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| nfluence of the ankle functional instability on the
electromyogr aphy of the lower extremity during volleyball
blocking

Abstract

Ankle injuries is common in the volleyball blocking (63~90 %). Athletes with
ankle injuries would have a significant risk for suffering the secondary injury (79%).
Based on the previous studies, ankle functional ankle instability is quite frequent
following an ankle sprain. There have been several laboratory researches focused on the
influence of functional instability on injured ankle. However, very little studies have
been conducted in investigating the effect of functional instability on the neuromuscular
function of the lower limb in real sports condition. Objective: To measure the
electromyography (EMG) of the lower extremity in the volleyball players with and
without ankle functional instability during the blocking movement and attempt to
understand the mechanism of ankle injury. M ethods: We used EMG system and force
plate to measure the EMG signal of lower extremity during the cross net blocking (CB)
and non-cross net blocking (NCB) movements under simulated environment. For the
statistical analysis, independent t test was preformed to compare the EMG muscular
activities between control group (CG) and instability group (1G). Results: a) For the
amplitude of muscular activity in CB movement, there was a significant difference
between CG and |G in the ankle muscles. Significant difference between two groups in
the NCB movement was found in the knee muscles. b) In the jumping phase of NCB
movement, the onset timing of EMG activity was earlier in the |G than in the CG; in the
landing phase, the onset timing was earlier in the CG than in the 1G during CB and
NCB movements. ¢) For the muscle recruitment pattern, both groups showed different
muscle activation patterns. d) For the co-contraction ratios, in the pre-landing and
post-landing phases, the significant difference between two groups was found in rectus



femorig/biceps femoris. Conclusions: The main differences between CG and 1G were
found in the landing phase of volleyball blocking. Our data suggested that the abilities
of the shock absorption and the motor control in the landing of volleyball blocking were
important for the IG group. Less variation of movement strategy in IG might lead to
reduce the reactive ability especially in the unexpectedly landing situation. The
differences between |G and CG were found not only on ankle muscles but also knee
muscles, indicating that FAI may influence multiples joints of the lower limb. The
overall muscle functions in the lower limb should be taken into consideration for the
FAI patientsin the injury treatment and rehabilitation.

Key words: Ankle functional instability, Blocking movement, Electromyographic
pattern, Muscle recruitment pattern
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¥ 3 183 = (48.2%) @ B ¥ 4= § 9> 139 = (36.6%)E F 4 A
fBor % > @ Y A i 59%iEH R P OB R WG oM
2 > T F P RPEHEEFRLR A SN L o &
7 FE T g F A Gerber & A (1998)# 3t &£ £ i # A v fa
LY RRERED O BES BT 2PN E G 104 B HHRE G X
Bl b T g B i 283% 0 % e 3k B (95%) 3 % B 18
B p R ¥ ER o H P 5 B55%h A v R BRI

A8 MR Ear g > a3 40% A B R T BB &
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S d BRRFEE CHRNER G LS

PREFHHFPREL G DG REF > RS S F LR
BB B2 Fr B F o A - F FY k- Ik |
R BT o iE 200 = 2 b o B OB B ¥ OO Ok WP
- BiA PR TF R ET T R T KR 5 6RO E
R OBEPE R R - LR R R i T B 2R
% (Richards, Ajemian, Wiley, & Zernicke, 1996) -
Ry £ F&E P 2 FH ARREFHP PR LD
f’f{ﬁﬁ'fﬂ;t?&é%?@ﬁ%%%ﬁ?iiﬁlfﬂ’“ii SE N  AE S
B2 B pE~F R C hEk® ok B X ot b L 4p

R A L A

o

Rz m

M
W
Sfe
4

it
Fi
W
ot

£
ReOFlE B~ F R BTG OM T MK EERG D
BB B T A A R B R F o BF AT g S o
Briner % 4 (1997)w Jfig 31k # s & & § T g M~ & 4
doE ¥ B G oend F R AR P g (90%) 2 ¢ ox 1 omr R
AL BT PRV ELT G R RS
B e 4 o

Bahr % 4 (1994) 3+ - #3 % 7 m & Pk mpg ?d 5 4
tak £ 318 A R o R MR F L 60,612 )
oo FERE G 928 0 B Y ok & X A G 63 % T
=k B oA v %ﬁmi % ¥ 5 2.6 £ 0.56 % /1000 /] = > &R
¥ P 0.7+0.11 = /1000 ] pF > v F @ § $ hg 4 5 E Y F
3.7 % o AW prag B (78%)A Y B ¥ H®R_EG 0 HE P 86%
o34 ki o H¥ 2 42t B (29%) 2 HF R F K P (63%)

e if % o Augustsson, Augustsson, Thomee & Svantesson(2006)

/\‘
\4
X
3
=l
X
(dm

1
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& 4 2002-2003 &

oo P o> 30% F 4 %%
- B3k E W

=

34

1

#

e

21

v X

3

#_ Freemann(1965) #% !
¥ BROB

p
K
th
Her
o =

= F
5 3

__._ﬁrtj\
ReOE Ak

% (balance control deficits) (Hertel,

o

;&
1

S
& £

BB s

(15%) -

b

)
=

¥

158 = B % ¥

LA 1;

T Aok ch g o 1)

b

D A G F e b B LM & (23%)
(18%) 4 #

F o (62%) -

AU S S AL N

4 R T’*W%i

tel (2000) 4,

X qp e T
- <
]zé L e e

SR

@® OB R R
& o B a1 R
H R AL

B R F ik 4
%4 (Joint position sense deficits)¥ T § & 4] +

2000) -

/J. EN

LR
&
P
é

s &

Eu

Py

B b A3

o

B

12

O

N ea

i

A

E X %L
(LR S

%7

#¢ 5_5'_7‘_ U }ﬁ ¥

* g A
E S
& b Bl o F

L AR -
K E X
S BN A G I S = s c

b

BOIR A s b w HR

4

K= €
AL

B o7
..‘s&.?%\z& U g

I E IR

SE - 5 N e

L

54% = 4

7 ¢
A

#

=

2

f F] &
B #
[ERE

-

U B;éj

laxity) = 3 % >

e A
ROp
B33 o
78

ke

B # % (Joint Proprioception Deficits)



EE L

-

™

T L . 4 T;‘ (Willems et al., 2002; Hertel, 2000;

Konradsen & Magnusson, 2000; Fu & Hui-Chan, 2005) s # 3
Moa = R & A R e R

7 A
o

45 B

B
B B

ERgE

3R i
Z > Konradsen % 4 (2000) #& ¥ @] % 2 #
FA G A (25°)F A R
A ] % (2.0°)0 & B B

(1.7°)& +

£ 2%
R

f%v

*

.

g

-4
=R

iR

m ¥

R =

R SO AR R

mo% B %Y

Hertel (2000)+ 4 1 B B & = i 1 7 4§ & %

B o 1T pE

koo
%r R

% = 3

Noronha,

M e B R e R

EER

2z
FE

Refshauge,

E3n T o R

3
L

%

R R B T

PN s A

E % (joint position sense) 3t v+ & ¥

e e .
5 €

=

2
2

-~

v & o A

£]

N

<

X~

B’

)i

3# (ankle joint repositioning errors) & & ¥ *
B X RH RO F

CBUM & N 4R

OB R
WO

R o
El

=

7 (Freeman, 1965; Fu & Hui-Chan, 2005; de

Kilbreath, & Crosbie, 2008) - = & &= ¥

? «w (mean centre of pressure) i iz %

s 4 i A2 & (postural sway)dp % 0 I ;f"g ok

R

(.

*is

o 3

b

AR = Sl
¥ TR M
B H ek =

o
& 7

e

£ TP

- Konradsen(2002)w g 32 § 4 % B % -

AR 2 & ¢ AT

R

K

T A OHE T ERBEG OB DR R

13
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Z Wy p E i 03N sz % (muscular activation patterns)

WA F I AL RN ERES S A RS
WA gep ¥ A3 XRINPED . AT HRLAZEFR R
14+ %4 (Santello & McDonagh, 1998; Beckman & Buchanan,
1995; Ebig et al., 1997; Suda et al., 2007) » ¥ ¢ Hertel(2000)
R SR O A I AR S S S L R S g
e E G AR A eGSR BERTFE R
CARTAR A 2R O AR O A W S - SRl A T £ T R
= B> - Fovp v E L g B (delayed activation) o
- Fovv g E R i % o = F_ v 4 gk 4 (Strength
Deficits)® 7 T @= (muscle imbalance) -

PR BB ST AR P 0 A E L FERME S
#ov g ogre g o & (latency time):c % 0 % - 4o Brunt & 4
(1992) -~ Lofvenberg, Karrholm, Sundelin & Ahlgren(1995) &
Ebig & 4 (1997)# # 3 = FF ¥ B R AP e F 3§ > ¥
ez RHEs a2 FELAREF T F L LR
E % B R E Ry B o= f K e (peroneus longus) e & w v
(tibialis anterior muscles) s 5 J& = & (reaction times) » 7 4
el GREF v gmflep BFELE 20 F FR5 0 PNl
SN A B A TR D A A B A
mOAt e JE Ay 4 M s A e R ot B oo §
Vaes, Van Gheluwe & Duquet(2001) $& B B & 7 £ 3T X e}
16 * 2 42 = 2 f 4 2 18 4 > f x3 X T KB B & % (& (ankle

supination)® 50 B = & - b KA E A E_ {8 @ e 3 EMG
. f/l/

B
WA i B %o A e (109.3F ) 4 4] = (124.1

14



TR EE I P EEE 0 a4 8% & (58.9F
)l 2(47.7 2 f) PR SOCT HER AT P
el T i 7RG OROAL I Hl a4 A R e B TR
Moense T o BV i € MM SRR R D EREN A @
Van Deun % % (2007)F#= 3 s > e Z L #E H > & F %k & 7 B
Boa 2 48 e en it o B P OB OR o F e oo b § o oz
BRI AD Fehyep 274 3 F i %4 Beckman %
A (1995): ML B & 7 4E£ % e B 1 F BB L R RN ik o

B2E BT E L e A e EMG 4 B P OO 0 oA B

5%

e

Fovehaw B LRl G B ELE
U E L AR R i 8 h

3+ o Santilli #
14 = RM & # i 7 £ i ® @ %7 A ped Lo

F_‘-

e UL R 0 R AP AR P EAE K E R P M

WO R E 2R (R B 22.8% + 4.25% " i

w
\‘
o
=3
+

3

3.5%)° # G AMHE G S rE £ gt E A
PR BB LTHEREPAEMS S B RGDRE
Suda % 4 (2007)+ BB & # i M 3 £ Lk R e

FREOEMGE F A 4 FRBRN &P fE

R A EFE DEE L E R M 3 F R
gk fm 4 4 (evertor torque) s g 0 2 ek T OB & (subtalar
joint) e i B *_{s (excessive supination) » = # v g B It 2 B
T oo Y B e R ek R

2 v d 3 T R M Ay R Ryan(1994)§fu

N~
K
P\,

£

# O F BB & o 7 REDLFHF D P PreEP Ry o
A 4 KE_en A5 o ¥ ¢k Konradsen ¥ Ravn(1990, 1991)#

Lofvenberg & 4 (1995)e 4 3 ¢ » g I F % 2 B + &= §
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th A > HoE g odvghaed g M I R oo 2 K ose o f
vl & ohw g A BRM S St 2 AFRM S D T
ey TRy P ELRE A vty E o iF L -
B EW D U RPN B E R Lyt d T O g
i%ﬁ%ﬁ$’ﬁ§¥%imﬁﬁ&%°

e p & e odt #g (co-contraction) ¥ ok X ¥ v 4 oh T R
B4 ABERERLERAD- BHE S A2 FHERT &

Poa B oM & g

Che
i
)

T e Fgeis g - B R e d b E

BRI R R Tl A A @ v

PN

R
% 0 R BRHME
Zhou, Letson, Chuinard, & D'Ambrosia, 1988) - da Fonseca %

£ (2006) % 3¢ & 2 E i s

She
& o

- B * & =ik R (Baratta, Solomonow,

2018 i X R bR ¥ ¥
BEAL A AR Fep KRt E

muscular co-contraction)s 2 & > % & F B A &2 E F T 4
( 5 i

v

AR B B PR R E R v R R o L@ A
Mo& 2 G- BEEEH s RIT L FEE R R T

.

TLhi FiesgEdh s AF M S O LR ARE - @ Baumhauer,

-

Alosa, Renstrom, Trevino ¥ Beynnon(1995)# 3 145 = ¥ %
o s OF # B g B ﬁ%%?ﬁ?}i(joint laxity) ~ E_BR 3 5] & %
i# v 4 (isokinetic strength) » 2 % % 3 B & £ Bf B o w [
3 AR Ak fmop fped @
(eversion-to-inversion strength ratio)m % < * A % § &= » gt
o X R B R e Ay e 2R By - By 4 B

(dorsiflexion-plantar flexion strength ratio) P % * i i &

I O AT L B S A S T - = o AR
R § - B ¥ % - Suda ¥ 4 (2007)0 3 ¢ 4 odp ARG
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BB & N R B H g e — g e 2
Jc 45 4p # (co-contraction index) & ¥ & & & 3 P A =t % 5 &
rdlle N>l E P B LR 2T on AR ME 2R
- BRI X FlHEHpELY - BFERFMERE 2 EMG &

AN o B E R v EMG A A B A F o @ 1L iF T b 3

v EMG # & 8 5 &~ # 9732 a @ o

1

CBRME M R RAHENT R L S AR

S I HEH RS P N ERNEF AP
T P E AR ERREGFIRFRRRFTRAMDE R
Gribble # + (2004)#% Suda % + ( 2007)~ 4 & = % & 7 3
EFLBRMEE SR RSP N FL AL GHER

PE oA 2EFMT R ® G i ® o Van Deun, Staes,
Stappaerts, Janssens, Levin & Peers(2007)# 3 ¢ » % B ¥
F2 R A R E G M E SR s F L M S s
(joint complexes) s % [l -

Bullock-Saxton, Janda, & Bullock(1994a)#
Bullock-Saxton(1994b)s # ¢ @ # R J &€ %R £ § % & ¥
EREC NS (O RIS A A £l A AR - SR L S S
T voaa B (latency)F O 4 eI % o P ¢ > Beckman &
Buchanan(1995)# 5 & £ £ § & # * B M & 7 £ L § O ¥
T B85 RBARPFRINRAPNPEENERE - 3 H
T ed R O EMG B o B e P LR (F
7_ @ + 127.35ms/ % 120.71ms * £ 4] & + 150.49ms/ %

136.24ms) - Bullock-Saxton % 4 (1994a): 2 ™ &k % 5 %
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23 P2 EHZE

iy

/FH;:E"J"J‘%iiﬁﬂﬁ,ﬂ?ﬁé—/é};\i)‘l"f}\}%i%gﬁ;pg A )
FEHRPFRFEF I 7 HRRBERE ~FEREERE

Bawd CRE B RAEEHF S FTHAE TR
5

=
|

.

N

o+

%

By 20 W2 L a8 T 2 m Y R RERE L
(F e g gd ki) g 2aldfi s REHe
ERFLF(HE- )
PR ok WE AR Y LR
ii"—‘j‘?ﬂ‘ﬂ’”a‘iﬁ;:’z

A w4 RS

LA R A

Boa (o) £ R LR

-k @ =K ay

7 f& T2 * & % & (Instability Group, IG)(11% )& i
#] 2 (Control Group, CG)(9¢% ) -

X R EHE

- - A RO A A S FE TR F R
Fgpor £ o EFd LGSR BRNG T EREE
TR FEXFF iy #FrEEgd R k2R
ORI F e R ARHE WM SN g PRI PN
B TR AT F Ry LR AT AR E LR
4 T & o
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- XRRF A

RS EEZBREEXGEREDRRFEE S R
¥ A 52 R T E(IG)% i1 4 & (CG) -

¥

o]

R OBk E T M e 2FE NG R ERME MG T
s % o~ AL M & 23 % 5 2 £ 7 (Suda et al., 2007) -

(=) » =z ke

1T 9% Kaminski, Perrin, & Gansneder (1999)# & o L B
Pt R FERFLFIPE R DR RAA
2

RS S Y

1. 2 8 & P o RIBM &I S % 2 F- =+ % a- 3%
B BB Sy Y G

2. & TE‘J’-’F%£‘=§E”}~:'f:a‘_&‘i'tt%% B r B3 BRRHM &
g RS

3. R Bl % & ow i B (anterior drawer test)® > X 3 F R P
Mo B AR A A (R )i

4. F % T 6B P NG oF 4 E AR E G oo

o

—=\
N
f‘l’

E\

4 g (giving way) = 2 -
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¥ - 8% P HPFFZ PR

-~ RERRER

(- ) % B REEF :98% 6 o

TR HETAEFRRFTR O FREAHBPETHE L
HWH P E XA ARENEFT R AL EFADFER L -

() * f#F s&p@EF/F 2 98% 10 2p % 10°* 30 p -
Wy m R HRTAEDFTHRRT  REEREE R P
B i AR P VT OBL 4 #c oo

ey

N R %K B
AR PTRE AT S RMEEN LN R E A
PIRg s it FOoRE -

.

¥z % FEHRRBEKXG

AP o E R e KOS PR e
RE o LR FAE TR ERLY A BT ] E
A s £ R e v E FEM AR B A ER s e ez S
B HRICE X R oo Y R B Bk s

A W] e i e fF 3 (cross court block) 2 7 i % #F # (non-cross
court block)e & & & v pF > & B T % W = K 8 wE v g 0L
F R ¥ % 2 pl 4 8k H A (syncgronization) »
LSRRl B S SRR S SO N sl A IR S VANE | I
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- ~ Z &R 4 F k% (force plate)

Kistler = & i 4 4 (Type 9260AA, Kistler, Inc. Winterhur,
Switzerland)(® 3-3.1) > B~ fk #f & 1000Hz > ] £ % # § 42 @
2 OE B OB AR hE oG K T 4 s gd g e~ i % (A/D
converter)® BIOPAC MP150 ¥ i& 7 b # T & Jc & » * &k % &
Wt TE ALY LB PEY R

B 3-3.1 Kistler = & ip 4
Z ~ % @ v g W OB % 3t(surface electromyography system)
BIOPAC MP150 #~ ¢ 21 % Jc & % % (Biopac system, Inc.
CA, USA) (B 3-3.2) B~ 48 % 1000Hz > % & 4+ & T & % &
G e s TR T BL TR e o Bl I X% E R R

AR RTHEEER RS -

i

B 3-3.2 Biopac MP150 »~ ¢ =t 5 4 & & %
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R E

VCBF4 s 3 & (Molten, JP) 5 £ & 1642 4 2 £ f& » i 3
M- SF ok (5L 2k )(M 3-3.3) o * ok W P R e P2 P B
HooRFEFR LA EL R R A S 253 2 A (8 R RE)
273 2 A (F W) -

—_—

T

B 3-3.3 VCBF4 R 3 %

o~ O R R

R ER RIS FHREREF 243 2 4 > R LR
4 > B R 120 2 & o o L R B R E D NE R 8 A
Ak o0 i 4 v X 4 H A REEFE R E R EE o

4
&
el
I
&
=X
&
=

(- ) AcgKnowledge 3.91 (AcgKnowledge Software Guide,
BIOPAC Systems, Inc.)t 5 A 3@ 5 %8 > F # & & B 4
b’”rﬁl%l ~ZoBowm K OIER 4 288 EMG & sboz2 v g B R A
oo R RE YR e poo I Xt F B Y n oo e

(= MatLab 6.5 1 £ # 42 (The MathWorks, Inc. USA) # txt
fhE O~ (ST E o RF R T RF 2 B4 B E T

s s ¥ A EMG 3 B 4 4 PFORF OBE o

i
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=~ PHRHXE

B R EE e FRETEEFREE G E R DR
HORE e 2 R R E S
(2000) 7 B % 1+ X B LI E LB E 2 RV (R
XEE e MR 2P R RR T

o2 oL E o ea 202 4 0 F iR 10 2 A (B3
253 = & )5 M A iE M HF e T pF P

B A Y 30 2 A (%3 R 273

\

(A) 3 4 4 ) (B) 7 i 4 00 i

-F A

| 30 g
] 10 s -

Bk AL Ay 20 44 R Al

i

B 3-4.2 R REE G B F R Bk R (R R
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R o i % 3F ¢ # i (cross court block)

PR
P A

i H

6 W AKX iF IR R o dF
A R
T i 42 -

ok 90°F TR R G o X
£ ’?ﬁ /f‘:‘g('?' n f’é‘ sy £ o3& T ST o
e bW OE B FIFREORR B
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A2 (R w )
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H 4 iF % 4 » (CB)#

B 3-5.1
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Z ~ R ¥ % iF % I % (non-cross court block)

Bk 3 iE R 3R 0T s NCB- 7 i % 4§ % & it »
AP e - AN B E AR R
EREHFRETT URFHRES R HEH S RE PF T
B R U EE R EFE g T B 0T iF A2

Py
A
do
fat
w
¥

i

ETIAS

(=) & & ¢ BEFFTEIARE > ¥ A4 90°F T (75 o
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|9
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N
H¥
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SO R R RSN - B - G A
R S S TR P R LSy

Mo H TR A AT F R

=Hf
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(=) O BT SIS S AT S
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