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The Sport Biomechanical Analysis of
Three-Dimensional Movements and Foot Plantar

Pressure during Golf Drive Swing

Kim, So-Yoon

Department of Physical Education
The Graduate School
Pukyoung National University
Directed by Professor Yong Jae Kim Ph.D.

Abstract

The purpose of this study was to research the most effective sport
biomechanical movements when golf drive swing;, six infrared rays
cameras were used to analyze the sport biomechanical factors of skilled
and unskilled golfers considering the gender difference and the Pedar-X
system was used to analyze the foot plantar pressure. The subjects
were five men and five women, respectively, who were five skilled and
five unskilled golfers, hence twenty in total. Data processing such as
calculating Mean (M) and Standard Deviation (SD) was performed by

using SPSS Ver. 23.0 program. Independent ft-test was done for
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statistical processing to perform the movement analysis based on the
skilled and the unskilled, gender difference, phase comparison as well as

the difference in foot plantar pressure. The results are as follows.

1) The phase-by-phase swing movement analysis of skilled and
unskilled golfers

Knee bending and stretching when drive swinging is to minimize the
movements of lower body and maximize the swing of upper body in
order to make a strong coiling movement. Moreover, one must keep
bending the knee to minimize the movement so that the axis of rotation
1s fixed to prevent the sway phenomenon. In this way, the accuracy
and consistency can be improved. When back swinging, right knee
flexion would prevent the up-and-down sway and reduce the top ball
When having impact, left knee would straighten still without changing

the angle of the body so that the flying distance can be improved.

2) The phase-by-phase swing movement analysis according to
gender
Rotation is important when golf swinging. In order to advance the
rotation movement, it is desirable to rotate for the energy to flow from
the core of the body to the drunk, arm and club in this order to speed up
the body segment. Since women are physically less muscular but more
flexible than men, women can swing using the flexibility while men are
less capable of swinging due to the lack of flexibility. Therefore,
advancing the flying distance is possible if the women exercise weight

training to improve the muscles while the men exercise to increase the

= Vil -



flexibility.

3) The phase-by-phase maximum foot plantar pressure of
skilled and unskilled golfers

As a result of analysis, the maximum foot plantar pressure is optimal
when the right fore foot is on the ground at the moment of impact and
the weight is moved to the left foot right after the impact. Such
movement is considered to improve the stability, directivity and

accuracy of the impact.

4) The phase—-by-phase average foot plantar pressure according
to gender
The phase-by-phase average foot plantar pressure is higher for men
than women. In case of address, women have higher right foot plantar
pressure than men. This phenomenon causes the larger swing arc,
addressing in the state of the weight moved to slightly right to prevent
the reverse pivoting. Consequently, coaches should lead the female
golfers to perform back swing with the weight moved to right side
when addressing in order to prevent the reverse pivoting so that they

can upper blow swing.
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24 guh guEE A 9% A SRS U

2o gk W
-27.99+7.81°, v]L#HA} -2056+5.72°Z e ow EAH R o3 2}

o] 7} YERSTHp= .026).
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3) GeAel vEuAe] nyde] www Ea

ZuAol nsuAe) Seloln 29 A wpd FAED o] a Fw

9] zpol= <F 6> 7l

oo

E 6. SEASY vHigEAY] 1B 24 T4 Bl (unit : degree)
g W dHE Y+
T

4 R 9F EE dF LEEZ dF EH

<d 3534 38.01 11.01 28.68 13.90 -41 -90 -18.03

=+ A 2727 £27.04 2432 2361 +20.85 +14.84 1315 +11.87
R < 3077 3345 14.53 35.83 16.64 9.40 3.47 -11.01
|z 790 914 1018  £5.21 £6.60 £6.07 £10.67  £4.37
t-test 509 505 -422 -.936 -395 1936  -.819 -1.754

p 617 619 678 362 701 069 423 106

< 60l N9} o] AR} WHAR Y maholn 29 A nBA FA
Bae Fue golol N FAROR feld Aol pEhbA ek,

_21_



ZeAol Al Setoln 29 A uyd Ol - 9d 52 vlwe] g3

Sl Aol <E 7> Bk

3 7. sdAe visdze] vdd W - o T2 Bl (unit : degree)
=g REt FHE U4

2 4

t-test 1.439 109 1147 1.754 -587 435 -2.654 1933

_22_



o
Hi
)
23
oft
2

4) Aot BlsrEAte] E%

Zaxel MgEAe] Seloln A9 A BE 24 B3 FHe] Aoln

<E 8> Zrh

8 wEAed HEdAY 5 =24 T2 vl (unit : degree)
T o=~ LB dHE a4
= FEA 131241186 6.13+3.54 11.98+6.13 -13.06+10.36
M ow&da 18324577 6.07+7.69 10.74+2.43 -11.39+4.93
t-test -1.246 023 594 -.460
P 229 982 563 651

<E 8> At Zo] HEAe} vGEAe =ftolH A9 A BE FA

Barel ael Aol BAAOR 23 Aol7t LEhbA| ekgh.

_23_



5) “elxel Msdxe] F@del way £

@ Ao} u|Eate] =elolH A9 Al FHA FAl 32

=+
= <GEO>oF v FaAEe S5, A sz UEETL

£ 9. sEAS} HisEAY FHE =24 FF Bl (unit : degree)
o=~ LLES A dHE T4
T8

9% ogm Jdx oEx 9= o2& A% 02X

<™ 41550 7.15 1.02 84.46 3.78 32.59 97.83 51.13

2 +14.04 £11.99 2171 £1944 +13.01 +17.81 +17.87 +20.88
Hls 1710 2.80 -1041 7444 -1.02 24.02 88.51 62.52
W2 825 1242 £17.36 £32.77 1592 1721 +16.63 +19.08

t-test 311 795 1.302 831 739 1.094 1206 -1.272

p 760 437 209 417 469 288 243 219

<E 9ol Mgt Zo] @A u&UAY Saoln 29 A @ 2

E49] TAe] oo A BAGORE foF Aolzh LhehpA ergieh.

_24_



SaAsl wEuae] seholn A9 A Awd ] - oW 55w Aol

3 10. sEAS} HisdAke] dad W - o T2 Bl (unit : degree)
SEE ] 229 S 54
=
T am eEx A% ezx 9% oE& A% =%

=¥ 602 -1146 2535 248  -11.83 -1333 2352 2414
2 +10.80 1119 +16.64 +1621 £10.82 +535 +16.68 +14.75

=

Hls 1452 1462 -31.10 -915 1590 -2011 2774  -16.26
H|2 1213 +7.00 1827 1560 1158 +634  +20.1 +15.63

t-test 1.654 758 736 936 811 2.579 -511 -1.159

p 115 458 471 362 428 019 616 261

<E 10> A9 o] AR} HEARY] EfelH 24 Al ARA

i

Ul -9 T2 Fe Aol A AHAEA o2 AP o - A FF
ol s¥AL -13.33+5.35°, WS @A -20.1146.34° 2 UEFS oW, FA Ao

2 o3k Zol7k Sli= A= e THp= 019).

M

7) GAAe) HGAR Y Bgde] Ty B

ZaAe WaaAe) meholn A9 A Z@A #A Ege] Fwe] Aol
2oz Vet

o

= <G 11> 2 HaEe] 25+, AG)

_25_



3E 11 sdAs} Hisdate] 34 =4 2 vl (unit : degree)
T8 oz~ LB dHE a4
. Sk -40+4.37 -7.14%1.79 -11.93+5.68 -2.79+6.04
e H| <2t .02+5.96 -8.19+8.58 -7.44+7.90 -4.89+7.68
t-test -185 377 -1.457 680
P 855 714 162 505
< 11>olA ey ol HEaAe} HlsEAte] =gpolH A9 A Hdbd =4

=

salo] Stwie] Ajolo] A EAH o

= fol% o]l LhEtA

stk

SAbel HlsrAte] EgfolH g A Mg g W =i FEe wEe
TA AROlE <& 12> g HRA J 2l THe| SN0, A5
(=) 2o = YT
3E 12, sEAS} Hisdzke] we #e S8 =4 3 vl (unit : degree)

75 =g~ e A4 E U4
= FEA 240+437 7.51+5.79 10.26+5.35 -6.93+6.39
Bomsda 1524870 6.74+7.30 8.12+4.94 -3.63+6.99
t-test -286 261 929 -1.100
p 778 797 365 286
<G O12>o A9t Fo] At misEAbe] EftolH 29 Al W] #Hf F

W2y Bge] wWe) B AolA BARoE

$ 24Tt

&2

_26_

Folg Aol 7k A



(unit : degree)
T oj= ) 2 ) &t UHE Y+
= SEA 4141994 59.27+1155 -6.10+8.42 -38.86+9.24
M n&da 62041606 73.33+2094 52+13.37 -38.50+19.92
t-test -1.732 -1.859 -1.326 -.051
p 100 084 201 960

<E 13>A ¢ ol HuAe} uGHAe] seloln A9 A BE FIA

Fape] Twle] $a gpololx] BAM O folF Aol7h vhehbA kst

_27_



314 ST o] TE A de W) (unit : degree)
SRR L Eat il dHE yu4
T d&E EE dF QEF 9F EEZ 9F  QEX:
A 2.87 411 14.70 1.73 3.99 64 -6.54 -37.78
=+ 488 £5.056 +7.03 +6.76 576  £5.75 712 £12.87
kil e -1.36 2.83 9.46 1.21 -2.16 -4.28 -10.18 56.73
£322  £533 #479 £533 +445 4927  £4.66 £6.16
t-test 2.285 552 1.948 189 2.673 1.427 1.351 4.198
p 035 588 067 852 016 171 193 001
Z A oJEg A~ 2T BYHF~AHE dHE~I Y4
= A 1.083+.246 1.420+.252 2.244+.316
i o4 1.110+.156 1.523+.261 2.486+.372
t-test -.289 -.898 -1.567
14 773 381 135
N A=Y~y Yo~ YA E A E~I Y4
= 4 1.083+.246 3366+.046 8130+.173
Zl‘ o4 1.110+.156 4131+.139 9630+.147
t-test -.289 -1.642 -2.077
. 773 118 053
" olewimy  wemmeme  emeu olaluagE  wimEremE  gusmLA
— gy —oiy "y moiy
A T3t
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<E M>elA et o] A EE FAQde] WS gid i eH Aol
oA o=l A 9% W FAdL g4 287+4.8386° = LEMREAL,
-1.36+3.222 UERG O (p= 035),YdHENA A% W=
3.99+5.76°2 Eltal, oA -2162445°2 UERoH (p= 016), Y

Aol @A -37.78+1287°2 uhEbwka, H&H A

56.73:6.16°% YEt oM, SAA0R {3 Ao|rt 9le AR u
Hp= .001).

AAE oz FAdo] ool wlsl =efo]B 29 Faro] whE Aoz ek}

Ao wE =dholH 29 Al Wbk off - oyl A Y] Wsle] g 5

q eem wm

n-{o

WY g 2F zfole <3 16>¢F 2

315, S o o] dute W - o 22 e W3t (unit : degree)
S =t S LRS-y YHE Y+
T
Qb= | EZN SN O SRR B0 £ L5 2 LEF
73 1.73 5.71 -7.84 -6.37 6.54 -19.70 -4.38
w4

477 £517 689 474 636  £6.05 £6.09 £12.34
t-test 2473  1.007 225 1159  3.135 -.459 3.143 -533
p 024 327 825 261 006 652 006 601

<H 15>ol A9 o] Aol wE meholn A9 A ek ul - oW &
Ao Wale] g W S5 Ajolol A oj=efl oA 9% wuje

o] AL G 73+£237°, A -343+4.77°2 YES O H(p= .024),
dAEola 9% dwiet - gwe] AL WA -637:523, oA
1454£636°% UERETHp= 006). IUH A 9% wepek o) - 9o &
Ade A -19.70+10.83°, A4 -32.06+6.09°=Z UEIow, FAHo=

_29_



el whE wdd mefelH g Al & Al ggtel gk Wl A

= <% 16>3 2t

316, FAI A4 5 =4 & v (unit : degree)
=g R Eat i) dHE Iy 4
T
P& LEZLHUE BT AT KEE IF EZ

598  £855 +10.74 +1.094 +7.09 £8.66 401  £10.29

o 1625 2372 -2857 2938 -21.59 -30.00 -11.88 -28.78
g £6.71  £8.64 £9.29 +9.81 761 901 +4.73 +7.61

t-test 3116 1104 -2.219 052 -1.634  1.047 -.668 239

w2511 2797 -3854 2914 2697 2586 -1320  -27.81
_]
o

p .006 284 .040 .959 120 309 513 814
<HE 16> A9 o] Aue] uE arEd Zelo]H g Al o=y Ao
A o9z a2 FA E2x1e A —9511+598°, oA -16.25+6.71° 2 E A 2]
o7 F93k 2pol7F Vel o (p= 006), WAL Eo|A] A& T2 FA =
2o G -3854£10.74°, olA -2857£9.20°2 UEhton, EAFH o7 &

_SO_



(unit : degree)

SIS Y e 4]
T3
g opx & 2% 9% o=2% 9% o=x

30.93 18.32 8.18 527 -13.14
#2551  £2522  £2436 £2020 1477 £9.65 10.04

=

ki o 29.76  33.87 8.85 33.58 12.21 .80 -2.70 -15.89

A £13.68 21297  5.64 +3.94 +7.31 790 £12.99 £9.08
t-test 741 410 961 -.340 899 1.394 1.559 .641

p 468 686 349 738 381 180 136 529

<FE 17>l A e o] e mE fHd =dold
v A BAHOE §93 Ao)7t vEhbA ek,

_31_



Adel wE FHWd meheln 29 Al g - 97 FF vw duhi

<E 18>3 #Zrh

3% 18 G AF uHd W - 9 T2 vl (unit : degree)
SECES W 5 g SEE 4]
A=]
Y 9% ces as cesx a5 ce® 9% oo

b 4.84 214 2641 -2052 582 8.98 -24.36 4.29
g 549  £6.17 £8.23  £1053 459  +6.77 £6.14 +8.66

Hoo 3.80 8.49 23.24 1947 1213 1479  -25.75 -47
3

£6.71  +576 +4.58 £378 557  +5.06 +3.41 £3.73

t-test 381 -2.378 1.065 -.296 2761  -2.169 622 1.597

p 708 029 301 770 013 044 542 128
<E 18>ol Mo} 2ol Aue] wE Fww Zeon aq A 3@ Ul - 9
A B4 WE Ay olmdsed 9B% uwd - 93 BHe 94

2.14%6.17°, 1A 849:576°= EAA o o ol e THp-
029). SHEANA 4% a@d o - od FHES P -582#4.59°, A
—12.134557° 2 FAA LR Fo7 A7t e o (p= 013), 4HE 2
2z 33 O - 9d 53 g4 898+6.77°, 94X 14.79+5.06° % E A %
o2 Fo3gk zol7F e THp= .044).

_l
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4) 4l mE 5Fe =i

i)

2]

Aol whE Fud mglo]lH Ay A BE Za)

MoEE A= <3
19>2} 2}
3E19. AT A4 5 =4 & v (unit : degree)
T g L ES R dHE Y+
A 14.65+7.65 8.76£5.17 9.37+3.56 -14.65+7.25
A otd 16.79£11.30 3.45+5.41 13.34+4.79 -9.80+8.22
t-test -494 2.240 -2.102 -1.399
p 627 038 050 179

345:541°% EAA 0w 97 Aol7k ko H(p- 038), JHEA
HE =2 529 9A 9.37£356°, oA 13.34+4.79°% EAA o2 9%k
Aol S Aoz e (p- 050).

_33_



5) el me Fude wwy B

Ao e mEd =ffolH 29 A FHE A FF v Ak <

20>} .
320 FAI A4 FHd =4 T2 v (unit : degree)

=g ELESS YHE Y+
T

9% 2EBZ JdF QEFEZ dEF QEEZ dF EE
9% -15.88 -.06 -12.69 72.38 1.75 24.61 83.61 51.40
= A $1420 +712  +1441  £10.68 1156 1051  +9.58 +£23.25
ki o -1671  10.02 3.30 86.52 1.00 3200 102.73 62.25
3 £8.04 £1419 +£2226 +£3581 1736 12266 1870 £16.31
t-test 161 -2.009  -1908  -1.196 114 -.936 -2.877  -1.208
p 874 060 072 247 911 362 010 243

oo

<E 20> M9 o] Ao
A )i A sV F el A

ol 102.73£1870° = lElRE o,

i FEd selo]H A%
2

= o
% Fud 24 5L

i

=
r

EAGoz §o3

010).

_34_

Al Fad 2 F

A 83.61£9.58°,

Aol 7 LHER EHp=



<E 21>3 2}

%21 AT G4 And U - 9d B2 v (unit : degree)
o= ] 25 5 Qu e 5u4
T
T am eExm 9z eEx Ax; oE& UL 0EE

4 -1.60 1.81 41.89 2751 13.01 1556 27.23 4473
= A4  £1097 1015 +£11.30 +13.94 891 £9.02 +19.21 +12.05
i
3

2.69 .09 41.19 33.26 13.85 1011 2712 43.38
946 984  +£10.63 2067 £913 +867 #1818 +17.88

t-test -.937 385 551 -728 -208  1.376 012 198

p 361 705 588 476 837 186 990 845

< 21>0 A 9F o] AWl mE G =Elo]lH A9 Al ARAE 1 - 9

A A i dok FAHOR F1% Aolsh LhehbA] skt
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7 Al mE il Hd

i
lo
!
g
oft
2

Aol uhE S EZgtolH g A 53 EA A vl Ayl <GE

22>9F

322 G 44 Bdd =4 T3 v (unit : degree)
T SRS B LI ES s JHE Y4
gA 223422 -7.18+7.38 -12.52+6.05 -4.60+7.34
e o3 1.86+5.25 -8.15+4.74 -6.85+7.17 -3.09+6.54
t-test 1.924 348 -1.910 -486
p 070 732 072 633

< 22>0| A9k o] AWef| wE S ZElolH A8 Al Bk £Al

B4 il 4% EAACE fold Aolzh U erskyl.

el whE Fuhd Sdtoln 29 A Mg %% W 2N B5 i A3}

= <3 23> 2t

323 FAY o449 Hy FHe SW A T2 Rl (unit : degree)
T g L ES A dHE Y+
A -4.21+7.55 3.73+6.33 7.12+4.90 -1.81+5.77
A o3 .28+5.19 10.52+4.63 11.25+4.68 -8.75+5.98
t-test -1.555 -2.736 -1.927 2.641
. 137 014 070 017

_36_



< 23>0 A9k o] Ao wE S mElo)H Ag A] v FHg
HoFAl B2 v A WA wE A Fd FA B3] i
3.73£6.33°, A4 1052+4.63°% FAACE Fod Aol UEELoH (p=
014), FHUsollA =g ¢ W 22 S 9@ -181#5.77°, 44
-8.75£5.98° % UEtw e, EAZoR {7 Aol7l e AR e
H(p=.017).

B

o

Aol we Sww meen ~9 A vy Z3d Ee] wa Ans
<3 24>} 2

24. G Ao e =3 & v (unit : degree)
T gz L ESC A dHE Y+
e A -3.25+14.64 56.96+15.62 -3.56£13.63 -45.55+15.29
otd 5.32+12.68 75.64+15.62 -2.01+£9.32 -31.81+12.00
t-test -1.400 -2.674 -.296 -2.234
p 179 .015 771 .038

< 24>0 A eF Zo] gHe| wE S =eolH A9 A Wy 3
2 AL Aabes W agdee) A wE 3 FAe gA 56.96£15.62°, o
3 T564£1562°% BAA O E fodk Zolrt vERE o™ (p= 015), I
oA Wy =3W 7o dA -4555+15.29°, oJ A -31.81+12.00°= L} EbwE
ow, TAACRE F3 ol e Aoz vERTHp= 038).
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3. AR} NEAe] Tuw %A

SaAeh vguAe) FuE EAY AolE B ko] SPE
t-testE HAEFGl oM, <& 25~26>3 #r}
1) Zaxe} wsaate] Suw Hu SA%Y
Aol vsAAe] FEy Hu A4 <E 259 2
3t 25 wEAe} HisdAte] gHd Ho FA LY (unit : kPa)
ol =g = gl 5 SEE )4
A=)
Y Taw cew aw esv 9w ceEw  av  oguw
el 73.00 72.00  101.50 99.08 10291 17091 153.16 79.66
=} +15.86 +23.23 16534 +2619 +2587 7727 5126 +59.76
H] < 84.16 82.08 57.75 12541 11933 12833  159.66 98.41
HA 13243 £2099 £2584 3373 3567 9463 14696 +37.38
t-test -978  -1.018 1.969 -1.950 -1.178 1.102 -.296 -.841
p 341 322 065 .067 254 .285 771 A11

S

_38_




<T 25>0 A9} o] H A9} v=de T Hu A #E gk 2ol A
TAACRE Fogk xolvt vpeRA]l @kt

2) A HEA ] TAW BT ALY

e waaAe) FEw WE EAGYS <E 4657 )

F 26, SAAS} Bl EAe] ¥ B XYY (unit : kPa)
o =g 2 ) 2.9 g} Qs E 544
=]
TE Taw o=w 9w o=w  dw o=@ a9 osw

=¥ 3801 36.86 37.78 44.96 45.15 56.01 59.95 35.49
t 841 854 £8.87  £10.03 1255 +£13.62 #1065  +11.97

Hls 3616 3719 31.60 53.02 52.60 50.45 62.51 4218
|z 573 570 £10.08 934 1173 2564 +14.78 £9.79

t-test 576 -104 1.455 -1.860  -1.370 605 -444 -1.366
p 572 918 163 079 188 553 .663 189

< W>olN e 2ol HAAe} wEAA] W Wi EAgeg Aol
A EAACE §od Aolsh Ve @k

_39_
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4. Al o & oHd A9
Al wE Fud ZAGH AolE B3] 9dle] SHIEE
t—testE A A= <FE 27~28>3 vl
1) Ao wE =l FHo A9
Ade] wpE Iyl A SAYELS <F 2> 2
£ 27 GAT e Fud Ao A9 (unit : kPa)
SRSt ES 0 g g Y E 4
TR
¥ o=w 9w o=w owr  o=w QW o=w
L 8450 7666 9000 11733 11766 13950 157.66 103.08
Be +32.77 2520 £70.89 +33.99 +37.23 9219  +39.21 +60.63
Jpe 72.66 77 .41 69.25 107.16 104.58 159.75 155.16 75.00
° +14.85 +20.03 +27.11 +31.56 +24.70 +84.89 +57.58 +32.40
t-test  1.040 -.074 864 693 926 -511 113 1.292
p 312 942 .399 497 367 616 911 213
dea .




<3 27> A e} o] Aol u)
o gt Afol7} YEFUA] 29k

s
A
o)
M
A
=
Apy
2>
o2
1
rlo
ol
d,
2
o
f
do

328 FAY A I H SAYY (unit : kPa)
o= 2 LW YHE Y4

T&
Ak 2w 9w Ed 9w 2w au  oEw
e 40.60 37.81 37.25 49.98 51.08 53.67 61.32 42.85
=e 813 835 £11.86 +£10.75 <£12.29 +23.85 +12.27 19.31
Jpe 33.57 3624 32.13 48.00 46.66 52.79 61.14 34.82

o

+347 586 £6.79  £1030 1281 +17.05 +£13.60 #1190
t-test 2513 486 1182 421 787 095 .032 1.680

p 022 633 .256 679 442 926 975 110

Az 29k A IA 40.60+8.13kPa, o4 33.57+3.47kPaZ U}EFREO
o, FAASZ fo sk xo]7t YERTHp= .022).
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=

d ©]

HH AL A H A

5

°f

ATolA sdde] Ho

Y = (1998) ¢

3

1o},

S

B 2 o] Astel 4}

j

Ao Ve,
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