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The Effect of Stair Depth on Ground Reaction Force Parameters
- Asymmetric and Variability Indices -
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ABSTRACT

S. H YOON, The Effect of Stair Depth on Ground Reaction Force Parameters - Asymmetric and
Variability Indices -. Korean Journal of Sport Biomechanics, Vol. 18, No. 1, pp. 169178, 2008. The goals of
this study were to provide data of 3 dimensional ground reaction force(GRF) parameters during stair ascent and
descent on three different stair runs and to investigate variability and asymmetry index of them. 10 healthy
adults participated in this study and performed 7 different types of gait with 10 trials each. After data analysis,
following results were found. Firstly, stair run did not affect on the pattern of GRF parameters, coefficient of
variation and asymmetry index. Secondly, a significant different GRF pattern was found between level walking
and stair walking, Especially, ascending stair walking has only large Fz1 and small Fz3 while level walking and
descending stair walking have a "M" shape connected by Fzl, FzZ2 and Fz3. Thirdly, only vertical GRF
parameters of stair walking revealed acceptable coefficient of variation and asymmetry index.

KEYWORDS : STAIR RUN, ASCENDING, DESCENDING, VARIABILITY, ASYMMETRY INDEX, WALKING

* sukhoony @gmail.com



170 4%

< A8k qrHskEt dolA
oj$- Fa3k Q4old, 44 F
o] st} AA, inverse dynamic
54 AT #H F99f 2579 9
F(=E)S Loy A HARMEY 95 7 o)
+EHH ARSI} T olge TEkeH AHH
Atk A, AWwtE setele 1 ZA Y Y E4E
Fote] ARl niAgde, B FEdEY HuE o
=8 AHEHAH. 53] Giakas & Baltzopoulos(1997)=
JAure " O AAE vad e Adnge S
Zrolut HMEE Azhst] wel(ie. forcetime pattern)
43te Zo] F83itta Hustgoh
AEYL oA 74 2 AT HAF
9 sfifoln, o]5 Fo B A77F B Fof vehy
© Awire b Aoy Fejol 4 tist
of Pstqx YrkWinter, 1991; Perry, 1992). ol2jet
ATE T 59 B3 whH(gait asymmetry)olut <
T/ (variability)ol] g A7(Herzog, Nigg, Read &
Olsson, 1989; Giakas & Baltzopoulos, 1997, MaCrory,
White & Lifeso, 2001, Kadaba et al, 1989, Yu,
Kienbacher, Growney & Johnson, 1997)7} #4l& &
o} $tom, Kadaba et al(1989) 3} Yu et al.(1997)&
BARGe A Adre e we dBAA 3%
& Uehithy Hastgch

Aol Aok HAFT sl AQRYHE, o+F
< ALY gd2A Fof ¢8-S FrASHHEA wHEA
A FHEEH FHLF A FstelAE oY B
g e T /M ofE® ozt & & Qlrh ofdd

o

~

W3] AZE T 9lor, AA|shz W] o] Fo] wAtA
2 WERTE H FE A7 ks "ol
HARYT fABEAGE QA Tz 1F FAF
o A7)} f¥ol A verdthe A3t A o
2} s Aol Wehs 3o 540 etk Aol
A BARYT A gEg@EFE, 2002 AW
2008). = AT FF =2 uHEHAAH x4

o] WMo doju= FH 47 stUE HuEa
91tH(Archea, 1985; Startzell, 1998).

Ho| tREY AGE& e it dAFE AEH
254 dolgy, #4 mdES EMG 2% FiH&
B3t gl ¥(Kristina & Cavanagh, 2002; Lobo &
Amadio, 1995; Riener, Rabuffetti & Frigo, 2002
Savvidis & Decken, 1999, A4, 224, AFX,
2006; &A1Y, ©]71%, 2004; A, o], 2004 24
Y, frdF, o1FE, 2007) AHeE sl ot
Ade HuHT YA gk AReEe 27je R
HES 7)o FIFs vA= M Fad
SPHEA AGESY Al 1 A7]9 H3lE #
< HHERHEY Y5 =& & F 9
AE2A JH7E duar skt

UlEo] Ba) & Awwty vetr]e o] ddd3 g
AL BE RS Fster mlg Fa3 adolt:

il

.
2
R
=

|

A A AR (Fz)0] A (Fy), FH-(E)A ARG
Hjsle] & 0o d¥Holn A FEHE EI
GFIR oW MY A4 Fz 35% Fy: 86%, Fx:
201%; 4HAE A5 Fz 4%, Fy: 12%, B 21%), A
o AL 4 Qe HdA AL 10% 7Tkl
2k B sl

=3 White et al(1999)2 olol&s& o2 & ¥
ARy A AHerE gr|Ee] AFoA Gakas &
Baltzopoulos 5 97520 & 1 &2 HItfA A9
dHd A5E BIGIM Y A5 Fz 91%, Fy:
16.7%, Fx: 36.1%; L&A A<= Fz 10.8%, Fy: 16.5%,
Fx: 37%) BARGAAM AL + e d#AH AFe
125% wlgholgtal Hustsith. 1y 99 d7EL
HITIR A A At A AR ¢4 £AE st
Atk & 99 dFEL AHnEs g5
AARHE 7T o] 83157 wEel AAE B
ojvhe ALARl F ~FlS o] &atA X, 594
O g oL AunY S

AF7HA TPd BPdTE
of vt AGEY gt A+ 53] dAHH 3§l

to o

il



AGRY A A vzt AddE setejg ol rjAe g3 i Ag g Q8

ow, 53 Auud 3 B4sHE AUu steieol
e 97 33 wHg 4ol JHEE Avny
o AWwy sewiEgo] B4 ug e FHE 1
Y Q1A EF 1 gol Wolgo] He YBHY G
2Y AUAE Yot AL W o] gt Yolgh
@ &

ARG BA Setel Aguine 743

do)

fr %«
2

27174 B ol RFH HAHAE
HlE 26em o), 39l 252949 dAke @ )
2527+103mm) ATE 221 WE o o] 9
ol Baskgth 1
HA AT vrle 84
HopA e Aow GE WA HelA
o YHlE F7M7IE Aol Fesitn Basts

o

E|
H
k1]

o N o omet > oox
oo oxt

B A7) BAL AR  a54d § 2d9
334 A

E}% Anry sietelE 9] 2po] 9 HITIYAH dHA
& THskeT Sl
I A3
1 A7
o] 4% dfdde ZAATA, 9]4** Beol
L1089 A3 Aoy x}(gﬁ 2 178.142.7cm;
Yt AS: 779+156kg Ht AB: 28.6+15yrs; B

W 2% 75H67am)7h AP =
Aol o FEF oS W Al 4YR

o TAME A A Fsigit

R o 2QA7 AF

2. AEy

o] Aol HARY ATHYY AL F 2
Hlo] Amute see s o] ek A A9
ST7e AHntE7] 2i(Kistler 9286A)9F 23] Al 2kg
5% Eol9] Adolgith. £d RAYLTEE 43 9

200z
9 385 -

25,31,36em

11

Cmputr

(WD converter)

221, Akl 7

st Z-9 HEA(heel), FEA(toe), <IFH(ateral
malleolus)®l]| ¥HAPIAE F2611, ole B
TURE A4 ¥, QualisysAte] Proreflex MCU 240
AN st 2dE FIEIT AHnEE 29
1000HzZ A EH (sampling) H$2H, BAHIY o=
10me] HY2 FHA Aol A1, Adr o=
Al A ] AR Ade] AX|st At FRE
AEHAA AL e AldEo] 18m, H4 UH]
26cm, 4 F NemE F8ke], UHE 23t Al 7}
A ZF(26cm, 3lem, 36cm)o] ATS AHRFE 7)ol g
A AASHT<IH 1>

2 Agd A FET Y (warm up)= A
3”1, 1 3o 2t AFoidAE FA R 379 &
un|e] A ”ﬁiﬁg, R YL 104 F 709
By A4 A AANsd, & 700 Eold
(70 x 10)°] Q%Q‘ﬂ B A7 £l AHEH AT

/\
&L

3. A% A& 9 AL i

1) A844E

Az B 9 BHEA AN v ¥
A B TR AR O] YR S5 ol A
Hke 25 7 7o o] AWEIETIE AAF A
A9 F 20w 90w, RsEE BYFI))}
é?ﬂ AI{FOE ﬂl’tﬁkﬁit}

ot
At

H AHnE A5E 2
ﬁlT Butterworth A% £3 FEE Agsol(Ad F



)

A

Q] ¥
=2t

°-&

3 60Hz) ZHY =HoH, o] A% 2
phase lag& AlA%H} %A]oﬂ g B5s
Zo07 FAANZAT 1 T AdulE sigr)e
A4 2 vt A4E Matlab 65 T2
of Aksiact.

~ [

i
<

S oox Ay

o

2) ARty w2te)g e ALt

Ay setuee 2t o] Adg 7] A28}
= TA AdEeH, O W <O 2> A
BEo} ek

Fy1 R
0

Fy1

Fx1

Fz1 Fz3

Fz2

a8 2. MR, FHR(S), T AHUH=A(Fy1: 22
M K|S, Fy2: 2l Me X|HEE, B 20 2
XMk Fz1:H1 Z|cf A XIDJEPE* Fz3: M2 2o} 25|
X|HEIE | Fz2: Fz13} F227271e] &|A Xl'ﬁtﬂaﬁ.(transition
peak).

3) 94 Ao A
A4 A9 (coefficient of variation, CV)= Winter
4] (Winter, 1983)< AR5t

- agi
CV(%)= ——— > 100
L X2
nz:l
o,
n—MET

4) Wi Ao AR

H|t1Y A4 (asymmetry index, Al)E Robinson &
2](Robinson et al,, 1987)& AH8-3F$Ith
Xp— X,
AI%) = || 100
5(XR_XL>
o,
Xp— 28T S48
X, — oA S d Wl
Al= 0 4 o, &4 S veRdH, Ale gol 7

A%% WYl ARE deniT

4. 5A A=

B 479 FA< s3] fAste] SPSS 11.0< ©]
& W o] FEA (two-way ANOVA  with
repeated measure)= AT T 7HA SHEAE

< 139 e, stahot ATl Ul (26em, 3lem,

36cm) o, SHHQ
A A, Sidak testZ 7

il

Aolel frold HsAg

bioh Bave A o

=

ax
olN
ol



m 234 2 =9

1 B&%

2 AQoMEs ddudase 7 7Y g 24
oA RS Ma&LEZ 1094 St HA A
RS B H&Es FARY &5} 714w
27 YERE O (154+0.09m/s), 1 o2 8131n 3
(UH] 26cm: 0.54+0.08m/s; UH] 3lem: 0.64+0.07cmy;
UH] 36em: 0.71+0.1m/s), 121 AaR (AN 260m:
051+0.08m/s; ¥l 3lem: 056+0.07cm; UH] 36cm:
0.64+0.8m/s) 9] A%tk

2. Ay A" g ket

Hao] Feo T2 AwntEo] Heiz AHnty o
U HES <X 1>¥ <TF 35> Y gk A
v sigule Ades g BE
<& 1>o] Ueht 23 o] iy g
ARG A shebnlE o] AaE Bola glnh

2 A7 9 AFAks AgY uulzh Awnty
setrlEel] F3Fe ot A4 1Y <& 1>9
ANE 23} 2o Byl stFR oAt Ald Hrlef o
3 2ol Vel B g2 mE Auity dejulEo)
A A el o3k Zo& WAskA] Fatgth

AYHARl A RYAX ] 2 AL o] 7
Aol ZA|EEA e X110H‘7P°1W 51 #(Fz1)
7 %‘ﬂ 297708 AT AF FRF A -J
HhRH(FB), 13 o] F élfﬁﬂ *}01 of 7
Jju‘ﬂr Ao zRE 7119 transition peakab_ 3]'
T HAH(FR)Y QAR o]FolA = "M'IHE o] &

i

(Winter, 1991; Perry, 1992). £3] FR2E FzolA 24
He $4E Foke 922 Ao Fa8i.

<Od 3ol yERtRo] AdRBL HAHY
719 AR FEje] M FEe] AwnE e B

o|aL 9l&E WHH, sleFH Y F -9} Hlwsly 4G
3 2 FZ19 F2 FB32 749 HE& Holx gt
olel i A}EEJU%, st 13

%2 Avute wabug g(FzﬁJr Fz3)0] %ZIE?‘SJ&OM
AFERE) o) 174~4Jr Eﬁwgi %_046} i}OIE E%l

RS FAA B 2 BAS SAeR 5
o B F Yol wstel 4ol A9S e 9
EEREL R

GubA Q] A HYo| A A WH 2 2™ %
A ) F& HFHsk= braking force(Fy1)9t 1 ©]
3o F37]0 YeRtE propulsive force(Fy2) THH 0.
Z yehdnt ARy gAEY v 4E Hee
HItadq 5> &, AdHPolq HojE -5 Aw
i sletu|es PR Hsto] 27])7h FA e 2
on, 53 FFRYL Fylo] TAHA &e HEse,
SHFHAYS Fy27k EAsY w22 2718 Hd.
ol YL ot ATrRFPe EHow A
2.

¢

O

-y e

B
r
ot
=2
=

ol
o)

X

ox
o3
[t
O?‘:,"
£ rlo

fa
4o
1 o

Hdo
:?l:,'
>
L orlr o
N 1:[[{1
o

BT

[ O L

b

lo
of
o2

o =3 FE7t =3

Augo| e} 22 3719 F3
AZHEL T8 ME g2 g

AHeE sgiEE FA4 L
<& 1> 2y FH- Aune g
tHjo] 2 2jo|2 Ho|i QA Yk
PR Ho|} g Yo n]sle]

I

Aold -5

b atolE HAth

BA By} A
shakR 3 o]

UrE‘rlﬂ‘}iE‘r.

fu o
:|o
39.

rlu &
(L{l
m[o

3. 44 A5

2 A7 ol YAR Y3} AGE o] A HnE
e Y] YA FE <FE 2>l AAFH Y,
<E 2ol B uigh o] HARY] TP d#



1. EX| 230 ACEY S X|HEE Di2j|E (EH: NIBW)

o o3k
Aty A3y
Wl Ry Ok jadsy A ’geasy EREL
Xam 3lam Xam Xam 3lam 3 Xam 3lam 3 2am 3lan Fam

FA 18400 17010 116009 1306 147:0%4 15018 157405 15000 117006 117006 1500 148015 150013 154401

F2 06006 0004 QD02 0@01  05A008 0708 06010 066:004 0012 02:011 0900 0HQ1B 071009 071012

A 12007 109007 110007 1206 0B\0R 0B00 09007 100068 1106 113:00f 1500 05013 09008  0%08

Bl 000 - - - Q@00 0B 0100e 0200 - - - Qo070 Q08:0@  -010:00

2 03:00@° 0RA® 0RO 0BO@® 03000 0001 0B:001  0B00°° Q9AQ0° 01000 0100 Q@001 0001 QB0

Fx 07:001  QO7:001  007:001  QO7:001 Q08001  008:001  QO7:001  Q0HQOF OGB:001 006:001 0G:001  Q10:001  010:002 Q09001
a, b ¢ d WQIE k] BAZOE o8 Zo] (p < 05) a PARY 7} s}, b PARYPT} FFRY, ¢ 2& ol S8R, d 1] 26ems} 36em

H 2 X280 At 5 U2dR|e (EH21: %)
& ol
ZRbas) ARy
Rl sy iz Bfakasy Rl el Sjsy
Fm Jlan don T lom Jam o lom Jom Xam 3lom Jom

il 25068 3B HEOF BB 66H0H  SBOB 4B0B MA00 2908 38HAAB 0 28 6BAB 5BA5E 59218
E2 9674 99178F 1386  6B6E H2HVU  DH2N D73 1H913 9663 NBRE  6BIB  A6ANC MR RUR
E3 3840 54 4¥28F 481490 BRI BERL 1630 ABE 4PHA  4BAAT 40MF R&B9%  UEBER 157193
Kl TR URGS  BRTE  USKAT A8HIMI BB62 W) 9524 BWTI  UESH  BB9IZ BRI BTIE 48R
K2 5000°  DMANS  ZRUA  ATII0 BHIT W28 9B3AB 4@416 V9T  UDST 1624613 BOSBIS FOIS 4485
Ex BO4s  UB28 RDEB BOAT IR T 211108 169540 196531 1748 BBGES B4 BP4E 7533

a b ¢ d WS 7H] FAHCE fold Ao] (p < .05) a@ PAREY 2} }FREY, b PARYP} FFRY, o 22 Hle] 33, d WH] 26eme} 36cm



AGRG Al A vulzh Aday sy mAe 9% A A 2 LB A

}H
L
=
o
[
> o
0
rﬂ
k3
ofl
fu)

& Baltzopoulos(1997)-4 Jé?( B3l Ans AAFH
B AGRHANE 52 AnE szt 7}
& deFolgte A YFEATh

ey SR 2 AwEE ] AL e
Aelslie 125%8 23s) BARYo} Rl
Hjste] daido] W& Ui (p<06). E3F &k
Y2 A vn7h 7S AAA At ST
WS Hol<it 2>, & Feje| B3] wisto] B A
Ade] HulZh Yael @3k 1 vkl AlsHT

4. M|t A

gubdon HARYL wl¢ v Hg AL
(25%)E% YERATKStacoff et al, 2005). £ o)A
A9 BE Ay setnEe RGN FAR
A3t FE Yol st FAAOR FoA w2 M

A A4S UERATE 3>,
White et al.(1999)2 HA|H& AolM Ay
sebuE] Fo| FA7F M 2% tiAAe]l Eon

(G73%), I U Fz (77%) sl Husiygow,
Fyl, Fy2, Bxe BARYAA 23 P HA(AS]
>10%) FelE Hlka WEsgich

B AFo A thiEe B F3 FB9 HlthA
A7k 10% vte s A de Bl EE HAR

I 3 YA =& ActEd = H|cE X5

175

o) A= White et al(199)9 Ao} 22 AHE B
Ho, JFEdI} stFEde BE g2 HHEY B
gEo| Fz3 Ht} Fz10] o thAAo] 558 B Ad
Bz HJARFY] zolE YepAukE 3> T3
FAHCE frosiAE ¥A BE AdRY A A
Hute g g Y] HgAAR A7t Ade vt
HojRd g} ol e 4 9k

V.28

o] AT AunAe 3408 ARNY HHL
TS, Ade] Uil B2 AR stege 3
| 2 uegAS 9BHe BN A9 et 2L
£2 A9

(]

iin

m[o

1. A yrle g Adnks setr e s
oy ARA, Bt A o YIS PIAA AgiTh

2. BARYIY AGEYS Hnty geir|e )
BoA & AojHS HAT BARYH FFRGPS
le, F22, 281 FBE FAHE “M' FHE 2 %
o SR NE P27t AY ¢l1 2 A Fe
FAE 749 dH& Booh =3 AGRg HAR
P - g A5 Aunty fys BT & 4
Fgrae Fylo] EA8HA %%—t— e, SR
Fy27} EAshg w9 &2 A7)

3. 74 AdEtE gejrElEso] B

(RS

EE HyFH

(Ctl: %)

A
Wl pAuy 3 S
26cm 3lcm 36cm 26cm 3lem 36cm

Fz1 540+2.02° 4.79+2.97° 4.49+2.34° 4.52+1.77 931345 8.23+391 6.70£2.87
F22 9.12+643" 10.08+7.01° 10.17£11.77 6.91+3.21° 28.94+19.94 27.28+18.85 30.30+18.91
Fz3 4.34+1.81° 6.74+2.55° 64913 40° 5.93+2.20° 17.43+12.80 16.76+12.24 16.75£9.34
Fyl 17.0649.84"  18.32+10.60° 1893808°  1881+1358°  4366:1955"  34.37+1231 26.54+1741
Fy2 6924241 17.2748.18° 714243515° 69143555  140.0717.64  156.02+12.85  146.98+27.22
Fx 40321144 3220+12.10 33.52+10.57 36.02+7.52 24.08+5.77 24.59+6.81 26.62+7.91

a, b ¢, & WASZY] BALOE Fol0] (p < 06) & BARE 3} IR, b BALAR %

O]-?ffiﬁﬂ d YH] 26cme} 36cm

JF0E, ¢ ge U



O3 HR=En
@B 2| XD, $R=: +5

CHE3 F X[7[7|9] 7] x|pigt ojE
X|BHEYBW. 26, 31, 362 el LiH])

T2l 4. BR[=HH A

GBS Wl XA |(0), TAF: 22

CHEd I X|7|7|9| &2 x|HEk miE
X|HEI2/BW. 26, 31, 362 AHEHe| LiH|)



ATEY A AT ez} A En

TR

sieplele] A 9% Aog A% 9 9wy A% 177

v

0 20 40 &0 0
=

40 ED 80

2l 5. BRI A 5

(TE=: 2ol XXP|(%), A= o

()

A gARE BAa, AR E A yHzt F

A% AR Fobge By

Y

o

I

7] _IQI_}\] 71

224, A3 (2
s

006). At L27]9} W7

2 A AR B FE 9 EMG vl

A, AR, 45, 535-545.

7 (2004). =919 AT Q27| A HY

gele] pxs AdEold &3 d=A§T

8| A, 43, 575-584.

A (2004). =919 Stair-Ascent ZH5A] AT

o7} AA7] <t SAHA ERE vl

5 a3 A3, 43, 405414,

24, AT, ol FF (2007). =919 Stair-descent
T A AT Folo] e 1 o] ws)
ZAS)A§85] A, 29, 443451

Addl (2008). A% AGEY A AT ulo] w2 3

H
RU

)
_]
oMy o)7)%

¢
4
oﬁﬁ'éd

H

o 2

g

R

of

-z XI”#“ E4/BW 26 31,

X|7]7]9] M-& X|EHEE e

362 Aol L)

A9 F 933 4. v HA el
. A Ssta skl

AEF (2002). AYRY A FF 712719 E A #
ol o2 SARAEY 934 x| W v
3 HpAb SRl =R Al el thekel

5 (1987). 2XzHlo| euFid A, A& AA st
ZWAL

Archea, ].C(1985). Environmental factors associated
with stair accidents by the elderly. Clin
Geriatr Med, 1, 555-69.

Giakas, G, & Baltzopoulos, V.(1997). Time and frequency

domain analysis of ground reaction forces

during walking: an ivestigation of variability

and symmetry. Gait and Posture, 5, 189-97.

W, Nigg, BM, Read, L. ], & Olsson,

E.(1989).

force patterns in normal human gait. Med

Sci Sports Exerc, 21, 110-4.

McCrory, JL, White, SC, & Lifeso RM.(2001),

Herzog,
Asymmetries in ground reaction



Vertical ground reaction forces: objective
measures of gait following hip arthroplasty.
Guit & Posture, 14, 104-9.

Kadaba, MP, Ramarkrishnan, HK, Wootten, ME.,
Gainey, J, & Gorton, G, Cochran,
G.V.(1989). | Orthop Res, 7, 849-60.

Perry, J.(1992). Guit Analysis, Normal and Pathological
Function. Thorofare: Slack Inc.

Ronbinson, R. O, Herzog, W.,, & Nigg, B. M.(1987).
Use of force platform variables to quantify
the effects of chiropractic manipulation on
gait symmetry. Journal of Manipulative
Physiology Therapy, 10, 172-176.

Stacoff, A, Diezi, C, Luder, G, Stussi E, &
Quervain, [.AK(2005). Ground reaction
forces on stairs: effecs of stair inclination
and age. Gait & Posture, 21, 24-38.

Startzell, ] K.(1998). Foot Cearance and Placement during
Stair  Descent: The Effect of Speed and
Muminance. ~ Unpublished ~ Thesis,  The
Pennsylvania State University.

Yu, B, Kienbacher, T, Growney, ES, & Johnson,
ME.(1997). Reproducibility of the kinematics
and kinetics of the lower extremity during
normal stair-climbing. | Orthop Res, 15,348-52.

White, R, Agouris, I, Selbie, RD, & Kirkpatrick,
M.(1999). The variability of force platform
data in normal and cerebral palsy gait. Clin
Biomech, 14,185-192.

Winter, D. A(1983). Moment of force and mechanical power
in jogging, Journal of Biomechanics, 16, 91-97

Winter, D.A.(1991). The Biomechanics and Motor Control
of Human Gait: Normal, Elderly and Pathological.
Waterloo: University of Waterlo Press.

Fouod:o1¥gd
A A Y29 49
Arngsd . 3¢ 74



