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using Heel Raise Posture on Neuromuscular
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Objective: This study aimed to analyze the effects of consecutive whole body vibration through heel raise
posture on the center of pressure and electromyography of anterior tibial muscle, lateral gastrocnemius
and soleus muscles during single-leg stance.

Method: The subjects of this study included 30 healthy males in their 20's, with the following inclusion
criteria: no history of orthopaedic medical history, no participation in regular exercises, no history of whole
body vibration exercise, and right leg being the dominant leg. The experimental procedure involved pre-
treatment measurement of eye open single-leg stance, application of whole body vibration for 30 seconds,
post-treatment measurement (3 measurements in total). Static and dynamic movements have been measured
over 2 separate experiments, with 72 hours gap between the experiments. Static movement involved
maintaining single-leg heel raise posture for 30 seconds while applying whole body vibration, and dynamic
movement involved heel raise (15 repetitions over 30 seconds) while applying whole body vibration. The
strength of applied whole body vibration was 35 Hz frequency and 2~4 mm amplitude.

Results: As the single-leg posture after static heel raise posture, mediolateral velocity of the center of pressure
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at post 2 and post 3 were significantly reduced compared to the pre-treatment measurement. In addition, the
percentage for reference voluntary contraction in anterior tibial muscle and soleus and median frequency
at anterior tibial muscle and lateral gastrocnemius muscle at post 3 were significantly decreased compared
to the pre-treatment value. As the single-leg posture after dynamic heel raise posture, the mediolateral 95%
edge frequency of the center of pressure and median frequency at anterior tibial muscle, lateral gastrocnemius
muscle, and soleus muscle at post 3 were significantly reduced compared to the pre-treatment value.

Conclusion: Acute whole body vibration via static and dynamic heel raise posture have positive effect on
mediolateral posture control during single-leg stance.

Keywords: Whole body vibration, Single-leg stance, Centre of pressure, EMG

INTRODUCTION

A ZElSWhole body vibration) 2&2 Z3E 20| MM & HXE
74X Fs0| =EA7|= 2 EHHO|CHRitzmann, Kramer, Bemhardt
& Gollhofer, 2014). 7| AFOM= TE 2342 28, 20/E, O
HY 82 25 58 oS gl AR, FZ0l= DEHA

&) 2 E2f0|'dol CHM| =
OS2 AMEE|D ACHDelecluse, Roelants & Verschueren,
2 93|=0 o|320| glen, SEgs £

22 S Uttele) 23 o 29

Copyright (© 2021 Korean Journal of Sport Biomechanics

o rot oA
Ho
ofn
10
ok
ful
mju
o =
Ok
mot T
>
O
<
oo
ox
o
oX
2
>
R
ru*i*
mjo
-0
rot
Ho 1
on

A
HZ2Z AMEE[D RACHRheem, 2014; Cardinale & Wakeling, 2005).

| off Chet 22t 4=&7|(Sensory
receptors)E AFFA|ZICE 3] 2HF(Muscle spindles)?| a-25414
(Motoneurons)& 2-d2tA7 2|2 BAL =X¢0l 21T-E TS HhAt
(Tonic Vibration Reflex)E |50, &5 &3 Muscle activity), &
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Table 1. Physical characteristics
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Group Age Height Weight Muscle mass Fat mass Body masszindex
(years) (cm) (kg) (kg) (kg) (kg/m?)
Male (n=30) 21.6+2.3 1728453 71.5+10.1 31.1+4.0 16.4+6.2 24.0+34
2014). ol2{st MUZlE 282 25 dk B8 Al A8Ee §42 2IE A5%e A2 25 Z2O8 A0 2o A= 7|E=XZTF
FIt(frequency)2t = (Amplitude), & & S92 F&, LEX| 2 Aoz TChEInh mEtq X XMHO 58 s3I0 2aEel A
% A2+ 30| UCJordan, Norris & Herzog, 2005). Fit4= Lt 2+ MAE 25 ZEESS Q57| 28 B X 85 ZEEES §
Bl MAARE MmEH SAE0| Y Jtsdo| gle etde F 8310 F 28 7O FEfof w2t A XpM|K 0] 58 HE A
It=Ql 20~50 Hz ALO[0||Af AH=O| BO| O|FO{ R 20 (Rheem, 2014; Bo HtERE MEO ME 2 MEAL 2t 288y Hol At
Rittweger, Mutschelknauss & Felsenberg, 2003), &2 M0l& C{ao=z £ 4n= 27t ULt
30~35 HzQ| Fhb=et 2~4 mm ZIEO| T 25 &zt 8 28 matM o] A7l =X 2 st dol 388 Hdez F&X &
A M0 YA S LIEHACID B8t QITHAdams et al, 71 RIME ol8et HA A 88 HUTE 2a2 dS55ezE M
2009; Cardinale & Lim, 2003; Cormie, Deane, Triplett & McBride, 2006; of w2 Q7| Al XtMA|OQF AAZY O/X|= gdee AHEE
Dickin & Heath, 2014; Turner, Sanderson & Attwood, 2011). Z0|H O|F &3l TMXlE &S S X Z213 4F Al &1

Ml oF8M-2 7|XMH™ Lol A RS E(center of mass)2 XISt
1 HO{sle 582 2 A(Horak, 1997; Ferdjallah, Harris, Smith & Wertsch,
2002), M=t MMHOE $-st7| fisiMd EH A 5% oY, Al
(Visual), 7 (Vestibular), H|4d Z+ZHSomatosensory)2| HEE ZZ|3}s}
£ 30| @7 & CHPeterson, Christou & Rosengren, 2006). O|2{3t X}
MAOf 582 Loz LIEHLE &350 5a%t 242 2%
O4(Diener, Dichgans, Guschlbauer & Mau, 1984; Ferdjallah et al., 2002),
E3| 22A7| Alsingle-leg stance) AtAlQ| QHEH2 =& Al LIEILE
= QLXK 7ol ergdur ARE|0] S aolo] AFPEl IS
Ol 583t 22192 ZE3HCHZumbrunn, MacWilliams & Johnson,

2011).
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METHOD
1. A7 CHEXL

AT &A= 14 OJLfof HH 2utE Ho| giol, = 33| ol
of FAHQI 250 &OSIX| g A, MAUZE 259 4HO| Qe
At =8 Ci2|7t LEZQI 200 AT HYS 4oz xFXo=z
% 309 Q0| HY2 2t=RTCE O] A E At pAHE ZE
Ao 2rsho] My M AMR 2243 (Institute of Review Board)2|
Mo|E grotom, A CHMRHE Ao Zqto et $Q1= A F9|
MOf| CHel 23 4ES 22 = MBS ot st AFHo| T
7] M 32 SO2 XY 2882 YT = AUes =F9 A
N =59 #0E& NSIRACE AT TRt MAE E42 (Table 1)
ot ZCt
2. Ad =Xt

O] gt e HXte= & 220 HELE L0 ZIASACE A
MR £E2 A S2M Y, MAgs FH 22X] 2d(Physical
activity readiness questionnaire, PAR-Q), HI4&2 £ 7|(Inbody270, In-
body, Korea)2t AMEHE 083510 CHaIAte| MZE(Height), K& (Weight),
S 2 (Muscle mass), X2 (Fat mass), M A2 X|5=Body mass index,
BMI) S2| AHMH E4E ZFSALL £ 2T = (Electromyogram)

A KA J|E =F(Reference voluntary contraction, RVC) F8, At

M SHom £w QuAI|E MAIS Cte, BE HBX 57| A
£ 0|2t MAFIE 25 B2 S AIS £Hoz £xq 9UNY| =
He MABIOCE £ #R S S5 §BX 7| AME 0|8 H
NEE 25 Hgsjol, A WA SHI SUS wHo= MBI
RO SIS R SHES s muet T2 B1E Has|
9I310] 72417 O|Af0| ZHAS £1 A ACHFigure 1)
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Written informed consent
PAR - Q
Body composition analysis

EMG Attachment

Body composition analysis
EMG Attachment

RVC Measurement

> won P

The measurements of WBV

RVC Measurement

o v A w NP

The measurements of WBV

Single-leg standing Pre - measurement Single-leg standing Pre - measurement

Static heel raise posture WBV 30 s Dynamic heel raise posture WBV 30 s

Single-leg standing Post 1 - measurement Single-leg standing Post 1 - measurement

Static heel raise posture WBV 30 s Dynamic heel raise posture WBV 30 s

Single-leg standing Post 2 - measurement Single-leg standing Post 2 - measurement

Static heel raise posture WBV 30 s Dynamic heel raise posture WBV 30 s

Single-leg standing Post 3 - measurement Single-leg standing Post 3 - measurement

— = —~ =

Data analysis and statistics

Figure 1. Experimental procedure

0l @'—_rl—o— A5 ZH|E= MAEIE7|(Personal power plate, Power plate,

HH 2 Z(Trigno, Delsys, US)S

™ 23 H8& §— 7tstt SAXeE WE YISt
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XH 37| = igAte e Wake x5 2

o

=

ZEC 2 HHTRALCKFigure 2).
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Figure 2. Equipment placement
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22 ZHE £ S
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% ALY I|E

%

DHEo| BAte BlE|o| Q|XH|= X (Lateral gastrocnemius)Zt ZHAHD|
Z(Soleus), M A= (Tibialis anterior)0fl £%t5tSCH 2t 2] 2T
& Xl= 7|AF(Origin)@t X[ R (nsertion)2| ALO|2| ZE(Belly)of
SASIRON, 2T 25 M 25 Xz YEE2E MRO0| 253t

& =% 5O XM LS o Ho|2 He|n

7
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X £7] ItHE 0|8 MUTS 23

S ot UEIB/X| E7]= X[X| Ct2|e] dgs A=
H|Z& Cl2|(Non-dominant limb)0ll M3l oD, HIF5 CI2|& &9
QIUMI| XMt S HAISHYULCE HEE2 MAATOME 2T of

o
=

30~60= HAZEE 252 ME8%l= AR QIR 20H(Cloak
012;

AESES et al,
2010; Fort et al, ; Rendos et al, 2017; Schlee et al, 2012), MAl2
S HE Al U‘|E|01| ML= 5H8 2a28t7| 8 7tstt 72 o
el A7 82 HEStD QUCHCardinale & Wakeling, 2005). EE
of 22-80| &g 7Hs40| gle QXS Fob4=Ql 20~50 Hz ALO|
o Fut+ T FH2 g2 HASZ 30~35 HzO| T2t 2~4 mm
50| sy 25 dst A 28 = 0| SHHR 2E
LIEPHCID 2138t Q10{(Adams et al, 2009; Cardinale & Lim, 2003;

Cormie, Deane, Triplett & McBride, 2006; Dickin & Heath, 2014; Turner,
Sanderson & Attwood, 2011). & G+& XBZHoZ HMATSE 35 Hz,
MNTZR~4 mm)2 XESHRULCE

HH E[BX| &7|(Static heel raise) XM=
HAUTS 30 HE T w=10 EMI| E(post 1); 0|7 FHEXIE

— - =

=0 28 N2 HUTS 30 HE = £E1 EAM7| F(post
2);

j==an}

FIEX S0 22 XM=

OIX|Ee 2 FIBXIE &0 22 XHME HUXE 30X HE & +
QLM T| ZE(post 3= HAISHALE & 329 FH FBX| S7|
MME HAUTS 3028 HESHH, A ZH-(pre)2 2R & 43
o T QEAN7| ZHE HAGRICE X FEKXE =7|(Dynamic
heel raise)= T4IZlES & 30X ¢ FHEAE 10 Uale SES
153 HAISIICE B& FEX £7/9 YHnt 20| T 339 8% F

S|
ER 57I SHez HUTE 30 HE MY 5ZE =l &

HAUTE 25 S8 3 A7l FHE A AlZt 20l 3 m el
X3 21| QI M FA| AAISHRICH

QErM7|= xp7F EaEl
|-E|§ *I-Io|. |- Esb S

5 g
E AMME Fet = LdES I‘LXWW 7#% flof 0|1, o= Ci2|E
90°2 %13}04 53 Ci2|of 2R REE E OE AM2 82 =
Al FAIBIEE SIQICE QAYAM7| 5 Al 24 AlZt olUof 75 ¢
of & f tol D7PAIZ F20] 20{X|AL, dHlel THo| HZsH &
=2 8%, ZHEO| 7|= AX|oM BojLtls 32, HT=Z ZHFSHRA

C(Bizid et al,, 2009: Yaggie & McGregor, 2002).
3. XtEsH 3 N

0] Alsio| £

L0 ErMZIof oier X|BEHE Xtzo| 7|3}, =&
M2 Nexus software (Vicon, UKS O|23I%CH, 24 A2 AY
4o gl = A= 7] S2E MAHSH| A5t Al A=

HE 20X 509 XfEE 2 M5l ChFigure 3). X|BHEHE
2 -’,SIL}_,- 100 Hz2 A™stD, £=F &l X}E2= Butterworth

ZE 2SI RACHFigure 3).
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Figure 3. Data collection and analyzed time
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3.1 X|Heks 2A ol

wED Q7|0 TSt X|HEH Xt #M M XIMHOl 5
g S FQ B4l YHSHUHE(Center of pressure)2| HES
AlZh @t FOk @Y BRE LHe OFF, 22 29, & 29,
ST aQl M5 EM5IUCt 2 qolyt 7‘1° 2912 £&, RMS

]
(Root mean squared) 2|, & Lt¢ FIts=(Total power frequency), 50%
ZF It (Edge frequency), 95% FIt<=(Edge frequency) &8 2212 &
o &5, 95% AME| 77 EFel HEOoZ JLESIQUC

UABNYO| 7S S0t WS HEE YAFYHO| 32, W32
201 & HE|E BM AIZHT = 20 )22 Lt ZHo|H, & @, @2t
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1 —

Vmr = ;Zx=%(|xML(n+1) - xML(n)l) @)
1 -
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Xy Xmpany & L UK nBW Dt n+1HW S
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M A|IZHT = 20 5)2 Q|O|BiCt,

(2 32 &

g HEZ A
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1 _
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xAP(n)gl' xAPS AHSZAHE
Off AFEE ©X| AtEl 2=(100 Hz
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a = [3(SD2p + SD%, + D)]z @
1

b= [3(5D,§P +SDig, — D)Jz

1
D = [(SDZp + SDjz,) — 4(SDZpSDj, — SDZpm1)]? ®
1
SDypmr = ;ZrILl(xAP(n)xML(n))
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92 LOo|=7t EHE = AAZ HoHE
T I Complexity version 2.0 Z212
(Laxtha, Korea)& O|83t0] & FIb=:, 95% ¢+ FIb%:, 50% T+ F
o2 2ASHRACHYoum, Park & Seo, 2008).

[
o
ro

4. 84 M2

SA Me2lE SPSS 2102 OI8dt0] Zt He-32| it EEHEAE
MESlon, RE Xtzo| Hd A™ME 23l Shapiro-wilk testsS A
AlStRIct BH A S LEEX 7] & Al HEA7|0| HE F
RIE YOrET| 2/510] SEE BtE Z7H0| 2|3 one-way ANOVAE
HABIRCH, AlZ HEE 2I510] LIS HEE #test Ol SIRALE. SAX
FYYTES Type 1 LR/E EHSH7| 2/l Bonferroni & &A[S}
0f .0125(0.05/578 422 27EsIRULCt.
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Table 2. The results of center of pressure for the heel-raised posture

KJSB

Pre Post 1 Post 2 Post 3 Fvalue Post-hoc
Velocity (cm/s) 2.40+0.68 2.27+0.58 2.14+0.46 2.19+0.60 3516 b,c
RMS distance (cm) 0.54+0.09 0.54+0.10 0.55+0.10 0.55+0.08 0.064 NS
ML TPF (cm?) 043+0.13 0.40+£0.19 043+0.22 0.39+0.14 0.395 NS
50% EF (Hz) 0.64+0.33 0.62+0.22 0.62+0.23 0.59+0.24 0.016 NS
95% EF (Hz) 2.56+043 2471049 2.50+043 247+0.59 0.286 NS
Velocity (cm/s) 2.01£0.55 1.92+0.54 2.00+0.56 2.01+0.58 1.106 NS
RMS distance (cm) 0.56+0.09 0.61£0.13 0.55+0.11 0.59+0.09 3113 d
AP TPF (cm?) 0.46+0.17 042+0.21 043+0.18 0.46+0.19 0481 NS
50% EF (Hz) 041£0.22 042+0.22 0.46+0.26 0.37+0.24 0.735 NS
95% EF (Hz) 1.99+0.54 1.87+0.46 2.06+0.50 1.96+0.61 0.967 NS
AV (cm/s) 3441092 3.28+0.83 3.25+0.74 3.27+0.86 1.582 NS
95% Area (cm?) 2.58+1.35 3.64+1.86 3.48+1.61 2.93+1.55 4.255" ab’

All data is means + standard deviations, ~value: one-way ANOVA with repeated measures, Post-hoc: Paired #test, a: pre/p1, b: pre/p2, c: pre/p3,
d: p1/p2, e p1/p3, f: p2/p3, RMS: Root mean square, NS: Non significant, *: p<.0125, ML: mediolateral, AP: anteroposterior, |: Integration, TPF: total

power frequency, EF: edge frequency AV: Average velocity

Table 3. % Reference voluntary contraction (unit: %)
Pre Post 1 Post 2 Post 3 Fvalue Post-hoc
TA 852.03+684.72 566.61+320.22 648.74+451.47 574.38+352.72 9.020 ab,c’
LG 505.35+309.27 480.23+277.29 499.77+320.89 497.23+327.88 0431 NS
S 414.29+283.41 352.43+237.88 367.87+225.17 379.80+276.08 2775 NS

All data is means + standard deviations, TA: tibialis anterior, LG: lateral gastrocnemius, S: soleus, ~value: one-way ANOVA with repeated measures,
Post-hoc: Paired #test, a: pre/p1, b: pre/p2, c: pre/p3, d: p1/p2, e: p1/p3, f: p2/p3, NS: Non significant, *: p<.0125

RESULTS
1. BH FIEX £7] XME o8 HMUTE 23 HE Zut

P Q019 £ &= A|7| ZHAg=3516, p=.018) SHELE Fo|Tt
XtO|Zt LIEFGILE. AFEZAY Z1}, pre-post 2 (59=2.681, p=.012)1} pre-
post 3 (£9=2.888, p=.007)0l A F2lt XtO|7} LIEFRCE MS Q019|
RMS H2|= Al7| ZHFRe=3.113, p=.030) SHESE [Fo|st Xt0|7t
LIEFSTE APE A 2D} post 1-post 2 (59=2.801, p=009)0A |2t
Xto|7b LIEMRCE S8 2019 HAE2 A|7| 7t(FRe=4.255 p=.007)
SAXLE [O|ot AO|7h LIEHGCE A= HE Al pre-post 1 (o=
3.0187, p=.003)1} pre-post 2 (£9=3.226, p=.003)0Il Al 2Bt X}O|7t
LIEFS CHTable 2).
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H2E2 Al7| ZHAg=9.020, p=.000)
tOIZ} LIEFSGCE At HE 21, pre-post 1 (b=
3.258, p=.003), pre-post 2 (£9=2.935, p=.006), pre-post 3 (£9=3.474,
p=002)0 A Ro|ot X}O|7t LIEFGLCE ZHXIO|IZ22| AHEH 4= MRS
2 A7| IHRe=2775, p=.046) SAH2E 7|t XHO|7} LIEFKLCL
A=A AN, 7HX0| 22 pre-post 1 (£9=2.316, p=.028), pre-post 2
(£5=2.068, p=048)0| M 2ot KHO[7} LIEFLEX| GEQUCHTable 3).

HE=29 Y Flte A H(By=11.173, p=000) SAH2Z
oot X}O[T LIEMGLE At= A ALl pre-post 1 (59=4.121, p=.000),

pre-post 2 (69=4.671, p=.000), pre-post 3 (9=3.405, p=.002)0|A 72
ok X}O|7F LIEFRICE QQFH| =22 5Y Filee Al7| 7HAg=6.175,
p=001) SAHECE [olot XIO|7} LIEFRICE AF=AH™ Z 1}, pre-post
1 (£9=3.852, p=.001), pre-post 3 (£9=3.750, p=.001)0lA |25t X0
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Table 4. Median frequency (unit: Hz)
Pre Post 1 Post 2 Post 3 Fvalue Post-hoc
TA 82.21+22.36 74.32+21.26 73.51+21.68 76.11+21.10 11.173" ab,c
LG 75.61+15.50 71.39+16.58 71.62+14.46 70.33+13.27 6.175" ac
S 76.17£18.84 74.44+19.22 72.35+15.39 71.29+£13.79 2.233 NS

All data is means +standard deviations, TA: tibialis anterior, LG: lateral gastrocnemius, S: soleus, ~value: one-way ANOVA with repeated measures,
Post-hoc: Paired ttest, a: pre/p1, b: pre/p2, c: pre/p3, d: p1/p2, e: p1/p3, f: p2/p3, NS: Non significant, *: p<.0125

Table 5. Median frequency (unit: Hz)
Pre Post 1 Post 2 Post 3 Fvalue Post-hoc
TA 85.55+23.98 75.81+2542 72.36+21.71 71.11£20.58 13.995 ab,c
LG 75.68+16.56 67.07+£16.26 66.58+15.43 69.57+15.05 8.808" ab,.cf
S 74.31+£18.22 68.94+17.28 67.33£17.16 68.80+16.91 5.098" ab,c

All data is means +standard deviations, TA: tibialis anterior, LG: lateral gastrocnemius, S: soleus, ~value: one-way ANOVA with repeated measures,
Post-hoc: Paired ttest, a: pre/p1, b: pre/p2, c: pre/p3, d: p1/p2, e: p1/p3, f: p2/p3, NS: Non significant, *: p<.0125

7t LtEHSECH(Table 4).
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ms

IR 2019 95% Fitr= Al7| ZHAm=11.809, p=.000) SAHSE
F2Igt XpO|Tt LIEFHCE A=A ALl pre-post 3 (80=4.950, p=.000),
post 1-post 3 (£9=3.591, p=.001), post 2-post 3 (9=4.336, p=.000)0]
M folst Xto|7} LIEHCHFigure 4). T1=E 2011} &8 2212 |9
ot RtO| 7} LIEFLER| QERACE
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Figure 4. Mediolateral 95% edge frequency of center of pressure during
dynamic heel-raise
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Folgt XHO| 7 LIEFHL). Ab=HE 21, pre-post 1 (£0=4.191, p=.000),

pre-post 2 (£9=5.264, p=.000), pre-post 3 (£4=4.961, p=.000)0{A] F2
ob XtO|7} LIEFRL). QFH|=22| S Fiates Al7| 2HA#=8.808,
p=000) SAXLZ [O|gt XHO|7} LIEFGCE ASHE AL, pre-post
1 (£9=3.852, p=.001), pre-post 2 (£9=4.362, p=.000), pre-post 3 (9=
2399, p=.002), post 2-post 3 (59=2.732, p=.001)0l|l A F2[st X}0|7} Lt
EFSICE ZHXIOIZS| Y Fhts£ Al7| ZHA6=5.098, p=.003) &4
Mo =2 Jolgh XO|7t LIEFGEE AAZ A AL}, pre-post 1 (69=2.748,
p=.010), pre-post 2 (£9=2.882, p=.007), pre-post 3 (£9=2.668, p=.012)
SAHLZ [Olph Xt0|7} LIEFK CHTable 5).
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o= OI3t QurA{7| 282 JhM BUE H DB Schiee et al. (2012)2)
QAFSH 2Dl ZHo= metElCt

Abercromby et al. (2007)2 300 M9l HEHE 2 AFE XiA|
B MAXE A 58X 25 & dES200M 7t 2 243191 LEtR
n BOgtRon, ol MAZIE| WE st Hako] XY LS
230 g2 FO, 2]2 EHd E(Elastic properties)dt &I EE
At $=35(Myotatic reflex contractions)0il 2|8l & B£0| EHgsteictn &
SFQCE ESE Ritzmann et al. (2013)2 Z$H 200 HHE Ao 2

o

600 FF ZAZ0M EANFZS 7tE =
=7| MMl StEl oFZel 7+
b 0|2t 20| HATISO| g

O 7|ofsto] ZutMez Z3at =2
13k QUTHAdams et al, 2009; Cardinale & Bosco, 2003; Cormie et al,,
2006; Duchateau & Enoka, 2002; Turner et al., 2011; Bush, Blog, Kang,
Faigenbaum & Ratamess, 2015). =3t XEMIMO] Tt Al =HEMH
Lot TEQ| BIts M LA =2 XMAO] sHo| At A
e[ A2 M(Youm & Kim, 2012), HAIZIE 252 82 KpA|H|Of
S3 9 MAZ = (Neuromuscular control) ZH40| S23|CHFort et
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Torvinen et al. (2002)0] X|2tet M M0 2ot Ho =2 TEHEICH

S
et MEET, 7HA0l2, B2 HMTE 282 2its 2
OZ0= =731 post 3 0|20 AZM7| XK Of SEH| = &
g HEE o s OiXs Aoz TEEL

AMEOlE FH &ES ZEsto] oY & WA el Chfet 20
=2 Sgoto RAIELE & XXH el #= 8l xe orgd A E
2IAto] RS aES MOfooF ot, o|=igt ehdd oA Q| el42
TEE FABH| QI3 X&MLY 2EF7A 2 22472 =282 A=
Ste AlZ, B8, Mg 24l Al2"EE Sl O|FOTICHShumway &

Woollacott, 2007; Yaggie & McGregor, 2002; Adlerton & Moritz, 1996;
Lundin, Feuerbach & Grabiner, 1993). =5 ZI&5 S Ml ZF9o| Ztzt
M| = =tEX M ko wat XEMMO Al M2 Ch2A &
, BFMZAHA (Central nerve system) S0 2|3l XpA|
& (Compensation) T4l 2& Y& (Whole body motor
response)2 REEY = AUCEL 53| A2t HE= MY Zzolut Y &
ZECE XM Al O B2 FE 0K A22 E0E|ATHDickin
& Heath, 2014; Kavounoudias, Roll & Roll, 1998, 2001; Easton, Greene,
DiZio & Lackner, 1998; Wierzbicka, Gilhodes & Roll, 1998). O] HTL0{|A{
= Y gt 25 T otElQ] 2 D28 =L 28z §
o Fo=o| ZAQt v AFAC L2 S0 S5t Qe
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o mz= XMHO 55 Za0 FeE OX|H, §9| 5tX|2| %7
(Distal) = TZ2ECH AL/F(Proximal) =F2| LEJt F& U7
KMAOf 240 o B2 Feg FOn 2t Howard, Cawley
& Losse, 1998; Yaggie & McGrego, 2002; Gribble & Hertel, 2004; Harkins,
Mattacola, Uhl, Malone & McCrory, 2005; Salavati, Moghadam, Ebrahimi
& Arab, 2007; Springer & Pincivero, 2009; Reimer & Wikstrom, 2010).
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TS Qof AlZH HES AR £2T Q@AY WY Hos
TICHEIC C20f MATSO| ¥ A2 Hg 34 d2D Ci
RS ZT10] 25 ZES HYHOR BT 4 Uk ATE T
3 HNTE 25 BN ZRIY MY Al K88 YEE NIY 4
Ut JIEXRE B JH5HO0| 58 Ao WEHEL,
CONCLUSION

O GITE AT MO YHS (hYOR HH U 5N HBA 57
RIS Olg8 HATIS 50| 2A7| Al AAIFolet AIZ20 1]
e gHe 2ASYOn, BY U SN S8 57| AME 08
33|0| HAITIS HB2 AL &0t B 95% FIHo| KOs L
7} LIELE QI20A7] REMIFIO] Al 212 Fojol 3Rl @uzt Yt
Ao WEHEH, MATS Al M8E HEK 57 532 A 2%
of I2E WYAZIXIZ ALNT| XHFIOIE LA D20l F
2 OlXIX| gt HoE BErEL,

BEMo2 N Y SX FBX 57| ANS 018 HUNE 2
S2 NZTO| UWY TS AR 0[0] 2 AL YRl KLt B
MOl ABO| M2 2 MZAS st SRMZA AH EF A&
Hol XL YL 0N A HHES FTAY & U= Ho2
BHCHEICH
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