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Kinetic Analysis for Improvement of Performance in Sprinting (1)
- On Centering Resultant Muscular Moment of 3 Segment
in Lower Leg during Recovery Phase -

Chang-Joon Lee*

Summary

The analysis to investigate kinematic & kinetic variables of recovery phase of the athletic's sprinting
was undertaken to present the fundmental material for sprinter’s training program.

1. The fundmenta! material for training program of lower limb's muscular group recruited was
presented by understanding the range of motion applying the effective muscular strength during re-
covery phase,

2. The information of specific & individual muscle group training by each phase and basic types of
muscular contraction was presented.

3. It was shown to train the lower limb’s muscular strength by extensor, flexor & ballistic phases
because of variation of contraction pattern frequently.

4. When established the training program of specific muscular group on the basis of resultant mus-
cular moment, duration of effective muscular strength and ballistic phase was thought to be control by
phases.

5. It must be considered the factors related with ballistic phase, which was the more stable touch-

down position, longer stride, less inertia of moment forward by the more duration of ballistic phase.

, i £ AT A o] FLES ¢ Wrlolth el
F & AMAE Adel Al Ye YHHoH 2PYS

stk ek A A7 AlellE g 227

Qel7le ool ¢7a o2 §53 (airphase)  (propulsion phase) & 7] M8l AMEATe] £

* 2jolzteiol & M8 43 (Dept. of Physical Education, Cheju Univ., Cheju-do, 690-756, Korea)
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ola 3o Azatge] dojdrh AR e} e A
€ oy Zeje} gaisle] AAS =g sledo}
It A DA ArlelMe 73 ge «)3
o 54 AelE Fupste o] BAelnd, o] w 4
AL A 230¢ 5l 7158 ASsA $49
o} gt

27l FHg Fog 29 AHE o] (take
-off) @ el E ALEA 8L ¥ 4 e FHol
At F=2 F el A oA A s g
A7) g Al 2L f3 AMFAY A
W ALs AEAE FubolA Ayloz g2 oo}
e} ol A s} AM FAEog o] Aoz &
A gkomd AZF Aol FojA H& HAlo] @
Agc}

227 4] stAo 2879 o8] g sAe] F
2% 2Nl EF3ln ool tiE AFE 1Y
olAY By Arch o Lo AFF AL o
ezt 287§t dkAle &% #H (kinematics) ¥
Aol 23 A3 =24 $29e 7] Aol e 3
< ojdll & ¥ £ glglc

2 dFE ol Agtsle] Pelr)4] B2 2AHE
o2 2KFE Y ¢ 2o GE H3 709 B
A-F 3 (kinetics) 317] 918 a$sigich olal @
+F A4 (kinetics) #4 & AL £ &%
of iy WA, sjdeoz 2Agsie Yo PP 2
Pol $4dsiojof 3ln, olof diE LEUAH4e) YR
s}t

olof @i oiF 2l A=A Plagenhoef (1971),
Dillman(1971) & 32 & 4 Y=, Iu dF=
4 U(1986), #(1986), ©l (1986, 1991) & & 4 gl
ot o]lgo] T2 FHNEL Pe)r)a) s 2] A
23 9 S%Fo] YU U A+ LAY}

FFHYA 249 A ool YuE FN <a
7121 s EAelA Folo] Yojuhn ojFA Eafo
YA E ozt o =80 ¥ £ Y3, olF
T AA Eelo) A4% o A7 Yalol] £ 8o
2 5 U deA £ A7 B gy gy
Al 71 F 23 Fdo] o] FA o] RelA & S} E Y
#18 3 %3 (recovery phase) <t & 3849
+EHE3 24 she Aol

ol2lgt £ ofaf Al§ 242 WL Y4 B

ks

_(T)_
3}

N

) A" SHFEY ¥ dHy A Yrxwie
(resultant muscular moment), &{3F YEofl A|u}
o9 ¢4, &7 54y, FESKT 9=
7} FEEA AR AT WeE P £
o] WQlgzte] A WAE sjotsiel dAr 27
ol ALY Z5E AFse o Ut

o) -
AT

MR o G

1. WEHR

2 odFoll Mot sYale L5 62 dAg
ge]7)o] delE deFoz odeia Fal ade
2 FA4Yen, 2 WL Table 13} Zd,

Table 1. The subject’s characteristics
participated in the experiment

. Weight Height
Subject Age (kg) (o)
S1 21 67 170
S2 23 70 174
S3 20 75 176
S 4 23 74 175
S5 22 70 173
S6 22 72 174

2. WEH 4

el F2h2 eleloz xabd edojgin, g
Ed <Q&F 20m A Aol motor drivers} atg
LOCAM 16mx 24 7io2lg o] &3led 24 10023l
el Sx= #dsigdch LOCAM  shol e+
timming pulses} gat=lo] glojd UAH == o}
tho] F4o] slof of Zallg) & £94)7HL s
ol HefstA o, dee 7L 2uLE 2P
100m AF22gln, G Eddold 40ma
Aol +4oz siolet Al zst Zag 4 QA Wk
A HYAE #9317 Aol A A5 279 8
Aol A Y2 271§ 4287 S8 Im GoE o
A dgg oS 4 AR T 1HQ dA 3
da, S} svle) Wlzel Lalslo] By Lo
g A 12Ege|lc§ Ao
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Sprinting 2] #E)) M E® ¢ ME IR FRE(D)

T4 Eo2 ol8Y YE 29 5% J1E =3
A€ 27 Hsl YA} holet ol S0 274
2t 3m A4l motor driver& 7FEA|F| oz I
£& 4% zo 22A sigc

3. Bl A HE

gy YE L positiveR VAsled Calcomp 9100
tj zie}o] £ ¢} Vanguard Projector7} 3o 2 Ay
st ol F DG2zhe delelqd zz a3 o] WAs)
o] 9)+ IBM 32Bit Personal Computer®} o2 4]A
of zalqjulcte] X, YaEE A3A sl =f HF
atojete] Walg shelo] A o). of Zajqlnjc)e]
4+ 3}d -2 2z (reference point), =4 (hip),
584 (knee), 'BEH (ankle), FEIAH
(metatarsophalangeal) 8] #4& A8 slgdch

o Y ajuicte] EAIHE FHEdo] AWE o]
] sled (L. take-off), <& 2= (R.touch-
224 o|A(R. take-off), ¥ x| (L,
touch-down) A= 2 siglom 249 A #3422
ylo] 3| &2 ud(recovery phase) o2 AA sl 4,
a5, di=lz FA43gd

down),

4 BMHDYUY Y HONE MEUHA

A2 7 2&Fe] sl FE1Y EdE
¥ dgsr] Ad TEUYAAME Y (force)-A %
(mass) -7}4 £ (acceleration) o] A& o] &3} ¢}
€3 22 3PS =8 &+ U

1) 81z Zt 23o] WAl Y YPlA Yo &
€ #4334 F4 (center of gravity) 8] +37i&s

o} Aol Foz yepd 4 Uch
Y Fx = M- AGx

2 A 7 A +Ade Yo 24 PAFHe
2 42474 Est 1 AP Foz IWY 4+ Aok

2 Fy = M- AGy

3 7 24 FAFAA iy Y-2HE (force-
moment) 2] ¥& FAFAL Tt Y&o Yy

BHENES} rlE e Foz HUY &+ U
X FM = IG - Ang. Acc.

o&e Yralee 2EYALoz R HE F
317 #lalA e AlM 2] o4 H 4= (segment body
parameter), FAF4Hel A+ 9 FHANE
=, AzztRA) A 2 Ay, £ 2
7hE st Hodte, #HelA AMEAe wAHEE
SEFEAQY WAL 4Es] f8l oy Hes o
+ Dempster (1955) & AI¥l 242 ZAsel £49 2
#1< (proxmal endpoint) 46l FHF4lY HxE
vEbd o5l o) 43.3%, 3159 43.3%, W] 40.0%F
77t ol R 3ldch. =5 AN AN FA] g 2AHY
SAE Jebd Aoz disle 13.65% 3519 4.83
% ¢ 1.31%E o] &3l ¥Ao YrHEF U4E
st d Yoy lHFE oj g3l

1) ol cigt WA 4] (segment 1) & el §
HRF (1) =SM (1) - HACG (1)

wA 2o §

VRF (1)-W(1) =SM (1) - VACG(1) &4 VRF(1)

o el F
VRF (1) =SM (1) - VACG(1) +W (1)

W] Y YRalEe e
M(1)-COS(ANGP (1)) - W(1) - S(1) =ICG(1) -
AACC(1)-SIN(ANGP(1)) - HACG(1) - SM(1) -
S(1) +COS (ANGP(1) - S{1)

2) siElel oig
(segment 2)
%339 ¥& HRF(Q)-HRF(1)= SM(2) - HACG
(2)o§ 4 HRF (2)of s &

HRF (2) =SM(2) - VACG (2) +HRF (1)

Ay

VRF (2)-VRF (1)-W (2) =SM(2) - VACG (2) oA 4
VRF 2)o] i3] ¥

VRF (2) =SM(2) - VACG(2) + VRF (1) + W (1)
FEHAA G YrdEy Y2

M (2)-COS(ANGP (2) - W(2) - S(2)-M(1)-COS
(ANGP(2)) - VRE(1) - L(2) +SIN(ANGP (2)) -
HACG(2) - SM(2) - S(2) +COS(ANGP (2)) -

49 grd=E YA
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%

VACG(2) - SM(2) - S(2) el 4 M@2)ell i) B &
S84 YEdEE

M (2) =ICG (2) - AACC (2)-SIN(ANGP (2)) -
HACG(2) - SM(2) - S(2) +M(1) +COS (ANGP
(2)) - VRF(1) - L(2)-SIN(ANGP(2)) - HRF(1) - L
(2) + COS(ANGP(2)) - VACG(2) - SM(2) - S(2) +
COS(ANGP(2)) - W(2) - S(2)

3 it Y YedE Y44 (segment 3I)
Hzpye] dy YEnlee] ¢

M(3)-COS(ANGP (3)) - W(3) - S(3)-M(2)-COS
(ANGP(3)) - VRF(2) -L(3}) + SIN(ANGP(3)) -
HRF (2) - L(3) =ICG(3) - VACC (3)-SIN (ANGP
(3) - AHCG(3) - SM(3) - S(3) =ICG(3) - AACC
(3)-SIN (ANGP(3) - HACG(3) - SM(3) -S(3) +
COS(ANGP(3)) - VNCG(3) - SM(3) -S(3)¢ M
@ g g sz Yrdes} e

M(3) =ICG (3} - AACC (3)-SIN(ANGP(3)) -
HACG (3) - SM(3) - S(3) + COS (ANGP (3)) -
VACG(3) - SM(3)S(3) +COS(ANGP(3)) - W(3) -
S(3) +M(2) +COS (ANGP(3)) - VRF(2) - L(3)-
SIN - (3)-SIN(ANGP(3)) - HRF(2) - L(3)

ir¥4d 1,23 SO : ¢4y S4dez L
Asl, L) : Ao o], ANGP() : £%o) o
@ A Ao 44, MG 3 £@ Bl gy
Ygede,  ICGEH : FAFUE Ave Fo g
Aol B4 ralE, AACC() : 249 Hu Z7i4
=, HACG() : #3349 Hd 43 2474 4
¥+, VACGGH) : ¥4 F49 Ad £44514 =, SM
@ :¥Hdel Az, W@ : $49 FA4, HRF() : ¥
Aol iy YA £utd], VRFG) : $40 g
e Ay

4, ZRAE

1212 +#x3%d JALX Y EF oif3ld
Microsoft Quickbasico 2 24 ¢ 4z aagfieg
o8] Al FAskE L3E Folrl H#
Burthworthe] Lowpass filtering-§ ©] &3} gHz=
2798 Algdon, 28 AR E o] 15, 2
3} o] &§ A1 EF 42 (kinematics) H U o]

# o] 83 o] 25483 (kinetics) HI & ¥43)
fch 24E &L HFEU HH, &=, Sl
Eojn 7t 34 W A, A&, AL,
3 Z42AY TXFol ¢HY YR E (resultant
muscular moment) & 77 4 s}od o] AHEE Wl
72 77 LB E Fol A7 FAd2 $4%
it

AMEAL] S5 A& &3] o9 Y
23 3 adse 239 F4. 2 2A,
22 FAE A YFol P BYEWE A
+ Dempster(1955)9] a7 24943
(proximal) 2 %8 FA47A #x1 o5 (43.3%),
351 (43.3%), ¢40.0%) 9 & ol &3l A9
i s2 Abgstgich HANAS AAEEE #
Ao 2odoz ¥u o=} 54.0%, 3157 52.8%,
wol 69.0%2 7z ol &slgict

TEFAE f 238 $HUEE EdE o4
zZh Az o4 f FERAFE 2437 A
%A | 7]1=21¢) SAS (Statistical Analysis System) §
olgsl Z12FAY J VYA F4sl%ct

R Y ER
1. BE®HY (kinematics) 47

B 8719 @ 3717 Dei)A) Qo) 156 2 Ezto]
= $¢ LEHUG. 3 F4E Betsr] A

e A dEL TFYA, AZHEA 4L %

7| gt A geirly gubAql A g FleEol
I Ahgsiglon], ole] FA Hale 4 2
o i@ &=, 2Eelolz o], ==~ (supporting
phase) 2} 4] 212} 7| (non-supporting phase) oj 4] 4
28 A7Hlel o}

35715t S § 2437 Al A8 FG 1A
Egjolcof the] HF +HY&F e, g
o AAY |2Ego|col iyt 28I HF FH4
=& 2Eglolt Fo|9} AErolE W& FIl=
24 Agsigla, ol 42 MY 6YF 470l
Ho =7} X 26, 10t} 25, 72ft2 =, 7%
=2 Fee 2 30020t ebgtc)

&7 ¥4 34 €U FF7|(air-phase : L-
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Sprinting®} M) WEE 4 M8 %Y HRE(E)

takeoff), A&l 7| (supporting phase: R-
touchdownel 41 R-takeoff), S#H#4 FF7]I(R-
takeoffol 41 R-touchdown) 2] Z+ Inid 429 4]
he Aol e ez vl 224 o] HH
At o]x| AR A8 zlole ol HTF 6.4ft2 vhe}
wtet.

2. BB HBRH (kinetics) 47

1) 3280l i3t g2 HE 24 (resultant
muscular moment)

AZ 3zl 2 Lol uig Y EelE (resultant
muscular moment) ] Z¢ 2E Pl A9 4
&% oAlg uYch s, §5 UGS oy
sj Y Spel 2Ewies) 4le Fig 13 Fol A2t
42 FY§ o, PR 2 2AEE B FHEL 2
THolglx, 2 tfol FEBA, dFWAHY o
2 Jepgoh w2nye] 2rdEE 253 2@y
of ula) wi & HEL ok 4 Qlm, I FH EFeH
E37lelE e 22AEE, AN F2

SRl ESE Ztzh Fuie] vigoll aelA zero 22l
Eg Zadled xx7|ofME &o] Wetoz 284
E7l Frhsbz 9l ¢ = Uch

Fig. 1ol 4 o} 4= gl5%o] Ay ol e &4 2
A7z 3 zof gt & RAEL A|Zbe] 2ol wet
A A& A dAeoz Fage &+ da, FEF U
2o ALE ALelE F4F Holrl 28U A=)
Az ofe] ko g okt FAYE 4 + Uk 28
4 o)z} =7+ &3 Y& 22NE} zero 34
3 Fasted A= 7)ol He Bz 2o o] FA
3 2o Waer FogE o F ok W Tl
¥ 2EHEE AAFTHY 1/23974R] Ao YA
o Azl 1/23d ol LE e -8-9{ yaow 28
AEst Z713HE 4 4 ok $EER dig 2=
e ofE F g H59 48 o kel A
Ao vl g A2 FAYE & & Ut ol A
g gobsle slzel FEBRHAAE AL ojf
of FAY &2 wipe g Frlslgan, slze] Aot
5o Ao of FAL &9 F7h w5 A%
= 284 olal AR o] yepoz o7 Frt A

= Hip - Knee -¢<Ankle
0 Take—off L. Touch-down R._ Take-off R. Touch-doun L.
' I
¥ 1 |
0B NONSUPPORT _yug SUPPORT S NONSUPPORT —3

—1004

Resultant Muscular Moment( lb-ft )

-=30D4-

—4004

Fig. 1. Resultant muscular moment about three segmental joints of the leg for subject 6 (running ve-

locity 26.67 ft/sec.)
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=

#

€ 34k ojAY YuniEr} o} dufejy £
dafoe Halsle ¢AE HE, 5§ U5 4
2 uvelgte, szl AP zero2 WY AL A
AR7)e] 1244 g, F§9] A9e ojuc o
o 2, Yo uid zero RAEE A 3§79
V4N L84 A Foll Zhzt g

g Ay YRAEF vlag o YS9 S
=9} £-52 A4} viashd ol ¢ vAF g
ole HEI|elA YEe PAo| dE 5 B
uisl 2 qgo] mlAljtE ok 4 gl

ar,

2) 3232 X|uiZ (dominant muscular)
A4
2 g ¢ FUYFo] o8 A 279
YEPEE siAlo) ALl 25 289 & 9o
el o] E3UAANY 289 YruE NEL
Z 2% Fo] HNZ £53e AdE uigd. A E
S sl=agol iy e wiolld 289 gEa
Ex 3= & (hip flexor) 9 2 €31 AviaF
A& oo} Table 2004 ¢ 4= Kol 2 A2
Yoedeo @ Aul2FE £32 FAc) 2
&7 AMI T #F JAL 287 Y=
E Y4z FHdch sixle 38 gy A2y
%9 $£A % Fig. 1ol Table 28] A¢ = g3} sje}
o] 7b5 3o}

Table 2. Determination of dominant muscular
groups from direction of resuitant
muscular torques

Sign of Muscu- Dominant Muscle

Joints

lar Torque Group
Hip + Hip flexor
Hip - Hip extensor
Knee + Knee extensor
Knee - Knee flexor
Ankle + Ankle flexor
Ankle - Ankle extensor

2] AuiEZe] HUE W ==L
FAAAAA Sz &7 A2 FL = Fo]
Fi, FEUSL FEETC ATl HUE o
A2 7] FR7|AA] FFol h A2 Folgla, ¢
FUAY A2 22 YRABT i o g

o) olA 37 AAAA YFEEZoE Ushytc
B4 H4715 Al e 287 dA #x
F2Z, FEAS. 45 TEFYn, of AWz
2 8lzel 122, FEA2E $FIaEY £
2 Wl Bt

3) €t 7| (ballistic phase) 4

Fig. 1ol 4 vteld $Raleo ofalg um Aleds
e ol A 4=n UL ¢+ At F 39 @
EolEchy o e W)=Y A & 25
olgig VAL ) ul, o] Al7|o]| B}A1e] Fa}ol of
T 2YL Al B¢ A=EYe 4+ Utk

ol2igt 287 YEWES 387 F oA
A dHsie £ 23] dAE 2L el
o2& A7) sis) o &3 HHY 20 W
A€ 4322 shEsich & AAle) 2] YA
# F24E e A4 Aol sl A 9 3 (external
force) o] ¥o] JAT Fa& wHsA Y524
A & o] o] EFoll FAY AFxold A5
o 2879 YLUE(93) 7} zeroHF T Abda
ol A 5tA Yebd vl o] 4]7] Fake $E2Ye] A
o FAY ez ALE 4 5 Uk o 471 Fe]
© F5oH A2 FAsHe gL e ¢+ A
2, g2t AP F2AE FAe Hdes Az
o o2l g Fob Fato] UAHA FA=HE AE
®h= 7] (ballistic phase) 2tz 3}5i, o] 7|zhEat 3}
229 T2l FEY 2FHo] Atz A F2
o] dAFHA FAEU) BEFIY HAE Y 4oz
4 2RAES} FREA HEsE IAL soty
4 Stk

5o} shelo)] sl BlerlE e g 2 2
o sl & e-Algtold 7b5sle, zero 2L
HEE AF2 84 Fig. 20049} o] A&7} U
@ 41718 2o ulg o} Alyo] YAY £ 3}
€ AAe] 5, o Fuie] vtz gxrojr},

Fig.2+ #¥= S69] A% s 424 A4
22 F7RYE oAl Giste A4S w2 w)
zero ZEWES} Zt4 sl PAHo ojmr] Afe #f
A ’x7]7 delt g f & 4 Utk Fig. 3¢ dislg
A E vebd Aoz ©Er)s} Yol AL
ZEH 7t A o Wale AA, & A F2o)
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Sprinting2l BB ME& ¥ ¢ MR FRE(X)

Take-off L, Touch-do
. ™ R. Take-off R.  Touch-doun L.
. ] .
104- 1 ' !
1 Ballistic Phase 1
| 1 !
[N R ] b= i 1
! g \ ! !
-~ i 2 1 i
§ [ od v Hl l i
N ! E | !
-] i | 1
& T - 5 z
> e I 2 ! !
’g‘ I 3 ! !
. ! 1 | f
[ o A 1 1 1 1 3l 4 ) PO | 1 1 &1 1 L ) H
‘S‘ . T T T T T T T 1 ] 1 T 1 1 T T T l| .40
g .10 .20 .30
—2
Time (sec.)
— b
_5-.
n Fig.2. Angular velocity of Iéft thigh for subject 6 (running velocity 26.67 ft/sec.)
400
Y3l A eV 7Y 4 Urh
Table 32 & 7o A7l & Yo sl
:‘; 300. M F 8% Aoz HE 399 At W) Pe
3 zte] §lAef A A==t YR 2Hz ofa A
b1 Ballistic Phase debich ©es)sl 92y Y 2 fHe 2E
g AYA AS Ao uEe Hex dehch
Q
s
"g G Table 3. Ballistic phase of movement for the left
a - lower leg (unit : degree)
& E Initial _ Final _ Difference % Forward
— Subject Ang. Ang. between Ang.Range of
a’ . Y Position Position  Position Motion
&£ g E sl 265 310 " 6.4
4. S2 265 310 45 48. 4
,§ S3 265 308 43 46.3
. S4 257 310 53 55.2
1 S5 269 309 40 43.5
gt o o o 2 o e e o o | S6 274 306 32 36.8
! .10 .2 .2 0
Time (sec.)

Fig.3. Angular displacement of left thigh for
subject 6 (running velocity 26.67 ft/
s6c. )

Table 314 & 4= 9% o] dinjs] =2wigge 4o
o] s yYAlol 4 40x0lA 455cf Pt Yoz
"er] Bt B9 A ¥} Myloz W
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In

Edl

+ doz A 50% F=r =glcl
Table 4. Ballistic phase of movement for the left

lower leg (unit : degree)

Initial Final Difference % Forward

Subject Ang. Ang. between Ang.Range of
Position Position  Position Motion
S1 170 260 90 58.0
S2 163 244 81 49.6
S3 162 250 88 56.0
S4 172 259 87 51.8
S5 156 234 79 47.5
S6 184 238 57 40.7

#5lo] BErle] it gL Table 4ofl4f & 4
%ol gerlol Aztzt BAZIe ZA9A & HYA
ohc} @2 Aol & vk F wer| §oF 5hA] 2
fl2] A=+ 78=olAM 0= ciofsign, PR

S69 A4+ 5622 ey,

Ble 7|59t disle] AHHE vjad o 3F A
7L iElY Ao Y4 2 4+ Uz, HE
2} ojch o7k slel glA|gt AR 3}E| S A7}

disluct of 20 A= o] & AHAFE 2R
300w

25D+

2D0<4-

150

10D~

S0

4 2t Iug e £ 7Y

A2 $F 487 gerlE A
+2 3¢ Aoy £ At + FEe
P2l e} oke] ayge of el FEA
sl 557} o] A7 E]t AHE B¢ Zl"ﬂ:"%
4+%2 &4 4% (concentrics) & shAldc} o
g FEAZe] MulEY o 7§ %%*@*JOI
doj Al sl dl, o] & Al #HFH L AR
A 4% (eccentrics) & A fct

oy z|
of &

sl

54

Table 5. Type of dominant muscular contraction
based on dominant muscular group and
angular movement of segments

- Angular Type of Dom-
Joints Dominant Mo%'ement of mgn Muscular

Muscle Group  Segment Contraction

. Flexion Concentric
) Hip flexors Exlension Eccentric
Hip . Flexion Eccentric

Hip extensors Extension Concentric

Knee flexors Flexion Concentric
Extension Eccentric
knee Knee extensor Flexion Eccentric

Extension Concentric

Eccentric contraction

Concentric contraction

Ballistic contraction

2 b, J
1 1 L ]

Resultant Muscular Moment( 1b-ft )

=30+  Angular displacement(deg.)
—1004=
—1504-
—~200l
1 230 250

Z70

Eccentric contraction

Concentric contraction

330

230

310

Fig. 4. Relationship between muscular moment and angular displacement for left thigh of subject 6
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Sprinting®) MBS LS Y EEHRE W)

Table 5= o 5|9} sisie] Z-&52 Wapa Auja
%79 3¢ =d2¢ AMI LY 44498
yehd Zolch olo) slzot $F 2479 YEWE
F A AT $579 £AF 2 U
71 ¥ 5o} shsdio)

Fig. 4& Y=} S69) W= zHsjef iy sz
Ao gt 2% YLAE BAF el Zojch
iZogol THYYL gyl hy oislyg 4
A dulstn, sze) FTEFL o] 2ERS
2 3y ol oo} e} Table 5§ H=dd 2P &
2 $372052 FHe] AAIAS FHe B
4 Fade] Qle ez Jelgd.

Al 2 $%9 ¢4+ HA AA4 (eccentric), &

24 (concentric), §41% =9 % =) (negligible
ballistic), A1 4 (eccentric), & 4 (concentric)
9 #4432 o]Fo] FEE & 4 ik

Fig. 4e] 4 oF 4 3l%eo] A1AA 3} &4 Alo] 3
29| EF-uhgko] Wil A7 Fob Ad}e] AH £
% (statics) o] &€ & % St ® 277} W F v
Azl £ AFNAE E4E AN

Fig.5 <4l & sjyzle| slsjof iyt zaigiol
22WEs] BAF veld Aoz T4 A i}
o]z} il ot &9 ¢AM& dise] Az o] e}
stoh. 349 71 g719 slo]HE o] oA E Y F
Be FEIT T ZIQ0 @ ez ARy

140 165 - 190 25

Eccentric contracticn

—
& 100

é Bccentric contraction

v st
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Fig.5. Relationship between muscular moment and angular displacement for lower leg of subject 6
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Table 6. Duration for ballistic phases for the
thigh and lower leg as a proportion of
total recovery time (unit : sec., %)

Subject  Ballistic phase for Ballistic phase for
the Thigh Lower Leg
Time Percentage Time Percentage
S1 .074 18.9 .084 22
S2 074 19.6 . 068 18
S3 . 054 16.8 . 067 21
S4 075 21.0 .068 18
S5 . 056 14.6 . 056 14.7
S6 . 055 14.7 . 067 1.7
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Table 7. Duration of eccentric and concentric dominant muscular contraction about the knee joint

(unit : sec., %)

Eccentric Concentric
Subject Time Percent Time Percent
S1 . 183 61.0 .124 41.0
S2 . 202 65.0 .112 35.5
S3 .172 65.0 .093 35.0
S4 . 203 70.6 . 086 29.6
S5 .221 70.5 .093 29.6
S6 217 67. 4 .103 33.7
Table 8. Angular position of the left thigh during leg recovery
(unit : CCW degree)
Take- Maximum Maximum Touch-
off Backward Ballistic Phase Forward Down
Subject Left Angle Start End Angle Left
S1 235 235 266 310 332 306
S2 239 238 266 309 331 300
S3 235 233 266 309 328 295
S4 238 234 258 311 328 300
S5 240 239 269 309 331 300
S6 243 239 274 306 326 300
Mean 238 236 266 309 329 300
Table 9. Angular position of the lower leg during leg recovery
(unit : CCW degree)
Take- Maximum Maximum Touch-
off Backward Ballistic Phase Forward Down
Subject Left Angle Start End Angle Left
S1 223 139 170 260 294 275
S2 216 127 164 245 289 277
S3 221 128 162 250 286 278
S4 223 124 173 258 285 271
S5 222 123 156 235 289 273
S6 218 145 185 239 281 271
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Fig.7. The sequence and type of muscular contraction related to the mean angular
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Table 10. Descriptive analysis of kinetic and
kinematic variables

Var Min. Max. Mean Std. Dev,
A 257.00 274.00 265.83 5.60
B 306.00 310.00 308.83 1.60
C 32.00 53.00 43.00 6.89
D 36. 80 55. 20 46.10 6.02
E 157. 00 183.00 167.83 9.23
F 23500 260. 00 247.83 10. 34
G 56. 00 90. 00 80. 00 12.60
H 40.60 58. 00 50. 55 6.28
I 0.05 0.07 0.06 0.00
J 0.05 0.08 0. 06 0.00
K 0.06 0.09 0.07 0.01
L 0.20 0.25 0.22 0.01
M 0.17 0.22 0.19 0.01
N 0.08 0.12 0.10 0.01
O 234.00 243.00 238.33 326
P 233.00 239.00 236. 00 2.68
Q 257.00 274.00 265.83 5.60
R 306.00 310.00 308.83 1.60
S 326. 00 331.00 329.00 2.07
T 294.00 305. 00 300. 00 3.52
U 21500 223.00 220. 00 J22
\ 123.00 143. 00 130. 66 8.35
W 157.00 183.00 167.83 9.23
X 23500 260. 00 247.83 10. 34
Y 281.00 294. 00 288. 33 4.58
Z 270.00 277.00 273.66 3.07
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