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ABSTRACT

An Analysis of Biomechanical Factors for

Optimization Models of Jumping Motion

Kim Eung-Gyu
Advisor : Prof. Kyung-Il Lee Ph.D.
Department of Physical Education,

Graduate School of Chosun University

The purpose of this study was to identify the correlation between the
variables by analyzing and quantifying the variables kinematically in order
to efficiently perform vertical jump and standing long jump movements.
For this purpose, a total of 26 students, 13 each from male and female
high school students, were studied through various variables, which are
time (required time), distance (height of body center), speed (center of
body), angular (shoulder joint angle, hip joint angle, knee joint angle, ankle
joint angle), angular velocity (shoulder joint angular velocity, hip angular
velocity, knee joint angular velocity, ankle joint angular velocity) and
kinematic (muscular conduction, ground reaction) factors.

1) A kinematic variable between male and female students in vertical
jump

First, among male and female students, students with higher records
took longer time and showed significant differences in all sections.

Second, the analysis of the body—centered vertical displacement of male
and female students showed no statistically significant differences,
although there were differences in records.

Third, the analysis of the body—centered vertical speed between male

- viii -
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and female students showed that male students appeared faster than
female students at the moment of leap during vertical jump movements.
The vertical acceleration also showed up faster in male students, and it
can be seen that male students perform muscle contractions and
relaxations in a moment while moving joints effectively when they perform
vertical jump motions rather than female students. It also means that the
body can be sent higher in a vertical direction by pushing the ground
harder.

Fourth, the angle of the body segment was analyzed for each event to
analyze the angular variable, and the angle of the ankle joint and the angle
of the knee joint showed significant differences in section E3, and it can
be seen that reaction forces are caused by the push action to generate a
large force. The angle of the hip joint can be seen as an important
variable for effective vertical jump operation rather than the above two
variables.

Fifth, the isometric muscular function test showed a significant
difference between male and female students, while they showed more
than twice as big a difference.

Sixth, the kinematic ground reaction analysis was done in both vertical
and forward directions. It turned out that although male students showed
greater ground resistance than female students, there was no statistically
significant difference.

Seventh, the muscle conduction analysis identified the movement and
activity of the major muscle groups, resulting in a significant difference in
the activity of the lower body rather than the upper body between male
and female students. In particular, there was a significant difference in
activity of the femoral rectum.

2) Correlation between vertical jump record and variable

First, height and weight were found to be correlated with records.

Second, the time variable showed a significant correlation with the entire

interval record.

_ix_
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Third, speed variables such as speed and acceleration were found to be
closely related to records.

Fourth, the ankle joint angle shows that the ankle is as low—sided as
possible in the peak section by making the most of the ankle in the
take—off section when performing the vertical jump movement. It 1is
effective to make a 74 degree hip angle when crouching and jump
vertically. The shoulder joint angle also shows a significant correlation
with the record, so it is important to maintain - 59 degrees when
crouching and 130 degrees when taking a leap.

Fifth, the femoral rectum and the record were significant in the analysis
of myocardial conduction activation. Only when contraction and relaxation
of femoral rectum occur effectively can a good record be made.

Sixth, in vertical jumping, the ground force can be considered to be
effective for improving the record. In particular, there is a difference in
the results of the record through its action and reaction forces.

3) A Kkinetic dynamic variable between male and female students in
standing long jump

First, among the male and female students, the higher the record, the
longer the time required. The significant difference in the peak interval
was shown in the leap between male and female students.

Second, the records of male and female students showed great
differences and it were statistically significant.

Third, the body—centered vertical and horizontal displacement between
male and female students showed great value for male students.

Fourth, male students at vertical and horizontal speeds showed a large
value, indicating that this was highly relevant to the record.

Fifth, there was no big difference between male and female students in
angle variable. However, there were significant statistical differences

between events.
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Sixth, the kinematic ground reaction analysis was done in both vertical
and forward directions. Female students had higher ground strength than
male students.

Seventh, in myocardial analysis, unlike vertical jumps, the muscle
activity of the upper body was also statistically significant. This can be
considered to strengthen the arm's swing in the upper body to move
forward.

4) Correlation between the standing long jump record and the variable

First, height and weight were found to be correlated with the standing
long jump.

Second, the time variable of the two sections can be said that the time
spent in the air is a record, and the record is determined by the time
spent in the air.

Third, the speed variable also showed that speed and acceleration were
closely related to the record. It can be seen that effective movement of
joints and rapid contraction and relaxation of muscles are important factors
in improving records.

Fourth, significant correlation with the record was shown only at
shoulder joint angle. Unlike vertical jumps, the movement of the upper
body is considered to be an important factor affecting the recording.

Fifth, the femoral and trigonometric muscles were significantly shown in
the analysis of myocardial conduction activation. The contraction and
relaxation of the femoral rectum must occur effectively to produce a good
record and a strong swing of the arm of the triangular root can improve
the record.

In order to perform effective movements when performing vertical
jumps, it 1Is necessary to improve the muscle strength of the lower
extremities and to make the flexural force of the hip especially strong.
Also, in the standing long jump, it is important to develop the lower body

to speed up the contraction and relaxation of the body momentarily, and

_xi_
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the upper body plays many roles differently from the vertical jump, so it
Is necessary to practice improving the speed along with strengthening the
muscle of the upper body. As a result, muscle strength of the lower body
must be improved in order to perform the two movements effectively. In
particular, during the standing long jump, it seems necessary to lmprove
the muscle strength of the upper body as it is seen to produce an
effective forward movement through strong swinging of the upper
extremities as well as strong contraction and relaxation of the lower body.
The results of the above study are believed to serve as basic data for

mechanics and be used in the field of sports.
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D A4 2 A4 34 4 %3}

rastd SAEY AMA #HE FAHY Fxs= Kwon 3D XP(Visol) Z=
e o) g3ttt TAE T & 367019 HAHES 15T AT HHEEo]
HAust AFA, AT OdAE 32719 QA #E FAES Fu= A3

o] Ao QlA|EAX4=(Body Segment Paramenters)s= Tylkowski, Simon

& Mansour(1982)9] A8 = A&ttt 71 A <y M—-4>9 2t}
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OpH R E2( K| 1. 28% ZUIR ASIS) 15. 1% 12 Z0R2|(L Lateral Shank)
2. 4Z ZHHL ASIS) 16, Y% HpZ L=2E(L Lateral Malleolus)
3. 24t 5 SY(PSIS) 17. 2% O = 23(L Medial Malleolus)
4. @ 2% HHFEZ 5{4X|(R Lateral Thigh) 18, §1Z 2 =B KL Heel)
5. @B u}Z ZEEE(R Lateral Epicondyle) 19. 8% & 2(L Toe)

22 0p DR Medial Epicondyle)  20. 2% Of7H(R Shoulder)

t Z0t2|(R Lateral Shank) 21. L EXE HIZ ZEX|(R Lateral Elbow)

-
o o Rk o o |o
rin
il
m:l

ot
L=
E% U7 42 2R Lateral Malleolus) 22, 2BF 28 EH(R Medial Hbow)
2
o

9, 22X 9F hZ AR Medial Malleolus) 23, LEX HHZ £5(R Lateral Wrist)
10. 28 HBEXIR Heel 24, A% {7 (L Shoulder)

11. 2EF & &R Toe) 25. 2IF HtZH TEX|(L Lateral Elbow)
12, 4% 2t 5|4 X|(L Lateral Thigh) 26, A% 2 BEL|(L Medial Elbow)

JK
E

13. Y% U2 SE28(| Lateral Epicondyle) 27, 2% HHZ 25(L Lateral Wrist)

14, 2% 2t 2E23(| Medial Epicondyle) 28. 2| Y Z EY S(Vertex)

a9 M4, vh 329 %)
2) &%

&2 (Synchronization) < 6tj

al
Gy Auwsle FRE9H MASAY 2
[e)

™ aEThd e #HY
g Aol AR dASHA] S A7) widel] FEGHY o AXe g
t}o] S = (LED)ol Eg Al(trigger)E AFg3ste] 2135 HUY 5ol ZF ZivEt=
HYs FHES Fx3 AT

3) 324 HE ALt

= & AAE 7 WAl 93] AZd=" A
= Aejsiden, 7 #dAe] ¥JAES E(Jrq‘:ﬁ]r sttt olw QIAlEA A5 o}
AR B #usl, dAHETAe] FEsE, F3, Abdel—-Aziz® Kararah(1971)
o] DLTHMH (Direct Linear Transfor—mation method)& AF&3te] 3¢
= AESH T o8 7HH] el 93] A ol =(Noise) & A|AH 2
FHaslelr] 9lste] &3k (Smoothing) & 3HA ==, A9 F L H (Lowpass

H
=
o
r
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w2} A,
A,B,+A,B,+AB,

6 = arccos
JAZ+ A+ A2 B*+ B*+ B?

AT SR WS WERA A%E, FEade) %%, nzael
4% Fol gon, AEWWEe A WS} 14 v MEV)E o gath

o= (Sx V)/ISx V]elw of7]A]

SxV=ISxVI=18+ V] + w,
V| =lwo,x S| =lo,l + [S|lo] 22
Sx V=18« IS « o) « @ 7+ AT}

ISP= T8 don FHd g

GAA Tt

N
Ip
H
©
rlr
Ho
o
1>
tlo
o,
oo
:(|>L_',
X
N
it}
N
(Y
k1
il
o\
4
=
o
2
It

e, o ATl Tann
5 F4e Hpolth. WSl KA T4 AX
SCGE WA i WA 2o FAFA A4 6E A @% o] TaIL dLow
A2 FA FAe We SCGE A % 7

s WelE oAl 24 2 A

A
o 2 WRlow Rt

CG; = (P.(1— (P/100)) + (D; & PL/100)wueueuemeirereerereresiseeseseseseeseeseseseeeesnes @
= P+ (D, — P)P/100

P i A BEHEe] 9w (proximal endpoint)e] F &
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D, i A EA o] 9 & (distal endpoint ) F 3
WHﬂgﬂﬁﬂ%%iﬁﬁ%%%%&i?ﬂ%@?ﬂ%ﬁ%ﬂﬁﬂ

i L = o
M DA Ao A el M A6 A A S A A

SH)=Cy o 124 Cy o 124 Cp ¢ £+ Gy oo ®

12k w2

S ()= 3Cy o 17420, @ I 4 Gl @

22} m

S (1) T 6C; ¢ £ 2C oot
t=T-X,X, < T < X,

U
JH
I
ot
<

ol = 7 Xo| B2 & (X,) = C,o] W™, $(t)9) 23k 1] ¥ 5" (1) 8" (1) = 2C, H A .
e g ME X2 & i G bR 20,7 E

Aol o]gst¥ o E3 AuHdtgry|2HE 535 A H5+E Inverse
Dynamics WS &3l &34 A5l dAAste] 7zt B #8sh= & Ak

AHgstel Qe oz ABE %—%71 o o3
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Al Alg o=

=

F3hoth

}‘\_]__

to] BW(Body Weight) =

S
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5. AT

1) 34~ ZFH(EVENT) ¥ F#7HPHASE)S A3

(1) =H(EVENT)
® $ARED : AR FAol ®F A Y Re T3
@ = °HE2) : Fie] A ?
@4 H(EI) : A FA F e w1

@ 2 A[(E4) : dnpeo] Ao g2 &3t

(2) 7ZH(PHASE)
®D 177KP1) : E1 - E2 SAHNA ZFE=IH7HA
@ 27%HP2) : E2 - E3 =9 2
@ 37ZH(P3) : E3 - E4 AHA x|

Eatle]
[EF]
Pl
E
H1
A2
feE
o

—

EHALPY 4R HYTm

o -5, #4382 5H(EVENT) 2 7XHPHASE) 9 47
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2) AA#de® 7] FH(EVENT) 2@ F7HPHASE)9 A3

(1) =H(EVENT)
@ <AL (ED) : AFe 2] wok A 747 e 17t
@ %= °KE2) : o] A .
® A H(E3) : QA9 FAMe] M =
= °

@ =z A (E4) :

(2) TXH(PHASE)
@ 172HP1) : E1 - E2 SaHAN =9
@ 277H(P2) : E2 - E3 XofollM AHE
@ 377HP3) : E3 - E4 Aol HA <

TT e T

F it R4 Skl

a9 -6, AR Hew 7] =H(event) 2 T3H(phase)?] A4
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=
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¥ IV-1. 29 A7 8 vl 9] (sec)
A Y ¥EAx t p
1 037 013
177HP1) -1.646 113
o] 0.38 013
1 0.44 03
27-7HP2) 12.733 000"
o] 0.30 02
1 0.39 01
37-7H(P3) 14518 000"
o] 0.28 02
i 1 121 03
229N 15.198 0007
o] 097 05
*p<.05, #xp<.01, #x*xp<.001
Pl: $ado|A Z=FE1H71A
P2 =oFo| Al A&7k
P3: AANA ZAA &7
G} oAl S 7he] R oAl 7 FIPE A QAIRES A Ay
17ZHPD oA FGHAEL HiF 0.37£.013secES ATAHEL 0.38+ .013secY
AlZro]l Aglom, o= folst xfol7t YERUA] gkodtt 27-7H(P2) ] EIEtES
H 0.444.03secE ATFAEL 0.30+.02secES, 377HP3)9 HINEL HA
0.39%+.01secE ASAEL 0.28+.02secE HAAFY o H93 ZolE e
= —14!9?% oA E ko] ] M FZo| 7 IPE A AR F 1%
(P& ALt Y] F1hol A 25 folsk zkol7F Yelsth 29 5(2019)9]
AgATe m2d Hsdy) sdE o1 155 F Jd 1 FHHE F
2Fo]l A QAR o]l XA oA H = FFHRE A Ao Huvl HE
TAA fF3 ZolE YERITEAL 31%laL, B AFME 2 V|5E HoE
HHAEY AQAZEE 7| Fo] W2 I}l nvlE] AlE Algke] DA YERRLS
W, FAhQ ARl A YER T
—_ 36 —
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1.6
1.4

1.2

TR II
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P1
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__Oﬂ
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il

NV—-2>¢9}
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]
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]

A
™

=
K3
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w9

o

iy

An

4.78
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EER

000"
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3.79

48.37

o 34

p<001
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D (m/s)

o9

A
CL%!
o] o4

*p<.0b

067

2.698

021

2.943

.061
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iz

2.525%

=

h=Nye}
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¥ V-5 @E#de] 2t @9l ¢ (deg)
I b EFHA t p
k= 76.87 3.13
<3 Y (E1) 758 456
o 75.56 6.17
k1 123.50 3.82
E % (E2) 156 877
S 123.31 291
k3 144.75 6.21
A A (E3) 2.234 033"
= 140.00 5.80

*p<.05, #xp<.01, ***+p<.001
El : 21419 SAle] =oF A 7bF o2& 3
E2 ¢ Flbo] A WHoA "Hojx &= &3t

E3 : QA9 F4o] Mg Be &3t
FAAE A BEE 3709 FiE A4 By A SAH(ED) 1
of Wate 76.87+3.13degS UERWIL, oSS 75.56+6.17degs HEFHC
), ol BAIFCRE fFod AolE HAFA skttt ECH(E2) FAtAME
8H4 123.50+3.82deg, ©18M8-S 123.3142.31deg® ©] 3t E3 Foek i}om
UebbA skt AA(E3) RS 593 2polz) gllon, Wehe 144.75+
6.21deg, o132 140.0045.80deg® EA A o2 23k z}o]”
Ao wEgdel o[flE E3 he AnAe FARZE sty Fad 73t
o, 7|Fo] JFS vH F & FolPga T 4 vk A $(
APAFoNAE BE FAAA Fogk ApolE Holx| AN &
A (E3) Pl A fodk Ao]2 wow, a8 FrolA 3%, Zof F-7kd
A 2% AEO ZpolE yERHTE Huzte] wEdE Awatols A oA

45 AT zJo]E A9 st Be AJo]E HolA] &grr),

o —
e AT

L
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192
021"
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.266
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2.42
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77.98
156.81
156.56
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169.87
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o]

149 F4ol wok A )
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<3 ™(ED)
T 9K(E1)
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FARZ A g or At AZE Fsly] A8 AFEEHAAE
o] FAY(EL) Tt G 78.90+3.53dege] HS YEFH I,
77.9845.14deg?] H#S UEbHT By 1 EAFOE 3 2ol
Z) gFokrh, EOoR(E2) TRt @etAo] 156.81+£2.42deg, oS -E 156.56
2.87deg® o] b HgE ol gk o7t yEhbA tth AA(E3) 73S |
Aol 171.12+1.40deg, 9L 169.87+£1.50deg® EA A o2 Fold x}o]
UEbsttE AR el A frelj AfolE BolFe A2 o kel 2 3
Moz g uktgo] Joji} Zbef| zto|7t UER}E o R B 4 9r) o] &
& E3 t7te] FERE Anrt FAAE A 71Fe] 9GS WA 5 e it

ghan e 4 vk AHE(2020) AFATAN FERE Amel] At
[e)

2 o

HI o

L 9 Qoo o
H AN o

o ok N ok

_

o
gk ApolE YERNA ek gk Z]”P A= AHES) Rl FoF Aol &
vebth 2 Agreh At FEade] 7 3k A v B Aol E
Ho|FaL glom, off= 1’41’2}94 Aol ezt o] AFATe B Ao FE
vd A= Apol7h @ol YEhe Aos HoXn, ¥ A= Jduzite] 4= At
o7F AA ko, F-5o] 7= Aolrt VHIAE Y Joew B =
HA(E3) ZFo]7} W= AL wokA] Zek 3oz woluly] 9E wEe 7a)

A
A ddoia 52 5 Ut
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7 ot
V-7>3 2t}

B ATolME o oS Ee] 4 HE A aEzte] 7} oWlE
2]
1=

=4S AAskglen, 4 At ofdf < V-7>, <2

F V-7 avbde A4w @9] ¢ (deg)
B 9 EFHzt t p
=l 74.87 3.99
S 3 ™Y(ED) 2.305 280
= 72.37 457
o 181.12 552
X 2(E2) 0.000 1.000
= 180.24 8.60
k3 213.06 6.58
A A (E3) -1.861 073
o 216.00 5.31

El @ 1Ale] S4o] =of A 7pd w2 3
E2 1 ko] AWell A HojA= &3t

[e]
E3 @ Ao T4le] 7MY w2 =3t

FARZ A HAdgt X5 5b7] A% wwde] 7S FREE AEn A
H(E1) T1boll e 70.8743.99degs UEFH AL, o3HA)
& BolFldh ol EAHeR Fo7 AolE vEhl Fola, AeHd A
=z =~

= 54 A 7183 Fad Aol Yx FRole ¥ 4
Ha
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(2) A=

@ &, AFAE e AR EHH7] 7|50

o] Ao= I ATHNE 7ho] 7|28 =A3la vla BN Y 7=
Hlal= ol <% V-2> <y V-2>9 @t} 7|5 SAHL W 5T e
Aol HE A T HEAZAE cmZ Ax] AxEEeHr] AME S
=33hech

¥ V-2 4, A8AE 1 AR g ) 7 Sh 9] ¢ (em)

Sk B EERE t p
L) 263.33 16.09

10,561 0007
o 34 214.23 18.70

x*p<.05, *xp<.01, #xxp<.001

¥ 263.33£16.09cmE

oS ARl Vs dEl
7158klaL, o 8h2 214.23£18.70cme] Wi 71HS HERAY. H, S
el 715 SAHeR FoAF zolE HITh HIARG o] 7] =Ho]
AA veRd Ale B dvpeln], 5 g WddeS wal wAste] 75
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© ArelM e AR E ] 2 Al A T Azl WMle L,

SNSRI, 25 TR ZASAT. ol <E V-3>, <1 V-3>3 gt

3F V-3 AA T4 2 W @9l (m)
A El E2 E3 E4
334 0.59+0.06 0.86+0.04 1.06+0.04 0.46+0.07
o] 3HAY 0.63+0.03 0.78+0.06 0.94+0.05 0.49+0.09
t -2.138 4,004 6.9% 1.118
p 0.42 000 000" 0.74

*p<.05, #xp<.01, #x*xp<.001
EL: Q419 F40] %o A 743 e 77
E2 @ o] A HoA "dojx& &3t

E3: A9 F40] MY e
E4 : o] A e &3t
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Z kol Ut on, §o)8Ee 0428 BAHCRE {23 Zol7t ¢l
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2 ATl A= AREYH Y] 52 Al 1A Ao a3 ol WS B
wABHAL, FE& Vo2 S35t oYl <& V-4>, <39 V-4>¢ 3t
X V-4 A T 3 W @9l (m)
e El E2 E3 E4
A 0.43+0.05 0.75+0.05 1.78+0.19 2.45+0.15
o 3t A 0.38+0.06 0.65+0.05 1.09+0.06 1.99+0.16
t 2.373 5.494 12.105 9.048
D 030 000" 000" 000"

*p<.0D, *xp<.01, *+*xp<.001
EL: QAlel $4le] B0k 4 7bg she 71
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(3) =8

@ A F4e) 54

AR E e H 7] 52 Al HE A FAY 72 £ g2 ol < V5>,
<18 V-5>¢9} 7t}
¥ V-5 AA $49 4 % 9] 0 (m/s)
g El E2 E3 F4
F3hA -0.26+0.06 1.43+0.12 0.18+0.02 -1.54+0.09
o 843 -0.42+0.05 1.30£0.06 0.33+0.14 -1.31#0.13
t -1.062 343 ~3748 -4719
p 298 002" 003 000"

*p<.05, #xp<.01, #*x*+p<.001
El @ QAo S4do] =oF A 7pg v 73t
E2 : o] Ao A "ojx= &3t

E3 @ Ao T4l 7M =

E4 @ dupefo] Awle] 22

A FAe 4 £EFE vl FAg A3 FHEDCA FEEe -0.26
+0.05m/s, ¢ty 2 gk pol= HolA &k
ot FHE(E2) A= 1.43£0.12m/s, g2 1.30+£0.06m/so.2 %
AR frofgh apolg Ho] TRtk H(E3) A= Pt 0.184+0.02m/s,
0.33+£0.14m/s 2, FH(EHNME FshdS -1.54+0.09m/s, g
AL -1.31£0.13m/s& HoFo] {Fog Zolg HAFT S > A1A 9]
Filo] spdkow 3S Adshs Aow wok A x| Ao Lo e Yehle
% 2 EEE ASA7IE AL 75T AR =2
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m LY O3

Y V-5 AA FAY FHEE

@ AA TAH 9 £=
=

AR R A7) E2 A
<29 V-6>7} g,

AR FA) FASE ghe ok <E V-6>,

E V-6 AAFTAe] FHEEE @9 (m/s)
A El E2 E3 E4
@A 0.77+0.04 3.04+0.03 3.26£0.03 3.21+0.32
of 3+ A 0.67+0.19 2.26+0.13 2.41+0.20 2.34+0.26
t 2.052 20.186 14.455 752
D 500 000" 000" 000

*p<.05, #xp<.01, #x*xp<.001
El @ 1A FA4lo] =9 x 7+
E2 : okdlo] WMo "Wolx= 4=
E3 @ 1A FA4o] 7 =

E4 : dapdo] ¥ g
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JUS A Eo] AAEEH 7] Al AA T ¥ FEE vl 248 A9
ZH(ED oA PSS 0.77£0.04m/s, AL 0.67+ o

o, FA(E2)NME Fe8S 3.04£0.03m/s, AL 2.2640.13m/sS Ko
Fa, FHE(ENAE FIAALS 3.2640.03m/s, AL 2.41+0.20m/s =,

T
SHEDNME SIS 3.2140.32m/s, AL 2.3440.26m/sS HAF
of A =el A FAAoE FoFt zfolE HolFgdrh A vl AA A

FA) 59 HE7k 7150] gL AL Ao AR ALk
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(4) ZA=x

@ wEHEe Fx

dustdsel AxEAy] B4 A U wEad gl ua BAe

ol <¥F V-7>, <18 V-7>3 7t}

X V-7EERE s 9] ¢ (deg)
A El E2 E3 E4
R 64.4+2.64 133.90+5.80 126.75+3.16 94.32+3.74
o 5t A 64.0£2.25 132.80+7.07 127.51+1.76 91.17+5.67
t 0.398 0.074 -0.749 1.770
D 694 655 426 088

*p<.05, #xp<.01, **xxp<.001

EL: Q1419 F4lo] woF 4 7bg we 77
E2 : ol AWAA ol 7t

E3 : A9l 4ol 3 2e $7

B4 : el A@o] g 43

2 AFE o, ATAEY AAEEEH Y] w4 A aHdE daade qeE
AR v A% Adelty, WA FAH(ELD) FRbel] HIAS 644+
2.64dege YEFAI, AL 64.042.25degS HAFUTH o] FIHe 7}
2h= Aglen, ol BAXoR Fod AolE HolX gkt E=eF(E2) 3t
= e 133.9045.80deg, o8-S 132.80+7.07deg® ©] TZF W3
frolgt Zpol7k yEelA] ektth AH(E3) 2 st 126.75+3.16deg,
oAt 127.51£1.76 deg® = F Ul At S Ht el A Y
wom, FAASE fog Aolrt yrebnith mpAE A=A Gl A wHHEkA
94.32+ 3.74degs AL 91.17+5.67degS YEFAT EAHom Fo3H
zfol = HolA] gkt
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100
8
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4
2

TEREY AE

dus el Adedea Ay B4 A S T2 pae gwel wm 24
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o o o o o
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ol
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O

2
o
o=

¥
i)
<
4
103
f
g
()
o
)
i

X V-8 FEHH 7t= @9 ¢ (deg)
A El E2 E3 E4
H3A 86.05+6.75 162.46+6.49 104.7545.12 116.83+19.20
o] gAY 84.1646.57 166.17+4.83 105.32+7.50 117.57+29.08
t 0.742 -1.661 -0.238 -0.082
D 465 109 814 936

xp<.05, #xp<.01, **#xp<.001
EL: Q8] F40] =k 1 7bg e 77
E2 : o] AHeA "ojR = &3k
E3 : QUAI9] FAle] M &8 &3
(o]

KR
E4 @ dupero] Adel] g2 £3b
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AR H 7] 54 A 2z 5 FEaE e g4xs
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HOFRT} o= FAAOE fFo8 zlolg HoFA] ¥okal, E=oK(E2) F-1ellA
G 162.46+6.49deg, SIS 166.17+4.83deg®, AFH(E3) FiHe
SPe 104.75+5.12deg, ©J8HAYS 105.32+7.50deg® whA ZA(E4)
o ehle 116.83+19.20deg, oIS 117.57£29.08deg® HEA X O
gk zpol7F yEbgth E1 59HE Alestal ymA| 5 By FAHCR
gk Afol & HoFA. ol FEAEY e Zpolo] we} 7] Hd FiFs WA
1o 2 SIS AP (2011)9] AdATE T3 FAHAL =oF

=9 AW HsA= Zdeol 90-95degE WA Re AL 2
84—87degd WS HAFOEA Hg AIE HAFAoH, wHH S

o A% F U WS AR woled o & Ak

A O
fo 1
of

>,\l

200

150

100
| |l| |||
E1 E2 E3 E

mEe Y m O

o

o

4

el
o=

Y V-8 FERA

Lo

7

_82_

{“ICollection @ chosun



® nBde 2=

HUSA S AAEAHY] T2 A =

ole) <® V-9>, <19 V-9>9 2},

¥ V-9 nde Zhe @9 ¢ (deg)
A El E2 E3 E4
TEA 74.20+19.14 202.02+8.31 186.30+10.52 73.69+19.48
o gAY 67.15+17.00 197.51+7.97 185.00+12.66 67.02+19.94
t 1.012 1.454 0.297 0.888
p 321 160 769 383
*p<.0D, #xp<.01, #xxp<.001
El : QA9 F4o] =k A 7pd v 3k
E2 : oFdbo] Ao "Hojx &= =3+
E3 : 91A|e FA4o] 71 = #=7F
E4 : whulcho] A go] we &3t
ﬂlxhﬂ‘ﬂﬂﬁﬂ A A 13AEe] 7 o e E vl BAe Axp a3k

2 +19.14 dega 1/1‘1:4’/\/\3’— o%il%g
67.15£17.00 degd HolFQ L, o= EAHoR Fodt zjo]=

p s

rlo

hehiA e

o =9K(E2) TRPellA+= FEhA 202.02£8.31deg, o312 197.51+7.97deg=

o] Tt EAHow fo3 xlo]7} YERA

o)o
5 })\—

. GA(E3) 32 HEHA

2 186.30+10.52deg, &AL 185.00+12.66deg® EAHOZ Ho3k x}o]7}
YERLEA] ekoktt. ZX|(E4) 7F A 73.69+£19.48deg, o1EAS 67.02+
19.94deg® BAKCZ o3t Aol7t Uy m3d 7o Zol7l gl

B4 Fa A S GBS MAA gt Qow
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250

200
150
10
5 i i
E1 E2 E3 E4

@ oABAY 2=

FUSES AU Ns] FA A FHWE ol AR Fue HaiAe

olg] <% V-10>, <1¥ V-10>3 Zt}

o

o

o

T V-10. o744 7% 9] ¢ (deg)
A El E2 E3 E4
FEA 49.18+10.52 168.7311.14 162.78+10.74 63.12+10.91
o 8+ A 46.64+8.4 158.01+9.3 152.09+8.47 65.75+7.80
t 636 2.689 2.844 =707
p 499 012° 009 486

*p<.05, #xp<.01, ***+p<.001
EL: QA9 F4le] %ot 1 /b wre 73
E2 @ Fibo] A HolA HojA & &3

E3 : Aol T4le] 7Hd w2 =3
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AAed 7] 2 A oplwde] 7t Il A4es
-] 7= FAH(ED) F1bel] FEAS 49.18+10.52degs HHEFILAL, @ﬂ%
2 46.6418.4degS HAFRIL, ol FAIHORE {93 ztolE YERA &9
t} ZoR(E2) FRFelAE @Al 168.73+11.14deg, ©I3HA-S 158.01+9.3deg
2 o] e FAACE Folg Aol7f yEhbA ekskth A (E3) 1S TSt
AL 162.78+10.74deg, o3PS 152.09+8.47deg® EAIZOZ o3 Ao
7 UEhA ekt ZA(E4) RS @Fehe 63.12+10.91deg, oIS
65.75+ 7.80degZ EAHoZ Ho3 zol7l gtk oz BA zwmo zpols)
AR & FAAE A Aol S MR e AoR I
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El
M
2
L
:Jd
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<715 AAFE 60°%secol A A

= =
A RERd Arods JuAdede be < V-9>9 2o,

£ V-1l 524 27)% AA} 60°/sec(Knee 60°%/sec Extension/Flexion) — ©F9:(NM)

peaktorque(Value)60°/sec  peaktorque(%BW)60°/sec

Right Left Right Left

24564449 2110043570 11893+32.19 126.18+26.41

Knee o] 1BEEBE  13366£209 60.83+14:54 778341408
Extension ¢ 5,660 6670 4904 5741
5 0 e 00 00

k1 12856+29.25 124542446 8R.25+22.83 873141759

Knee o] 7251943 81.00+1861 52.08+17.44 5308+15:84
Flexion ¢ 5578 5136 4563 45%
5 00 o o o

Values are shown as the mean *SD
*p<.05, #xp<.01, #*x*xp<.001

= ATl FAg o, AgAEY FF 60%/sec ==/A1d AAME FE e
<¥ V-11>3} 2t} peak torque(Value) 60°/secol4] Knee Extensione ‘284
Right®= 204.56+44.9NM, Left= 211.00£35.70 NM, ¢J3HS Right= 123.58
+25.60NM, Left 133.66£20.99NM= H Gt} peak torque(Value) 60°/secol
] Knee Flexione &4 Right= 128.56+29.25NM, Left= 124.5.& 24.46NM,
o840 Right™ 72.5.£19.43NM Left 81.00£18.61NM& Ho]F3Itl. peak
torque(%BW) 60°/secolA] Knee Extension= A Right™= 118.93+32.19
NM, Left= 126.18+26.41NM, oAl Right= 69.83£14.54NM, Left
77.83 £14.08NME HoJFAT}. peak torque(%BW) 60°/secol A Knee
Flexione Y34 Right® 88.25+22.88NM, Lefti= 87.31+17.59NM, o3}
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AU
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AL
48
A
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_O|L
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shAlol (Fy%) Adwre 93 Y A9
2+

HbE 2 wehg el 79~ 0.53+0.08N/BW, 045“34 49-% 0.52+0.08N/BW <
HoFdal, #5 Ao A e @] A4 0.50+0.07N/BW, g€
= 0.49£0.07N/BW gk BoFoleh 9= Al AW wkeld g 2F
FAH R ol Apol7h el A= T WA R o3 o] AWS e
T go] Aol 715 IS A= AR AP, FAHLRE Fofdt Aol
LR A = ookt
® V-13. Al o (Fz=) A Hnke 9l - (N/BW)
Ep=! FH o
Right 1.04+0.11
oA
Left 1.05£0.10
Right 0.99+0.11
SR
Left 0.98+0.12
Right -1.45
' Left -1.73
Right 158
b Left 095

*p<.05, #xp<.01, #x*xp<.001
A ROk a3k Amueel At He @

ARG H 7] 52 FdshE S A (FzF) AWdts 5 o XH
e Jekale] A9 1.04+£0.11N/BW, o8] A9+ 0.99+£0.11N/BW #h=
HojFolal, &5 Hd AW e Fshle] 49 1.0520.10N/BW, o843 <]
A 0.98+£0.12N/BW #hs HoFAnh 9= dA AW wk=gol A v 1
SAACE fFolg pol7t yElWon, Wit RT of Aol akA o (Fz%) AW
o] Zho] =& o2 99} £ AyE Hols: oz Helth
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(2) 24= &4

A E 2 H 7] 52 73 Al AskA Y T8 S5 A, HFT"HS,
E 22, v 2 EE F&s19a, olE % W9 Al vl FAsth
TR 197HP)L saHANA moF &=77A], 277 ool AH =3+
7FA], 3RS AP #AA] FIMAE G5 A, Hulaky HAas vl
A Sl T

¥ V-4 24 24 Hg & e @2l (%RVO)

Ag g EFHX t D

@ 575.12 168.18

RT ANT .DELTOID 2516 016
o 45713 136.91
I3 592.56 279.11

LT ANT .DELTOID 2.071 045
o 449.83 151.13
1 187.18 69.97

RT THORACIC ES 2.658 011"
o 135.13 57.47
=1 181.57 59.49

LT THORACIC ES -0.103 918
o 184.60 123.72
=3 386.34 179.63

RT RECTUS FEM 3.810 001
o 220.08 89.75
I3 343.09 123.05

LT RECTUS FEM 0.454 653
o 303.91 385.84
I 413.89 357.27

RT MED. GASTRO 0.250 803
o 387.06 34457
=1 316.73 239.38

LT MED. GASTRO -1.484 145
o 42518 239.61

*p<.09, *xp<.01, #*xxp<.001

THE B4 23 AxEY s 4 9 A FEEY] 5 A A 2
A EE 575.124168.18%RVC A=) élrﬂ o Sdx= 45713+ 136.91%
RVColal HeAEe] A5 Azt A & FAEE 592.56+£279.11%RVC o8t
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AL 449.83+151.13%RVCE HoFAa, EAHOR Fo3 xfo]S Kol
HF7IHe] HAd & SAEE RS 5 HF71ESe A9 187.18%
69.97%RVCE Ho]FJal, oJsh& 13513+ 57.47%RVColal HAES] =
71| 181.57459.49 %RVC oJ3HAJE 184.60+123.72%RVCE  H. o]0

=]

"

o] 3+ w3 FAAoRE fFost ztolE HAFYT tE A2 H & e
L= gEAZ JFade] A 386.34+179.63%RVCE o] &AL 220.08+

89.75%RVCE ey, = e 2 Pt 343.09£123.05%RVC o 4o
303.91£385.84%RVCE HAFJIL, FAXORE Fo& Ao]l& HAFA] ¥k
o v S Ho & SAEE Y 5 H[E2S 413.89+ 357.27%RVC o8}
AL 387.06£344.57%RVCO] L FEAE 2] 5 H|ELL 316.73£239.38%RVC
oS EL 425.184239.61%RVCE HolFo], SAHo R {25t ztol= AT

¥ V-1 2dE B4 Ha o 24 @2l (%BRVCO)
g oy EFHAA t D
3 90.09 52.35
RT ANT.DELTOID -0.874 387
o 104.33 55.69
@ 84.73 51.79
LT ANT.DELTOID -0.814 420
o 9557 34.94
o 40.61 31.39
RT THORACIC ES 0.977 334
o 3252 22.78
I 43.34 4498
LT THORACIC ES 0.837 407
o 34.46 21.26
I3 53.85 28.83
RT RECTUS FEM 1.011 318
o 4512 28.40
% 4841 27.77
LT RECTUS FEM 0.285 77
o] 46.15 24.71
1 39.16 42.86
RT MED. GASTRO 0.446 658
o 34.80 16.37
o 32.62 15.77
LT MED. GASTRO -1.311 197
o 39.85 20.48
*p<.05, #xp<.01, #**+p<.001
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St EE 90.09152.35%RVC oSS Hy & =
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HojFo] o] 13k g TAIH R {Fog AfolE HoFA Fokrh. thE ALY
HAd &+ == 5 dEAT FsHe 4§ 53.85+ 28.88%RVCE A&
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71 = 137 528" 511 -.164
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ol B Azt 712 AB|AA A E E1TFIHE r=.13702 7|23 Aaa
A7y GERIR] orom, E257F r=..528" E377F r=.511" & A2 A3
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@D ZAE A (mean)F 71E9 AAAA

RT LT RT LT RT LT RT MED. LT MED.

ANTDEL ANTDEL THORAC THORAC RECTUS — RECTUS
TOD TOD  ICES  ICES FEM pav  GASTRO - GASTRO
7= -113 -068 212 175 230 240 301" -014

*p<.05,**p<.01

AR H 7] Al AFEE A= 25 AA-S A 7F 25 799 e SA
S A Hus VIS AAAAE gRlgt A3 RT ANT.DELTOID
r=—.113, LT ANT.DELTOID r=-.058 RT THORACIC ES r=.212, LT
THORACIC ES r=.175, RT RECTUS FEM r=.230, LT RECTUS FEM
r=.240, LT MED. GASTRO r=—.0142 7|23 A#3A7 St & A
o2 yehgkon RT MED. GASTRO r=.301"% 7]5S A7) 523
A4S & F Ue ZF FHdSs ¢ 5 d%la, ®veF LT MED. GASTROZ}F
Aoz Fog AuaAArF oA 2L Zor fAgEo {93 ARgs o
Fdd Aolet Azt
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a9 V-26. A|HW7]=3 RT MED. GASTRO®] #4317

- 104 -

Collection @ chosun



@ ZHE Hdgk(peak)F 7159 FHEA

¥ V-25. A% FHdgk(peak) 2 7152 A#3A

RT LT RT LT RT LT
ANTDEL ANTDEL THORACI THORACI RECTUS  RECTUS gTASNTIgg gsNTERg
TOD TOD CES CES FEM FRM
712 533 533 516 235 526" 317 209 -061

*p<.05,%*p<.01

AR A H 7] Al AFREARE 2ES AAS L 72 8 FHo SHdE FF
S Ao Hdk(peak) S 715 FAFAAE g2lst 23 RT ANT.DELTOID

r=.583", LT ANT.DELTOID r=.533", RT THORACIC ES r=.576", RT
RECTUS FEM r=.526", LT RECTUS FEM r=.317" & 7|=3} {93 A

#AE vebloen, LT THORACIC ES r=.235 RT MED. GASTRO r=.279,
LT MED. GASTRO r=—.051% 7]2& A 7|=d o8 AaaA 7 et
U] ookttt A E Frghe Aol 24 Hdigke 24 A 2o Fie

2850 V123 fo3 wAHel it o vehdn 53Hoz A9
THTEC] o7 ZRAAE BTk FAAZg= vE2A FATE 715
JF vHE 4 2 5 ek
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e e
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R? HB(L)=0356
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2 ME(L)=0410
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RECTUS FEM r=.640"0] F##A7}F 2 Joz Yeslth o= #H7] $4%
Zal7] fsliA FEEA EEA|Ake = Ao] EAZolgE AS HoFE 4
Folm, o] Ao HoAFo] HY| 2o 71E5S FAAT7] AsiE
HFRAZE 93 9olo=z Yelytl Roberts & Azizi (2011)9] A3§ ol A
7|2 o g2 3ol A8 ZAI(muscle)S AlYHSZ ZA(tendon)Z ¥ (bone)
= %3l #AGoint)ZE oA Y, <53 A9 E3HA| (muscle—tendon complex)
ol A k9] F3F, A B BES sl vHA AeAgsi 2dgt. <-4
E-g 4 (muscle tendon complex)ollA &5 &= SAHE F2 HAS 1]
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