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INVESTIGATION OF MOTION BALANCE OF CHILDREN WITH SPASTIC DIPLEGIA

ABSTRACT. The aim of this study was to find the features of balance control of cerebral palsy (CP) children by exploring the variances between the CP and TD groups
interms of centre of pressure (COP) deviation, velocity and sum of distances. Eighteen spastic diplegia children (CP) and 36 typical developed counterparts (TD) who
were matching with age, height and weight were recruited and measured by pressure plate and then COP parameters such as Relative deviation in the X (Dxrel) and
Y axis (Dyrel), Relative velocity in the X (Vxrel) and Y axis (Vyrel) and Relative sum distance in X (Dxrel) and Y axis (Dyrel). Independent T test and reliability analysis
were carried out with significance level of 0.05 and confidence interval of 95%. Our results show that Dxrel, Vxrel, Vyrel, SumXrel and SumYrel of CP were
significantly higher than those of TD; meanwhile COP of CP was always located at the medial side of foot which indicated a severe valgus and distances in anterior-
posterior (AP) direction of CP were smaller than that of TD. At last, a reasonable repeatability was obtained for CP, since their COV of Dxrel, Dyrel, Vxrel, Vyrel,
SumXrel and SumYrel CoV were overall <13%, whereas, with exception of ICC of Vxrel and SumXrel, ICC of Dxrel, Dyrel and SumYrel were higher than 0.5. Overall, in
order to fulfill the balance control, strategies of foot valgus, larger deviation in medial-lateral (ML) direction, longer contact time and higher velocity in AP and ML
directions were adopted by CP children.
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ANALIZA ECHILIBRULUI IN MISCARE LA COPIII CU DIPLEGIE SPASTICA

REZUMAT. Scopul acestui studiu a fost de a gdsi caracteristicile de control al echilibruluila copiii cu paralizie cerebrala (PC) prin explorarea diferentelor dintre grupele
PC si TD din punctul de vedere al devierii, vitezei si sumei distantelor centrului de presiune (COP). S-au recrutat optsprezece copii cu diplegie spastica (PC) si 36
subiecti cu dezvoltare normala (TD), cu varsta, naltime si greutate similare si s-au efectuat mdsuratori utilizand platforma de presiune si apoi s-au determinat
parametrii COP, cum ar fi abaterea relativa pe axele X (Dxrel) si Y (Dyrel), viteza relativa pe axele X (Vxrel) si Y (Vyrel) si suma distantelor relative pe axele X (Dxrel) si Y
(Dyrel). S-au efectuat testul t independent si analiza fiabilitatii cu un nivel de semnificatie de 0,05 si interval de incredere de 95%. Rezultatele noastre arata ca
parametrii Dxrel, Vxrel, Vyrel, SumXrel si SumYrel la subiectii cu PC au fost semnificativ mai mari decat cei pentru grupa TD; pe de alta parte, COP pentru grupa PCs-a
situatintotdeaunan partea mediana a piciorului, ceea ce a indicat o deformatie severa in valgus, iar distantele in directia antero-posterioara (AP) la grupa PC au fost
mai mici decat cele din grupa TD. Tn cele din urm3, s-a obtinut o repetabilitate rezonabild pentru PC, intrucat CoV al parametrilor Dxrel, Dyrel, Vxrel, Vyrel, SumXrel si
SumYrel a fost in general <13%, in timp ce, cu exceptia ICC al Vxrel si SumXrel, ICC al parametrilor Dxrel, Dyrel si SumYrel a fost mai mare decat 0,5. In general, pentru
a obtine controlul echilibrului, copiii cu PC au adoptat strategii precum pozitia in valgus a piciorului, deviatia mai mare in directia medio-laterala (ML), timpul de
contact mailung si viteza mai marein directiile AP si ML.

CUVINTE CHEIE: diplegie spastica, controlul echilibrului, centru de presiune, mdsurarea presiunii plantare

L'ANALYSE DE L'EQUILIBRE EN MOUVEMENT CHEZ LES ENFANTS AVEC DIPLEGIE SPASTIQUE

RESUME. Le but de cette étude a été de trouver les caractéristiques de contrdle de I'équilibre chez les enfants avec paralysie cérébrale (CP) en explorant les
différences entre les groupes de CP et TD en termes de la déviation, la vitesse et la somme des distances du centre de pression (CdP). On a recruté dix-huit enfants
diplégiques spastiques (CP) et 36 sujets développés normalement (TD) avec I'dge, le poids et la taille similaires et on a mesuré leur pression plantaire, puis les
parametres du CdP tels que la déviation relative sur les axes X (Dxrel) et Y (Dyrel), la vitesse relative sur les axes X (Vxrel) et Y (Vyrel) et la somme des distances
relatives sur les axes X (Dxrel) et Y (Dyrel). On a appliqué le test t indépendant et I'analyse de fiabilité avec le niveau de signification de 0,05 et l'intervalle de
confiance de 95%. Nos résultats montrent que les parameétres Dxrel, Vxrel, Vyrel, SumXrel et SumYrel du groupe CP ont été significativement plus élevés que ceux de
TD; le CdP du groupe CP a été toujours situé a laface interne du pied, ce quia indiqué un valgus sévére et les distances dans la direction antéro-postérieure du groupe
CP ont été inférieures a celles du groupe TD. Enfin, une répétabilité raisonnable a été obtenue pour le groupe CP, parce que le COV de Dxrel, Dyrel, Vxrel, Vyrel,
SumXrel et SumYrel a été globalement <13%, alors que, a I'exception de I'lCC de Vxrel et SumXrel, I'ICC de Dxrel, Dyrel et SumYrel a été supérieur a 0,5. Dans
I'ensemble, afin d'obtenir le contrdle de I'équilibre, les enfants avec CP ont adopté des stratégies telles que le pied valgus, un plus grand écart dans la direction
médio-latérale, le temps de contact plus long et la vitesse plus élevée dans les directions antéro-postérieure et médio-latérale.

MOTS CLES: diplégie spastique, controle de I'équilibre, centre de pression, mesure de la pression plantaire
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INTRODUCTION

Cerebral palsy (CP) is caused by a non-
progressive brain damage which occurs between
pre-birth and the infant period after birth and it
leads to a series of muscle spastic, abnormal gaitand
foot deformity [1], such as tip toeing, rigidity gait,
flexed knee, leap gait, equines deformity and
rotated lower limb deformity [2]. Therefore, the
motion balance mechanism of CP patients is
interrupted and it needs to be evaluated during their
rehabilitation procedure.

Dynamic balance of CP children could be
guantitatively evaluated by parameters of centre of
mass (COM) and centre of pressure (COP). COM was
usually at the position of the third section of the spine
and it was the center of body mass; while trajectory of
COM was the result of force reacted on the body [4].
COP displayed the geometric location of the peak
pressure in each frame of pressure distribution image
and it recorded the ground reaction force on the feet
[3]. When the human was standing still, the position
of COP was in the middle of the two feet; whereas,
instantaneous movement shifted the COP to the
leading leg and then COP transferred to another
leading leg from the trailing one in the late of middle
stance phase [5]. As complications of CP, COP path of
CP patients varied with their healthy counterparts,
whose COP trajectory was more fluent. Current
literature showed that the ability of balance control of
CP was significantly inferior than their peer subjects
[6-8]; further, other researchers implied that those
imbalances reflected the necessary strategies of
balance control adopted by the CP child in order to
overcome the influences from the muscle spastic and
deformities [9]. Besides, more studies were focusing
on the variance between the COP and COM in terms
of angle and distance and they suggested that the
more differences between COP-COM existed, the
higher reaction force needed to be generated;
meanwhile, recovering the normal position of COM
and COP would consume more energy [4, 10] and
require a much higher longitudinal acceleration [11-
13]. However, although combined with COM and COP,
study of balance could be more objective and explicit;
COP was the direct index reflecting the ground
reaction forces and lacking a basic knowledge about

INTRODUCERE

Paralizia cerebrala (PC) este cauzata de leziuni
non-progresive ale creierului care apar intre perioada
prenatala si perioada de dupa nastere si duce la o serie
de spasme musculare, tulburari de mers si deformari
ale picioarelor [1], cum ar fi mersul pe varfuri, rigiditate
in mers, genunchi flexati, mers in salturi, deformare de
tip varus equin si rotirea membrelor inferioare [2]. Prin
urmare, mecanismul de echilibru in miscare al
pacientilor cu PC este intrerupt si trebuie evaluat in
timpul procedurii de reabilitare a acestora.

Echilibrul in dinamica al copiilor cu PC a putut fi
evaluat cantitativ prin parametri precum centrul de masa
(COM) si centrul de presiune (COP). COM s-a situat, de
obicei, in cea de a treia sectiune a coloanei vertebrale sia
constituit centrul de masa corporald; in timp ce
traiectoria COM a fost rezultatul fortelor care au actionat
asupra corpului [4]. COP a indicat amplasarea
geometrica a presiunii maxime in fiecare cadru al
imaginii de distributie a presiunii si a inregistrat forta de
reactie a solului asupra picioarelor [3]. Cand subiectul a
stat in picioare nemiscat, COP s-a situat la mijlocul
picioarelor; in contrast, miscarea instantanee a
determinat deplasarea COP spre piciorul dominant si
apoi transferarea acestuia la celalalt picior la sfarsitul
fazei de sprijin intermediare [5]. Ca o complicatie a PC,
traiectoria COP a pacientilor cu PC a variat, ca si in cazul
copiilor sanatosi, a caror traiectorie COP a fost mai
fluenta. Studii actuale aratat ca abilitatea de controlare a
echilibrului la pacientii cu PC a fost semnificativ
inferioara comparativ cu semenii lor dezvoltati normal
[6-8]; in plus, alti cercetatori au sugerat ca dezechilibrele
reflectd strategiile de control al echilibrului necesare
adoptate de copiii cu PC, pentru a contracara influentele
spasmelor musculare si ale deformarilor [9]. Pe langa
aceasta, mai multe studii s-au axat pe variatia dintre COP
si COMin ceea ce priveste unghiul si distanta si au sugerat
ca, cu cat exista mai multe diferente intre COP si COM, cu
atat este mai mare forta de reactiune necesara; intre
timp, recuperarea pozitiei normale a COM si COP ar
consuma mai multa energie [4, 10] si ar necesita o
acceleratie longitudinala mult mai mare [11-13]. Cu
toate acestea, desi este combinat cu COM si COP,
studiul echilibrului ar putea fi mai obiectiv si mai
explicit; COP areprezentatindicele care reflectd in mod
direct fortele de reactiune ale solului, iar lipsa de
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the COP such as its deviation, velocity and sum of
motion would make the comprehension of balance be
pale. Unfortunately, no studies reported the features of
COP of CP patients.

Thereby, the aim of this study was to find the
features of balance control of CP children by exploring
the variances between the CP and typical developed
(TD) groups in terms of COP deviation, velocity and sum
of distances. Based on current literature, hypotheses
were proposed: (1) in order to maintain balance, longer
contact time and larger deviation of COP in medial-
lateral (ML) direction would be found in the CP group;
(2) requiring more support areas, foot valgus would be
observed in the CP group during the entire gait cycle;
(3) uncertainties of CP's gait, reliability would be
moderate to poor for each variables of COP of CP
children.

METHODS

Subjects

Eighteen spastic diplegia children (CP) and 36
typical developed counterparts (TD) who were
matching with age, height and weight were recruited.
The inclusion criteria were shown below: (1) Gross
Motor Function Classification System (GMFCS) less
than 3; (2) walking independently without support
including orthopedic instrument; (3) cooperatingin the
whole test and completing all the measurements; (4) at
least 5 trails being successfully recorded. Subjects'
demographic information is listed in Table 1. GMFCS
was evaluated by an experienced clinician. The aims
and methods of this test were first explained to
patients' parents and a formal approval was obtained
before the test. Furthermore, this study was approved
by the ethics committee of university and the whole
procedures followed the principles of Helsinki
Declaration.
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cunostinte de baza cu privire la COP, cum ar fi abaterea,
viteza si suma miscarilor, duce la o intelegere slaba a
echilibrului. Din pacate, in literaturd nu se gasesc
rapoarte ale caracteristicilor COP la pacientiicu PC.

Astfel, scopul acestui studiu a fost de a gasi
caracteristicile de control al echilibrului la copiii cu PC
prin explorarea diferentelor dintre grupele de subiecti cu
PC si cei dezvoltati normal (TD) din punctul de vedere al
devierii, vitezei si sumei distantelor COP. Pe baza studiilor
actuale, au fost propuse urmatoarele ipoteze: (1) pentru
a mentine echilibrul, in grupa PC se constata un timp de
contact mai lung si o deviere mai mare a COP in directia
medio-laterala (ML); (2), pe durata intregului ciclu de
mers in grupa PC se observa piciorul in valgus, intrucat
necesita mai multe zone de sprijin; (3) incertitudinea si
fiabilitatea in timpul mersului sunt moderate pana la
slabe pentru fiecare variabila COP la copiii cu PC.

METODE

Subiecti

S-au recrutat optsprezece copii cu diplegie
spastica (PC) si 36 subiecti cu dezvoltare normala (TD),
cu varsta, Tndltime si greutate similare. Criteriile de
includere au fost urmatoarele: (1) gradul de clasificare a
functiei motorii grosiere (GMFCS) mai mic decat 3; (2)
capacitatea de a merge in mod independent, fara
sprijin, inclusiv fara instrumente ortopedice; (3)
cooperarea pe tot parcursul testului si finalizarea
tuturor masuratorilor; (4) inregistrarea cu succes a cel
putin 5 trasee. Datele demografice ale subiectilor sunt
prezentate in Tabelul 1. GMFCS a fost evaluat de catre
un clinician cu experienta. Obiectivele si metodele
acestui test au fost explicate in primul rand parintilor
pacientilor si s-a obtinut o aprobare oficiala din partea
acestora Thainte de testare. Mai mult decat atat, acest
studiu a fost aprobat de catre comitetul de etica al
Universitatii si toate procedurile au respectat
principiile declaratiei de la Helsinki.
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Table 1: Demographic information of subjects
Tabelul 1: Datele demografice ale subiectilor

N 36 18
Gender M=18 M=12
Sex F=18 E=6
Weight (kg)
Greutate (kg) 22.8+7.7 21.2+7.7
Level I=4
Nivelul | =4
Level II=8
GMFCS
Niciunul Nivelul Il = 8
Level lll= 6

Pressure Measurement

Children's plantar pressure was measured by
Footscan pressure plate (one meter plate, RSscan Int.,
Belgium). The scanning frequency of this system is 250
Hz, pressure sensor density is 4/cm’, and the range of
measure is 0-200N/cm’. A two-step initial protocol was
performed by the children and they were guided
walking with their selected speed through the pressure
plate which was located in the middle of six-meter-long
track. The protocol of two-steps has been proved to be
effectively reducing the times of trial and at the same
time to improve the repeatability of the gait [15].
Before the measurement, the system was calibrated;
and then three to five minutes warm up was provided.
According to Hopkins' studies [16], with the increase of
testing times, the subjects' performance tends to be
stable. Five successful measures for each side of foot
were also required.

Nivelul lll = 6

Masurarea presiunii

Presiunea plantarda a copiilor a fost masurata
utilizdnd platforma de presiune Footscan (placa de un
metru, RSscan Int., Belgia). Frecventa de scanare a
acestui sistem este de 250 Hz, densitatea senzorului de
presiune este de 4/cm’, iar gama de mésurare este 0-200
N/cm’. Copiii au urmat un protocol initial in doud etape si
au fost indrumati sa mearga cu o viteza la alegere pe
placa de presiune, care a fost pozitionata in mijlocul pistei
de sase metri lungime. Protocolul in doua etape a redus
efectiv durata procesuluisi, in acelasi timp, aimbunatatit
repetabilitatea mersului [15]. Tnainte de mdsurare,
sistemul a fost calibrat, apoi s-au alocat trei pana la cinci
minute de incilzire. Tn conformitate cu studiile lui
Hopkins [16], odatd cu cresterea duratei de testare,
performanta subiectilor tinde sa devind stabild. De
asemenea, a fost nevoie de cel putin cinci masuratori
reusite pentru fiecare parte a piciorului.

Figure 1. Trajectory of centre of pressure
Figura 1. Traiectoria centrului de presiune
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Data Processing

Any COPi was composed by coordination in the X
and Y direction (Xi, Yi) (Figure 1), as well as the time
cost, hence, based on the coordination, we could
calculate the minimum and maximum vibration in X
(Xmin and Xmax) and Y (Ymin and Ymax) axis. The
lateral side was defined as the positive direction, while
medial side was as the negative direction. Besides, foot
length (FL) and foot width (FW) were also used for the
normalization. FL was defined as the longest distance
between the toe and heel from the plantar pressure
distribution images; whereas FW was the widest
distance at the forefoot. The procedures of
normalization of deviation, velocity and sum distance
were shown below:

Prelucrareadatelor

Orice parametru COPi a fost calculat prin
coordonare in directiile X si Y (Xi, Yi) (Figura 1), incluzand
timpul, prin urmare, pe baza coordonarii, s-a putut
calcula vibratia minima si maxima pe axele X (Xmin si
Xmax) si Y (Ymin si Ymax). Partea laterala a fost definita ca
directie pozitiva, in timp ce partea mediana a fost definita
ca directie negativa. De altfel, lungimea piciorului (FL) si
latimea piciorului (FW) au fost, de asemenea, folosite
pentru normalizare. FL a fost definita ca fiind cea mai
lunga distanta dintre degete si calcai din imaginile
distributiei presiunii plantare; in timp ce FW a fost cea
mai mare distanta in zona antepiciorului. Procedurile de
normalizare a abaterii, vitezei si suma distantelor sunt
prezentate maijos:

Relative deviation in the X axis (Dxrel)= (Xmax-Xmin)/ FW (1)
Abaterea relativd pe axa X (Dxrel) = (Xmax-Xmin) / FW

Relative deviation in the Y axis (Dyrel)= (Ymax-Ymin)/ FL
Abaterea relativd pe axa Y (Dyrel) = (Ymax-Ymin) / FL

Relative velocity in the X axis (Vxrel)= Dxrel / times
Viteza relativd pe axa X (Vxrel) = Dxrel / timp

Relative velocity in the Y axis (Vyrel)= Dyrel / times
Viteza relativd pe axa Y (Vyrel) = Dyrel / timp

Relative sum distance in X axis (SumXrel) =5  (Xi+1-Xi) / FW
Suma distantelor relative pe axa X (SumXrel) =Y (Xi+1-Xi) / FW

Relative sum distance in Y axis (SumYrel) =5  (Yi+1-Yi) / FL
Suma distantelor relative pe axa Y (SumYrel) =5  (Yi+1-Yi) / FL

Statistical Analyses

In this part we used three analytical methods,
One-Sample Kolmogorov-Smirnov Test, T test and
reliability analyses. One-Sample Kolmogorov-
Smirnov Test was used to test if the data followed
the normal distribution; then T test was used to test
if the data had significant differences between the
two feet. Afterward reliability was evaluated.
Suggested by Hopkins, typical error and re-test
reliability needed to be calculated, where the typical
error needed to be normalized in order to compare
within groups. Then the coefficient of variance
(CoV) was calculated by dividing the typical error
by mean value of the group. Test-retest reliability
was evaluated by Intraclass correlation coefficient
(ICC). ICC is calculated by the SPSS software with
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Analize statistice

Tn aceastd parte am utilizat trei metode analitice,
testul Kolmogorov-Smirnov cu un esantion, testul t si
analiza fiabilitatii. Testul Kolmogorov-Smirnov cu un
esantion a fost utilizat pentru a vedea daca datele urmeaza
distributia normal3; apoi testul t a fost utilizat pentru a
determina daca exista diferente semnificative intre cele
doua picioare. Dupad aceea s-a evaluat fiabilitatea. Potrivit
lui Hopkins, a fost necesara calcularea erorii tipice si a
fiabilitatii retestdrii, unde eroarea tipica trebuia
normalizatd pentru a face comparatii in cadrul
grupurilor. Apoi s-a calculat coeficientul de variatie
(CoV) prin Tmpartirea erorii tipice la valoarea medie a
grupului. Fiabilitatea testare-retestare a fost evaluata
prin coeficientul de corelatie intra-clasa (ICC). ICC este
calculat de cdtre software-ul SPSS cu un nivel de
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significance level of 0.05 and confidence interval of
95%. The ICC's evaluation standard is: ICC < 0.5,
poor reliability; 0.5 <ICC< 0.75, medium reliability;
ICC > 0.75, good reliability. Finally, differences
between the CP and TD were explored by
independent T test; whereas variances within age
groups were evaluated by One-Way ANOVA. At last,
the point line of CP and TD in anterior-posterior
direction (AP) and medial-lateral (ML) direction
were filtered and normalized into 100 points and
comparisons were made. All the statistical models
were operated under SPSS (16.0 V, SPSS Inc.,
Chicago, USA) with a significance level of 0.05 and
95% confidence interval.

RESULTS AND DISCUSSION

Differences within the Gait Cycle (Figure 2)

In the ML direction, COP of CP significantly shifted
medially throughout the whole gait cycle; while that of
TD moved lateral at the early and middle stance phase
and it transferred toward medially at the 70% gait cycle
till toe off. In the AP direction COP of CP moved near
thanthatof TD.

Lateral COPin ML

; 0 20 40 60 80 100 —cp
005 —1D
0.1
-0.15
) modified % GC
Medi

semnificatie de 0,05 si interval de incredere de 95%.
Standardul de evaluare a ICC indica faptul ca laICC< 0,5,
fiabilitatea este slaba; 1a 0,5 < ICC < 0,75, fiabilitatea este
medie; la ICC > 0.75, fiabilitatea este buna. Tn cele din
urma, diferentele dintre subiectii PC si cei TD au fost
explorate prin testul t independent, iar variatiile din
cadrul grupelor de varsta au fost evaluate prin analiza de
variantd unifactoriald (ANOVA). Tn cele din urma, liniile
de puncte la subiectii PC si TD in directiile antero-
posterioara (AP) si medio-laterald (ML) au fost filtrate si
normalizate la 100 de puncte si s-au facut comparatii.
Toate modelele statistice au fost prelucrate cu software-
ul SPSS (v. 16.0, SPSS Inc., Chicago, SUA), cu nivel de
semnificatie de 0,05 siinterval deincredere de 95%.

REZULTATE SI DISCUTII

Diferentele din ciclul de mers (Figura 2)

in directia ML, COP la subiectii PC s-a deplasat
median Tn mod semnificativ pe parcursul intregului ciclu
de mers, in timp ce, la subiectii TD, s-a deplasat lateral in
perioada deinceput siintermediara a fazei de pasire sis-a
transferat median la 70% din ciclul de mers pana la
desprinderea degetelor. in directia AP, COP la subiectii PC
s-adeplasat maiaproape decatin cazul subiectilor TD.

Anteri COPin AP

arz
1
0.8

-
0.6

%F
|
]

0.4
0.2

0
0 20 40 60 80 100

Posterio modified %GC

Figure 2. COP trajectories in ML (A) and AP (B) direction
Figura 2. Traiectoriile COP in directiile ML (A) si AP (B)

Differences between CP and TD in Terms of COP
Parameters (Table 2)

Significant differences existed between CPand TD,
with exception of Dyrel (p=0.202>0.05); further, Dxrel,
Vxrel, Vyrel, SumXrel and SumYrel of CP were
significantly larger than those of TD (p=0.000<0.05 for
Dxrel, Vxrel, SumXrel and SumYrel; p=0.001<0.05 for
Vyrel).

Diferentele dintre PC si TD cu privire la parametrii COP
(Tabelul 2)

Au existat diferente semnificative intre grupele PC
si TD, cu exceptia parametrului Dyrel (p=0,202>0,05); in
plus, parametrii Dxrel, Vxrel, Viyrel, SumXrel si SumYrel
la subiectii PC au fost semnificativ mai mari decat cei ai
grupei TD (p=0,000<0,05 pentru Dxrel, Vxrel, SumXrel
siSumYrel; p=0,001<0,05 pentru Vyrel).

Leather and Footwear Journal 16 (2016) 1




INVESTIGATION OF MOTION BALANCE OF CHILDREN WITH SPASTIC DIPLEGIA

Table 2: Differences between CP and TD in terms of COP parameters
Tabelul 2: Diferentele dintre CP si TD cu privire la parametrii COP

0.34 0.09 .

Dxrel 7 04 0.07 0.000 0.097 0.017 0.063 0.131
1.30 0.56 .

vxrel 72 073 017 0.000 0.566 0.096 0.372 0.761
0.94 031 .

SumXrel 2 0.41 0.08 0.000 0.523 0.053 0.415 0.631

*significant differences were lower than 0.001
*diferentele semnificative au fost mai mici decdt 0,001

Table 3: Reliability of each COP variable based on five measurements
Tabelul 3: Fiabilitatea fiecarei variabile COP pe baza a cinci masuratori

Dxrel 9.20% 0739  0.501 0.884 0.00*
870% 0753  0.476 0.554 0.00*

el 12.40% 0455  -0.042 0.757 0.03*

xre 8.70%  0.623 0.516 0.588 0.00*
S 9.10% 0291  -0.356 0.684 0.15
730% 0576 0434 0.519 0.00*

Reliability Analysis (Table 3)

First of all, One-Sample Kolmogorov-Smirnov
Test showed that all data tested followed the normal
distribution; then results of independent T test
verified that there were no significant differences,
so data of both feet were combined for analysis. In
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Analiza fiabilitatii (Tabelul 3)

Mai 1intai, testul Kolmogorov-Smirnov cu un
esantion a aratat ca toate datele testate au urmat
distributia normala; apoi rezultatele testului t
independent au confirmat ca nu au existat diferente
semnificative, astfel incat s-au combinat pentru analiza
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terms of CP children, CoV of all COP variables were
<13%, which indicated a good repeatability;
whereas, excepting with Vyrel whose ICC was
0.77>0.75 and exhibited with a good reliability, ICC
of Dxrel, Dyrel and SumYrel were between 0.5~0.75;
then was Vxrel and SumXrel recording with a poor
reliable data (1CC<0.5). In terms of TD group, CoV of
all variables were lower than 9% and their ICC were
larger than 0.75, with exception of Dyrel, Vxrel and
SumXrel whose ICCwas within 0.5and 0.75.

Discussion

Inthis study, trajectories of COP of 18 CPand 36 TD
matched with age, height and weight were measured
by pressure plate and then COP parameters of CP and
TD were compared, our results show that Dxrel, Vxrel,
Vyrel, SumXrel and SumYrel of CP were significantly
higher than those of TD; meanwhile COP of CP was
always located at the medial side of foot which
indicated a severe valgus and distances in AP of CP were
smaller than that of TD. At last, a reasonable
repeatability was obtained for CP, since their COV of
Dxrel, Dyrel, Vxrel, Vyrel, SumXrel and SumYrel were
overall <13%, whereas, with exception of ICC of Vxrel
and SumXrel, ICC of Dxrel, Dyrel and SumYrel were
higherthan0.5.

Current studies exhibited that CP usually
performed with muscle weakness [17], motion limited
[18], weakening of ankle [19], and stiff leg [20]. Besides,
disadvantages in balance control and coordination
were also reported [21]. Generally our research was
consistent with the results of existing research. At first,
Hsue et al. studied the time-spatial characteristics of
COM-COP of CP participants and their finding showed
a phenomenon of “walking by falling” [10]. They
further suggested that unlike the TD child, whose
body was in a status of dynamic imbalance and it
became stable in the double stance phase, because
of the weakened lower limbs muscles, centre of
body gravity was lowered in the CP children and
more time was consumed in the period of double
stance phase in order to restore balance [22].
Similarly, in our study, COP trajectory in AP and ML
direction of CP showed that in order to keep
balance, COP shifted towards lateral side rapidly and
the peak value was reached at the 50% of modified

datele ambelor picioare. in ceea ce priveste copiii cu PC,
coeficientul de variatie (CoV) al tuturor variabilelor COP a
fost <13%, ceea ce indica o buna repetabilitate; intrucat,
cu exceptia Vyrel al carui ICC a fost 0,77>0,75 si a
prezentat o fiabilitate buna, ICC al Dxrel, Dyrel si SumYrel
afost cuprins intre 0,5~0,75; apoi s-au inregistrat Vxrel si
SumXrel cu o serie de date putin fiabile (ICC<0,5). In ceea
ce priveste grupa TD, CoV al tuturor variabilelor a fost
mai mic decat 9% si ICC a fost mai mare decat 0,75, cu
exceptia parametrilor Dyrel, Vxrel si SumXrel al caror
ICCs-aincadratintre0,5si0,75.

Discutii

Tn acest studiu s-au masurat traiectoriile COP la 18
subiecti cu PC si 36 de subiecti cu dezvoltare normal3,
avand varsta, inadltimea si greutatea similare, utilizand
platforma de presiune si s-au comparat apoi parametrii
COP ai grupelor PC si TD. Rezultatele noastre arata ca
parametrii Dxrel, Vxrel, Vyrel, SumXrel si SumYrel ai
grupei PC au fost semnificativ mai mari decat cei ai
grupei TD; pe de alta parte, COP pentru grupa PC s-a
situat intotdeauna Tn partea mediana a piciorului, ceea
ce aindicat o deformatie severa in valgus, iar distantele
in partea antero-posterioara la grupa PC au fost mai
mici decat cele din grupa TD. Tn cele din urmj, s-a
obtinut o repetabilitate rezonabila pentru PC, intrucat
CoV al parametrilor Dxrel, Dyrel, Vxrel, Vyrel, SumXrel si
SumbYrel a fost Tn general <13%, in timp ce, cu exceptia
ICC al Vxrel si SumXrel, ICC al parametrilor Dxrel, Dyrel
siSumYrel afost mai mare decat0,5.

Studii actuale indica faptul ca subiectii cu PC
prezintd, de regula, slabiciune musculara [17], miscare
limitats [18], slabirea gleznei [19] si picior rigid [20]. Tn
plus, s-au raportat, de asemenea, dezavantaje in
controlul echilibrului si coordonare [21]. Tn general,
studiul nostru a fost in acord cu rezultatele cercetarilor
existente. in primul rand, Hsue si colab. au studiat
caracteristicile de timp si spatiu ale COM-COP la
subiectii cu PC si constatdrile acestora au indicat un
fenomen de ,mers prin cadere” [10]. Ei au sugerat, de
asemenea, ca, spre deosebire de subiectii TD, al caror
corp a fost intr-o stare de dezechilibru dinamic si a
devenit stabil in faza de sprijin dublu, din cauza
muschilor slabiti ai membrelor inferioare, centrul de
greutate corporala s-a situat maijos la copiii cu PC si s-a
consumat mai mult timp in perioada fazei de sprijin
dublu, pentru a reveni in starea de echilibru [22]. Tn
mod similar, Tn studiul nostru, la subiectii cu PC,
traiectoria COP in directiile AP si ML a indicat la Tnceput
ca, pentru a mentine echilibrul, COP s-a deplasat rapid
spre partea laterala si valoarea maxima a fost atinsa la
50% din ciclul de mers modificat. Apoi s-a mentinut
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gait cycle. It then has kept the valgus status
throughout the gait cycle. In contrast, TD showed
that after a short period of heel valgus, COP moved
fast towards lateral side and finally became valgus in
the toe off, where its tendency was confirmed in the
study of Zhou et al. [23].

Furthermore, C. Stackhouse et al. [19]
contrasted differences of motor control in the gait
initiation stage between CP and TD. Their outcomes of
sacral shifting in the downward was smaller than that
of their counterparts and this finding implied that CP
child was more cautious in their first step of walking.
In terms of motion in AP, Hsue et al. [10] pointed out
that a small range of motion of COP of CP in AP was
found and this was attributed by attenuated force
generation and muscle control at ankle and thigh;
additionally, they also demonstrated that
acceleration of COP was promoted at the late phase of
single support and beginning of double support phase
and they suggested this was caused by the ankle
plantar flexion of swing foot. Our results displayed
that although the deviation of COP of CP at AP was
smaller than that of TD, SumYrel of CP was two times
larger than the one of TD. This finding suggested that
COP of CP was with a faster shifting speed and longer
duration whilst the whole gait cycle, particularly at
the double support phase.

Besides, outcomes of COP of CP were approved to
be reliable and repeatable and CoV of all variables were
lower than 13%; whereas with exception of Vxrel and
SumXrel, ICC of Dxrel, Dyrel and SumYrel were
demonstrated to be moderate to good. Thereby, it was
further proved that pressure plate was a reliable
protocolinthe CP study [24].

Although positive outcomes were obtained,
limitations still existed and need to be comprehended
with caution: 1) subjects were asked to walk with their
own selected speed and the factor of speed was
potentially correlated with COP's shifting velocity; 2)
a small sample strategy was adopted in this study and
this might contribute to a larger variation range of
data.

CONCLUSION

Overall, features of CP in balance control were
summarized below:
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starea de valgus pe parcursul ciclului de mers. In
contrast, grupa TD a aratat cd, dupa o perioada scurta
de pozitionare in valgus in zona calcaiului, COP s-a
deplasat rapid spre partea laterala si in cele din urma a
ajuns in pozitia valgus in faza de desprindere a
degetelor, aceasta tendinta fiind confirmata in studiul
luiZhousicolab. [23].

n plus, C. Stackhouse si colab. [19] au comparat
diferentele de control al miscarii in faza de initiere a
mersului la subiectii cu PC si TD. Rezultatele lor au
evidentiat ca deplasarea sacralain jos a fost mai mica decat
cea a omologilor lor, iar aceasta descoperire a sugerat ca
subiectii cu PC au fost mai prudenti la efectuarea primului
pas. In ceea ce priveste miscarea in directia antero-
posterioara, Hsue si colab. [10] au gasit o gama restransa
de miscare a COP la subiectii cu PC in directia antero-
posterioara si acest lucru a fost atribuit generarii de forte
atenuate si controlului muscular slab la glezne si coapse; in
plus, ei au demonstrat cd accelerarea COP a fost facilitatd in
faza tarzie de sprijin unic si la Tnceputul fazei de sprijin
dublu si au sugerat ca acest lucru a fost cauzat de flexia
plantard a gleznei piciorului in balans. Rezultatele noastre
au aratat ca, desi abaterea COP la subiectii PCin directia AP
a fost mai mica decat cea din grupa TD, parametrul
SumbYrella grupa PCafost de doud ori mai mare decat cel al
grupei TD. Aceasta constatare a sugerat ca COP la subiectii
cuPCaavut o viteza de deplasare mai mare si o duratd mai
lungd, pe parcursul intregului ciclu de mers, in special in
faza de sprijindublu.

Pe langa aceasta, rezultatele cu privire la COP la
subiectii cu PC s-au dovedit a fi sigure si repetabile, iar
CoV al tuturor variabilelor a fost mai mic decat 13%; pe
de alta parte, cu exceptia Vxrel si SumXrel, ICC al
parametrilor Dxrel, Dyrel si SumYrel s-a dovedit a fi
moderat pana la bun. Prin urmare, s-a dovedit in
continuare ca utilizarea platformei de masurare a
presiunii a fost fiabila in studiul subiectilor cu PC[24].

Desi s-au obtinut rezultate pozitive, au existat si
limitari si acestea trebuie sa fie luate in considerare cu
precautie: 1) subiectii au fost rugati sa mearga cu o
vitezad la alegere, iar factorul de viteza a fost posibil
corelat cu viteza de deplasare a COP; 2) in acest studiu
s-a adoptat strategia de a efectua masuratorile pe un
esantion mic, si acest lucru ar putea contribui la o mai
mare variabilitate a datelor.

CONCLUZII

n general, caracteristicile copiilor cu PCin ceea ce
priveste controlul echilibrului au fost urmatoarele:
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(1) Dxrel of CP was significantly larger than that of
TD; CP made foot valgus during walking;

(2) Both SumXrel and SumYrel of CP were
significantly larger than those of TD, therefore CP
required a longer contact time to keep balance, in order
to handle the extra force attributed from COP offset
during walking;

(3) Both Vxrel and Vyrel of CP were significantly
larger than those of TD, so that fast balance adjust
could be achieved.
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