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ABSTRACT

The purpose of this study was to analyze the effects of the use of the lower extremity supporter to ground reaction force(GRF) &
EMG in women. Five women participated in the experiment conducted in the study(age: 46.7+3.5yrs, weight: 52.312.2 kg, lower
extremity height: 74.1+0.9 cm, knee height: 40.7+1.4 cm). The Ground reaction force was measured by AMTI ORG-6 and the Muscle
activity of the lower extremity was measured by an 8-channel surface EMG system(Noraxon Myoresearch, USA, 1000Hz). We statistically
compared muscle activity and ground reaction force with and without the lower-extremity supporter by one-way repeated ANOVA.

The results were as follows. First, the use of the lower extremity supporter affects the ground reaction force along the
anterior-posterior axis(Y). Second, the vertical(Z-axis) reaction force on the upper part of the lower extremity supporter increase
because of the difference between the interval of vertical movement. Third, the muscle activity of the lateral gastrocnemius and rectus
femoris was higher in the upper part of the lower extremity supporter. Further research for example, on a comparative analysis of
joint moments, the effects of direct stressor on joints. and the relationship between muscle activity and joint movement, is necessary
for a better understanding of the effects of the lower-extremity supporter.

Keywords :  Lower Extremity Supporter, GRF, EMG, Squatting Work Posture
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Table 1. Physical characteristics of the subjects

Subject ~ Age Weight  Leg length Knee height Work period
()  (year) (kg) (cm) (cm) (year)
5 467435 523%22 741409  407+14 255457
47 487492 527477 76325  420+32 268169
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Figure 1. Lower Extremity Supporter

Table 2. Lower extremity support type

Type Trial Total

Squat (A) trial 2 sub 5 X trial 2 10 trial

Subject  Support llem(®)  wial 2 sub 5 X wial 2 10 wrial
5 Support 18em(C) trial 2 sub 5 X trial 2 10 trial
Support 2lem@D)  trial 2 sub 5 x trial 2 10 trial
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Table 3. EMGiox Measurement

EMGiax Measurement

In the sitting position in a chair, tibia is taked
place vertically on the ground.

Knee extension  pecccted foroe is applied to the back from the

front of the ankle.
Anlfillgxgolalnﬁar lsit:s?(sitel(llpfcs)gggllg applied to the floor from
dorsum of foot
Trunk extension gloolzrofrrlgm po;ll:?, pp?ﬁi(ll( force is applied to the
Hip extension In Prone position and knee flexion in 90 anlges,

resisted force is applied to the floor from Thigh.
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Figure 3. GRF of Y-axis
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Table 7. IEMG in SP

Type A TypeB Type C TypeD  F post-
G 3% Jiy %% At 549 BCD
R A% e o e 3% ABD
o % e b A -
B s lim by o 4B -
<05

2708 o2 AAIM AAR] AL sHAAEE AMeE
SHAREo] Feks At 22y shIMEY A F o
& &2 A e sk o] Sk wdle] gk = 3l
. olell tisf & A= SHAMEE 28 F w3 B2l
Ut £59eh wlss Hla B3] B skt
273 3 AAIM oz ol Al 3 177 (stance) ol A
s AR Al FA SAe] WEtE sl AR
I g2A yebd & glow, thiige] o] FEdH Fe
A Ao w20 FAY Al AR S+
st SHellA FHs= AL ofF 50l WE FHo] 753
Ao PR G ol = et =2 € 2ozt AL

ek

Biomechanical Analysis on Locomotion with Lower Extremity Supporter 219

rg2

Ay Ay, A% AuntgoM AAo] AW B =3t
El) FHHoR & SHAXEEE 283 type C9F type D=
FEHWFORE Fg Ho|1 Y= W, 2T o3 type A

Sre- M EEY] type BE AS(O)WF 3L BYth =
3 AF olFo] AAARZ &7 E29} E3IME SHAIMEE
Fo)7h A0 Z & type C} type DA T4 3lo]
UERtTE o= type CoF DE Wtet 9@7(foot flat) FER7} 2
Aste] AA FA o] AA e FAGET U T 5
o Aol fAskE A Arleta, type ASH FTHA O R e
SN ZEIE 283 type B FEA] 7I(heel contact) FEN7
HAYEte] UnbAQl By} 7k A FA| Falo] A|Ae] 4
AR FEol| YAsh= e oulste, AR HEEE ]
B E29F B3l = ARG siElo] vERsTh

BHEIYAN A AT 787] F FEA 27(heel contact) T7F
< AS(WgoR ko] WA, FEA] o] |(heel off)
e (ko R AHuteEo] Ao} Wl roll-over

Zo] MAIFTHNeumann, 2004). £ AToXE kA ZE] ]
o7} =85 AJEAT A He ASAY viEe] gid
o] Yeh} SHAIMEE o7t A AHnke] dgS vX=
Aoz Yehtom FHEA 27](heel contact) T YERY}
= FEHOUF e 148 Azl sl gEEy v
(slide) FAo] UeR} AA o] 75 Ade s S7AA 7534
o] TRt o} HHI AT A o] A0 RS WA A
o2 o

e A SHAMEE Zolof wel fofakt $Sith
ol A= AA L] el B IHE AR o] HA
A R3] AR 7AA AA FATAY 29 o5t
nn|&ly) o g AgkEnh Ty SN EE B} B84
E AJH o2 &AW o] FolAs A0Z e FF
AToA B TheliAlE AHAJN 2E 2 %191 HE R
ES vaiNsl & o Agst ARE AlFsior & Aolth

A A ko] 22| Wk e B0l A SHAMEEIS o] &3A] &
< type 180+ 21 em £019] type 47} B FAX AR S
UeRdt) ol SHIAZHE 28ahr] ¢ 1& goz
Z10) Al eE|Ag oz s APFHNA doju= A 2]

o] 22 HhA S EZEE 283 type 47 U] HE AH

WA S8l FEAA o3) AAE %R ol
o7 sk A WA Roy et. al, 2006)0] 2H&3ke] UE}
W 292 Alsdnh =3 Bl B3l BAE Ak §IAl
TF B2¢} o] SHAINEEY Eolrt moldSE A HEE
ol S7Fh= 891 w3 QA =9f9) o) AskeAlYe] AR
o2 Qs Yepd Axg Hol Atk

zI8 715 Fshe B 0°Y FEET 4EoA 7H
2 4 F(joint force)©] TAYSHMaclntyre, Hill, Fellows, Ellis

to d° o

o



220 Kyung-Il Lee - Wan-Ki Hong - Chul-Gab Lee

& Wilson, 2006), 120°0)’3e] 5= Bt} 90°9 F5== ¢
AoA FEAEY 2t gHhEo] F7IHAshvin, james &
Shamal, 2005). WehA SHAMZEHE 28302 AL 75
WA e A g JARE FAYeE s YeR e
5 2379 Wele $HE A9 59 2ol «dd YA
ogta Hapl AegtomA FEWE FAA FIs wH
Zoz dAgtE)

TAE 24 255d Y 9 Hui2uke, 25489 1
o2 A oy TS & £ 9lor, jle] Y d JA

5 T 71 wZol g HAY
ATHGu, Chae, Kang, Yoon & Jang, 2009). WhA 218 ¢o}
a0 7 FAQUA Ve 285} SHIAEZEE o] 8%
AR 2% 7] TSRS HluE B ZHEEY Ao
& obr izt stk

SP 7oA Yehs U SAEAME 9 ulE2
E AN FoAHE BAom, 7 25 BT SHAZHY &
o7} H24E & ZHEAE UERIth olgd Ave AAH
AA A SAMEZHE o] &k AR 22 ek 2 A
oA thE 2] Z 257} 716k (Kim, 2008), 15 cm®] Sk
MEEE AHShe Zlo] SRR ZBEEE AT W
Holgkal g Oh, Kwon, Kim, Myung ¥} Kim(2005)2] <}
AR Aoty o]9} o] A AA|e}e] Aol 2P olF
Al BHINEZHY Fol7t #5578 AEEE B9 &7 o|FA]
T 40 E QlE, FEE AHAIIE tER Y 28T F
7¥sted Yepd Astz ke o Cannell, Taunton, Clement, Smith
& Khan(2001)8] A9} Z2o] -5 F37t0] 90°Y Wl 7H &2
TEAET} BAE, 00°E AHOR sl FF7o] TN E
TERAET} doitkE 2l & < Qisitk

F3 S HlEZ| Aol Faprt AAFAH Yol A3

< o AAFA ] FUAE ASE B fs T 91X
& 259 Z2EEE S/I8IThE Wall-Scheffer, Geiger &
Steudel-Numbers(2007)2] 79} Zo] SHAIAEZES] Fol7} &
VS 5o FAIF A (center of gravity)©] %8 F4)(center of
pressure)©] ¥l YIX|HA Mo = JojHS Alojabr] Hsf =
WA A= (plantarflexion)©] 43} Hol Uepd AAE AlSH
o} HE 259 AT} kIt B TkiAlE 2
Ef2vt ST 9 @ = A, 28R 25
A Haks ARH o2 A= “?‘j(Nordander et al. 2000)
o]7] wizol| spAHA | 7FeliAE 2EH 2T} st EH 2
¥} ol me} F7He 0= Ak

e 2 AF7IPH2AM 7o Aozt YehA] 2 A
S T2 A o] sk WA 5] el tE
23, Wik, vlEe] 28l ofsl £ Wt ofhlet 1

O,
Ay Z3-o] FAY Fe-S W) wlEol(Doorenbosch, Harlar,

B

Roebroeck & Lankhorst, 1994) F 52 ZHEE o5 e
ugl 2 s} Qe Zles dgd

919 =95 F3) B 3FA A (leg length)ol tHfa 24.3% ©]
2} =ol9] M ZEE g 447 (stance) Al A
AAFAZA ] Wals Ao ZH 2 A)Z2 ﬁff&@ %
2ol FAH FFs vAE 2R YERon, ol& Aofs]
HUP J%L*é T3¢ SHAAEEY] Fold me} $713Ho A
2 G A= A0E Yed mEbA
%@ E%*é—% ke é‘ﬁwﬁﬁ ko] F Qs A
293 golog #ad 2= 9rly

AFAATHel| FFE vA= A

[ |

Y

|}
Hl
Y
ik
BN

>
2
4z
oxl
ax
S
:
ook
o
A
>
o
L%
<)
L
i, o
O

Aol 2 <&l SHAAZEE ] xol7} lﬁ‘-‘%ﬁi
A

AR, 915 a3 tE2Ze] SHEAE SHAAEE
Age AP sl <¥d AR S8 ASE 5] 37t
slo] iAo Ee SAMEENA EA YehE 2 2
- AT

o8 TN Hu FAYelA Yehhs 2ARS sk
SRR Hals £Y 4 e SHAMXE o] BasiH,
F& dTE W ThiAE ARl 2Bz Hllel #d
HES Hlu 243t & o A% ARE AlF & Favt
Ag Aoz ot

m

N

278

Ashvin, T., James, C. H, & Shamal, D. D.2005). Contact
stresses in the knee joint in deep flexion. Akdical
Engineering Physics, 27, 329-335.

Burgess, R.(2003). Squat, Stoop, or Something in Between.



International Journal of Industrial Frgononics, 31(3),
143-148.

Cannell, L. J., Taunton, J. E., Clement, D. B., Smith, C., & Khan,
K M.(2001). A randomised clinical trial of the efficacy
of drop squat or leg extension/leg curl exercises to treat
clinically diagnosed jumpers knee in athletes. American
Orthopaedic Society Medicine, 35, 60-64.

Chung, M. K, Lee, I, & Kee, D.(2003). Effect of Stool Height

Holding Time on Postural Load of Squatting Postrues.

International Journal of Industrial Frgononics, 32(5),

307-309.

R, Kasman, G. S., & Holtz, J.(1998). Introduction th

surface  Electromyography, 2nd ed, An Aspen

Publication.

Doorenbosch, C. A., Harlar, J., Roebroeck, M. E., & Lankhorst.(1994).
Two strategies of Transferring from Sit-to-Stand, the
activation of Monoarticular and Biarticular Muscles. Jowrnal
of Bomechanics, 27(11), 1299-1307.

Escamilla, R. F.(2001). Knee biomechanics of the dynamic squat
exercise. Medicine and Science in Sports and Exercise,
33, 127-141.

Gu, H. M, Chae, W. S, Kang, N. J,, Yoon, C. J, & Jang, J.
1(2009). Comparative Analysis of Muscle Activity and
Ground Reaction Force between Skilled and Unskilled
Player during a Free Throw. Korean Journal of Sports
Biomechanics, 19(2), 347-357.

Jang, E. J.(2008). 7he Study on the Lower Extremity Shipporter for
the Prevention of MSDs. Unpublished Doctoral Dissertation,
Graduate School of Dongeui University.

Jung, H. S, & Jung, H. S.2005). Evaluation of Proper Height
for Squatting Stool and the Engonomic Design of
Wearable Stool. Journal of the Korea Institute of
Industrial Engineers, 18(3), 288-296.

Kim, Y, C, & Jang, E. J.(2008). The study used Brog’s Scale on
the Lower Extremity Supporter. Journal of the KOSOS
23(5), 105-110.

Kim, Y. C, & Ryu, Y. S.(2005). Ergonomic Evaluation of The
Hazardous Jobs in Squatting Work Posture. Journal of
the Ergonomics Society of Korea, 24(1), 37-41.

Lee, I, S, & Jung, K, M, & Ki, D. H(2002). Evaluation of
Postural load of Varying
Psychophysical Scaling. Journal of the Ergonomics
Society of Korea, 21(4), 47-65.

Li, G, & Buckle, P.(1999). Current Techniques for Assessing

Cram, J.

leg Posture using the

Biomechanical Analysis on Locomotion with Lower Extremity Supporter 221

Physical Exposure to Work-related Musculoskeletal Risks,
With Emphasis on Posture-based Methods, Ergonorcs,
42(5), 674-695.

National Institute for Occupational Safety and Health(NIOSH)(1981).
Musuloskeletal Disorders and Workplace Factors: A Critical
Review of Epideniiological Evidence for  Work-related
Musculoskeletal Disorders of the Neck Upper Extremity,
and Lower Back DHHS(NIOSH) Publication No. 97-141.

Neumann, D. A.(2004). Kinesiology of the Musculoskeletal Systeny
Foundations for Pliysical Rehabilitation. St. Louis : Mosby.

Maclntyer, N. J, Hill, N. A, Fellows, R. A, Ellis, R E, &
Wilson, D. R.(2006). Patellofemoral joint kinematics in
individuals with and without patellofemoral pain syndrome.
Journal of Bone of Joint Surgery; 88, 596-605.

McAtamney., & Corlett, E. N.(1993). RULA: a survey method for
the investigation of work-related upper limb disorders,
Applied Ergonomics, 24(3), 91-99.

Nordander, C., Hansson, G. A, Rylander, L., Asterland, P.,
Bystrom, J. U., Ohlsson, K., Balogh, I, & Skerfving,
S.(2000). Muscular Rest nad Gap Frequency as EMG
Measures of Physical Exposure; The Impact of Work
Tasks and Individual Related Factors. Frgonomics, 43(11),
1904-1919.

Myung, S., S.(2006). Dynanucs Sinuilation for Analysis of Hunan
Moverrent. Unpublished Doctoral Dissertation, Graduate
School of Yonsei University.

Oh, I. S, & Kwon, O. Y., & Kim, H. S,, & Myeong, S. S., &
Kim, M. H.(2005). A Comparison of Lower Extremities
and FErector Spinae Muscle Activity according to work
Postures during a Weeding with a Short Handle Hoe.
Journal of the Ergononics Society of Korea, 31(4), 13-15.

Reilly, D. T., & Martens, M.(1972). Experimental Analysis of the
Quadriceps Muscle Fore and Patellofemoral Joint Reaction
Force and Various Activities. Acta Orthopaedica Standinavica,
43(2), 126-137.

Roy, G, Nadeau, S., Gravel, D., Malouin, F., McFadyen, B. J,
& Piotte, F.(2006). The effect of footposition and chair
height on the asymmetry of vertical forces during
sit-to-stand and stand-to-sit tasks in individuals with
hemiparesis. C(linical Biomechanics, 21(1), 585-593.

Shiramizu, K., Vizesi, F.,, Bruce, W., Herrmann, S., & Walsh, R.
W.(2007). Tibiofemoral contact areas snd pressures in
six high flexion knees, Infernational Orthopedics, 33(2),
403-406.



222 Kyung-Il Lee - Wan-Ki Hong - Chul-Gab Lee

Stacey, M. S., Rober, A. C,, Andrea, H.,, Rebecca, M. L, & Urs,
P. W.(2008). Tibiofemoral joint contact force and knee
kinematics during squatting. Gait & Posture, 27(3),
276-286.

Straker, L.(2003). Evidence to Support using Squat, Semisquat and
Stoop Techniques to Lift Low-lying Objects. fnternational
Journal of Industrial Ergonomics, 31(3), 149-160.

Takeo Nagura, Chris, O., Dyrby, Eugune, J., Alexander, Thomas,
P., Andriacchi.(2002). Mechanical loads at the knee joint
during deep flexion. Journal of Orthopaedic Research,
20(2), 881-886.

Wall-Scheffler, C. M., Geiger, K., & Steudel-Numbers, K. L.(2007).
Infant carrying: the role of increased locomotory costs in
early tool development. American Journal of Physical
Anthropology; 133(2), 841-846.

Wretenberg, P, Ramsey, D. K., & Gunnar, N,(2002). Tibiofemoral
contact points relative to flexion angle measured with
MRI. (linical Biomechanics, 17, 477-485.



