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ABSTRACT

The purpose of this study was to analyze of the GRF (ground reaction force) parameters according to the change of positions
and weights of bag during downward stairs between dominant and non-dominant in upper & lower limbs. To perform this study,
participants were selected 9 healthy women (age: 21.40+0.94 yrs, height: 166.50+2.68 cm, body mass: 57.00+£3.61 kg, BMI:
20.53+1.03 kg/m?), divided into 2 carrying bag positions (dominant arm/R, non-dominant arm/L) and walked with 3 type of bag
weights (0, 3, 5 kg) respectively. One force-plate was used to collect GRF (AMTI OR6-7) data at a sample rate of 1000 Hz. The
variables analyzed were consisted of the medial-lateral GRF (Fx), anterior-posterior GRF (Fy), vertical GRF (Fz), impact loading
rate and center of pressure (COPx, COPy, COP area, COPy posterior peak time) during downward stairs. 1) The Fx, Fy, Fz, COPx,
and COP area of GRF were not statistically significant between dominant leg and non-dominant leg, but non-dominant leg, that
is, showed the higher COPy, and showed higher impact loading rate than that dominant leg during downward stairs. 2) In bag
wearing to non-dominant arm, Fx, Fz, COPx, COPy, impact loading rate and COP area showed increase tendency according to
increase of bag weights. Also, against bag wearing to dominant arm, non-dominant showed different mechanism according to
increase of bag weights. The Ground Reaction Force parameters showed different characteristics according to the positions and
weights of bag during downward stairs between dominant and non-dominant arm.
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o= AAAX 7Ps Fiske W= AZke] w9 Zof
HTHKim, J. S., Kim, k., & Jun, 2011). 349+ Kim¥}
Lee (20137} 7F4S Foliske FEiet A9 WSt wet
10 mE Z2A & A3}, 2.5 kg, 5 kg, 7.5 kg2l 7hge]
Tl wet 42 W f247] 1, HasEE AR

£ izt viebeta, s & Aol ufel wEzis) 7
27k Holrh YA FFEAe] WO 20 emell 1)
3 735, BEo| Zasigln, 27] 4] A A 7%
7 g 2 A7 ANE R SHIkKim, Oh,
& Choi, 2006).

AR B8 F83%F AR 7PES WL RS sk
5 7pge] FAE FigA, 7hge] f1A|, 7PEEAlS
b Aot AAIeE BasiEe] Be IS vXA =Y
(Macias, Murthy, & Chambers, 2008), #7-& 7P-s &
AIZE 2RgstAl = A7 2 vt A 2 %0t
UeRba EQPgERt opE}t #¥S frAlske sEd=E 9
ko] e AoZ HIET JdtH(Motmans, Tomlow, &
Vissers, 2006). =5+ 7P3e] FAZE FAS] AH A7
A71E715 8= oL o|& QIgh AlAle] FAHE L 3
2] 17 BIREA A, ZRE BoR HeE
o] ¥, &, et AAFE Sl FFel wRITkaL 83
CTh(Pascoe, Wang, & Shim, 1997; Forjuoh, Lane, &
Schuchmann, 2003). o]=A] ¥HEAQI &4 Faohs A&
He 2EYARE Q8 253 A7) o] ofsfiA|a 2
ZAA ] EA|E WAYA]A (Whittfield, Legg, & Hedderley,
2001) AlAFS zAslEe Aol 5Ye Ao
Yel}(Nies & Sinnott, 1991), AlA|e] stz el Zmuul
ollgl Ay eHel Eggor wxo Egyo] F3:47
A WskE RStk SFATHNigg, 1986).

sIAINE Y Ao e A5 Fst e 3%
o] AR A NA HeAS BT}y 945 ol Foisiis
o 7% o] ¥ ¥k B tHKim, J. S., Kim, k.,
et al, 2011). ©]2]3F A -H]Q-AG= 27ke] U= AL
o] 7ieluic} zpolE Yehi=dl(Lee, C. Y., Lee, H. L.,
Jung, Chung, & Chang, 2007), 4412} 64 Alolell A=
£ ez Bysy JokBruml, 1972).
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TR E AMEE djETh PAE telE AMSshe 7, 9
A wcle]l RE 4% ZAFAE E IS ™ (Nunome,
Ikegami, Kozakai, Apriantono & Sano, 2006), 40 km
TT(time tria)S SE2VHEE ALgsle] Alo|E7S A
gl Carpes, Rossato, Fria?t Bolli Mota (2007)2] $1-o]l
ME FoTRE IE2A AR ZoR ASaioy, A
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RISIT JATE, ol9h= HHNZ Lee 5 (2007)°] 20-29
Al 607, 50-594] 1372 ez Aol wet A9zt
H7F 99 F SIPT (Sensory Integration and Praxis
Test) 5423 7F =75 ARSste] @883 &S wr
2 534 F 103]9] 537 AR BluE A, A
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Beb @ wWe AYFHHuneol LhehbvRicner
Rabuffetti & Frigo, 2002; Lyons, Perry, Gronley, Barnes
& Antonelli, 1983; Protopapadaki, Drechsler, Cramp, Coutts
& Scott, 2007; Stacoff, Diezi, Luder, Stussi, & Kramers-de
Quervain, 2005), oJue] F2AHRFE-L Yoon (2008)°]
A H8) 2} v wste] Ak Yu]7) 26 cm® © 1.47+0.24 Nkeg,
Stacoff & (2005)= HA|E3Ye] 1.19 N/BWE} H|wsle] T
AAsA S7HgaL Barsislt 3k Ales F8ske 5
S ARk o] o2 3 Sk Eo(Riener et al,
2002) At $lollA] wo] oz mrER|E e WA 9g
71748 H2IthBurnfield, Tsai & Powers, 2005).
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2007), A H3KKim, J. S., Kim, k., et al., 2011)Z
ASE AEo] R B AR H3kE 73
8-S HOItKim & Lee, 2013; Cottalorda et al., 2003;
Back et al, 2010). ©]2]3 Aol & uf, FARFY B
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* Bag weights Width: 90 cm

(0kg, 3kg, 5kg)

mmmms dominant ™1 non-dominant
Figure 1. Experiment setting
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166.50£2.68 cm, HFAZFL 57.00+3.61 kg, HaA 2 HA]
Z=BMI)E 20.53+1.03 kg/m?]™, $-4l| (dominant) 2t}
= HPRES] 2z &S Ao, BT QEF0IQ] o]
2 2 19 ool HFrs ¢ S3dont Ead
5o &7 S5 Aslo] gy ATl ool gl A
Eolgler A3 A 2 A7 HA% &g s A
Hek & S A Aoz AT} Folxol st

ERETES
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o

Exl

AfZ]7] Al <Figure 1>3 7Fo] A - H]-9A] A= €]
7PEEEQI X9 FARS]e) wE ANk $42 AMTI-
OR9-7 ZH(AMTI, USA) 1thE ©]-83t] Aol wlx]
g AHEEA] Al A== AR 1000 Hz/secZ ALS
= ST Aeatae AFH AAEHL s =0
(raiser) 18 cm, AU HY|(tread) 26 cm, Z(width) 90 cmE
S5k UFEE~E A 2FsE TH(Yoon, 2008).

AeAe A T e gle A0 kgl Ald
w27l Al $A-B1eA o] ZF XA Zjo] HjwE 9
3 uRER| el 92 ARS A
oA AT AT MTse A 52 P

2l 7 7] Wil 7P Hepl Adsste eFte
A&H o= gHsto] AT oldf, 7PEF9IA]
733t H(strength arm)S Al Z, 9F$k Z(strengthless

arm)2 H9Al Z2 ARt FAE 727 3kg, Skl ®

ATHE71E AAlsHT
7PFEAI ] AALE Forjuoh 5 (2003)0] 2244 23$

S oA e AFY 10%s Faste] dAson

7He BE tdREAl Y7171 S8l 1’ (gripye

ztzko]l Zelbow)oll 2H8-3te] AL, AFO]Z(sizey=
7F2 40cm, AlZ 30em®] H2A 7PEE ARSI

(Hyun & Ryew, 2013).
et HEHe s qHESAo] o] Fojx]7] wfiEo] iR}

o] AAAEH ¢ BHPYELS fFEal] S8 53 dF &

MeEEE 233 (Hah, 2009; Perry & Burnfield.,

2010), o]} 22 o]f=E mpAYt AA|AZ] 1E(1 stepy=
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o] gy, A o= 1t A7AHe] dlolH LFE i

As7] 18] W (bare foot)Z HAISIATHHyun & Ryew,

2013).
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Figure 2. Event in GRF

A8k

2) 2 ¢] F41(COP): COPx, COPyx= A|HZ=] <k
COPY] 7 & (pathway) X, Y& (axis)olX A== Ho -
F A& ol gHSe] gl sk ¥ WA S THHyun
& Ryew, 2013).

3) 4HEFA] WH(COP area): Ross, Guskiewicz,
Gross & Yu(2009)2] 855 Fste] xHEA] Fob
o &1 - FHH(COPy), Ul - 215(COPxPl s A3 Azt
o] AL AR5 th(Formula 1).

2ACOP. - ACOP
t] x y

Formula 1. Integration on area between COPx and COPy during
touch-down

. & I}

1. DM - HISH CHRI &K Al XL o]

Adlig]7] Al 7h FeieiReh FAwstl] mE AW
TRl A A, A EA T 2R 7 AR TE
E4& vwsr] S8 7hge] FAZE §ls AdEelA (0 k)
Witk (bare foot)2HA|E AAISH AHREE sy 445

= <Table 1> ¥ <Figure 3>3 2t}

AHdrE 9] Fx, Fy, Fz 9 7S A& (body mass)>
2 U] 338kt 49 7 ool 2R 7F AR f9
sk Zpole gl AR B telvh 4227+
20.81 N/kg-sec, $-AITF2lE 24.08+9.43 N/kg-sec® T =
Al BAA Frelgk 2pol 7t YeRSTHp<.05).

COP #4143 coPxe F tlg] A 7+ 5A4 f<fs
2ol AAA T, COPy= HI-9A tha]7b 11.59+1.52 cm,
$AtEE 9.67+1.55 cmZ ¢ 3A] FAF felg zo)rt
YERE (p<.05), COP W22 EA% F2]g 2Jo)e i
Zak v--A The)7) 24.17+11.48 cm?, AT 18.59+
9.05 cm’Z ©] & WA o] UEllt) o|F COPyolA 9t
o] Aol 7Hd el SR|EE ARZIA Y A7k F o
g ZA 7+ 2 2ol AT

2. J1YFCHRIRI2E A0 W2 A[HEE XlO|

d

Azl 7] Al A -B19A 2] PSR e FA
st wE AwnkeEwcle]l A4 3= <Table 2> %
<Figure 4>} 72t}

71 FoifIxe FAMSk wal #-9-(Fx),

Xt

2

Table 1. Differences of GRF between dominant leg and non-dominant leg during downward stairs

Section Left foot contact (non-dominant)  Right foot contact (dominant) t p

Fx 0.01+0.15 0.03+0.16 -386 704

(S/}(m;) Fy 0.11£0.16 0.03+0.15 1.067 302

Fz 2.48+0.41 2.3040.51 .867 415

COP X -0.84+2.26 -0.25+2.27 -549 591
(cm) Y 11.59+1.52 9.67+1.55 2.644 018*
loading rate (N/kg-sec) 42.27+20.81 24.08+9.43 2.388 .030*
COPy posterior peak time (sec) 0.14+0.14 0.14+0.12 -.052 .959
COP area (cm?) 24.17+11.48 18.5949.05 1.146 269

Note: *p<.05
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Figure 3. Differences of GRF between dominant leg and non-dominant leg during downward stairs
Table 2. Differences of GRF according to the carrying positions and weights of bag during downward stairs
Section bag carrying positions & bag weights (left foot contact)
) non-dominant non-dominant dominant dominant F(df) p post-hoc
GRF (unit) 0 kg (A) arm (L), arm (L), arm (R), arm (R),
3kg(B) 5kg(€) 3kg (D) 5kg(E)

Fx (N/kg) 0.01£0.15 -0.05+0.09 -0.03+0.08 -0.09+0.11 -0.05£0.09  1.093(4) 373 -

Fy (N/kg) 0.11+0.16 -0.01+0.19 -0.01+0.16 0.17+0.15 0.00+£0.13  2.354(4) .070 -

Fz (N/kg) 2.48+0.41 2.39+0.68 2.46+0.69 2.47+0.40 2.23+0.42 346(4) 845 -
COPx (cm) -0.84+2.26 -1.14£2.06 -1.99+0.91 -2.23+1.17 -1.7241.42  1.118(4) .362 -
COPy (cm) 11.59+1.52 9.28+1.93 10.15+1.61 12.03£3.02 8.93+1.78  4.078(4) .007** D,A>B,C,E

loading rate (N/kg-sec)  42.27+20.81 31.03+11.54  35.54+13.09  51.82431.29  30.42+8.25 2.203(4) .110 -
COPy posterior 0.14+0.14  0.07£0.05  0.10£0.06  0.1£0.06  0.10:0.06  .7404) 570 ;
peak time (sec)
COP area (cm?) 24.17+11.48 17.75¢10.40  21.04+£1045  25.97+13.17 17.714£8.29 125.148(4) .390

NOTE: **p<.01, A: bag weight 0 kg, B: non-dominant arm/bag weight 3 kg, C: non-dominant arm/bag weight 5 kg, D: dominant arm/bag weight 3 kg,

E: dominant arm/bag weight 5 kg

F(Fy), FAF) ARV ARG

#o3 2ol7h giL). AT 54

o] 51.82431.29 N/kg'sec, & ZHA| Okg%

20.81 N/kg'sec2 7Hg & 3g B3

COP X443} COPx= 7H¥e] Fulxet FAHs]
, COPy= 224 3kg
o] 12.03+3.02 cm, I 2] 0kg°1 11.59+1.53 cm& 7}
A =2 71—£ qu E;:ﬂz-l O_,]B’]— x]-o]7]— q‘ﬂ-bl-q—(lﬂ 01).
o]% COPy®] FHuhFol A== A7 9

weh A Fela Aol glaA

ARk

COP HHL SAH folgh ol AN, 53] COP
AL 2k 2] 0 kgo] 24.17+11.48 cm?, 2%—(5 3 kg

25.97+13.17 cm

m’E 7P 2

V. =

BARY A= t=2A A

A IR A
SHEe 7P ®
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no }\Eg]
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1—-]:]]00
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Figure 4. Variables of GRF by the positions and bag weights of bag during downward stairs

fellM sAE FEAZI= A gy JEAEe &
YA AYPS Bz HrkPerry & Burnfield.,
2010). Bl%o] oAEe] Fiske 7PEel FARE 434
-5l (asymmetric loady= © 72 4 ATtHHyun & Ryew,
2013). mEpA B As A elA whis] WAk
A+ Al (dominant) - ¥]-+-M(non dominant) | X](upper &
lower limbs) AHg- 74¢] 7154 542 FHsk] s) A
Ak slEEE A48T

B AgelA & 5 Rl A TR eIRIek FAM
stol] W& AAgs 24 A, fAEeA v 2]
FAZE gl e (0 kgl Adliz] 7] Al Ay S
Mg Az, 29-(Fx), A5(Fy), T2 (FzA A8, cop #H
AL A g zol7F AR gAlTk 2A| 9} v
wate] v-eA o] A7 H 2 3 Uelie o= v
WA 54% 2FolS B3 Bumfield (1995), Dorge,
Andersen, Sorensen¥} Simonsec (2002), Nunome %
(2006), Carpes 5 (2007)2] A3} Kim3} Kim (2010)
o] ¢AIg thejet vleAIg the] 7+ 2593 Ajolzt Lt
Ehdth= Aol fARE Aot

olggt oM E o, ¥ AF= SX=AIY0] ofd
Gl WIS WA E = AGRSY O E (Jun & Ryu,
2008) Altrx=e] Fejet A7) 9 57 2 e vt
F(Livingston, Stevenson & Olney, 1991; Riener et al.,
2002; Stacoff et al., 2005) Ytlele] |7} wkEHo =z
o]Fold A 71 Y 7wol 434 WA deE Ao
2 AZHA, dFADelA 22p gATE v} v]eA

e o

gk gl e] At dAEE AR dArkE)

53] CopPy AW ol s@d FANskeS H-wA e
AA7h eAtel Y § 2A B4 §elg 2ol7h vet
U}, o] Kim, Lee®} Hong (2011)9] A7olA & SIAZ
Aes BNN7IA] Bstar, 28o] st S5 =E 54
HE Ho] AlXItke Aol vie] Zd3E B3

o} o] & Aol FAl - BIgAl v 2A] 7F A
A HES B9l AR e 5SS ARt
o|F AlThig]7] A 7t tidAtEe] MSshe A XS
A&Hog g7gste] A - HleAl 2] 7PlFT x| ef
FARSt] wE A s e E A8

a2 Az, FAAANES vA] o] 0kg 27 22t
o] A -H9-A Hell 3kg, Ske] 7PIFAE 2T v}
Hlwsle] o & ke Bt ols A4 H9-A 2o 7Py
FoifixIek dagle] 7hHEFAIS T wet AsEAE 4
g AAFA F7IHE Bske sle® AZETH(Choi
et al., 20006).

AN 53], B4 Zoll 7S Fuidk A9 3kg 9
7PEFA L Blawste] 5kgel 7HHEES FAEAS o,
vertical GRF, impact loading rate, COPx, COPy, COP
area= U S71ske FEHIE AT, A4 ol 7hLs 2
&3 7-goll= BlgAl 2o Aol REHE Skegol 7hY
FAZE 3keel 7PERTE B 22 gho] UEh AR Adite]
= e 5A4E BT o= 5 SN =
e Ao R AZAEe] Qlo] A 9 A FUg
ZANA FZe] AAE A3 ER|TH(Sabaté, Gonzalez &
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Rodriguez, 2004), 24 ol 4 UFe] Ql¥Ent olz}
A 2F golEo] o3l Ao Felo] J3ke Hk= A
© Z(Shumway-Cook & Woollacott, 2007) -4l -H]-%-A| 4=
o] sYAfo7} 5] Foluk B L 2FAIZl B
< A (Kim & Jeon, 2008) XM wlEbn|g] 7k A=
T2 71do] Yehbs o8 dAddnt

3 Yoon (2008)0] Aldt Hulel] w2 dleir]E A6
1, & A7t fAkeE AldtxE 4, UH] 26 emellA
2k 22] Al Fxe= 0.08£0.01 N/BW, Fy= 0.09+0.03 N/BW,
FZ= 147024 N/BW &} v|uste] B A7t g 24
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