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: The sports injuries of lower extremity are common injury in

long distance running. The generated impact force of the
runner’ s foot when running will produce shock waves spread
to the athlete’ s lower limbs. The shock waves would be
sense by sensor-motor receptors of lower limbs and transmit
the external signals to the central nervous system to
module the information. This phoneme would affect motor
unit firing rate, muscle contraction force, and attenuation
of sensory receptors response. Although previous studies
have been proved the effects of Kinesio taping in relation
to improvement of deep sensation, like as proprioceptors.
However, the Kinesio tape is being attached to the
superficial skin. It is not only affecting the deep
sensation, but also may directly affect the superficial or
combined cortical sensation. Up to today, these two parts
have not been explored and examined the sensory modulated
mechanism of Kinesio taping. In addition, based on the
inventor Kezo Kase mentioned, the facilitation (increasing
muscle contraction) or inhibition (improving muscle
flexibility) taping methods of Kinesio taping may affect
muscle tension or stiffness from mechanical receptors of
superficial skin or fascia. This explained theory also has
not yet investigated the effects of both applied methods.
Therefore, the purpose of this study aimed to investigate
the effect of facilitation and inhibition applied methods
of Kinesio taping on balance, muscle hardness, sensory
function, and functional movements of calf muscles for
athletes. The results shown that: (1) The effect of
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inhibition applied method of Kinesio taping may affect the
ability of the lower limbs to balance and make i1t worse;
(2) The facilitation applied method of Kinesio taping was
more sensitive at two-points discriminating sensation than
inhibition applied and the placebo applied methods of
Kinesio taping, and the others sensation tests, like
pressure pain and vibration, had no effect; (3) Both of the
inhibition and facilitation applied methods of Kinesio
taping can improve the flexion range of motion of the knee
joint when the whole lower limbs kinetics chain are
assessed.

Elastic tape, Functional movement, Balance, Sensation,
Flexibility
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(The Influence of Facilitation and Inhibition Methods of Kinesio Taping on Calf Muscles

Coordination, Muscle Hardness, Sensory Function, and Functional Movement For Athletes: To

Explore the Aspect of Neuromuscular and Sensory factors)
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Abstract

The sports injuries of lower extremity are common injury in long distance running. The generated impact
force of the runner’s foot when running will produce shock waves spread to the athlete’s lower limbs. The
shock waves would be sense by sensor-motor receptors of lower limbs and transmit the external signals to the
central nervous system to module the information. This phoneme would affect motor unit firing rate, muscle
contraction force, and attenuation of sensory receptors response. Although previous studies have been proved
the effects of Kinesio taping in relation to improvement of deep sensation, like as proprioceptors. However,
the Kinesio tape is being attached to the superficial skin. It is not only affecting the deep sensation, but also
may directly affect the superficial or combined cortical sensation. Up to today, these two parts have not been
explored and examined the sensory modulated mechanism of Kinesio taping. In addition, based on the
inventor Kezo Kase mentioned, the facilitation (increasing muscle contraction) or inhibition (improving
muscle flexibility) taping methods of Kinesio taping may affect muscle tension or stiffness from mechanical
receptors of superficial skin or fascia. This explained theory also has not yet investigated the effects of both
applied methods. Therefore, the purpose of this study aimed to investigate the effect of facilitation and
inhibition applied methods of Kinesio taping on balance, muscle hardness, sensory function, and functional
movements of calf muscles for athletes. The results shown that: (1) The effect of inhibition applied method of
Kinesio taping may affect the ability of the lower limbs to balance and make it worse; (2) The facilitation
applied method of Kinesio taping was more sensitive at two-points discriminating sensation than inhibition
applied and the placebo applied methods of Kinesio taping, and the others sensation tests, like pressure pain
and vibration, had no effect; (3) Both of the inhibition and facilitation applied methods of Kinesio taping can

improve the flexion range of motion of the knee joint when the whole lower limbs kinetics chain are assessed.

Keywords: Elastic tape, Functional movement, Balance, Sensation, Flexibility
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i, ~ R T

Savp sk A 2 BRI Rkt 2 AN L (R 1)

IUR STRE B 2 LB B e REE ST T AT 3 E KA G APM B & TR > BUBREZ P ehfT v eh
1i£{ﬁ s IR AR S H N A HRAAMEERRE G2 BT F RS AW AT B m g X A BN
OEGEREZ VRS 4 v gag 4~ 2 vop 3R 4 (Yeung, etal., 2016; Rodrigues, et al., 2016; Gusella, et
al., 2014) > fe £ § FHu s @i Frlpkiz £ 7 g BFR qTig - +43 12(Serrdo, et al., 2016; Bravi, et
al., 2016; Cai, et aI.,2016, Zanca, et al., 2016) » 24 @ e PR R
Eoo W enfesE A A B B A R Y MUl 2 Y hta iR
SR 0L R 2 Y e e

1)'?4

R T I P
RS EOE TN ISEE R T

B

F I ~ 37T & PO R ph B IR B P REE 2 AP M AT T
e & i Z#H RER SN RRREZ L 25
Serréo, 2016 18 =3 4 B pE A fRGEr RIE AR THERE REA T PR e g
LI SERAL SR 2 e 3 EMG EMG fci5 8
Yeung, 2016 28 it Aﬁ R_ie [ o] pE 2 BB B F B2 f (ER BB L2V Frd| R 2 T OH S W
/Hypafix taping ** EALBEM R i s e TR g A BB
% e B E2 EMG # (T8 = » F otk 2 EMG # i¥3 =& £
yjr L R L P B
Bravi, 2016 10 =ik £ WA R; Bagg @R 2467 FR4 PR RaEgpedlpbiE 2 ¢ BERA N,
H Pl pEiE Lo REA VERRK 2 RES A EEPRAL v
LT a2 KT £ K RESE S8 v e hovep 42
R YR Sy
Rodrigues, 20 = 9 |+ LA L 2 PR A HiFmr L ﬂwﬁﬁ—%} RECTSER- RS B EE L I8
2016 e (EBEE S B A e geka s B hpRd 4o w Bk en L g
~ Frl ki) A LT TIRAE  MEEIE
Cai, 2016 33 kB A A Lo, 2k HERKLESIFRE S BEE~Prd|phi2 2 E PR 357 R
Bokim(m b - 8. B IvEMG WE A 2 L s EMG
Frd E\.L/Z)
Zanca, 2016 28 iEd | Ta e = gEpE RIS T A 2 R Y BB M ehph 2 H g B i R
BRw(EpEE . AN E 3D EFEHE g o ER S 2 EMG & §
8~ B RER) FAE TS 4
U
Gusella, 2014 24 =ik B ko RLg R dr R M SR b LR pEiE 7 3 S 3R 4
LIRS )i
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1 X35

ﬂ\lﬂz“#%\?ii#‘ri% Ehof 45 (R 2 ) BEERR 2tk iE @ D (DRER - EP A G
WERPTRET T RGN UL N E A ,—,_I’%%W’U’%Q (2 FhApF 55 % 3 XU F o
AP FZEN R EROER SR (AT F BN G (head injury) ~ PSR ~ ¢ B I (otitis

media) ~ % & i < (Meniere disease) ~ L0 < 4F + § #0554 DFR AT« £ U G S

O EE R BRI R PR o T PR RE AEEI AT TR BY%KD -

Fo i~ oA LLFR X FRFIRERLT c FRIARG BFFRAMRRLA 63
% i i8(IRB %%.:HP170013) -

AT BRER EEEREE PrAIREH F P
A ge(ths] 90 ) 15 (6: 9) 15(12:2) 15(7:8) - -
£ () 20.5+1.7 19.9+14  19.8#1.0 1186 .316
L (o) 165.949.3  172.0£7.9 166.7t9.4 2085  .137
WE(27) 61.1#13.0  64.3#+8.6  63.3t141 282  .755
38 B4 (5 /3E) 3.5£1.5 44415 3.4+18  1.744 187
Ebe PR (] P 2.2+1.0 2.8+1.2 25¢1.0  1.109  .339

CFTRE R RIE 2
AFFE R 2 RES S Zebris Bl A s vepoaxphF g AR PR R S B EHLRIERE H# R
M & T3 % & % (functional movement screening system) o
Zebris P #* 4= (Zebris FDM-S, Zebris Medical GmbH, Germany) A-HBBEFTRFRERESTT
FEE VT AERERS mAh o BRPIEAT G S F 149%52.4cm > £ BRI E K 11264 B >
AT K {B"ﬁ:‘hﬁ? F % 100Hz - & 12 X & ¢ .« (center of foot pressure; COP) % it i 3 T #cAd jFovpg T 7
ot 23R 0 AP Y R G ow AR RGE o 4 B AR RARE ek 2 s R RE grah 2 s B
BEYrep > 2 FPREE —?i iF"Jﬂ R 7 Hyrzb > @PF PR~ & & 9 f (area of body sway)
% # g4 (path length of body sway) - A& (velocity of body sway)(%®] 1) -

SLgaZId

(a)
B 1. Zebris 1+ 4% (a) % #c# ¥ yrak = T grpliE(b) -
vui fl B P £ & (Digital force gauge, Wagner Force One™ - Model FDIX, Wagner Instruments,
Greenwich, CT, USA)(B] 2) - * 1Bl gm dvfrigis v e AR ~ BAE R EERF LR o vop H &
RIzE e g es g s @ % g B R RIE RTTURICE 20V R R LT R o 8T B2

(b)
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PRETRL A S TR R RE e AR

i (b)
B 2. sup A RBIE K@) ® v iupiE(b) o
RSPl A g (B 3): ¢ b3 2 (B 30)2 E&%%é%#%ﬁl £ (Two-Point Aesthesiometer,

Lafayette Instrument, Lafayette, IN) (8] 3b) > * mR|2 2 X g% & B L TR - & X g LRIFIE PR

HRER RS EHA TR RS BT - AR T2 @ﬁ ERGE AR * Hiipl 4 3+ (Digital

force gauge)ir| £ "% dfoit B een R B E o JRIRAIRE R 0 A BRI RIF KORF PR IDRE PR

R s E REEY EHER UB b s Rehd BEER ST E D prhe 4 0 3 TIE L EIR A

ARk TEgRT RS EE o RGO  ARIEXRHRG LI AL AL LR > PR R D

PR TRORIIILIZEEEAAD B 0 X T RS EE  RIFHLERIEZ S B2

HEDI L Bt B RN AR Y 128Hz chiRd R o REEPFR R BHRAF L 2L 24

B R AREERINPRF L O FRBHRE R ORE T RAPE $ XFEFAEREIF R R

BopE IRl o Tjedkg R L e R R chERT(R] 3C) 0 £ B A TR RRIES Byr R ii Ea

149

¥

jﬁﬁ’\%%?ﬁ‘@ﬁu_‘ s #- BEFEINE 1 B A S SRR, YK 10 A BT A E TR 1 24 TR
B RS TES BB Tiebd - BIERE R (R 3) -

T

Wa

Jegirl- = 0 B3

(a) (d)
B RRRERE - @S F 2 (0)5 Byt £ ) g 8RR RS LR 2 5
“J‘”;%*%i/? #(d) -

F i (2% 1737 % 3K & (functional movement screening system)(B®] 4) : ¢ 7 # i (2 (T35 R E ~ 2
RS AR AE >~ 2 A AT yé;; o F NLp|IE TS AL HE (TR Yy (deep squate)r B AR5 H
(in-line lunge) = # i F*f" TP sd - Abir RETE-AHIFY WFHEE R HHRE FFY
vl g R T IVHR#EJ%,Q T E RS T FEE 0 R R AL s L
B A~ RERE & R R - &%Fﬁg EO S - - - G S L_}\«;x.iz BT B bR E B 5 R AR 7B 0F
BB RIS S5 B8 % 0 0 L B H TV URER LA R R 6
RN I N SN S b‘?%rd%;&,_}i,lelfbﬁ_}’i? : 452 (8] 4) -
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3. PP sxpLA pEA - E 2 S 5L

AP Y EE S (5 cm)iep szl #F (Kinesio Tex Tape, Kinesio Holding Company,
Albuquerge, NM) o pE&: engRi= 5 sop 3o pEAL e 380 LM pEAE ~ IRGEREA ~ 2 Frd|pEA (B 5) » &
RREA R fomap e ¢ B ph— | F AR iR o rdpR A RO B BR(XR)RET AR A BE(R E
(SR RRFHEFRLOFLHFAL MJQKW%EWW%E’THZa ERIREF R R 0 L ORRET
TTOFGRFHGIOA  HETELY 37

210 o & pEF SR K HrEd B B b Bk A ,;z[;_ ..

Gt A 0 R D PR RY AR Y - )
Wb sk AERE 0 B PE R éﬁ—‘*ﬁ IRRE S ALE N B o LPFE A E S T iei 4 pEY

R RY F A - GEREF L
dw@ﬁW%www&’@wwﬁkﬁZ%@%ﬁﬁ%:*oﬂug%%af@mﬁﬁww%¥a@0#&wm¢%m«&
&) > pi‘j?fﬁ"ﬁ'\-é FE R AR RN ORI AL R TR

HrrE R BRI R R 0 LR
T | A BLREBME VD R RAL R A

<

hE 1S RIREE KRR AL S PE R
= EETFJ}:‘_J Eév__!’ °

B 5. vop okpbd R A B 2 350 (@) RGRREA ~ (D)FrdIRE R 2 (C) BRILREH
4. ki 42(®) 6)

PRI ARE A T~ REA (S 2 T 2 4~ i R 54 (heel raising movement) 3 g 3 {4 iﬂ}-\ 10 A4
1838 7R3 o 13 0 B # (heel raising movement) 3 g ¥ e & H3E L R

FRERHr R IR
g B ETB i Lo A = =2 K R ) g v ek ¥ (Chang et al., 0 2013) ¢
L ARRRME SR FEEERTRFLE

ﬂ

T RER A PR
U R RRIGE S o] R D R R

~ o .]@_lj,a f’rgsr'. B~ Ak L fij—;gl R

RER A

@ ‘ : A BGERER ~ P

PEEE - B i b B

ETRER R 2 TR

ok AR RGE

N DL_f\ %t;é it /? Fé‘ ~ TR Al‘iﬁ—d i%gﬂ’_fé N TF AL fﬁ/?']?ik

' T 2B Ed T
¥

TR T EE 2R

e HORRIE SRR REH R PR H A ERIEER

s T R 2R

B 6 ~ BlFEILAR
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5. M3 N RS R P EHER S FIFRBEAPTERAE D 2T 2 ER A A T RT fE
RARESREHN ~E BB EEgai R o

I BEREIH (7 5HmEER)

AR T R4S R %ﬁw CRER AR BRI RE A e R R e A pedlpb b e o 2 B AAT
fgd B s g REA R TR -2 FLE -

TR gERRE(A - 2 A ) ¢ ‘*%’}\ERFF'“B AR H ek 2 pE o> 2 A ERER T s REA(E S R FIE
Bis o FrdlRE A Ak BREA A F < ST REE 2 (p<.05); Ak B fi‘w A el A e B F S iR
PEA 2 UGB REA 2 (p<.05) - .155 PRAk LH greb = ooy wnog E LR o B R E yrab 2 oph o

PR~ REAR R FERLE A F G M ;i%ffr’ﬁi'l PR 3o B PR B 2 GERER g BB EF L
£ (p<.05) - AP RE Y2 o BREE W t-*’ﬁ il 2 hh BEFHF I EFALR
(p<.05) - iFE 3 P""fiﬁ,i'ﬁfrﬁ"ﬁ fi o~ e s ph A T o e L ;3% Fds B oends 5T i 4 (Chang, 2018) » e
AZHEPT T AR »RTER > AFL e 74 2 RFER T BV sgpb B an V0 5 REEREE 2 I
#JE\LL% v TR U ‘/p a—\’ }3*’5 fﬁ?é’%" 7 m».;;;% °

s A R R —‘1(%\» L2 AL D) P BEFRIHAEG IS LR AR FER D WO F
Ve pE A o B REA 1S A (p<.05) c B2 AT AL ISR A REFERPIF FEHIGARAAM S ER
)i {feﬁk 7% T AR L s & (Martinez-Gramage, et al., 2016; Halski, et al., 2015;
Merino-Marban, et al., 2014) - Wang EE% (2018) 2 22 4= 38 14 1% B2 (Magnetic Resonance Elastography): =iz
66 i it 2 MR B A s 0 ¥ ’“L'-’«"“P\ PRREH PRI - R B A V- RIARE Ty TN S

TR BEFMG REA DB e RS BIREM G B and 4 k| (shear stiffness) - e £ F P F A E
A GEREA B HREE 0 By A AFY —%i’fsﬁ“ﬁﬂ ZAR -

REHNPRERGGE T -1 1) PSP RAELLANERLRBRAEFERFE 7 ;w*a Bz FEREA R
RE PR/ B R FER S ol a“l (p>.05) > 822Xtk & 386 15 = fEREH 2 ;N 35 Mg H| 4
R R 0 {_;;L_r ERN §l o hAEE PRIV 4 RGP PR MWF VR B
Bz fERE A TR RE A W Vb’&? SR AR ERN fﬂﬁ&?% I3 (p>05)c & &8 & FRE2 5 mhypny
R S =R i ﬁ?é%#“ﬂ*?é% WS ERFERLET R FMERIT T ( Io >.05) > e {* te w] R
(ZAREAEFKR) T HEFAR (P<.05) Bipbit e imaepbtten 2B F AR MERLR A B
FERRE R T B AR (p<.05) B AT AW ARG NEFL R R I E R %};4 F"" ¢
AR BT EZEL B TP BEUER ‘ﬁ*“l;ii}%—ﬁﬁ’x f%jﬁif‘sé G et FEwG it
3 (Ozmen, et al., 2016; Seo, et al., 2016; Kocyigit, et al., 2015; Merino-Marban, et al., 2014; Chang, et al.,
2013; Chang, etal.,2012) » 4/ 3 B { 1 A Aad s B ¥ o L B > & & 30RR %‘3 FbF 2B
BLYF T oE AR 0 ¥ AR AGERE A N AR S Ny B A R &7 H‘v?ﬁ"z SR IRy R
Yeung % ¥+ (2016):% 5 IJLxE‘-Eé,z Ve dr | BEGE O A R W eeed s e B TR i m.@*? b‘ s K OBFaE S
32 EMG # iv% =& £ 2 ; Bravi i? (2016) ¢ * irig T phiE 2 PRI ek B ¥ E SRR
TlcT™ aiep g2 1 ;Zw R 22 Frip ?éé ESFIR -2 0 N AN G B N e S M e g péﬂ
vofRAe Ko R 1A M€ 5 sc 5 Rodrigues % 4 (2016))2 = A RE R KRR (& PEE ~ BEE S PR pEi2) 4 A
LR 1(..4ﬁﬂ$§ﬂl1§ A EVUR TR s BR 4 0 B R P I ASEREE Avep g4 B3 B g 4 o
e § @i ec A g it 2 B ved od U T} S S BT AR REA & e pE R 2 N AP
AR > 1995 Kasa ?%‘ e 2 MEEE P AR AT G B PE RS RRR G FRAR

o s (T 2 R (deep squat)£? B A1 5 & 5 (in-line lunge)® (TRl R & & B (£ L 3
7)) FPLEERTAIN N RELREEROREIER > 3 H B AREA RS R R/ 8
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¥iE® S oA 5&?%‘“%‘;3“1 (p>.05); faiFpd T ok I8~ LI ~ BP0 ~ 2 45 3 KT 7230 = fa R
BRI R R SR SRS R ELE (p>05) Rt AR T HFLE(<.05) ¢

5V OF LUGE PR B R AR G R Y E R SR R TR N S P AR T RY 0 R
MREAR g LR > BT P HTIRE S SRR R LR o HONH S & R T SN A E B S eh
MaZrdREFRE LI APy E4HERS A BEdTodd RO S EREFTRG > TX2E2
ST R AR 2 R BEFREN TR R B M e g R H A T BEET A
@gaé%ami’rg{&%r&g g g Anzg H_F R '?Kg '@ Pk S AR Lb/;’g; PEY | AL AL,
A g B REREE A’K" R R Rk ~””E¥‘W«§—Bm v e . HE JBF A ,~9~%a%v§smjb
ITRBE SRR 0 F]A i '"Mgé G et i iii e {7 AT R E ‘%»P#J?é«z Pl 28 - E2 77
FILGE VO T pEA A e BEAYs A pRA e s RER(S 2 W2 T RHIER LS 48 ) PRI E e BRI BR
v adFn e ggaed fic & £ B (0Ozmen, 2016) 5 ¥ “F Merino-Marban(2014) % « B & * svp scph B i@ 6 B
| REIE G, BpE R s PRS2 TR FE L FREA AR 2 FHARRR  BEFRIRET
FMER IR R RAEESICI BRAEARSE c AT FREFIHE-MEEFRERBRS
%ﬁ&’ﬂﬁ%?ﬂpz—ﬂmm%’@{f{?#§WTM%Jﬁm¢%%wga%%w%&a’
AR EH B BT SRR Rl N AR A RanER B ﬁggﬁﬁ; b ﬁi" =R R

AR ERER (1)) pxph K 2 %W#J?hz? ERFET T e 4 o 22 s (2) ep prREE
2 BGBREE &3 BRI ROTE  RARA RERELRaPFE S Q)P x?é%\#ﬁ’ﬂ—kﬁ? B RE I $i
L T RR S RP TR ITELBM Y AR

15



Foo o~ BERER  BGEREE - B dIREE = B

R PE BFRAR T 2 TR

BALRER el ph B
Bk B PEA 12 A8 B Ak ¥ 18 PEAE 1S ¥ s
3%
o 10.0£0.1 10.0£0.0 10.0+0.0 10.0+0.0 9.4+2.3 10.0£0.1
& (sec)
i o f 182.99+111.47  200.96+173.48  324.33+411.65  213.21+208.51 211.23+106.81 278.89+252.48 1070.79+3500.37
(mm?)
& # gl 226.12+42.75"  218.87+69.64"  249.31+74.26"  250.48+64.59 247.32+57.18 311.43+108.924 330.49+112.994 313.38+£166.12"
(mm)
iR 22.89+4.324 24.17+3.827 25.21£7.31* 25.39+6.54° 25.04+5.82° 33.53+11.39”8 41.51+36.64"®

(mm/sec)
B PReAk &
o 10.0+0.1 9.72+0.84 9.57+1.74 8.81+2.48 9.86+0.73 9.01+2.24
¥ (sec)
ko M 692.29+584.36  700.53+585.31  650.63+390.58  731.06+566.03 809.31606.70 935.22+1056.88 653.67+545.81 1473.13+£2277.59
(mm?)
L 3058 592.38+166.55  494.21+186.89  482.78+112.61  498.25+218.34 555.00£163.52 459.51+164.90 520.15+221.07
(mm)
Ldik B 59.96+16.91 51.56+18.37 53.58+19.90  117.51+241.36 57.43+17.24 100.12+149.69
(mm/sec)
AL BARREA eI RE A AREA T C RER R ERF ST EF LR > p<05: B RaEREA B RER Bk F G

16



Fon s REEREA ~ RGERRRE S S PrIRE R Z A B PR 4 T A B

Within-subject (pre-post-postfatigue) Between-subject (group) Interaction (group x time intervention)
F(2,84) P value Partial eta F(1,42) P value Partial eta F(2,84) P value Partial eta Power
squared squared squared
B PRk B
=2 i pF 1.502 229 .035 .750 479 .034 749 561 .034 232
& (sec)
i o 1.073 347 .025 .750 479 .034 .823 514 .038 .253
(mm?)
L9 358 .920 402 .021 5.300 .009 .202 1.364 .254 .061 .408
(mm)
Lt B 1.002 371 .023 6.687 .003 242 1.012 406 .046 .307
(mm/sec)
Pk &
=2 i pF .378 .686 .009 2.046 142 .089 .825 513 .038 .253
& (sec)
k¥ o f 1471 .239 .034 .845 437 .039 1.560 192 .069 463
(mm?)
L R 158 273 162 .006 390 .680 .018 2.270 .068 .098 .640
(mm)
ki R 371 .691 .009 .807 453 .037 1.110 357 .050 335
(mm/sec)
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Zod ~ BRRRER  EEERER ~ BRI RER = 2 0 B

PRE PR T2 TR

B pE R RETIY ] Pl bR

PEA W PR (2 BF e LA pEA 15 BF S PE A A PLAE 15 BF 1
358 e}
o 10.02+0.09 10.04+0.08 9.81+0.76 9.49+1.83 9.67+1.32 9.99+0.12 9.88+0.52 10.00£0.03 10.00+0.08
& (sec)
i o f 513.33t547.74°  349.65+252.24C  35533+349.66C  663.21+619.43C  406.19+206.87C  512.33+354.36C  674.49+621.13C  464.25¢+513.21C  474.03+492.35°€
(mm?)
& # gl 275.29+131.76 271.85+62.81 258.05£71.27 340.15+116.94 299.76+85.34 307.46+53.95 422.75+295.34 305.95+109.26 309.42+116.47
(mm)
Ldik B 30.858.90 27.45+6.20 26.706.92 59.92+89.06 31.91+7.97 31.1945.43 45.30+38.46 31.05+10.86 31.53+11.88
(mm/sec)
Pricd
o 4.71%2.15° 5.51+2.63 7.34+5.93° 5.11+2.17° 4.99+2.64 6.24+3.43° 458+2.21° 433+2.21 5.72+2.65°
¥ (sec)
ko M 2114.8442117.01  2230.771922.22  2456.55+3416.70  2275.95+1502.05  1860.61+1467.55  2080.97+1796.78  4254.07+9600.39  1582.62+1536.49  1394.31+661.20
(mm?)
L 3058 397.96+186.08 448.93+230.62 468.08+239.81 473.69+221.18 404.33£226.02 486.43+287.81 423.15+183.69 341.48+278.82 456.55+169.74
(mm)
Ldik B 86.97+23.14 84.77+27.50 82.34+24.00 93.61+22.56 82.9221.94 140.17+233.43 98.31+35.59 76.06+24.00 86.85+31.61
(mm/sec)

3 Co R REAE ~ EGEREA B R AREA T CRER R B R YR I REFLE > p<05;

18
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ot o~ BRERER ~ EGEREE BRI P ARREFRER D T 2 TR IR S S

Within-subject (pre-post-postfatigue) Between-subject (group) Interaction (group x time intervention)
F(2,84) P value Partial eta F(1,42) P value Partial eta F(2,84) P value Partial eta Power
squared squared squared
38 /%)
=2 i pF 351 .705 .008 1.351 270 0.60 167 550 .035 237
& (sec)
i o 7.236 .001 147 454 .638 .021 .198 939 .009 .090
(mm?)
L9 358 4.162 .019 .090 2.068 139 .090 1.460 222 .065 435
(mm)
Lt B 3.359 .040 .074 1.533 .228 .068 124 578 .033 225
(mm/sec)
Pricd
=2 i pF 4.001 .022 .087 1.031 .366 .047 317 .866 .015 118
& (sec)
k¥ o f 1.310 275 .030 .064 .938 .003 1.254 .295 .056 377
(mm?)
L R 158 1.354 .264 .031 381 .686 .018 496 739 .023 163
(mm)
ki R .867 424 .020 770 469 .035 .840 .503 .038 .258
(mm/sec)
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Fob o MR E LR~ SRR 2 g HRZ R BRA A

[ReRL2 3 LAY 3 Pl bR

PR B w0 PEA (S A pL A REA 2 S LA REA 12 RS
wup A B, kg/mem?
B BE B 0.73+0.22" 0.77+0.198 0.99+0.328 0.94+0.447 0.84+0.26° 1.21£0.3748 1.03£0.68% 0.94+0.55°8 1.10£0.36"8
R B 0.75:0.334 0.71#0.19°8 0.78+0.25"8 0.87+0.214 0.81+0.178 0.76£0.15"8 0.710.194 0.97+0.29° 0.81+0.1548
vop B, A
B BE B 3.9¢17 3.4%14 4.1#1.9 3.9+16 3.6£1.9 42421 42417 3.312.2 44%2.1
R B 3.5+2.0 3.7£25 3.7:18 3.818 3.9+25 4321 3.742.0 35+2.1 42420

AL BURREA  EGEREAE C B R A AR R R AR Y R TR F AR > p<05; B: BEREA ~ BAEREE C S HIREA AMARERF ST EF LR o p<05
F F

F o R A GERER B RIRE R 2 e HOR 2 Oup BT 2 M R %

Within-subject (pre-post-postfatigue) Between-subject (group) Interaction (group x time intervention)
F(2,84) P value Partial eta F(1,42) P value Partial eta F(2,84) P value Partial eta Power
squared squared squared

g R, kg/mem?

Lo R 18.180 .000 .302 1.264 .293 .057 1.726 152 .076 .508
LS TR 8.628 .000 .170 1.820 175 .080 .692 .599 .032 216
g BA, A

£ RS B 279 757 .007 947 .396 .043 429 187 .020 146
SR AL 1.890 157 .043 213 .809 .010 .691 .600 .032 216

20



R A Ny S L T N A S R i A

Z
Bt pb A A e pE R A Frdlpb R

PEA PEAE 5 BF e pL A REA 2 BF PE A A REA 12 BF S
=& 5, sec
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Within-subject (pre-post-postfatigue) Between-subject (group) Interaction (group x time intervention)
F(2,84) P value Partial eta F(1,42) P value Partial eta F(2,84) P value Partial eta Power
squared squared squared
#H (DS)
B3RE R 193 .825 .005 .305 739 .015 .860 492 .040 .263
e R 1.079 .345 .025 113 .894 .005 .907 464 .041 277
N 487 .616 011 1.539 .226 .068 913 460 .042 278
AR 5.945 .004 124 408 .668 .019 1.099 .363 .050 332
AR 213 .809 .005 1.156 325 .053 .624 .647 .030 197
+RIEZAS
%
AR 1.707 .188 .041 1.032 .366 .049 164 552 .037 235
HER .248 781 .006 .761 474 .037 .833 .508 .040 .255
= RIEZMRS
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AR 1.658 197 .039 .060 942 .003 1.710 156 077 .503
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Abstract

In recent years, the Functional Movement Screen
(sbbreviation: FMS) has been used to assess athletes’
movement patterns and quality i recent years. However, the
score of FMS system are assessed by mapual observation
Therefore, the purpese of this study is to develop an antomatic
Image-capmre and angle wwacking system to assist and asses the
movernent pattern for athletes by companng the results when
using self-made anple racking system and free Kinovea moton
analysis system during performing the FMS screen. Twelve
volleyball athletes and 12 track and field athletes are
recruited in our study. Two webcams were placed in front and
on the side of FMS equipment to capiure the image and body
angles respectively. Im additton, ome of the researchers
mamally loaded the recorded imagze into free motion analysis
software (Finovea, Vision 8.25) to capmre and mark the angla.
The results were shown that 3 moderate to high positve
correlation of the joint angles between 2 systemns in most of the
FAMS movement patterns (p-05). When compared with the
volleyhall and rack and fisld athletes, there were significantly
different in the hip and ankle angle of deep squat, the hip and
knse angle of the in-line hmge, and shank angzle of hurdle step
{p=.05). In conclusion, the advantage of the auntomatic
image-capure and sngle tracking system applied on FAMS are
included automatic image recognition and labelled, fast and
acouracy of angle tracking, data reports exporied, and
inexpensive equipment The sutomatic mage-caphore and
angle wacking system can assist the FMS to evaluate the
bilateral limb or torso deficit or asymmetTic in various sports.

Eey words: FAM5, Angle Tracking, Imape Caprure, Sports
Intreduction

In recent wears, the Functional Movement Screen
(abbreviaton: FMIS) has been used to assess athletes’
movement patterns and quality. The FMS was first
proposmg by Gray Cock and Lee Burton m 1995 [1]. It was
used to obseming athletes” movement coordmation and
performance. There are 7 test tenr mcluded deep squat,
hurdle step, in-line hinge, shoulder moblity, actrve straght
legms&.u'unkﬂmblhtvwshm:,m.dmn‘rmv;mblbt} Thas

screening system applied those umal athletes” mevement
paftern to understand the movement confrol and symmetry,
torso and extrenmties stability, balance, and flesabality [1, 2].

Although the FMS system can effeconely assess the
movement pattern, there are scored the movement patterns
by mamuzl cbservaton This can lead to differences m
seores between expenenced and beginners [3, 4]. Therefore,
the pwpose of this study 15 to dewelop an automate
Imzpe-capture and angle tracking system to assist and asses
the movement pattern for athletes by companng the results
when uwsng selfmade angle tracking system and fiee
Emovea mofion analysis svstem durmg performng the
FMS screen.
Methods

A Design and development aof the automaric image-capiure
amd amgle tracking system

There are three hardware and a sofiware program which with
mwo webcams snd a laptop with self- written LabWVIEW
software program, and FMS equipment. The framework of the
software 15 designed and categorized into fve parts. First part is
classification and definidon of the FAMS movement pattern. The
second part is the image capured by webcam shot. The third
part is calculation and recognition of angles and movement
pattern. The fourth part is image operation process. The fifth
part is angle results output by nsing Excel program [35, §].

B. Participates

Twelve volleyball athletes (height: 183 .9=3 8 cm, weight:
77484 kg; age: 17.2=0 4 years old) and 12 wack and field
athletes (height: 167.5=3.9 om, weight: 57.7=7.0 kg age:
19.7<2 8 years old) are recruited in our smdy.

C. Mea:ured procedure (Figure 1)

The FMS equipment placed in the centre of the floor. Ome
webcam placed in front of the FAMS equipment and another
webcam placed on the side of the FMS equipment for
image-capiure and angle tracking. The distance of the fromt
webcam is 320 an from the centre of the FAMS equipment, and
the distance of the side webcam is 195 cm from the centre of the
FMS equipment Before the FMS movemsent patterns measured,
the orange-color self-adhesive Velcro fastensrs were ted to the
bilateral wrist, elbows, shounlder, greater oochanter of the thigh
knee joint, the ankle of the partcipates. Firstly, the paracipated
hold the start position of each FMS movement patterns for 3
seconds, then executed the movement pattern. At the same time,



the self- written LabWVIEW sofiware program drove the two
webcams to capture the final posture image of the participates
while executing each FIM5S movement patterns. Afier the 7 test
items are completed, the capmured images with angle tracking
and analysis data are export to Excel program and save as JPG
files om the laptop memory [5, 6].

Figure 1. The experimensl seming.
D. Image recogninon and angle recordmg

The recorded image applies detection to orange-colour
Velcro fusteners edge for recognizing the movement patterns
which processing order is amanged sequentislly as HSWV,
Sollberger calculation, expansion, erosion, filtering mixed
points and filling for recognized and calculated the angle. In
addition, one of the researchers mamally loaded the recorded
image into free motion asnalysis software (Kinovea, Vision
£.25) to capare and mark the angle [5,6].

E. Statistical analysis

IBM 5P5522.0 for windows was used to analyze the resnlts.
Firstly, the Pearson's comrelation coefficient was performed for
the automatic image-capiure and angle racking system with a
self-written program and the armificially labelled sngle by
applied the Kinovea sofrware. Secondly, the independent T-test
was usad to analyze and compare the angle results between the
volleyball and track and field athletes. The slpha value was set
to A difference of 0.05 is significant.

Results

The resnlis were shown that 3 moderate to high positive
correlation of the joint angles between 2 systems in most of the
FALS movement patterns (p<2.05). The ICC value of joint angles
for deep squat was between 0.680-.0.948, for hurdle step was
berween 0.495-0054, for in-line longe was befween
0.533-0012, for actve straight leg raise was between
0.991-00994, for tnmk stabilify push up was befween
0.901~0063, and for rotatory stability was ‘between
0.995-0063. Addinonally, the shoulder mobility was can’t
analyze becsuse of the Kinovea software cannot measure the
distance betwean the two tested wrists.

When compared with the wolleyball and track and Seld
athletes, there were significandy different in the hip and ankle
angle of deep squat, the hip and knes angle of the in-line hmgs,
and shank angle of hurdle step (p<.05).

Discussion and Conclusion
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This study found that in addition to the shoulder anzle of
deep squat and shank angle of irdle step, all of the seven FMS
test items showed moderate to high comelation betwesn
automatic image-capture and angle macking system  and
manually labelled KEinovea software. Therefore, the
effectiveness of the mnfomatic image-capmre and angle
tracking system is high and it has the fuinction of automatic
image recopnition. The angle racking speed is faster tham
manual marking. In order to messure the process above
comvenient, it is recommmended that this system can apply on
FMS for athletes. Secondly, this smdy observes that certain
joint angles of FMS do differ between volleyball and track and
field sports. Compared with volleyball players, the track and
field athletes have smaller joint angles in the lower limbs. This
may be due to the differsent movement patterns. Therefore, we
thouzht that in the futare, the FALS can be nsed as the screening
criteria for athletes of varions sports. Inm comchision, the
advantage of the antomatic image-caphre and angle macking
system applied om FMS are included auwtomatic image
recognition and labelled, fast and accuracy of angle wacking,
data reports exported, and inexpensive equpment The
automatlc image-caphare and angle wacking system can assist
the FMS fo evaluste the bilateral limb or torso deficit or
SSYIMATIC in various spoTis.
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