improve also the body balance [38].

The previously mentioned physical therapy interven-
tion in addition to a WBV training session, by using a
WBV platform (Galileo Med. L Plus model 2000, Novo-
tech Medical GmbH, Germany), was conducted to the study
group. The WBV program comprises various positions such
as the child stands in an erect position, stands on one leg,
and stands facing hand rails according to Ibrahim et al. [39]
on a vibrating platform (Fig. 2). This platform vibrates hori-
zontally at a frequency ranged from 10 to 25Hz increment-
ing gradually with amplitude of 2mm [40]. The participants
had to carry out each position for 2min in the first month,
and then it was increased to 3min in the second month.
The rest period between each position was 1 min in the first
month, then it became half a minute in the second month.
The duration of the vibration exposure was 10min. Manual
mode was selected for maximum efficiency of exercising and
to prevent accommodation.
The same physical therapist conducted the treatment

program for both groups (3 times/week for 2 successive
months, 1 h each session). None of the participants re-
ceived less than 24 sessions. During the study period,
participants received no physical therapy treatment ra-
ther than that scheduled in the study protocol.

Statistical analysis
The data were analyzed by using SPSS for Windows version
20.0 (SPSS, Inc., Chicago, IL). Before data analysis, the nor-
mality test (Shapiro-Wilk) showed that it was normally dis-
tributed (p > 0.05). This test was essential before conducting
the parametric data analysis. An independent t test was used
to investigate the significant difference between both groups
regarding age, weight, height, and BMI, and the chi-square
test was used to examine the significant difference between
both groups regarding gender, affected side, spasticity grade,
and GMFCS level. A two-way mixed analysis of variance
(ANOVA) was used to investigate the difference between
the quadriceps and hamstring forces, VJH, 6 MWT, and

Fig. 2 Child positions during whole-body vibration training
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power of both groups. The Bonferroni was used as a confi-
dence interval adjustment to compare main effects with the
significance level set at 0.05 for all tests.

Results
Table 1 shows no significant difference in age, height,
weight, and BMI of both groups (p = 0.672, 0.976, 0.807,
0.439 respectively). Moreover, there was no noteworthy
distinction between both groups in gender, affected side,
spasticity grades, and GMFCS level (p = 0.523, 0.342,
0.507, 0.519 respectively). Descriptive statistics of the
quadriceps and hamstring muscle force are shown in
Table 2. The values of 6 MWT, VJH, and lower-
extremity power before and after the intervention are il-
lustrated in Table 3.
In general, there was a significant between-subjects ef-

fect (groups, p = 0.001) and significant within-subjects
effect (time, p = 0.001) and intervention effect (time ×
group, p = 0.001). Subsequently, multiple pairwise com-
parison tests were conducted to identify the source of
significance regarding the group interaction (study ver-
sus control) and time (pre versus post) factors.
The investigation result shows that there was no crit-

ical distinction between both groups in respect to their
pre-estimations of the quadriceps and hamstring muscle
power, as it was (p = 0.741, 0.665 separately). However,
there were noteworthy increments in the post-
estimations of the two groups when compared with their
pre-estimations (p = 0.001). The study group’s post-
values were altogether higher than the post-estimations
of the control group (p = 0.015, 0.030 individually), as
explained in Table 2.
For the pre-values of 6 MWT, VJH, and muscle power,

there was no critical distinction between both groups (p
= 0.585, 0.893, 0.855 respectively). There were significant
increases in the post-values of both groups compared to
their pre-values (p = 0.001). The study group’s post-
values were significantly higher than the post-values of
the control group (p = 0.025, 0.001, 0.014 respectively),
as illustrated in Table 3. No harmful events were re-
corded in both groups.

Discussion
The current study revealed that adding the WBV train-
ing to the traditional physical therapy program increased
the strength, endurance, and power of quadriceps and
hamstring muscles in children with hemiparetic CP
more than traditional physical therapy alone. Perform-
ance of quadriceps and hamstring muscles is important
for ambulation as the activation of quadriceps immedi-
ately after initial contact can reduce the energy needed
for heel strike and hamstring muscle activated during
the swing phase of the gait cycle to flex the knee joint
[41].
Overactivity of the hamstring muscle is a basic finding

in an electromyographic pattern during gait in children
with CP. These muscles have antagonistic action to hip
flexor and knee extensors and result in a reduction in
sagittal plane motion of the hip and knee joints [14].
The medial hamstring muscle showed abnormal pro-
longed electrical activity during gait in CP children [42].
There was a significant increase in the post-values of

the quadriceps and hamstring muscle force and power
of the control group compared to pre-values. This im-
provement could be a result of exercises that enhance
muscle performance, which comes into agreement with
Unger et al. [43] who reported that the resistive exercise
has been broadly used as a treatment protocol to im-
prove muscle strength and endurance. Lee et al. [44]
added that strengthening exercises could be a useful
method to improve gait abilities of children with spastic
CP. Furthermore, strengthening exercises enhance the
muscle power and flexibility. It also improves the pos-
tural balance, activity of daily living, and functional ac-
tivities like walking and running of those children [45].
Additionally, the control group’s muscle forces and

walking abilities might be brought about by the facilita-
tor impact of the conventional physical therapy program,
which improved the normal erect posture. This con-
curred with Kern et al. [46] who reported that the con-
ventional treatment protocol of children with CP focuses
on the accomplishment of the typical succession of de-
velopment milestones, thus promotes the normal move-
ment patterns. Comerford and Mottram [47] pointed

Table 2 The values of quadriceps and hamstring muscle force before and after the intervention

Study group, n = 20 Control group, n = 20 p value

Quadriceps force, lbs Pre 4.27 ± 1.45 4.09 ± 1.86 0.741

Post 9.50 ± 1.64 5.07 ± 1.88 0.015*

p value 0.001* 0.001*

Hamstring force, lbs Pre 3.25 ± 0.98 3.11 ± 1.05 0.665

Post 5.07 ± 1.63 3.96 ± 1.48 0.030*

p value 0.001* 0.001*

Data are presented as mean ± standard deviation, *significantly (p < 0.05)
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out that muscles have three major functions: static con-
trol of posture and alignment of joints, dynamic move-
ment control, and providing a proprioception afferent
information into the central nervous system. Conse-
quently, the coordination between different muscle
groups ensures the correct joint loading and correct
alignment occurs [48].
Although there were significant increases in the post-

values of the quadriceps and hamstring muscle force of
the control group, however, the remarkable increments
in the post-values of the study group were significantly
higher than the post-values of the control group when
compared with their pre-values, which comes in concur-
rence with the outcomes of Delecluse et al. [49] who
concluded that WBV training increases the strength of
knee extensors through creating a reflexive muscle con-
traction in untrained participants. They emphasized that
these results are not the result of a placebo effect.
Rittweger et al. [50] discovered that the improvement

achieved by the study group is coincident. He pointed
out that WBV training employs the stretch reflex to fa-
cilitate muscle contraction as it activates 90% of the
body muscles, and these are considered as the advan-
tages of WBV training, whereas the traditional resistance
training employs 40–50% only of the muscles and it has
a direct stimulation of the nervous system. This empha-
sizes that WBV training improves the communication
between the brain and the muscles. Consequently, it
leads to quicker, proficient, and precise muscle contrac-
tions, which in turn creates the muscle power and
strength development. Also, the WBV training improves
the circulatory system by increasing the oxygen transfer
capabilities to the contracted muscles. Furthermore,
Rittweger et al. [50] demonstrated that vibration training
increases human growth hormone levels, while, at the
same time, decreases cortisone. These two hormones, in
addition to other things, assume a function in the break-
down and the build-up of muscle tissue (referred to as
anabolism and catabolism). With these two hormones in

better balance, the muscles are maintained in a healthy
and strong state.
The post-values of the study group were altogether

higher than the post-values of the control group in re-
spect to vertical jump height that is compatible with the
outcome of Bosco et al. [51] who detailed that there was
a noteworthy improvement in the jumping performance
for children having daily vertical sinusoidal vibrations at
a frequency of 26 Hz following 10-day of the training
program. Moreover, WBV training improved equilib-
rium, deftness agility, and power [52], and the concentric
torque of quadriceps muscles [53], and this in turn un-
derpins the remarkable improvement in lower-extremity
muscle strength and VJH of the study group.
The study group showed a notable increment in the

walking distance for a time of 6 min than the control
group which concurs with Torvinen et al. [22] who
found an increase in the walking velocity in children
with CP who were treated with WBV. In spite of the fact
that the WBV training duration was short (3 weeks), Ko
et al. [54] reported that the WBV training improved the
ankle joint proprioception sensation and gait parameters
in children with CP. Also, Torvinen et al. [55] stated that
the leg extension strength and jumping performance
have been improved after 4 months of vertical vibration
training. They suggested that the WBV training devel-
oped a neuromuscular adaptation to the vibration stimu-
lus in young healthy nonathletic adults. The vibratory
stimulus of the WBV training intensely enacts the deep
sensory receptors, which develops a reflexive muscle
contraction. This mechanism may explain the higher im-
provement which the study group achieved in compari-
son with the control group [56].
Moreover, the WBV inspires the tonic vibration reflex

which incorporates enactment of muscle spindles, inter-
ceded by the neural signs of Ia afferents, and lastly, actu-
ated the muscle fibers through enormous motoneurons.
Additionally, this reflex increases the motor unit recruit-
ment through activation of muscle spindles and

Table 3 The values of 6 MWT, VJH, and power before and after the intervention

Study group, n = 20 Control group, n = 20 p value

Six-minute walk test, cm Pre 169.95 ± 35.11 189.85 ± 45.74 0.585

Post 249.95 ± 42.12 215.55 ± 51.00 0.025*

p value 0.001* 0.001*

Vertical jump height, cm Pre 7.35 ± 2.83 7.48 ± 3.02 0.893

Post 17.60 ± 2.78 9.73 ± 3.16 0.001*

p value 0.001* 0.001*

Average power, watts Pre 111.78 ± 38.55 114.59 ± 56.08 0.855

Post 173.80 ± 44.15 130.86 ± 59.55 0.014*

p value 0.001* 0.001*

Data are presented as mean ± standard deviation, *significantly (p < 0.05)
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polysynaptic pathways [55]. This was concurrent with
the discoveries of Song et al. [57] who found that the
WBV training enhanced the equilibrium level, walking
velocity, stride length, and angle of toe deviation. It also
diminished the duration of single support and double
limb support of a child with spastic CP. In addition, they
concluded that the horizontal WBV training should be
incorporated in rehabilitation protocols of children with
CP since it can upgrade their physical performance with-
out harmful impacts.
The improvement achieved by the study group could be

clarified by the discoveries of the previous investigations
which demonstrated that the WBV training increases oxy-
gen use, muscle force, and temperature. Besides, it in-
creases the rate of skin bloodstream [58, 59]. In the event
that it is applied constantly, the practitioners will record
sustained positive outcomes on postural balance, muscle
strength, and bone mineral density [60]. Furthermore,
Cheng et al. [61] revealed that the WBV training can im-
prove the ambulatory level, increment joint mobility, and
control the level of muscle spasticity in children with CP.
In any case, Freitas et al. [62] concluded that the exposure
to acute or chronic WBV training cannot create critical
enhancements in body mobility, postural steadiness, and
walking capacities in women with multiple sclerosis.
This investigation was limited to the following: First,

the absence of follow-up on the advancement of the
child’s muscle strength, endurance, and force after the
completion of treatment of the two groups that were
critical to follow the lasting effect on the children. Sec-
ond, certain secondary outcomes like gait kinematic and
kinetic parameters, muscle electrical activities, spasticity,
and body balance were not surveyed in the current in-
vestigation. More examinations are expected to survey
the impacts of WBV on muscle performance in various
sorts of children with CP. Finally, more research studies
should be carried out to confirm the adequacy of WBV
training on motor skills enhancement as opposed to the
lower-extremity muscle performance.

Conclusion
This study showed that the addition of WBV training to
the traditional physical therapy is more effective in en-
hancing quadriceps and hamstring muscle strength, en-
durance, and power in children with hemiparetic CP
compared to traditional physical therapy alone. There-
fore, the combination of WBV training with traditional
physical therapy should be considered during designing
a rehabilitation program for children with spastic CP.

Abbreviations
6 MWT: Six-minute walk test; ANOVA: Analysis of variance; CP: Cerebral palsy;
ES: Effect size; HHD: Lafayette hand-held dynamometer; SPSS: Statistical
Package for Social Sciences; VJH: Vertical jump height; WBV: Whole-body
vibration

Acknowledgements
We would like to thank all participants for their patience and cooperation.

Authors’ contributions
All authors approved the final manuscript file. RG contributed to the
conception, design of the work, acquisition and analysis of the data,
interpretation of the data, and drafting the work and substantively revising it.
AA contributed to the conception, design of the work, acquisition and
analysis of the data, interpretation of the data, and drafting the work and
substantively revising it. EE contributed to the conception, design of the
work, analysis, and drafting the work and substantively revising it. YM
contributed to the conception, design of the work, analysis, and drafting the
work and substantively revising it.

Funding
This paper was not funded.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the ethical committee of the Faculty of Physical
Therapy, Cairo University (P.T.REC/012/ 002581). A written consent was
obtained from the parents of the children.

Consent for publication
A written consent was obtained from participants’ parents.

Competing interests
The authors declare no competing interests.

Author details
1Department of Physical Therapy for Paediatrics, Faculty of Physical Therapy,
Cairo University, 7 Ahmed Elziat Street, Ben Elsarayat, Eldokki, Giza 12611,
Egypt. 2Department of Physical Therapy for Paediatrics, Faculty of Physical
Therapy, Badr University, Badr City, Egypt. 3Department of Biomechanics,
Faculty of Physical Therapy, Cairo University, Giza City 12611, Egypt.

Received: 29 July 2020 Accepted: 18 February 2021

References
1. Richards CL, Malouin F. Cerebral palsy: definition, assessment and

rehabilitation. Handb Clin Neurol. 2013. https://doi.org/10.1016/B978-0-444-
52891-9.00018-X.

2. Spittle AJ, Morgan C, Olsen JE, Novak I, Cheong JLY. Early diagnosis and
treatment of cerebral palsy in children with a history of preterm birth. Clin
Perinatol. 2018;45:409–20. https://doi.org/10.1016/j.clp.2018.05.011.

3. McIntyre S, Morgan C, Walker K, Novak I. Cerebral palsy-don’t delay. Dev
Disabil Res Rev. 2011;17:114–29. https://doi.org/10.1002/ddrr.1106.

4. Mockford M, Caulton JM. The pathophysiological basis of weakness in
children with cerebral palsy. Pediatr Phys Ther. 2010;22:222–33. https://doi.
org/10.1097/PEP.0b013e3181dbaf96.

5. Yeargin-Allsopp M, Van Braun KN, Doernberg NS, Benedict RE, Kirby RS,
Durkin MS. Prevalence of cerebral palsy in 8-year-old children in three areas
of the United States in 2002: a multisite collaboration. Pediatrics. 2008;121:
547–54. https://doi.org/10.1542/peds.2007-1270.

6. Pervin R, Ahmed S, Hyder RT, Yasmeen BN, Rahman M, Islam F. Cerebral
palsy-an update. North Int Med Coll J. 2015;5:293–6. https://doi.org/10.3329/
nimcj.v5i1.23115.

7. Tupimai T, Peungsuwan P, Prasertnoo J, Yamauchi J. Effect of combining
passive muscle stretching and whole body vibration on spasticity and
physical performance of children and adolescents with cerebral palsy. J
Phys Ther Sci. 2016;28:7–13. https://doi.org/10.1589/jpts.28.7.

8. Moreau NG, Simpson KN, Teefey SA, Damiano DL. Muscle architecture
predicts maximum strength and is related to activity levels in cerebral palsy.
Phys Ther. 2010;9:1619–30. https://doi.org/10.2522/ptj.20090377.

9. Cardinale M, Bosco C. The use of vibration as an exercise intervention. Exerc
Sport Sci Rev. 2003;31:3–7. https://doi.org/10.1097/00003677-200301000-
00002.

Hegazy et al. Bulletin of Faculty of Physical Therapy            (2021) 26:6 Page 8 of 10

https://doi.org/10.1016/B978-0-444-52891-9.00018-X
https://doi.org/10.1016/B978-0-444-52891-9.00018-X
https://doi.org/10.1016/j.clp.2018.05.011
https://doi.org/10.1002/ddrr.1106
https://doi.org/10.1097/PEP.0b013e3181dbaf96
https://doi.org/10.1097/PEP.0b013e3181dbaf96
https://doi.org/10.1542/peds.2007-1270
https://doi.org/10.3329/nimcj.v5i1.23115
https://doi.org/10.3329/nimcj.v5i1.23115
https://doi.org/10.1589/jpts.28.7
https://doi.org/10.2522/ptj.20090377
https://doi.org/10.1097/00003677-200301000-00002
https://doi.org/10.1097/00003677-200301000-00002


10. Trans T, Aaboe J, Henriksen M, Christensen R, Bliddal H, Lund H. Effect of
whole body vibration exercise on muscle strength and proprioception in
females with knee osteoarthritis. Knee. 2009;16:256–61. https://doi.org/10.1
016/j.knee.2008.11.014.

11. Rittweger J, Mutschelknauss M, Felsenberg D. Acute changes in
neuromuscular excitability after exhaustive whole body vibration exercise as
compared to exhaustion by squatting exercise. Clin Physiol Funct Imaging.
2003;23:81–6. https://doi.org/10.1046/j.1475-097X.2003.00473.x.

12. Bautmans I, Van Hees E, Lemper J-C, Mets T. The feasibility of whole body
vibration in institutionalised elderly persons and its influence on muscle
performance, balance and mobility: a randomised controlled trial [ISRC
TN62535013]. BMC Geriatr. 2005;5:17. https://doi.org/10.1186/1471-2318-5-17.

13. Cochrane DJ, Stannard SR. Acute whole body vibration training increases
vertical jump and flexibility performance in elite female field hockey players.
Br J Sports Med. 2005. https://doi.org/10.1136/bjsm.2005.019950.

14. Damiano DL, Kelly LE, Vaughn CL. Effects of quadriceps femoris muscle
strengthening on crouch gait in children with spastic diplegia. Phys Ther.
1995;75:658–67. https://doi.org/10.1093/ptj/75.8.658.

15. Rittweger J. Vibration as an exercise modality: how it may work, and what
its potential might be. Eur J Appl Physiol. 2010;108:877–904. https://doi.
org/10.1007/s00421-009-1303-3.

16. Connolly LJ, Scott S, Mohr M, Ermidis G, Julian R, Bangsbo J, et al. Effects of
small-volume soccer and vibration training on body composition, aerobic
fitness, and muscular PCr kinetics for inactive women aged 20-45. J Sport
Health Sci. 2014;3:284–92. https://doi.org/10.1016/j.jshs.2014.07.003.

17. Nordlund MM, Thorstensson A. Strength training effects of whole-body
vibration? Scand J Med Sci Sports. 2007;17:12–7. https://doi.org/10.1111/j.1
600-0838.2006.00586.x.

18. Wren TAL, Lee DC, Hara R, Rethlefsen SA, Kay RM, Dorey FJ, et al. Effect of
high-frequency, low-magnitude vibration on bone and muscle in children
with cerebral palsy. J Pediatr Orthop. 2010;30:732–8. https://doi.org/10.1097/
BPO.0b013e3181efbabc.

19. Ahlborg L, Andersson C, Julin P. Whole-body vibration training compared
with resistance training: effect on spasticity, muscle strength and motor
performance in adults with cerebral palsy. J Rehabil Med. 2006;38:302–8.
https://doi.org/10.1080/16501970600680262.

20. Bosco C, Iacovelli M, Tsarpela O, Cardinale M, Bonifazi M, Tihanyi J, et al.
Hormonal responses to whole-body vibration in men. Eur J Appl Physiol.
2000;81:449–54. https://doi.org/10.1007/s004210050067.

21. Bosco C, Colli R, Introini E, Cardinale M, Tsarpela O, Madella A, et al.
Adaptive responses of human skeletal muscle to vibration exposure. Clin
Physiol. 1999;19:183–7. https://doi.org/10.1046/j.1365-2281.1999.00155.x.

22. Torvinen S, Kannus P, Sievänen H, Järvinen TAH, Pasanen M, Kontulainen S,
et al. Effect of a vibration exposure on muscular performance and body
balance. Randomized cross-over study. Clin Physiol Funct Imaging. 2002;22:
145–52. https://doi.org/10.1046/j.1365-2281.2002.00410.x.

23. Puthoff ML, Nielsen DH. The relationship between impairments in muscle
performance, functional limitations, and disability in older adults. J Geriatr Phys
Ther. 2006;29:117–8. https://doi.org/10.1519/00139143-200612000-00011.

24. Duquette SA, Guiliano AM, Starmer DJ. Whole body vibration and cerebral
palsy: a systematic review. J Can Chiropr Assoc. 2015;59:245–52.

25. Bohannon RW, Smith MB. Interrater reliability of a modified Ashworth scale
of muscle spasticity. Physical Therapy. 1987;67:206–207.

26. Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH. Content validity of the
expanded and revised gross motor function classification system. Dev Med
Child Neurol. 2008;50:744–50. https://doi.org/10.1111/j.1469-8749.2008.03089.x.

27. McBride J. Biomechanics of resistance exercise. In: Travis Triplett NGH,
editor. Essentials strength train. Conditioning. 4th ed. Champaign: Human
Kinetics Publishers Inc; 2016. p. 19–42.

28. Kodesh E, Laufer Y. The reliability of hand-held dynamometry for strength
assessment during electrically induced muscle contractions. Physiother
Theory Pract. 2015;31:61–6. https://doi.org/10.3109/09593985.2014.958264.

29. Anthony Sinacore J, Evans AM, Lynch BN, Joreitz RE, Irrgang JJ, Lynch AD.
Diagnostic accuracy of handheld dynamometry and 1-repetition-maximum
tests for identifying meaningful quadriceps strength asymmetries. J Orthop
Sports Phys Ther. 2017;47:97–107. https://doi.org/10.2519/jospt.2017.6651.

30. Daniels LWC. Muscle testing: techniques of manual examination. 5th ed.
Philadelphia: W B Saunders Co; 1986.

31. Rheault W, Beal JL, Kubik KR, Nowak TASJ. Intertester reliability of the hand-
held dynamometer for wrist flexion and extension. Arch Phys Med Rehabil.
1989;70:907–10. https://doi.org/10.5555/uri:pii:0003999389900555.

32. Trudelle-Jackson E, Jackson AW, Frankowski CM, Long KM, Meske NB.
Interdevice reliability and validity assessment of the Nicholas Hand-Held
Dynamometer. J Orthop Sports Phys Ther. 1994;20:302–6. https://doi.org/1
0.2519/jospt.1994.20.6.302.

33. Pera MC, Luigetti M, Pane M, Coratti G, Forcina N, Fanelli L, et al. 6MWT can
identify type 3 SMA patients with neuromuscular junction dysfunction.
Neuromuscul Disord. 2017;27:879–82. https://doi.org/10.1016/j.nmd.2017.07.
007.

34. Crapo RO, Casaburi R, Coates AL, Enright PL, MacIntyre NR, McKay RT, et al.
ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care
Med. 2002;166:111–7. https://doi.org/10.1164/ajrccm.166.1.at1102.

35. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D, McCormack
MC, Carlin BW, Sciurba FC, Pitta F, Wanger J, MacIntyre N, Kaminsky DA,
Culver BH, Revill SM, Hernandes NA, Andrianopoulos V, Camillo CA, Mitchell
KE, Lee AL, Hill CJSS. An official European Respiratory Society/American
Thoracic Society technical standard: field walking tests in chronic respiratory
disease. Eur Respir J. 2014;44:1428–46.

36. Gomez-Bruton A, Gabel L, Nettlefold L, Macdonald H, Race D, McKay H.
Estimation of peak muscle power from a countermovement vertical jump in
children and adolescents. J Strength Cond Res. 2019;33:390–8. https://doi.
org/10.1519/JSC.0000000000002002.

37. Gormley J. Treatment of neuromuscular and musculoskeletal problems in
cerebral palsy. Pediatr Rehabil. 2001;4:5–16. https://doi.org/10.1080/136384
90151068393.

38. Levitt S. Treatment of cerebral palsy and motor delay. 5th ed. Hoboken:
Wiley-Blackwell; 2013.

39. Ibrahim MM, Eid MA, Moawd SA. Effect of whole-body vibration on muscle
strength, spasticity, and motor performance in spastic diplegic cerebral
palsy children. Egypt J Med Hum Genet. 2014;15:173–9. https://doi.org/10.1
016/j.ejmhg.2014.02.007.

40. Runge M, Rehfeld G, Resnicek E. Balance training and exercise in geriatric
patients. J Musculoskelet Neuronal Interact. 2000;1:61–5.

41. Liikavainio T, Isolehto J, Helminen HJ, Perttunen J, Lepola V, Kiviranta I, et al.
Loading and gait symmetry during level and stair walking in asymptomatic
subjects with knee osteoarthritis: importance of quadriceps femoris in
reducing impact force during heel strike? Knee. 2007;14:231–8. https://doi.
org/10.1016/j.knee.2007.03.001.

42. Hoffinger SA, Rab GT, Abou-Ghaida H. Hamstrings in cerebral palsy crouch cart. J
Pediatr Orthop. 1993;13:722–6. https://doi.org/10.1097/01241398-199311000-00006.

43. Unger M, Faure M, Frieg A. Strength training in adolescent learners with
cerebral palsy: a randomized controlled trial. Clin Rehabil. 2006;20:469–77.
https://doi.org/10.1191/0269215506cr961oa.

44. Lee JH, Sung IY, Yoo JY. Therapeutic effects of strengthening exercise on
gait function of cerebral palsy. Disabil Rehabil. 2008;30:1439–44. https://doi.
org/10.1080/09638280701618943.

45. Ryan JM, Theis N, Kilbride C, Baltzopoulos V, Waugh C, Shortland A, ..., Korff
T. Strength Training for Adolescents with cerebral palsy (STAR): study
protocol of a randomised controlled trial to determine the feasibility,
acceptability and efficacy of resistance training for adolescents with cerebral
palsy. BMJ Open. 2016;6(10):e012839.

46. Kern H, Horak FNL. Decision making in pediatric neurologic physical
therapy. In: Campbell S, editor. Cereb Palsy. Philadelphia: Churchill
Livingstone; 2000. p. 317–22.

47. Comerford MJ, Mottram SL. Functional stability re-training: principles and
strategies for managing mechanical dysfunction. Man Ther. 2001;6:3–14.
https://doi.org/10.1054/math.2000.0389.

48. Badawy WM, Ibrahim MB. Balance training versus reciprocal electrical
stimulation on knee joint alignment in spastic diplegic cerebral palsy
children. Bull Fac Phys Ther. 2015;20:146–53.

49. Delecluse C, Roelants M, Verschueren S. Strength increase after whole-body
vibration compared with resistance training. Med Sci Sports Exerc. 2003;35:
1033–41. https://doi.org/10.1249/01.MSS.0000069752.96438.B0.

50. Rittweger J, Beller G, Felsenberg D. Acute physiological effects of exhaustive
whole-body vibration exercise in man. Clin Physiol. 2000;20:134–42. https://
doi.org/10.1046/j.1365-2281.2000.00238.x.

51. Bosco C, Cardinale M, Tsarpela O, Colli R, Tihanyi J, Von Duvillard SP, et al. The influence
of whole body vibration on jumping performance. Biol Sport. 1998;15:157–64.

52. Wallmann HW, Bell DL, Evans BL, Hyman AA, Goss GK, Paicely AM. The
effects of whole body vibration on vertical Jump, power, balance, and
agility in untrained adults. Int J Sports Phys Ther. 2019;14:55–64. https://doi.
org/10.26603/ijspt20190055.

Hegazy et al. Bulletin of Faculty of Physical Therapy            (2021) 26:6 Page 9 of 10

https://doi.org/10.1016/j.knee.2008.11.014
https://doi.org/10.1016/j.knee.2008.11.014
https://doi.org/10.1046/j.1475-097X.2003.00473.x
https://doi.org/10.1186/1471-2318-5-17
https://doi.org/10.1136/bjsm.2005.019950
https://doi.org/10.1093/ptj/75.8.658
https://doi.org/10.1007/s00421-009-1303-3
https://doi.org/10.1007/s00421-009-1303-3
https://doi.org/10.1016/j.jshs.2014.07.003
https://doi.org/10.1111/j.1600-0838.2006.00586.x
https://doi.org/10.1111/j.1600-0838.2006.00586.x
https://doi.org/10.1097/BPO.0b013e3181efbabc
https://doi.org/10.1097/BPO.0b013e3181efbabc
https://doi.org/10.1080/16501970600680262
https://doi.org/10.1007/s004210050067
https://doi.org/10.1046/j.1365-2281.1999.00155.x
https://doi.org/10.1046/j.1365-2281.2002.00410.x
https://doi.org/10.1519/00139143-200612000-00011
https://doi.org/10.1111/j.1469-8749.2008.03089.x
https://doi.org/10.3109/09593985.2014.958264
https://doi.org/10.2519/jospt.2017.6651
https://doi.org/10.5555/uri:pii:0003999389900555
https://doi.org/10.2519/jospt.1994.20.6.302
https://doi.org/10.2519/jospt.1994.20.6.302
https://doi.org/10.1016/j.nmd.2017.07.007
https://doi.org/10.1016/j.nmd.2017.07.007
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1519/JSC.0000000000002002
https://doi.org/10.1519/JSC.0000000000002002
https://doi.org/10.1080/13638490151068393
https://doi.org/10.1080/13638490151068393
https://doi.org/10.1016/j.ejmhg.2014.02.007
https://doi.org/10.1016/j.ejmhg.2014.02.007
https://doi.org/10.1016/j.knee.2007.03.001
https://doi.org/10.1016/j.knee.2007.03.001
https://doi.org/10.1097/01241398-199311000-00006
https://doi.org/10.1191/0269215506cr961oa
https://doi.org/10.1080/09638280701618943
https://doi.org/10.1080/09638280701618943
https://doi.org/10.1054/math.2000.0389
https://doi.org/10.1249/01.MSS.0000069752.96438.B0
https://doi.org/10.1046/j.1365-2281.2000.00238.x
https://doi.org/10.1046/j.1365-2281.2000.00238.x
https://doi.org/10.26603/ijspt20190055
https://doi.org/10.26603/ijspt20190055


53. Abdel-fattah MS, Abdel-aziem AA. Benefits of neuromuscular electrical
stimulation versus vibration training to chronic obstructive pulmonary
disease patients. J Phys Ther Heal Promot. 2017;5:10–7.

54. Ko MS, Sim YJ, Kim DH, Jeon HS. Effects of three weeks of whole-body
vibration training on joint-position sense, balance, and gait in children with
cerebral palsy: a randomized controlled study. Physiother Can. 2016;68:99–
105. https://doi.org/10.3138/ptc.2014-77.

55. Torvinen S, Kannus P, Sievänen H, Järvinen TAH, Pasanen M, Kontulainen S,
et al. Effect of four-month vertical whole body vibration on performance
and balance. Med Sci Sports Exerc. 2002;34:1523–8. https://doi.org/10.1097/
00005768-200209000-00020.

56. Jackson KJ, Merriman HL, Vanderburgh PM, Brahler CJ. Acute effects of
whole-body vibration on lower extremity muscle performance in persons
with multiple sclerosis. J Neurol Phys Ther. 2008;32:171–6. https://doi.org/1
0.1097/NPT.0b013e31818ee760.

57. Song S, Lee K, Jung S, Park S, Cho H, Lee G. Effect of horizontal whole-body
vibration training on trunk and lower-extremity muscle tone and activation,
balance, and gait in a child with cerebral palsy. Am J Case Rep. 2018;19:
1292–300. https://doi.org/10.12659/AJCR.910468.

58. Cochrane DJ, Stannard SR, Sargeant AJ, Rittweger J. The rate of muscle
temperature increase during acute whole-body vibration exercise. Eur J
Appl Physiol. 2008;103:441–8. https://doi.org/10.1007/s00421-008-0736-4.

59. Lohman EB, Petrofsky JS, Maloney-Hinds C, Betts-Schwab H, Thorpe D. The
effect of whole body vibration on lower extremity skin blood flow in
normal subjects. Med Sci Monit. 2007;13:CR71–6.

60. Rauch F. Vibration therapy. Dev Med Child Neurol. 2009;51:166–8. https://
doi.org/10.1111/j.1469-8749.2009.03418.x.

61. Cheng HYK, Ju YY, Chen CL, Chuang LL, Cheng CH. Effects of whole body
vibration on spasticity and lower extremity function in children with
cerebral palsy. Hum Mov Sci. 2015;39:65–72. https://doi.org/10.1016/j.
humov.2014.11.003.

62. Freitas EDS, Frederiksen C, Miller RM, Heishman A, Anderson M, Pardo G,
et al. Acute and chronic effects of whole-body vibration on balance,
postural stability, and mobility in women with multiple sclerosis. Dose-
Response. 2018;16:1–13. https://doi.org/10.1177/1559325818816577.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hegazy et al. Bulletin of Faculty of Physical Therapy            (2021) 26:6 Page 10 of 10

https://doi.org/10.3138/ptc.2014-77
https://doi.org/10.1097/00005768-200209000-00020
https://doi.org/10.1097/00005768-200209000-00020
https://doi.org/10.1097/NPT.0b013e31818ee760
https://doi.org/10.1097/NPT.0b013e31818ee760
https://doi.org/10.12659/AJCR.910468
https://doi.org/10.1007/s00421-008-0736-4
https://doi.org/10.1111/j.1469-8749.2009.03418.x
https://doi.org/10.1111/j.1469-8749.2009.03418.x
https://doi.org/10.1016/j.humov.2014.11.003
https://doi.org/10.1016/j.humov.2014.11.003
https://doi.org/10.1177/1559325818816577

	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Procedure
	Quadriceps muscle force assessment
	Hamstring muscle force assessment
	Muscle endurance: six-minute walk test (6 MWT)
	Muscle power: vertical jump height (VJH) test

	Intervention
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

