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Abstract

Purpose : The purpose of this research is to propose a more efficient exercising method by measuring and comparing the
movement of center of pressure (COP) while hemiplegic stroke patients perform kneeling squat exercise and squat exercise.

Methods : 17 hemiplegic stroke patients were instructed to perform kneeling squat exercises and squat exercises, and the research
was designed as a cross-over study. For data collection, a pressure distribution measurement platform (PDM) was used to measure
the movement area, length, speed, and distance from the center of the X-axis of center of pressure. The data was then analyzed
through a paired t-test.

Results : Kneeling squat exercises have been found to have a significantly smaller center of pressure movement area compared
to that of squat exercise(p<.001), and the center of pressure movement length of kneeing squat exercise has also been found to be
relatively shorter (p<.001). Moreover, kneeling squat exercises have been found to have a significantly slower center of pressure
movement speed than squat exercise (p<.001), and kneeing squat exercise center of pressure movement distance from the center of
the X-axis has been found to be significantly small (p<.001).

Conclusion : Kneeling squat exercises have significantly decreased amounts of center of pressure movement area, distance, and
speed compared to squat exercises. Also, the center of pressure movement distance from the center of the X-axis was relatively
closer. This result seems to derive from patients performing their motions with wide base surfaces while being refrained from using
unstable ankle joints during kneeing squat exercise. Therefore, it can be concluded that kneeing squat exercises show relatively
balanced center of pressure movements between the paralyzed and non-paralyzed sides because kneeling squats show smaller shakes

in the center of pressure.
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FyEee eyt 8 wHdAgto = a AR
AR =& H&S AAstL Qlon, XA | 9
g AFEES aluteh S7Fskar 9laz, 2018 7] 109 18
S 447 o]Ake] AMRES Hska Qlk(Kim, 2020). £
3] HERAZ F HETS w2 FERE WA= LF
ojn], ¥ZM B S8} £ EAZ IAst= 34 &
Gy HHO R, 2447 o] A &E L oSl 9l
CHPark, 2013). H&F & Aopd2 252 A w71 I
[3tH, 7|sAHoz AzZket &Aol dAl Erk(Park,

u 4
2013). &4 & UBle $42 854 X(ataxia), HE}H]
(hemiplegia), 1X]4<£(cognitive deficit) 12|31 T2 AL
(sensory deficit) 5} £ A7 3H4] &4 o] theFshAl u
Efttal(Lundy-Ekman, 2013), B tolrt d/4e &F2
Follet 23 Adoli(disorders of gait) 3 2 & ZAAE
= of7]Elth(Choi & Jeon, 2015; Miller 5, 2010).
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2013).
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&k, X5 SAoA Y ol ARlE S5k, asFel Fe AEsHATh HF A A A sk
S wo] Y8 Al staA gt % 29e At
PAA AL FAGeIA P AReshE Aol st
2. @79 =4 of HREWT QY= A 2L AR AYtich A
g 712 1) Al HEF AT we dvke) B
B AT Bauhst b UEF 34E g40R ) REAE SET AYE 25 A, $E7 UEe B
FEAFE 57 AFE &5 o] i dEs4 T TS| ¢l *F 8o 7kt A 3) A &
ol& WA, o] #ol, olF &=, XF FHAAY °olF A A RS SE3] olsfistal AT o= A
A& Hlastarzl skt Aol &t A} 4) F=F-Trol G4l E A AHMMSE-K)
W47 247 o4kl A= MAS ALk A9 712 1) +]
=% ol v AlATA dgho] Q= A 2) ¥, 75,
| S B L FETH B muS AFRE A 3) WE, FE,
FEHA HPgo] o] & ol Agte] U= A 4)
| A7 A 9 A7 giAt A2t AR 718 A7 AAY wtFoll FEFE H A=
°fEe 58 U A 5) HIEgh 7 2 (spasticity) 0| U &
REAHE £5I AHE 250 24 Ao me  HER T S T ANT FH0) o Aw A
Ak wjA8l7] 5te] LA} AL(cross-over study)E A AT
Asteich ALYAIAF oY AFES G power 3.1 T2 HE A dFAlA A el s ZpAlgE
Mo A} gsto] AFZElATh APH AToA] 5L giare AWe Sl AEHOR AT FojFoAet IR
2 AP AAeAT, AbH AT AWE wgoz gy e AAE AT F st S sHe Aot
7] 81, S0z 05, AAY g502 MR o, 16 ZT 1795 AR HF AE AP, At
ARe] AHkefeka| ol E4JL Table 13+ At
Table 1, General and medical characteristics of subjects (n=17)
Characteristics n Mean+SD %
Male 11 64.70
Gender
Female 6 35.29
General Age (year) 57.94+17.99
Height (cm) 161.74+10.20
Weight (kg) 64.97+11.95
Hemorrhage 8 47.05
Cause
Infarction 9 52.94
Medical Lt. 9 47.05
Plegic side
Rt. 8 52.94
MMSE 27.53+£2.71
MMES; mini mental state examination, SD; standard deviation
FEAHE 251 AYE 2& KMo ME HES BXfe| FY Hlu A7 3
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W= 5}, 31 Z 27}

47 Hsto] ARE-819aL(Shim & Chung, 2019; o} ®3}, 3xpe] GARS w25ty §]ate] AR
Go, 2020), & AHAol it A2 Fig 13 e 9+ solA 4 di71stan
AR APl A & Yol S73] SA7F 2 Wt

gy

Fig 1. Beginning and intermediate positions of kneeling squat exercise and squat exercise,
Kneeling squat exercise; A, B, C, D, Squat exercise; E, F, G, H

) FEAFE 2F s Fote] 7159 dEEA S ST &5 &
A2 AAe = 2oz A 24| (kneeling stand)o] ], M d384d 0°, F54E 0 ° H AoflA F= te&
= me xto)| HrEo] 2| X WS Ele] |2H oEE ool =2 ofj &2 YA F, FLE WAAA T
A 7re 245kt S5 A= g hd o °, e A 2tk U 1AL HA BYPeHA gk 2 o
400 e 23 AAOIH BES o] 2au opefz o T TR ol Jue v, selt 4
AN F, FEE WANA RS ek Fovele g ASFE NS FA S UmS AR
e 5 Aol wEol 1AL WA gayskA gt wo A ATATE BelniS Agste] 1= 1AL
B ogo] 2yhjelo s wAe AWS ulebk a3 g 2 oA A JHE AFsto] A %7‘1]6‘]‘93
L AAHe BT S T & uE ;q;\]g]_oqq_' th &5 A AR AlErolghe FFEA|AIQF 9
S% 7k AR} Elo|uw 2 AlLEle] 12 7HAO ofeff WEFo R 327t A3 Wi, JPHEL &

o
iAol A AR ARZE ALt A|7+S 521]3]—93\ WA a9a dERE S ARESke] Wit ol A4k
J o

2 g
th &5 &AL AR A&olgts LER|AIQ} 3 7| (goniometer) & A A 3F 20| zkrE s} 90 o7} Hw =
ofg) Watom 327 AW Welrte, guwbau wg 1 AE 3R WA Fah £ AR AR Sohe
wAS Agstol et olu, Qgolst wREAe 7 I T 6% TS ZISSEL 39 WS 5
S 2] 9% 327 A Lt F, AL Az B TR
o7t ® A AR & 62 FIE 7| =akY L, 35] uhe
=79sroct ELER R T

AA AAE F ohelE A Aol % wuiete] %)
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nmE - s
2 AHE B4 st REAHE 259 dHFA m 2 3
o] WH(ICC=975), o]%F Zo|(ICC=981), o]% &=
ACC=981), X% Salelie] ol§ A=ACC=958)34, ~ _FEAUS 253 278 59l YNTAY oI5 ¢
]

AE 2x o] org 2 Al o|% WZH(ICC=955), °|% Zo]
(ICC=.968), °0]% £E(ICC=938), X= ZAlo| A9 o]%
AZ(ICC=900)5 Z7dst7] flsto] dHEx F47]
(PDM, Zebris, Germany)S AF&3tich ¢geldx =

71 1L RBATE BT AAE &5 AN dEBA o
= A& 570 mm, 7}= 400 mm, =& 15 Q] I 7| = o]F o] R
A Qe 406*339 mn ALK A 1,92074 2] AA 7} §]

1*@°“*z”ﬂ¢ﬂbﬂﬁﬂiﬂiﬁﬁﬂﬁ3 REAE £E JHFA oF W] JyHo
o) W2y he FFOB Gtk XBolA tholl o zery azE %o arElZAY o WAo] Ay
2 ke sl UPHI%EE o] 5%k gto = Helelgl Moz ol = 9% xtolo] 293t ol Wt
A, A g g™l HmH|S e R o] F3l e (p<.001).
= Hekste] Aiksalet

2. REAFE 253 2FE 2F AAY FHFA o5
4. A=A R FAEH o] ul@

248 AR5 FAZRIY SPSS 2502 A8t b FEAAE S5 GYFAY 0% Lozt ArHe
WAL, o PE@ ) 052 AT A 2 agm, A e5e gl olF Lol A
B2g Slely] fjste] ApplR-2a AAHGhapiowik  gom o), £ &% Aolo] ol HolE mer)
test)& F3l BB, A AR ARbeshERl 5 (p<001).
8L 71EFAE AR

FEAAE FFH AFE &F Al E dEed 3 meage oxg AdE A Q] rERA o E
o] ol s W4, ol Zol, o]F &£k, X5 THlA Y o 2% um
s 72E vl E4317] flsto] dieE & -4 A (paired
ttest) & ARESHAT REAE LFL YT ©1F KEI A

Table 2, Comparison of center of pressure between kneeling squat exercise and squat exercise (n=17)

Mean+SD
t p
Kneeling squat Squat
COP area 1915.51+1399.35 4030.69+2169.48 -5.216 .000
COP length 322.83£161.26 514.17+£177.67 -6.426 .000
COP velocity 49.21+20.74 82.06+21.48 -6.702 .000
Deviation X 2.63+13.11 29.68+17.41 -5.250 .000

COP; center of pressure, SD; standard deviation
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Fig 2. Comparison of movement area and movement length of the center of pressure between
kneeling squat exercise and squat exercise
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Fig 3. Comparison of movement speed and movement length at the center of the X-—axis
between kneeling squat exercise and squat exercise
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9l 2% AAlel 3 =olstunt shac.

LI S e E B R EE
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ERThIL 3F9] AL(Kim, 2011), o] ¥]&% Fkxlo] A Bld)
AR A 2H0] EAE 4o 4 Qi) wpehA], A
Ao A SubE AAQE 5 AT wHl
o] BeZoln, 7[AHY WAL Fa

7HAIZITkaL s}SiTh

A Ao WEY, HEF S dESAY olF
EL7F w211, o]F A7t S7FTHAL sk tiJeon &
Chung, 2010). & A= AFHE 5] FELFE

f40]ChJang 5, 2010). S50 vlstel FAFAL oF HEsb LeeH] W,

B AT M AT REAE SFS AUE 25| FUFHY ofF Aest XF FANA Hupuzom
ujsto] QFFAe] o]% Walo] 2.1W) WT, o]F o] 11288} o Wol o|EBeTk AYE FL WEUY,
L LSoH|ZE vol Ao RS SRl Fh REWA. GYTA 374 AL AHGITHKIm, 2018)
Hof §oIgh Apol7h hebuleh, A% Aol whEE, F&  oloh WthE, REAFE £%(Shim & Chung, 20192 &
AL el BEge] A vehby] tige] 4 SwaAn JPed 274 AekS A8 Kim(2016)9
W2 A 2Fo] WEA SAEo] MARES UT AT Ave] fEw, HEF o] WA By
4= Itk SHRITHNam 5, 2017; Yoo 5. 2012). W, W & 2 S gAA 5 okn sich Ea et
o lAHe FPI AL BEety] R AR A WEIEL ABMYD FHY Aol F7hE o]
dolwg 28 u =gol Hoku starkNam F,  AFHY BePgAel FrhEthy stglrkBan, 2020)
2017; Yoo 5. 2012) JeEE Bolye WEMA AL gt AE &

Kim2016)9] Aol chaFat 714w Hfolo] uf  FL FAFHY oF £E7 WED XZ FAA o] F
o 259 BAHEL ek n, ol GHFH o5 W Aul}t ol ATfHOE HREW GHFH o5
A3} olF ol7h Waha sich & AT N FE ok £FEUS L 4 Yt
AHE B TR YOl WES ol F3el W 1A Go020)9] AT MEW, FEAYE 2FL AYE
we GAstaa, dEFAY EEYo] Mol ofF Wa B Hste] AHOR REF TFHES Holk &
3} ol Aol7t HriH o gastrkn gzhEck of  Foleku stgivh whebdl, Wulu] HEF FaelA Lt
L REAYE %o AdHOR gy AL, oy B MY RRAYE 252 Agethy, AhHoR
Aol 9% Wolebs AW RO W QNI FEI DB A GeFA ofF FAL A
(Shim & Chung, 2019). o]} WFh2 AFE £FL 0 & 4 qlrka Azt o) Huh] ¥ &3 ko] nh)
HPEPERS o §3te] B2 AW FANUHKIm B, F9) wALg SA53HE oysa v S} vhu) 59| F
018). 2HE L5 FL /AW TS Wol FAF 5T FP TAL YT+ 9 Zlo|chHan 5, 2015)
N BEYel Foste] olF WA o|% Lok AT & Aol ARPHL cheat Lk A, FRAVE &
How Z/lstarkn YZET webd, FHFAY o] B AHE &F PHe] hE Z74H FAFAY W
B WAL o] Aolo WMBH: REAYE SEW A7 S ZASG) A% Aol B2 oF AN @
E 2%9) /AW Holof WE JFOoE B 4 gk 4 Grk A, AXW Holrh U F 252 wlws

Chot} Lee(2010)9] G170 wawl, Mupu] &% 3 rlo] RRAAE 253 AYE &5 Aolo] LFao|
A A A9 Ba7k F7Eeh] el 29 2ol of = AREAL Aol Bt F7b At Basich A
29 vuhuEo R AFe AASeE BES Holn, A, FEANE $EW AHE 259 T FUFA
ot ub| 23} vhu) S thelo] AF-S FEI Bujst o) wWatge ZYE Yol ol e F7h A7t Ae
7] @A Hek Gray $(Q012) AFolA Ao ®EF I A0R Az
A 27 WE A SES SATE B dAF
49| o] Fo] F7tsto] ulutu| S} vhu| 5 BETEe] g
Fo] Zastlet. ot uluh|Ze] QE A<l A F R ot
uhul 5o BARES fEslel v PAY SAYL F
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