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Item Age Standing height  Body weight  Foot distance Stance Career
p HDCP
Subj. kg)

(yrs.) (cm) (cm) (deg.(r) (1)) (yrs)
W.D 21 177 65.1 25 10 30 8 4
K.M 21 182 82.1 25 10 30 6 0
N.Y 22 171 59.1 25 10 30 6 1}
K.Y 20 174 66.6 25 10 30 8 2
Mean 21.0 176 68.2 25 10 30 7 1.5
SD 0.7 4 8.4 0 0 0 1 1.6
200Hz b5ms

ms EC3

EC3

16mm Movie
camera [j—L“S mm
analyzer

300 fps

Photocell
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E-10 Nac

Nac

PC201

HDCP

| Back foot

PC9801F2

300FPS

100Hz

PC9801F2

(25.0%+ 0.0cm)
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X 422 7+
85.4mm,Y 138.9+ 29.9mm , w.D X

413.5mm,Y 95.7mm Y

axis axis distance velocity area force force force  wvelocity velocity

W X Y Move Ave. Move Ave. V Max.V Min.V Head Ball
Subj. (mm) (mm) (mm) (mm/s) (cm?) (kgw) (%) (kgw) (%) (kgw) (%) (m/s)  (m/s)

W.D 413.5 95.7 2425.2  808.4 397.4 65.1 6.8 101.2 155.5 49.0 75.4  44.4 64.2
KM 399.8 140.6 2411.4  803.8 562.1 82.1 10.9 129.7 158.2 39.5 48.1 43.5 59.9

N.Y 320.3 138.9 2917.4 972.4 444.9 59.1 7.0 105.7 178.9 39.2 66.4 44.3 62.0
K.Y 557.3 180.4 2975.5  991.8 1005.3 66.6 5.8 98.5 147.5 47.3 71.0  44.8  64.1
Mean  422.7 138.9 2682.4  894.1  602.4 68.2 7.6 108.7 160.1 43.7 65.2 44.2  62.5
SD 85.4 29.9 2649  88.2  240.1 8.4 1.9 1.0 11.4 4.4 10.3 0.4 1.7
,2682
4+ 264.9mm W.D(2425.2mm) K.M(2411.4mm)
N.Y(2917.4mm) K.Y(2975.5mm)
894.1+
88.2mm/s , N.Y K.Y( 972.4mm/s
991.8mm/s) W.D K.M 808.4mm/s
803.8mm/s

602.4+ 240.1cm?

K.Y 1005.3cm?
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68.2+ 8.4kgw

160.1+ 11.4% 147.5
178.9%
44 .2+ 0.4m/s
62.5+ 1.7m/s
1.4
Address Top Down swing
11 Impact 14 Finish
W.D K.Y
N.Y
K.M N.Y
W.D K.M
K.Y
K.Y

K.Y
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Whip-like Action
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0.2 0.5

1974

K.Y W.D

N.Y K.M

Nicklaus 1969
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Subj.K.Y

LadisSRzERES
A R T T A

1 Address 3 Back swing 6 Top 11 Impact 14 Finish

.D (95.7mm)
K.Y 180.4mm
557.3mm
X Y N.Y K.M
W.D K.Y
3.0

1984
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K.Y

1990

1/3
W.D
W
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160.1+ 11.4
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1980

K.Y K.M W.D

N.Y

160.1+ 11.4%
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16mm

X 422 .7+
85.4mm Y 138.9+ 29.9mm W.D
X 413.5mm Y 95.7mm
2682 _4+
264 .9mm N.Y 2917.4mm K.Y
2975.5mm
894._.1+ 88.2mm/s
602.4+
240.1cm? K.Y 1005.3cm?

160.1+ 11.4%

44.2

+ 0.4m/s 62.5+ 1.7m/s

N.Y K.M

N.Y W.D
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K.M

1994

1990

Wallence

K.Y

1994
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Big MAT Tek-Scan Inc.

USA F-SCAN

1997 1994 F-SCAN

F-SCAN
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HDCP5.5+ 1.8
HDCPI18.5% 6.4

19 21
25.0 25.5cm

10

Subject
1. L. digitus minimus area

2. RJdigitus minimus area .
Rdig Dynamic

3. L.haliux area amplifier

4_R.hallux area

5. L.calcaneous area

6. R.calcaneous area

Bridge box

Uq

Photoelectric
Switch (1ms) Recorder

E VTR camera
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:LDM( ), :RDM( ), :LHA( ),
RHA( ), :LCA( ), :RCA( )

Head Speed Tester GL-500

Left hallux area (LHA)
Right hallux area(RHA) Left digitus minimus
area (LDM) Rightdigitus minimus area RDM Left

calcaneous area (LCA) Right calcaneous area (RCA)

100N 12mm¢e  KEISOKU
6G01

RT3108

ms EC3 EC3
VTR
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DS

C-52 Ims 60FPS
BS
IM FT
%
LCA
24.2+ 7.4N 10.4+ 1.2N P<0.001
Skilled (N=7) N)
LDM RDM  LHA RHA  LCA RCA
BS Mean 48 17.7 14.7 16.1 24.2 17.7
SD 2.8 4.5 2.7 35 74 2.3
DS Mean 122 517 16.4 38.5 18.5 21.2
SD 3.9 19.5 2.3 32 1.6 2.9
M Mean 87 16.0 372 19.0 45.0 16.2
SD 1.5 32 47 34 438 34
FT Mean 334 257 21.8 227 62.4 15.2
D 39 72 3.1 32 5.8 1.3
LDM: »RDM: »LHA: »RHA:
,LCA: sRCA:

BS:Back swing, DS:Down Swing,

25

IM: Impact, FT:Follow through



Unskilled (N=7) ™
LDM RDM LHA RHA 1L.CA RCA
BS Mean 4.8 11.1 135 13.1 104 16.8
SD 2.3 3.7 3.0 3.9 1.2 2.0
DS Mean 247 14.8 14.2 12.2 21.7 21.7
SD 3.4 4.1 3.0 3.2 3.4 2.7
M Mean 20.1 394 23.1 12.1 31.8 344
SD 43 11.1 4.6 2.0 4.2 4.7
FT Mean 16.7 364 17.7 7.7 404 33.8
SD 6.1 11.1 1.3 1.3 4.2 32
LDM: ,RDM: ,LHA: ,RHA:
,LCA: ,RCA:

BS:Back swing, DS:Down swing,

IM: Impact, FT:Follow through

t Test (Skilled = 7, Unskilled = 7)
LDM RDM LHA RHA LCA RCA

BS 0.0n.s. 2.9%* 0.6n.s. 1.7n.s. 4.5 *#* 0.61n.s.
DS 5.8 *** 4.8 *FH* 13n.s. 14,0 *#* 191ns. 0.2n.s.
™ EO¥*® 53wk Spkx 4] RRR 53 wxx 76 %k
FT 5.6 F%* 2.7%* 2.9%* 10.4 *** 7.4 FHE 12.8 *#**
*:P<0.05, """:p<0.001, n.s.:Non significant.

LDM: ,RDM: ,LHA: ,RHA:

,LCA: ,RCA:

BS:Back swing, DS:Down swing,

26

IM: Impact, FT:Follow through



+

+

H+

H+

H+

LDM

4.1IN P<0.001

LDM

24.7+ 3.4N

4.6N P<0.001
31.8+ 4.2N

1.5N

3.4N

3.9N

RDM 17.7+ 4.5N
11.1+ 3.7N P<0.05
LHA RHA RCA
30.0N
RDM 51.7+ 19.5N 14.8
RHA 38.5%+ 3.2N
12.2+ 3.2N P<0.001
12.2+ 3.9N
P<0.001

RDM RHA

LHA 37.2%+ 47N 23.1
LCA 45.0+ 4_8N
LDM 8.7
20.1+ 4.3N P<0.001
RDM 16.0+ 3.2N
39.4+ I1.1N P<0.001 RCA 16.2
34.4+ 4.7N P<0.001
LDM 33.4
16.7+ 6.1N P<0.001

62.4%+ 5.8N 40.4+

LCA

.2N P<0.001
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39.4+ 11.1N

33.8%+ 3.2N

22.7%+ 3.2N

1980

RDM
25.7+ 7.2N (P<0.05) RCA

15.2+ 1.3N (p<0.001)

RHA

7.7+ 1.3N P<0.001

28



2.3 1.6 P<0.05

1989 100

1999 VTR
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(ND

LDM » Skillgd
Unskilled

(N)

80 r

IlUnskllled

%k 3k 3k

BS:Back swing, DS:Down swing,
*:P<0.05,

**:p<0.001, n.s.

P<0.001
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BS DS IM BS DS iIM FT
Skilled O skilled
EUnskllled (N) RHA |-Unskilled
(N) | 80
80 r 60
6o | . " %k %k %k
= FOSEORE
40 I'n.s. ‘:i ,o LIS e
20 1 T . ([l
(o) ﬂ I=i | (o)
BS DS BS DS IM FT
RCA
nskille
) ) nskille
80
60 sk sk %k
40 ns
20
(o
LDM: ,RDM: ,LHA: , RHA:
,LCA: ,RCA:

IM: Impact, FT:Follow through

:Non significant.

P<0.001




1994 F-SCAN

Williams 1983

38.5+ 3.2N 51.7+ 19.5N

12.2+ 3_.9N 24 .7+ 3.4N
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Carlsoo 1967

74kg 24kg

1994

1990
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Carlsoo 1967
54kg
21kg
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LCA 24 .2+ 7_4N

10.4+ 1.2N P<0.001 RDM
17.7+ 4_5N 11.1+ 3.7N P<0.05
RDM 51.7+
19.5N 14.8+ 4.1N P<0.001 RHA
38.5+ 3.2N 12.2+ 3.2N P<0.001 ,
LDM 12.2+ 3_.9N
24.7+ 3.4N , P<0.001

LHA 37.2

+ 4.7N 23.1+ 4.6N P<0.001 LCA
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45.0+ 4.8N 31.8+ 4.2N P<0.001
LDM 8.7+ 1.5N
20.1+ 4_.3N P<0.001
RDM 16.0+ 3.2N 39.4+
I1.1IN P<0.001 RCA 16.2+ 3.4N

34.4+ 4.7N P<0.001

LDM 33.4
+ 3.9N 16.7+ 6.1N P<0.001
LCA 62.4%+ 5.8N 40.4%
4.2N P<0.001
RDM 39.4%+ 11.1N,
25.7+ 7.2N P<0.05 RCA 33.8
+ 3.2N 15.2+ 1.3N p<0.001
RHA 22.7%+ 3.2N
7.7+ 1.3N P<0.001
X
422.7+ 85.4mm,Y 138.9+ 29.9mm
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2682.4+ 264.9mm

602.4+ 240.1cm?

160.1+ 11.4%

24 .2+ 7_4N

38.5% 3.2N

45.0% 4_8N

62.4+ 5.8N
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894.1+ 88.2mm/s

17.7+ 4.5N

51.7+ 19.5N

37.2+ 47N

33.4+ 3.9N
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Campbell 1985
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1982

Milburn
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PGA Teaching Manual 1990

1988

Snead 1972

1980

1971

16
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20.0N

Budney 1979

S.K
S.K

1988
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20.0N

Y.S

T.

M

T.

M



7 finger forces .—m
2 grip acceietions

photo censor®

|/

Y.S

10

K.S

K.S

#1

| dynamic
strain amp.

electro magnetic

oscillograph

charge amp/|

[ﬂ——ﬁ 8mm high camera

100fps

Lmotion analyzer

Item Age Standing height

Body weight Grip strength Back strength Career

Suby. (yrs.) (cm) (kg) r) O (kg) (kg) (yrs.)
T.M 29 178.0 78.3 50.0 46.0 200.0 14
SK 18 167.8 61.8 65.0 65.0 158.0 6
Y.S 21 173.0 70.1 63.0 62.0 170.0 7
K.5 19 166.2 52.0 52.0 50.0 110.0 3
Mean 21.8 171.3 65.5 57.5 558 159.5 7.5
SD 4.3 4.7 9.6 66 7.9 324 4.0
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L.Little finger

@ L.Ring finger
() L.Niddle finger
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KEI1SOKU
DPM-6H
5L4
540-B
505-TRP
E-10 Nac
Nac
ms EC3
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5370

100N  12mme

306G

S5L4

16mm

100FPS ;

EC3



T.M 7.0G
40-60ms 5.86 6.0G
9.0G
250-600ms
3.9-6.76 T_M 6.7G
T.M 15.7N
30-250ms
5.2-20_.9N T_M S_K
Acc, & . TM SE Y.5 K.5
Finger point Subj. o )
L. Acc. Dorsum manus 7.0 6.0 a0 S.B0G)
L. Ace. Processus styloideus 6.7 63 39 S.600G)
L. Little 15.7 209 5.2 g.7(N)
L. Ring 327 151 105  7.5(N)
L. Middle 103 115 104 10.3(N)
L. Thumh 42,0 a0.3 37.8 300N
E. AMiddle 297 M2 158 9.8(N)
E. Index 17.7 185 10,0  15.7(M)
E. Thamhb 26,8 26.8 20.8(N)

45
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__---—-ProfessionaI(Subj.T_M)
Beginner class(Subj.K.S) tmpact — 250ms —f

A

]

[}

L.Acc .Dorsum manus vy
5
A
L.Acc  Processus styloideus
M 5G
""_——— ————— »’—_“‘--.____.,_\\
L.Littte ey Y "\\
T f/\—/\—\_,.
AT 10N
LRINg oo \w______‘}\r
= o 10N
L.Middle —_— = TN 3 '
____________________________________ e 10N
o b4 P

W -

L.Thumb _____ w-\\

L —————— T 7]’
10N
10N

R.index
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s Upper class(Subj.S. K)
Middie class(Subj.Y.S)

L.Acc .Dorsum manus

impact

p— 250me =i

T kit

L.Acc Processus styloideus

Azamas:

L N
-'.. - '.""-.. .-..---.""‘-.
L.Little A |
T TTITE TR e et ae et my ks R B P e Rt e
i0ON
L.Ring T G
.......... e T o e e T

................ -
—

anne. asasmwidbnsnsua sty o S

s kR .‘.'- A
R . Midde e e _.4'—'.'"' ; k- I
10N
R.Index
I B I

R.Thumb

..---i-b"““'.

7

% |

—




10.3-11.5N

T.M S.K
Y_S K.S
T.M 32.7N S.K 15.1N Y.S
K.S 10.5N 7.5N
T.M
50ms
Y.S
S.K K.S
+0
T.M 75ms 42 _ON
37.5N 30
0-60.3N 5.0N
T.M S.K
T_M 29_7N S_K 75ms
34.2N 23.8N
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Y.S

9.8N

18.5N

85ms 15.8N

10.0N K.S
0
T.M Y.S
S.K K.S

T.M 17.7N

Y.S 10.0ON K.S 15.7N
90-230ms
20.8-26.8N

PGA Teaching Manual (1990)
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T.M

T.M
T.M
S.K T.M
K.S
,Budney
Jones 1969 1980
Toskei 1978
T.M
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1979

1983

Y.S

32.7N



T.-M

50

T.

2.0 4.5

M S.

S.K

55.8+ 7.9Kg

T.-M

K

7.5-15.1IN

57.5+ 6.6Kg
46.0Kg 50.0Kg

1986

4.0-73.0N

1976

95.0-150.0N
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Milburn 1982
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1970



K.S
Y.S

10.0N

Nicklaus 1969

1981

1971

T.M
29.7N
10.0N ON

K.S

23.8N
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S.K

15.7

T.

18.5N

20.8-26.8N

M

Y.S

Y.

S

S.

K



26.0N 18.0N

26.0N
13.0N
T_M
7.06
15.7N 10.3N 32.7N
29.7N 1971
(
) T.M
S.K Y.S K.S
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T.M 7.

0G

40 60ms 5.8 9.0G

250 60ms 3.9 6.7G T.M 6.7G
T.M 15.7N
30 250ms
20.9N
10.3
T.M 32.7N
15_1N Y.S 10.5N
K.S 7.5N
T.M 37.5N
30.0 60.3N
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5

.2

11.5N

S.

K



5.0N

T-M 29_7N
34_2N Y_S 10_.0N K.S ON
17.7N Y.S 10.0N
S.K 18.5N K.S 15.7N

90 20ms
26.8N

Horgan 1957
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S.

K

T.M

20.
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Milburn 1982

(Jorgensen, 1970; Nagao , 1977 Budney ,

1979; Milburn, 1982; Neal , 1985; , 1992)

1991
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1992

M.N 1987

HDCP4 5

HDCP 15 36

XM 110 Penney Giles P G
ch
PA-412 Penney Giles P G
o E:Extension~ F:Flexion -

AD:Adduction - AB:Abduction
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60FPS

ms EC3 EC3
VTR
C-52 Ims
1
Subject

3 L-R.Adduction

4 L-R.Abduction T

5 Flexion - Extension —l'_J AmGp?i?ilgr

e Recorder
Photoelectric @
Switch (1ms) ] \ i
J
E VTR Camera
Standing | Body Grip Back
Item Sex Age height weight {strength |strength | HDCP
Subject (year) (cm) (kg) (kg) (kg)

M.N F 35 162.2 65.0 35.0 95.0 0
T.0O M 22 175.3 75.2 58.01 150.0 5
Y.M M 22 168.1 63.7 56.0 [ 125.0 6
0.S M 20 1774 60.1 45.0 | 130.0 15
Y.S M 19 180.0 69.0 | 49.0/| 140.0f 16
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0°
T.0 Y.M
27.6 46.1°
13.8°
0.S Y.S 0.S
20.7°
8.0° 19.6°
Y.S
27.6°
M.N
0.S Y.S
T.0 Y.M
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00

M.N

12.6°

9.2

20.7°

T.0 Y.M



Impact

AD
M.N

AB

AD
N o

N

AB

AD
/

w

N/
Nl

” ) i
—~ .

1

sec

AD:Adduction, AB:Abduction
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ao®

30"
30°

30"
ao®

30"
30°

30"
3o°

ap®



Impact

Elao®
F!ao®

S —
4\

‘\\\\\\\u’//”//////; 30°
0.S ////r\\ Fiao®
SN )

30"

Y.S Flao®
//\/\\\/\/f’/‘ 0

| Elso°

1 sec

F:Flexion, E:Extension



Impact

T.0 as

f\\_/
Y.M /\ | AD
o \,/
0.5 o
=
N

1 sec

AD:Adduction, AB:Abduction
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3o°

30"

ao®

30°
ao*

30"



(27.6 34.6°)

M.N
11.5°
M.N
(8.0° )
0°
T.0 Y.M Y.S
46.1°
13.8° 18.4° 13.8°
0.S T.0 Y.M
0°
Y.S Y.M 0.S
1996
25° 55° 70°
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90°

M.N
3.7 27.6 46.1°
0.S
M.N
M.N
12.6° 11.5°
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OO

M.N
M.N
T.0 Y.M
Y.S
00
T.0 Y.M

2

.2



0.S Y.S

1992

1999

M.N 12.6°

OO

1992

XM110 Gliles

M.N
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M.

N

T.0 Y.M

12.6 46.1°
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1973



0 13.8°

34._.6°
140 ms

10.7°

Y.M

M.N

Y.S

M.

N

0.

25.3°

S

67

OO

T.0 Y.M

Y.S

11.

5

T.0



M.N

0 13.8°

34.6°
140ms

10.7°

OO

M.

T.0 Y.M
12.6
N
25.3°
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46.1°

T.0 Y.M

Y.S

11.

5



69

1990



1964

Bechbache 1977

Kay 1975

Shudel 1934
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1971

1983

1976

1964
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HDCP7+ 0.7

L.M.deltoideus
carpi ulnaris ecu
abdominis oea

CH-102
Teac

Teac

HDCP

HDCP29+ 4.0

del

EMG

EC3
VTR

72

20 45

CH1021

L M.extensor

R&L.M.obliquus extenus

C-52

MR
PS-920H
N4779
ms,EC3



ation

amp

VTR
camera

Ims

GL-500

™)

73

]

data
recorder

l

computer

60FPS

A-T



\%

ms
Skilled(N=4) Unskilled(N=4)
phase V) (ms) V) (ms) t test
Mean+SD Mean+SD |Mean+SD Mean+SD
AT 10.35+£0.10 630+£20 | 1.20£0.70 530+£120 n.s.
T-T | 1.50+0.50 150+10 | 1.27+0.80 180+50 p<0.05
1 0.16+£0.05 0 1.23+0.79 0 p<0.05
I-F 1025+0.11 360+70 | 0.47+0.16 750+10 n.s.

A-T:Address to top,T-1:Top to impact,l:Impact,I-F:Impact to finish

0.35+ 0.10 V

1.50+ 0.50 V

1.20+ 0.70 V

0.16x 0.05V

A-T

A-T

4))
A-T

74

T-1

1.27+ 0.80 V

1.23+ 0.79

I-F



I-F ,

A-T

37.9+ 1.1m/s

P<0.05

75

A-T

A-T

A-T

GL-500

32_3+ 2.8m/s



Aspiration ¢
2

Expiration _3
3

Subj. K
V

~ respiratory

del (1)

ecu (1)

I

oea (1)
MWWNNWJUUMWAMW

_W b M%M A,

my

oea (r)

| _wmwm i

% . ! 2.5

(sec)

respiratory

(del (1)) (ecu(l))
(oea(l)) (oea(r)) REMG
A:Address T:Top |I:Ilmpact F:Finish
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Aspiration 2

Expiration _,
3 -

a4

Subj.Y
v

respiratory

v del (1)

ecu (1)
L
.ﬁhmﬁmﬂuwNhMWMMVNULJKAAW“MMMNAWﬁMHhw4hﬁu%mmwummwummﬂnﬁv
- mv oea.(l)

respiratory

(del (1)) (ecu(l))
(oea(l)) (oea(r)) REMG
A:Address T:Top I:Impact F:Finish
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1

1)



79

1984



1981

ms

1982

1971

1964

80

Shudel

1934

4))



Karpovich 1975

1967

phasic type

81



4D
(T-1) P<0.05 (1) P<0.05
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1985

long fiber

( 0.7 1.2m)

83



1987

1991

performance

Fleming

84



1965

1990

21

HDCP=5.5+ 1.8

HDCP=28.0+ 3.6

85

19



43

e

M

| ooy )
g oooollDD

|
A

Photoelectric &Recordep

Switch(1ms)

S

camera

1987

CH1021 47523

86



RT3108

540-B
505-TRP

RT-3108

EC3
VTR C-52

60FPS

1987

ms EC3

GL-500

87

250 V/cm

36

1ms
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500p V

225+
83p Vv 620+ 333 V t=2.81
P<0.05
214+ 64p V 594+ 382p V
t=2.40 p<0.05
297+ 223p V 571+ 482p
vV
118+ 97p V 237+ 246
HV
225+ 165p V
582+ 362u V t=2.58 p<0.05
154+ 114p V
237+ 107y V
1.7+ 0.34G6
2.18+ 0.17G t=3.10
p<0.05

89



Skilled (N=6)
AT

JN

N.1J

LG

NK

T.B

Mean

SD

Unskilled(N=8)
A.S

0.0
S.K
1.8
K.B
Y.D
Mean
SD

it

142
142
214
214
286
357
225

83

357
286
928
1071
363
714
620
333

T

300
214
142
142
271
214
214

64

1071
1071
286
214
428
499
594
382

I.F

571
214
214
214
714
357
297
223

357
214
856
357
214
1428
57t
482

(Unit=uVv)

2.81(5%) 2.40(5%)0.88 (n.s)

Direction = Right-left. A-T:Address to top,
-1:Top to impact,I-F:Impact to finish

Skilled(N=6)
AT

J.N

N.JT

LG

N.K

T.B

Mean

SD

Unskilled (N=6)
A.S

0.0

5.K

IS

K.B

Y.D

Mean

SD

t

AT

286
71

142
71
142
118
97

214
142
0
214
142
714
237
246

1.10 (n.s) 2.58(5%)1.29 (n.s)

T-1

128
71
71

428

142

214

225

165

214
214
999
928
357
785
582
362

I-F

357
142
71
71
71
214
154
114

428
142
214
285
142
214
237
107

(Unit=uVv)

Direction = Up-Down A-T:Address to top,

T-1:Top to impact,l-F:Impact to finish
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Skilled (N=6) Unskilled (N=6)

(R-L)  (U-D) (RLy  (UD)
(G) . (G)

AT 1.5 1.0 A.S 2.2 1.5
J. N 1.3 0.6 0.0 2.1 1.1
N.J 1.7 0.5 S.K 2.5 1.3
I G 2.2 1.4 I. S 2.0 1.6
N.K 2.0 1.3 K.B 2.2 1.3
T.B 1.5 1.0 Y.D 2.1 1.3
Mean 1.70 0.90 Mean 2.18 1.35
SD 0.34 0.36 Sb 0.17 0.17

t=3.10 (R-LYBY%
t=2.33 (U-D)(n.s)

0.90+ 0.366G 1.35+ 0.176

1.3

91



A.T 1.6

250u V ( ) S.K
1.S K.B Y.D ( )
( )
38.9+ 1.8m/s 34.7+ 1.5m/s
(P<0.01)
( )
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Skilled Unskilled

Subj.A.T /\—\ Subj.A.S /\/\/\
TN
T .
Subj.J.N ) Subj. 0.0
: e TN _ ) B

\\_

Subi.N.J Siubj.8.K

Subl.L'S

Subj.LL.G

Subj.N.K Subj.K.B

T~

Subj.T.B Subj.Y.D f

e I ~__ 7 I

500ms " 500ms

T -+2501.V (Right) r -+250.V (Right)
impact --250uV (Left) Impact 250V (Left)
(cal) (cal)

Right and Left
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Skilled

Subj.J.N
..... '—---""“ Al <
R R P
1) ” L
Subj.N.J
Subj.kG
---------- .'_"\‘ it ‘\ PR
IS i A\X4 L
\‘,’
Subj.N.K
Subj.T.B
—_ B
500ms
[-+250uV (Up)
Impact —-250nV (Down)

(cal)

94

Unskilled

Subj.A.S

I\\ --L
- ,l ‘\:" ------
Sub}.0.,0
i -i\\ o =
Subj.8.K
v .
v L3 I
“ "
Subj.L.8 N
- BRI T
Yomay 'l -
M [
. 1 l'
e
Subj.K.B w2
Subj.Y.D
------------ ‘\‘ ',I L
v/ 6GOms
l\'
[-+2501V (Up)
Impact —-2501V (Down)

(cal)

Up and Down



Skilled

Subj.A. T
1
Subj.J,N
e e /\}f\_ xn
YAF
Subj.1.G
P DVTF\s
V\N' N
Subj.N.J
o /\‘%
.‘Nh\j\\/l )
Subj.N.K

Subj.T.B
Y
1
500ms -Ro
— LU
1 G
(cal)

Impact

Unskilled

Subj.A.8

R:Right,L:Left,D:Down,U:Up

95

Impact

(

—R<D

1LG-L'U
(cal)

500ms

Right and Left
Up and Down

)



(1990)

96

(1990)



(1990)

J.N N.J

N.J N.K T.B

(A.S 0.0

97

A.T N.K T.B

J.

N



1.70+ 0.346 0.90% 0.366G
2.18%+ 0.17G 1.35

+ 0.176

(1987)

16mm

77%

66%

1953

o8



1.

2

1.

5

99



225+
pVv
594+ 382p V
225+ 165p V
p<0.05
1.70+ 0.346
p<0.05

100

83up Vv
p<0.05
214+ 64p V

p<0.05

582+ 362u V

2.18%+ 0.17G

620+ 333
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1965

1967 16mm
VTR
(Vaughan, 1981; , 1984; Neal , 1985;
1997,1999) Jorgensen 1999
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HDCP

100 45¢g
2mx 2m
16mm H16 Bolex
5.3m
10ms
64FPS
Nac PC9801F2
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Item

Subj Standing| Body
: Age | height | weight| Grip strength|Back strength | Career | HDCP Swing
Male or Female (yrs.) | (cm) (kg) (kg) (kg) (yrs.) | JGA) style
(R) (L)
A K (M) 19 178.0 62.0 52.0 50.0 152.0 7 4 right
K.O (M) 19 | 166.5 | 60.0 51.0 47.0 165.0 7 4 right
R.I (F) 19 158.0 50.0 30.0 30.0 70.0 9 4 right
T.K (F) 19 157.0 48.0 35.0 30.0 75.0 8 6 right
Item
Club Length Weight Head weight | Frequency Flex Weight
(inch) (g) (2) (CPM) balance
Male 1
club 43 3 375.5 203.5 275 X 3 D4
Female 42 351.5 181.5 950 L 4 C 4
club
e— 450 mm —
N Ball
=omo | g AR L
® Rall
e Club head
50mm Amp +—Timer
- =] - - e .
Pnotoelectic

Send

ClubheadReceive

106



E3C-2 8

QS 701

Flex

AS-1000A

16mm

A.K K.O
R.1 T.K
A,T,I,F, A Address

T Top I Impact

107



Club hiead A ‘DF
F Laft o l _aRighl
Dewrn
Carpus
A
ol 1
Left acromiam @ ~ A A Address
| _;,| T Tap
1 A [: Impact
e le= F: Finsh
From start to top: 1.25=
From top to impact: 040
From start to finksh: 250
Velocity of clubdhesad: 41.54 m /s
Velocliy of ball: 55,50 mB

Kotational degree of clubhead: 674,67

Subj. A.K

K.O T.K

108

Upper

Club Read %
Lafl % Frigh
Do M
Carpus
| &
A
. Fomy
Lalh agmemicn TH'I:"}.- A Address
F T: Tap
-l I: Impact
Yertex & F: Finizh
Fram start to top: 1235
From top to impact: 4l s
From start te finish: 257s
Velocity of clubbead; I5.55ms
Velority of ball: 1817 m's

REatational degree of clubhead: §801.4°

Subj. K.0



Lisspemir
Clun Fesd 5 N
L Ll f=————2Fight
- h ?
Oown
Carpus |
A
- . I
Lefl agremian a’:‘ &
T A Address
. ?S T: Top
Veriex 1- [: Imnpect
i F: Finish
From start to tap: 1.354
From top to impect: 0.5%s
From start to fimish: DR
Velacity ol clubhead: 11T m/s
Yelocity of hall: 48.54 m/s

Botational degree of clubhead: 67297

Subj. R.1

A.K  41.5m/s K.O

35.5m/s

Vg e
Clun haad I3 f‘

= Li"1-l.—|—.l Righ

Lol
TawWe
Carpus
A
0 o
’ Eya i
Leki & rocmion T.ﬂ
| "' Az Muddress
' T: Top
Wertay B
L I lmpact
[ F: Finlzh
Fram start to top; .54 8
From to b0 impact: LEN ST
From start to fnish: Lixs
Veloeity of clubleand: E.TEm's
Velocity of ball: 3497 mis

Rotatienal degree of clubbesd: GRL5

Subj. T.K

R.1 33.1m/s T.K

109



33.7m/s

38.1m/s

K.O

-K

R.

48.5m/s

T.K

110

A.K

34.9m/s

T.

55.5m/s K.O
A_K
K.O
A.
R
A_K K.O
R.1

K

K



A.K K.O R.1

T.K
A.K
1.3 1.4
1980
1.07
1980

.Toskei 1978

111

K.O

1.

03

-K

T.

K



A.K

A.K K.1

Horgan 1957

A.K K.O
T.K

R.1 1984

A.K K.O T.K
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A.K K.O

1977

1981 1984

1981

113



16mm

K.O

114

A.

-K

K

A.

K



K.O

T.

K

T.

K

1984

K.O

115

T.

T.

K

A.

1985

K

K

A.K

A.K K.O

K.O



1984

1984
50 1981
Whiting 1969
1984 16mm
( , 1971; , 1980; s
1984) Daish 1972
2-3cm Jorgensen

1999
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1996
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Standing| Body Swing
Subj. Sex Age | height |weight |Career | HDCP style
(yrs.) | (em) | (kg) | (yrs)

WD (m) | 21 177.2 | 65.1 8 7 right

N.K (m) 22 171.2 | 59.1 6 0 right

KY (m) 20 173.6 66.6 3 2 right

Mean 21.0 174.0 63.6 5.6 3.0

SD 0.8 2.5 3.2 2.0 2.9

K.I €3) 19 158.7 | 65.5 8 5 right

KA €3) 20 158.1 | 54.6 8 11 right

S.A ) 20 160.2 | 60.0 4 10 right

Mean 19.6 159.0 | 60.0 6.6 8.6

SD 0.4 0.9 4.4 1. 2.6
Club Length | Weight | Head .Frclluen::,'! Weight = Head Shaft

" (inch) (g) |weight(g)| (cpm) | balance  Material | Muaterial
Male 13.5 375.0 | 20 276 D4 Persi Steel
Club 13.5 ST0. - 205, 5 I T ersimmon,  Steel

— | : | - . |
Clap | 42.0 mmui 181.0 | 257 C4  |Persimmon| Steel
Horizontal
Vertical
KFC-5-C1-11L51
DPM-H 5L4

ms EC3

118



+ (Horizontal)

Head .
5 Shaft Grip
T i

\

N Strain gauge

f @I (Vertical)

{ JIIT 4]'_—_—__—
1105mm (Male) ‘_3OQmm—->
1067mm (Female)

EC3
16mm E10 Nac
300FPS 100Hz
Horizontal Vertical
FFT 7T07S
110

10

119



) Horizontal Vertical Maxmal head
Subi - sex|" o) | Tilst | Vikaw) | Tols} | speed (m/s)
W.D () 0.36 012 0.53 0.26 447
BLE (i 0.53 0.08 073 0.23 456
K.Y (m) 0.55 111 .66 0.17 447
Mearn 048 0o 0,64 0.22 45.0
S0 0.0 Q.02 010 0.05 0.5
K .1{f) .38 0.0 .98 016 465
KA F) 0.a7 0o 0.55 0.26 b |
A (R 061 0.09 0.50 0.14 38.6
Mean 052 0o 0.68 0.19 57
S0 0.1z 0.01° 0.26 0.06 34

0.0047 0.01
1 2 kgw
\" 10
H
\"
Tl T2
H 0.48+ 0.10kgw
0.52+ 0.12kgw H
0.08 0.11

0.08 0.12
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Subj.W.D{male)

)

? impact T

NS :\t\/ |

Subj.N.K(male) /\ /\\/\

Z v,

? .

Subi.K.¥Y{male)

Subj.K.!{femala)

A e

T
H
Subi.K.A{female) *
\/ T —
H ,
¥
Subj.S.A(female)
\\'-—/ :l'l T . Cal
tkgw
= 5 L t
-1.0 -0.5 0 0.8 1.0
Time(s)
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w Impach

Subj W .Dimala)

Swubj.M.Kimalal

e,

s

Sub|. K. Y{mmalal

- f t—— -
-___-"\_\/t' :, V

Sub|l.E. l{foemale)

-_-—

Susi.K Alle=alal

_‘\"-w.__..r"" 'Il'r )
W
Subj. 3. Afemalal A
. .
""l\.__,.-r'" T.h Cal
T o= qigw
=1,0 -0.5 a 0.5 1.0
Timols)
vV :
T,

122
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LK

1, 10 ;
N N (N . - BN I A N N -3 A A
05 03 i
A /
. o J{.-*"IIr - v o] ( \ LL,
A0 05 {Dkf" 05 10 T 0% o ] 10
L
&5 -05h
- i~ Dttt -1.04 i
- (ke gad - (lgwd
Subj. K_Y .
1.0f

10 ﬂ%ﬁh E&f ] 14
05t
1.4

-V (e goad

:Address :Top Impact
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Subj. K]

+y

11K

Subi. KA

4

1.0p

':' i i i “n [N
ET ,I o3 | 10 e 45 | o E; Tal
. ; ]
G 5 . -7

T.L - . a5

-1.0 | 1.0

-V Chgwd = (hgw

Subj 54 oy
;1&
I
.; m"@‘ﬁ/‘” "
|
0 ;
“HS 5 o /E 7]

o
s
| |
| 1.0

v e

:Address :Top :Impact
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W.D,N.K, K.Y

K.1, K.A, S.A 0.09 0.10
K.A
0.16
vV
0.64+ 0.10kgw 0.68+ 0.26kgw
S.A
W.D,
K.Y
vV
H

K.1, K.A, S.A,

125



K.A

S.A

W.D, N.K, K.Y

0.17 0.26
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45.0m/s

K.1, K.A, S.A

36.7m/s

1980

1986

127



14

74

N.K, K.Y, K.1, K.A
K.A

S.A

128

2 2 21

W.D,
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130



1989
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Magneusson 1998

36 180
.Heath 1990 ,
,Bale
1986
,endomorphic mesomorph ectomorphic mesomorph
,Heath-Cartar 1990 ,

132



63 PR

11 CO 24
AM 13 RE 15
CG 45
SC 20 128
PR 40.1+ 9.6
23.0+ 7.8 co
19.9+ 0.8
6.9+ 2.2
AM
55.8+ 11.7
17.7+ 8.8 -RE 19.7+£ 1.0 1.6
+1.1
CG 45 , 19.2+ 0.5
SC
44 .7+ 3.6
Heath-Carter 1990
10
10g/mm?
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%fat

%fat 4_.570/D 4.142 x 100

D 1.0913 0.00116 mm
Fat mass FM

FM kg kg x %fat/100
Fat free mass FFM

FFM kg kg FM kg
Body mass index BMI

BMI kg 7/ m ?

0.7182 0.1451
endomorphy
0.0000014 3

0.00068 2

endomorphy 170.18cm

x 170.18/ (cm)

[0.858x 0.601x

mesomorphy
+0.188 x

+0.161x -
x 0.131 +4.50

x 0.732 28.58
ectomorphy

HWR /3 HWR  40.75 38.25

134

/10
/10 -

ectomorphy

mm



HWRx 0.463-17.63

ectomorphy endomorphy
2 mesomorphy endomorphy ectomorphy

Somatotype attitudinal mean SAM

SAM = > SAD, /n

i=1

Somatotype attitudinal distance SAD

SAD A, B= 0, —1a )7+ (11, =Ng ) + (L, =127 ]

endomorphic mesomorphic ectomorphic

somatotype somatotype

ANOVA

Tukey

SC
RE CG PR

PR AM CG SC

135
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CO AM,CG,SC

CG  PR,CO SC

Heath-Carter 1990

PR 3.8-5.8-1.6 CO 4.7-5.6-2.2 RE 3.7-4.8-2.7

AM 3.3-4.4-2.6 endomorphic mesomorph SC 4.7-3.9-2.1

mesomorphic endomorph CG 3.8-4.3-3.3 central
e s morphny
.-'"'H iy
- Hﬁh
PR ’
.I_.-"'. | N,
CD -l.l'l u ' _..l'r - = -"\._ Cf_'l
RE _,. : = ’ - - 1"
£ S )
8C —F— e !
/ L R |
/ ~ ™ [
.-'"-. A -, |
Endomorphy e L - Ectomomby

PR: Professional golf player, CO: Collegiate golf player, AM: Amateur

golf player, RE: Collegiate recreational golf player, CG: Control, SC:
Senior control.
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PR ( )
-
L
L ® o
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g%
Eadameaplvy Eciareaphy
Co ( )
L]
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L
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AM ( )
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]
.
.
-» .
™
R
RE ( )
«
. L ..ﬂ.
e -”
"-.
L
CG ( )
.
[ ,.'1
. "“‘l
. oo
Puderap ’ T
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fat HWR FM FFM

BMI
PR AM
AM PR SC
Co RE CG
PR co AM  CG
SC PR AM CG
Cco
AM PR cCo CG
co AM  CG
SC PR CO AM
SC PR AM
RE
FFM PR AM
CG BMI PR CG
Co FFM BMI
CG SC FM
AM CG
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Heath-Carter 1990

endomorphy
AM endomorphy 23 71
SC endomorphy
co 5 endomorphy
mesomorphy PR co AM CG
PR CO
PR CO
mesomorphy
ectomorphy CG PR,CO,SC
CG
PR CO AM RE AM

RE endomorphic mesomorph SC mesomorphic endomorph CG

Central
endomorphy ectomorphy
mesomorphy PR co
mesomorphy AM CG SC

endomorphic mesomorph
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Kline,1988 PR Co

AM RE

PR co mesomorphy

Heath 1990 9

endomorphic mesomorph

4.1-5.0-2.3 Bale 1986

ectomorphic mesomorphy 2.0-4.5-3.4

PR 3.8-5.8-1.6 Co

4.7-5.6-2.2 ,AM 3.3-4.4-2.6 RE 3.7-4.8-2.7

endomorphic mesomorph Heath

1990 Bale 1986

mesomorphy Bale(1986)

mesomorphy
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1994

PGA Teaching manual

SC FM

AM

1990

PR Cco

Hammel
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AM

1948

CG

FM

AM

SC



CG

AM

FM

SC
SC

Carlsoo 1967

Haapasalo

PR

2000

Co

PR

AM

PR

AM

CG

Co

co

CG
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co

Co

PR CO

AM CG
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mesomorphy

(PR) (AM)
(Co) (RE)

PR 3.8-5.8-1.6 CO 4.7-5.6-2.2 RE 3.7-4.8-2.7

AM 3.3-4.4-2.6 endomorphic
mesomorph ( ) SC 4.7-3.9-2.1
mesomorphic endomorph ( ) CG

3.8-4.3-3.3 central

CO RE PR AM 172.6
166.7 CG SC
PR 71.9% 4.8 CO 70.3%x 11.7
RE 64.5+ 7.5 AM 60.5+ 5.1
PR AM CO CG,SC
<0.001
AM SC P
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0.05 FFM BMI PR CG
(P<0.001) FM SC AM  CG

P 0.05 0.01

1976

1994; 1999
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57

PR 14 34.4 AM 11

49.9 co 13 20.1
HG 15 16.5 JH

13.8 PR
AM
AM
49.9+ 11.3 13.1+ 8.6 Co HG
JH
CN 30 19.3
JLPGA

1999
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Sheldon 1940 1970
Tanner 1964

Heath-Carter 1990

Heath-Carter 1990

1978 (y 100x log,, X-18 )

CN t

156.3 163.5cm
PR AM CN

PR P<0.01 HG P<0.05

49.6 59.7kg PR
AM CN PR P<0.01
CO P<0.05 HG P<0.01
PR

AM
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18 44
45 36.8
152.0
172.0cm 50.0 80.0Kkg
1999
r = 0.602
r =0.543 1978
20 25 Cco 19.8
JH 25.4 CN JH
P<0.01
184 210 205 220 198 211
AM JH
Female golf plaver {MN=45) Famale tour professional
il golf playar [N =44)
| y=068: 5223 W =0.722-57.59
EEU: fP=10.362 = A R*=0295 o
27 70} o o o
g 60/ 2 ﬁni -
Eﬁ”l Ej{] E & auﬂ- ¢
JUL - 40
11| S : . : Wl : . . —
140 L5 160 170 130 141) L5t 166} 17 180

Starding height  (om)
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14

12

10

0
Ectomorphy
Mesomorphy
Endomor phy

I I Endomorphy &3 Mesomorphy £3Ectomorphy ]

PR: Professional golf player, AM: Amateur golf player,
CO: Collegiate golf player, HG: High school student golf
player, JH: Junior high school student golf player, CN:
Control

Mesomorphy

PR ——
co

AM

HG

CN

Endomarphy Ectormorphy

PR: Professional golf player, AM: Amateur golf player, CO:
Collegiate golf player, HG: High school student golf player, JH:
Junior high school student golf player, CN: Control
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somatotype endomorphy

mesomorphy ectomorphy
JH HG AM CO
PR 6.0 4.8
CN 7.0 P<0.05 P<0.01
3.0 4.7 1.8 3.0
CN PR
P<0.01 JH P<0.05
PR 4.8-4.7-2.1 CO 5.0-4.7-1.8
somatochart
CO PR
HG AM
JH
CN
AM
co PR

Heath-Carter 1990

13 category 10
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18
mesomorphic endomorph 11 61
endomorphic mesomorph 1V 16 CN
mesomorphic endomorph 11

ectomorphic endomorph XI1 balanced endomorph

CN

AM
50
1994 AM
cm

CN

152.0
172.0cm 50.0 80.0kg 1
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Mesamonphy

Endomarphy Ectomarphy

PR ( )

Mezomonphy

Marzmorphy

Eredamorphy Enbamonsy

Co ( )
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Mesomorphy

Endomwrpiny

HG (

Musomoaphy

Erdamarnphy Extnmarphy

JH ( )

i sasiminrphiy
L
L
® . o
L]
L
Endomomhy — Ectomorphy

156



Komiya 1992
30
30
15
13
16 24 20
5.6
221 229
205 211
Tanner 1964; Sheldon 1970
Pardee
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25

CN 26.3

1998

1998

19.8 22.4

CN

1978

1992

PR

1988; Heath-Carter

,JH 25.4%+

CN



X
I (7% (2%)

n
(165%)
I
(015
Golfer (18 yrs. & over) Control
Categaries: | @ Balaroed endamornh Categorles: [ : Balaneed sndamarph
il]: mlmgdc Eﬁumm:‘:'- [ :Mesconerphic emdcenoeph
: maarph — ergloenoeps -
[V Erafianoeuhic me all 1'L'-I!| X I : Ectomeephic sndamarph
W Balanced, mesomostph
X [[: Ectomarpbde erelomcemh
X [E: Cenrral
10 18
1990; Leake 1991; Gualdi 1993

1990; Komiya 1992;
1998
4.8 6.0
1998
2.8 5.0

1998

Carter 1971

4.1-4.0-2.7
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4.9-4.6-2.1

PR
JH PR
1998
1990
JH
endomorphy ectomorphy mesomorphy
mesomorphic endomorphy I1
mesomorphy ectomorphy endomorphy
endomorphic mesomorph IV 5

1998 13

mesomorph-endomorph 111 mesomorphic

endomorph 11

1998
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57 (PR)
(AM) (CO)
(HG) (JH)
Martin 1957 Heath-Carter 1990

156.3 163.5cm 49 6 59.7kg
AM
PR
20 25 Co
JH
184 210 205 220 198

211 CN JH
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Co

3700

3.0 4.7 1.8 3.0
PR
mesomorphic endomorph

endomorphic mesomorph

1500

1989

1997A; 1999A

161

4.8 6.0

1000

1989;



1993;

1991 ,

1996

Caroline

1994

(1993)

1998

Batt 1993

Nicholas

162

1998

(1984)

McCarroll



1998 1999
(PR)
(CO) (HG)
10 473
(MPR) 41
37.3+ 8.6
+ 10.4 92
1998
AM 13.6+ 10.6
48.7+ 11.7 81
co

473

163

M,F
(AM)
JH)
(FPR)51 37.5
(MPR)
5.5+ 5.0
NGF
189
45.7+ 12.6



MCO 19.9+ 1.1 28 FCO

20.3+ 1.5 20 48
HG
MHG 16.1+ 0.5 24
FHG 16.5+ 0.6 20 44 HG
JH MIH 15 13.8+ 1.1 FJH
13.7+ 0.5 JH
PR MPR 28 (68 ) FPR 37 (72 )
AM MAM 124 (65 ) FAM 37
45 ) co MCO 16 55 FCO
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MPR O Non-Injury

FPR W Injury

MAM h

FAV . —

MCO . p——

Feo #

MRG _

FHG h

MIH

FOH | |

0 20 40 60 80 100 (%)
1

M, FPR: Male, Female professional golf player, M, FAM: Male, Female
Hate. Fonals high schodl student oIt player. No FoN:Mate" Fenale junior

high school student golf player.

Ti 1EN
= - Leg )
-2 = 2%
£% Upper &rm
Farmarm ™
an Tae
Anila Lumbar M Lumbar
4% I
3 ! Wirigt 3% 1
Wrist | ™ I
% |
Bk _.I F _.I
8% , nger
K Shouder % HFIE.-:
F-r:u-.r B% | Ehbow 4% ERow |op o ider
- 1% Back il a4
T%
N 177 N 97
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11 55 HG MHG 7
29 FHG 12 JH
MJIH 2 13
32 8
31 11 9
L] Age Stawiling Fus pht Baidy wesght Carawr HDGOF Hanidad
Cyrm ) Lo i H fyre] Fapht Laft
v i Mawi & 50 Maan £+ 5D Mg + =0 Mews + B0 Mewn £+ 50 ikl L2,
WP 444 & Lk ) 1741 £ 33 3 - a4 285 = 101 H A
PR A x 08 1607 £ LE WD = A0 g = 64 - 100 o
Mak @s x I w3 X Lb 6z = 103 lad © W07 e = 100 L I
FAR 58 & 13 1983 £ &7 Dz d5 4 £ 45 238 = I8 5 4
T 133 £ 13 1731 £ G §81 = A4l B3 = 27 LT = 41 T u
Pl mna o+ 1 E 10 £ 54 MO+ -3 -4 & £ Il & an [ 12
HH] 180 = 07 1703 = LB 206 = 34l o= 14 - 100 o
FHx Al + OB KA £ 4B i = 40 38 + 18 - ] it
KLIH 119 = 13 164.1 &= EE T o= 5E CIURE TN | - 10D o
FJH 138 £ 07 19 X AF i0d = 34 i E 18 - 10 o
M, FPR: Male, Female professional golf player, M, FAM: Male, Female
amateur golf player, M, FCO: Male, Female collegiate golf player, M,

FHG: Male, Female high school student golf player, M, FJH: Male, Female
junior high school student golf player.
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57

42

280

19

40

28

473

PR
35
FPR(37
10
AM

15
Co

28

199

12

)
10

FAM(37

12

FCO

42 .

11

169

1

MPR(28
11 9
72
MAM 124
31

MCO
39

FPR

16
18

274 57.9
)
15 13
95
14

35

N 37

: Male, Female professional golf player



M, FAM: Male, Female amateur golf player

M, FCO: Male, Female collegiate golf player
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HG

31 23
12

14

1991

M, FHG: Male, Female high school student golf player

MHG24
15 15 FHG20
36 18 14
JH 19 MJH 15
FJH
19998
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57 68% 45 72

FJH 60%
32%
31% PR HG 19 40
M,FPR 35
M,FCO 39%  40%

1997B

172

Co

42%



1989
1989

20

1997

1989

PR

10 11 1994
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1984

Murray 1996

Jobe 1996

Adington 1996

30 50

Mallon 1995

174



JH

HG

175

FHG



F 473 (PR)
(AM) (C0) (HG)
(JH)
PR92 MPR41 28 (68 )
57 35 12
11 9 FPR 51
37 (72%) 72
42 10 10 8
AM270 MAM189
124 65 280 31
15 13 9 FAM81
37 45 95 19
15 12 9 8
C048 MC028 16 57
28 39 18 14 11 7
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HG44

14

JH19

35

MHG24

13

FC020

40

FHG

12

MJH15

FJH4

FHG20

28

31

36

(PR)
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(PR) (CO)
(RE) endomorphic

mesomorph

(PR)

(PR) (CO)
(AM) mesomorphic endomorph
endomorphic mesomorph

Heath- Carter 1990

(PR) endomorphic mesomorph
(PR) mesomorphic endomorph

mesomorphy

473

178



57.9%(274
177
11 8%
97

11 9 9%

179

)

32

14

31



180

1

.6



181
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endomorphic mesomorph

mesomorphic endomorph

183



184



185



Adington, G. S. (1996) Proper swing technique and biomechanics

of golf. Clinics in Sports Medicine, 15 (1), 9-26.

(1990) . Japan

Journal of Sports Sciences, 9 (11), 661-669.

(1983) 5
(1964) . ,
3-35.
(1997A) ( )- 7, 13, p-
25.
(1997B) ( , ). 7, 19,
p. 17.

Bale, P. (1986) The relationship of somatotype and body size
to strength in a group of men and woman sport science students.
In perspectives in Kkinanthropometry, ed. J. A. P. Day,

Champaign, I1llinois : Human Kinetics. 187-197.

Barrentine, S. W., Fleisig, H. J., Woolley, T. W. (1994) Ground

186



reaction forces and torques of professional and amature golfers.

Science and Golf , 33-39.

Batt, M. E. (1993) Golf injuries. An overview, Sports Medicine,

16 (1), 64-71.

Bechbache, R. R. (1977) The entrainment of breathing frequency

by exercise rhythm. J. physiol, 272. 553-561.

. . . , (1991)

-, 42 , p. 680.

Budney, D. R. (1979) Measuring grip pressure during the golf

swing. Research Quarterly, 50, 2, 272-277.

Budney, D. R., Bellow, D. J. (1979) Kinetic analysis of a golf

swing. Research Quarterly, 50, 2, 171-179.

Carlsoo, S. (1967) A kinetic analysis of the golf swing. J.

Sports Med, 7, 76-82.

Campbell, K. R., Reid, R. E. (1985) The application of optimal
control theory to simplified models of complex human motions :

The golf swing. In : Biomechanics -B, Winter, D. A., et al.

187



(Eds.), Human Kinetics Pub., Illinois, 527-532

Caroline, F., Cheyne, S., Trefor, J. (1998) The epidemiology
of golf in Victoria, Austraia. Evidence from sports medicine
clinics and emergency department presentations. Science and

Golf , (3-82.

Carter, J. E. L. (1971) Somatotypes characteristics of champion

athletes. In Anthropological Congress dedicated to Ales

Hrdlika, ed. V. V. Novotny, Czechoslovak Academy of Sciences.

Prague : Academia. 242-252.

(1976)

, 16 , 116-127.

Cochlan, A., Stobbs, J. (1969) How muscles work in golf. The

search for the perfect swing. The booklegger, Calif.

Cottrell, E. B. (1990) . NGF

Daish (1972) The physics of ball games. The English

Universities Press Ltd. ( : (1978)

)

188



Dawkins, G. E. (1978) Key to golf swing. (
: (1980) - ).

Fleming, D. G., Bowman, G. H. (1965) Studies of the visual
tracking system including the dynamics of the free head. Digest

of the Intern. Conf. M. E. & B. E., 305-306.

. (1984)

, 29, 3, 251-261.

(1977)

(1953)

(1981)

Gualdi, R. E., Graziani, 1. (1993) Anthropometric somatotype
of Italian sport participants. J. Sports Med. Phys. Fitness,

33, 282-291.

Haapasalo, H., Kontulainen, S., Sievanen, H., Kannus, P.,
Jarvinen, M., Vuori, I. (2000) Exercise induced bone gain is
due to enlargement in bone size without a change in volumetric
bone density: a peripheral quantitative computed tomography

study of the upper arms of male tennis players, Bone; 27,

189



351-357.

(1993) ] 6

, p- 36.

Hammel, S. A. T. (1948) Action current study of contraction
movement relationships in golf stroke. Research Quarterly, 19,

164-177.

(1984) . , Vol. 1,

No. 5, 524-527.

(1996)

Heath, B. H., Carter, E. L. (1990) Somatotyping Development and

Applications. Cambridge University Press, Cambridge.

. (1987)

Horgan, B. (1957) Five lessons of the mordern fundamental of
golf. ( - (1975)
).

; (1978) 112 54

190



. 53 (3)

238-247.

, (1970) . , Vol. 1, p.
156.

(1989) ; , Vol.
No. 2, 55-64.

, , , (1997)

, Vol. 10, No. 2, 36-43.

(1999)

Vol. 12, No. 3, 56-62.

(1997) (F-SCAN)

11, 4-9.

(1976) . , Vol. 7, 430-435.

, , (1994)
45 , p. 93.

191



, , s (1992)
“ * . The World Golf Forum” 92, Vol. 3,

proceeding (2), 54-56.

(1976)

(1989)

, Vol. 3, No. 1, 63-67.
s (1999)
, Vol. 12, No. 3,

43-51.

Jobe, F. W., Pink, M. N. (1996) Shoulder pain in golf. Clinics

in Sports Medicine, 15 (1), 55-63.

Jones, B. (1969) The basic golf swing. ( : (1973)

).

Jorgensen, T. P. (1999) The physics of golf 2" ed. Springer

Verlag New York, Inc.

Jorgensen, T. P. (1970) On the dynamics of the swing of a golf

club. Am. J. Physics, 38 (5), 644-651.

192



(1990)

, Vol. 3, No.
2, 1-4
(1999A)
(Nicklaus JK). 2, 4, p. 24.
(1999B) (

). 2, 13, p. 15.

Karpovich, P. V., Sinning, W. E. (1975) Physiology of muscular

activity. W. B. Saunders Company. ( : (1976)

: )

(1999) . , 12 (3),
63-71.

, (1984) . 34

, p377.
’ ; (1992)
, 1, 17-31.
(1973)

193



(1980)

(1981)
36 , p- 95.
(1985) . Golf classic, 1,
129-131.
(1986)
8 , 158-161.
, (1986)
, 9, 177-185.
(1987)
, Vol. 37, No. 10, 772-778.
(1992)

Japan Journal of Sports Sciences, Vol. 11, No. 9, 524-535.

(1994)

(1997)
10 , p. 20.

194



Kay, D. S. (1975) Breathing in man during steady stat exercise
on the bicycle at two pedalling frequencies, and during

treadmill walking. J. phsiol, 21, 645-656.

(1991) . Japan Journal Sports

Science, 10-12, 808-813.

. . (1991)

301-324.

Kline, CV. (1988) Exercise fitness for golf. National Golf

Foundation: Golf Liaison, Inc.

Komiya, S., Muraoka, Y., Zhang, F. S., Masuda, T. (1992) Age
related change in body fat distribution in middle-aged and

elderly Japanese. J. Anthrop. Soc. Nippon. 100, 161-169.

Koenig, G. Grimshaw, P. N., Ashford, R. L. (1994) The

biomechanics of shoe-ground interation in golf. Science and

Golf , 40-45.

(1998)

Leake, C. N., Carter, J. E. L. (1991) Comparison of body

195



composition and somatotype of trained female triathletes. J

Sports Sci, 9, 125-135.

Magneusson, G. (1998) Golf: Exercise for fitness and health.
In Farrally M. R. Cochran A. J. editors. Proceedings of the
World Scientific Congress of Golf. Champaign: Science and

Golf , 51-57.

Mallon, W. J. Colosimo, A. T. (1995) Acromiocla vicular joint
injury in competitive golfers. Journal of the Southern

Orthopaedic Assosiation, 4(4), 277-282.

Martin, R., Saller, K. (1957) Lehrbuch der Anthropologie. Bd.

I, 3. Aufl., G. Fisher, Jena.

(1984)
. (1965) D).
, 4, 42-46.
. (1971) ).
, 21, 1-27.
(1958)

196



(1985) . Japanese Journal of. Sports

Sciences, 4 (6), P. 408.

McCarroll, Jr (1996) The frequency of golf injuries. Clinics

in Sports Medicine, 15(1), 1-7.

Milburn, P. D. (1982) Summation of segmental velocities in the

golf swing. Medicine and Science in Sports and Exercise, Vol.

14, 60-64.

, , (1984)

. Japan Journal of. Sports Sciences, 3 (3), 221-227.

(1994) 5

Murray, P. M., Cooney, W. P. (1996) Golf induced injuries of

the wrist. Clinics in Sports Medicine, 15(1), 85-109.

. (1967)
, 18 (1), 67-83.

Nagao, N., Sawada, Y. (1977) A kinematic analysis of the golf
swing by means of fast motion picture in connection with wrist

action. J. Sports Med. Fit., 17, 413-419.

197



. , . (1996)

, No. 96, 20, 193-197.

Neal, R. J., Wilson, B. D. (1985) 3D Kinematics and Kinetics

of the Golf Swing. International Journal of Sport Biomechanics,

Vol. 1, 3, 221-232.

Nicholas, M. J. Nielsen A, R. P. Knill Jones R. P. (1998) Golf

injuries Scotland. Science and Golf , 65-72.

Nicklaus, J. W. (1969) Play better golf, ( : (1980)
-)

(1999) JLPGA Member Guide.

. . (1986)
37 . p. 771.
(1981) .
(1982)
(1984)

198



» 3, 209-220.

Pardee, S., Eisennan, P. A. (1988) The influence of resistive
exercise on somatotype and selected skinfolds in college women.

J Sports Med, 28, 93-98.

PGA Teaching manual. (1990) The art and science of golf
instruction. published by PGA America. Palm Beach Gardens, FL,

U. S. A., 308-327.

Richards, J., Farrell, M., Kent, J., Kraft, R. (1985) Weight
transfer patterns during the golf swing. Research Quarterly,

56, 4, 361-365.

. . , (1989)

, Vol. 6, No. 3, 329-333.

: (1992)

Japan Journal of Sports Sciences, 11 (8), 479-485.

Sheldon, W. (1940) The Varieties of Human Physique. Harper

Brothers Publishers, New York.

Sheldon, W. (1970) Atlas of Men. Hafner Publishing Co., Darien,

Conn.

199



(1974)

(1988)
, , , . (1967)
) . , 11 ,5 , p. 97.
(1989)
, Vol. 3, 1, 1-4
. (1990)
, Vol. 39, p. 602.
, (1991)
. JOA , Vol. 9, p. 89-96.

Shudel, H. (1934) A study of the respiration of golfers during

the drive and the putt. Research Quarterly, Vol. 5. p. 62.

Snead, S. (1972) Sam Snead on golf. ( : (1972)

(1981)

(1980)

200



(1990)

Vol. 3, 2, 82-93.

(1983) -

165-172.

(1993)

, Vol. 12, 233-235.

Tanner, J. M. (1964) The Physique of the Olympic Athlete. George

Allen and Unwin, London.

. (1984)

7 , 142-146.

(1989) . , Vol. 3, No.1.
44-48.

Toskei, B. (1978) Jim Flick: How to become complete golfer. (
: (1978) ; )

201



Vaughan, C. L. (1981) A three dimensional analysis of the forces
and torques applied by a golfer during the downswing. In A.

Morecki, K. Fidelus,

Wallence, E. S., Graham, D., Bleakley, E. W. (1990) Foot to
ground pressure patterns during the golf drive: a case study

involving a low handicap player. Science and Golf , 25-29.

Wallence, E. S., Grimsaw, P. N., Ashford, R. L. (1994) Discrete
pressure prefiles of the feet and weight transfer patterns

during the golf swing. Science and Golf , 26-32.

. (1998)

, 2, 73-84.

: . : : (1994)
, Vol. 11,

No. 2.

Whiting T. A. (1969) Acquiring ball skill. Bell & Sons. Ltd.

( , , : (1978)

Williams, D. (1983) The dynamics of the golf swing, Q. J. Mech.

Appl. Math., 20, 247-255.

202



Williams K. R., Cavanagh P. R. (1983) The mechanics of foot
action during the golf swing and implications for shoe design.
Medicine and Science in Sports and Exercise, Vol. 15, No. 3.

247-255.

203



(1987)

,Vol. 1. 34-40.

(1989) ] , 1-231.

Kazuaki Kawashima (1992) Kinematic analysis of body

motion during the golf swing. 7he world Golf Forum’ 92.

21-23.

(1994)

, Vol.12, 109-112.

Kazuaki Kawashima (1997) Analysis of the golf slope

shot by ground reaction. Proceeding of the 15
International Symposium on Biomechanics iIn Sports,

495-499.

Kazuaki Kawashima (1998) A Kinematic analysis of foot

force exerted on the soles during the golf swing among
skilled and unskilled golfers. SCIENCE AND GOLF )

40-45.

204



(1999)

14 , 406-410.

Kazuaki Kawashima (2000) The biomechanics study of big

toes in the golf swing, Proceedings of
International Symposium on Biomechanics in Sports,

264-267.

. , (2000)

, 45-46.

. (2001) Sport Biomechanics.

, 1-31. 41-110.

(1989)

, Vol. 2, 28-32.

205



Kazuaki Kawashima, Akira Nagata (1989) Gripping force

and acceleration waves during the golf swing. /.5.5.

Proceeding, 57-58.

) (1993)
, 1-73.
(1997)
. , 335-339._
1
(1991)

, Vol. 4. 9-14.

Kazuaki Kawashima (1994) A biomechanical analysis of

the respiratory pattern during the golf swing. Science

and Golf , 46-49._

(1994)

, Vol. 10, 19-24.

Kazuaki Kawashima (1995) Biomechanics analysis of

electro oculo graph during the golf swing. 13" Congress

of 158, 462-463.

206



(1985)

(1987)

(1987)

(1990)

(1990)

(1992)

(1993)

, Vol_. 9,

Vol.

, Vol.

19-24.

207

21, 71-78.
"86, 158-161.
, Vol. 8, 318-322.
, 131-134.
3, 22-26.
, Vol. 5, 7-10.



, , , (1999)

,Vol. 12, 68-82.

. , (2000)

, Vol. 13, No. 1, 28-35.

Kazuaki Kawashima, Kiyotada Kato, Masami Miyazaki

(2002) Body size and somatotype characteristics of male

golfer in Japan. The Journal of Sports MWedicine and

Physical Fitness, (42)

(2003)

2003 ( )

208



37 , , Nov. 1986 (

37 , 772, 1986)

s , May 1988 (

, 24-25, 1988)

Kazuaki Kawashima

Biomechanics analysis of weight transfer during the

golf swing

Asian Sport Sciences Congress, Hiroshima’ 94, Sep.

1994 (Abstract, 115, 1994)

8 , , Jun. 1995 (

8 , 50, 1995)

209



Kazuaki Kawashima

Kinematic Analysis of foot force during the golf swing
16" [International Symposium Biomechanics in Sports,

ISBS, Japan, Aug. 1997 (Abstract, 363, 1997)

1 , , Sep. 1988 (

1 , 19, 1988)

Kazuaki Kawashima

Gripping forces and acceleration waves during the golf
swing
12 International Congress of Biomechanics, USA, Jun.

1989 (Abstract, 20, 1989)

4 : , Sep. 1991 (

4 , 8, 1991)

210



9 ) , Sep. 1996 (

9 , 28, 1996)
13 , , Nov. 1996
( 13 , 60, 1996)
41 . , Oct. 1990 (
41 , 349, 1990)
3 : , Dec. 1990 (
3 , 22, 1990)
48 , , Sep. 1993 (
48 , 143, 1993)

211



6 ) , Oct. 1993 (

6 , 30, 1993)

Kazuaki Kawashima

Analysis of the respiratory pattern during the golf
swing
World Science Congress of Golf, Scotland, Jul. 1994

(Abstract, 15, 1994)

35 . , Oct. 1984 (
35 , 421, 1984)
36 ) , Oct. 1985 (
36 , 393, 1985)

212



8 , , May 1986 (

8 , 82, 1986)
38 , , Sep. 1987 (
38 , 657, 1987)
« 4 )
39 . , Oct. 1988 (
39 , 410, 1988)
43 . , Oct. 1988 (
43 , 387, 1988)

Kazuaki Kawashima

Comparative study of shaft bending patterns induced by
golf swing in top Japanese colledge’'s players
First World Scientific Congress of Golf, England, Jul.

1990 (Abstract, 74, 1990)

213



Kazuaki Kawashima

Comparative analysis with strain waves of the steel and
cabon graphitic shaft in golf swing
Second 10C World Congress, Spain, Oct. 1991 (Abstract,

181, 1991)

]

Kazuaki Kawashima, Masami Miyazaki, Kiyotada Kato

A survey of golf injuries in Japanese male golfers.
World Scientific Congress of Golf, England, Jul. 2002

(Abstract, 12, 2002)

Kazuaki Kawashima, Masami Miyazaki, Kiyotada Kato

A survey of golf injuries in Japanese female golfers.
2002 Busan Asian Games Sports Science Congress, Korea,

Sep. 2002 (Abstract, 157, 2002)

Kazuaki Kawashima, Masami Miyazaki, Kiyotada Kato

A survey of golf injuries in Japanese student golfers.
2003 Daegu Universiade Conference, Korea, Aug. 2003

(Proceedings 11, 765, 2003)

214



NGF

241



242



	Studies on Movement Analysis of Golf Swing
	川島一明
	
	
	
	
	Kawashima, Kazuaki





	目　次
	はじめに１
	第１節　本研究の目的１
	第２節　本論文の構成３

	スイング中の足の動作解析６
	第１節　はじめに６
	第２節　足圧中心移動軌跡からみたスイングの検討７

	スイング中の手・指の動作解析３８
	第１節　はじめに１０３
	第２節　スイングにおけるクラブと身体の動作について１０４
	第３節　スイングにおける男女のクラブシャフトの撓みとスイングパターンについて１１５

	ゴルフプレーヤーの身体特性とスポーツ障害についての検討１３１
	
	スイングの足の動作解析


	引用文献１８６
	関連論文・著書，関連口頭発表２０４
	研究業績２１５
	謝辞２４１
	Kazuaki Kawashima (1995) Biomechanics analysis of electro oculo graph during the golf swing. 13th Congress of ISB, 462-463.
	Kazuaki Kawashima (1995) Biomechanics analysis of electro oculo graph during the golf swing. 13th Congress of ISB, 462-463.
	Kazuaki Kawashima
	Kazuaki Kawashima





