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A Comparative Study on Lower Limb Muscle Activity
during Planing depending on Different Position of Footstrap

and Skill Level among Windsurfers

Chun, sabin

Department of Physical Education, The Graduate School
Pukyong National University

Directed by Professor Kim, Taegyu, Ph.D.

Abstract

This study aimed to identify the lower limb muscle activity during
windsurfing planing depending on the different position of footstrap and
their skill level among windsurfers and to provide the useful information on
the development of training programs for —enhancing windsurfers’
performance.

Seven elite and 6 amateur windsurfers who had no neurological or
musculoskeletal impairment in the past two years in lower extremities
participated in this study. The muscle activation of their tibialis anterior,
peroneus longus, medial gastrocnemius, and biceps femoris in the front and
rear legs were measured during the starboard and port tacks of windsurfing
planing. All participants used two footstraps located in metatarsophalangeal
joint and tarsometatarsal joint in any order they wanted. The mean value of

each muscle in 15s was calculated and analyzed.

- viii -



The results are as follows.

1. Both elite and amateur windsurfers had no difference in the
muscle activity of front and rear legs depending on the planing

directions regardless of positions of footstrap.

2. Elite windsurfers had the higher activity of tibialis anterior or
peroneus longus compared to medial gastrocnemius or biceps femoris on
the front leg during both starboard and port tacks. But, amateurs had

no differences among the muscles in the low extremities.

3. Tibialis anterior in elite windsurfers showed higher activity than
in amateurs, but both medial gastrocnemius and biceps femoris in
amateurs showed higher activation than in elites, regardless of different

positions of footstrap and planing directions.

4. Both elite and amateur windsurfers had no difference in the
muscle activity of front and rear legs depending on positions of

footstrap regardless of the planing directions.

These results can explain that amateur windsurfers used the larger
muscles such as medial gastrocnemius and biceps femoris in the front
leg for controlling their board and maintaining the balance on board,

whereas elites used the tibialis anterior or peroneus longus more



strongly compared to amateurs for maintaining board control with an
ankle strategy. These information can help windsurfers and coaching to
understand the motion for planning and improve windsurfing-related

skills.

Keyword: Windsurfing, Muscle activity, Lower Limb, Skill Level
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o

of 27 vl

= (surface electrode)?®]
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o
M
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o
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ATHKIm et al,

o

G

2013).

Y. A ZF(Surface electrode) ¥ 2+

(reduction) $1°]

<

_—

3 A 2

=
1

EEE R

ENERETE

AT =

A

WS- Aol sju7] Ak webd =45

3
)

Mﬂ
e

X

X

L
fite)

Joll uwheh

ol

)

_Z_ﬁl

A HAcHRoy et al, 1986). A= $1x]7} A

o5

4 AtHDe Luca, 1997).

]
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A

XA

i)
,_llyl

A=A

5.

d=XP9 2B

7}

il
M

‘umo
%

4 9t} Dyson et

%% Dyson et al, (1996)¢] 77} d &%
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5 <, trapezius),
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°

(

TSl

Kol =N
1o O

15
<H

=}

radialis),

A =

O
)

i
fite)

0
_ZTI

il
M

2]

extensor carpi

’

e

d

%

=<+, flexor carpi

brachii),
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radialis),

7}

j
a-

3

e

=0
w2 W

A}

tibialis anterior), &= 7]<:(H =<5, gratus maximus)°l A

o

‘W/vo
B

sl

olo

i AlEeolH &

9]

[e]
71_:]:{?

=43 A5 (Buchnan et al, 1996)
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=g

(:1)_]:

extensor carpi

, biceps brachii)®] vj

Z(66794%MEVC) St o7 Al B (AH4

’

Al

d

s

R R

radialis),

=<+, flexor carpi

%0

\A
B

=0
w2 W

o
e

radialis) 18|31 $&

deltoid)

0
o
i

=
T

3

A

=g

=0
w2 T

]

trapezius)ol 5] MVEC®2] 58775%¢2

]
H

, tibialis anterior), d 2] Z2<(tE A<, rectus femoris),

the] F 28 2 (th & o] 5, biceps femoris), &8 7] () +<, gratus maximus)

il
B
i)
ol
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—
fite)
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—_
fite)

A 247 v

/\01—

]

oA MEVC® 16740%¢<
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™

A 7 (Campillo et al.,, 2007)7} A& Q. 1 A3}
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FAA E4S A AatE AL 7IEel E2EE I HAnthony et al.,
2016)
X 1. 97U 4ty &4 (M=+SD)
A4 - Al 2
(n, %) (n,%) 1 o =
Ao o] A% AF 7
(yrs.) (cm) (kg) (yrs.)
k=3 o &4 Ay
Elite 7 0 5 2 27.86 17857 81.29 1157

(n=7) (100) (0)  (714) (286) 5.9 +2.69 +12.93 £7.04

Amateur 4 2 6 0 30.33 174.33 71.83 450
(n=6) (66.7) (33.3) (100) ) +10.28 16.53 6.9 1234

X(p) 2.758 2026 -0.072° 1576 1597 -2514°
/Z(p) (.097) (155) (943) (.143) (.138) (012)

$: non-parametric statistics,
FAEES A
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fite)
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dolgd &t

38
=

A 2 EH A

©

& Lt

1

_1!
vAO

¥

tl=2kele] &l

S

3)

‘(H

AAHZFE 110cmeol

g8

A

al

100cm 3 oF

ERES

72 40cmeo]

(Campillo et al., 2007).

-
1

S57cmAtt. #1

-
1

oA wh mpAREZEA O] AL

OE"—F"

H
7 —

w1 E 9}

saE Sheke] 914

I T} Buchanan et al., 1996; Jaszczur-Nowicki, 2004; 19 ).

A

=
[€)
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Fdold F¢t A TZAHLEE FHs] Al £ ATelM AdAE sHA

rl
Ho
-3
rlo
~
jales
fo
rlo
>
Q.
>
mwQ

Q
=
i)
o
ilied
St
oo
=]
)
Y
4

(single electrode T246H,
seedtech, KOR)& #-&sl¢lar, 4% v (mini DTS, Noraxon, USA)Z
Abgste] BRE 294 EE T8 ¥ A5+ Noraxon MR3 3.14
LEEOE ol&slo] AEE AR on, ¥ AgdA ALEH AH=

OE3 2O 2).
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2d- o3 A| ZF A}
P = Noraxon MR3 Noraxon,
=R - 3.14 USA
DTS Sensors
.. Noraxon,
mini DTS
USA
Mini Receiver
Single
— SeedTech,
AT Electrode
4 Korea
T246H
R A

BE AFgdA s Ay s gosta FujE v E 28 ¢ f
WA = (surface electrode) & ZH-E AL H = AAANGT 4S8 FHA4stel7]
93 =
(Roy et al., 2007). &2 71A #(origin)¥ % A A (insertion) 2] = %ol A

o] 7} wd ®l ZE(bell of the muscle)oll <4-F Wakat HaP3k A

:!L_:J
=
4z
=]
=}
lo
i)
ftlo
Y
td
o
k=l
e
K
o
oy
o
>
oo
=)
2

<l
4z
il
o
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b H ==

5

WHFS FAst9a(De Luca, 1997), 7t A= Abe] 1HA &

ofw Thef A A FrEm 7715 @] 1A S tH(Buchanan et al, 1996).
AlEolH A FHE 54 ZE8AAEE FFstetal oAl HrE s
5ol YA S WA AW 9% 255 Maximum Voluntary
Isometric Contraction, MVIC)s FA3tdth <59 =2 g 5

WAsk7] flal 1083 FrAlo] FojA Al ek AlE ol thk AEH
I Folardel wel Aedith. Aol e § ZF Akl 54 BtA
AledlelHE dsta s FE e fAE HE=E o738k tH(Campillo
et al., 2007). AlE8E ol g5 fg AFAIZIo]l 1081F AFTHJL, AlE

dolElolN Zelold B THESE FASAT

=5

(1) U™ (surface electrode) - 2H5-¢

Lo

2 AT FAH Fe F Y A 2502 Ad=AF T FLEF
(footstrap)S Z il w533 (8] == 2, dorsiflexion)A] Al&5 = A 7ol
(M7 =%, tibialis anterior)¥} WHlehar 3l (432, plantarflexion) Al AF-&

&= 71Foly] L (FH &=, peroneus longus), SFEF WA Z(YZn])EL

-

gastrocnemius), 18] 1 ¥& 3 (flexion)* AH&%HE dog]F2d (N E
o] %, biceps femoris)o] 4174 ¥ At}
=

9 g FFRRS or A 7ol (X 7 &, tibialis anterior)S 73

i
)

W (tibial tuberosity)oll Al ofe]l & &7Fe 470 yH|vkE "ol A A9

A 7 &5 M (tibial crest) o7 £

|50, PZFote] (A =, peroneus longus)S H|ZFFE Z=218to] B
=

oA ZWowm &g wol Al WAl Evkete] 91

rot
I
o
>
o
L)
>

i}

(Kim et al. 2013). FZEHw A (W S8] 5, medial gastrocnemius)< & 2}
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B FAOZRE 2em A9 UF ®Wo]l AFEHSa(Ko, Park, Lim, Lee
& Park, 2015), dote] FZ & Z(HE o], biceps femoris)> FH=ZH 3} H]
=7 Aol FYFEA7F AFEE A THKIm et al. 2013; # 3).

S ol

(tibialis

anterior)

ANFobe]
(peroneus

longus)

Qr A

pEs

. E98 FAHOEZRH 2cm
(medlal. Aelel 0= el
gastrocnemius)
okl HZzU B FFE Alol
(biceps femoris) Zo}H o] 2] A

- 924 -



S
B
=
-

O
a
r
-
A
R\

A (Maximum Voluntary Isometric Contraction,

2 AFoAE ZFEstE A 2H1E HMVIO)S 8] flE &4
A HAd F£974 ZFE=MVICO)S =4 28 #HAMManual Muscle Test,
MMT)HS Ag3te] 3 tH(Byrne, O'keeffe, Donnelly & Lyons,
2007). 5z TAHA FHoAA FAHE #FS I H 125 AL 3x719
HFirgkol ALEE A (Lee & Lee, 2018), 33 Hirghe ArEste] zkm 4
of AbgstAT AT Al 255 & F ARF BRE Alkrit Qo
A ZAe FtH(Hertel, Earl, Tsang & Miller, 2004).

2 nepd A Sy 24% 34 PHon dEPl(RAT

B )
rd
o3
jus}

| &%, peroneus longus)< WAAE o8 FE£& 0% w3 &,
AHE | FHeEE sfed SAA = Rid] Hielo =2

== 71E39HLlee & Powers, 2013). oF&Am =] Z(WSH] &2, medial
gastrocne mius)S WAAE w24 AMAIS & AFTS AFgoZ Hhupgy
A A sk aL, Aokl T2 g2 (H E o] 7, biceps femoris)S AAE d=
A & F FES "o F 875t Foly W I&RoAN FE 3 WY

o2 Aggsts F 2EAHEE 7SS AHKIm et al., 2013, & 4).

_25_



=0

H

0

A

¥ 4. MVIC

A

=
=

oo oo
S L
e = i
ol 2 o ol
—_ 700
0 -
2 o Mo
= -
iy ;m o
o
N ma X
oo RS
~ H e
N_.o o L.m mmE
= o
ﬂﬂ
1 2 5
mwo = Z
X B g
Ay T ©
o

0
o
i~

W

N

oy
TH
i

Mr
Hr

2

=

—_—

o

(peroneus

o
T 0
T B W
OO
Nro%_qod
) Mo Mo
ﬂi,_é.
3k
HXHo
@o#a%_.
T o o
® R
=
2
o= g
o< og 2
W g 3
w £ 2
3
&

i
mk

of
J-

M

e

o

o

N
A
aze)
"
plo

W
s
el
R

Mo

(biceps

femoris)

_26_



vzl

AJr
14

-
il

|

ol ulk
= R
Zt

ol

gAel 7]

2007, ¥ 9). 1t}

*y

F9tH(Campillo et al
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(4) T2 AEAT

Zold ot 7|59 K 2 E=E W% A¥H[(mini DTS, Noraxon
Inc., USA)E B3l #3523, Noraxon MR3 3.14 AZEo]E o] &3
2852 Agstdd. 9AEGaw EMG)olA  20-450Hze] o & &3 E
(Band Pass Filter, BPF)E Al&3to] wol=& AAG S E FE3AS
o A F Hi(Root Mean Square, RMS) 100msES Ab&3 Ar&3&th 3
d dHoleE FZ=stetr] sl Hul o4 S i MES(%6MVIC)
2 ALkste] A el AFE-3t T

4. A5 AE BH

% As+ SPSS 23.0(IBM, SPSS

ol
rlo

2 ATl A i <
Statistics, IBM Corporation, Armonk, NY) SAZ 218 S AL83}o] H4]
319131, Shapiro-Wilke] A4 AR A7 wel vy A4 = o
AR AAlstda. ATddAe] kA 543 & 224 = Ao

shelstr] &) o)Al F AR test) D EHZE -7 A (Independent

[e]
AEs 5F

A

B
o,

il

t-test) = W-IEY U #ZAMann-Whitney U test) S AA3F L, 7zt
AdeAs JAe Wl shA 25 P 2885 ZolE Felsty] e wESAW
&2 (Repeated measures of ANOVA) T+ = =W 74 (Friedman
test)= ARESEAT ZF A=AH FAd W X2ES 91X wE XolE g

Ak WF Wl WE THYE ol B HAss] A RIEE -7

rlx

(Paired t-test) =& 95<& 3 A9 S (Wilcoxon signed-rank test)<

dAskglen], BE fFoleES a=062 A A
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st A A¥e ey gor, ¥ 2244 SAFS Shapiro-Wilke]

B34 AR Al weh v R RRI B8 el AEE A
1. Eg0lQd A F2EH A Be X ZFHE Fo]

7h dEE JdEATY X2EF] HAd ©E 5] Z2ZHE Zo

S
(Repeated measures of ANOVA) T+ Zg=H 74 (Friedman test)S Al&
AT <E 5>= dE A= Au e AE R = H8(starboard tack) HE Al
F2EF] QAo mE HA] S LE Abo]lE glgt Ao} ¢hito A= TM

B o (27 F=5.753, p=.006%
2E Ao wE ZolE Holx] g 10). A= TM3 MTP

X
N
}—A
o
o0
&)
=
ki

o
S
=
)
rl
Ho
o,
rld
e
ox,
k1
rlr
M
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E 5 IYE ATANY 2HRE WG BF A 34 SFYE 3]
(29: %MVIC)

F(p) post
TH TA? PLP GM° BF¢
/Z(p)  hoc
™ 25.33 17.64 5.46 478 5753  ab>ck
Front +1798 1252  +249 +445  (006)  a>dx
Leg TP 30.64 22.80 7% 402  15857° ab>dx
+1139 #2245 747 444 (001)  b>cx
-1.372 0822  -0169° -0.845°
t(p)/Z(p)
Starboard (.219) (.442) (.866) (.398)
tack A 23.77 1575 1269 1474~ 2.143% )
el +1655  +730 1429 1062  (543)
Leg 23.72 262 22.90 233N ] ¥57°
MTP -
+1979 #1391 #2038  +2037 (692
0.015 -2056  -0507° -1.363°
t(p)/Z(p)

(.988) (.085) (.612) (.116)

1 p< 0D, #=xI p< .01, **x*x p<.001

$: non-parametric statistics,

MTP:Metatarsophalangeal joint, TM:Tarsometatarsal joint,
TA:Tibialis Anteriot, PL:Peroneus longus,
GM:Gastrocnemius Medial, BF:Biceps femoris
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uTM = MTP

35 -

25 -

20 -

15 A
10 A

29 10. 29 E =N AERE WY BT A
X2ES X mE 99 2¥AHE
mTM = MTP




£ 6. AYE =AY XTE B HF A A Z2EHE O
(29 %$MVIC)

F(p)
TE8 TA? PLP GM¢® BF¢ post hoc
/Z(p)
2= 30.85 23.16 790 6.65 12771°  ab>c*
Front +11.06  +1935 +560 +7.38 (.005) a>d*
Leg 2311 1867 5.48 465 17571%
MTP a,b>c,dx
+1193  +13.04 +2.94 +3.48 (.001)
0.344 -1.014°% 1.001 -0.338°
t(p)/Z(p)
Port (.743) (.310) (.355) (735)
tack 2651 1890 757 14.74 3.321
™ ab>c*
Rear +1321  +1279 +456 +12.38 (.043)
Leg 20.49 1579 15.37 16.14 0.257%
MTP -
+14.77 +8.20 +1894  +10.16 (.968)
1.191 0.631 -0845°  -1.026
t(p)/Z(p)

(.279) (.552) (.398) (.345)

1 p< .05, *x*xI p< 01, **x*: p<.001

$: non-parametric statistics,

MTP:Metatarsophalangeal joint, TM:Tarsometatarsal joint,
TA:Tibialis Anteriot, PL:Peroneus longus,
GM:Gastrocnemius Medial, BF:Biceps femoris
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B 7. clrtdo] AEAve] AHEE B WF A X TFHE Fo]
(&9 %MVIC)

F(p) post
T TA? PL® GM° BF¢
/Z(p) hoc
o 261 221 BT 1447 3.600° )
Front +1549  +1237  +2665  +895  (308)
Leg \ 18.86 2.11 26.45 1060 4.600° )
+1806 #1600 #3099  +1233  (204)
-1572° 0706 -0943°  -1.153°
t(p)/Z(p)
tack ™ 25.79 2764 34.02 20.28 0.419 )
Rear +2619  £1765 +2485  +1656  (588)
Leg TP 2372 30.61 37.% 25.85 0.409 .
+9676  +1989 3343  +2289  (594)
0744  -1143 0667 1892
t(n)/Z(p)

(.490) (.305) (534) (117)

1 p< .05, *x*xI p< 01, **x*: p<.001

$: non-parametric statistics,

MTP:Metatarsophalangeal joint, TM:Tarsometatarsal joint,
TA:Tibialis Anteriot, PL:Peroneus longus,
GM:Gastrocnemius Medial, BF:Biceps femoris
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ETM © MTP

25 A

20 -

15 -

10_

TA PL GM BF

ETM = MTP

TA PL GM BF
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Aol W shx] @AY= Aol & Bl Adtoltt ek} sl A TM
3

£ 8 oln}Fo] AEAe] TE B WF A A FYHE Aol
(29: %MVIC)

F(p) post

T T 1 PLP GM¢° BF¢
/Z(p) hoc
i 15.14 34.34 29.87 13.29 3.000° .
Front +2325 #3183 258 1420 (392
Leg - 155 31.37 2780 17.32 2.600° .
+1964  +1964 #1503  *1352  (457)
-0524° 0439 0355  -0338°
t(p)/Z(p)
Port A e (600, om) WS & (735
tack I 2%6.% 31.37 2780 17.32 0.283 .
Rear +9604 - +1964  +1503  *1352 (875)
Leg TP 21.06 2978 2733 16.25 0.627 )
+2245  +2087  +1948  +1697  (609)
0.919 -0.064 1.339 1117
t(p)/Z(p)

(.400) (.951) (.238) (.315)

1 p< .05, *x*xI p< 01, **x*: p<001

$: non-parametric statistics,

MTP:Metatarsophalangeal joint, TM:Tarsometatarsal joint,
TA:Tibialis Anteriot, PL:Peroneus longus,
GM:Gastrocnemius Medial, BF:Biceps femoris
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BTM = MTP

TA PL GM BF

2% 16, olrtFol A=A EE W PF A
Freg 929 B Gy cgis

ETM = MTP
35 o..h. \ . N
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2. F9olgd Al A7Igd & A ZEHE o
7. 28R = W3 (Starboard Tack) WF Al A78€d W& 3A
TEAHE Aol

d719 e wE shA ZZAE AolE Flsty] f& =¥ -3 4 (Indepen

dent t—test) T+ W-3EY U A4 Mann-

z

itney U test)S AT
<GE > 2BEE WY 9F T TMEZEHRS AHES A ES ofnp5o]
AEAF A ZEAHLE zolE I Aol Shito A& ofnfFo] <]
QFEAF A (23.67£26.65%MVIC) 2 | the] 2 2l £(14.47+8.95%MVIC) 9]
A7 A ENH (22 546+2.49%MVICSF 4.78+4.45%MVIC) Bt} =4 1}
Ebuk o vh(Zbzt 7=-2.143, p=.032¢} t=-2534, p=.028; 19 18), Sl 7

7190w e P 2ZAE AolE HolA fhrh (™ 19).

£ 9 2BEE B HF T TMEEEH ALS A F7180 & & X
g

L8 E Ao (&9: %MVIC)
T® Elite Amateur t(p)/Z(p)
TA 25.33+17.98 22.61+15.49 -0.143%(.886)
Front PL 17.64+12.52 22.12+12.37 -0.647(.531)
Leg GM 5.46+2.49 23.67+26.65 -2.143%(.032)
BF 4.78+4.45 14.47+8.95 -2.534(.028)
™ TA 23.77+16.55 25.719%26.19 -0.169(.869)
Rear PL 15.75+7.30 27.64+17.65 -1.635(.130)
Leg GM 12.69+14.29 34.02+24.85 -1.714%(.086)
BF 14.74+10.62 20.28+16.56 -0.729(.481)

$: non-parametric statistics
TM:Tarsometatarsal joint, TA:Tibialis Anteriot, PL:Peroneus longus,
GM:Gastrocnemius Medial, BF:Biceps femoris
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¥ Elite " Amateur

30 1

25 A

15 4

10 -

TA PL GM BF

Y 18. 2 HE Hg HFE F TMEZEY AR A
Z7]18d g g ZFAE

m Elite " Amateur

3718
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<E 10>% AREE $F WF F MIPEAERS A8d A2Es) of
b Asfolth, el A of

o] dE Ay x| AT o2 deld A

upFo] o] dogl T 2284 5(10.60+12.33%MVIC)7F e E A5 (4.02

444%MVIC) KBt} =4 vebyk o (7=-2.000, p=.046; ¥ 20), oA =
L

g7l me fHe 3t

I+

D= AolE Holx FUTH(Ld 21).

£ 10. 28R E B} HF T MTPXEEH AE A B7] 8o o &
| oy

2] 2EAH T Ao (&$]: %MVIC)
TE Elite Amateur t(p)/Z(p)
TA 30.64+11.39 18.86£18.06 1.430(.181)
o= ~PL 22.80+22.45 26.11+16.00 ~1.000°(.317)
Leg GM 7.95+7.46 26.45+30.99 -1.571%(.116)
BF 402+4.44 10.60£12.33 -2.000%(.046)
MTP
TA 23.72+£19.79 23.72+26."76 0.001(.999)
Rt PL 22.62+13.91 30.61+19.89 ~0.850(.413)
Leg GM 22.90+20.38 37.26+33.43 -0.952(.362)
BF 23.78+20.37 25.85+22.89 -0.172(.866)

$: non—parametric statistics
MTP:Metatarsophalangeal joint, TA:Tibialis Anteriot, PL:Peroneus longus,

GM:Gastrocnemius Medial, BF:Biceps femoris
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M Elite © Amateur

35 1

25 [ PrT——
20 |
15 o

10 -

TA PL GM BF

¥ 20. 2R E WHE HFE F MTPEEER AL A
ZA718d & g 2L

W Elite 7 Amateur

TA PL GM BF
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U4 ZE WF(Port Tack) W Al 37189 WE &4 ZZ4HE 2o

<E 11>E XE W3 HE T TMEZEHNS ALES de|E9} ofnl3o]
QAo A AL AolE Fold Aot} gutoa s AT EA Y
o] okl 8 A £ (30.85+11.06%MVIC)7F  oFulF=o](15.14+23.25%

MVIC) Bt} =4 YeEb v (Z7=-2.000, p=.046), St&EFHA| Lo A= ofnt 3
o] o] HA =(29.87+25.85%6MVIC)7F A2 EA 9 (7.90+5.602%6MVIC) K.t} =
Al YEREtH(Z=-2.205, p=.050; 17 22). S| A= ofnlFo] o] QhEAgmA| L
T2 =(34.60+25.63%MVIC) 7} A 2] EA ¥ (7.5744.56%MVIC) 2ot =A 1
E}SoH(Z=-2.549, p=.049; 19 23).

1l XE ¥F 35 T TMXEEH AS A 378 @& §A

TEH4E Ao (&9): %MVIC)
5 Elite Amateur t(p)/Z(p)
TA 30.85+11.06 15.14+23.25 ~2.000%(.046)
Front PL 23.16+19.35 34.34+31.83 ~0.779(452)
Leg GM 7.90£5.60 29.87+25.85 -2.206°(.050)
BF 6.65+7.38 13.29+14.20 -1.571(.116)
M TA 26.51+13.21 26.95+26.04 -0.037(.971)
Rear PL 18.90+12.79 29.08+22.00 ~1.040(.321)
Leg GM 757+4.56 34.60+25.63 ~2.549°(.049)
BF 14.74+12.38 23.17+22.09 -0.867(.405)

$: non-parametric statistics
TM:Tarsometatarsal joint, TA:Tibialis Anteriot, PL:Peroneus longus,
GM:Gastrocnemius Medial, BF:Biceps femoris
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g7y o] 1(28.11+11.93%MVIC) o]  o}r}a01(1555£16.36%MVIC) Rt} =4 1
E}ut 0 U (Z7=-2.000, p=.046), ofrlso]e] oF&Adm 2] (27.80+15.03% MVIC)Z}
Uoe)l S48 284 5(17.32+1352%MVIC)= A EA T (Z12F 5.48+2.94%

MVIC®} 4.65+3.48%MVIC)E vt =A YeEbsth(Ztzr =-3579, p=014 <}
=-2403, p=.035 ¥ 24). SlFoME A7 Ho W Ho 7+ 2FAHE A

o5 WolA FUTH(LH 25).

E 12 E 83 WF 5 MTPE2EG A4 A 3718 B& 3

ZEAHE Ho (%9 %MVIC)

5 Elite Amateur t(p)/Z(p)

TA 28.11+11.93 15.55£16.36 -2.000%(.046)

Front PL 1867+13.04 31.37+19.64 ~1.000%(.317)

Leg GM 5.48+2.94 27.80+£15.03 -3.579(.014)

BF 4.65+3.48 17.32£13.52 -2.403(.035)

MTP

TA 20.49+14.77 21.06+22.45 -0.055(.957)

Rear PL 15.79+8.20 20.78+20.87 ~1641(129)

Leg GM 15.37£1894 27.33+19.48 -1.143%(.253)

BF 16.14+10.16 16.25£16.97 -0.015(.98%)

$: non—parametric statistics
MTP:Metatarsophalangeal joint, TA:Tibialis Anteriot, PL:Peroneus longus,

GM:Gastrocnemius Medial, BF:Biceps femoris
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3. HF W3(tack)d WE A ZEAHE Ao
7h deE 9EATe] WE WEK(Tack)ol OHE 32 TBHE ol

ME PPl wE s 2R oS sy s SR -7 H(Paired
A% (Wilcoxon signed-rank test)S A5t}

M gl e A T2 L Aol E

E 13. 49 E Q=AY HF HFo @ E A 2EHE Fo
(] %MVIC)
T& TA? PL? GM° BF¢
Front Starboard 2533t17.98 17651252  546+249 4778+4.45
Leg Port 30.85£11.03  23.16£1935  7.90£5.60 6.65£7.38
™ t(p)/Z(p) -0.812(.448) = -0.882(412)  -1.300(.241) = -0.676%(499)
Rear  Starboard 23771655  1575:7.30 12691429  14.74+10.62
Leg Port 2651£1321  1890£1279 - 757456  14.74+12.29
t(p)/Z(p) -0635(537)  -1.016(349) -0.845%(.398)  -0.003(.998)
Front Starboard 30641139 228042245  7.95:7.46 4,02+4.44
Leg Port 2811£11.93 186741304  548+294 465+348
TP t(p)/Z(p) 0451(668)  -0.169%(.866) -0.338%(.735) -1.014%(310)
Rear Starboard 2372:19.79  2262+1391  2290:2038  23.78+20.37
Leg Port 20491477 1579820 15371894  16.14£10.16
t(p)/Z(p) 0.229(828)  0.072(946) -0507%(612) -0.845%(.398)

$: non—parametric statistics
MTP:Metatarsophalangeal joint, TM:Tarsometatarsal joint,

TA:Tibialis Anteriot, PL:Peroneus longus,
GM:Gastrocnemius Medial, BF:Biceps femoris
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W oluio] AEANe WF HH(Tack)ol BE 874 SBAE 2ol

E 14, olvbZo] A=A WF

Sl Al TM¥ MTPEAE RS A8

2 84 2BYE Fol
A%
ek 30; 1

Fol WE A THHE Aol

(&91: %MVIC)

T& TA® PLP GM° BF¢

Front Starboard —2261+1549 221241237 23672665 144789
Leg Port 151442325 13434+31.83 298742585 13291420
™ t(p)/Z(p) ~1.153%(249) -0.829(445) -0.524%600)  -0.943%(.345)
Rear Starboard 25792619 2764+1765 34022485  20.28+1656
Leg Port 26.95:26.04  2908+2200  34.60+2563 23172209
t(p)/Z(p) -0.115(913)  -0225(.831)  -0.104(921)  -0.941(.390)
Front Starboard 1886+1806 = 261141600 26453099  10.60+12.33
Leg Port 15551636 31371964 - 27.80£1503  17.32+1352
TP t(p)/Z(p) -0.734%(463)  -0.455(.668)  -0.314%(.753) -1.153%(.249)
Rear Starboard 2372+2676 3434+31.83  37.26+3343  2585+22.89
Leg Port 21.06:22.45  2978+2087  27.33t1948  16.25:1697
t(p)/Z(p) 0229(.828)  0.072(946)  1.019(355)  1.090(.325)

$: non-parametric statistics
MTP:Metatarsophalangeal joint, TM:Tarsometatarsal joint,
TA:Tibialis Anteriot, PL:Peroneus longus,

GM:Gastrocnemius Medial, BF:Biceps femoris

- 49



W Starboard ' Port

TA PL GM BF

29 30. okotro] YEATY TME2ED AHS A
MFE Bg mE g% 2BYE

m Starboard © Port

TA PL GM BF

79 31 obrkEo] A=A TMEXERD Ag A
BE AP WE NT SRS

_50_



W Starboard ' Port

30 A
25 -
20 -
15 A

10 -

TA PL GM BF

Y 32 obvkFo] A= MY MTPEXEY AL A
HWF Aol me ¢F 2T

M Starboard " Port

_51_



B
o
il
™
‘.mo
oy
il
F
|
il

p—

Nlo

o
o

i
X

R
oy
ey
I

B

)

el o]

=

=

S o=

X
oF

ﬂwﬂ
W

B

Bt

o
xr
il
]

il
M

2]

el
M

ol
M

M

U

uH

T

el

o

N

o] (Deleciuse et al.,

o]z

El

)

2] of

1

2

1
2001),

el

R

+

el
K

= 795, 2015)°

I

H
=

]_

~
70

vzl

oH

~

W

—

NH

, 28, T E, 202009141 A7) A

AT (AEd

al

]

H

_52_



&l o]

=

=

o] Ar=A]¥ 9]
=E e

=
T

SEER!
Seuglen, 53 ofutol

j

=

=

JE ¢

g o

ZFA

A

N
O

o

O %

I
o

o]

-
1

w7} vy

a

-

J

O
=

0]
pul

SR

B

L

A =

S

3l oF

)

, 28, +H
A

o]

2™ (Seo, Jung, Jung & Lim,

)

[e)

i

1

2

kel
[e)

=

T}H(Horak & Nas hner,
90

}

0]
pul

& % ¥ ™ (Shimada, Obuchi,

Flem (A

3

°

o <]

2 3 (balance ability)
Kamide, Shiba & Okamoto, 2003), 7| 7]2] W3}7} t}Ai
9

2F(hip strategy)e]gfal

del JF< mAgz

-

1

atv, W37k 2 g

FA171

°

= A

==
%, 2020; Homan, Norcross, Goerger, Prentice & Blackburn, 2013).

strategy)©] 2}

Koy

AL

o~
T

ol

o
o
il
M

2]

o
M

ol
M

]_

W

2]

\A
%

oH

Aol A

=

A e A3, ofr}Eol

=

vl T AR =

]
H

2018),

)

oH

ol
M

_53_



.
o} ﬂ&m N h N o) .;
M 5 T m F = M i
5 T " OB ) H 50 T X o
A A g O M8 an 4r s =~
i aryhﬂs aﬂ%ﬂo%mw@ﬂﬂ
Wﬂr@ﬁﬂﬂwge &%:ov%at%. T T
Eon g o do o = M o X o ST I o| o
Lg}ov}qoﬁﬂ Aogﬂiz,xi}:@]ﬂ%
5o X < B il ~d T o o I ey
ey 28 N a, e oo B T D A
o Py = o
~ | o_% Gel) ® p M ™ 9 ﬂ T N iy % il mm gl 1@ N mg +~ °
ARG = o N 5 % S il X R o e O ~ o &R ol
R S8 o 4 o g g g w 2w o o T
. s e oo o o wh = o ~ o KR Y o
-~ i 5 B - A = N o Y oo ﬂﬂﬂ}%
Loy 5 N m1z, oo P % g o R X b
o ) o D o T ,M e T o o o - |
X x5 M T X o o B e ¥ AW W %0 m e
g@ia;% =~ __Lﬂ@wog | e %%%ﬂm
< ) o m X il BH M ° Y <] ~J i M o N
L.ﬁ 2 oo = i J N Ko ~ = = o ™ ~
ji HE J #E \ml 0 1__/| ‘Drﬁ! QL . 9 t H o 0 ‘)AI . lo
0 of L i ~N o = | < A o N ™
o & ow g = miaam}wx : T )
SFEEREE %E%Mmogﬂq&W@mﬁgg
] ) ) — N il
%g%hw&ma uyeﬂmw;ywmm;ﬂ%ﬂeg
o pb c ) " ol < S Y ]L mo % o o oy X 7o
P w T o g ot W A o W T F o e W Nk oo T 4
b T o= 8 & % Ak g B - o oo C o T Il
ol e S T < e MM Ay EL S mﬁ o o2 U U
oqx.mg#uﬂsg i ﬁg%L@Jﬂjwﬂﬂgm
f T o g A S s oS Eol = o z oF 0 = iy e
T 5 - m AR N, ¥3 S o YL do < Wy w ¥ om
L SINC] W T S fcr = o mON =
- B W T D = &Y L) 5 o N w0 T
ol WJ P m ) =z Jjo & xr oy = B o) T B SO mw =~ o| oF 4 =N o
= o S b Moo= g T L X T w B ook o CI HoE -
&ﬁ ~ ) ,UF N R o [5) m X 5 O 0 B K ﬂw Mu_l —
SN N oooMw g ¥R = g W Mo wo A woN T =
B o % o 5 < X X% il ~ = T I~
CEIESIIES nSE P g o0 ST x Z EN
N T x N o O = mlv o z ¥ ma ™
oF = o o % R H T 2 = RO e
azﬂo%o_agw%z@
M T of ol ,.MP
S m_m

- 54 -



—_
X
s ol
< 0 -
~ N
W e =3 Wr T
= ° ol S &3
™ N o+ R ol No
— orR 0 ~~
é%% w@m%ﬂ%ﬂ
o = o3
mM i N % i o NE wm T mo W W]
0 =~ OO
fv@_wwAQ%Aﬂ z@lm#mu
o N < X T T Wy R )
) %o e 3 A = ELI K B% ) A o m.w_m
it E) M 7 w0 Ko = Y = o 5 oF g™ x WK AT
= 90 o X o A T S o o = X —~
-~ = Y Oy = e | o I ™ ) < N < =
I B! > o) e B ofr ~ | 8 s N N = A < 3
o W Blal r N r ! Bl X ™ o2 g X
: o 3 0 el i J g Y o X Y 0 Gyl g r
)| o Gl N o | o oo oA < i Lf 2 >
o 5 B TR zo © e T oF r L o P o =
‘I‘Vl —~ D.rl ‘mwl A OM A 7o) A ot ﬂw f O_E <
= ~ < T ~ ™ gl i) = N Gl Mo r o M Ja
T ! oF = 3 ™ [ ¢+ a2 = - = I o = ﬂm
y@_ﬂEqmii] = EZL@@@%E%M}
e o = J@ & mr ] ° = N %0 e M e oy = A H &
wgm&%yw@gg@gﬂ X __dgwﬂuu
§ oﬁzﬂ;m@ﬂg o ngw:;aagﬂ7
oy B 0 N = | T | B wu N 9 s = RO = T ) < it
5 ol o} L x o 2 F mﬁ e e mw i mm X Gl m# R °
fiqaﬂohqﬂj! : __O_TZSO
- - Y ) 3 Wo 1__,/ eyl B = Wk ) el JL, . e ToH ol Ho
i i ‘,.M.r = ﬂma % Gl U HL‘_ ‘Em@ _ ﬁi Q_OI JL = HIWF ﬁo ‘ﬁm Ton oH
o i _J.,_ Q) = £} e = B alo ™ 3 VL < > Mo 7o
Y | ol i R o N i e, e il i —_ Ay < ~ o .
ﬂq@ogLioqﬂA;oymog o
¢ o k o 2 5% Qe oo a1 Mo L
o o 8 L L M Y g F = o AL ? o m T
L s P - B8R <V 1 o = ~ q R %u =
o B = £ o S o B o ,AW o W = B ﬁm ~ ' Wu_“ S
= mr o o N o nJ'E ) o i X In
o 5w o T ir B HK Tig o = P B
2 T WA e ) o o+ & ~
o ol Wr | ~ N e W r 1 o T %3 X )
olo WM 1] o 7 o = N MM = o
= S w o 2 o g i N
ool o el - st N —_— s J J
3 i — ol | fo ) s 9 o
= ~ o OC Eo ﬁo n [ \Q.\w
B! bW Ja o ﬂA_l ™ r —
® % = ® o < S
5 ifl It ST -
TR = ) ol S|
w o &
o ] I = £
<] _%u . =
r = -
Y

- 55 -



A H-(deep)oll ¢ A3}

o) Am w_a ﬂm RO ™ E% AR T ﬂ ST M- N M B W
®ORE pr AR o 2 — H - % P o _ =
Mook % M £ IR T

5 ol o| WO e T 3 o o Hoxr
&= oo o M X = N W T W Tooog- X
AR T T T3 X I
G R Y = S B o g MTE & E TR T
T X —_ = = o e iy S U o (R 0|

I S BT O AL SR (R RN
= % g ﬂ,ﬂ ~ 5 ~al ﬂﬂ MM K = S o o g N X IR
_~ T —_
o Xoo@mw Mo LN o0 o) o o S
x4 . e % J = mw wﬂw MNE R W o

—~ I3+ )

Fw B AR edEy YR P R o
w B ] @ Al e e I I )

B . HK il SIS R R~ Gl
E : - A E 9 ,Dl ~ 2o ﬁa ) o X UE zT X ¢ X
o z ® o o T 8 Kk — B
bl W o | & % o] W oo b\ | ° B P Ow o
G T N T B LU < T T
rh = o T s G- —i o CI

- m N X #E fite) OL — _.ﬁ .,..E ‘rltvl AL ‘mﬂ

1 = _~— ) dﬂ A ‘DrE dﬂ 0 =~ —~ l| ;OO
T N g B A R SR T R

S: NL O—” N Clg o) ;.OO o E.rl ~ (@)) OL 10 OO
o ¥ op w T 2oy o7 S !

R o o = ik
M e or MW = o S S N o
T o= o ~ 0 m N o8 %o T T S
K I 3 = M p A N S = 2o F R
o or T x M o ) K/ i ® = o W B . o
G W oI S - oy AN RS~ R | R
= X o } \H_Um o = ul X »AE 2 o) s
<= G o Mo m Nom < 3 = o]

T P % 3 e M w N o= B R N
m o2 = WS R K A o X
EoE N < 0° 11 M P W o =2 H X o
NI oo K o w| A EFali\e o oo 9 - o N o

I mr <] N B ™o o (NI S It
P T g BB e T a T gl ™
A IR S R o T EUoywoe ® s ® KW
= N o R L N RO oomhoWr W e R do
W oo m o N OH oW o o ®FON W K m R

o m o - T

T o B R S B =R I - vy o D )
oW X M W N wmom W oo xR w W AR W N R

_56_



723t

a

O
RS

L

B

F o (Walls & Gale, 2001; Kristen et al., 2007),

°

ER

o

Wr

il
)
‘umo
el
MJ
>
o

‘W/vo
B

MVIC®] 5730% FTwo=

1 - (Buchanan et al., 1996)¢]

O
RS

- -
s

3

A

3}
=

b2

S

o

o)
o

)

w

%

B

fite)

Ny
B

21 A% 60770kme] 8-S ¥ F gk 19679 =4

o
-

]

=

A

e

el

il

o} g9

0]
s

Ha

A

Ao 1984y LA

-
Xl 17

E -4

=]
B8R E ] e]

EEE

|y

=

j

pab 9l

gojd Al <

e

=

3

H}Aa A7

o

=

EH
b1 9

°

L

[e)

Al

2oz 3

[¢)
=

=
=

fite)

Ny
B

el
700

o

o

]

=

FaL ol

st 21Hol= &8

L
oS

7

&t

o

s}

w79

=

=

XgE_

}

0]
-

of

w
7

B
el

R

+
ol
amo

_57_



il

B

i

al7

—~
fite)

CISREE

B

—_
"o

ey
fite)

o B A Bk

—
fite)

=
il
H
w
M

o)
MJ

3 2y,

o
=1

=

ERE!

K

2

MJ
N
pH
ol

)

o

)

=3

M

~
70
fvze)

=
=

i

uch A vhehow, oful

_58_



o]

=
T

Aoz vhepgon], ofvt

Ahg-ol

]:+9]

2

o

o

Ny
L

ol
M

o)
MJ

o

)

7o

ol
gl

ol

o)
o

i

gold s&= °

=

=

vheo 2

=

=

17 A7)

O
RS

B

L

el

R

+
i

el

I
B

0

]

SECEECE

-

1

St

°

L
o

o
Nr
il
)
Tl

p—

0
&
_foﬁl

)

%

°

—

NI

_59_



AT 3hA ol

§ =l ofor &

3

o~
T

S

e

= 2AE AA
bl ot

0]
s
)

g 5

ol Slof A7]

ol

3 o] A

§ ke

9]

oH

I

il

]

S

gl

?;51_

%

14 ety gepy o

4
o
|

—
fite)

fite)
o
il

A

B

fite)

Ny
B-

il
—
fite)

il

=

0
N

i

ﬁo
B

—
fite)

i

L5 R L o v = R s

)

fite)
o
B

B

i
_En

)

)

il

s
il
Ao

[~
10

oF

o
o
o
i
w
il

ol

o

el

R

+

el

—~
o

el

)

w
e

_60_



283 A], 29(4), 1195-1204.

)

ofA1 7] Ak o] HA}7] A}
S ¥ o]#]” http://www.ksaf.org.

ok 77

.
4 5

]

Z
L=,

el

h 84

&= A& 7887, 21(1), 971-983.
(2020).

=R
e

[e)

L
T, T

1

<

of u| X
, %3]

1

o

]

[e]

WAoo 3
(2020-10-14).

Z18) (2012).
7

el

]

]

Z
L=,

JJo

rJ
~X

r
Hlo
K

T

3

W

Jo

1=
2}

alg

2x-RHE XAEHolH

(2015).

 A9E

bl

AENNRETE

3, 950-950.

~
A
5

o

e

il

it

loht

i

R

oF
70

o

il

+3] 2], 20(1), 31-42.

, o124 (2018). =& Abet HlmwA Fhe] x4 w7

4 s

g

F2 Ay e] %
38+ 3) x|, 27(2), 1259-1267.

9]

o

(2018).

KN
T

ENE PR

3

9]
pdl

o

=

F== =k 1=
'_]I__——]——‘ I__}‘\jl-

A

I

[e)
H

=

o

o
a7=54, 26, 11-21.

R

(2008).

[ 3

29, 481-489.

33

7}

o]

Gl
oH

AEQAFE, 31(1), 35-39.

3%

=TI

£33 (2015).

A
==

L 2Xz2IEFAT, 131(4), 50-54.

o
N]
B

o

YA

_61_



A2, o]z (2015). Ak v EAFe] Wl 2
2

cEYE, 2YEE P uEs)
Anthony, C. C., Brown, L. E., Coburn, J. W., Galpin, A. J., & Tran, T.

T. (2016). Stance affects balance in surfers. International Journal of

Sports Science & Coaching, 11(3), 446-450.
Bowerman, S. J., Smith, D. R., Carlson, M., & King, G. A. (2006). A

comparison of factors influencing ACL injury in male and female
athletes and non-athletes. Physical Therapy in Sport, 7(3), 144-152.
Buchanan, M., Cunningham, P., Dyson, R. J., & Hurrion, P. D. (1996).

Electromyographic activity of beating and reaching during simulated

boardsailing. Journal of sports sciences, 14(2), 131-137.
Buchhorn, T., Felder, ]J., Ziai, P., & Fehske, K. (2009). Orthopadische

Checkliste: Windsurfing. Sportorthopadie und Traumatologie, 25(3),
45-46.

Byrne, C. A., Okeeffe, D. T. Donnelly, A. E, & Lyons, G. M. (2007).
Effect of walking speed changes on tibialis anterior EMG during

healthy gait for FES envelope design in drop foot correction. Journal

of Electromyography and Kinesiology, 17(5), 605-616.

B., Marthe, C., & Hespel, J. M. (2007).

Campillo, P., Leszczynski,
Electromyographic analysis on a windsurfing simulator. Journal of

sports science & medicine, 6(1), 135-141
Cornillon, E., Blanchon, M. A. Ramboatsisetraina, P., Braize, C.,
Beauchet, O., Dubost, V., Gonthier, P., & Gonthier, R. (2002).

Effectiveness of falls prevention strategies for elderly subjects who

_62_



live in the community with performance assessment of physical
activities (before-after). In Annales de readaptation et de medecine
physique: revue scientifique de la Societe francaise de reeducation
fonctionnelle de readaptation et de medecine physique, 45(9),
493-504.

Delecluse, C., Coeckelberghs, T., & Vranken, R. (2001). Effects of the
different position of the feet in slalom and freestyle snowboarding on
muscle activity of knee extensors. In ISBS-Conference Proceedings
Archive.

De Luca, C. J. (1997). The use of surface electromyography in
biomechanics. Journal of applied biomechanics, 13(2), 135-163.

Dyson, R. J., Buchanan, M., Farrington, T. A., & Hurrion, P. D. (1996).
Electromyographic activity during windsurfing on water. Journal of
sports sciences, 14(2), 125-130.

Encyclopedia Britannica. (2021). “An official website of Encyclopzdia
Britannica” https://www.britannica.com/sports/windsurfing. (2021-01-10).

Encyclopedia Wikipedia. (2021). “An official website of Encyclopedia
Wikipedia” https://en.wikipedia.org/wiki/Windsurfing. (2021-01-09).

Feletti, F. (2017). Windsurfing Medicine. Extreme Sports Medisine,
18(17), 257-274.

Hertel, J., Earl, J. E., Tsang, K. K. W., & Miller, S. J. (2004). Combining
1sometric knee extension exercises with hip adduction or abduction
does not increase quadriceps EMG activity. British journal of sports
medicine, 38(2), 210-213.

Hetsroni, I, Mann, G., Ayalon, M., Frankl, U, & Nyska, M. (2006).

_63_



Extensor digitorum longus tendonitis in windsurfing due to footstrap
fixation. Clinical Journal of Sport Medicine, 16(1), 74-75.

Hoeger, W. W., Hopkins, D. R., Barette, S. L., & Hale, D. F. (1990).
Relationship between repetitions and selected percentages of one
repetition maximum: a comparison between untrained and trained
males and females. The Journal of Strength & Conditioning
Research, 4(2), 47-54.

Horak, F. B., & Nashner, L. M. (1986). Central programming of postural
movements: adaptation to altered support-surface configurations.
Journal of neurophysiology, 55(6), 1369-1381.

Homan, K. J., Norcross, M. F., Goerger, B. M., Prentice, W. E., &
Blackburn, J. T. (2013). The influence of hip strength on gluteal
activity and lower extremity kinematics. Journal of Electromyography
and Kinesiology, 23(2), 411-415.

International Windsurfing Association. (2021). “An official website of Intern
ational Windsurfing Association” http://www.internationalwindsurfing.com
/windsurfing _competion_0395v01.htm. (2021-01-09).

Jaszczur-Nowicki, J. (2004). The cardiorespiratory responses and energy
expenditure of windsurfers during cycle ergometer and windsurfing
simulator exercise Tests. Journal of Human Kinetics, 12, 147-154.

Kim, T. W., Gong, S. J., Gil, S. G., Park, J., Jeon, H., Song, J., & Chae,
W. S. (2013). Electromyographic analysis: theory and application.
Seoul: Hanmi Med, 43, 28-43.

Ko, Y. M,, Park, S., Lim, C. H., Lee, W. J., & Park, J. W. (2015). Study

on the Correlation Between the Imbalance of Muscle Strength and

_64_



the Score of EMG-Biofeedback Game at Ankle Joint in Healthy
Adults. The Journal of Korean Physical Therapy, 27(6), 386-391.

Kristen, K. H., Syré, C. S., & Kroner, A. (2007). Windsurfen-sport
medizinische Aspekte. Sport-Orthopadie—Sport—Traumatologie—
Sports— Orthopaedics and Traumatology, 23(2), 98-104.

Kristen, K. H. (2018). Foot and ankle injuries in surfing, windsurfing,
Kitesurfing: A follow up study and review of the literature. Sports
Orthopaedics and Traumatology, 34(3), 265-270.

Lee, H K., & Lee, J. C. (2018). Comparison of Triceps Surae EMG in
Plantar Flexion Test of MMT at Different Knee Angles.
International Journal of Internet, Broadcasting and Communication,
10(1), 40-47.

Lee, S. P., & Powers, C. (2013). Fatigue of the hip abductors results in
increased medial - lateral center of pressure excursion and altered
peroneus longus activation during a unipedal landing task. Clinical
biomechanics, 28(5), 524-529.

Mansfield, P. & Neumann, D. (2013). Essentials of kinesiology for the
physical therapist assistant. St. Louis, Missouri: Elsevier/Mosby.

Miiller, E. (1994). Analysis of the biomechanical -characteristics of
different swinging techniques in alpine skiing. Journal of sports
sciences, 12(3), 261-278.

Philbin, T. M. (2014). Sports Injuries of the Foot: Evolving Diagnosis
and Treatment. Springer Science & Business Media.

Roy, S. H., De Luca, C. J., & Schneider, J. O. C. H. E. N. (1986). Effects

of electrode location on myoelectric conduction velocity and median

_65_



frequency estimates. Journal of applied physiology, 61(4), 1510-1517.

Roy, S. H., De Luca, G., Cheng, M. S., Johansson, A., Gilmore, L. D., & De
Luca, C. ]J. (2007). Electro-mechanical stability of surface EMG sensors.
Medical & biological engineering & computing, 45(5), 447-457.

Seo, H., Jung, H. Jung, D. & Lim, D. (2018). Characteristics of Ankle
Strategy Responses to Dynamic Tilting Perturbations. Journal of the
Korean Society for Precision Engineering, 35(2), 203-210.

Shimada, H., Obuchi, S., Kamide, N., Shiba, Y., Okamoto, M., & Kakurai,
S. (2003). Relationship with dynamic balance function during standing
and walking. American journal of physical medicine & rehabilitation,
82(7), 511-516.

Van Bergen, C. ], Commandeur, J. P.,, Weber, R. 1., Haverkamp, D., &
Breederveld, R. S. (2016). Windsurfing vs Kkitesurfing: Injuries at the
North Sea over a 2-year period. World Journal of Orthopedics,
7(12), 814.

Vogiatzis, 1., Vito, G. D., Rodio, A., & Marchetti;, M. (2006). Comparison
of the physiological responses to upwind and downwind sail pumping
in windsurfers. NZJ Sport Medicine, 33(2), 66-69.

Walls, J. T., & Gale, T. J. (2001). A technique for the assessment of
sailboard harness line force. Journal of Science and Medicine in
Sport, 4(3), 348-356.

World Sailing. (2021). “An  official website of World Sailing”
https://www.sailing.org/rrs. (2021-01-09).

_66_



.Z._
il

dold A EAEY A9

=
=

CEREE

—
0

)

P —

T
o

)

B

]

o
o
il

B

B

—_
file)

A

~X
el

Iz

ﬁo

N
Lo

—~
file)

]
M
W
M

o
e

AT

_67_



ol

I

B

M

=0
N

=
=

i

o = YEs e, of
ot

ol

v_‘:i - 7
1’\I_]:/\ISL/ ° y H
AA tt] O]—u]—

)A

o
MJ
o)
MJ
~u

i

el

M

o

mr
o

JDO

MO

K

)

el

PAEE, €
%, €909, 4719

S|

'd_ A =
___l:‘]-r’:l =3 =
O, 1—%%

T Q0]

_68_



	Ⅰ. 서 론
	1. 연구의 필요성
	2. 연구의 목적
	3. 연구 문제
	4. 연구의 제한점
	5. 용어의 정의
	가. 범주 방향(Tack)
	나. 풋스트랩(Footstrap)
	다. 근전도 검사(Electromyography)
	라. 근활성도(Muscle activity)


	Ⅱ. 이론적 배경
	1. 윈드서핑
	가. 윈드서핑의 역사
	나. 윈드서핑의 개념
	다. 윈드서핑의 국내 현황
	라. 윈드서핑의 추진원리
	마. 윈드서핑의 플레이닝(Planing)

	2. 범주 방향(Tack)
	가. 범주 방향과 항해(Sailing)
	나. 범주 방향과 규정(Sailing Regulation)

	3. 풋스트랩(Footstrap)
	가. 풋스트랩 사용법
	나. 풋스트랩 위치

	4. 근전도(Electromyogram)
	가. 근전도의 원리
	나. 표면전극(Surface electrode) 부착

	5. 윈드서핑과 근전도
	가. 윈드서핑의 근활성도


	Ⅲ. 연구방법
	1. 연구철차
	2. 연구대상
	3. 측정도구 및 측정방법
	가. 측정도구
	(1) 시뮬레이터 장비
	(2) 근전도 장비

	나. 측정방법
	(1) 표면전극(Surface electrode) 부착부위
	(2) 최대 수의적 근수축 측정(Maximum Voluntary Isometric Contraction)
	(3) 근활성도 측정
	(4) 근활성도 자료처리


	4. 자료처리 방법

	Ⅳ. 연구결과
	1. 플레이닝 시 풋스트랩 위치에 따른 하지 근활성도 차이
	가. 엘리트 윈드서퍼의 풋스트랩 위치에 따른 하지 근활성도 차이
	나. 아마추어 윈드서퍼의 풋스트랩 위치에 따른 하지 근활성도 차이

	2. 플레이닝 시 경기력에 따른 하지 근활성도 차이
	가. 스타보드 방향 범주 시 경기력에 따른 하지 근활성도 차이
	나. 포트 방향 범주 시 경기력에 따른 하지 근활성도 차이

	3. 범주 방향(Tack)에 따른 하지 근활성도 차이
	가. 엘리트 윈드서퍼의 범주 방향에 따른 하지 근활성도 차이
	나. 아마추어 윈드서퍼의 범주 방향에 따른 하지 근활성도 차이


	Ⅴ. 논의
	Ⅵ. 결론 및 제언
	1. 결론
	2. 제언

	참고문헌
	국문초록


<startpage>15
Ⅰ. 서 론 1
 1. 연구의 필요성 1
 2. 연구의 목적 4
 3. 연구 문제 4
 4. 연구의 제한점 5
 5. 용어의 정의 6
  가. 범주 방향(Tack) 6
  나. 풋스트랩(Footstrap) 6
  다. 근전도 검사(Electromyography) 6
  라. 근활성도(Muscle activity) 6
Ⅱ. 이론적 배경 7
 1. 윈드서핑 7
  가. 윈드서핑의 역사 7
  나. 윈드서핑의 개념 8
  다. 윈드서핑의 국내 현황 8
  라. 윈드서핑의 추진원리 9
  마. 윈드서핑의 플레이닝(Planing) 11
 2. 범주 방향(Tack) 11
  가. 범주 방향과 항해(Sailing) 11
  나. 범주 방향과 규정(Sailing Regulation) 12
 3. 풋스트랩(Footstrap) 13
  가. 풋스트랩 사용법 13
  나. 풋스트랩 위치 14
 4. 근전도(Electromyogram) 14
  가. 근전도의 원리 14
  나. 표면전극(Surface electrode) 부착 16
 5. 윈드서핑과 근전도 16
  가. 윈드서핑의 근활성도 16
Ⅲ. 연구방법 18
 1. 연구철차 18
 2. 연구대상 19
 3. 측정도구 및 측정방법 20
  가. 측정도구 20
   (1) 시뮬레이터 장비 20
   (2) 근전도 장비 21
  나. 측정방법 22
   (1) 표면전극(Surface electrode) 부착부위 23
   (2) 최대 수의적 근수축 측정(Maximum Voluntary Isometric Contraction) 25
   (3) 근활성도 측정 27
   (4) 근활성도 자료처리 28
 4. 자료처리 방법 28
Ⅳ. 연구결과 29
 1. 플레이닝 시 풋스트랩 위치에 따른 하지 근활성도 차이 29
  가. 엘리트 윈드서퍼의 풋스트랩 위치에 따른 하지 근활성도 차이 29
  나. 아마추어 윈드서퍼의 풋스트랩 위치에 따른 하지 근활성도 차이 34
 2. 플레이닝 시 경기력에 따른 하지 근활성도 차이 38
  가. 스타보드 방향 범주 시 경기력에 따른 하지 근활성도 차이 38
  나. 포트 방향 범주 시 경기력에 따른 하지 근활성도 차이 42
 3. 범주 방향(Tack)에 따른 하지 근활성도 차이 46
  가. 엘리트 윈드서퍼의 범주 방향에 따른 하지 근활성도 차이 46
  나. 아마추어 윈드서퍼의 범주 방향에 따른 하지 근활성도 차이 49
Ⅴ. 논의 52
Ⅵ. 결론 및 제언 58
 1. 결론 58
 2. 제언 59
참고문헌 61
국문초록 67
</body>

