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A Study on the Gait Pattern and Congruity on a Kind of Load Level

Ryew Che-Cheong* Kim Chul-Won*

Summary

The study was undertaken to investigate congruity of kinematic variables on a kind of load level
(%BW) during normal gait with packback system, and the congruity degree was represented with
recognition coefficient.

The difference of recognition ability between 0%BW and 20%BW was little, but was not in 40%BW,
over load situation and grately dropped congruity among other kinematic during variable normal
gait.

The congruity of hip & knee angle was shown high regardless of loaded conditions in the same
kinematic variables, was reduced in hip & knee angular velocity loaded and was shown high be-
tween loaded conditions, recognition ability was increased.

The congruity degree of COG displacement was rather high in all load level, and was not

influenced by load levels, but was decresed according to load levels in COG velocity.
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Table 1. ANOVA of kinematic variable according to a kinds of load level (%BW) during normal

gait,
Source DF SS MS F Pr
Elapsed Model 8 1218. 5333 152. 3166 1.50 0. 320
Time Error 6 610. 8000 101. 8000
Total 14 1829. 3333
Horizont Model 0.61778933 0. 07722367 99999. 99 0.0
al Disp. Error 6 0.0 0.0
Total 14 0.61778933
Vertical Model 0. 00490493 0. 00061312 0.96 0.537
Displ. Error 0. 00385080 0. 00064180
Total 14 0. 00875573
Mean Model 0. 00062482 0. 00007810 0.47 0.838
vertica Error 0. 00098996 0. 00016499
Displ. Total 14 0.00161457
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Table 2. Recognition coefficient (R) of kinematic variables on %BW load level during normal gait
KAV : knee angular velocity, COGD : COG linear
displacement, COGV : COG linear velocity)

(HA : hip angle, KA : knee angle,

~.

Load 1 HA 2)KA 3)HAV HKAV 5)COGD 6) COGV
D .20 .03 .58 .10 .16
2) .70 .08 .13 .52
0%BW | 3) .47 .09 .49
4) .07 .20
5) 14
1y .20 .05 .54 .37 .18
2) .63 .08 .22 .51
20%BW | 3) .35 .22 .40
4) .20 .20
5) 00
1) .40 .03 .39 .28 11
2) .43 . 06 .13 .36
40%BW | 3) .25 .18 .27
4) .15 14
5) .01
°-°1 e 20%BW A9 4 o ¥& Aoz Jeiyt
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Table 3. Recognition coefficient(R) of kinematic variables on a kind of load level (%BW) during

normal gait
0%BW 20%BwW 40%BW 0%BW

Hip Ang.-Hip Ang. L 23%*x L43%* . 5g¥**
Knee Ang-Knee Ang R Vg . 86*** . 40%**
Hip Vel-Hip Vel. L 39%* . 15%* .07
Knee Vel-Knee Vel .04 . 68*** .09
COG Displ-COG Displ. . 5o¥** B hd . 39%x*
COG Vel-COG Vel. .04 . 35%** .17
*xx%x (P{0O01), * % (P05
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40%BW<al = R=.112 Jepd s}, 337} 0%BW
o 20%BWS] ¢ aA EUANY FaAE polx
Hsto Mol AFY Yl 0%BWY A&
GE F ARG EL YAT SEHA dalol4y
YA} A2E o FER ¢ 4 Udh

FEZAA smALet Yo Wl o
ALY AAEE A AP AAASE ¥
37} 0%BWa 29 R=.70, 20%Y S R=.63,
40%BWd 7+ R=.4322 27 Jepd v, 32
sHdel ot 20%BW A9+ 1 Fate) dxlEst &
€ AL 4 & YA 0%BWY H9E AyAuyY
Al F b BUXRS} A 58S G 4
ek debd A3 YiE Y A 549 2
Aol ME FatE ¢ Ao o popye @
+

FEZEA} FEALEE Fale) o) uje}
BARPA FFUA A dAEE ¥t 0%
BWa ¢ JAA4+ R=.13, 20%BW A% R
=.22, 40%BW<! 7% R=.1322 77z Jehyd
uh, ¥3b7F 0%BWel 40%BW<2l A$E $39 o
Axzt 2 oz depgAzh, 20%BWY e A
4R Fae YAEs 2e Hoz Jsiyog
webd] FEEMAs} FEASse LEHA W
ol ¥3te] Friol wetd 2 BUAE7} waise

AL ohvm, i 2 Raj4Zely Fato] Ho
2 Azt aA dvebdg 4 4 g

FEHAS AT AL edeloa Faie
Helol] mhebd] o YA E v, 37} 0%BWY
3% AdAA4 R=.52, 20%BWY = R=.51, 40%
BWd o} R=.3622 el v, Y4uags] &
VA e AT A48 3o o
X =7} Rsle] z=Ao) (%BW, 20%BWY A =
YA=7} A3 258 & 4 Ao FFE 3
Z7 40%BW) 9= F 533 ¥z Qx|
He AEst He] 2% Rygg 3 €& od 4
Utk

24wl PRS2 File Jdxge B
87} 0%BW<l s AaAl+ R=.47, 20%BW =
.35, 40%BW<e = R=.252 7z} vehd u), s
o] Frloll adel FERLco slzgLre L5
A Wqle) dAxe Holxle ASE 4 4 Ya,
F37F 40%BW A9+ 0%BW wln ¥ o Algh
3 & Axz Fate FYAYch ged Rals)
F7 el whetd FEALeel dztco] &%
T ol Ao UME Frisie, D
¥z 4 B4R ngold dxEE PLs
€ Aoz Aedc

dzALee AMNFAUY Wl AP
Fate] 2ol webd Fate) Yz E 248 A
3 R3l7l 0%BWY S dAA4& R=.09, 20%
BWa 7§ R=.22, 40%BW% 2% R=.182 =
7t vebd vl 2Ele) 2744 20%BW, 40%BW %
9 Aol BdHAFest E ez delyle

_98_



PalgFol dE vt dAxe] BY A7

o], mebA] Aol $3h§ 3 ARl HzAL
9 AMFAlel W wld Fate UYAEE
vlelale] ZHagE o 4 SUth

sEz4 el AAMFAe] Lxwqlald Fae
dx = F vepile AR A4 E4A Y} 0%
BWS 7% R=.49, 20%BWe] #$ R=.40, 40%
BWe 7¢ R=.272 zz vehd sl Yale =
7ol 20%BWe] A9+ Fate] UAxst As] =
€ oz deiskAgl $3l7} 40%BWe HF¢e &
YA Ee FEr} Aws w2 ez Jehd ul
¢ Fad SeAdse] yale YE W sny
Ao ZA&x AMFALEweld i dAEHE
Axe Z48E & 7 U

T4 sl AMFAESY F AU
ATt F3lo z2AL deige = F3e
Azt A5 E Jehde YA Ee $3l7 0%BW
o) o) QA4 R=.07, 20%BWael A$R=.20.
40%BW<l 7% R=.152 27 Jebd v}, o] #ql
o] #yA d4] H3le) ¥ FHFEINGRANAME ¥
Z56 ot dHste Jre FLda Uds5E
o 4 odx, FEASEL} ANFAEY HAHA
£ Hatol oY B e 493 FoE o
4 2t

SeAEs et AMFALSTH 0] Fate] Aol
a2 F2te] dxeE H37t 0%BWY AS AR
A4 R=.20, 20%BWl 7% R=.20, 40%BW 7
4 R=.1322 77 depd ¥, S3i7 A3
47 Sle 20%BW2 A9+ 59 UAEI A4
3 ¥e Aoz Jephgag #3Y ¥art © 40%
BW2 e #dx AEr 45 & ez 4
Ejyich oiela A4 YARgE s ¢ AFE
23 gl S48 Fast @ Aol FEASE
o AMFALE Weole] QAlsle ¥HL F4UE
o 4 2o

Al FAe) Wee} AIMFA Lxwigle] YA
P& e T Faiel 2 deiA AxEE A
v $37 0%BWA of AAA 4 R=.14, 20%
BWd o) R=.00, 40%BWel 7 R=.012 7%
vehd ), B3] dAte yrg aA FLie
A7E & o, Hilel zAo opeiy Y4gugEal
SE9 ALzl AlMFAWEAY EFAH Wl

3 AAEFHE AdAe FHE A ¥E
o 4 Uk

Table 29} o}& &FHAUZ H38) FHel £
AE 298 o FALPA TFHA HU9 o
utd opae Rzlel FHrL 0%BW, 20%BW =
AR EL S58%A Ha dA5Hel = & A
o] § wojx] gA|ut ¥&lr} 40%BWold A 44
goll4] BgAlole ALY FHY] YA} AE
7t aARastn, A= eHe] AojA EAg AAM
£ 7HActa Algdch

Table 3& $UY 54 W& oz ¥
319 FH5E < E o YARYAeA A=
t 548 vz Azeld. F =zl
2SS T3] ALE vIEer @ o A N
AX st HE9 Aol 32l 0%BW-20%BWa
o} 1zH 4 R=.23, 20%BW-40%BW% 7% R=.
43, 0%BW-40%BW< w R=.592 27 e
uh, zb F3pel F2te) U4 0%BW-40%BW <]
R=.50F 93 xud€ & 4+ U=z, & ¥
878 Az FHlAl ol € oz Jeym,
£33 H3l7l S48 A4ugeld Fysie A
vy = F3e dHIHe Yrv o4 FARE
%4 4 gtk

F54-55749 A BREE FiEer 4 ¥
3718 YA 2= 0%BW-20%BWY o] A=A 4 R
=32, 20%BW-40%BW<% 739 R=.86 0%BW-40
%BWe] 74 R=.4002 AHugFL Y3l F
Sol wel FH2e AxHLE i & Ae=
vietyiel a2y 4] ALE JFoz ¢«
H3lE e A dAHE YL oL Hold 2
o)z Ux, 53 20%BW-40%BWE) ¢+ A3
e AAA4E 2o FilE FIHE A FEH
o e Fae YHEE L Aoz deind

sluzLe-s|ZzLre) 7P FHIHE JEL
2 7} Rzl U=+ 0%BW-20%BW = U=
A4 R=.39, 20%BW-40%BW o] R=.15 0%
BW-40%BW 7$ R=.078 F4u§4 3=z %
45 & Hi19 20 dejd UdAe FHEL F
4£%8 o 4+ Utk

2EALe-TEN4R e FHEHE JIFe

Z g o 0%BW-20%BW< =} AAA4+ R=.04

_99_



FA43 - F3EL

20%BW-40%BW<al of R=.68, 0%BW-40%BW 7
4 R=.092 ztz Jebd ¢l H&l& 20%BW-40%
BWY A% 89 A4l £ 539 94
=8 ugiAe F83E P& B 529 o
4o} A4AE o 4 Utk

AN ZFAAH-AM B AHSHA A Rl =AE
g E o FFAY Yz F3}E 0%BW-20%
BW o} AxH4 R=.55 20%BW-40%BWze]
QXA 4 R=.,55 0%BW-40%BW = R=.392
zbzt et vl JEzk] g4 g UdA4E
25 & 4 Utk wA AARPA P
2o wtefd AN FAHA Y Ml Ao JygL
Wz %EE & 4 2ok

AMFALE-ANFALS o] e Ripe] =3
+ g A5 T dAx= YEsh 0%BW-
20%BW o] <AxiA4 R=,04, 20%BW-40%BW<2
7% R=.35 0%BW-40%BWY 3¢ R=.172 A
MNFAde Sxdcely R3le) =44 deiye 3
#71 23E 34 9L Aeucd Udxse Yxe
g4 g2 ez Jeiyga, SIF A gL A
¢ vimsd e A= FLPEE 4 4
At

2 A7 A4} FUY AYAF Aoz 3
ol AN SFUA HUe] UXNAHE ATY HS
ql Whiting §(1982) 8] A4 x-A&x, z-zhHle
7 A9z AP Y4 (R=.83) 8 Apuc} ot
2 YA E v3n, ALE-A4xe Y4 R
=.83)3% wiay o ¥ dAF9 AAE YA EjA
V4 3 A& & 4 Utk
TMallwain 5 (1985) 9] AFA3 HHAA4+ R=.
78), =M 4(R=.74)2} vlayg of L A7 A
§ dHYe] i Fe Hez velygto WA
49 A%7} 4548 bt 52 Aoz g
wteh

Table 39 FY +5HU s R3fe] T/
+ 228€ 9 329 JdH=F Aelhd Whiting
%(1982), Mallwain §-(1985)¢) T HYPA &
ddoz 37 Fdaoz FH3 vgEAe 4
A€ o £33 Hele) UdA2e E dT9 3}
z2o] o2 UYAx§ setsleie Afuc e
Zeoz eyt

L AT HGLgFY T A F EAHY
A3 s=z7e) AS Fisle) Ao vimEd ¢
3 wWel ME AF ¥ =3 A4gtle] U
e 58] ¥%n, FEAY A9 FiEE SF
o3 wamsid ¥3vt §e 340 3e Axd4
o 539 dATrE g4, Fsi7e A5y
€ ol$Ee Ao ey
snzgee] A9 FHEE ZIToR viadd ¥
3E AAE ALt dHEe Ane LY ¢
4 Az, FiE Pe AL FizA dele v
Y=zt g2, A FHo] U

Feh4ee] A9 94 TRy H e wiag
o F2e] YAt FAgE & 4+ dm, Bz
Azl A T2 UAzle Ay & Aoz
elstct,

AANFAEe] AS Y 3@ TR A3
€ =T da ¥ oz Jentn, 339 F
Foll wal & Jye w2 ¥ Aoz delgw,
AMNFALEE] A9 H3l U FHH0Y YAste
Az A9 e A€ £ 9 Fil9 FFHol wef
dHste UAFEL F4gE & 4 U

A 2

THe dAFe A E FA30] A8 24
AL ARG FHoIYL, o] of Hai= Mo
] 0%BW, 20%BW, 40%BWS2] 318§ elsied
AAndge G A WAz AdxNAE
(Recoginition coefficient; Mallwain J.S. %,
1985) & &7 A&l AYW % £A4AE¢ AH A4S
e AEE dUch

B39} £57) 0%BW, 20%BWY of FAueF
ot g +5uUH ¥zt AR FHole & o
F nolA Yxvt Eahst d0%BWol4 3 E448
2 FRs waAol= A 5ol Fislg YAE
7} ozl

FU &5 MM REE HeS
s zzty $§7he Falzde] Auglel £& ¥3
d4E ¥ dAFHE 23w, TAY YAE}
Epieo s
sleztdrel FEAEEE H3LE SHE o YA

=100~



FalgFol e vk YA x| pY A7

=t Fadda, w3z Poe Azt g
w3, dAFHL FrhE
AN FAEA] A ¥t F FHEze dAs
€t AEE dL g2 ez deiygta, Y39 F
A
Adrian, M.J. & Cooper, J. M. (1989}.
Biomechanics of Human movement. Bench-
mark Press. Indi-anapolis, Indiana. 25-38.
Cavagna, G.A., Heglund, N.C., and Taylor,
C.R. (1977). Mechanicsl work in terrestrial

locomotion : Two basic mechanisms for

minimizing expenditure. American
233, R243-R261.
N.L. (1970).

carring up

energy
journal of Physiology,
Datta, S.R.,

Ergonomical

and Ramanathan,
study of load

staircases, Part 1-Effect of external loadon
energy cost and heart rate. Indian Journal of
Medical Research, 58, 1629-1636.

Elftman, H. (1939). The rotation of the body in

10, 477-484.

Fenn, W.C. (1929). Frictional and Kinetic factor

running.

working. Arbeitsphologie |,
in the work of sprint American
Journal of physiology, 92, 583-611.

M.J.& Golsin, B.R. & Hoare, J.

(1983). Comprasion between load carriage nd

Gordon,

grade walking on a treadmill. Ergonomics,
VOL. 26, NO.3, 289-298
Mcilwain, J.S.& Jensen, R.K., (1985)

Congruity of Normal Gait Patterns over a
International Series on
(PP. 411-416).

M.T., Pezzack, J.

Three-year Period.
Biomechanics [X-A, Vol. 54,

Norman, R.W., Sharratt,

of uheh 2 oJapg WA YA AMIULE
3ot} F5ol deb YANEE Pastel $3
Asde Agh

2 odr 4w

7 4

C., and Noble,

of the mechanical

E.G. (1976).
efficiency of horizontal
V-B
Baltimore : University park press, 83-93.
M.R., Norman, R.W. & Winter,
D. A, (1981). Mechanical energy analysis of the

Reexamination

treadmill running. Biomechanics

Pierrynowsi,

Human during load carriage on a treadmill .

ERGONOMICS, 1981, VOL. 24 NO 1, 1-14.

E.T. (1954). The
pack. J. of the Royal Army Medical Corp,
100, 77-88.

Soule, R.G., Pandolf, K.B., and Goldman, R.
F. (1978).
carriage. Ergonomics, 21, 373-381.

Sutherland, D.H., Olshen, R., Cooper, L., &
Woo, S. (1980).

Renbourn, knapsack and

Energy expenditure of heavy load

The development of mature

gait. Journal of bone and Joint Surgery,
62A, 336-353.
Whiting, W.C., & Zernicke, R.F. (1982).

Correlation of movement pattern via pattern
recognition. J. of Motor behavior. 14(2), 135
142.
Winter, D.A.(1979).A new definitation of
mechanical work done in human movement.
46, 79-83.
Biomechanics of Human

J. of Applied Physiology,
Winter, D. A. (1981).
movement. John Wiley & Sons, Inc.

-101-



	Summary
	서론
	재료 및 방법
	결과 및 고찰
	적요
	<참고문헌>



