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ABSTRACT

The purpose of this study is to evaluate the influence of posture elements on symmetrical weight bearing during STS (sit-to-
stand) in patients with chronic stroke. The subjects were patients diagnosed with stroke: a total of 24 patients (16 males and 8
females) participated in this study. All the participants performed STS tasks(3 foot postures and 2 arm postures). Two force plates
(AMTI) were used to measure the peak vertical ground reaction force(Peak Fz) and the symmetrical ratio to peak vertical ground
reaction force. The data were analyzed using independent t-test and 2-way repeated analysis of variance. The results of this study
were as follows: 1) The peak Fz placed more weight on the paretic leg during STS and 2) The symmetrical ratio to the peak Fz
showed a significant difference according to the foot and arm posture (p<.05), and had the highest AYM_GA (0.87+0.12). These
results indicate that arm and leg postures during STS in patients with chronic stroke had the highest AYM_GA. We believe that
the outcome of this study will be a reference for the prognosis of STS in patients with stroke.
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olEshs TE A%, MM 715 ke 5% &
o4 A T olgt & 4 Uth(Lim & Park, 2005).
22 A el A 0101}\17](51'[ to Stand; [STS]) B4& &=
HAQ dFALoA] B4AR1 4ol STS= SHEE ¢
2 A EZRE FFeR Byt A AR e] o]

F3EH, s 9F s 250 ZSlRE 550 Q7H
w9} HlupH)E TS o] 83 YX|E uPrHA] STS &
2} B9 vH|= tig]l= 73 (tibialis anterior), 7}AH]
Z(soleus), HEAFFZ(quadriceps), &3 (hamstring)®] &
2w B ooz} dojub=tl dele AR, ols Al
A Aol FaFs W=kl d# A UTHCamargos, Rodrigues-
de-Paula-Goulart, & Teixeira-Salmela, 2009).
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H| S0l = XX Ho] Hojz)7] wje] t gk vt A<l
AHE F oAl ETHKim & No, 1997).

71E ATEL STS B2 3o dele A7k #fole}
siAo A= A3 bl &Sk vl #ASE AEe] F
£ o|F1 Ut} Chu et al(2003)= Hwp] Sxp7} A7
gk oidAtel] sl STS §2h2 78 sh= AlTke] © o
A3l F Aol del= Fe] Aol7t A veRdtial 8t
Aok 23 WS A=A ols AR wek A e
Sl ST Yoo(2004)= HES A= STS 473 A
72738k gidAtel] Bl Alzke] Qe ARow, vupu] St
wHH) S SRR]] FHu) FRRANbEE ] 2jolr} AX HE
gk 3R] B3-S BTkl 3tk Yoo & Lim(2007)
o] ATNME HEF b= A7 =15 HlE] do
AMet O B2 Alzke] g Ew dojrayr] 5] w5 U
Bol FA1713L wEbA] A Al B2 A7be] A ETh
U o i=

STSESE HlupH]Se] XujAQl ARG HAREe] mE H]
A FEL op7] AIFIT) o)A Aslolld Sl H)uie)
=3} vlwajA] wp|Sel A9 40%7F A2 ATAAE 5t
= AFe] Ut} HEFT IAELS FH-S STS 542
s S8 duel w7l Al Al vlup] Fo2 o]
A= S AR AY, vHIS S HepEE R

Shepherd, 2003). ol2gt B 3850l Fast Arpd A=
S o] o] HIARgo] TS 7153} Hh
HEF $Ake] A Aol oA iR
siele] HgAe-e AATIE o, #5st AlFHA
£ ot #FZA AAE HATOEN HEHoE A
ol B3-S 3|5A]7]= Ao|tkDickstein, Nissan, & Pillar,
1984). Arcan, Brull, Najenson, & Solzi(1977)2 vH|Z
siAlo Aol sd SRR AFols TS
HAxAS ZAAFIT Bt Kim(2011)E v
AF=0lAl STS A& FHEANAE o 25 SHEe] F7}
= UERA] 2o} FHAITIA] &2 SxE] vlal A
% At 9= fFelsHl dE AT BAskiT.
WlM HEFT SAPT AMgsh= STS W 2e vh)
2o} e S belE U] FaL XA ste] YojA
W, vRE gl AWl AL v S TeEle $
ol YIXIAIZL A dojxl= WhHo] glom 7)o 73z}t &
ARAZHA Wl dojre Wi 7 &8 4H] 7
3 dojx= o] Ut} o] FoA AAR X BelAM =
uHH]S Tl o] BIARE-S 9] fl8) HeplE vEE A,
S tE]E ol 747t Fa &8 24| A YojA
= ol AsHE ot F g7t e o, vjup S
o7t e XS wf, w|S tErt 8o XS
o o= FEste] AFYES A ] $ape] X 5o

s
i

o o r|r A\

=

Aol #FIEH hAH AF AAE 9% A= IS
th]7h 3ol fIxRe R 7hssithe Aotk (Yoo, Kang
& Lee, 2012; Hamman, Mekjavic, Mallinson, & Longridge,
1992; Roy et al., 2007).

dojr7l= A A EdE FAUolth A=
siA|of Hlste] A 30| =aw, A ST A
N2 He A7t Boug, HEF ] &5 IuS
i =gA 2elsioF $H(Chae et al., 1998). TH &
off Al Qlo] A= SR 53] A9l AsiAl 3
HE ge FxEe] dge YIS 28 sHE v
3 HrHEE A AR AL AR, A=
Zo] WIS AR-S A Ut dEEe] Thsat
ng2 wphEe] RS ARAl EHof s 78 A4
(learned nonuse phenomenon)©] WEFHTHShin, 2006;
Carr & Shepherd 2003; Trombly and Quintana 1983).
uebr v gxpEo] GRS oud AR F4Y A
7holl A3k EA|eh A go] Slo] HmpR]Se] GRS o8
T UESF AL o] 2A7F a6t

7180 A AFEL HEF SAolA STS 52 o
= B AR ATAAE ks T W 1
o & FHES AT HKim, 2011; Yoo, 2004;
Yoo, & Lim, 2007, Yoo, Kang, & Lee, 2012) STS &
Qb o] fix1ek Al ZA] fAH] 9] TheFek Z3tol skA] Al
% AAel mAE Gl et AR FE55 Aol
webx] B HEFEAe] dojx 7] Bt A9 skR] €]
ofe] 7 ZA 847 A AFAA ] vAE Gl
sl gohEarzt stk 2 Ao BA HEF Sl
dox7] Tt ThdFeE x| e} kx| o] ApA o] el wE
Wk Hof 2] A v S-S Hlashs Zlolth

= O
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1. 47 CHat
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HH0= 10m BE3jo] 7Fsgk 8}, A2 A A et=

&< ollst e F UE AL, 7 wiSE =2 7=
7} 10° o]Akel 3kx}, Modified Ashworth Scale 73 &%
(2= HrF =, 0: e §le -5 23 B Al
A R A yE 237 olsll St Asislth. gt
gk Bl HUER 3488 WO R she HEF 7153
5 AEE $Ho= 4T F U= Fugl-Meyer assessment
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Table 1. General characteristics of subjects

Variable (unit) Mean (SD)
Age (yrs) 54.75 (8.8)
Hight (cm) 165 (6.1)
Weight (Kg) 62.98 (8.4)
BMI 23.25(1.9)
Time since stroke (months) 15.46 (8.7)
Type (ischemic/hemorrhagic) 17/7
Side (R/L) 12/12
Sex (M/F) 16/8
Anke ROM 20.7 (4.3)
adductors 1(1)
Modified knee extensors 1(1)
Ashworth
scale Soleus 2(1)
Gastrocnemius 2(1)
Fugl-Meyer Assessment 25.17 (4.7)
Timed get up and go (s) 16.7 (3.9)
Knee height (cm) 449 (3.4)

of motor recovery after stroke (FMA)S AAISIA, 5
2 4% ZAK] timed get up and go(TUG) =3+ A8}
Ak

2 AFE S8 ke wAAEY) AR 54 54
W82 <Table 1>3} 2T},

Ao A= AHuE 7| (AMTL USA)E o]&-3fo] 2
A

A4 (Grasped Arm; [GADE A3ttt

ol W 3714 {EQl H A= oFE AAE S|
eFof o] HupH] SxpEo] Hmp|S tE]7t el
$1XA171= AAl(spontaneous [SPO); (Figure 1), ©13 4
e FEE FFORE 10° wiS =3 AT el F
o] Ueks] X%+ A (symmetrical [SYM]; (Figure 2),
HIA A Al HupH] S vl & o (0 wijS ==
(neutral A 7132, F-5& 90° FFAI7|H, vHIS A& &
Wo g 10° viE =3 ARl AJA| (asymmetrical [AYM])E
A5t cH(Figure 3).

B ATE gukdog YAifola 2ol= HHs|aL Eolvt
Z4%E X FE(Bobath table NT-5000, Nteck, Korea)=
AREBte] FEEO|(R[HA tE Q] £S5 Ate] Eol)d

Figure 1. left: symmetrical arm and spontaneous leg, right:
grasped arm and spontaneous leg(patient: left
hemiplegia)

Figure 2. left: symmetrical arm and symmetrical leg, right:
grasped arm and symmetrical leg(patient: left
hemiplegia)

Figure 3. left: symmetrical arm and asymmetrical leg, right:
grasped arm and asymmetrical leg(patient: left
hemiplegia)
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Left forceplate Right forceplate

Bobath table

Figure 4. Instrument displacement

A STS7h = ek, 42 addad) F52 90° =35t
3 o] wjE=3e] HE7FsHelE ZH=Al(Goniometer
PVC, Anymedi, Korea)s 53 =4 =At}.

FE ke Fhglolel A-ste] AFF 5T Alele] A
27t B3t st=s shar Zlﬁmoﬂ AAHE =5 4
ol= A Hdo|(hEZe] =71 FEHEAcRE A
o)l wro g it tidAle el Al ZHE A8
TE g AAEelA S ) skeF silal tiidAkE 7
o] QA= Zol7] flste] %2 ZW]-J QAR e} W, s
9] AAE FFAe Ho|ZE o]&3a}o] O];qo}ﬂl A
3} tH(Rocha Ade, Knabben, & Michaelsen, 2010).

Z718] k& A, T Al Al 3m o] A=A
oNxe] ol sidehe Sl AlE agstEs A

AlBhaL, tidabe A7kl AA el mEt tidAbE A
oAME HAg X oAtellA dojith(Figure 4). I+
Ake] ojrM g ghs AAlo1e} A F2to] AR
Z}7Ee] A9l 53] FHEHAL A Al HFA] A
ko] SAHA oM TF9 339 gk Ads)] &
2813l

3. X2 BN

dojrl7] 2k Al Ho FRAAHEE (peak of vertical
ground reaction force; [Peak Fz]) Uojr7]e] Al&tsl=
Ak B AlRRERE SAEJN ™ AF(body weight:
[BW]S] #2E&(%BW)= dristalaict. AAuk 7] (Force
plate)?] ¥ =% E(sampling rate)> 200 HzZ 3},
A3} dolHE o}~7|(ASC INZ #1738 & Matlab Z=2
P o83t

2| Al E 91k #8 28-S A3 Wrlshkes WY
S=Z COP (center of pressure)?] #HX-S ALt

A HukE 7S FFT (Fast Fourier Transform) Ak S
AX & FoE 3 Hlawstal Wrishs We] Ark(Kim,
Ko, & Park, 2002; Liu & Lawson, 1995; McClenaghan
et al, 1995). 18 skl Veh= tiAAd-2 xHRt
Hof| Jehts FAAHREERS vlaste] ARg-skal ltk

(Patterson, Gage, Brooks, Black, & Mcllroy, 2010).

Peak Fzoll thet A& (symmetry ratio)> wHH|Z3} H]
splZe] B RS 47 Lok 4 Al wWE
o F23he R B2 ool T BiYEe
218 o237 Zt}(Patterson et al., 2010).

pareticside(parameter value)

symetry ratio =
ymetty non-pareticside (parameter value)

oo} 7 TIEE 19 W) 23} veplZo] 97
& U olFm, glol 1914 Hojdss ulrge] Hrk.
0] L s Aol o) grol v
o B3, BBl 18t} B A9 vnh|Se] wh)
0] guct B8 A2 oa.

4. 84 &Y

A Aol gk 2248 SPSS version 12.02 ©]&-3}
o FAAE st & ?01]*1 Z}zke] ApAOA Peak
Fzol th3t 2z} 257F nH|Z2 vjua|Z Alole] W H]
WE ] SHEE ttests OS3IATE K, ThHEREARE
21(MANOVA 2x3)0.& 2E7¢] A= bﬂ§}°ﬂ wE
o] s}A] Wslo] 3loj \'41%1%— FAA I A 2
ool WE ZH7} Peak Fzoll thgh &F &Fx¢] thH &S A}
olF oty 93] WHEZAEAHEA (2way-repeated

3ZE

ANOVA)YS A8l T), BEAkLa] Ao wl2 A}%ym_o_
Bonferronit-& A&ttt BAISH 2] 75 o= 0.05

= sk,

1. 947 21}

7ZF Aol i Ao FAAEA
ground reaction force: [Peak Fz])2| Hudt BFE HAE
SA%t & vpS3 vinp|Eke] H|wof|A] H|uH]|So] u}
H| Sl H]ste] FHo FRAATHGE] {2k =9kt
(p<0.05; Table 2).

HHHE (Peak of vertical

Uojxl7] F9F Peak Fzoll th3l & 4] e] A uk
go] HFS el vpSt Hlu}ﬂl%—«l NAES +
stod i3S vaEiich Al mE A& Hlup]

Z g7} Tl YA SPOAIM T 2 Fa e
GA7} B2 ARl RS Felol] Wl AH9l SA
o Blsl frelall L tH e UERIQEL(p<05), th]
3 sk Sl AAshe AV 8 H sl
A9 GAZt B I At gAH0R e o

B elHpe05). HE A=A e A SAIA]
7S] mE tAEe TS Szt el X%
AYMO] EAAOR 7 27 Yepde) ¥ £ 44 7
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Table 2. Peak Fz (unit: %BW)

Position paretic nonparetic tvalue p value
leg leg

SPO SA 41.25(7.84) 63.73(7.14) -10.40  .00*
GA 44.22(8.42) 63.07(7.86) -8.01 .00*

SYM SA  4497(7.67) 61.93(7.02) -7.98 .00*
GA 4331(7.14) 61.95(8.53) -6.44 .00*
SA  48.44(6.59) 61.07(7.63) -6.12 .00*

AYM

GA 51.40(5.64) 59.82(8.20) -4.19 .00*
note: * significant : p<.05

Table 3. Symmetry ratio of Peak Fz

SA GA
SPO 0.66(0.15) 0.71(0.16)**
SYM 0.74(0.16)* 0.78(0.15)

AYM

note: *'significant : p<.05

0.81(0.14)"* 0.87(0.12)**

Table 4. Results of 2-way repeated ANOVA for symmetry ratio

of posture
Posture Tygg " df srgﬁz;le va?ue vaII)ue
Foot 0.56 2 0.28 68.42 .00*
Arm 0.10 1 0.10 52.64 .00*
Foot arm 0.01 2 0.02 1.85 17

note: * Significant : p<.05
SPO; spontaneous, SYM; symmetrical, AYM; asymmetrical, SA;
symmetrical arm, GA; grasped arm

A doju= GAoM = BIvHIS siAI7F el 917
SPO JeNE T} vH|S shA|7F 3ol $1A18F AYMelA
oA =2 &S HERNATH(Table 3).

ZpAlol] whE thHES] 2-wayrepeated ANOVA A4S 4+
HEH FEI= T AL F 2o SAF R {2 sf
AL, Aot gAeME freldk Aol flddth AR A3

At zhze] XWVPOH Frefgk xfol7t UAAL, AYMO]
SYMel| 3l B =& thES BHATHp<0.05; Table 4).

2 AFolM e v HES 2 ?4_01*171 &t A
A Q47F A AFAA mAs FFS dopE I}
3IATh. o]o] SPO, SYM, AYMS| 37FA] A2} SA,
GASl 274 & A& AFQ—S}O# AHRE7|E o] &3]
STS &<t HulAwwkae-s 431t o 235 4
B, AEnkE 7S o]g-3 STSESH AYMe| SPO, SYM
Hlwale] vpp|S AlFisked e BAIMCE &
rS YERSITE. o142 Shepherd?} Kho (1996)
AN mhES S ] T el & Aol H]
SAl RIS AHA7I7] S8l B & dEe] jlol

lu
g\l

5.:

mlo

Lr_L

éug-{n:i
C/Jr&r

87Fo] STS7F ofe)-¢H &2 AIZF =3k e Ad-ddnar
sl sl ke HEF BABS vhlE e
o = Zo] STSO ¥ frefsite 2ol fAlsi
Camargos, Rodrigues-de-Paula-Goulart®} Teixeira-Salmela
(200952 PHIE ol Fgel ANTH MHFA Al
shil = shAe) O We 2 Bt 9% 99 FUL 3
7HAZItE B A= Roy et al (2006H Aol A whE]=
o] Fagol]l YA AA7E ThE ApAel HlsiA HIthH A

o] ZO|EATR= A1 Ax|5H, ¥EF A= STS &
24g SR 47k ofn] FAYE S HiFo] Yehdthn
AL, o5 Sl vHIS o] Sl IXIFE AdejollA
Aol Aol 5 MHAS BTl AAE S

= ]7]%

o

R N I EE N ES R PR B E RN
g2 dalr] Slal doi7lel 9] Ferel w914

< TS S Sl XM= Aol a&HolEtal 8t
ATHChen et al., 2010). P& A2 ASAA|H] L&
7154 &3 o] =7] vl (Lomaglio, & Eng,
2005; Mercer VS, Freburger JK, Chang SH, & Purser
JL., 2009), "HISTR] 9] ATAAM S-S Eol7] 28l v
oks} HHE o] ob\]-oﬂ,q XJ_Q_QI lE]-(Cheng et al,
1998; Cheng, Chen, Wang, & Hong, 2004). ©]2{3} &
= A er 2] T7hed 2AEY FRIstE T4 o
@ H=E o] BT A e 75 &F 5
gs o # mds] ¥ & dvhlee, Wong, Tang,
Cheng, & Lin, 1997).

oA 71A] Fe] fiR|o 2 A|FAA ] HHES GA
7} SASH Hlarate] feJsiAl o sl T Al AFAIA
£ stk oAellA Fo] ol Aol A RHlET}
Axle] AR, AR uHA He AR Al 241719
A GA e S Ao R wWold F o 38%0R
ALl T4l olES E8AoRE T UA al DA
71olM B R & FUAe Aol AzEn o=
Cheng & (2004)2] ArollA A zpAollA] k7] (stand to
sitysQt Ze] fiA]ol dAgle] el iAo weh A
AZAA | FFE wh=the AFshs tha o7} gl
2 e ol s A7 Reb Slel AR
9] Aol Uehie 1glo] B8 Aoz A
B Ao ATHE el 7t A3, slsHoR %
& FES BANS o A7t AP gl
HE% B AAA dusksiel Mk A Aol
SA3L, STS &< 2+ Al s F-EaA] 3o Aats v
o $AYT Aol ofFA JF2 MAHEA o
A & = T FF Aelde F O B2 WRE
sl 5@t Ala"ld A4S AE o8t
oksla A8t Al sl FHE] 22 AAE A
Alske Aol dad Aot
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V. & =
E Ate W HEFT SR A g met STS
< A AFAA A v FFS °‘0H-LJ}
o] dexAS 53 2499 HEFT IS ﬂwo
2, 371 & ZA(SPO, SYM, AYM)S}, 27F4] 2 A
(SA, GA) 2 Zg3lo], STS &<t HujrdxHnhd&z}
WSS Tt STS FelA 23t thale] A7} o
ks iﬂ%—zwoﬂ JIFS FAom, ASY & AAeE GA
& AAE HES WM ]S skR o] A AFA A
of 9T vHS & 5 ASTh

ma =

ror

oz

Kim, S. H., Kim, K. J, Kim, S. Y., Ko, E. K., Min, K. O., Moon O.
G, Park, S. G, Park J. H., Seo, H. K., Song, M. S., Yoon, N.
M., An H.J, Lee, G. C,, Lee, S. B, Lim, I. H., & Choi W.
S.(2007). The physical therapy of neurological and cardiop-
ulmonary disease(*+). Seoul: Haneltrak.

Kim, W. H.(2011). Effect of task-oriented approach on weight-bear-
ing distribution and muscular activities of the paretic leg
during Sit-to-Stand movement in chronic stroke patients.
Korean Academy of University Trained Physical Therapist.
18(2): 18-26.

Kim, J. M., & No J. S.(1997). The effects of varying foot placement
on Sit-to-stand in patients with hemiplegia Korean Academy
of University Trained Physical Therapist. 4(1): 30-38.

Kim H. D., Ko, Y. M., & Park 1. S.(2002). Power spectrum analysis
of balance in the stroke patients. Inje Medical Journal.
23(5): 431-437.

Shin H. K.(2006). Cortical Reorganization and Functional Motor
Recovery Induced by EMG-triggered electrical stimulation
in post-stroke paretic hand. Unpublished Doctor's Thesis,
Graduate School Yonsei University

Yoo, Y. J.(2004). Kinetic analysis of sit-to-stand movement in stroke
patients. Korean Alliance for Health Physical Education,
Recreation and Dance. 43(4): 521-529.

Yoo, Y. J. & Lim B. 0.(2007). Kinematic Analysis of Rising from a
Chair in Healthy and Stroke Subjects. Korean Journal of
Sport Biomechanics. 17(2): 103-112.

Yoo, Y. J., Kang S. J., & Lee K. G,(2012). Characteristics of Sit-to-
stand Movements in Stroke Patients According to the Onset
Time and Foot Position. Korean Association of Certified
Exercise Professionals. 14(2): 137-146.

Lim H. Y., & Par S. G(2005). The immediate effect standing bal-
ance and dynamic activity on barefoot, wearing SPAFO and
wearing HPAFO in hemiplegic patients. The journal of
Korean society of physical therapy. 17(1): 96-107.

Arcan, M., Brull, M. A., Najenson, T., & Solzi, P.(1977). FGP
assessment of postural disorder during process of rehabilita-
tion. Scandinavian Journal of Rehabilitative Medicine.
9(4):165-168.

Camargos, A. C., Rodrigues-de-Paula-Goulart, F., & Teixeira-
Salmela, L. F.(2009). The effect of foot position on the per-

formance of the sit-to-stand movement with chronic stroke
subjects. Archives of Physical Medicine and Rehabilitation.
90(2): 314-319.

Carr, J. H., & Shepherd, R. B.(2003). Stroke Rehabilitation: guide-
lines for exercise and training to optmize motor skill. Edin-
burgh: Butterworth Heinmann.

Chae, J., Bethoux, F., Bohine, T., Dobos, L., Davis, T., & Friedl
A.(1998). Neuromuscular stimulation for upper extremity
motor and functional recovery in acute hemiplegia. Stroke.
29(5): 975-979.

Cheng, P. T,, Liaw, M. Y., Wong, M. K., Tang, F. T., Lee, M. Y., &
Lin, P. S.(1998) The sit-to-stand movement in stroke
patients and its correlation with falling. Archives of Physical
Medicine and Rehabilitation. 79(9): 1043-1046.

Cheng, P. T., Chen, C. L., Wang, C. M., & Hong, W. H.(2004). Leg
muscle activation patterns of sit-to-stand movement in
stroke patients. American journal of Physical Medicine
Rehabilitation, 83(1): 10-16.

Chen, H. B., Wei, T. S., & Chang, L. W.(2010) Postural influence on
Stand-to-Sit leg load sharing strategies and sitting impact
forces in stroke patients. Gait & Posture, 32(4): 576-580.

Chu, SW., Wong, AM., Leong, CP., Hong, WS., Tang, FT., & Lin,
TH.(2003) Postural control during sit-to-stand and gait in
stroke patients. American journal of Physical Medicine
Rehabilitation. 82(1): 42-47.

Davies, P. M.(2000). Steps to follow: the comprehensive treatment of
patients with hemiplegia. Berlin: Springer-Verlag.

Dettmann, M., Linder, M., & Sepic, S.(1987). Relationships among
walking performance, postural stability, and functional
assessment the hemiplegic patient. American journal of
Physical Medicine Rehabilitation. 66(2): 77

Dickstein, R., Nissan, M., & Pillar, T.(1984). Foot-Ground pressure
Pattern of standing Hemiplegic Patients:major characteris-
tics and patterns of improvement. Physical Therapy. 64(1):

19-23.

Durward, B, R., Bear, G. D., & Rowe, P. J.(1999). Functional
Human Movement: Measurement and analysis. Oxford:
Butterworth-heinemann. .

Eriksrud, O., & Bohannon, RW.(2003). Relationship of knee exten-
sion force to independence in sit-to-stand performance in
patients receiving acute rehabilitation. Physical Therapy.
83(6): 544-551.

Hamman, R. G, Mekjavic, 1., Mallinson, A.l, & Longridge, N.
S.(1992). Training effects during repeated therapy sessions
of balance training using visual feedback. Archives of Physi-
cal Medicine and Rehabilitation. 73(8): 738-44.

Lee, M. Y., Wong, M. K., Tang, F. T., Cheng, P. T., & Lin, P.
S.(1997). Comparison of balance responses and motor pat-
terns during sit-to-stand task with functional mobility in
stroke patients. American journal of Physical Medicine
Rehabilitation. 76(5): 401-410.

Liu, S.H., & Lawson, D.(1995). Power spectrum of the Fast Fourier
transform for measurement of standing balance. Australian

Journal of science and medicine in sports. 27(3): 62-67.

Lomaglio, K. J, & Eng, J. J.(2005). Muscle strength and weight-
bearing symmetry relate to sit-to-stand performance in indi-
viduals with stroke. Gait & Posture. 22: 126-131.

McClenaghan, B.A., Williams, H.G, Dickerson, J., Dowda, M.,



The Comparison of Symmetry of Vertical Ground Reaction Force on Pattern of Sit to Stand in the Chronic Stroke Patients 259

Thombs, L., & Eleazer, P.(1996). Spectral characteristics of
aging postural control. Gait & Posture. 4(2): 112-121.

Malouin, F., Richards, C. L., Doyon, J., Desrosiers, J., & Belleville,
S.(2004). Training mobility tasks after stroke with com-
bined mental and physical practice: a feasibility study. Neu-
rorehabilitation And Neural Repair. 18(2): 66-75.

Mercer, V. S., Freburger, J. K., Chang, S. H., & Purser, J. L.(2009).
Measurement of paretic-lower-extremity loading and
weight transfer after stroke. Physical Therapy. 89(7): 653-
664.

Patterson, K. K., Gage, W. H., Brooks, D., Black, S. E,. & Mcllroy,
W. E.(2010). Evaluation of gait symmetry after stroke: a
comparison of current methods and recommendations for
standardization. Gait & Posture. 31(2): 241-246.

Rocha Ade, S., Knabben, R. J., & Michaelsen, S. M.(2010). Non-
paretic lower limb constraint with a step decreases the
asymmetry of vertical forces during sit-to-stand at two seat
heights in subjects with hemiparesis. Gait & Posture. 32(4):

457-643.

Roy, G, Nadeau. S., Gravel. D., Malouin. F., McFadyen. B. J., &
Piotte, F.(2006). The effect of foot position and chair height
on the asymmetry of vertical forces during sit-to-stand and
stand-to-sit tasks in individuals with hemiparesis. Clinical
Biomechanics(Bristol Avon). 21(6): 585-593.

Roy, G, Nadeau, S., Gravel, D., Malouin, F., McFadyen, B. J., &
Piotte F.(2007). Side difference in the hip and knee joint
moments during sit-to-stand and stand-to-sit tasks in indi-
viduals with hemiparesis. Clinical Biomechanics(Bristol
Avon). 22(7): 795-804.

Shepherd, R. B., & Koh, H. P.(1996). Some biomechanical conse-
quences of varying foot placement in sit-to-stand in young
women. Scandinavian Journal of Rehabilitative Medicine.
28(2): 79-88.

Trombly, C.A., & Quintana, L.A.(1983). The effects of exercise on
finger extension of CVA patients. American Journal of
Occupational Therapy. 37(3): 195-202.



