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The Effect of Wearing Spandex Wear with Compression Band on Biomechanical Parameters
during a Golf Drive Swing
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ABSTRACT

The purpose of this study was to determine how spandex wear with compressive band affects biomechanical parameters during a
golf swing. Nine male golf players, each with at least 6 years golf experienc(handy 4.5+5.4), were recruited as the participants. Eight
pairs of surface electrodes were attached to the left and right side of the body to monitor the pectoralis major(PM), external
abdominal oblique(AO), erector spinae(ES), and vastus lateralis(VL). This study showed that the angular velocity of the club in EG
were increased during the down swing phase but X-Factor and X-factor Stretch were reduced. Average and maximum nEMG
(normalized EMG) values of the left AO(external abdominal oblique) were less in EG(experimental group) compared with CG(control
group) during the back swing, whereas those of left PM(pectoralis major) in EG were greater than CG. It is more likely that EG
performed effectively golf swing without excess muscle activity. Thus, the spandex wear with compressive band played an important
role in improving swing performance with injury prevention. This has led to suggestions of the need for further kinetic and kinematic
analyses to evaluate its function.

Keywords : Golf Drive Swing, Spandex Wear with Compressive Band, X-Factor, X-Factor Stretch, Electromyography
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Zx clolH Ay F2e] 584 Wl BAsla, F
AR s AR g 25 s
(MotionMaster100, Visol Inc., 200 Hz, 1/750 sec) 612 A3x]3}
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g U ER], RS B, 55 3, a3 1971, 22X 1
Pt SHel=ol 2709 A E A7 FESi
McHardy$} Pollard(2005)7F AA| & Adei¢dtel me} E32 29
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=, =33l 849 EHAF(QEMGS, Laxtha, Korea, gain =
1,000, input impedance > 10'Q, CMRR > 100 dB, sampling rate =

1024 Hz)& F&38151aL, AAASS Add=Tol F3e3
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Table 1. Electrode placements A o7 Zg Al FHATS WA G B o F{E 2831
Muscle Electrode placement” om FxAYo] w2 FHHE o}E|H E(movement artifact)S
Pectoralis major 2 om below the clavicle, _ A3 YA Q2L HO|ZE 0|85l ZAHE go|ojE
HR mw oot T sie] AN, 154 ool H43 Held AR 4
External abdominal  abdominis directly above 1 ERAFORRES AT HOR 1P wol2E Fo]
oblique (AO) the ant;i;lo; Zli%e%;)r iliac 95 eAZAFITNA AN ZAT ABE ZAFIG o o]
o) AR 527 SHEA

¥ ol B 59jo] Hleln delsh S 9% s
7} AEH ZEZ 8 7154 9 Ftechfit powerweb, Adidas)S @Ak
o A9 540 20l sl 2 754 i 3
T+ o, 5 EF dE 2 sAdE 4% M E(thermoplastic
polyurethane; TPU)7} F-2t=]o] 9lom, Fe}o|ulZ(ClimaCool) 2
Note. 'U. S. Department of Health and Human Services(1993). A7F HLEHo] 9tk 7t 9= = slo|BH AY A] AR20]

AHgshE EztolH S-S ARSI

Erector spinae 2 cm from the spine over
(ES) the muscle mass

. 25% of distance between
Vas*”fvgemhs ASIS and lateral knee
joint space from ASIS

Q EMG unit |— 9 3. Q%{] @i]—
il @7 AES 2P SoPb] A 48 87 shlA 2
w1 23 AN B das AAEGiT el gsd
B ?— F AT A 7154 o)F 28 70 BE T 22
) Pa— SolA 47t 3y 28 S 71eA owel A8
Gofall iing lace g AE A o' Ao, AEAQl Ex &
ol we 34@;‘]’91 NE e WAE] Hs) 24 Afoldl
6 ﬂ ‘ oF sEZtS] Fale Aottt o) 2gvitt 99a 9l 2 A%
Figure 1. Experimental Setup Al 537]“ 3l 33]e] Y T 7P T 2953 5

Qo) Ags T3t 135S Melsle] BEasignh
4. A5 24

) F8Ad " 72 43
FE EgfolH A9 TR ¢h9) 8 A T7He] 8
ToE AA S ATHFigure 3).

2) B3 B4
: ‘ o : ” 32+ F2 42 Kwon3D ) program ver. 3.10& AHg3lyom,
Figure 2. Golf swing with two different conditions AH 4% HP Direct ansformation, Abdel-Aziz &

, K 97 59 37 SIS S Y A o430
Fi<Table 1> HAR A} AR 717) Aele] T25 9y wygns wo)zg Haskar) 98 23 Butterworth lowepass

AT A SEEY AeE 1He] LED( light-emitting diode)°ll ity filter AF%o}ai o, o] gk FHGE 8 He2 AA3}

HUIL S 2= 54719 A2€ AD boardol] 9% AE7F el

HIEE 52 frYl(Visol Inc, Korea)S AHE3HCHFigure 1). ZARN S EF 9587 Wele KimQ010)0] AAE He]
s R A I I Askin impedance) & HaStsl] wEh BARIITE Xfactorghe 285 offe] HEEZ A (1, v,

P LS AL wF TS AFT F AR S 2), 9% o7l HRE B (g, s, 29)E PO FEE A

99 Fe] &g AASHTHCram, Kasman & Holtz, 1998). 715 &a, $.2% ko] HHEE P (v, y,, 1), 9% T HAES
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BA(ball address) MB (middle of
back swing)

TA (take away) EB (endof back
swing)

1D {initial of down
swing)

MD {middle of
down swing)

Bl(ball impact) MF(middle of

follow through) & SVt

TP {take away phase} BS (back swmg) BT (back swing top) DS (down swing) AC (acceleration) IP (impact phase) FP (follow through phase) 7 phases

Figure 3. Critical events and phases

Q (x4, Yo, z2)i dele] HES s, A—B) (-1, Yo-
1/1’ 2y-21)%F PQ (502 T, Yoo1> 29-2)E T T 7"']-7"']-
AB (a,, a,, a et PQ (b, b, b)E XY HA o] AE

3 ZKS WElY YA-S o] 83) A=3tT) X-factor SIIetch7 e
AR Xfactor 3F & TR 27) Al 7H A Yehde
go= Ay,

3) ZHE £4
ZHE H|oJEl= Telescan ver. 2.85(Laxtha, Korea)S A]—%{s}
350 Hz®| A9 &3 HE|F 10 Hzo] 1Y T3 e
AANER wo|ZE Hislslg) 3 AdAE 27 & 1:]-0]
LH\;] F-HHE Ato]Z(Dynamic Movement Cycle; DMC) W Fth
TAEgel thate okfel FAle ARt EFESIGTE
EMG,

trial
EMGD]L[C

MGy Al 23 229 A| 2REA0I, EVMGncs 22 =
2olr 29 52 Aolo] BAEold o) BAEGS oJrlT:

nEMG=

5 54 A9

F9 AA A F59 445 Xfactor, X-factor Stretch, ZF
So] Bl A 9 He 2SR By ZEHAE A
ARIATE 7154 ofF FeAFel e 5AE s 2S5
3l7] 213l SPSS 17.05 o]-8-3t] U-g-EE AdS(paired Etest)=
AAEIGoH, olu frolaee pr05E AT

m 2 3

b

1 299 44

Yol oEE HAHOE T A 1 FAHY frolHhe
dehdA) Siskh SAE the 29 F 7k TR Edehe
MDS} BI Al BGS 39 A4t Z7keke A% Bg

THTable 2).

Table 2. The angular velocity of the club

(unit: deg)
CG EG

BA -48.6 (77.0) -102 (14.8)

MB 292.5 (35.7) 2887 (27.1)
TA -531.9 (121.6) -5309 (12L.1)
EB 233 (199) 17.5 (28.8)

D 1530.3 (140.5) 14942 (153.9)
MD 16364 (76.8) 1674.9 (95.5)
BI 1729.8 (56.5) 1736.7 (67.6)
MF 1050.2 (70.5) 1094.8 (118.1)

Note. CG : control group, EG : experimental group(wearing spandex

wear with compression band)

2. X-Factor, X-Factor Stretch

Xfactor®] 7% AAZQ A9 ZFHA A At % o) 2=
HHYEHA) edgtom EB AlAolAE EG7} CGoll Mg 74k
AIE Bt BB Al o]$o WAYSH= XAfactor stretch®] 73
Qo= EG7} CGoll HIg) 7H4dhe AE BITKTable 3).

Table 3. The angular velocity of the club

(unit: deg)
G EG
BA -19 (6.1) 57 (18)
MB 168 (62) 202 (105)
TA 394 (66) 398 (108)
EB 696 (7.6) 672 93)
X-factor stretch 698 (7.5) 684 (86)
D 408 93) 483 (99)
MD 300 (95) 365 (99)
BI 201 (94) 247 (638)
MF -115 (85) -84 (162)




Table 4. Normalized EMG in the TP
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(unit: %DMC)
Average Maximum
CG EG CG EG
L. PM 39 (20) 25 (13 234 (208)* 136 (12.8)*
R PM 16 (0.6) 1709 7929 92651
L. AO 9.1 (69*  3725)* 434 (286)* 190 (13.0)*
R AO 17 (08) 13(L0) 8538 67 (.1
L ES 48 (25 34 (13) 226 (105 169 (7.6
R ES 5531  4623) 266 (160) 235 (128
L VL 2.1 (L5) L5 (09 102 (52 78 4.4
R VL 30 (L5 39 (35 152 87 186 (155

Note. *significant difference between CG and EG (p<.05)

Table 5. Normalized EMG in the BS

(unit: %DMC)
Average Maximum
CG EG CG EG
L. PM 6.5 (84 32 (30 190 (304) 105 (75
R PM 22 (15 L5 (09 5.7 (4.0) 53 (3.6)
L AO 23.1 (28.6) 62 (43)  43.1(284)* 254 (2LO)*
R AO 42 (52 22 (LD 85 (43) 74 (39)
L ES 55 (55 3.8 (3.0 158 (125) 143 (12.1)
R ES 10.1 9.8) 70 32) 243 (144) 276 (121)
L VL 34 (20) 29 (17 127 98) 144 84
R VL 6.6 (7.8 41 (3.0 157 (19.1) 152 (102
Note. *significant difference between CG and EG(p<.05)
Table 6. Normalized EMG in the BT (unit: %DMC)
Average Maximum
CG EG CG EG
L. PM 46 (39 4.1 6.7 297 35.1)  17.8 (26.5)
R PM 2112 20 (10 89 (4.1) 136 (102)
L AO 198 (100)* 84 (50* 725 (36.6* 352 (21.7)*
R AO 32 (16 2.8 (1.6 152 (11.1) 109 (6.6)
L ES 2.8 (09 24 (09 143 (72 107 4.7
R ES 6.0 (3.1) 5.6 (2.5 268 (142) 271 (13.1)
L VL 34 (17 33 (14 17.8 8.0 16.8 (6.3)
R VL 4129 48 (35 165 84)  3L1(303)

Note. *significant difference between CG and EG(p<.05)

A=

3. 92y F3 A

TP(ball address~middle of back swing)ollAl= &S JHARZS]
73 EG (experimental group; wearing spandex wear with compression
band)9| Bt 3 FHth ZHEF0] CG(control group)oll HIsH S
Ao g foatA tase AAE Bk S tiFe] 49l
5 EGY| Ao ZHEgte] OGel| Hls) SAHSRE frefsiAl i
She 27E HUKTable 4> BS(middle of back swing~take away)
re S HEARY] Ao A=A BGZE OGell BIs) &
AR Z frofahA Aasisith E¢k SAAY fFolxks TAIsHA|
AT 25 gt 2 EARE] 785 BGZF CGell Hlal Ah
How uhe ZHEgko] UERTI<Table 5>. BT(take away~end of
back swing)ollX= 2S5 oJEARTS et B At ZHEHo|
EG7} CGell Wl BAIA 02 ZHashe AAE BAlth BSollx¢t
TR R BAAY o8 fIAR 5 thEellA EG7t
CGol| vlg] oz vhe ZTHEZE HSTHTable 6).

4. T2 73 A 2=

oh-2~% %7121 DS(end of back swing~initial of down swing)
ie S YEAREY] HUZHE#e] BG7F aGell Hlsl BAIE
o2 folalA ZHashes AFE HSIUTable 7>. AC(nitial of back
swing~middle of down swing)ol A= TR Z8olA 2. 9= 1
F BGZt CGoll Hlgl iR sk AdE Rk spAg
HZ tig2e] Aol B Ao s Frkehe AdE B3l
U<Table 8>. IP(middle of down swing~ball impact)ollXE 2=
2] B ZHEFke] BG7F OGOl vl BAIF = folst
A 7k AFE B3loH, BAAY Fode slsARL A
o 2= Aol A C R Srieke ARE Btk

Table 7. Normalized EMG in the DS

(unit: %DMC)
Average Maximum
CG EG CG EG
L PM 92 (8.6) 9.1 8.1) 388 (295 365 (25.1)
RPM 13767 221255 608 (293 566 (312
L AO 15483 169 (214 573 (265* 371 (28.6*
R AO 110 (54) 164 (236) 367 (193) 319 (194
L ES 54 (20 5.8 (44) 313 (172) 211 (115)
R ES 106 (73) 159 (235 543 (265) 46.1 (27.3)
L VL 149 500 178 (148) 786 (229 789 (28.6)
R VL 89 (7.1) 143 (190) 368 (25.1) 405 (289)

Note. *significant difference between CG and EG(z<.05)
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Table 8. Normalized EMG in the AC

(unit: %DMC)
Average Maximum
cG EG CG EG
L PM 221 (80) 24.1 9.0) 620 (285) 713 (25.6)
R PM 244 (127) 195 (92) 713 (314) 578 (28.5)
L AO 172 (717 116 (8.0 509 2600 339 (2L5)
R AO 174 (108) 112 (79 436 (259  31.8 (262)
L ES 238(102 176 80) 694 (29.1) 508 (30.2)
R ES 220117 177 (96 62.6 33.8) 523 (29.0)
L VL 281 (73) 285 (6.5) 85.7 (187) 780 (15.0)
R VL 227 (91 213 (103) 689 (214) 689 (26.3)
Table 9. Normalized EMG in the IP (unit: %DMC)
Average Maximum
CG EG G EG
L.PM 267 93 367 (120 716 2590 820 (21.8)
R PM 294 (121) 224 (106) 690 (22.8) 576 (269
L. AO 174 900 148 (106) 47.1 (199 330 (234)
R AO 183 82  155(162) 486 (225 385 (25.8)
L ES 199 87 167 (108) 546 (204)  46.1 (25.9)
R ES 210 (113) 172 (1200 562 (3L.6)  50.0 (30.8)
L VL 223 (136 221 (1190 603 (372) 621 (304)
R VL 306 (105 222 (112) 729 239) 624 (269)

Note. *significant difference between CG and EG(p<.05)

Table 10. Normalized EMG in the FP

(unit: %DMC)
Average Maximum
CG EG CG EG
L PM 235 @80* 309 (128)* 629 (203)* 79.8 (20.0)*
R PM 268 (1L7) 215 (70) 746 (233) ©64.8 (26.7)
L AO 185 (75 162 (1L7) 518 (239 378 (19.)
R AO 234 (117) 236 (145 652 (262) 569 (31.8)
L. ES 244 (18) 205 (108) 770 27.7)* 553 (28.5)*
R ES 184 (108) 161 (5.6) 538 (24.0) 534 (295)
L VL 17.1 85) 194 88) 562 (273) 589 (254)
R VL 243 (137 212 (127) 1703 (263) 63.6 (24.0)

Note. *significant difference between CG and EG(p<.05)

5. 29 229 7 A 2AEF

B oMIE o)F 29 229 27] 771 FP(ball impact-middle
of follow through)ll A= #= tlF2Y 4% BG7F CGoll Hl3|
B 2 H ZHEHNA FAHSE FstA Sk 4
WA Bk AT 9% HF7)9H29] ZAfole EGY H
THEgke] CGoll HIsl A O frofstAl 1H4aHTtHTable
10).

V. = 9

=X EgjolH ~¢ F& A 299 AEEE F AT T
AR frejaks VERVA] bRt ﬂ% 29 A 7
MDS} Bl A-A 7154 o7E
Z71etqth BHA EGO) X-Factors EB Aol AthA o= 7+
43RO X-Factor Stretch®] 7995 CGell I3l Hash=
A7} YERGT Myers et al.(2008)& ZZ 29 Al 5 H o]
& TS D] o7let YPolrt olF = A4S AU o

2ZH, MAYE A2 4 ok Rty s 9 Gluck
et al.2007)9] ZB-fole olet FHolrt olF= A9 Tk
A =g WyE doA FY 55 %‘%}A]?] T e
AR dlo] & < vk Busiginh weki] 2 A
A8E 7154 offFe 7edd sy sl dolt AA
¢l EB A oA+= =3+ X-Factor®} X-Factor StretchS U2
A sg FAE disket 7198 e AoE A7
At} = 554 g ddeso] Yoluks EB A1 oF
de =X 299 &5 Ao RE FNs AR £ o
7157 o7t 48e Fx g 9o He ZoE ARy

A

2

=X TefolH A9l tigk 2% B4 An Wiy
TZHTP, BS, BT) A EGollA &5 2BARES] Hol] 3l v
Z*C%M SAACE oA Fhske AYE Bk #HS
29 745 TPAAE EG7} CGETE TAFCE fosH
7“‘0}2%0131 BS, BTIAME &5 tiFs X3 tiFie
#HZ 250lA TAF oS AR EGE| 2R =] 7
Adk= A3 BYh
Mchardy 9} Pollard(2005)= ZZ 28] that ZAE A7l
A REER o] FXATEY G WAy A UF EARZ
A ST} 7P Eie] Yepdoia ELLO}%‘E} W A
w5 IS TP fal FE FHhe 82 EAR
u:] TI A oﬂ;}]/q 7}70- HH o] 1 gg]._ 1?.1\} _m,]b 01H
ZA] (soft tissue)O|Tk. WEbA EARET Wy FAS fud

>

=

N
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R N P
i 249 A3AE M ok

H#= EHH{L~ hﬂ =T 7]“— A} 2YHYE ojF
7] B2 225 A 7Ve} Y FEYEE Hole T5°]

T{(Mchardy & Pollard, 2005).

Doan et al2003) 2% AFHE A 7154 ofe 2%
o] A5 AFS JAFoEN AFZH | &4& AT F
Tkl Hat3Th Kim(2008) Th 29 Al Hls#ke] 235
B, YA T Al 95 A2, aSTaEdA sax
Ho} gt Z58-Fo] vede, o3 BlasAll <% F
4 TG g WAL F Q7] Wl e 74
< SHARITAL Stockard(2001) Harskar lok. weha £
T AFE B o YSMES 89 7158 AR FEol
Mchardy 2} Pollard(2006)7F AA R Ao} o] ~Y &
of 274 ¥FE vE F e S5 U2 v 284
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