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Objective: The purpose of this study is to identify the mechanism of changes in maximum voluntary
torque with the magnitude and duration of pre-activation torque during voluntary isometric knee extension.

Method: 11 male subjects (age: 25.91+2.43 yrs., height: 173.12+3.51 cm, weight: 76.45+7.74 kg) participated

in this study. The subjects were required to produce maximal voluntary isometric torque with a particular
pre-activation torque condition. The properties of pre-activation torque consisted of the combinations of 1)

*Jong-Ah Kim and Narae Shin have
equal contribution to this study;
thus, they are co-first authors.

three levels of magnitude, e.g., 32 Nm, 64 Nm, 96 Nm, and 2) two levels of duration, e.g., 1 sec, and 3 sec;
thus, a total of six conditions were given to the subjects. The force and EMG data were measured using the
force transducers and wireless EMG sensor, respectively.

Results: The results showed that the maximum voluntary torque increased the most with relatively large
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and fast (96 Nm, 1 sec) pre-activation condition. Similarly, with relatively large and fast (96 Nm, 1 sec) pre-
activation, it was found that the integrated EMG (iEMG) of the agonist muscles increased, while no significant
changes in the co-contraction of the antagonist muscles for the knee extension. Also, the effect of pre-activation
conditions on the rate of torque development was not statistically significant.

Conclusion: The current findings suggest that relatively larger in magnitude and shorter in duration as
the properties of pre-activation lead to a larger magnitude of maximal voluntary torque, possibly due to

the increased activity of the agonist muscles during knee extension.
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INTRODUCTION |2 MEXQ Z2HRE0| 2utE LojX|= 2|f & S7te| mj{ct
AoAM O Liott QUEZRE MM ZE MEE= S22 XA=2 S
LaE = 2 dEM 24 o B2 25 A S ZCH2 3 grol Hg) Ol O 7|™E ofsfistes HEH ALt
s x| & £= EAE Wd5He A0l 325 OfAX| L ASH O|RUX[LL ULt 25 2EE o 30N 45AZE I 558 F
Jof 2k ZCi2 3ol eHo| @7 RUCE Hao| Edol 2 & & AT Al Zo EF7F B0 (Bergh & Ekblom, 1979) AlZfat &
Qlo| B% ™A b2 LQIEC} StX|o| A2 E0| H2 A= L} d OEME FAZ 42 HEMNFIZI HHA| F| 2F(hamstring)O|
Et'xt© 0(Pijnappels, Reeves & van Dieén, 2008) 3t2 Qlst HAS MMst= z|0) E37F SI6iCtn 205 ICHCampenella, Mattacola
YX[5H7] 28 AU2HE Sdsts A0l FEED ACHRobinson, & Kimura, 2000). E£3t, #HZZt S8S Soff 25 2520t AN29|
Gordon, Wallentine & Visio, 2004). EE$F X|CHZ2 2 A2 CHASE 55 Z|CH XHEE EJ T} 4S5} 0 (Heitkamp, Horstmann, Mayer, Weller
M=59| 27|18 =2 7|80t X JatA 7t ASS Cho A7Z & Dickhuth, 2001) @2} 241} S2H0| 2 E & (plyometric) 2HES
Ttofl A =Helgt == QUCH(Stone et al, 2003; Wislaff, Castagna, Helgerud, HEMSI A2 I - 1 repetition maximum (1RM)O| S 75 RACHMyer,

Jones & Hoff, 2004; Hakkinen, Komi, Alén & Kauhanen, 1987; Lee, Kim &
Rhu, 2005).
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Ford, Brent & Hewett, 2006). Karol et al. (2016)2 &=Z0 24X

BOd ™7| MZBX=(transcutaneous electrical nerve stimulation)=

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits
unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



=

713 Mx|2

3

X
o

CC
=

PS
~

q

NERZ

£}

o

.
O:

Z(internal property)s

Effect of Muscle Pre-activation Properties on the Magnitude of Joint Torque during Voluntary Isometric Knee Extension 141

ABHAR T, Lee, Song, Ahn & Park 2017)2 25 L™ A| S{¥X| 250

KJSB

7FH

S =S FAs O X AEH ES ol S

|
—

O|RO{X|X| GUCL =

oips

3

it
—_

E3 s SH7IE YEo

i

oF
od

o

7+
(=hen'!

ms

Cta HASHACEH HHH Shim et al. 2012)2 &E22

Moz OmAIZS T 74

o0

a4

245 AMABH|= SHALE

Cho| A= 2o XY EJL

It o == B3 480 of

3

| K& Al
480 ojx|= S *Yst= AolCh

o
METHOD

A

Ay &

—

[

7tk

=

=)

280] et
J

=

1

3

F

.
o
[t
-1 =20

}iCHAagaard, Simonsen, Andersen,
=

9| &-&l(motoneuron recruitment)dt &3} Bl & ==(firing

frequency) A2t 22 2% 7|
tof e 25 Lol T

[=]

.
[}

7t

=

Magnusson & Dyhre-Poulsen, 2002). &

37t

ofx}

F

Ko

o

[N
|
X0

ofl
o+

E| R} S M(Hakkinen, Alen & Komi, 1985) O|= 2% 0

11H(L}O[: 2591+2.43 yrs, 7|: 173.12

Aol o]
+351 cm, SFA: 76.45+7.74 kg)O| &0 SIC

==4
CHIRB No. 2010/003-016).

'6'.):' s e §

[

[

70
Aol

=
(=

t
t

C|
]

L=
AH A
So

pe
A
= CH|(motor unit)

of 28 X|bf=l=

Z

4

—

A
|78 SHE7| A5

L7 M20l2ta of

=
S

.
o

7t
| &

=

ICHAdam & De Luca, 2003; Adam & De Luca, 2005).

=HE
Henneman, Somjen & Carpenter (1965)= %2 SlO|MEE Y 2

x

]

o] HHEl waf
size principle2 H2[3tRICt O|2{or M& ALZADO| =T Z|CH X}

(Aagaard et al, 2002). O|2{st &
2= O|R0X|1 2] BiLte)

Z 2 (efferent neural drive)O|

=4
=
—

SOt

Ab
of ATEOIRL

=
=
25t d=ur £ AtO[of MME AXIAZE

lE 6% 2 & E3 AlAM(MC3A; AMTI, USA)

Fae)
™ M

I

Joll

S|
S

UE A0t Ol &, £[Cf XHE

A
an

Mt
o=

H

Al

i

o
0
wjr

Kr

1
0
=0
oju
o0

=
=
Azs

[e]]

A
e

t7] 28l 2= ZAL7|(Electromyography)

Trigno wireless EMG sensor (Delsys, USA)S AM28}RALCE,

t

.
o

oA =2
te stxlel =24

H

o

S

SHX
Of & -d(stiffness)O| H

e
[e1

| &
=
=

Hof
O =20| &t RiCHHortobagyi &

.l
Al BE

0
o

SH

O

Al

pN[e]
HAl OIS AIZ17] 2lo &=

—

[

.
o

P

DeVita, 2000; Kuitunen, Komi & Kyréldinen, 2002). £5| &

.
o

(corE L9
HSIAIZICE D 22X RACh &

Al
oo

Cieol @oM SHH 8
% 5

o

=

1ofF

o

UA s=Ctn E0E[RUCHFarley, Houdijk, Van

A
o

Strien & Louie, 1998; Ferris & Farley, 1997). 3t AHTHO|L}

o

oF
o
o0
10l
%0

£E MK ANE =

b

>

TR MHZE S O[A

gl

8 & =3 MK} O

HlM(leg extension)
Lt XbA|ZF HFRY

Ot

P7h 2oLt

3

X
o

Lo
T
3

q

A
o

=}
=

q

X
(i)

S| O] b

3

—

.
o

7l #

Qolo|gtn MHBIACHMiller, Grimmer & Blickhan, 2010). SHX|Zt O]

LH
N
i
o+
s

mujn

S

=

=

£ot, gZojet o & B3 HMe| 50| 50| H=5F ¥

| 120° (Lindahl, Movin & Ringqist, 1969)7} =2 ZH|Q| 2|X]|

o
|_

(=)

7l

O|ME At

http://e-kjsb.org

e

OIH| A[AF LYF2



142 Jong-Ah Kim, et al.

o7l FH Z2FFSD)Y WEIAMFZ(Quadriceps Femoris, QF)2
Q|F22(Vastus Lateralis, VL), LHE&2(Vastus Medialis, VM), CHE|Z]

TH(Rectus Femoris, RO 2 XM= HAME B&SIGICHL £5 AH™ Al 4

g2o 2det ot B WEof of kS OIX|=X| =Helstr|
215+ CHE|O| =2 (Biceps Femoris, BAO| 2H = HME SASHAC

(Figure 1).

Figure 1. Experimental environment. The participants were instructed
to sit on the customized knee extension device and keep the shank
facing 6 axis force & torque sensor during trials. Three EMG sensors
were attached to the agonist muscle group (Vastus lateralis, Vastus
medialis, Rectus femoris) and one EMG sensor was attached to the
antagonist muscle (Biceps femoris).
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Figure 2. Experimental template and task conditions. The participants
were instructed to produce the knee extension torque along the blue
line at the pre-activation phase and produce the maximal voluntary
torque after the pre-activation phase finished. Each condition in pre-
activation phase consisted of the combinations of 1) three levels of
magnitude, e.g., 32 Nm, 64 Nm, 96 Nm, and 2) two levels of duration,
eg. 1 sec, and 3 seg thus, a total of six conditions were given to the
subjects.
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(Figure 3).
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Figure 3. Maximal voluntary torque according to magnitude of pre-
activation (32 Nm, 64 Nm, 96 Nm) and duration of pre-activation (1 sec,
3 sec). Average values are presented with standard error bars.
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Figure 4. Integrated electromyography values in (a) agonist muscle
group and (b) antagonist muscle according to magnitude of pre-

activation (32 Nm, 64 Nm, 96 Nm) and duration of pre-activation (1 sec,
3 sec). Average values are presented with standard error bars.
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5. @ 19| FOt4(Mean Power Frequency: MPF)
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Figure 5. Mean power frequency in (a) agonist muscle group and (b)
antagonist muscle according to magnitude of pre-activation (32 Nm,
64 Nm, 96 Nm) and duration of pre-activation (1 sec, 3 sec). Average
values are presented with standard error bars.
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CONCLUSION
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