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Biomechanical Analysis of Whole Swing between

Golfers and Woodball Players

2009/06 Graduate student : Yung-Sheng Chen
Advisor : Chien-Lu Tsai

Abstract

This study aims to compare and contrast the similarities and differences of kinematics,
kinetics and arm muscle electromyography in swing movement between an elite college
golfer and a woodball player. The whole swing movements of the players were collected ten
times. Eight Vicon MX13 System cameras (ultrared rays high speed camera), two Kistler
force platform and Biovision (electromyography), to collect the two players’ biomechanical
data. Meanwhile, the software Vicon Nesux 1.2 and Dasy Lab 6.0 were adopted to analyze
and compare the data. The results are as follow: 1. Kinematics: The golfer spent more time
in back swing but less in forward swing than the woodball player. The swing velocity of the
golf club head was faster than the woodball’s. The top end of the back swing, the golfer
would move to the right side though the woodball player would go to the left side. The
golfer made more trunk rotation than the woodball player. With regard to swing pattern,
golfers’ side locus was more closed to the same plane while woodball players will move the
club head forward. 2. Kinetics: At the moment of ball hitting, the ground reaction force of
the two feet was similar of the golfer. The ground reaction force of right foot was greater
than the left foot of woodball player. 3. Arm muscle electromyography: During forward
swing acceleration and early follow through, both hands of the golfers’ upper arm EMG
amplitude were great. However, the EMG amplitude of the woodball players’ flexor carpi in
the right hand was greater than the left hand. The right hand EMG signal was apparently
great from the acceleration period, the early follow through to the late follow through in

order to stabilize the club.

Keywords: EMG, golf, kinetics, kinematics, woodball
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RBEPE o RE R LY AR IT G AP kg o

~ B4 g,{;ﬂi‘“

F2 =% (2000) #4 > LB 710 hT fELdr ¥ (T EE 40 K )
AwlE o T A TEARE > P FE RS L EFFR T PRI
EiEA? > e (front foot » FoiTzkifF = & ch%r) w ¢ 3% 4 bR > K ch
w (E % 4 3% A% 5] s %r (rear foot » B 3EIRIF 2 B h%r) ;B D) P TR EL 0 (S HP

K- B A B TILREARY o SA 54 Bt o B oh R 4 e
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W BEP g A % 4 i‘a%\: RS s xR L4 'T;" it% 4 5 45 d fé%r)k/ﬁrﬁﬁg
Fé&“fffij‘ » o BPETR R ke g I e (B 4

AR 59
% 1A X 5L 110946

9 @ fit * T HLAEE N ML H102%17% 0§

el L R R«

PEg L B oo BEHrATRE
g 18 AR 5L 128%1590 0 @
it 113%16% -

it 7 BB
% 4T 4% pF it

Ex 3 rg
59 &p 52 QTS s je —5’\}]{’}&3‘77 T E o %%frvmﬁo
£ 3] F A B 1F AT A

& AP
)3 - R

Pq.\

=z

Z.

£ (2006) 4% 7 =284 0 9575"1”3‘_?#—‘5 (EF=F4 134
4432 4% ) > fAPA H 2 ¢

=EN
A Bp AR > BRI 2B e g kT 4
R AT Z o 2T RE i e E e (T 4 AR Y 1TH AN S 110
£0.06 & BW (bady weight) » B4k & chip s 6 & o (£% 4 > G ® 154
£ 5 5 1.2840.05 & BW -
(JENEIN

FAEL S R R (2002) 45 0B P XA E R SRiRenl &
Pho b 45 HER AP DR BRETI AR BJEd R E
W L 0 S AR SRR BT P R —RemB e a P R F IR -
FHRPF T TR E P YR Tk BIRE

TR i AR (TR i
SEERE g F 3 3 L SRR T

g

RN
T BB S E 9102.0%47.2% 0 154 5 5 E 0 121.19%+9.0%
AEFPRAR o BT T AT hL urEs (T Ap —RAER 2

g

=

g%iﬂ:m Fai:o "h’ﬁ?n

LF LA T
Wi ehzyrd BHE: £ &

s P yrend o T35 A gk gL 509¢ s fie o b R P iE
Wit A LB 80% 1 90%E £ ¢

#rtoo Ot e B Rl A 2Rk i)
MELRIA o THERFELCEBH 0 T FIR

PR gl ok gg o 2 F A o
Bz gt o d AT T TR g M

fﬁ’ﬁ»w—'ﬁﬁﬁ'ﬂ)@—g()/ + =
Hro m 3% PF R AL R-E O B
1997 ; Foston, 1996 )

Gora > F OB fRER TS - R F R (Faldo,
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% (2005) 4=+ L REFFE XA ELHEH-LAET B LD
Fied 4 o gy KFTESFFTRER > FREREE G 3
, H

v oL

'+
k=l

BOFEE® A AR EF 5 g Gk o]~ (T BFEE R L]
Foivwr 4 Logrg 4+ 4 g4 7 0.2207 & BW o Z%rd + 4 % & 04143 & BW -
AT ERELITERERECH I 2R AARFEFIRE 2%
ook ITH A F 2 A EEWE SR

Richard (1985) i¢ * 7 5Lifis B FH70 > A~ FFenz yrdd 44 SHE
14990 0 JE+ 5 669 (B pFAR A ¢ owt i d 1730 %rEe ) o William (1983) ¥ &
Hied 18 a 75T rgagrRd 2and & 3 5 R FRE G5 A2

PR R A B A RAPBEERT TR DA YR R S o

it

e LAt g A R B TE A A bR SR E A AT R

BOEE* AR ALY E IR EETERE R G R EY 4 e 2 Rl

o P ELE Hokpr o LM —F AR E e F T 4 NS L

F=1)

F,'é'r’ )
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Yz g FEREHIT_APMHICTEY
R LU R4 B R S B s dp
T A B R AT
— N R BIE S R (A

F1 2 1= (2000) 4p &y 5p 3t w 45 (elastic recoil ) &% i & s 2 —
BB ol Poc ol S AEEY - Lo F A TR BT 0 BT
AW AR A 2 gk RS KRR R 1T 4 o By A > e iy
WR G AL A o] o a AT RS R R 2 Sl Y
kR G R A R TR R T RN A
FRARR O G AEFEY N A ER A o

£~ (2005) ~ & didp e copRBE 0 d B & AT A 2 dFed <o) o HET AT
Fed TP frfrgp R2 BFE 3 ERPMEM > m 57 &5 (R R34
e TR 0 v HL s A 0 A i LR R R o A e SRR
AFEHLARAAHT 0 RIS @R augsedY o v 9T F 4 ohd g

R R DR A S PR R 0 A Rl R PR P A L T B s

S F (2000) #& 2R iR FaE B % L 2 B R o S 109 e1E 4
FH? 2 — e VRPER S K B R $ A, P L b T L
L EPRGR A K R AR g O E ) o IR T DR E S T
BpEE > I Ase i R PR A S 4 > BB E A 0 EYE
FEAIE S RS A L T AR > B E T e 3 ik s 4 ga (Kinetic chain)
Andrisani (1997) dp 1 Tiger Woods it 59 T #87 ¥ R 3 4241 % BBl Ry
o AR L Ee > 1 Fl2 — 88§ 4 ol B AR g

R L B S A S S A LRI BRI LR LR S 3



% ] "2 o Hosea ¥ (1990) » # BREIR | chf 4045 » o B 6 00 229 -
Koo R ZBIA AR RORE Tl R R o R A R
B ALY R R BT 2R B4

=~ sz;sfu%éﬁsmgi}fgfﬁg;ﬁ;z

(2006) =3 %87 2 &9 -2 FRAEL A D FTREY
AR AR Z B AT EH A M EME (F) B a2 w R
L (24) B MI RSz A R L BER (FhIL g o BEon B B
B By BRAerl 285 2 Bp A ik B 1T 5 IR M iR B R
b AT E TR ARY o P AL R (S4E usIRE RN F F L pehE g £
el BIFEF R ITL R TRDE S o Ao TRV A & IR BRI E
Ag¥ TRBFOETPUEIRARSDES ot AR VAFREAELI DR
I it fysereh TR R IRLE e AR R R L e ds (FH A S o d
FHFREAELREI D ez e AT R B R ILE B Hgenik
ok E LD B IR AT A ) R RS S e i R R efE
TP BRFERF AL ST S o @ oS g hyssieand e Tl ied fl
AR E T AR @ B3R IR T AR & 0 2 ik e chsk 4R 4R e
o X P HIFIRPESE BT A L 2 HF A KRS e T HEL AT

PETHEAFHTERAELPEIFF LR 200 BV RR B BELE

=k

BRI T i B L e B e (A R S o O R RS H

PEDT A EREAFEAESIRFE > GRAIDEIRE P FaI DIRIApF £ R
10— = VA REZTEEREEIAE > - 5L T 0L ML e 3w

3 RIS

Pink (1993) 4-%43T 45 #- (TP dp » = 4 & @ %~ Bovs oo S A 47 o

HEy 2%t Bf 24 —fE £ T 2 B g e i g R E (T
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e e SN U R L et S L
7 I e 1 - Andrisani (1997) 45 41 i@ Tiger Woods -4 ! ¢ 448 L T chjp 5] 4
WL RER A MR gl e e F -

FEIER O PER AR K B AT R B APERE
Fheo BATREARTY §FR DL RGOV DR T G T PR e
PR T G BT e L BB Tk F A E R
SRR 7N G547 B RSP P AR ARES LA R

£ bR 4 A gg@?lgg,fig ks TR Y g
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Fr s FREAEARZ R

AR RHTAA T EZE A BIEN (24 52005) * ##£7 49 ek
BeEdz par B EFOP > TERXRTAREP > FRFRRIEF S
WMo E o R Bt el F 905 RE K S B o 224w (2005)
I AREBE A T P IR SR IRT  ARIRE R G - 2 o 3R
PG e BEHE G 00 B KB FERI L - 5 F R F W E R
273 &R 14 L ok4s ) ARk E £ 95 o4 o £ £12 350 2 0 Frkisak
RRREE A R FE XA TIRME [T 5 4267 o4 > £ 8 84593 o5 0 FIRiS
PP REF L AR UFREF R A - BIRE I F oA F R A
B> - BrRgy F - %2 (1999)4»'iﬁﬂir?ﬁi*lfi’”ﬂ?*iﬁ’ﬁﬁ
foen@ds > e d SRR FB Lt LE G pFERGDLE XY
FER (2009) + FMFE A EARER L LARP AFTHEFHFRNDLIAN
BBy d 2-1 o

feip @b 20ds ~ B~ RRI2 FHRE DL PR RME A
ﬁﬁﬁ%ﬁﬁ*ﬁﬁ@ﬁiiiﬂ’wﬁﬁﬁﬁﬁﬁﬁﬁﬁé’wu%ﬁﬁﬁ
R de (eenZ B o > (A0 P A FRE0 FAp R 2 e ¥ i §l2b E €40

P R E A R At R R
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ey

Bk 183F » 4 ¥ & fhfas 2@ 2864

L T 5 AR ~ ATk - MR A
HEE G LA E R AR A P B G LE
LR 08 RE
e & i A

Tk E (7 0 HE CFERH) B oG
FAE S A RS PRS2
J T W £ s hod e
R ER 2 LR AN RAgis o W
B Bk (Zt3) (+ )
¥ IRELT & & A 52 Th4E o B0 2 de-
Frpp i RS AN 3 RSN
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B E Gk KEREALARER GG > DR LRER > 518
LF 2T ACE DL B G L 2 IR A S LY AT g
fAEARAERE T BEAY LAFHESER TP FROES > B

HEF? R ahi > FTEFROEREZ TN TR T —Bod

1
ﬂ\l‘ﬁgﬁéﬁaiﬁiﬁfa’ﬁ?%@f—?:! B 23 a‘h%‘?;ﬂw » e BB mEA B0 H
it 4 B
SRR A AT 0 1 RAER AR M AR R AT > 3R BIET A KR A RE A

TEARNGEHE S FEn D At T A W3S 6

g o F P AT B 2 iRy

R R RS T - TR RN LT
PRERAEARAFRERY LEER CEESEIET R R
e FBBHR- PFEF R DR iy KSES F Faip B RS fpad
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%31 FIHERZARY

7 BEAES AIRIE £

¥ 174 172

we 67 74

£ & 24 26

R 13 11

e ﬂi%@@ﬁ%ﬁ“mi»&Wi.%%&%iﬁ PN B ATRG R F
& B (1998—2002) 73 A ey -

% I % E

4
Z
6&%@%@iﬁﬁ%%*ﬁ@?.%%& R4
~ &R (1998—2000) T3BAEY - L
PEARBREAHE R AERF. 2007 £ %L - B 5
~x R (2004) F3BAET - 4
1999 # &+ F " EHEFF = & 2008 & 2R+ &R g (ATk)
2003 £ >xF < EFEAHMEEF TFBLESC L
=
4
£

-z 2008 # 4 7 & WA B B AT LR R
2004 & > FIERB A HMEF T B Y-
FERA 2008 # > W F # & A3h4h 7
PEARPGAREBE AL AREIFBAEE S L
B (2006~ ) 2008 & % - = B 5 k& I W% A3k
QFJ;“%![# 2% -z
2008 & B AL T TR L F
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_ \Fgg&;s“@i;;ﬁjg:;:p o
S HEBIRELRFRE S OERTEN IS F %R

—~EFFFPE
(= ) Vicon Motion System (MX13 > Vicon » UK) » 8 ZE = *t 0 B i #2248 >
WP REPE 5 1 250Hz

(=) T

(=) L-frame %% Z4c T A4 5

(e ) F k3£ 3537 g2 (43FF k3k) (4-B 3-1)

() #s%-~T7

(= ) Vicon Nesux1.2 i 4

(=) * 27 dh

(~M) A1 XA -5

(4 ) FF 22k (2/54.267Tcm~ & 45.93g)~ ~z% (2 /2 9.5cm~ £ 400g)

(L) 45 x4 (£ 113cm~ £ 322.5g) >~ A%+ (& 96cm ~ £ 960g)
HIBREAEIRY AP AEGRFILISEABETERD AT HEY Fik
A ME R P EBRITF DAL AR A AL §255 L ¢ ER TS

BrfskfE2 — o
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LTOE

B3-1 & kzki=3

- w4 FRE
(=) = ap)4 3 s (Kistler 9281 » 60x40cm ; Kistler 9287 » 60x90cm )
(= ) Vicon Nesux1.2 st %8 » # = #gP-47 & : 1000Hz

(Z) TH—" (BEHFRIER-F0)



N ek

(- ) 4{ ¥ Biovision # #5888~ & 3L > #B4F & 0 1000Hz (4-®) 3-2)

(= )A/D (3 —dkiz) ASERE - ARERTE 25 T AL R
N -

(=) THBE PR ~ 157

(= ) Dasy Lab 6.0 #c4¥

(I)—c®’

(=) FHARE

(=) k@

W32 f K E
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Frd FHRREERESE R
RERME
Viconk %
.......................... _ | BOS
A

n @ C 1 BFagEe

i
2 Biovision# %
3P
4
d A [U
EHE ?
# 1k % '
=2
3P
4
#

7/

B 3-3 #HH L E



518 B %—,—\/nhﬁi
— %K
() P EHTFEERERD
BEENAIEE FREHAFIGE LY T RFRERI SRS
BTk a4 5 5 250Hz -
1.L %% % (L-frame)

EES S R A R 0 E S E YT RS

SR F AR % AL fE ke (static calibration) B 2 B @ sz p oA 3
PR e T2 q—;.&-ﬁg@c’ ﬁr@,—gﬁvm#[ﬁ] FER(e 2 L P
{HEPB2 =5 o

2.T 3Her 13

- A ERFRIRET L RF R TARE R A F ST R
ForiEdienz % 245 0 e R (dynamic calibration) > - =
FEWEE B %P Vicon ki 2 EHRE BAE R AL B o ’
¥ —2 5 @{ipEar@ Piird e e & o

3R 4

whHP A FETE T K

BoNHHE LRI -
4% B H

#-Vicon iz SefE24s S P2 e sl s A R TR o
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RS

B aiegsk  B3fRARAL L o

(w) L 2#%

RPFEH A FFPE AR R L2 0RFRFL - SR

P

FRRARDEREILFR L LR b HRERY I T

<M

ARz s pR e
() #ELBPE o

TRk R EEEF LRV ERL > UELXG o
(=) 2T &Y

b2 P FIE 7 BEREE R A g Rl R TR LR R £
ALEETRY 0 TR S ARREE 27 Jeffrey R. Cram, PhD % 4 (1998) (4™ B
3-4) 4 B PIFEIHL X ;éiﬁj % ez = gp e (Biceps ) ~ 7= = gg e (Triceps ) ~
= fp| @ #=sw (Extensor carpi ulnaris) ~ #& ] & =3~ ( Flexor carpi radialis)) =

WARpE TS o Fhepb- TR HE T P RET TR

2 ip| 1 R He B By oo

B3-4 L30T 45 REE (3 p Jeffrey R. Cram, PhD% « > 1998 )
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(=) Boxoed oz

RREFFEER LI 5 ByEREREL YT A4 TR AER R
AR - sk R LR RP AR AT 2 TR RAR 0 S
T Muscle testing : technigues of manual examination j » & {7 # £ B|E £ Ea

“ B A% (MVC) (4ol 35) -

(~N) BEFF SRR e E

#-E e olemm ek kik o @ e PARRED i;é—‘r*fﬁi &m0 @ ARRE R

W

YL b edbpb g R FEIN AN SRIR O - LT 1497 - F 2 49F - nen 12
3o £ 393 F kzk (MR- ) BT K 10mm Fenk Gk REA A W AEREIT IR R 0

k- B (N5 clubtop) ~ R EE2 =% — B (<55 clubhead) -
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(1) ARTREILP I RY

SEALTR AR TR KB REIFY T a7 BT R R F

F_*

pp)

FIAE DA T BT RS F YA AR R RS RREE T AT =
Frifm > T&FRRBHUARAPFLFEERIRY > 5L B 4Rz
() &3 B
i dp ¥
%ﬁﬁuﬂﬂiﬁ(%W%%‘%i@ﬁ~iw#ﬁxibﬁé)%i
WERIOFTHRFEPFPN FRE R F BB TP Y BT
iR o PR FE Y E L 344 -
2.9 ik 3p e
XEFIHIEAQES "IpH o P LG A Bl 25 B
FME AR RS TR B LT OLRER RS e
TRA ARG T AR RRERL B RL - AT KR i
Ao Aot EAFBF At RS (T HE R A E L A i Fen
e (TN P AR TR IR PIAR G L pT o
3. AT B
et FerdT A B0 TR Y S R R s v MR T R A A o



_— ’? :56? /#“%E-E]

A 4 v

Bl B o &P BRLwERLE REHE® IR

FERET Y 0 B e RIRE

\ 4

AREF B3R

A 4

R o B4
v v v
RS Ip AT B iT o B eT

| [

y

R LR R )

B 3-6 F Sk iALRE]
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¥ 8 TR IE
- ~EHEF ST
Vicon® i HER W e ek R F A > 5 d Nexusl.2ox #2748 8L 2 2 3
fs > ﬁa?l KB —‘F,kﬁ/rs SR E R OB Sl E 2 AT o B DASCHAE (8 0 BT iE en
Behp hExcelid E 2P BT adritE > REF L EcEZ THog 2 REL o
BN - AR
I * Kistler = p 4 4= (1000Hz) > ¥ 3] & £ i¥* 4 > d Vicon Motion
System z_ Nesux1.2 st R+ B~ 4 47 o
2R
AR R RSB T 2 B B AR R R TR AR
(- )BEAHF > #3 B2RREFFTR7 NP - Acdpgl 2FFHEH - fe
& Vicon i suardf Lk & (T enT B prdp 8 0 7 Dasylab 6.0 4 7 ¢ 8
PRI PR o BT R BLR L e (T Hp e E B IR o
(= )#-w & 7] ez = g ve(biceps )~ "= = gg #~(triceps )~ = fp| i %3 ( extensor
carpi ulnaris ) ~ #&1p] A, #=5~ (flexor carpi radialis ) =2t %% > 4 DasylLab6.0
B 5 LA 4T B0 - 4 T A i 10~500Hz 0 band pass AR 0 & (7 2
Eo o (full wave rectification ) £ 4e 8 AJ® » & ¥ 2 (7 £ 0 #7155 6Hz
el o (low pass filter )» Fi8 3~7 2 5L ens 4 31 & (linear envelope )
o EERATERR > @3FAE (IEMG) -
(=) fe & Vicon i sudrdf i dfis & (¥ eh7 B P k> #-% ?‘;ii—"ﬁﬁ:#%'f EN
Ty ;}ﬁwuf MRE IR R L p A e TR Rty (1)) F
B EEL R R o
test EMG

%MVC = x100%
Max EMG




ENE= 'L B gk 22
s ER w%%ﬁ%
AZHHFFE AL AR ZERSTL L MPEFLEES NP ENSH -
FARR T EREM T S S EERTLRS B0 B2 §LEE
BoiF2 b AL T A4 S S AR B o WL § A N heT
ERE 0 3 SRS o O
AEREUITES T TRER TR PR s D AR R
A RS E S PR EEG AT
- R

241 FRABAREILBHITY L0 FRE /T2 E

BEA A TE
Y () 1.09340.012 1.04040.024
TEAY () 0.239+0.009 0.345+0.010
TEAeiEd (§5) 0.042+0.002 0.055+0.002
EERH () 0.060+0.002 0.114+0.002
HEEEE () 1.372+0.164 0.402+0.016
TEY () 0.280+0.008 0.400+0.010
G () 1.432+0.164 0.516+0.015
EREE () 2.80540.167 1.95640.029
TR 3.901 2.606

drd 4-1> BREAELPEFRFL 1093 o TESHEFERF S 0.239F)
TR L 00424 TR ERY S CRAL D P RED TR
B~ TAeAvig P o ATRE L P HERRF L 10404 > THRABHFEF L 0.345 ) >
THREAERHGEFL 005/ EETREE D EAS I RY TSRS
TRdeE oA mEE PREFFRY D T AR IR PR B 0 (e
TRAGEY RO TRFRE 2R EEF (2008) 45 REHHER
FEXAEFGE I TETERERT o TERERT TR TG T

T fE4cid 0 LR R enE 4R Tk
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542 BEIPARME [ X 8 AIE L PR o g

FHEERFR O THEERRE T

(4 Y By -
P 1 (#) (#) (1)
FEER L yea0-9 5 1.25
- 1A = VU— - Fu .
EEE 0.380 3.289
= 9 4L X A & +0.600
(2006) 2ER e %T 1 t
Pl1 =% A~ fLEa 7100 - 1.124 0.390 > 88>
(2000) ¥t A 2 +0.260 +0.080 '
Pl =% AN ZfELa 7-100 < B 1.024 0.335 2057
(2000) LRI el W +0.230 +0.080 '
Pk - =E% TS T B 1.093 0.280 2,901
(2009) FEATREL 42 +0.012 +0.008 '
A g - mEAE TS 1.040 0.400
I 4R .
(2009) ATRE £ * +0.024 +0.010 2.606
v - RA LS
A Ik 45 . . .
(2005) i 1 0.917 0.583 1.667

T A2 RS G AL ERP AR Y 2 ATy 0 S AT E T R
BT ORI L o IR P ERFR AT HERST o A ES
EEFERFZ a4k o 24 (2008) 45 4 ic = 24240 9 M fozk 4% e BN S b
iﬁi#&;‘j)ﬁif]&{ﬁ»iﬁ—lﬁm R ed WEHRIRIR S FBLASEREERS F F
I o Ft o o2 ke £ A i & Nicklaus (1976) & dient e ~ T -
sk s R T S E R SRR R R —fk 0 A
%?@&%%ﬁ%ﬁa%éﬁﬁﬂo

W LR e S B R T R R Y R Ak

el

FLANEE L FRE ALK ATREL S0 A B 5 1667 - 2.606 0 F F 4

\-H

RiF L b A 6] 5 2,882~ 3.057 ~ 3.289 ~ 3.901 » E it BH| A AT |~ A
Aol 2429 FRAREL AP AR HTIERCFE AL Res (A

F) TEREBLEELAEIREL (A2 L)



35

BAAFELVLFREAFELTHEREFL DR Fl2 —F 0 19 X iF w4
GIFAE A - o 24 (2008) dp B R A EE AT R fEAE > RIS R4
Tt m R NS g REERE S - AR RINEN R A F YR
& (2009) 4 45 Ak ds (vdg DR Ep T AL 0 2R R MR I T IR > R SR
BT MR REA R BT BEAF SR ERAFES 0 R
kY 2 BREFAGRINLT o B R FETR g R e o SR
TEAD FMOEFM BRI RE B RS o FINFEAESLT R
e AR A o FERAIY £ued g L 2 Eand £ GRIRU G B2
Rk Frgom ARELR T EER T A ARATHEKGIEE A 2 BB 4 o
PR E S AR ERBEAEARELITERTOLE > VR AT

— o RFTE A G AR ERE 2 D BR - A A TR #et 2 ( e &

TARTIERS VLGS AREILFRAES I RERTRE . TR
BFREGRFZ — o d DARFRKRBELREL > AR BHFERL S

A g d AR A2 Kotk 0 KT AR S E@ > § IR E

FTHBRFTERNEFRT RNp B E ot Ed et gL T T A
TA (F)o g A (a) #0404 (F) g E® (m)> a=F/m> #F sk

$e T E R B L atg=F/m+g FIRE 4 e BAple 0 B A ARl D
H25T >ml (BREABEE) <m2 (A€ ) PIELSNT itk al>a2
BACEREFEARE AR > A a= AVIAL ST AR - RN G R
ATREE T AR F 2R THRIER S B A BB R RE
BREAAE T TRERETLL DR TS 0 GlAotE ST S 5 T

Bofd ALl B R Tt R A FRFLNA BEH% -



36

NECH D

243 FREAEAREFIGRE - & ARG EPER RS 2

g I FETREE TREIE BRp|mE EE T o s 2 &

X#hg ®F % -430£043 -526:042 -10.48£0.39 -17.30£0.39 13.08+1.10
(cm) A3z 3.04+0.37 -0.40+0.75 -7.76+1.73 -17.76+0.93 -10.39+1.64
Y#hs ®F % -0.44:037 -0.69:0.43 0.88+0.48 -1.05+0.49 -13.51#2.06
(cm) &3 -6.29+0.52 0.70+0.63 2.80+0.77  0.93+1.44  3.01+1.43
Zwhsw ®F % -7.10:017 1.60+0.19 2.64:022  0.41:024  -1.93:0.42
(cm) A3z -10.37+0.65 0.47+0.65 4.57+0.63 2.09+1.10  3.79+1.40

RE R AEE B TR B X BB E L AL B (St
L) YRR (B o) Z AT e (14T =) kel 41
LR BALE R ALY > Z B B G B BB bl o X ghA B e B o

e
5
]
F"

FILBRAEL AL TEDE S B R R) 0 AL e BB R o BR
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148 FRAEL A L AP RE (%MVC)

AEp AR Y THRAGH B EfEsdh T
RB 6.06£0.33 3.81+0.72 2.52+0.24  2.61+0.25 1.1610.13  3.23
RT 2.67£0.23 26.7243.45 58.30+6.42 53.57£6.00 17.37+2.16 31.73

RWF 3.26+0.14 14.59+1.37 70.00+8.85 73.90+8.93 8.5910.97 34.07

RWE 6.28£0.34 7.02+0.42 4.23+0.32 4.24+0.38 3.7310.43 5.10
LB 0.73t0.04 1.77#0.27 6.89+1.97 16.43+t4.79 4.41+0.75 6.05
LT 17.03£1.57 33.79+3.62 20.64+2.69 26.9645.51 5.64+0.94 20.81

LWF 2.27+0.20 8.01+0.95 16.07+1.85 13.82+1.63 5.08+0.55  9.05

LWE 5431043 5.29+£0.36 9.33+0.95 16.75+2.27 11.80+1.46 9.72

%49 AzpEE PO L L P2 R iRty (% MVC)
4 THEH TRl EfERE EEy T
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LT 12.38+1.09 22.7046.81 33.4345.90 21.59+4.96 4.31+0.94 18.88

LWF 12.6311.55 22.1616.54 32.95+2.75 36.2516.12 27.58+5.41 26.31

LWE 27.53+1.53 9.39+1.45 13.17+2.24 31.70+2.22 24.36+2.15 21.23
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