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Analytic Study on the Balance Ability and Muscle Activity

in Lower Extremity for Surfers depending on Skill levels

Kim, Hyo Sin

Department of Physical Education, The Graduate School
Pukyong National University
Directed by Professor Kim, Tae Gyu, PhD

Abstract

This study is to verify the difference in balance ability and muscle
activity in lower extremity depending on surfers skill levels and to
provide the basis for the coaching of surfing. Forty adult goofy and
regular surfers who were more than 30 surfings per 1 year, on average,
participated in this study, and they divided into two groups; the skilled
group (= 5 years of experience) and the non-skilled group (< 1 year).
All subjects were tested on their foot pressure and dynamic balance
ability for standing with both legs and static balance ability for one leg
standing by using the Gaitview AFA-50, and they also were measured
the muscle activity of tibialis anterior and gastrocnemius medialis
during the static balance test with one leg by wusing the
EMG(miniDTS). Static balance ability was defined as envelope area
(ENV), total legnth (TL), and sway velocity (SV).

The results are as follows.



First, the left pressure ratio of skilled goofy showed higher than
unskilled, and the right pressure ratio of unskilled goofy was higher

than the skilled.

Secondly, the right foot envelope area(ENV), total lengthe(TL), and
sway velocity(SV) of skilled goofy during static balance test with one

leg were significantly higher than unskilled.

Thirdly, there were no differences in the dynamic balance ability and
the muscle activity for static balance ability with one leg depending on

their skill levels.

Although surfing requires the surfer to have balance, the results
indicate that the skill and experience of surfing did not affect their
balance ability and muscle activity in lower extremity. This appear to
the limitations of study in choosing between the subject and
measurement range. However, there was a difference in the results of
foot pressure, which means that the biased posture of surfing may
affect pelvic displacement.

Based on this, in next study, consider actual surfing ability and
muscle activity when surfing, the surfers’ balance ability should be
analyzed again by modifying method. Also, further study is needed on

the effect of surfing on pelvic displacement.

Key word : Surfing, Skill levels, Balance, EMGQG, Stance
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oA Ase UEd B 7358 ¥ 4 TRYEES LA
:rL

S <E 2>5 B FHE

7] 53 2ddy A 2 A}
TdsY Gaitview feonTs K
i a s, Korea
=7 73H] AFA-50
T35 Y TEHSA Gaitview Pro
=] =2l 5 alFOOTs, Korea
Balance-pad
WP Age . 4 Airex, Swiss
Elite
A=
_ miniDTS Noraxon, USA
=474
~ THAE =A Noraxon MR3
—EAHE — Noraxon, USA
RS 3.14
A )
Single Electrode
2HAE HAF SeedTech, Korea
T246H
TEEATY TE&R S850-ND500 Samsung, Korea
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ro

e

2 WStk EMG(surface electromyography) H-2F 4
o

f

BE QFUAAE AN Re 9a FuE wiE 28
°]
2 Mg A5 T BAW QAL 2 9

Voluntary Isometric Contraction Test), = # 9= 4 (Static Test), £]%A %]

73274 (One Leg Standing Test), =4

~

& =74 (Target Test) 22 %

FE AL, ABAAFFGSA Aol shA TFYES A FA s

(1) =A%
A AL Gaitview AFA-50(alFOOTSs, Korea)2] Static Test Mode
£ o]&3ste] At hE M (Pressure ratio)o] wet -5 2+ 50
158, 2010), #-%¢ 4=Hlo &% A3 -

S E s A ey, Y AsE Gaitview Pro 2.0(19H 2)S

X

N
AN
o
fr
s
M
_0|L
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=
U\
ot o
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Gaitview AFA-50(alFOOTs, Korea)?] =71 H
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£ # 11 Vestibular Test Mode
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S
=
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(Envelope area)
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=
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= COPo A ZAA]
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A

=

(Total Length)
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=
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Gaitview Pro 205 & &AstAtH 1 6).

AA, Bl HAEA A= dd s e a8zl FE 11 Ao
ol o5S i A, & HSESHA e weol 24 s AW 90cm
A EUHE vl (28 7). Target Teste] W $(Range)= ‘x2' &,
Holm= level I'e AAHJY. FAA= ddAAA AATA ols A
He, &, o, 5F, s ARS

dAs 2UE Sdd Faslz AdEE B A4
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3}l th(Akasaka et al., 1997).

= A7 ZF(Tibialis Anterior)®] A% <7218 8>3}

2}

trocnemius medial haed)el] 7|& A=& F

_(H
o A QrL EAbw 1/3A 3, =l

=]
-+

2k

=]
-+

Fo g2 2cm "ol A

IL
=3

o
A%

Falom U H]| B2 (Gastrocnemius Medial Head) <

<Y 9>¢F o] Eok FAHoRHEEH 2em A9 W

t}(Ko, Park, Lim, Lee & Park, 2015).

M
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a9 9, Yn
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AJr
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fite)

<ol ol AAlstH, iAol Al

-
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bela, #vlgta 3

AL S
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=

9 2] &k 20

A

el

9t} Noraxon MR3 3.14

S

tel A &3t

1, Ak 20-400Hz9

KeX
=

Program
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9 T3 2HE AHEstel dEH (Filtering) 3 §, 2159 A7|E &S
71 el Azl digh Al AARS ste] HeAlw(RMS)S 10082 A g
05 ARt olF Ao AE 2HE #He %BMVIC(Maximum
Voluntary Isometric Contraction)S AF&3] ZF+3}ste] A od% 39

Bita AYAE et

B AP E £523d HAE ZdE ZHBMVIC)S T3t7] 93 =H
A Hd 44 5 2HAE ZFMVIO)S Tt Adl 44 5 <A
e =g A (Manual Muscle Test, MMT)E E& =A45Av
(Byrne, O' Keeffe, Donnelly & Lyons, 2007). A A= WA A4
A& 3 <ad 10> Zo] AH%e gidAe ¢S FAAE 3¢ &2
At ul2 915 Fa gE 3 Eo IE AES R 50 52 F g
atm o] WS W WEom AFE Thgkrh o] w, tjidAtel Al wrfet

agA wel F9 FEHZL HES AN, Bl 9 AgEA g

a9 11 e E
MVIC
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% AN e, MHIET 9S8 WdAE <1 1>% 2o W

we A4 #Ee §A7] 99 £2 247 o el LAY, BRAS

e Al=rig g A4 5 g d 5 Jd= s
(Hertel, Earl, Tsang & Miller, 2013), A1 ¥ k& o] 1x9 Ho 125
Aol gk 33k Hghd HAogs ALEekit

27s @ A7 4= @S Addste B

C
EMG x 100]e]3L ¢} 714 MVIC EMGE HUl A4 $£= 4% S 90

TAME Y, A 2ZAE de Aels Felstr] f& 7t

oA F AR test) B W-3EY U A (Mann-Whitney U test) == &

AW ZFEA (one-way ANOVA)E AA3H L, B8 FI5FFE a=.002
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Aoo] w2 -9 GHu S Sls Aol dazs #-
G gE BE FAHoR Fogk AolE Rolx Fot FIHAE &
dxpel FgE ) 7F 50.70 £ 3.24% 2 B &5 EA46.74 £ 4.09%) BT} F <] 3}
A=A Wb TH(F=5498, p=.031). ¥ T3] Z#xpe] ¢teu]E 4930 +
3.24% % W& #AH(53.25 + 4.09%) Rt} WA GERETHF=5.498, p=.031; 1
g 12).
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¥ 4 £d% wE F-$ ¢FHH 9 Ao
Lt. Pressure ratio Rt. Pressure ratio
A
(%) (%)
& #@2 (n=11) 4816 + 1.95 51.83 + 1.95
g9
(n=g1) FEA (0=10) 4818 + 353 51.82 + 353
F(p) 0.001 (.990) 0.001 (.991)
s #@2 (n=10) 50.70 + 3.24 4930 + 3.24
Ty
H & A (n=9) 46.74 + 4.09 53.25 + 4.09
(n=19)
F(p) 5.498 (.031) 5.498 (.031)
Lt.: left, Rt.: right
X
|
- | |
h2 | | \
50
g gR Nk
: I I
“ 8 o
42 —
=TX} HIS TR =TA} HI& R
H28 Tl
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<E 5> wdEl wE FH-p AW GHRE ST ZAieln dEd

of 3 BT wdztet vlm#Ate] -9 A bEn]o digk fof gk ol
g HolA LAUrH(d 13)
X5 8% & F-9 A GEg¥nH|g Ao
Q9 Lt. F/F ratio Rt. F/F ratio
(%) (%)
@A (n=11) 21.83 + 2.99 2551 + 3.38
=9
(n=21y FEA (0=10) 23.81 + 4.42 2550 + 4.31
F(p) 1.468 (.241) 0.002 (.962)
@A (n=10) 23.67 + 4.89 22.09 + 555
T4
H ™A 2 (n=9) 2294 + 3.90 25.66 + 3.70
(n=19)
F(p) 0.129 (.724) 2.649 (.122)
Lt.: left, Rt.: right, F/F : Front Foot
26
A N\ /
24
; 35
22 e jp—
21
20
19
=37} H| %37} =37} H=37}
22 1

= Lt FF ratioc - Rt F/F ratio

29 13, HAwe uhe #H-$ A grE)
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< 6> sdzl WE FH-p S GRS SR ZAieln dEd

o 73 mE Ladel weAAe] - Fub o] @ Fo Aol

X 6. s8R E F-9 I ¢tgno o
Ao Lt. R/F ratio Rt. R/F ratio
(%) (%)
@A (n=11) 26.33 + 2.37 26.32 + 3.34
=9
(n=21y FEA (0=10) 24.37 + 3.74 2622 + 4.46
F(p) 2.098 (.164) 0.003 (.957)
@A (n=10) | Aoy At 2721 + 3.99
T3
H ™A 2 (n=9) 23.80 + 3.20 2759 + 2.99
(n=19)
F(p) 1.856 (.191) 0.054 (.819)

Lt.: left, Rt.: right, R/F : Rear Foot

28

26 \ ™ s /
25 -

" S o

23 e —

22

21

7%} Bl &AL 2% B3R
23 7
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fvze)
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_ZTI
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KeX
=

(one-way ANOVA)

U #AA(Mann-Whitney U test)¥} <

Alsk gt

F

vAO

A7

9l

sholeh. o A=
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<E T2 sdRo] mE FH-g SFHA(ENV)] Aol I3 Ao
oA #H-5 ofFHAn Fye] df eFEAdME FALLR
T AolE HolA FRou, Ty &Rk
42897 = W] 2R(406.2 + 116.39mr) BT fFostAl =4 dEwT
(F=4.855 p=.042; 19 15).

7 495 BE 9 GFUAY o

- Lt. ENV Rt. ENV
(mnr) (mrr)
=387 (n=11) 5276 + 456.23 649.42 + 632.40
:ﬂfij1 H & @2 (n=10) 41738 + 195.42 59859 + 127.84
Z(p) -0.563 (.573) -1.197 (.231)
@2 (n=10) 41344 + 324 732.37 + 42897
(::i]g) H =@ (n=9) 655.13 + 4.09 406.2 + 116.39
Z(p) / F(p) -0.245 (.806) 4.855 (.042)

Lt.: left, Rt.: right, ENV(Envelope area) : &5 %%

*x
800 I_I
700 2
600 e -
500
400
300
200
100
0
S84 Bl& % S3% Bl S}
222 an
=Lt ENV Rt ENV
a9 15 ¥k wE #H-§ o5
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<E O SURd Be 3¢ F
o Ao 9 %

fol@ Aol mol7

A9t 79 A% F

ooy, T ee%

=

ARF(TL)Y Aol 2 H

AH M= FA

258.64mm= W] HEAF(554.94 £ 8355mm) Ktk FoEAl =
(F=6.694 p=.021; 19 16).
E 8 sdZd wWg F-¢ FT AFJZY Ao
. Lt. TL Rt. TL
(mm) (mm)
=387 (n=11) 698.01 + 359.30 731.15 + 256.42
g2
(negp) EEA (0=10) 63664 + 17463 77636 + 18221
Z(p) / F(p) -0.352 (.725) 0.213 (.650)
@2 (n=10) 653.58 + 269.56 77528 + 258.64
79
(n=1g) EEA (n=9)  587.08 + 28878 554.94 + 83.55

Z(p) /' F(p) -1.061 (.288)

6.694 (.021)

Lt.: left, Rt.: right TL(Total Length) : & # &%

*

900 |
800 I
700 E _,t‘
600
500
400
300
200
100
0

=Tx Hl=E%} =T} H|=TA}

E =L T
=Lt TL ~Rt TL
a9 16 Sz we - F AHF
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<E 9L FHEd wE -9 COP £X(SV)9 #olE Rlg Aol
o o@Eae F-$ COP £59 Tye 9% COP £LoMs EAHo=R
Folg ApolE HolA gon, 39 28X COP HkoA 3878
12.92mn/sZ W& HAH27.25 + 4.16m/s) Htk FosHA =A JERs

(F=6.514

p=.021; 19 17).

® 9 SUEd WE H9 COP FEO Aol

- Lt. SV Rt. SV
(mn/s) (mn/s)
¥R (n=11) 3490 + 17.95 3657 + 12.82
=9
(n=o1) 1E@A (0=10) 31.84 + 872 38.81 + 9.09
Z(p) / F(p) -0.317 (.751) 0.209 (.653)
@A (n=10) 32.67 + 1348 38.78 + 12.92
T3
(n=19) EEA (0=9) 3149 * 12.69 27.25 + 4.16
Z(p) / F(p) -0.980 (.327) 6.514 (.021)

Lt.: left, Rt.: right, COP : &8 F4l, SV(Sway Velocity) : COP &%

15
40
35
30
25
20
15
10

G ER
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<E 10>S SR w2 FAEYT Aol & BQlgk Aol ¥
oo 3 B5F S#zke) vl Ao T3s=Hd gk {23 xfol
5 Holx &drH g 18).
¥ 10. $dxd wWE FHTFTHL Ao
4 Target Test
(sec)
=¥ (n=11) 5725 + 815
g =9 £
(n=21) 15384 (n=10) 56.86 + 11.12
F(p) 0.109 (.745)
@A (n=10) 55.78 + 6.43
T4
H & ™A 2 (n=9) 5756 + 10.29
(n=19)
F(p) 0.211 (.652)
58
57.5
57
56.5
56
55.5
55
54.5
=H A} H| =T A} A} H| =T X}
#H22 2
T arget T est
a9 18 %o mE FA Y s



M
bt
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X

sh4l

A A]

KeX
=

(one-way ANOVA)

(Mann-Whitney U test)¥ <

an, e e

A

o
K

%0

o
M

¥
H

\.—_mﬂo

Ny

%0
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<H 1S iz g2 319 dAdsd 45 73 Zols
sk Ayjolt}, HEH e 7y BT Szt v dExe] 29 AAE

A5 Fatghol thek FoId 2ol HolA| dgkth(d 19).

£ 1l sd=d @& F-5 AFZST A= HT@Y Aol

_l!
=S

ri
ml

OLST. Lt. TA. OLST. Rt. TA.

EInLy mean mean

(mv) (mv)
=™z (n=11) 32.66 + 17.39 31.05 + 14.98
2 ii H£d82 (n=10) 26.72 + 15.96 3594 + 15.08
Z(p) / F(p) -0.634 (.526) 0.554 (.466)
<&@z (n=10) 3357 + 16.36 29.12 + 1561
(:—:ﬂg) Hl < #7 (n=9) 2924 + 17.67 33.14 + 14.05
Z(p) / F(p) -0.634 (.526) 0.345 (.565)

OLST: One Leg Standing Test, Lt : left, Rt. Right,
TA : Tibialis Anterior

40
35 —
30 ? -1
25 = =
20
15
10

L]

1]

sa% Hl&21%} s21% Hl&2I%
22 71
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<H 12>2 mdzd g2 -9 A4 4T T aY ZolE
sk Ayjolt}, HEH e 7y BT Szt v dExe] 29 AAE

A% Fatgkol thek FoId 2ol HolA| dgkth(d 20).

¥ 12. sd=d @& F-5 ABZSZ A= Adgd Aol

_l!
=S

ri
ml

OLST. Lt. TA. OLST. Rt. TA.

EInLy peak peak

(mv) (mv)
=™z (n=11) 73.39 + 2751 62.66 + 25.94
2 ii H 5482 (n=10) 61.40 + 2859 70.82 + 20.96
F(p) 0.958 (.340) 0.620 (.441)
=&z (n=10) 61.04 + 21.27 59.92 + 2518
(::ﬂg) Hl & #72 (n=9) 68.72 + 24.16 7717 + 20.02
F(p) 0.513 (.484) 2.687 (.120)

OLST: One Leg Standing Test, Lt : left, Rt. Right,
TA : Tibialis Anterior

90
80
70
60 : "
50 !___,
40 —
30
20
10
0
=%t Hl=TA} =37} H| &%}
E E =k
= OLST. Lt TA Peak - OLST. Rt TA. Peak
% 20, SEE 2 9 dAES A= Hu#k
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KeX
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(one-way ANOVA)

(Mann-Whitney U test)¥ <
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vzl

X

ol
E

oy
K

‘umo
B

Zeabe} v

gk Avghd Poe o8

e

2)

M
o
M
¥r

=0

A

13, dEe e 4

[e>
AR

gl

LR
oS

]

A

gl

=z
=

N
[mt

il
=
i)

_38_



<E 13>e SUmd] BE F B2 SYE Faate Aol

@ Avoltt dl@elst T3 BE HAxe vEAxe] -9 quue

A% Fatgkol thek FoId ZolE HolA| dgkth(d 21).

# 13 8= wWE F-§ UnHEDS A= FdgY A

OLST. Lt. Gm. OLST. Rt. Gm.

EInLy mean mean

(mv) (mv)
=™z (n=11) 29.36 + 11.68 34.86 + 15.98
2 ii H 5482 (n=10) 33.72 + 15.10 4245 + 1841
F(p) 0.553 (.466) 1.025 (.324)
=&z (n=10) 37.47 + 1950 33.84 + 22.19
(::ﬂg) Hl & #72 (n=9) 42.11 + 9.86 39.43 + 11.65
F(p) 0.406 (.553) 0.456 (.508)

OLST: One Leg Standing Test, Lt : left, Rt. Right,
Gm : Gastrocnemius Medial Head

15
40 -
% N -,
30 e l.
29 ? :J__,
20 =
15
10
5
0
3% LRy 3% B|& 3%
23 e
= OL3T. Lt Gm. Mean OLST. Rt Gm. Mean
a9 21 = 2 29 UnE AR P
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<HE M>E SR hE A UEe FYE HYgke] AolE el
3 Aspolry. dlweiet 7o BT Saxel vxAAe F-¢ gnEz @
B Argke] W@ fel@ Aols wolx Eprh(ad 22).
E 14 920 BE 5 YHEI FHE FAgd Fo|
OLST. Lt. Gm. OLST. Rt. Gm.

EInLy peak peak

(mv) (mv)
=™z (n=11) 4580 + 2278 4694 + 19.92
2ii H 5482 (n=10) 4564 + 1879 55.80 + 22.83
Z(p) / F(p) -0.211 (.833) 0.902 (.354)
=&z (n=10) 55.27 + 24.06 5121 + 29.38
(::ﬂg) Hl & #72 (n=9) 79.11 + 6456 55.35 + 17.93
Z(p) / F(p) -0.839 (.402) 0.133 (.720)

OLST: One Leg Standing Test, Lt : left, Rt. Right,
Gm : Gastrocnemius Medial Head

90
80
70
60
50 " -
10 =
30
20
10

0

STA Hl=Tix} ST Hl5TAL
222y 71
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B oAl A Hund e - AHuE FUAF A, d@Fele ¢

geE BE EALOR fold Aol: WolA ggtout TYAAL &d
27} 50.70%62 W] & H A (46.74%) R T} F o)A = A e

E, 9 GAAe] Sorule 4930%% WS AABG325%) 1wk WA e
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B ATl Sdme w2 #dbed ol dAF A, dBY

Wl #-9oh Py A% el BAHOZ fo@ Aolt YUn

73237 = Y] =A@ 2H(406.2mn) BT ol ek Al =A vERg e, F AAY

(TL)ANAM = <HdA7F 775.28m=E Bl <@ xH(554.94m) Hob o8t A =4

UElskal, COP £=(SV)E wz7A 2 &SdExp7E 38.78mn/s% W] &&=}
=]

(27.25mn/s) Bt FoletA =A YRt ol 2d A3 7y sHAY
o2z o] H&uAS o2% FYRT o BAAF AL =),
Chapman et al.(2008)3} Alcantara et al.(2012)2 A& Fo] AHo|

P = Hed FdsA gL WHolg e, of A9 A

e wpR7HA R o AoE mEs WA Xkl Wil ]9

gz wgoA BAMSE Fo8 93 WA AL, AEeel A
Gax 7 AEe) Ao|(7454, 3206)0] el 7H AsEe] HeAo
21100d)0] vGAAe] ALA89d)HT} FEekA Egrow, ojd]
e Sae] AUEB0ANE HEUAS] AH6IA)L Ao E nY
oo #HEEe w54 F A9 take off( B RE Fo] <lojA )
Fao] ohet 9WAATYTYS FQe BHow Ad = AT

3

lo,
o,
o
ot
i)
do

g
Y
ot
o
o,
r (o3
-
i)
<)
=2

o]

o
o

nx Aog KOt}

_42_



X

o)
B
Jo
0
.
N

Ho
)

o 4dxE

Wi

3. A9

)

L
G

RE X PN

skt

0

H ol A]

=
=

o3 Aol

gL T

Ao 7}

}

0]
pul

o

[e)

i

3l A (Anthony et al, 2016)°l A
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