
 

Tae-Young Oh

 Overview of Physical Therapy for Children with Cerebral Palsy ∙ 31

http:dx.doi.org/10.17817/2019.01.31.111372 

Overview of Physical Therapy for Children with Cerebral Palsy 

Tae-Young Oh
Dept. of Physical Therapy, Health and Welfare College, Silla University

Purpose This study was to find out proper concept and intervention to treat in physical therapist’ s perspective according 
to recognize the changing definition of cerebral palsy, and to investigate the several classification and intervention for 
children with cerebral palsy. Methods The electronic journal site was searched by terms "cerebral palsy", "intervention", 
physical therapy”. We analyzed and descript the total 24 cited articles from 9 articles in Science Direct, and 16 articles 
in K-RISS from 20 Oct. 2018 to 7 Jan. 2019. Results Later definition of cerebral palsy emphasized secondary 
musculoskeletal problem over time in children with cerebral palsy. In early definition emphasized person’s function or 
neurological disability. Prevalence rate of cerebral palsy were 6~8% from perinatal asphyxia, the overall prevalence of 
cerebral palsy has remained constant in recent years despite increased survival of at-risk preterm infants. Gross Motor 
Function Classification System (GMFCS) has been widely employed internationally to group individuals with cerebral 
palsy into one of five levels based on functional mobility or activity limitation. The treatment must be goal oriented, such 
as to assist with mobility, reduce or prevent contractures, improve positioning and hygiene, and provided comfort. Each 
member of the child’s multidisciplinary team, including the child and both parents, should participate in the serial 
evaluation and treatment planning. Conclusion We found that the definition of cerebral palsy is changing to focus on 
secondary problem over time and the children with cerebral palsy is best cared for with an individualized treatment plan 
that provides a combination of interventions. 
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I. Introduction    

Cerebral palsy was described in 1862 by an orthope-

dic surgeon, William James Little first, a motor dis-

order resulting from a non-progressive insult to the 

developing brain.1) Children with cerebral palsy suffer 

from multiple problems and potential disabilities such 

as mental retardation, epilepsy, feeding difficulties, 

and ophthalmologic and hearing impairment. 

Dzienkowski et al (1996) recommended the pri-

mary health care practitioner must be prepared to rec-

ognize neuro-motor deficits, diagnose and classify the 

type of disorder, and implement a methodical treat-

ment plan. Early institution of physical, occupational, 

and speech therapies are essential for proper devel-

opmental progress.2) 

Physical therapy plays a central role in managing 

the children with cerebral palsy and it focuses on 

function, active movement, and optimal use of the 

child’s potential.3) Physical therapy uses physical ap-

proaches to promote, maintain, and restore physical, 

psychological, and social well-being.4) 

The best care for the children with cerebral palsy 

is an individualized treatment plan that can provide a 

combination of intervention.5) Therapeutic intervention 

included formulating an individualized treatment plan 

that is functional, goal-oriented, time-limited, and 

cost-effective. This treatment plan should be team de-

livered and hospital-home-rehabilitation center-based 

according to the needs of each child.6) 

In the last decade, the evidence based treatment of 

cerebral palsy has rapidly expanded, providing clini-

cians and families with the possibility of newer, safe, 

and more effective interventions.7) Sakzewski et al 
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(2009) found that Orthopaedic surgery and movement 

normalization were once the mainstays of inter-

vention, but localized anti-spasticity medications and 

motor learning intervention have gained increased 

popularity. 

The intervention for children with cerebral palsy 

strongly require the provision of a number of fam-

ily-centered services that make a difference in the 

lives of these children and their families.5) Setting real-

istic goals, determination of the priorities, informing 

the family and enhancing family participation in phys-

ical therapy programs will increase the success of 

physical therapy.8) 

The purpose of this study is to find out proper 

concept and intervention to treat children with cere-

bral palsy in physical therapist’s perspective according 

to recognize the changing definition of cerebral palsy, 

and to investigate the several classification and inter-

vention for children with cerebral palsy. 

II. Method

The electronic journal site was searched by the search 

terms "cerebral palsy", "intervention", we analyzed and 

descript the total 24 cited articles from 9 articles in 

Science Direct, and 16 articles in K- RISS. 

III. Results

1. The change of definition of cerebral palsy.

In 1964 cerebral palsy is defined as that a disorder of 

movement and posture due to a defect or lesion of 

the immature brain. And the disorder of cerebral palsy 

was mainly focused on posture and movement.9) A 

clinical presentation of wide variety of cerebral cort-

ical or sub cortical insults occurring during the first 

year of life. 

Rosenbaum et al (2000) defined the cerebral palsy 

that a group of permanent disorder of the develop-

ment of movement and posture causing activity limi-

tation, that are attributed to non-progressive dis-

turbance that occurred in the developing fetal or in-

fant brain. 

Rosenbaum et al (2007) modified the definition of 

cerebral palsy as that the motor disorders of cerebral 

palsy are often accompanied by disturbance of sensa-

tion, cognition, communication, perception, behavior, 

by a epilepsy and by secondary musculoskeletal 

problems. 

Later definition of cerebral palsy emphasized sec-

ondary musculoskeletal problem over time in children 

with cerebral palsy. In early definition emphasized 

person’s function or neurological disability. 

2. Etiology and prevalence of cerebral palsy 

Originally cerebral palsy was largely attributed to acute 

hypoxia during labor or birth, but now evidence in-

dicates that most lesions occur in the second half of 

gestation, an active period of brain development.10) 

Current evidence suggests that a multiplicity of risk 

factors contribute to cerebral palsy rather than a sin-

gle event. Single events such as uterine rupture, cord 

prolapse, major placental abruption resulting in hy-

poxic insults to the brain account for a small 

proportion. Birth asphyxia is not a common 

antecedent.11) 

According Jan (2006) describe, preterm infants are 

at the highest risk for developing cerebral palsy. The 

vulnerable brain is harmed during a critical period of 

development primarily by known CNS complications 

of prematurity such as intraventricular hemorrhage 

and periventricular leukomalacia. 

Children with cerebral palsy prevalence increases 

with lower birthweight and higher immaturity. 

Increase of survival after preterm birth has first also 

increased cerebral palsy rates. In the 1980s, this trend 

was reversed for lower birth weight infants, and in 

the 1990s, for very lower birth weight or very im-

mature infants.12)

The study from 2006 to 2007 by Oh(2007) in 

Korea presented that the cause of cerebral palsy in 

thought to be multifactorial including prematurity, in-

flammation, genetic cause and environmental factor. 

Although evidence suggested that 70~80% of cerebral 

palsy is due to prenatal factors and birth asphyxia 

palsy a relatively minor role. 
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Table 1. Classification of Cerebral Palsy

AACP (Minear, 1956) Bobath (1997) AACPDM (1997) SCPE (2008)

Spastic

Athetosis

 tension

 non tension

 dystonic

 tremor

Rigidity

Ataxia

Tremor

Atonic

Mixed

Unclassified

Spastic

 Severe

 moderate

Athetosis

  with spasticity

  with tonic spasm

  with intermittent spasm

  choreoathetosis

Ataxia

Hypotonia

Spastic

Dyskinetic 

Hypotonic

Ataxic

Mixed

Spastic 

Dyskinetic 

dystonic

choreoathetosis

 nonclassibiable

Ataxic

Non classifiable

AACP : American Academy of Cerebral Palsy
AACPDM : American Academy of Cerebral Palsy and Developmental Medicine
SCPE : Surveillance of Cerebral Palsy in Europe.

In the study of Korea, Cheon (2014) presented that 

the risk factor for major neurodevelopmental impair-

ments in very lower birth weight infants was related 

on preterm birth and minimizing hypotension shock 

and severe IVH.

Prevalence rate of cerebral palsy were 6~8% from 

perinatal asphyxia,13) the overall prevalence of cere-

bral palsy has remained constant in recent years de-

spite increased survival of at-risk preterm infants.14)

3. Classification of cerebral palsy

(1) Classification by neurological condition (Table 1)

The neurological condition could be assessed by tone 

abnormality, as well as the diagnosed movement dis-

order present such as spasticity, ataxia, dystonia, 

athetosis. The type of abnormal muscle tone or in-

voluntary movement disorder observed or elicited is 

usually assumed to be related to the underlying path-

ophysiology of the disorder, and may also reflect etio-

logic circumstance.15) 

The SCPE (Surveillance of Cerebral Palsy in 

Europe) classified cerebral palsy into two subtype be-

tween spastic and dyskinetic type. This classification 

of subtype requires an assessment of the predominant 

motor disorder. It proposed that children continue to 

be classified by the predominant type of tone or 

movement abnormality, but any additional tone or 

movement abnormalities present should be listed as 

secondary type. 

(2) Classification by topographic of motor involvement. 

Cerebral palsy can be classified according to the topo-

graphic distribution of motor involvement. Motor defi-

cits include monoplegia, diplegia, hemiplegia, triple-

gia, quadriplegia and double hemiplegia.5) Monoplegia 

involved one limb, hemiplegia that lateralized one-half 

of the body is affected. Triplegia involved 3 ex-

tremities, usually both legs and one arm. They may 

represent hemiplegia plus paraplegia or incomplete 

quadriplegia. Quadriplegia or Tetraplegia involved all 

4 extremities. Diplegia is paralysis affecting like parts 

on either side of the body in bilateral paralysis. 

Double hemiplegia also is seldom term and implies 

those cases in which the arms are more involved than 

the legs.16)

According SCPE guideline, any additional tone or 

movement abnormalities present should be listed as 

secondary types, as well as the anatomical distribution 

or topographic of feature like as bilateral, unilateral. 

The SCPE classification of subtype proposed that spas-

tic bilateral, spastic unilateral, dyskinetic dystonic, dys-

kinetic choreoathetotic, dyskinetic non-classifiable., 

ataxic, non classifiable. 

(3) Classification by functional level

The functional consequences of involvement of the 
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Table 2. GMFCS between 12 and 18 birthday : Descriptors(Palisano et al, 2008)

Level Description

GMFCS Level 1 Youth walk at home, school, outdoors and in the community. Youth are able to climb curbs and stairs 

without physical assistance or a railing. They perform gross motor skills such as running and jumping 

but speed, balance and coordination are limited.

GMFCS Level 2 Youth walk in most settings but environmental factors and personal choice influence mobility choices. 

At school or work they may require a hand held mobility device for safety and climb stairs holding 

onto a railing. Outdoors and in the community youth may use wheeled mobility when traveling long 

distances. 

GMFCS Level 3 Youth are capable of walking using a hand held mobility device. Youth may climb stairs holding onto 

a railing with supervision or assistance. At school they may self-propel a manual wheelchair or use 

powered mobility. Outdoors and in the community youth are transported in a wheelchair or use 

powered mobility

GMFCS Level 4 Youth use wheeled mobility in most settings. Physical assistance of 1-2 people is required for transfers. 

Indoors, youth may walk short distances with physical assistance, use wheeled mobility or a body 

support walker when positioned. They may operate a powered chair, otherwise are transported in a 

manual wheelchair.

GMFCS Level 5 Youth are transported in a manual wheelchair in all settings. Youth are limited in their ability to 

maintain antigravity head and trunk postures and control leg and arm movements. Self-mobility is 

severely limited, even with the use of assistive technology

upper and lower extremities should there for be sepa-

rately classified using objective functional scales. Gross 

Motor Function Classification System (GMFCS) has 

been widely employed internationally to group in-

dividuals with cerebral palsy into one of five levels 

based on functional mobility or activity limitation.17) 

The GMFCS was developed for children with cere-

bral palsy who are 12 years of age and younger and 

subsequently expanded to include a 12 to 18 year age 

band revised to include environmental and personal 

considerations for the 6 to 12 year and 12 to 18 year 

bands(Table 2).18)

The GMFCS is a 5 level classification system that 

describes the gross motor function of children and 

youth with cerebral palsy on the basis of their self-ini-

tiated movement with particular emphasis on sitting, 

walking, and wheeled mobility. The GMFCS measures 

what children do in their typical settings 

(performance), not what they are able to do in an 

ideal environment (capability). The GMFCS is one of 

the most widely used classification systems for in-

dividuals with cerebral palsy, as it is used in clinical 

examinations, research, and population based 

studies.19) 

The Manual Ability Classification System (MACS) 

has been developed to classify how children with cer-

ebral palsy use their hands when handling objects in 

daily activities. The classification is designed to reflect 

the child’s typical manual performance, not the child’s 

maximal capacity. It classifieds the collaborative use of 

hands together.20) The MACS is a five level system to 

classify hand use of children with cerebral palsy 4 to 

18 years of age. Classification is based on the child’s 

typical performance in handling objects during daily 

activities. Distinctions among the levels are based on 

the child’s ability to handle objects and the amount of 

assistance or adaptation the child needs to complete 

tasks of daily living.20) 

 

4. Intervention for cerebral palsy

(1) Medical management

Botulinum toxin A injections are being used more fre-

quently to treat upper and lower extremity spasticity 

and hypertonia in children with cerebral palsy. 

Management of spasticity is a major challenge to the 

rehabilitation team. The initial management has cen-

tered on the elimination of externally exacerbating 

causes, physical therapy, splinting and casting. 

Medical management has centered on anti-spasticity 

medication use, but more recently focal treatment 



 

Tae-Young Oh

 Overview of Physical Therapy for Children with Cerebral Palsy ∙ 35

methods including phenol blocks and botulinum toxin 

have been utilized. There has been an increased use 

of intrathecal baclofen in the management of re-

fractory tone. Dorsal rhizotomy has been advocated 

for a selective population of children with spasticity. 

There is no standardized approach to spasticity man-

agement and this paper will discuss the importance of 

evidence-based treatment of spasticity that is adapted 

for the individual child.21) 

Botulinum toxin type A(BTX), a neuromuscular block-

ing agent, reduced muscle tone in various neuro-

muscular disorders. The safety and short term efficacy 

of BTX injections were evaluated in a prospective, 3 

months, double blind, randomized clinical trial involv-

ing 114 children with cerebral palsy and dynamic 

equinus foot deformity. Outcome was determined by 

observational gait analysis, ankle range of motion 

measurements and quantification of muscle denerva-

tion by nerve conduction. Patients in the BTX group 

demonstrated improved gait function and partial de-

nervation of the injected muscle.22) 

Three drugs diazepam, dantrolene and baclofen have 

been commonly used to alleviate spasticity in cerebral 

palsy; and debate remains about their usefulness and 

there is a Cochrane protocol to assess the absolute, 

and comparative, efficacy of baclofen, dantrolene and 

diazepam for spasticity in cerebral palsy. Intrathecal 

baclofen, a much more invasive treatment has been 

recently introduced and a separate Cochrane protocol 

will review the evidence for the effectiveness of intra-

thecal baclofen.23), 24)

A surgical method to reduce spasticity by selective 

posterior nerve root division was first described in 

1913 and reintroduced in the 1970s. Numerous studies 

with confounding, selection bias, lack of controls and 

use of variable surgical techniques, and application of 

subjective outcome measures have reported good re-

sults leading to the widespread use of this technique. 

The absence of good evidence to support its efficacy 

and the lack of information about safety and long 

term consequences has led to some controversy and 

the role of this technique, which is expensive and 

very demanding of the child, family, surgeon and 

therapist, needs to be justified. There is a Cochrane 

protocol designed to determine the effectiveness of 

selective dorsal rhizotomy in the management of chil-

dren with spastic cerebral palsy.23), 25)

(2) Physical therapy for children with cerebral palsy

An 8 month, standardized, functionally based on ex-

ercise program significantly improved physical fitness, 

the intensity of activities and Health Related Quality 

of Life (HRQOL) in children with cerebral palsy when 

added to standard care. From an evaluation of the 

available data it appears that children and adolescents 

with cerebral palsy may benefit from exercise pro-

grams that focus on lower extremity muscle strength 

and/or cardiovascular fitness.26) 

Han et al(2018) presents that cranio-cervical flexion 

based trunk stabilization exercise for 20 minutes a 

day, 2 times per week total 8 weeks increased sig-

nificant on Modified Ashworth Scale (MAS), Pediatric 

Reach Test (PRT) and Trunk Control Measurement 

Scale (TCMS).27) The cranio-cervical flexion exercise 

included chin pull, flexion of head and neck, abdomi-

nal throwing exercise, bridging exercise. 

In 2012, Choi et al(2012) study showed that trunk 

muscle strengthening exercise for 3 times per week, 

total 6 weeks were effective in improving the balance 

performance of sitting posture for the children with 

spastic diplegic cerebral palsy without changing mus-

cle tone.28) The trunk muscle strengthening exercise 

consisted of 2 exercises to strengthen abdominal mus-

cles and back muscles. 

Muscle strengthening exercise with Thera band were 

effective on balance and gait for children with cere-

bral palsy. This single subject designed(3 partic-

ipations) study presented that muscle strengthening 

exercise for 3 times per week total 8 week improved 

subjects gross motor function, balance ability, gait 

ability. 

(3) Neurodevelopmental intervention

Webb(2008) presented that there was a lack of evi-

dence to support the efficacy of any particular phys-

ical therapy and that it was difficult to establish the 

advantages of one particular therapeutic method over 

another.23) 
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Palmer et al(1988) suggested that he group that re-

ceived program of infant stimulation followed by NDT 

progressed more quickly (measured using the Griffiths 

Development Test) than the group who received NDT 

alone. There was no significant differences between 

the group in the incidence of contractures, or the 

need for orthopaedic intervention. The result empha-

sizes the importance of measuring outcomes other 

than locomotion and inputs from local services.29) 

Law et al(1997) found no benefit of intensive NDT,30) 

but Bower et al(2001) found that there was a non- 

significant trend for benefit for the intensive group 

when additional covariates of age and severity were 

introduced, not in the primary analysis and the effect 

was short lived.31) 

 

(4) Alternative intervention

Acupuncture has been used to treat children and ado-

lescents with CP for more than 20 years. Benefits 

claimed for acupuncture have included warmer ex-

tremities, a decrease in painful spasms, improvement 

in the use of arms or legs, more restful sleep, im-

provement in mood and better bowel function.23) 

Lu et al(2017) presents the study which the effect of 

scalp acupuncture on the treatment of children with 

cerebral palsy in America.32) Thirty-six children with 

cerebral palsy were treated with Chinese scalp acu-

puncture on motor and sensory are, motor area, 

speech 1, 2 area, balance area, vision area, apraxia 

area, 1 vision area. These children received between 

3~20 treatment, 5 children complete resolution of their 

symptom, 14 cases a marked effect, 14 had some ef-

fect, 3 patients experienced no improvement. 

According to Kang & Song(2010), the horseback rid-

ing simulation machine training for 15 minutes a day, 

3 times per week, total 12 weeks showed significant 

increasing in all dimensions of GMFM. They recom-

mended that the horseback riding simulating training 

should be considered as therapeutic method for phys-

ical therapy for the children with cerebral palsy to im-

prove the functional movement.

Romeo et al(2018) suggested that Lycra suit are effec-

tive on improving for motor function and static bal-

ance in children with cerebral palsy.33) The five chil-

dren with cerebral palsy wore the Lycra suit for more 

than 4 hour per day for 6 months. An immediate im-

provement of static balance was observed at baseline, 

with the first use of the Lycra suit. Further improve-

ment was observed at the 6 month follow up, with a 

statistical significant for the parameters assessing the 

antero-posterior axis. 

5. Intervention for in the future

Jan (2006) presented that the treatment must be goal 

oriented, such as to assist with mobility, reduce or 

prevent contractures, improve positioning and hy-

giene, and provided comfort. Each member of the 

child’s multidisciplinary team, including the child and 

both parents, should participate in the serial evalua-

tion and treatment planning.5)

According Lowing et al (2009), the definition of goal 

directed therapy was a therapy that emphasizes the 

learning of meaningful activities (expressed as goals) 

in the child’s environment, wherein the activities are 

regarded as important by the child, the parents and 

others in the child’s environment.34) The goals are es-

tablished based on the parents’ and children’s 

priorities. Learning takes place in individually-tailored 

interventions in the child’s natural environment by re-

petitive practice of the everyday goal activities, in a 

motivated, challenging and playful way, and in combi-

nation with impairment-focused interventions. The 

overall aim of the therapy is to improve everyday per-

formance in activities and participation. In goal di-

rected therapy, emphasis is directed towards the child 

and family in the goal-setting process with the aim to 

select goals that are meaningful in the lives of the 

child and family. 

King et al (2004) emphasized that family centered 

service is both a philosophy and an approach to serv-

ice delivery that is considered to be a best practice in 

early intervention and pediatric rehabilitation.35) And 

definition of family is that is made up of a set of val-

ues, attitudes, and approaches to services for children 

with special needs and their families. Family-centered 

service recognizes that each family is unique; that the 

family is the constant in the child’s life; and that they 

are the experts on the child’s abilities and needs. The 
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Family works together with service providers to make 

informed decisions about the services and supports 

the child and family received. In family-centered serv-

ice, the strengths and needs of all family members are 

considered. 

Ⅳ. Conclusion

The definition of cerebral palsy is changing to focus 

on secondary problem over time from neurological 

condition and original impairment. Prevalence rate of 

cerebral palsy were 6~8% from perinatal asphyxia,13) 

the overall prevalence of cerebral palsy has remained 

constant in recent years despite increased survival of 

at-risk preterm infants

The traditional classification by motor impairment or 

tone distribution will be less the impact than activities 

and participation in daily living activities. 

The child with cerebral palsy is best cared for with an 

individualized treatment plan that provides a combina-

tion of interventions. This requires the provision of a 

number of family-centered services that make a differ-

ence in the lives of these children and their families
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Purpose The aim of this study was to determine the effect of Whole-Body Vibration on gross motor function and 
balance, gait of children with cerebral palsy. Methods The Design is ABA design of single-subject experimental design. 
This study participate 2 subjects for 7 years old who were diagnosed children with spastic cerebral palsy. Baseline(A) and 
Baseline(A’) phases were received not WBV, Intervention(B) phase provided with 30 minutes WBV in 10 session. All 
subjects were measured with the Gross Motor Function Measure(GMFM-66), Pediatric Balance Scale(PBS), One leg 
standing, Gait analysis in session and at follow-up. Results The results showed that the subjects increased GMFM-66 
score and remained in the assessment after the intervention. But the subject 2 was decrease again after baseline(A’). PBS 
of both subjects increased until after intervention but decreased during baseline(A’). In the one leg standing, both subjects 
increased after the baseline(A). Especially, the sessions exceeding the two standard deviation in the intervention process 
were 5 times and 8 times, respectively. The gait symmetry index of both subjects increased after intervention. Conclusion 
WBV was effective in improving gross motor and balance, gait in children with cerebral palsy.
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I. Introduction    

Cerebral palsy is a non-progressive disease accom-

panied by difficulties in movement and postural 

control.1) Activity is compromised by poor movement 

and postural development, as well as problems with 

sensation, perception, behavior, and secondary muscu-

loskeletal development.2) Cerebral palsy is one of the 

most common causes of physical impairment in 

childhood.3) Such children exhibit higher-level sensory 

impairments and muscle tension than do their peers. 

They find it difficult to control their muscles, com-

promising the ability to exercise.4) Several researchers 

have found that muscle strength in such children is 

related to motor function.5),6),7) Various physical thera-

pies improve latent motor ability and ameliorate the 

secondary problems.8) The interventions include 

task-oriented exercises,9) progressive resistance ex-

ercises,10) virtual reality training,11) treadmill work, 

weight-training machines (tilting tables),12) and 

whole-body vibration (WBV).3),13),14),15) Saquetto et al. 

(2015) found that WBV was associated with functional 

improvements in children with cerebral palsy, enhanc-

ing flexibility, posture control, balance, and 

coordination.16) WBV is a form of neuromuscular train-

ing that uses vibration to stimulate points critical in 

terms of balance maintenance (thus, points exhibiting 

vibration reflexes; abbreviated TVRs).17) When vi-

brations of a floor are transmitted throughout the 

body, these vibrations stimulate both the spine and 

the appendages, transmitting contraction commands to 

the spinal cord, enhancing muscle response rates and 

aiding movement by activating the nervous system. In 

addition, many exercises seek to mobilize (excite) the 

Golgi tendon organ.18) Although many studies have 

explored the effects of whole-body vibration on sub-

jects with various conditions, few works on children 

with cerebral palsy have appeared; it is difficult to de-
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Table 1. General characteristics of the subjects 

Subject Gender Age
(years)

Weight
(kg) 

Height
(cm) Diagnosis GMFCS 

(level)

1 Male 7 33 127 Rt. hemipleia 1

2 Male 7 27 122 Diplegia 1

Figure 1. Galileo Med S

termine if the initial effects persist. Here, we suggest 

that whole-body vibration benefits children with cere-

bral palsy. We sought to improve function using an 

appropriate intervention.

II. Materials and Methods

1. Subjects

We studied two children diagnosed with cerebral pal-

sy in S hospital of Suwon City, Gyeonggi-do, South 

Korea; both were undergoing rehabilitation. Their pa-

rents gave written informed consent. The general 

characteristics of the subjects are in Table 1. The 

study period ran from March 5, 2018 to May 30, 2018, 

thus for about 3 months.

2. Methods

(1) Procedure and intervention

We used the single-subject, ABA research design. 

Baseline (phase A) and later phase (phase A’) data 

were each collected 5 times in the absence of vi-

bration; interventional (phase B) data were collected 

10 times. The whole-body vibrator was a Galileo 

Med-S model (Novotec Medical GmbH, Pforzheim, 

Germany) delivering alternating sinusoidal oscillations 

at 1-27 Hz at an amplitude of 0 ± 3.9 mm. Both sub-

jects bent their knees by about 30° when on the foot-

board and bent their hips and ankles slightly with the 

feet about 20 cm apart. Vibration was applied in 

blocks of 6 min (two 3-min sessions with a rest of 1-2 

min between sessions; five sequences in total over 30 

min). Over the sessions, the vibrational frequency was 

gradually increased by 0.5 Hz (within the range 11-18 

Hz) as tolerated by the children, who wore waist 

belts to protect against falls. If a child complained of 

fatigue or dizziness, exercise was immediately paused 

for 1-2 min.

3. Measurements 

(1) Gross Motor Function 

We used a Gross Motor Function Measure (the 

GMFM-66) appropriate for children with cerebral palsy 

aged 0-18 years. The five assessment panels feature 

66 items, thus fewer than the GMFM-88; scores can 

be obtained without evaluating all items. In addition, 

responses are ranked in terms of difficulty; functional 

ability is readily assessed.19) The scores for each item 

ranged from 0 (failure) to 3 (complete success); the 

test-retest reliability was 0.99.20) In other studies, the 

test-retest reliability was 0.97 and the interlaboratory 

reliability 0.98.21) All scores were estimated using 

Gross Motor Ability Estimator (GMAE) software and 

were calculated at baseline, before, and twice after in-

tervention (four assessments in all). 

(2) Balance 

The Pediatric Balance Scale (PBS) was used to ana-

lyze changes in balance. The 14 items of the revised 

Berg Balance Scale include the time taken to maintain 
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Table 2. Variations of GMFM-66
(unit: %)

baseline 1 Pre-test Post-test baseline 2

Subject 1 82.99 82.99 86.52 86.52

Subject 2 77.46 77.46 78.28 75.34

Figure 2. G-SENSOR

a sitting posture, the quality of the posture per se, 

and the ability to maintain head posture for 30 s (less 

than the time of the original Scale). Each test was at-

tempted up to three times; the scores ranged from 0 

to 4 and four assessments were conducted (as de-

scribed above). The attributes required to stably per-

form independent activities at school, at home, and in 

the community include competence in terms of bal-

ance when sitting, writing, stretching, turning, and 

climbing stairs. The intra-rater and inter-rater correla-

tion coefficients attained 0.99.22) Also, the maximum 

duration of one-leg standing on the more affected 

side was measured23); this is an important measure of 

postural control.24) 

(3) Gait 

A G-sensor (BTS Bioengineering S.p.A., Milan, Italy) 

was used to measure walking/gait parameters and 

shaking. Walking cadence, average speed, walking pe-

riod, and the walking and standing positions were 

measured by reference to changes in the cen-

ter-of-gravity (at the L4-5 level) accelerations on the 

x-, y-, and z-axes, using an accelerometer and a 

gyroscope. All data were analyzed using G-studio 

software.25) We also evaluated walking symmetry by 

representing leg accelerations during gait as curves26); 

we compared the two curves using the following 

formula.

Symmetric Index = {(corr† + 1) x 100}/2

†corr : cross correlation coefficient of the parameter

Complete overlap of the two curves corresponds to 

a score of 100. The children walked back and forth 

for 8 m at a natural speed27); four assessments were 

performed (as described above).

4. Statistics analysis 

The baseline and test data are presented as graphs 

with descriptive statistics; averages (with two standard 

deviations) were compared between the baseline and 

test periods. Our analyses of changes afforded by in-

tervention were thus sensitive.28) Any data that lay 

outside the mean ± two standard deviations was con-

sidered significant.29)

III. Results

1. Gross Motor Function 

The major outcomes are listed in Table 2. The initial 

baseline score of subject 1 was 82.99%, and this was 

maintained at the pre-test assessment. After 10 

whole-body vibration exercises, the score improved to 

86.52% and was maintained after the post-test. The in-

itial baseline score of subject 2 was 77.46% and was 

maintained at the pre-test. After intervention, the score 

increased to 78.82%, but decreased after the post-test.

2. Balance 

The baseline PBS score of subject 1 was 47 and was 

maintained on the pre-test assessment. After 10 inter-

ventions, the score improved to 53, but fell to 50 after 

post-test. The baseline PBS score of subject 2 was 47 

and was maintained on the pre-test assessment. After 
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baseline 1 Pre-test Post-test baseline 2

Subject 1 47 47 53 50

Subject 2 47 47 51 50

Table 3. Variations of PBS
(unit: score)

Baseline A Intervention B Baseline A’ 

Subject 1 1.83±0.35 2.49±0.15 2.62±0.08

Subject 2 1.69±0.25 2.43±0.22 2.57±0.06

Table 4. Variations of one leg standing 
(unit: second)

 baseline 1 Pre-test Post-test baseline 2

Subject 1 81.3 83 86.9 89.5

Subject 2 92.7 94 98.5 99.3

Table 5. Variations of symmetry index 
(unit: %)

M±SD: mean±standard deviation 

Figure 3. Change of one leg standing in session(subject 1) Figure 4. Change of one leg standing in session(subject 2)

intervention, the score improved to 51, but, after the 

post-test, decreased to 50. 

The baseline one-leg-standing time of subject 1 

was 1.83 ± 0.35 s, and that after intervention B 2.49 ± 

0.15 s; the later phase A’ score increased to 2.62 ± 

0.08 s. During intervention, the scores on 5 of 10 ses-

sions exceeded the baseline mean ± two standard 

deviation. The baseline one-leg-standing time of sub-

ject 2 was 1.69 ± 0.25 s, which rose to 2.43 ± 0.22 s 

during intervention, and then to 2.57 ± 0.06 s during 

follow-up. During intervention, the scores of 8 of 10 

sessions exceeded the baseline value ± two standard 

deviations. 

3. Gait 

The symmetry index of subject 1 increased from 83% 

prior to whole-body vibration to 86.9% after inter-

vention and to 89.5% after the post-test. The symme-

try index of subject 2 increased from 94% before in-

tervention to 98.5% after intervention and 99.3% after 

the post-test.

IV. Discussion

Whole-body vibration exercises have been used to 

treat various diseases and have been effective in chil-

dren with cerebral palsy. 15),30).31),32) Here, we inves-
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tigated the effect of such exercises on the gross motor 

function, balance, and gait of two children with cere-

bral palsy. A gross motor function measure (GMFM) is 

often used to assess functional activity in such 

children.15),31),33),34) Ibrahim et al. (2014) reported sig-

nificant improvements in the GMFM D and E domains 

of a whole-body vibration group (both p < 0.05). Our 

results suggest that such exercise may improve sen-

sory function and exercise performance. We used the 

GMFM-66 to assess motor function. For subject 1, the 

score of 82.99% pre- test improved to 86.52% after in-

tervention and was maintained after the post-test. 

Thus, whole-body vibration transmitted through the 

feet when standing may stimulate the senses and in-

duce muscle contractions, improving and maintaining 

function.14) For subject 2, the score of 77.46% pre-test 

increased slightly to 78.28% after intervention, but 

then decreased to 75.34% after the post-test. In rela-

tion to the foregoing Cheng (2015) showed that the 

duration of any effect was as short as 3 days, and the 

systematic review of Novak (2013) revealed a univer-

sal therapeutic effect for children with cerebral palsy, 

although analysis was difficult.35) In addition, the feel-

ings and general condition of children during assess-

ment may compromise cooperation.

Children with cerebral palsy lack stability and bal-

ance because of muscle weakness, abnormal muscle 

tension, and difficulties in exercising.36) Kown et al. 

(2011) reported that the equilibrium of such children 

was 41.7 PBS points prior to horse-riding but 45.8 

points after riding (p = 0.004).37) Ahlborg et al. (2006) 

found that 8 weeks of whole-body vibration training 

for children with cerebral palsy significantly improved 

both dynamic balance and vestibular function.13) Here, 

we assessed balance using the one- way PBS. In sub-

ject 1, 6 points of improvement were evident after in-

tervention, but balance decreased after the post-test. 

In subject 2, an improvement of 4 points was evident 

after intervention, but, again, a decrease was apparent 

after the post-test. During intervention, the PBS scores 

increased, attributable to symmetrical weight support 

via uniform crossover vibration, and improvements in 

lower-limb sensation and strength. However, the score 

reductions evident after the post-test suggest that any 

effect of stimulation may be short term.38),39) In partic-

ular, there has been a report that difficulty may arise 

due to the low degree of control ankle joint con-

tributing to balance ability. 40),41)

One leg standing improved after 5 of 10 sessions 

for subject 1, and after 8 of 10 sessions for subject 2. 

Liao et al. (2001) suggested that one-step tests usefully 

evaluated and predicted postural stability.42) 

Whole-body vibration improved adjustments in various 

directions, and postural stability (especially when 

moving). The walking ability of children with cerebral 

palsy is the area most in need of attention. Lee & 

Chon (2013) reported significant improvement in 

walking speed, walking cycle, and ankle angle when 

whole-body vibration was used to improve the ability 

to control the lower extremities.30) Here, we evaluated 

left-/right-side differences using a symmetry index to 

quantify the extent to which the curves of the two 

sides were similar; leg accelerations during gait were 

represented as curves. The pre-test score of subject 1 

was 83%, which became 86.9% after intervention and 

89.5% after the post-test. For subject 2, the figures 

were 94%, 98.5%, and 99.3%; little difference was evi-

dent between the right and left sides. Body-weight 

shifting and the ability to symmetrically support 

weight by the anterior and posterior lower limb re-

gions directly affect functional gait and improve after 

whole-body vibrational training.15),31) We also found 

that pre-postural training induced active weight- shift-

ing and improved postural control and walking ability. 

In addition, muscle weakness may limit anti-gravity 

motion and activity,43) but whole-body vibration ex-

ercise may help improve function.

The limitations of our study include the fact that it 

is difficult to generalize our results because of the 

small numbers of participants and interventions and 

absence of control group; it was also difficult to con-

trol for variables that might affect our results. In addi-

tion, subject enthusiasm (in terms of participation), 

concentration, and emotional and physical commit-

ments were all poor.
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V. Conclusion

We explored the effects of whole-body vibration on 

the gross motor function, balance, and gait of two 

children with cerebral palsy (thus exhibiting hemi-

plegia and bilateral paralysis) using an ABA study 

design. The initial score of subject 1 was 82.99%, 

which improved to 86.52% after intervention, and then 

remained unchanged. The initial score of subject 2 

was 77.46%, which increased to 78.82% after inter-

vention, but then decreased after the post-test. The in-

itial PBS score of subject 1 was 47 and improved to 

53 after intervention, but then decreased to 50. The 

initial PBS score of subject 2 was 47 and improved to 

51 after intervention, but then decreased to 50 after 

the post-test. In the one-leg-standing test, the baseline 

A value was 1.83 ± 0.35 s, and the intervention B val-

ue 2.49 ± 0.15 s. The later phase A’ increased to 2.62 

± 0.08 s. In addition, during intervention, the scores 

of 5 of 10 sessions exceeded the mean ± two stand-

ard deviations of the baseline value. The baseline A 

one-leg-stand time was 1.69 ± 0.25 s, the interven-

tional value 2.43 ± 0.22 s, and the post-test value 2.57 

± 0.06 s (thus slightly greater). During intervention, 

the scores of 8 out of 10 intervention sessions ex-

ceeded the baseline value ± two standard deviations. 

For subject 1, gait symmetry index increased from 

83% prior to intervention to 86.9% after intervention 

and 89.5% after the post-test; the figures for subject 2 

were 94, 98.5, and 99.3%, respectively. Our work sug-

gests that long-term interventional studies with many 

more subjects are needed.
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