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An Motion Analysis of Sit-to-Stand Transfer in Young Children
with Spastic Hemiplegic Cerebral Palsy

Eun Sook Park, M.D., Chang Il Park, M.D., Deog Young Kim, M.D.
Hong Jae Lee, M.D., Jong Youn Kim, M.D. and Yun Soo Cho, M.D.

Departments of Rehabilitation Medicine and Research Institute of Rehabilitation,
Yonsei University College of Medicine

Objective: Rising from a sitting position is very common, yet essential activity in daily life.
The activity to perform the sit-to-stand (STS) transfer is a prerequisite for upright mobility. The
children with spastic hemiplegic cerebral palsy have postural asymmetry and unequal development
of movement patterns of the two sides, which may influence on STS pattern in these children.
This study is aimed to evaluate STS pattern in cerebral palsied children with spastic hemiplegia,
in comparison with the normal children.

Method: Twelve young children with spastic hemiplegic cerebral palsy and 21 normal deve-
loped children were recruited as subjects. A motion analysis system using a Motion analyzer
(Vicon 370 M.A. with 6 infrared cameras) was used to examine the STS task. The changes in
joint angle, moment, and power of each joints in lower limbs, total duration of STS transfer
and each transitional points were assessed.

Results: Total duration of STS and the first phase duration of forward trunk lean (from Ty
to T;) was significantly prolonged in hemiplegic children (2.09 sec; 0.70 sec) in comparison with
those of normal control children (1.13 sec; 0.32 sec). Maximal hip extension power and maximal
knee extension moment and power were significantly decreased in plegic side (0.53 W/kg; 0.14
Nm/kg; 0.18 W/kg) than in sound side (0.79 W/kg; 0.33 Nm/kg; 0.48 W/kg) of hemiplegic
children and normal control children (1.28 W/kg; 0.39 Nm/kg; 0.58 W/kg). Maximal ankle
dorsiflexion was significantly increased in the sound side (27.8°) of hemiplegic children than in
plegic side (22.5°) and normal control children (21.9°).

Conclusion: Characteristics through the kinematic and kinetic analysis of STS transfer was
identified in spastic hemiplgic cerebral palsied children. Slowness of speed, decreased power
generation of knee and hip of plegic side and asymmetric movement of joint angles in these
patients were major characteristics which were distinct from normal control children. Slowness
of speed of STS was thought to be mainly from prolongation of first phase.
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Table 1. General Characteristics of Subjects Aotol] wlste] wlg = Urh gkobA] YoiA

= 229 elle] MEdol oz A7 % A7

Homiplegia  Nomal ) guypqpon Faglon olFel Aze Table 2

Number of subject 12 21 ol 715stgct. Huln| Zlolol|A dojup:s 2 +
Male : Female 5:7 8: 13 aloll Azl A7) AAololl ko] AolA 9lole
Weight (kg) 16.4+3.5 17.142.5 %@ﬁmg A’ & AT TITew shol A sk

Aol Eel A FoiAQl Ak AFoz 3

Vall'.IC? in age, height and weight are mean and standard o] Z+ WizlA7A] Ael AglFel A7t = chAME £
deviation. 2% ANA A7HS vz BEAsle] EQrh(Table 3).
Table 2. Six Tansition Points of Sit-to-Stand Transfer

Normal Plegic Sound
% time (%) Real time (sec) % time (%) Real time (sec) % time (%) Real time (sec)

TO" 0 0 0 0 0 0

T1? 28.34+7.39% 0.32+0.11*" 32.22+8.09 0.62+0.18 34.89+7.01 0.70+0.30
2% 32.73+6.60* 0.37+0.10*" 40.67+£11.96 0.85+0.34 43.11+9.70 0.85+0.32
3% 41.94+11.04 0.48+0.18*" 45.11+21.98 1.02+1.07 45.11+11.62 0.90+0.38
T4 75.94+5.22% 0.86+0.19*" 82.89+9.75 1.71+0.72 87.3319.49 1.79+0.72
15 100 1.13£0.21%" 100 2.09+0.98 100 2.09+0.98

Values are mean and standard deviation.

1. TO: initial point of trunk flexion, 2. T1: point of maximal hip flexion, 3. T2: point of abrupt transitory knee
extension, 4. T3: point of maximal ankle dorsiflexion, 5. T4: point of just-standing, 6. T5: end point of STS (stable standing)
*p<0.05 in one-side limbs of normal children to plegic side of hemiplegic children, ' p<0.05 in one-side limbs of
normal children to sound side of hemiplegic children

Table 3. Five Phases of Sit-to-Stand Transfer

Normal Plegic Sound
% time (%) Real time (sec) % time (%) Real time (sec) % time (%)  Real time (sec)
Phase 1V 28.34+7.39" 0.32+0.11" 32.22+8.13 0.62+0.18 34.92+7.03 0.70+0.30
Phase II” 4.31+6.54 0.05+0.07" 8.44+7.91 0.18+0.22 8.23+5.42 0.15+0.09
Phase III°  9.23+10.92 0.11+0.14 4.42+18.94 0.22+0.76 2.01+8.43 0.05+0.16
Phase IVY  34.02+12.22 0.38+0.15" 37.82+25.51 0.69+0.63 42.23+13.61  0.89+0.46
Phase V¥  24.17+5.23*" 0.27+0.06 17.15+9.83 0.37+0.33 12.72+9.54 0.30+0.33

Values are mean and standard deviation.

1. Phase I: trunk flexion to maximal hip flexion, 2. Phase II: maximal hip flexion to transitory knee extension point,
3. Phase III: transitory knee extension point to maximal ankle dorsiflexion, 4. Phase IV: maximal ankle dorsiflexion
to just stand-up point (nearly full extension of knee and hip), 5. Phase V: just stand-up point to stable standing
*p<0.05 in one-side limbs of normal children to plegic side of hemiplegic children, ' p<0.05 in one-side limbs
of normal children to sound side of hemiplegic children



894 KERFISEBEGRE: HE 248 BSH

Fobee Til: Cegnes)

Fip Flzxion (Uagree)

2000

Pasic Obliguty

Felvic Fodatinn

e

; 0 95 52 78 00

Hin Adducize

J\l ait [
Hip Ralation

Fig. 1. Kinematic data of lower extremities (Normal: <4 41

Add
B8 = _’f'—’l
Abr
=X
Free Yarus
=
)

Ry

)

, Plegic limbs: ¥}%4 A, Sound: "7}4 4).

Table 4. Pelvic Angular Movement

Tilting Obliquity Rotation

Pelvis

Normal Plegic Sound Normal Plegic Sound  Normal Plegic Sound
Initial
angle (°) -44+65  -29+123 -29+123  -04*1.7 -03+3.5 0335  0.7+6.0 -0.7+7.0 0.7£7.0
Maximal
angle (°) 24.145.7 30.618.6  30.6+8.6
Final
angle (°) 12.9+4.9 17.3+8.7 17.348.7 -03+39  03+39 1.7+50 2.7+10.7 -2.7+10.7
Values are mean and standard deviation.
Anfe] dote] B2 W A% Ho) 2HA FFHol Solov, A3 B=e] fo@ Aol BHHA
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Table 5. Hip Angular Movement

Tilting Obliquity Rotation

Pelvis
Normal  Plegic Sound Normal Plegic Sound Normal Plegic Sound

Initial

angle (°) 73.9469 72.2+11.6 69.7£13.5 -1.9+7.8 -5.1%9.0 71262 29.9+10.3 22.5+10.7  26.1£10.3
Maximal

angle (°) 87562 89.3+8.8  89.710.6

Final

angle (°) 15.0£9.0% 24.4+15.4 224+14.4 3.0+2.9 3.0+5.6 1.1+6.3 -14.0£19.9 -10.6*12.1 -15.3+10.1

Values are mean and standard deviation.
*p<0.05 in one-side limbs of normal children to plegic side of hemiplegic children, ! p<0.05 in one-side limbs of
normal children to sound side of hemiplegic children

Table 6. Knee Angular Movement

Flexion Varus
Hip
Normal Plegic Sound Normal Plegic Sound
Initial angle (°) 91.2+8.0*% 83.219.2 87.0£10.5 31.5+10.5 24.3+13.4 30.9+11.6
Transition point (°) 89.247.6* 78.31£8.8 80.1+8.5" 28.8+£8.5* 16.7£17.7 23.3£11.9
Final angle (°) 11.0+8.1 17.7+15.1 16.7+13.1 -11.1+5.9 -12.0+6.3 10.2+3.7

Values are mean and standard deviation.
*p<0.05 in one-side limbs of normal children to plegic side of hemiplegic children, ' p<0.05 in one-side limbs of
normal children to sound side of hemiplegic children

3) SIA| 2t ZHEQ| Zt: Mst rAl9l H|W

Table 7. Ankle Angular Movement

Agotst Hupn| 3Slopel|A] 2AtellA] LolAE F Dorsiflexion
AAol] HolAL 4 BAe $AYS] A4S Fig 1 Anke
Normal Plegic Sound

ol FEAIst . Hwlu] Slotoll A o] FuE7] & 7] (pelvic
tilting), #-%- 7 A= (pelvic obliquity), ZHF 214 (pel-  Initial angle () 11.8453  6.6+12.1 12.4+6.8
vic rotation)S AAolsl Bl Aol Goldk Kol B Maximal angle () 21.9%54  225£6.7% 27.8+54

o] SkolrhTable 4). Hwupu] ZhololAle] maA = Final angle (°) 9.3+6.4  12.0+7.4 13.0£6.5
71 == Hdl 237 8 A A E57 Values are mean and standard deviation.

o2 A2 AZ g 3Z=9] n|zA] ¥ AHAlolx *p<0.05 in plegic side to sound side of hemiplegic
I v|FZA] BF ou] 9 xfol: Ho|z| okgre children, ' p<0.05 in one-side limbs of normal children

U, 284 mod ZZALS HAupu] ol 3= to sound side of hemiplegic children
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Table 8. Maximal Moment and Power of Hip and Knee Extension and Ankle Plantarflexion

Tilting Obliquity Rotation
Pelvis
Normal Plegic Sound Normal Plegic Sound Normal Plegic Sound
Mm"
(Nmy/kg) 0.68+0.34  0.53+0.29  0.59+0.34 0.39+026" 0.14+0.13* 033+0.18 022+032 029+0.09 0.30+0.14
MP?
(W/kg) 1.28+0.82" 0.50+0.38* 0.79+0.37 0.58+0.47 0.18+021* 0.48+023 0.150.11 0.1630.14 0.18+0.21

Values are mean and standard deviation.
1. MM: Maximal momentum, 2. MP: Maximal power

*p<0.05 in plegic side to sound side of hemiplegic children,

side of hemiplegic children

A ¢Sk tH(Table 6). éiﬂ—ﬁs] _;.2_7] Wz 227 2
BA F374 aeEln 2
FEe quigle Aolzt 319194/}, 2 =24
W& FHe AZ7.800] 320225 L BAolE
@19l Hlsle] 2u|gAl =7tE AAL B}
(Table 7).
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5 A AolE(0.39 Nm/kg; 0.58 Wikg)oll wlato] oju]
Al Frawlo] glolvh. Hulw] 3holo] ZZ3 FA
olbzAtele] &3 HAd AA EulE 9 Hd AA
YELS Fo3t o] 5 Holx gk}l FTAA] 9]
Hupy] Fholo] Z/3kEe] vl gl Aol FHup
gotbd] wins By, Hd mF =5 RulE g I
o MEF =5 ES HoE XolE Holx &t
(Table ).
&
oA dolAe FAL folrldlA A Fadt
Wk 3 Fo shuE, ARl 8 £49de =
37 dojokrt sl mi-g- B33k 3 FAlolck. o]
23t A4S ANE FgsbA] Kl E¥ 5o A=

' p<0.05 in one-side limbs of normal children to plegic

R :} s 4dupu) otz 7
Zpele] A4 W &
| A e
AAsL 2L = g/ll—oﬂ u];q/ll—z%ql SEAES Helr)
Betel HAvhil g vgon & SEgel 24
F2 B BAYE o83 RshRle] kel ]
AT Foleh Sobd PolAE Bt i <
e HTell ATE7] AGEE M o5
AFE BiRRol AYAAL dYoE & AFek
Hgulobs dgoz & gold YolAE T
LERAORE Wikon5e] TR g, oF
& s 4ubu) obgelAel St A oAyl FA
FARE sl AT N WA Bz7]9
=] o

ot
to okt 1N

¢

o}
o

H

-

o

g go] QoA FA ool mAL dgre LAY
Aow, sguhulotolAe] olzjellAl AolA7] Fat

ol o -‘%%ﬁgwm AFE A9 g Agelet.
otel ghol ol AE BAL 7
% Aot ulste] PolAt %m7}

% HAY F Yok ol WA aF
A4 ﬁ;iuhﬂ A AT B2 Ay
£ g o] E

= ﬁwram Ahitlek

Poé—i

©° g
N
boicA
o
r1r
poc)
o
h‘f
L
-lN
¢

£ 457} WolRirk: Wadsh Bhaivkn gz
AYTA FaelA ol Ax 49
g0z BAete] Wyl =A BAe] Aozl ol



Hhs 9] 59 Hupe] A Aub] ghote] k2

-

SAGIEA), FRIL JAolA] HolAwA 1
o] Al FFH L WAA), FFH L%
FAG Aol AAEwA Aol Z9A wZ
Fol o]zt AAIRAN, FHA e W BF
ARE LA W me] A QA 2t
olAE AME ke TARA), AE AA
FRF L ASPAZ THE F glepIEY ]
AEA AAANE AREA] FRAZAY A
A7E 100%2 3 99 sl Ae AdAH
£8717H%) & AorET Hujn] Yope} wlmslo]
woms 7 WA Fole Led A7 AolE
SJolrzAl sich. 7 At Hupu] ool A4S A
& 07} g Ao o|Bels] Slete] A7}
dho] erow EREE A7 AR wWAA A%
Aloll &8¥E A7k ol AsobEol Hls}
o frele EAEY, AZE EAGHoLE §
SlelAE eEAT, =24 Y ol Hvu 3o}
oA A7 9 ekelAel HiAAd A Y SE=
AR Qg AR AP e weA Az
QA% Azt Ak s uhulTolA QA 5
o] %x%7b Aekslo] glomz, 7k G AA 48
e Agolell Mmak gk W olulsh gicka A
sheloll, 7 gAY Falol a3 Alzbe] )
s gulu] obEoll A 7 whAM Al of]
ofelel o 248 F Zolga Az
FAlAE A2, 3, 40Al9] WEE A F T
ol frelg 2ol7h glgieh el AlsAl Lo
Wyg A7He sl gubulolellA folelAl Bt
Ie AlsgAlel &EE A AgAelAs feld
AolZ MolA gh Zo@ Mol MAuhulZollA
AREAl &5 A7kl ZolA] wlitol, A
o)At EAe] Fael A Azbo] ¥ Auju] ol
A Bk AolAA, AHQl AlsdAle] ol
A7 71zke] AA FAell Laxztell wetel gl
Ughol g Aew AR o4 e A
= v]Fo] Ho} Hnu] ¥ Anulolell A% 7ol
Yol A Aol $EF mesl s HANEE B
olicdl, ol F AlRAY Fale] SEob Aoty
o] o= Aoz AzHh

B Q747 Aubd oz HArlu] gobe] gobal o
ol AL FAo] AgolEret WM Yojgril, of
He £Ee] Wik sA9 malee] wiE x|

1o m of
o

ul ofN

>
r\l

o S o

o

° ﬂllO o i

Mo e o do
i

o

ZHAol| A Do) A= ZZ(Sit-to-Stand) 2] E2F B4 897

& o Slrh PaiS(1990)9] ATelAE Z1HEETL
w-ET5 F2olFe RulESL Fgeka 39le
tl], DoorenboschS< wlE &HE g dojAye T3S
WE7} Frtele, vhd
2l £E2 ot ujjol]
Aol A= Hulu] <

syl w3 u EdAe
ol £3Ae] ErlEE oul
vletel Aekn sick
gzol} AZ ErolA

HA dded Blste] 12

b 43. fog

4

\
AN
ox
oy
r3
2
=
o
5
L
s

ity

e

=2

©

fo
N2,

iy

r o

)

3

v o
b
m
i
ke
e
[« (i
CAS
=
y
€ %
2
>
LR
s N
of, v
E i
s POUI

R EROL
geeha A

AU (o)
r
JE
)
_\gh
£
Sl
rO
po)
lo
fru
i
o
uj

AN ‘%

= 5 Agolgel uete] folelAl grad A
o]

B

gl
SAZNAAAA Huu] Sololl 4 F o
A

Ir
z
o
X
i

1o}

o,

o

= gkont, Hun] Flopol A
A712717F Aoksell wlste] t Frhslglor,
APAE ZopollA ¢ EHE Fe HA ole
A o] THFL e FAtellA = EHlA S5
2] AFe AEHY olEE stolok st ekobA
dolAe T2 FHA, AZE F o FFAE

Auhu] Holol A FRze] UG AFe] o] FE
Aste] WMo Fure] AP EAE B %ol
NS Ageta gekm e

DAL Hvpul Hole] B= H

fr o

mN

=
ity
ta
B
ul
g,
>,
N,
©
it
o
N
N
B
i}
)42 mN
]

aly aly
&

OO

2,

X oox @
(o]
ox
ox
[o]
o
N,
o)
A
2
=
o
£
ol
)
ot

>
2 e
ot

L morle

b0 M D

2

Aol
5
o
ooy
o
ko
O
o,
fleorfe
)
12
_\gﬁ
]
o
o
of
o,
N
do,
o
o,
2

=132

My oY (2 Y

N mod
@ ox o

o

ok

o,

XN

o

=

=

x

oX,

o

=

=

[}

o

N

N

e

2

R

N

i

=

£

o i

o5 =73 =
o] =, o]dk ofo]Fo] s o]

g Lol A 7|5 Al tigk Aol & ¢ gl A



898 KERFIEBEGEE 2448 B S 2000

o= Az

=964 Aol L YolAE F2
oA Ael FWAA DAlA FRAL] wZ FF
o] Hujul gote] AZolA zhiwgon), Hupyl
glole] Aol EpA ) wiZ FI7bo] HAaol
gl g=oA W} v =718 kS B4ld). Fig 1
oA EAel wlZ FFo S| AZol4 B}
g0l ARe Woltul, ok fEe] =aA A
2ae] AHAo A% Az A4S F Iok 0
ol olAl7] EAS Faa Hupu] oo A
Ao ZA wgo] 748 AL olnlE AgHow
ERolAe] HRRe] AFo|EL $lete] HAnbu] 3
ol Agol Bt AT F U om HoluA,
A Yol & o Ao 3

ES

lo

23

d

g
Holok shovl, 1k 28 ol% Wl 4
ol E3A wigo] Agolst Aol 2e FEE o]
i Az ol BAHQ ddelE &
ol At Al Fadel Ho) =l

mpe] ool A%, # W GaolE
Lol obulE FabA W=
2 Feo] HE Rl sk dal, AdEAA
o] wA &
$A31e] Hol7h HpA malEe

=
A AEE 34 F7] e

P
MR

oA ¢kt

NZJ-HO
o fody & N [z &

al

r
1
N 4o &

£ gAY 2T o

Fol w9 $ERALA Aol WA= o

Alst7] flsto] AR AA|glo] EPH o2 PojA
ez ste7l wiE

& g Avhel PolEg ol
Av] Fol F ki IR ol Yo o
Aek Aol glom, mar sl $EYIH A
sholl kg w1 F Gk Yol AL Sxol Ui

skg zASA ¢kky] ufFoll, 4 Azl gl &4
ke Flolth. adeE Bislw
H odFE= HAulb] HAupH] olEsS Ao E o

EFHE ATRRE AEsto] olAelA Aol AE
B $EYYNHOR RNt A3k oy
SPEEel Ao afel AP Aokt

doluiAl gemx, AAHA A

QolAe B4 el ol

stebd % glehs wloll 2 ol9lv} gieka A7
e =
obA oA AL QAN 3l Y
= Zao|d, AY], Ar] B AA e RE =
2 93t y|EAel Exo|tt FHuh] FholSS ok
o] Aoz lsle] o]y y|EZ 2o 43l
AAotEt o Aoz AztEo] 1299 Hulu)
TS Aoz sle] ooba] AojAE Eate SE
Aslx BAS sleich 1 Ax Hupy] oz A
obgol Hlzte] YolAe FHe] £EIl FoliA

o =

e

E Aok
5ol HHO% ZrA-x] o] 9,1911:} Hula] glole]

T Y X < SR VIR <A D) [ro,éoﬁ‘:ﬂ‘i&_tt}l-_\ziﬁ
ﬂi\}l-o?.rzi}i
<

ERA] Hd wiE Aol =l A=wHc} 7+
o] gt ol 73_‘4_1 Hol M Aotel H]sh
Hupu] sholo] 7|2 ERLS] Fele] FgA o] Wol
[} %’oa‘ ?——1' T »)\MvA‘I] = i Z—“lli]—z“y].
7} Q%‘:} 5‘:‘."‘2‘1‘ 31121]-1:1] 9,]—0]._/] o]o_]/qL_ 075-11'-4
4o 95 mwA 0 EAe] Ao AHAE)
Asl, FA% ERA] AR 9 vdAAY 3
A 7t Ao LEIFYE LEYLHA QAT £
stol she1e 4 slglek

12

1) HheZ ubg AR AR o] E A Aol
Aol A dojub 2 (Sit-to-stand) £4]. A
8+3]2] 1999; 23(4): 717-724

2) Burdelt RB, Habasevich R, Pisciotta F, Simon SR:
Biomechanical comparison of rising from two types
of chairs. Phys Ther 1985; 65: 1177-1183

3) Butler PB, Nence AV, Major RE: Biomechanics of
transfer from sitting to the standing postition in some
neuromuscular diseases. Physiother 1991; 77: 521-525

4) Doorenbosch CAM, Harlaar J, Roebroeck ME, Lank-
horst GJ: Two strategies of transferring from sit-to-

ek 5o
1o rlo

stand; the activation of monoarticular and biarticular
muscles. J Biomechanics 1994; 27(11): 1299-1307

5) Fleckenstain SJ, Kirby RL, MacLeod DA: Effect of
limited knee-flecion range on peak hip moments of
force while transferring from sitting to standing. J
Biomech 1988; 21: 915-918



s 2] 5

6) Ikeda ER, Schenkman ML, Riley PO, Hodge WA:
Influence of age on dynamics of rising from a chair.
Phys Ther 1991; 71: 473-481

7) Jeng SF, Schenkman M, Riley PO, Lin SJ: Reliability
of a clinical kinematic assessment of the sit-to-stand
movement. Phys Ther 1990; 70: 511-520

8) Kerr KM, White JA, Barr DA, Mollan RAB: Standar-
dization and definitions of sit-to-stand movement cy-
cle. Gait Posture 1994; 2: 182-190

9) Kotake T, Dohi N, Jahiwara T, Sumi N, Koyama Y,
Mijura T: An analysis of sit-to-stand movements.
Arch Phys Med Rehabil 1993; 74: 1095-1099

10) Krali A, Jaeger RJ, Munith M: Analysis of standing
up and sitting down in humans: definitions and nor-
mative data presentation. J Biomech 1990; 23: 1123-
38

11) Millington PJ, Myklebust BM, Shambes GM: Biome-
chanical analysis of the sit-to-stand motion in elderly
persons. Arch Phys Med Rehabil 1992; 73: 609-617

12) Munton JS, Ellis MI, Wright V: Use of electromyo-
graphy to study leg muscle activity in patients with
arthritis and in normal subjects during rising from a
chair. Ann Rheum Dis 1984: 43: 63-65

13) Olney SJ, MacPhail HE Ann, Hedden DM, Boyce

s fupu] HAupa) goto] ghe

ZHAol| A Dol A= ZZ(Sit-to-Stand) 2] E2F B4 899

WEF: Work and power in hemiplegic cerebral palsy
gait. Phys Ther 1990; 70(1): 431-438

14) Pai YC, Rogers MW: Speed variation and resultant
joint torques during sit-to-stand. Arch Phys Med Re-
habil 1991; 72: 881-885

15) Pai YC, Rigers MW: Control of body mass transfer
as a function of speed of ascent in sit-to-stand. Med
Sci Sports Exerc 1990; 22: 378-384

16) Rodosky MW, Andriacchi TP, Andersson BJ: The
influence of chair height on lower limb mechanics
during rising. J Orthop Res 1989; 7: 226-271

17) Schenkman M, Berger RA, Riley PO, Mann RW,
Hodge WA: Whole-body movements during rising to
standing from sitting. Phys Ther 1990; 70: 638-651

18) Sepherd RB, Koh HP: Some biomechanical conse-
quences of varying foot placement in sit-to-stand in
young women. Scand J Rehab Med 1996; 28: 79-88

19) Vander Linden DW, Brunt D, McCulloch MU: Variant
and invariant characteristics of the sit-to-stand task in
healthy elderly adults. Arch Phys Med Rehabil 1994;
75: 653-660

20) Wilson H, Harideri N, Song K, Telford D: Ankle-foot
orthoses for preambulatory children with spastic diple-
gia. J Pediatr Orthop 1977; 17(3): 370-376




