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ABSTRACT

Although so many rehabilitation programs have beddressed for rehabilitation of diplegic childrein,still a
challenging task to attain a satisfactory functibrecovery. The purpose of the study was to ingatdithe efficacy
of an intensive proprioceptive and visuomotor tragnprogram in the treatment of diplegic childrem term of
spatiotemporal gait parameters, postural stabiliyd quality of life. In a prospective randomizexhirolled trial,
convenient sample of forty ambulant diplegic cléldwere randomly distributed to either control (032r study
(n=20) groups; the control group received a traditel rehabilitation program for 1 hour, 5 times/viketor 3
successive months, while the study group receheddame program with intensive proprioceptive aisdoamotor
integration. Vicon 3D motion analysis system, Tetluly balance system and Pediatric Quality of liifeentory
were used to measure spatiotemporal gait parametstability indices and quality of life respectiyelall
parameters were similar in both groups at inceptfpr0.05). Children within both groups showed improgatof
gait function, postural stability and quality offdi (p<0.05) and the integrated proprioceptive and visutmmo
rehabilitation program achieved better gain<(@.05). Integrated proprioceptive and visuomotor akeiitation
might improve gait function, postural stability,caguality of life in diplegic children.
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INTRODUCTION

Spastic diplegia is a common pattern of motor impants in children with brain insult. Impairment wfotor
function is due to poor muscle control, weaknegasscity and impaired postural stabilft}]. Diplegic patients are
usually independent ambulant but most have ideutifjait deviation$2]. The diplegic gait pattern may be true
equinus pattern (ankle in plantar flexion while hipd knee joint in extension), jumping pattern (toely center of
gravity displaced upward in mid stance phase a<liild jumps), apparent equinus (toe walking, agdirus is
apparent), and crouch pattern (calcaneal ankle @itessive hip and knee flexi¢8]. Their walking pattern is
typically slow and they have difficulty in the perfnance of daily living activities such as walkimgnning and
stair climbing. Walking is a major concern of thparents. Improvement or maintenance of walkindjtgb$ often
primarily considered by most of the treatment inéations addressing the motor problems in diplebitdren who
develop abnormal walking and abnormal motor leayri#]. Spasticity and deformities as ankle plantar Bexi
knee flexion hip adduction, and internal rotatiome &ontributing factors of functional limitation érbalance
problems in cerebral palsied childrgj.

Standing balance is usually traditionally measubgdthe duration of maintenance of standing or bgtyal

stability[5]. The posture considered in equilibrium when theeeof body mass is controlled relative to thechals
support either in static or dynamic situatigfk Postural control could be a reaction to extefoates that disturb
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the position of the center of body mass or a pioadb an anticipated internal destabilizing forpesduced by the
body's own movements. Both external forces andnateforces ultimately act to disturb the postwahtrol by
accelerating its center of mass. The nervous systetects and predicts postural instability and poed the
appropriate muscle forces to control CQF].

Postural correction suit has been proposed astamative therapy to treat the functional impairtsen diplegic
children. It is also known as thera suit, Adelitspolish suit, and penguin suit. The suit originalesigned by the
Russians astronauts to minimize the effect of wiédghness in spa¢8, 9]. The theory behind the therapy suit is
that it induces a strong afferent proprioceptivauin which stimulates neural reorganization ofih&in whose post-
natal development has been delajyHg).

Proprioceptive and visuomotor feedback augmentasooften used as an adjunct to the traditionahlb@hation
programs to reinforce performance rather than begegl as a primary intervention for rehabilitati@hildren have
to gain in the real-time settings to get benefitsrf the proprioceptive and visuomotor train[ig].

Meaningful life and social participation are immort aspects of life for children with cerebral yal$2]. Motor
limitation often associated with cognitive, peraggt behavioral, and communication probl€gii®]. Understanding
the sufferance of cerebral palsied children expaeybnd the physical limits to the perception ofithpmsition in
life in the context of the culture and value thieglin. such perception is defined by the World le®rganization
(WHO) as the Quality of life (QoL|)14]. Average to a good quality of life is a key out@for both the society and
the children themselvg45].

The current study aims to investigate the efficarfy integrated intensive proprioceptive and visuaonot
rehabilitation program for treatment of childrertiwspastic diplegia.

MATERIALSAND METHODS

M ethods and procedur es

Subjects: A sample of 40 ambulant diplegic children were\aniently recruited to participate in the studyeirh
ages ranged from 6 to 8 years. Children were édéigithey were ambulant diplegic, had crouch gsittern, had
spasticity of grade 1 or 1+ according to modifiedh#vorth's scale, had a developmental level of gtade I
according to gross motor function classificatiosteyn and if they had no auditory or visual discsdé&hildren
were excluded if they had structured musculoskeletaformities, hip dislocation, spinal deviations,
cardiopulmonary problems or uncontrolled convulsion

Children were recruited from the outpatient clioitthe college of applied medical sciences, PriSattam bin
Abdulaziz University and King Khalid hospital, Alk&rj, Saudi Arabia. Children were randomly disttdzlito two
groups of equal numbers; control group (n=20) axgkemental group (n=20). Block randomization watHixed
block size was used to ensure the creation of yualegroups, each block has a sequence of 5 cainsepatient's
numbers. An independent person was asked to pick alpsed envelope from the 8 blocks. When a clvid
enrolled the next children in the sequence wera #wrolled. Children assigned to the control groegeived a
traditional rehabilitation program while those gssid to the study group received the same progmsamroatrol
group with employment of an integrative proprioteptand visuomotor feedback. The sample size wisileded
by G. power 3.0.1, means and standard deviatigiepf length of 10 patients in two groups were ctdleé from a
pilot study, alpha level 0.05, desired power was%80A sample of 18 children was created upon thevipus
assumptions for each group with a total of 36 ¢hitd 40 children were recruited for possible witivdal.

Assessment

» 3D motion analysis system with Vicon Clinical Maeagsoftware was used to measure the kinematic gait
parameter. It consists of 12 cameras that capfi®eframes/second, an Active wand kit for systenibcation, six
meters long walkway with an embedded force platfoamd a computer with Vicon Manager Software. After
preparation of the system (camera volume setupsgatem calibration) and subject preparation (madetup),
subject's demographic and anthropometric data veel@mitted to the system (age, weight, height arel th
anthropometric measurement of the pelvis and loedremity segments) and static subject calibraticas
conducted. Then, capture phase started by askioigakéld to walk freely along the walkway for 3ais before data
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collection. Finally, a complete gait cycle was s&td for analysis and the spatiotemporal gait (&tep length, step
width, stride length, cadence, velocity and ste#gevere then collected.

» Techno-body PROKIN system was used for measureofgrastural stability. A number of tests were coctéd

for both groups. Anteroposterior stability indexR#1), mediolateral stability index (ML-SI) and oa# stability

index (OSI) were measured at stability levels 4 8ndfter explanation of the test procedure, thet ntry data
were submitted (age, weight, height and foot regteent landmarks on the test platform). The test g@s to

quantify the maximum distance the child can inamally displace COG without losing balance or stegpThe

test repeated for 3 times for each trial and tham®&P-SI, ML-SI and OSI were recorded.

« Pediatric Quality of life inventory (Peds®f 4.0) generic core scale will be used to measugdttheelated
quality of life (HRQOL). The PedsQL generic coralscconsists of 23 items. It includes four subscaleysical
functioning (8 items), emotional functioning (5nte), social functioning (5 items), and school fimging (5

items), each item has five possible responses saingm 0-4. Row scores transformed linearly to 0-86ale. The
mean score for the physical functioning, psychaadtinctioning (social + emotional + school fundiiog score)
and the total score were calculated in the prestedty. Better HRQL is indicated by higher scdrsgj.

The assessment was carried out by independentcssijbo were blinded to the treatment assignedtiddren in
both groups prior to and after the intervention.

I ntervention

Control group:A traditional physical therapy program was impleteel for children in this group. Children in this
group were not engaged in a rigorous rehabilitagimgram. Instead, the functional goals were c#yefdentified
for each child and children were directed to prbpegact to normal movement patterns throughoutpiogram.
Generally, the treatment protocols were individpatnstructed and were aiming for:

« Inhibition of abnormal motor patterns and faciibat of normal pattern. Neurodevelopmental techrsg{DT)
were basically used to achieve this goal.

* Promotion and enhancement of the existing postueaktions during standing and walking milestones
(equilibrium, protective and locomotion reactions).

» Development of postural mechanisms such as; chgrgisition from one to another and return to thgioal
one (rising mechanism), maintenance of the postgainst gravity (anti-gravity mechanism), fixatiohbody parts
on the shoulder and pelvic girdles (postural fisatmechanism), and moving one body part while §ixine other
parts (counterpoising mechanism).

» Correction of abnormal gait pattern and buildingaupormal walking pattern. Children were encouratgedalk
independently or even with minimal assistance @meand uneven surfaces, walk across obstacles,inveiKerent
directions and treadmill gait training.

» Finally, preservation of the flexibility and funatial joint mobility. Muscles that have a tendenaydevelop
tightness or contractures were monitored. For intstahip flexors, knee flexors, and ankle plantexdrs. Then,
active or passive stretching exercises was appliezh necessary.

The treatment protocol was conducted by three psideal NDT therapists who had an experience téast five
years. The duration of each session was an hdhbrimtervals of rest every 15 minutes and freqyewas five
times/week for three successive months.

Experimental groupAn integrated proprioceptive and visuomotor rehtdtibn program was employed for this
group. They received the same treatment as theat@mbup while the postural correction suit wasrmorhis suit
was made up of the vest, short, knee cuffs, and altachments. Its parts were connected to eaeh with elastic
bungee bands to correct abnormal trunk postureriantpelvic tilt, hip and knee flexion and anklemtar flexion.
The tension of these bands was adapted to eachisxemnd position assumed by each child duringtridiaing
program. Moreover, the tension of the bands wassured and calibrated each week to ensure mainterarnbe
amount of tension and consistency of the propritieefeedback throughout the program. Tension Ftarnmas: T
=(m x g) + (m x a), where T: is the tension of tteed, m: is the mass of the object attached tertically hanged
cord (kg), g: is the gravitational force (9.8 Aysind a: refers to acceleration of the massjm/s
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In addition, the visuomotor training was addred®eedhildren in this group by providing a virtualtiiitive interface
during the real time treadmill training while weagi the postural correction suit that offers an ristee
proprioceptive stimulation. This was accomplishsihg (ZebrisRhawafk Platform System, Germany). The system
includes an instrumented treadmill synchronizedhaitunit for adaptive visual cueing through thejgotion of the
actual footprints and gait pattern on the treadingace. Also, Virtual feedback training providedhsltaneously,
with the help of a large monitor mounted in frorittbe treadmill. During training, an initial gaihalysis was
carried out without any measuring preparationseabne for each child. On the basis of the in#éialuation, the
target parameters were adjusted and individuahitrgiparameter was created to each child’s capabilhen a
virtual training environment in the form of a sght path in a forest was displayed. In the virtuallking
environment, children were asked to walk and pmsitheir feet as accurately as possible over tedgtermined
projected footprints. Also, walking across obstadsl&s planned.

Treatment was conducted by three physical thesafiistt were trained on the use of the interverdissigned for
this group. Each session was for an hour of whighmhutes were specified for gait training, fivessiens/week,
and treatment duration was for three consecutivetnso

Statistical analysis

Data were analyzed using Statistical Package forab8ciences (SPSS) software, version 23. De$agigtatistics
were computed for gait and postural stability meeswas mean + standard deviation and for HRQL nieasas
Median and interquartile ranges. Paired and ungairgest were used to calculate the mean differenafe
spatiotemporal gait parameters and stability irgliagthin and between both groups respectively. WIHRQL
measures were compared within each group usingpacametric Wilcoxon Signed-Rank test and betweengs
using Mann-Whitney U test. Data were consideredigant at (”0.05).

RESULTS

Baseline demographic characteristics

The demographic and anthropometric features fold@n in both control and experimental groups are
demonstrated in table 1. Data analysis indicatatsignificant differences between both groups mmtef their
age, gender, weight, height and developmental leve&bMFM (p~0.05).

Spatiotemporal gait parameters

The baseline scores and those collected aftervertéion are presented in table 2. No significaffedences were
recorded between control and experimental groupenéity regarding all measuring variables@®5). While
analysis of the post treatment scores of both graeported a significant difference of all variabiefavor of the
experimental group 0.05).

Also, as summarized in table 3, after three mowthfreatment, data analysis revealed a signifiafierence
between the pre and post-treatment spatiotemparapgrameters (step length, step width, stridgtlencadence,
velocity and stance phase percentage) within batitral and experimental group<(@.05).

Postural stability indices

Mean A-P stability index, M-L stability index andrerall stability index for both groups are presenite table 4
across the two measurement painis significant difference was recorded between rab@ind experimental group
pre-treatment regarding the aforementioned thrdeés of postural stability §8.05). Contrariwise, a significant
difference between the two groups post-treatmeiféivoring the experimental group was indicated0(p5) Also,
pre and post treatment scores of all stabilitydadishowed significant differences with both thatiad and the
experimental groups €0.05).

Health-related quality of life

Table 5 presents the descriptive results concertimge domains of children HRQL (physical functiopi

psychosocial functioning, and total score) for bgtbups prior to and after the intervention. Befthre intervention,
all median scores were50. Both groups were similarf.05). Whereas, after the intervention, all medieores
were> 0.05 and a statistically significant differencdlie physical health scores, psychosocial heatifes¢cand the
total HRQL scores was revealed between both grvufassor of the experimental groups<(05).
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DISCUSSION

Although a huge number of studies were conductedetermine the efficacy of different therapeutidiaps for
promotion or reclamation of the functional recovédoy cerebral palsied children, it is perpetualiyportant to
extend the range of application of these therapéntérventions. The present study focused orirttegration of
proprioceptive feedback (postural correction saityl visual feedback (sustained multi-source feddblacing the
real time walking on a treadmill) to enhance th&ca€y of the traditional rehabilitation programar fcerebral
palsied children.

This study targeted the diplegic children aged freimto eight as the development of independentditg and
walking may delay beyond the age of five yddrg. The variables of interest were the spatiotempgaélfunction,
postural stability, and the HRQL. It has been idea that diplegic children develop abnormal spegimporal gait
parameters (step length, stride length, stancesaiiglg time) compared to their typically developexiterparts
[18]. The adapted abnormal gait and postural instghitiight be attributed to abnormal tone, lack of ement
dissociation, failure of development of posturahation and abnormal muscle co-activation of theeiowmb
muscleq19] and difficulty with timing to motor response torpgbation of the supporting surface and diffictitly
organizing the anticipatory postural adjustmenteisted with voluntary movement during standind amlking
[20]. Consequently, they develop secondary compensaiechanisms that result in alteration of the fometing
on the lower limb muscles, abnormal motor contmuliscle tightness, muscle weakness, contracturemamgdment
incoordination[21]. Also, cerebral palsied children have been redottehave a lower quality of life than the
general population and strongly associated witir thairment[22, 23].

The findings of the present study indicated a $icgut improvement of the gait function, posturttslity and the
health related quality of life for children weregaged in either the traditional rehabilitation pang or the
integrated proprioceptive and visuomotor rehalita program. Increasingly, in comparison to thaditional
program, the integrated proprioceptive and visuem@rogram yielded a better gain of gait functipostural
stability and the HRQL.

It has been reported that the application of th&tyral correction suit provides an intensive dyraproprioceptive
correction of the abnormal crouch posture of diezhildren, reduces abnormal muscular synergiekrastore
normal synergies and improve postural control tglonormalization of the afferent proprioceptive amdtibular
input by the load it places on the muscl8s 24]. A possible mechanism of the postural correctioit i the
provision of intensive exteroceptor and propriooegieedback from muscles and joints through therobmof the
tension of the elastic bands that attaches partshef suit [25]. Thereafter, it promotes and enhances the
neuromuscular control, correct postural deviationd abnormal crouching pattern. Also, Rosenbaunalet
explained the efficacy of the postural correctiait ®© assist diplegic children to re-train the ttahnervous system
by allowing the child to overcome complex pathot@jimovement and to perform and repeat movemengrpat
that were not previously unknown, enhance postoatrol and plain movement activitig26]. In the same context
Bar-Haim, et.al explained that postural correction the suit provides an opportunity to perform a&ggive
movement therapy that helps in building up and ged@®n of proper movement pattern in the brigm]. Further,
the postural suit allows a controlled resistivereises and improve muscular strength and impossisetching
force to tight muscles and changes the posturghadent[25]. Additionally, improvement of spatiotemporal
parameters and postural stability are optimizedth®sy use of continuous visual cueing of the walkpajtern
simultaneously with the proprioceptive trainingestd by the postural correction suit. Sensory Vigyaut helps
children to enhance their physical performancemduralking by creating a meaningful, challengingissnment
and stimulation of cognitive functidi28]. Kott et al. reported of improvement of walkingrfieemance of cerebral
palsied children when a playful context was createdugh a virtual realityf29]. Also, Brien et al. reported
significant improvement of functional balance andbility in adolescents with cerebral palsy and ithprovement
retained for one month later after short duratimusl reality interventior[30]. Visuomotor exerts a detectable
effect on the neural excitability and helps to gamize the neural motor pathway, generate effectiueaptic
potentiation and produce a remarkable gain of niotoction caused by repetitive practice inducedraleplasticity
[31].

Our perspective, diplegic children repetitively @wdmormal movement pattern during functional agésiand has a

tendency to build up abnormal engram in the motantex that contributes in limitation of the senswotor
processing of normal movement patterns. Therefiwe functional recovery of the experimental grouight be
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attributed to the proprioceptive feedback from asisg an optimal posture that has the potentialrtbaace the
central control and functional execution. Furtteerstained visual feedback related to correctiobotfi the posture
and the walking pattern probably considered asdaitianal supporting mechanism.

Notwithstanding the positive results of the pressetidy, several limitations should be acknowledded
consideration in the forthcoming studi€érst, gait assessment was limited to the spatiptead parameters of gait
without exposure to gait kinematics. Second, néovolup assessment was conducted to identify thg-term
effect of the intervention. So, the results of fltesent study are not conclusive. Finally, potértias may arise
from recruiting children with two different develogntal levels. Future studies should consider lgagématic and
follow-up assessment as well as cross-sectiondiestufor clearer insight about the efficacy of tiebabilitation
program.

Table 1: Demographic characteristics of the patients

Control group Experimental group P-value
Age (years) 7.25+0.85 6.80 £ 0.80 0.099
Boys 13 (65%) 15 (80%)
Gender Girls 7 (35%) 5 (20%) 0.294
Weight (kg) 27.20+5.3 30.32+6.8 0.121
Height (cm) 127.72+7.3 125.65+8.7 0.42(
| 11 (55%) 14 (70%)
GMFM 1 9 (45%) 6 (30%) 0334
Age, weight, and height expressed as (mean + S&)d& and GMFM classification expressed as n (%) kkogram, cm:
centimeter

Table 2: Spatiotemporal parameters between both groups

Gait measures Pre-trea_tment Post-treat_ment

Control Experimental P-value Control Experimental P-value
Step length 32.32+4.62 33.56+3.79 0.386 34.97+3.17 37.80+3.60 01D
Step width 19.87+2.33 18.84+1.98 0.099 20.33+2.49 22.53+2.88 .03®
Stridelength 77.95+8.01 82.35+6.29 0.060 79.5049.84 86.35+8.77 039
Cadence 99.70+6.01 100.50+2.80 0.202 104.25+5.9¢ 107.4@3.3 0.015
Velocity 46.42+4.7 44.8245.1 0.25¢€ 47.80+4.0. 50.47+4.6! 0.04%8
Stance % 64.304£3.45 66.25+4.23 0.143 62.504+2.91 60.60+2.37 .039
Step length, step width and stride length expressécentimeters), cadence as (step/minute), vigles (meter/minute) significant

Table 3: Spatiotemporal parameterswithin both groups

Gait measures Control group Experimental group
Pre Post P-value Pre Post P-value
Step length 32.32+4.62 34.97+3.17 0.001 33.56+3.79 37.80+3.60 0.000
Step width 19.87+2.3; 20.33+2.4' 0.017 18.84+1.9 22.53+2.8! 0.007
Stridelength 77.9548.0. 79.50+9.8. 0.03¢ 82.35+6.2! 86.35+8.7 0.00¢
Cadence 99.70+6.01 104.25+5.96 0.003 100.50+2.80 107.40+3.30 0.000
Velocity 46.42+4.76 47.80+4.04 0.006 44.8245.14 50.47+4.68 0.002
Stance % 64.30+3.45 62.50+2.91 0.015 66.25+4.23 60.60+2.37 0.001
Step length, step width and stride length expressécentimeters), cadence as (step/minute), vigles (meter/minute),significant

Table 4: Preand post treatment mean values of stability indicesfor both groups

Postural Stability Control group | Experimental group | p-value
Pre 4.08+0.52 3.78+0.42 0.084
A-P stability Post 3.54+0.81 3.10+0.30 0.017
p-value 0.046 0.001
Pre 3.75+0.45 3.57+0.47 0.171
M-L stability Post 3.45+0.47 3.10+0.35 0.015
p-value 0.017 0.017
Pre 4.45+0.65 4.14+0.70 0.093
Overall stability | Post 4.06+0.45 3.59+0.49 0.005
p-value 0.003 0.002
" significant
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Table5: Parentsreported HRQL for both groups.

Control group Experimental group
HRQL measures Median IQR Median IQR p-value

Pre 58.5 51.2-67.Y 55.5 50.3-63.8 0.380
Physical health Post 64.5 54.3-71.8 68.6 65.2-76.5 0.039

p-value 0.03% 0.001

Pre 68.5 57.5-69.5 71.2 66 -79.5 0.176
Psychosocial health | Post 70.2 65.1-77.8 78.9 75.7-83.4 0.009

p-value 0.004 0.001

Pre 64.2 58 - 69.5 63.9 61.6-67.7 0.882
Total score Post 686 | 626-714 753 715-796 0.001

p-value 0.007 0.007

IQR: Interquartilerank, * significan

CONCLUSION

Upon the findings of the present study, it could dmncluded that integrated proprioceptive and visotor
rehabilitation program has the potential to imprgeé function, postural stability and HRQL of dégic children.

Acknowledgement
The authors acknowledge the financial support fteendeanship of scientific research, Prince SabismA\bdulaziz
University to complete this project.

REFERENCES

[1] Hagglund G, Lauge-Pedersen H, Wagner P. Charaaters children with hip displacement in cerelpalsy.
BMC Musculoskelet Disord. 2007;8(1):1.

[2] Novacheck TF, Stout JL, Tervo R. Reliability andidity of the Gillette Functional Assessment Questiaire
as an outcome measure in children with walkinghdigiezs. J Pediatr Orthop. 2000;20(1):75-81.

[3] Rodda J, Graham HK. Classification of gait pattemspastic hemiplegia and spastic diplegia: asbési a
management algorithm. Eur J Neurol. 2001;8 Su#8-4.08.

[4] Effgen SK, Magee S, Scalzo K. Meeting the physibatapy: needs of children. Rio de Janeiro, RJ:nGbara
Koogan. 2007:159-208.

[5] Winter DA, Patla AE, Frank JS. Assessment of badazantrol in humans. Med Prog Technol. 1990;16(312)
51.

[6] Rha DW, Kim DJ, Park ES. Effect of hinged ankletfoothoses on standing balance control in childséh
bilateral spastic cerebral palsy. Yonsei Med J0201(5):746-52.

[7] ElInaggar RK. Static and Functional Balance in OijmeChildren Submitted to Botulinum Toxins Type Ada
Reciprocal Electrical Stimulation. Int J Physioties. 2014;2(1):372-77.

[8] Shvarkov SB, Davydov OS, Kuuz RA, Aipova TR, VeiMANew approaches to the rehabilitation of patients
with neurological movement defects. Neurosci BelRaysiol. 1997;27(6):644-7.

[9] Semenova KA. Basis for a method of dynamic promjitiwe correction in the restorative treatment atignts
with residual-stage infantile cerebral palsy. Negiddehav Physiol. 1997;27(6):639-43.

[10]EIshafey MA. Efficacy of Postural Correction Suit Gait Parameters and Executive Mobility Activities
Diplegic Children. Int J Physiother Res. 2014;2(8%5-01.

[11]Wang M, Reid D. Virtual reality in pediatric neuetrabilitation: attention deficit hyperactivity diser, autism
and cerebral palsy. Neuroepidemiology. 2011;36¢182

[12] Schneider JW, Gurucharri LM, Gutierrez AL, Gaelfigrira DJ. Health-related quality of life and fuocial
outcome measures for children with cerebral pad&y. Med Child Neurol. 2001;43(9):601-8.

[13]Rosenbaum P, Paneth N, Leviton A, Goldstein M, BxDamiano D, et al. A report: the definition and
classification of cerebral palsy April 2006. Dev #€hild Neurol Suppl. 2007;109(suppl 109):8-14.

[14]WHO. The World Health Organization quality of lifssessment (WHOQOL): position paper from the World
Health Organization. Soc. Sci. Med. 1995;41(10)3:90

[15] Dickinson HO, Parkinson KN, Ravens-Sieberer U, 8d G, Thyen U, Arnaud C, et al. Self-reportecliy
of life of 8-12-year-old children with cerebral pgl a cross-sectional European study. Lancet (Lon&agland).
2007;369(9580):2171-8.

138



Ragab K. Elnaggar et al Int J Med Res Health Sci. 2016, 5(8):132-139

[16]Varni JW, Limbers CA, Burwinkle TM. Parent proxypet of their children's health-related qualityliéé: an
analysis of 13,878 parents' reliability and validétcross age subgroups using the PedsQL™ 4.0 GeGerie
Scales. Health Qual Life Outcomes. 2007;5(1):1.

[17]Pountney TE, Mulcahy C, Green E. Early developrmudrpostural control. Physiotherapy. 1990;76(12):799
802.

[18]Boyd RN, Pliatsios V, Starr R, Wolfe R, Graham HBiomechanical transformation of the gastroc—soleus
muscle with botulinum toxin A in children with cémal palsy. Dev Med Child Neurol. 2000;42(01):32-41
[19]Damiano DL, Martellotta TL, Sullivan DJ, Granata KRbel MF. Muscle force production and functional
performance in spastic cerebral palsy: relationshigocontraction. Arch Phys Med Rehabil. 2000;3B95-900.
[20]Girolami GL, Shiratori T, Aruin AS. Anticipatory tural adjustments in children with hemiplegia and
diplegia. J Electromyogr Kinesiol. 2011;21(6):98B-9

[21]Kalirathinam D, Arumugam J. Gait training On Spaddiplegic children-A physiotherapy Approach. Jalrn
of Nursing and Health Science (IOSR-JNHS) ISSN.23289.

[22]Varni JW, Burwinkle TM, Sherman SA, Hanna K, Ber8d, Malcarne VL, et al. Health-related qualitylité

of children and adolescents with cerebral palsyaring the voices of the children. Dev Med Child k#u
2005;47(9):592-7.

[23]Arnaud C, White-Koning M, Michelsen SlI, Parkes darkihson K, Thyen U, et al. Parent-reported quadity
life of children with cerebral palsy in Europe. Redcs. 2008;121(1):54-64.

[24]Turner AE. The efficacy of Adeli suit treatment ahildren with cerebral palsy. Dev Med Child Neurol.
2006;48(05):324-.

[25]Liptak GS. Complementary and alternative therapigescerebral palsy. Ment Retard Dev Disabil Res .Rev
2005;11(2):156-63.

[26] Rosenbaum P. Controversial treatment of spasti@iploring alternative therapies for motor function
children with cerebral palsy. J Child Neurol. 2Q0R1 suppl):S89-S94.

[27]1Bar-Haim S, Harries N, Belokopytov M, Frank A, Copeltet L, Kaplanski J, et al. Comparison of efficafy
Adeli suit and neurodevelopmental treatments inldobin with cerebral palsy. Dev Med Child Neurol.
2006;48(5):325-30.

[28] Sveistrup H. Motor rehabilitation using virtual lisa J Neuroeng Rehabil. 2004;1(1):1.

[29]Kott K, Lesher K, DeLeo G. Combining a virtual rigalsystem with treadmill training for children it
cerebral palsy. J Cyber Ther Rehabil. 2009;2(1%35-

[30]Brien M, Sveistrup H. An intensive virtual realigrogram improves functional balance and mobility of
adolescents with cerebral palsy. Pediatr Phys Tdr1;23(3):258-66.

[31]You SH, Jang SH, Kim Y-H, Hallett M, Ahn SH, Kwon-HN, et al. Virtual reality—induced cortical
reorganization and associated locomotor recovechinnic stroke an experimenter-blind randomized gt Stroke.
2005;36(6):1166-71.

139



