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Differences of Thigh Muscle Activation During Various Squat Exercise on Stable and
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PURPOSE: The purpose of this study was to compare thigh muscle activities and muscle co-activation when performing squats, wall

squats, and Spanish squats on stable and unstable ground.

METHODS: Twenty-two healthy male subjects (age: 22.50+£2.70 years, height: 178.72+6.04 cm, mass: 76.50+6.80 kg, body mass
index: 24.00+2.10 kg/m?, and Godin activity questionnaire: 56.30 +24.10) voluntarily participated in the study. All of the participants
performed three different squat exercises on the floor and the BOSU ball with an electromyograph attached to each participant’s quad-
riceps (rectus femoris, RF; vastus lateralis, VL; and vastus medialis, VM) and hamstrings (biceps femoris, BF; semitendinosus, ST, and
semimembranosus, SM). Repeated measures of analysis of variance were utilized to compare muscle activity during the three squats

exercises by floor type.

RESULTS: RF (p<.001, n*=.689),VL (p<.001, n*=.622), and VM (p=.002, n* =.375) showed significant differences between exercises.
Spanish squats yielded greater BF activity than did wall squats (p=.018, n?=.269). ST yielded greater muscle activity with the BOSU
ball than on the floor (p=.018, n>=.269). Finally, there was a significant ground exercise interaction effect on the co-activation, showing
greater muscle co-activation with Spanish squats on the BOSU ball compared to squats, squats on the BOSU ball, and wall squat on the

BOSU ball.

CONCLUSIONS: The findings of this study indicate that Spanish squats could be an effective exercise option for the facilitation of RF,
VL, VM, and BF muscle activation. In particular, performing Spanish squats on an unstable surface could be useful for patients who

need to improve their quadriceps muscle activation.

Key words: Squat, Spanish squat, Quadriceps, Co-activation

E42 731 9lo] 43l 3
SLERE AgsHe g0l e

Exjo] Qe EPHR 2L P E WAL MBS 9P o 1
Bl 55 U7 5 QAREOA F05H AHETH3). T

-1

of

o] 23 gt PO 5152 PAl | 5| AR B
2 57H8 op18 4 Slom), AT A% el 3
22 7Y RS FI 5 ehd 5], AR 2
BUEA 9% 55 5 thop alo] glom el
s R 259 oFsto] Zlofateks]. 1.8 WA PHE
E ohE 28 % shuel AR ARl 8%

Corresponding author: Eunwook Chang Tel +82-32-860-8185 Fax +82-32-860-8188 E-mail change(dinha.ac.kr

*0| =22 QlotchEtm el X|20f| 2fotod HT1EIRAS(63039-01).
Keywords CHEIAS, SHAEY 8 SQPEM AFE

Received 7 Jul 2021 Revised 5 Aug 2021 Accepted 10 Aug 2021

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecornmons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use,

distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2021 Korean Society of Exercise Physiology

w



EXERC SCI

Vol.30, No. 3, August 2021: 387-395

EXERCISE SCIENCE 2R2%

& AaAA AR B2 ods )= ShrHel A ER
] H1d 89 T ol AEY &
7] HEAE T A ES

E A FE& A= SHARE = AR
T AAEH O] TA 5 PR WO oMYAl dFE IRt

(8] HEAHFZI FAER ] A 5 BB 75 | oM
=

[e)
e
%S

i

i
L
[e]
=5
1
T

[e)
=

H e
iz

ox

£

o ©
=2

%

o

HN

>

27| 519 712 F7MI7IE AR £ 5olw B3] thut
F520) T2 Z7loh 1A B4 9 Aa0] BAOR A5 AHg Tt
(1], 2EE 2712 34 8 Pah Hs S AT 4 9l 2%
0. kel giehi2). Teu e IR AFES S5t 3
2]9] Afolut RSl THERF gl Zb3) Ak 1R S Belrhe o
#o] 9IeHi3-16). o2 1eksh] 913 YAAET} ARG Oom A
AEt AAEE AFE Ho] AX|5to] Sl F5o] £

ﬁ
B
do &2

=5 5H= o] QleHIZL AAT|E S Tebast s 8 7
F0.2 2% AH§8 Wk oh e} 275 %52 (Patellaofemoral
Pain Syndrome) 8H2] 2|2 &0 2. AL§-SITHIS], T2t it
B0 244, 520 23 75 wslolutet Sl B w3t 2
Ed A5 op|8 9lon oA ANEEEEF2 S S
LA B E TS oA AT 7R AL 5 Sk
ol SIEHIS], A 24 AT 52 AF 502 AEA
591k Needham [1919] 9170} wh=l 4412 90 2 5
U] ATEE $5H Zlo] A7)Ee Hls) tfElAbR o] e
YA Hololc el A2 AEA ST LFolch 2y 5
ofl G Al 85Tl thek AT 5T Aol e
A7t L Ao e

o
ox

ZAoltH20.21], Y4 ATAFE-S EH
o
[e]

Mr o e
©
oxl

Ko| B8 2T 2 po] MY ERlolekn FTTH2Il
3 ERlolAe] £5-2 QP ool vl chapsta Aol 4-e
Agtol ABT A PN 28, |48 42 FE 59,
DRSPS 20 2 FFHU Cosio-Lima etal. 22)9] &
ol W= BOPgE FRAA] S5 SPYE Eulo] o) SFR
of 510] 252] TEYE F7lero] o 2 402 ekt BoPg
oA 50| Eil ANEE 0 2 0] T80 BASIE Lol 9
ou} 30} -8 B} ub ohje} k4] T8 BT T2 B4
of a7} glekan W E|gIe23 24 I o] A2

388 | Soojinkim, et al. « Thigh Muscle Activation During Various Squats

olo] = 0] AL obgE Aulat BoPyet A
YAAE, 23U 2T 55 59 A] el

FHE 9D FA 550 Aol 2 Hlash Folck

Hofl A A E,

YrEge]

AT

1. AP0

& A 24 6024 = 33] o) 4Fe] A ZE-2 20104 30t
Apo1©] WA 228(LFo): 22,50 +2.70, 7: 17872 +6.04 cm, -57: 76,50
+6.80 kg, AZZFR| 4= 24.00 + 2.10 kg/m?, Godin activity questionnaire:
56.3024.10)0] AP AT o] B9 F 1 1ol ofshsirt A
ARl 24t o], 512 B2, 4o ol o] . 24} P 55 ¢
o] £55-8 8 4 ol ARG o = A2 stk A oy

Rom B= AR 671 25-& HHeeh= TglgH(CROSS SEC-
TIONAL DESIGN)E ARG 721912 =3 3-8 A1 A1l

0,95 F5 7 W7 Aol 6023k FAAES A3t

3.4
1) A3lz=q

6719] 514 8.9 TYEE 257] Slsko] T (Trigno
Sensor System, Delsys Inc., Natick, MA, USA) & o]-&s}3ick 4% A
52,000 Hz2 A1 S19IcHRs), ST 534 S EMVIO) U 2%
S Bl 2 TEAE Hlo|EE EMG works” £4] AL EQO}E A

gafo] 233l

o

HHH
oHd

>

Table 1. Participant demographics

Characteristics Mean+SD
Age (yr) 22.50+2.70
Height (cm) 178.72+6.04
Mass (kg) 76.50+6.80
Body mass index (kg/m?) 24.00+2.10
Godin activity questionnaire 56.30+24.10
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Fig. 1. Positioning of electromyography electrode of rectus femoris (RF),
vastus lateralis (VL), vastus medialis (VM), biceps femoris (BF), semitendi-
nosus (ST), semimembranosus (SM).

Fig. 2. Position for performing maximal manual muscle testing (MMT) on
quadriceps femoris and hamstrings.
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Fig. 4. Wall squat and BOSU wall squat.
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Table 2. Indicates a statistically significant difference in muscle activation between ground instability difference and squat type

EXERC SCi

SQ WS SS Ground*Exercise Ground Exercise
Difference
Mean+SD (%) Mean+SD (%) Mean+SD(%) p n’ p n’ p n’

Rectus femoris SQ<SS
Floor 68.09+61.48 50.86+38.78 127.01+77.23 + + . . WS<SS
BOSU 73.54+£53.04 55.86+42.68 131.10+£81.90 124 820 092 158 <.001 689 WS<SQ

Vastus Lateralis
Floor 54.67 +27.24 54.87 +27.85 74.52+28.33 SQ<SS

292 069" 253 076" <.001* 622F
BOSU 53.80+20.99 59.07 £24.82 78.46+32.94 WS<SS

Vastus Medialis

Floor 51.52+25.55 50.02+£21.83 60.21+£31.45 N " SQ<SS
.102 125 621 012 .002* 375
BOSU 45.75+1841 48.58+19.57 72.70+53.09 WS <SS

Biceps Femoris

Floor 43.32+36.60 36.25+30.16 4145+27.37 . o WS<SS
481 .042 172 113 018" 269
BOSU 40.47 +£21.27 39.55+33.41 47.75+39.41

Semitendinosus

Floor 12.73+£9.96 892+6.11 12.02+12.69
.309 065" <.001° 524* 280 072°
BOSU 2444 +27.28 13.01+7.88 4986+13.27

Semimembranosus

Floor 13.17+£13.57 9.65+7.00 11.31+7.43
.960 .001 325 049 138 098"
BOSU 1463+7.37 10.75+6.53 12.02+8.65

“Significant difference exercise main effect, 'Medium effect size, *Large effect size.
SQ, Squat; WS, Wall squat; SS, Spanish squat.
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Table 3. Indicates a statistically significant difference in muscle co-contraction between ground instability difference and squat type

SQ WS SS Ground*Exercise Ground Exercise
Difference
Mean+SD Mean+SD Mean+SD p n’ p n’ p n’
Co-Contraction Floor SQ <BOSU SS
Floor 280+1.22 347+1.82 3.96+2.38 b + R . BOSUSQ<BOSUSS
BOSU 231+1.01 2.83+1.05 4.86+1.83 016 210 926 000 <.001 444 BOSU WS <BOSU SS

3Significant difference exercise main effect, *Significant difference interaction effect *Large effect size.
SQ, Squat; WS, Wall squat; SS, Spanish squat.
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