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Abstract

The purpose of this study was to compare joint torque and the activity pattern of eight muscles
crossing the ankle, knee and hip joints during three kinds of squats with different speeds (Slow,
Normal, Quick). Ten male athletes performed squats at three different speeds. Variables such as net
torque and power about the joint were calculated during the descending and ascending phase of each
squat. At the same time, surface electrodes were placed over the eight lower extremity muscles, and
%iEMG was also measured during the ascending phase of each squat.

During the descending phase, the activity of elector spinae (ES), Gluteus maximus (Gmax),
Gluteus medius (Gmed), Rectus femoris (RF), Biceps femoris (BF), Adductor longus (AL), and Vastus
lateralis (VL) muscles was significantly greater for Quick squats than Normal and Slow squats,
whereas during the ascending phase, activity was significantly greater for Quick and Normal squats
than for Slow squats. Mean torque around the hip joint increased significantly when switching from
Slow to Quick squats in the descending phase; and during the ascending phase, mean torque was sig-
nificantly greater for Quick and Normal squats than for Slow squats. The median frequency (MDF)
of an electromyogram of the Gmax was significantly lower for Normal squats than for Quick squats ;
and in the ascending phase, the MDF of the BF was significantly lower for Normal squats than for
Quick and Slow squats. .

Quick squats use the stretch-shortening cycle so that the load around the Gmax may increase.
Although mean muscle activity for Slow squats was smaller than for Nomal squats, MDF was
greater. MDF was greater for Slow squats suggesting that Slow squats mobilize type-II fibers in
spite of the slow movement; and is, therefore, useful for strength training with low risk of injury.

(Jpn. J. Phys. Fitness Sports Med. 2004, 53 : 425~442)
key word : squat, muscle activation, joint morment
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Forces, torques, and works applied to segment.
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Table 1.  Mean joint angle of squa twith 3 different speeds.
Maximal joint angle Minimal joint angle
Descend. timeAscend. time Ankle Knee Hip Ankle Knee Hip

Mean SD Mean SD Mean SD Mean

SD Mean SD

Mean SD Mean SD Mean SD

Slow 4.98%0.09 5.02¥ 0.00 124.1 4.3 168.6 5.8 156.5 8.4 102.4 6.7 89.0 7.7 60.6 4.3

Normal 1.47% 0.47 0.611 0.07 129.8 6.7 170.9 6.7 158.7 9.3 105.8 8.2 89.5 8.1
9.6 169.0 6.5 152.0 9.9 103.1

Quick 0.55 0.07 0.53 0.03 128.1

57.2 5.7
7.5 90.3 6.5 59.0 4.3

* Significant for Normal and Slow
* Significant for Slow
P<0.05
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Fig. 3.  Raw EMG records from Gmax, Ground reaction force and hip joint angle curves
during squat with 3 different speeds.
AEICEWEZRL. WEBEYZTAEEZLIENTESL, 2L, &K

V. = FEICBWTIEAY VAR, 2F%0mEBLY
W= VR OMELEZIETH —-LTBY, it

EHHEEORLLIAFIIBOTERDOE U5 AAAEEDEREDENIZ X o THEL 2 EE)#IFH IS

HEES L OME vy oz, EBhoLEB BWTHRBEBELZAHTAZ LT, FOEEEM
S UEEHIE % & & BB DAL OB EZEILIZ b BIEE NS R DR o72(FK1). 200,

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

432 HiR, #E, BH, B
[
—— Slow 30 o
- @ -Normal 250 5
: -
e QUi CK 208
9
150 i
2100 9
100 3
- 010 2030405060708090100 50“%;
o
2 0102030405060708090100 <
‘5 Working cycle ratio (%)
0
o
[
>
8
=
o
&
e
£
S
7 :
é 0 ; 1 } ; ; . 1 > y
T 5 0 10 20 30 40 50 60 70 80 90 100
2 Working cycle ratio (%)
S -100 ;
D
> -150 1300 &
8 E
S -200 1250 &
: :
S 250+ 1200 €
£ &
8 -300" 150 5
3]
100 &
<
50 =
— [+
%_50“ 0 10 20 304050 60 70 80 90100 ~
E‘ Working cycle ratio (%)
5-100
K=
%’-150 +
S-200 - et e
=) * . Significant for Normal and Slow
8-250 +: Significant for Slow
;%_300 L P« 0.05
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Fig. 6. Mean muscle activity curves during squat with 3 different speeds (4 : Slow, B :

Normal, & : Quick). Abscissa expressed as working cycle ratio. Left, Descending phase

; Right, Ascending phase.
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Fig. 7. Median frequencies (£ 1 SD) during squat with 3 different speeds. Es : Erector
spinae, Gmx : Gluteus maximus, Gmd : Gluteus medius, Rf : Rectus femoris, Bf : Biceps
femoris, Al : Adductor longus, V1 : Vastus lateralis, Gc : Gastrocnemius. Above,
Descending phase ; Below, Ascendingphase.
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Fig. 8.  Mean joint extension torques during squat with 3 different speeds. Above,
Descending phase ; Below, Ascending phase.
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Fig. 9. Mean joint extension torque power during squat with 3 different speeds. Above,
Descending phase ; Below, Ascending phase.
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(@ : Slow, . Normal, A:Quick). Abscissa is expressed as working cycleratio. Left,
Descending phase ; Right, Ascending phase.
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Mean joint extension torque power curves during squat with 3 different loads
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Mean joint angular impulse during squat with 3 different speeds. Above,
Descending phase ; Below, Ascending phase.
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