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| Abstract |

Purpose: The aim of this study was to investigate the effects of different types of unstable loads on core and lower limb muscle
activity during squatting.

Methods: Nineteen subjects (all females) with resistance experience but no unstable resistance experience participated in the
study. Subjects performed squats under three load conditions, and core and lower limb muscle activity was measured during
eccentric and concentric contractions.

Results: During the eccentric contraction, core and hip flexor activity was significantly higher with the aqua bag than with the
barbell or resistance band, and for the quadriceps, the resistance band was significantly higher than the barbell. During the
concentric contraction phase, core and hamstring muscle activity was significantly higher with the aqua bag than with the barbell
and elastic band (p < 0.05).

Conclusion: Squats with an aqua bag increase core and biceps brachii activation and can be recommended as a training method

to improve trunk stability.
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o] Z8(Core muscle)> 25 JH-E FA|5}
2 =L 93t HAT 22 A oS A5}t
o} 7 4 (Spinal stability)o]] 7]¢]3FcHLehman et al.
;o] TR AN 2RI} EF TR0 THE
R S EENPTERT
Z= BA o] oA L A Fdt HEE &
A== SFcH(Bergmark et al., 1989;
1, 2015). ¥= 182 HHL&—ZL, A
’5‘}31, el 7hf Al Wt 2 9
okl 7hEE T T ¥ éﬂoﬂ A=
o] 271249l 731—5,‘— Ao1E 7153514 SFch(Ezechieli et
al,, 2013; Hodges, 1999). 0|3t o] ZLE=2 7}3)s}
7] 93t @508 Za A (Plank), A E(Squat), A E
H A9 (Kettlebell Swing) 5-©] THKim et al., 2016;
McGill et al., 2012; Schwanbeck et al., 2009).

a% AFEE Fo] SN ope} aHA] &
A 7S 5 Sl el
(Ditroilo et al,, 2018; Escamilla et al., 2001). ThFst A3
£y F o)l ATolAE o the] AHE(Single
Leg Squa) A] 27]22] S} Z71e AL Bl
3} . m(Knoll et al., 2019), E7}2]Qt A7 E(Bulgarian
squats) A] Foie =z, wiura el ST &
A5H| Z7)5t AL 2215+ thAndersen et al., 2014).
o|Qof| AFE THA o] T52 T AT
7] 913t By o= EolA$l T3 (Unstable training)©]
o] ARE-E| 3L QJtHBressel et al., 2009; Naimn et al.,
2015).
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ZHog FEECHLawrence & Carlson LA,
201$~ 1% Bt sk 2 vpde] gy WiER

A, o] Y FE FEjo] wpo]zel
oftol W(Aqua by AH-51e] 4HA10] LS
AJ A SFCHRodriguez-Sanz et al., 2023; Williams et al.,
2020, 017 AolA B WES wjt uplE A7)=

2 SRS o) ML, kR, YATe] 2
Z=7F g8 A 57181 e H(Lawrence & Carlson LA,
2015), o}FLo} B AL AFEE 433 EoF
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21 =) A H(Ditroilo et al., 2018).
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Germany) & A-g3le] Qo] Wash A4 HE 45
278t F2 2715 Axtstr] sl b AES
7|9ro 2 %W AT FHARE AAlste 3o I8E
Ol FAEE F WHEE ARESIITE a3t 37] 041,
80% AR, 72 #F a=0.055 #-gsto] 4 2
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ofste] ofx} sMN(Ie: 22532484, 71 1633843 96em
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(Dinis et al., 2021; Zemkova et al,, 2012). & =7 o] 4]
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Fig. 1. Basic barbell (A) Barbell with elastic bands (B) Aqua bag (C).
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# upae) 9 10kg b Ske A8 T A 2Tt
Fom(Fig 1A), B/JH=0] 759 10kg HPE O] ¢F X
BN 3o, ke, el ke
A 7 A Agele] B oES ARttt
(Lawrence & Carlson LA, 2015)(Fig. 1B). o}5to} uj 9]
7% 712 85om, A2 25me] He) 2A7} kel o}
o WISTC, Tfghel S Alf-alol 2t 27)9] 5%z
22 20kg 3l =S AAsthFig. 10).
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3) 2EAE 27

AAES SAse B Wk Zed(Recus
femoris, RM), ¢F&4]-2-(Vastus medialis, VM), 7}Z
Y- &Z(Vastus lateralis, VL), ‘gtte] =2l Z(Biceps
femoris, BF), BF3] <& X(Semitendinosus, ST), &
(Rectus abdominis, RA), Z-2Z(Multifidus, MF), 1]
B} Z(External oblique, EO), Hlj<8l(Intemal oblique,
10), A3 A|-&Z(Brector spinae, ES)o] &A=& 1
274 &= AHH](Ultium, Noraxon, Inc., USA)E A8-51¢]

Z3}aL, Noraxon MR3 3.2 AXZ E Qo] & 0]|-835}9]
TR A=E Aty 2 ASE v Fo] £2)
517] Aol d2)-§ HETE ARgsto] A= F2b 59
£ skl d3E Fom Hollglrh o]% AgAeCl
A 1518 F IS ATE vRo] 2m H o
el 7 2850 TAE FARSIE SENAM
(Surface Electromyography for Non-Invasive Assessment
of Muscle)} o] A5 arsto] F2st 3 th(Freriks
B & Hermens, 1999; McGill et al., 1996)Table 1). =4 %
A= ARE F 539 7 5 o AR
33]9] Hlo|HE wA o ARgstelen, 33] 74 Hat
e AbEste] Am ZEAof) ARE-5HTHCollins et al,
2021). o] o] Zt s}|e} s10] 5o thgh | APLA
24 24==(Maximal voluntary isometric contraction,
MVIOE 2591, Hekel 2 enat 7y eme
AR A et ARAJof A A5 A E sl 45900 A
5 B &5(Knee extension)S 35t Hj2 5

T 5 QRS SOu], AFH LD e AA A
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i
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Q=2 3} tH(Schoenfeld et al., 2015). HjZ-S2a} u
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X

Tjé,(ﬂlroacolumbar extension)
519 tH(Bressel et al.,
2009; Danneels et al., 2001). MVICi 7+ Zoujct 527¢
33] EIRCw, 7 27 Afololis 38e] FA] AT
& AgHch 2R ARt A 129} vpu 12
£ Aojsta 32710 dlole] BS AMgsielon]
3] 240 T gk WAGES AFalo] BA0) ALgal
itk 4] §hRE TBAE A o) 5 Uy
(band pass filer)E 20-450HzE AM&-5t0] BEHTIH S
™, A 5H A E(Root Mean Square RMS)E &3}

o Auststct. 218 ARE Ex8H 5] §l5to]
Ao o4 A TEHMVIOH thet e

(YOMVIC) S AF&E3FtHKim et al., 2016; Schoenfeld
et al., 2015).
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Table 1. Placement of the EMG electrodes

Muscle

Electrode placement location

Rrectus Femoris .
the superior part of the patella.

The electrodes need to be placed at 50% on the line from the anterior spina iliaca superior to

Vastus Medialis

Electrodes need to be placed at 80% on the line between the anterior spina iliaca superior and

the joint space in front of the anterior border of the medial ligament.

Vastus Lateralis lateral side of the patella.

lectrodes need to be placed at 2/3 on the line from the anterior spina iliaca superior to the

Biceps Femoris lateral epicondyle of the tibia.

The electrodes need to be placed at 50% on the line between the ischial tuberosity and the

Semitendinosus epycondyle of the tibia.

Electrodes need to be placed at 50% on the line between the ischial tuberosity and the medial

Rectus Abdominis

Electrodes need to be placed at 3 cm lateral to the umbilicus.

External Oblique

Electrodes need to be placed at 15 cm lateral to the umbilicus.

Internal Oblique . . .
inguinal ligament.

Electrodes need to be placed midway between the anterior iliac crest and pubis, above the

Electrodes need to be placed on and aligned with a line from caudal tip posterior spina iliaca

Multifidus

superior to the interspace between L1 and L2 interspace at the level of L5 spinous process
(i.e. about 2 - 3 cm from the midline).

Erector Spinae

Electrodes need to be placed at 2cm to the side of L3.

(Longissimus)

AR 712 I LA o BOPRR SRR ohE 27014 ATE £5 8 Stk Fok B4
=S ojgh v, ofol whe] & Al X 2ol WAA TR TRAEE SAstel Aol ¥
e AFES Adsdch dAHs Bol Bl vk s

A8 8912 Wik Aol Pofdfart S4¢ <

A2 (dominant) c}e] 2 AR 00], 92 Thel 4. X2 24
5798 2 ) Aot delg Azsiel 245
CHSlater & Hart JM, 2017). o] & d JQ—%{_L, 712yl H Ao X% AE= IBM SPSS Statistics
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<, g WE ofFto} wl(Zkz} 8.

6.00%, 18.56+7.31%, 7.82+5.98%, 29.67+12.44%, 32.65+
14.27%, 12.71+6.54%, 9.41+4.32%)7} 7]% updl(zhz}
5.76+3.31%, 8.55+3.75%, 5.80+4.53%, 24.50+11.11%,
26.50+10.75%, 9.82+4.58%, 7.00+2.86%)%} EFAJHIT
(ZFZ} 6.09+4.85%, 8.35+4.37%, 6.12+4.88%, 25.66+10.87%,
26.77+10.51%, 9.54+4.8%, 7.52+2.43%) K.t} A0
2 3A Yebgth E goheEaed, gyt &
el ePAJul s (ZH2E 34.75511.24%, 47.00+11.90%)

Table 2. Muscle activation during eccentric contractions in

7} 71 & vpl(ZFZF 29.1349.51%, 42.56+11.12%) R}

BAMeR 27 vepgon, slayezel 4 ¢

ZJHl =(40.72+9.42%) 2} ofFto} 11(40.25+8.68%) 7} 7]

H HPE(29.13£9.51%) o} FA 2 0= A et

(p<0.05)(Table 2).
2. =AM

SHd 5 FUoMe 5K R Fo 2EE=E

of
o>
ox
j>

)1,
-
S

°f

A 2, ez B, vl
Alg, WlEd, doel s
= ofto} wi(ZFZh 11.05£7.90%, 2233+
8.14%, 10.17+7.63%, 35.16+12.88%, 37.16+13.71%, 17.58+
7.85%, 15.42+6.83%)7F 7|2 wpal(zbz 7.59+5.17%,
10.2243.92%, 7.17+4.69%, 29.02+11.21%, 29.48+11.39%,
13.1247.18%, 12.00:4.26%) 9} BN (212} 7.55:64.86%,
10.1724.62%, 7.95+6.76%, 28.78+10.70%, 31.02+11.86%,
13.26+5.43%, 12.0343.66%) 2} EA K02 34 1}
EPSTHp<0.05). kAT dohe| 22, 712, ¢
Zyl2oA= SAZLCE Fou|gt 2oz} el
2] OEQFTHp>0.05)(Table 3).
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o] FA T

three types of unstable loaded squats

(%MVIC)
BB* (N=19) BAND® (N=19)  AQUA® (N=19) F(p)IX(p) post-hoc
RF 29.1349.51 34.75+11.24 32.83+11.59 5.684(.007) a<b
VL 36.95+9.48 40.7249.42 40.25+8.68 8.316(.016)"" a<b,c
VM 42.56+11.12 47.00+11.90 4546+11.63 3.479(.042)" a<b
ST 9.82+4.58 9.54+4.8 12.7146.54 13.579(.001)" a,b<c
BF 7.00+2.86 7.5242.43 9.41+4.32 17.158(<.001)"" a,b<c
RA 5.76+3.31 6.09+4.85 8.90+6.00 23.474(<.001)"f a,b<c
EO 8.55+3.75 8.35+4.37 18.56+7.31 28.737(<.001)"" a,b<c
10 5.80+4.53 6.12+4.88 7.82+5.98 15.895(<.001)" a,b<c
MF 24.50+11.11 25.66+10.87 29.67+12.44 7.551(.002)° a,b<c
ES 26.50£10.75 26.77£10.51 32.65£14.27 11.446(.001)" a,b<c

Values are presented as mean + standard deviation.

" p<0.05 *: non-parametric statistics,

BB:barbell BAND:barbell with resistance bands attached AQUA:aqua bag
RF : Rectus femoris VM : Vastus medialis VL : Vastus lateralis ST : Semitendinosus
BF : Biceps femoris RA : Rectus abdominis EO : External oblique

10 : Internal oblique MF : Multifidus ES : Erector spinae
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Table 3. Muscle activation during concentric contractions in three types of unstable loaded squats

(unit : %MVIC)

BB* (N=19) BAND® (N=19) AQUA® (N=19) F(p)/X(p) post-hoc
RF 41.19+15.21 40.82+12.55 38.88+14.05 .939(.400)
VL 49.57+12.33 52.25+11.01 50.20£12.19 1.586(.220)
VM 58.16+15.93 58.56£15.22 56.67+16.01 .342(.713)
ST 13.1247.18 13.26+5.43 17.58+7.85 14.740(<.001)* a,b<c
BF 12.00+4.26 12.0343.66 15.424+6.83 9.304(.002)* a,b<c
RA 7.59+5.17 7.55+4.86 11.05£7.90 20.632(<.001)*" a,b<c
EO 10.22+£3.92 10.174+4.62 22.33+8.14 77.275(<.001)* a,b<c
10 7.17+4.69 7.95+6.76 10.17£7.63 17.789(<.001)*" a,b<c
MF 29.02+11.21 28.78+10.70 35.16+12.88 15.549(<.001)* a,b<c
ES 29.48+11.39 31.02+11.86 37.16+13.71 15.604(<.001)* a,b<c
Values are presented as mean + standard deviation. ": p<0.05 *: non-parametric statistics,
BB:barbell BAND:barbell with resistance bands attached AQUA:aqua bag
RF : Rectus femoris VM : Vastus medialis VL : Vastus lateralis ST : Semitendinosus
BF : Biceps femoris RA : Rectus abdominis EO : External oblique
10 : Internal oblique MF : Multifidus ES : Erector spinae
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