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Objective: The purpose of this study was to examine of this study is to study the effect of squat
exercise on muscle activation in a sling device using various types of ropes and to propose an
effective sling exercise method for strengthening the lower extremity strength.

Method: 20 adult male subjects (age: 25.242.4 yrs, height: 176.5+3.2 cm, weight: 77.2+4.5 kg)
participated in this study. In the experiment, a total of four squats were conducted: squat [SE],
sling squat using inelastic rope [IR], sling squat using elastic rope [ER], and sling squat using
two elastic ropes [TER]. Squats were performed 5 times for each condition, and a 60-second break
was given for each condition to minimize muscle fatigue. The activation of biceps brachii, rectus
femoris, gastrocnemius, and tibialis anterior muscles was measured.

Results: It was found that the activation of all muscles was the lowest during the squat exercise
[SE]. During the sling squat using inelastic rope [IR], the muscle activation of the biceps brachii
was the highest. During the sling squat using elastic rope [ER], the activation of the rectus femoris,
gastrocnemius, and tibialis anterior muscles was found to be the highest. In the sling squat using
two elastic ropes [TER], most of the muscle activation was similar to that of the sling squat using
inelastic rope [IR].

Conclusion: Our results of the experiment, it was found that sling squat exercise using elastic
rope had a positive effect on the activation of all muscles. It is thought that performing a squat
exercise under moderate weight load and unstable conditions, such as sling squat exercise using
elastic rope, can increase the muscle activity of the lower limbs and perform more effective
exercise effect than performing a conventional squat exercise under stable conditions. In the
future, if research is conducted not only on adult men, but also on various ages and patients, it
will be able to provide positive help in improving balance, stability and stamina through squat
exercise.

Keywords: Sling exercise therapy, Squat, Elastic rope, CKC
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2 5% 252 2WH U= Y 2EEQ BYIHE
TGN AEAZO| KW E A (Fluid dynamics)2 SEIAIZ|
=0 3E=e datg £ o] If FIHez =gy
H& Al AMZAZ A (Neuromuscular system)S AH=5t0] 2
9o Al X2 B7M7|H, T2t 229 Y =2
ol 7tadut ergdE SOHAIZICE ety EeHEd M32
St Mg 2k ZHO| 7ttt HAE 88 82 2%tE 0
U ZEHALS| FEAZEE THMBI0] MAX 39| 28 £
&= B HEZ oPE 20| HS S THAIHAEL Behm et al,
2002; Verhagen et al, 2004). 224 dE MIdt= EX=E &
Z2H0]l Sling, TRX2H 20| H==Ho| J¥2|E 0|83t0] THRIo| 4
EfOfl S| =& 28 2= ZHO| 7t ME2 =8 |

of Jjo| &es| O|R0JX| 1 RALCkStray-Pedersen, Magnusen,
Kuffel, Seiler & Katch, 2006; Seiler, Skaanes, Kirkesola & Katch,
2006; Dannelly, Otey et al, 2011).

&2 25 X|Z(Sling Exercise Therapy; SET)E 194040 &
Yol w4 E&(Thomson)0| =20| 5t AOOH|SHAIE F7
Lot XNz oz Noksk GO AJREIALE O = 1990H
o 020 SRES ==0/0M HCijatstol2a 7|2

=2
Sasto] CHYst 2AtE0| 0|88 = U= MER £8 85
o| lZ|et ME 7|"¥0| 72| CHKirkesola, 2001). 28 25
ANEE 30| i MY 2 =THoZ S0 AE{0|AM
S 7io =t st EXeE2 RME S8 A|AHS 0|2

ot HE0f 2 M& 20| 7Hs55HH(Eckstein, Hudelmaier &
Putz, 2006) X|Hut S0 Cf3t 2t K& =HE 7|22=
St HEH HE 2|, XXHY 282 7228 o= otE
2|, X|Eit] /2|5 7|2o= st= TXte| Y| § & M 7t
X 92| 7|8o 2 sti(Bettendorf 2010).

> o

=8 232 7IY 2 F82 " AE 23(Closed Kinetic
Chain: CKOE 83l 283t 23t Mdd =E 250 24
"2 = Aths AO|CE Bl Als 2F2(CKC) AFX|e| RHE
= 1St A/RE 27 Mo Ylol FX0l= H-HO
2522 X2 SEX|ZE 20N 3l A& 230]|(CKO) 2t
Yot 231 AE2 =2 28 2|2 28 43 230 21t
Mol A AT = AL, N7 30| 7|0t ChY
st A7 Eg| 0 QUCKKwon, Cho, Park & Kim, 2002). =&
2 o|8% Tl Al 252 HIMOZ HIIE MY &
00 1§ 84 L2 2GS FHAIEH EHo|C)
(Dannelly et al., 2011).

BHol Ak 232(CKC) tHEXQ o2 AFE 250| {ACL
AHE 232 o2 HEE SAM ME3l= ME 2=
HES XXt RAMOIM +=>HE7] ME20 FS2 222
g3 =51 35 FEEE S7HAIZICHKisner & Colby, 2007).
ot MES XIXIBH AEMOM S| 252 SHX( el 2= S i
BHE FIAZ|L, 17 =84 442 AF5H9 Chdsr L
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Mol Mol o Ao CHel ANl FX| 58S S7HAIZ =
2 M 0|CHSelseth, Dayton, Cordova, Ingersoll & Merrick, 2000).
2FE RF9 BIE SIHAF|7| Qo W=z ogf 7HX|
IYst 55 25 (Dynamic Exercise)S0| M1 =0, 2
3 T 517t oFX| 2|9 230 2iFel A2 HiL|
QU Ck(Cormie, McGuigan & Newton, 2010; Hansen & Cronin,
2009). 2HE 2& Al A 23tel F7ts 2sa M8 ¢
SHE TUMAZ|0 2]9 &HIE A7l T2 aa

b g 2 20{(Hamlyn, Behm & Young, 2007), &4 &3l &
7tof e Qe AFE 25 Al 2R MVt gitXoz
o A7 ENE|ACHMcCaw & Melrose, 1999).
g S7HA717| Qe E Che HWRezs
&1 At EFddE M3sts 7|
FHOM X 2=ECt K2t
| 21045 0|H(Kohler et al, 2010),
57t AH sat 2Eo| erdd
I7|= ZHoE & D& QiCHFranklin,
iiner, 2003; Lear & Gross, 1998; Park
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g

Pre-test
P Pre measurement
- Maximal voluntary isometric contraction
(Noraxon, Telemyo DTS)

- Biceps brachii, Rectus femoris,
Gastrocnemius, Tibialis

$

SE (Squat exercise)

$ +— 60" rest

IR (Sling squat exercise using inelastic rope)

$ «— 60’ rest Random Order

ER (Sling squat exercise with elastic rope)

$ +— 60’ rest

TER (Sling squat exercise with elastic rope)
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AL 2 (Manual muscle test: MMT)S O| 2310 %|C 243
S Al BEEE 2189 JHE S0 26U CHEscamilla
et al,, 2009).

H&aAHSCl 71l 2ol Xto|2 Qlot Atg 24 A R E
XS] shA E|Ch S +=2(Maximal voluntary iso-
metric contraction: MVIC)S 0| 23t0] ™Meks}stRAct MVIC &
H2 Kendall?] = 28 A YHES H151A S H(Kendall,
McCreary, Provance, Rodgers & Romani, 2005), & 227t &8
SIRICE fIEFZe2ol MVIC FH2 CHAALS TF2e]
o| =% gt} BTkl = SIS OfzfEo| 7IeteEnN 5H
AoH, driz|2222 MVIC Y2 AMHEstE gtz
X
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4. ©o|E| £

;x—l ==}

o

IHE A HojHE 2HE 24 Z2aY

rin

A

30

O 20

s

E

%10 I
o 1

BIC RF TA GAS

30

ER (%MVC)
N
o

-
o

0I I I L]
BIC RF TA GAS

KJSB

b

;O

rb <2 o
Ho o &Aoo

10

rlo
o H

oz FYolgtAnt. =4 A
X=20AM XMSIF 0K 12|42 H Qe eHEtE 3
gd3t 2M3ATE MVIC Bl0JE (raw SWEMG)E 0|8
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Figure 2. Comparative analysis of muscle activity by squat exercise according to conditions (A), SE: Squat exercise (B), IR: Sling squat
exercise using inelastic rope (C) ER: Sling squat exercise using elastic rope (D), TER: Sling squat exercise using two elastic ropes.
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RESULTS

1. ZHO| M2 AJE 2FE 2§ 243 Huw &M
L8 AFE 28 Al £ K9 2= A0 M2 2|9

=Mt HHo| Kto|of CHsh %*Orzﬁttr(ﬁgure 1). 2 AHE
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k=3 fC
—_

7t 71 22 Ao = LIELRLCHFigure 2-A).
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O 2 LiEHRCH A™HA ME A~

75 (%BMVQ) 22
6+ O 47tX] ZHO|M
FOX| 22 4474203
B2 LIEFRICHFigure

|0 o>|
ez

m

X
Hu
|El
i
o
op
_0'_|-
[}
u
I>
)
[m
Ho
ofn
=
ry
Ho
fot
2~
ot

X
=

do
E_l
N

iy
el
rH
rlo
C &
o0
+
(02}
N
(Ua]
X
s
o
|0
Hu
|—I:l
DPD
[>
o
m
o
=

Ao 2 LtEGCE ECR|Z 222 2467+7.77 (BMVQ)L
HCt 31.10% B718tR 20 47t
2 Aoz Ltephch ™S
2 27244843 (WMVQLE HE AFE 252 o O £t
2640% S7tet A2 LIENG QT 47t ZHO|MS| 28 &
Ve 2 AL = LIERC ZEHXZ2E 5361203 (WMVORLE
HE AFHE 252 & W ECt 2885% 76t WO=2 LtE}
HoM 471X ZUMO| 28 F 7t 2 ASE LIERT

(Figure 2-Q).

Hu >
g
lo

[>

S

|m

Mo

ok

Rl

P
¥ O
2
z
1o
o
0H1
oy MO
N
oA

Etd 2= 2715 0|83 &8 AHE & A 2]9 Y
o} 21} EFZ 22 15764358 (WMVOLE Bty ZZE
0| 8% &8 AFE =1 H|XPH A= LIEMHCE gota
2222 2110676 (MVOLZ &8 AFE 251t H|%‘o|j
Ao 2 LIEPSCt YA 2 21724833 MVOLZE ME A
FHE 233 H|ot A2 LIEHHCH FEHX|Z2 4.90+2.24

BMVOLE THE AFE 252 ¢ I ECt 1761% F7t8t
Ao =2 LtEHGCHFigure 2-D).
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2 284 x7l0| B2 AE 50| 2 28| T
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Table 1. Comparison of muscle activation according to muscle
condition during squat exercise (unit: %MVCQC)

M D F p
SE 13.03 2.21
IR 17.94 7.03

BIC 0.70 0.55
ER 15.18 8.88
TER 15.76 493
SE 18.82 8.65
IR 2030 1044

RF 126 030
ER 2467 1071
TER 21.10 9.31
SE 417 212
IR 447 2.80

GAS 040 0.75
ER 5.36 2.80
TER 490 3.10
SE 21.55 463
IR 2035 6.54

TA 113 035
ER 2724 1163

TER 21.71 11.48

SE: Squat exercise, IR: Sling squat exercise using inelastic rope,
ER: Sling squat exercise using elastic rope, TER: Sling squat
exercise using two elastic ropes, BIC: Biceps brachii, RF: Rectus
femoris, GAS: Gastrocnemius, TA: Tibialis Anterior

H@e| Xo|7t UA=X|
way ANOVA)S AHA[SHRA

ZOtE7| Plof LRBIX| 24 (one-

Ch(Table 1).

UELHZOIME HIEHY 2IS 0|8 £ AHE 2
S Al 7K% £7 B3 BN O ZUOIAE X Y

SIS LIERYCE a2Lt =070, p=0552 {2|4=F0| 0.05EC}
AA LELIEA Ro|OjEt X0l LrEer QA CH(Figure 3-A).

Hriz| 22 20M= Bt 2T 2 0|83 22 AFE 25
Al ZHE =0l =A 2dst £ Y 2D E 0|8% ARE

Bty 2o 27HE 0|23t &2 i.—-,qg 2= A| T3}

Ls’?/tﬁl'(Flgure 3-B).
HEHX 2O M B 225 0|8% &8 AFE 25 A

o
C12 X7A0M ATE 25 Al B} 942

-
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O 20 o 20

> S

= =

& X

% ) I I -
Squat Sling squat  Using elastic  Using two Squat Sling squat Using elastic  Using two
exercise exercise rope elastic rope exercise exercise rope elastic rope

30 30

o | o |

s & g 20

2 =

g N

o <

< | £ |

o 10 ~ 10
mE m H = ol | | |
Squat Sling squat  Using elastic  Using two Squat Sling squat  Using elastic  Using two
exercise exercise rope elastic rope exercise exercise rope elastic rope

Figure 3. Comparative analysis according to conditions during squat exercise by muscle (A), BIC: Biceps brachii (B), RF: Rectus femoris
(C), GAS: Gastrocnemius (D), TA: Tibialis anterior Statistical significance effects to the interaction were calculated using one-way
ANOVA. Asterisk indicates a statistical difference between groups.

EfLHA F2|0(5t X0l LIEFLEX| QEQUACH(Figure 3-C). o Aoz AEEEICH Eo SoPEe RUNAMS| AHE RS
AYLZ0M= B ETE 0|83t £ AHE 25 Al Al FE0IMe| BEZIo| HalE I HCoiz|Z220|AM S=of
71 =0l =A =Mzt E|QIct MSEQ AYE 25 Al H|E FHO R NEgdts 22 ddst7| 20 et =2 4%
4 BEZE 0|82 £ AFE —E—%ﬂf EHd 22X 29HE 0|8 =2 LIEtH Ao 2 AREICE of2{st Ant= 2o =40
ot AFE RS & I A &dst Z[RJACE 2L A=1.13, Mol AFE 252 17 £=87(2 Uikl 257|8= =35t
p=0352 R|+=FO0| 0.052LCF A LIEILFHA |ol0|st X} o #¥E |AlstH 0 st= 582 I A 2o 250t
Ol= LtEFLEX] RUCHFigure 3-D). SHX| 252l BH3tE 7t 2Ot of MAATet 242 Zat
£ H Y CHSaeterbakken, Tillaar & Fimland, 2011; Wilk et al,,
DISCUSSION 1996). Bt 2EZE 0|8% £ AFE 23 Al 219 &4
37t B745Hs ZE0| LIEHRX| T F2|0(%t S7t= LIEILX]|
2 J7s 888l AYE Rl 39HK| B3RS £ BEX LU=, Ol £ 2329 42 HHANSE MX|Q ME2
£ 0[8%t AFE 2T Al 25 Mol Hlu EMZ Sl Ol 8 EM XM= o| Halrt AKX glop Y& K| 2F0i|M
20 &8 25 WHES MAStAXE HAE|QUCE 37HK| T s2l0jet E7t7F LIEILEX] Qf2 A= TEHE|RUCH et
Fo| £3 ETE 0|82 AFE 2FS HAISHY HEHQl 282 FE ZH0| w2t Folojgt FME LIEHYE 2]0|
HE AYE 230t K| 28 2Y3tE Hlus Zaf, By CtEA LiEfLIER, RE 2HEOIM {203 2Ot S +
EIOE 0|83 £ AFE 230M Griz[Z22at FHX| ALE CHfot ZH0MQl ARIL FIb ZIH[0{0fF ot
= FEL2O| EEB0M MY & ZE0| LEHRCE 1 0] 2t
Fc B 2oVt MESste S0 AN A E XN E ED EHY RS 0|80 &8 AFE 230M2 gotZ|=
SX5tHE AMAel ZRE A7 dHE |XIH| fgt & 202 HEH AFE 251} H|WSH0] 31.08% S7H6HA L,
Ao griz|Z2d, L2 et =2 S LIEt HIEtd 2oE 0|8% AR E 2&1} H|WSHH 21.53% 7t
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