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Correlation Between the Soleus and Quadriceps Femoris Muscles During Squat

Exercises on Various Support Surface in Healthy Adult Males
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Abstract
Background: Squats are well-known for their effec-
tiveness in strengthening the quadriceps femoris

muscle. Flexibility and stability of the ankle joint are

critical factors in performing squats correctly. Ankle
instability can lead to injuries owing to compensatory
actions. The role of the soleus muscle in maintaining
ankle balance is crucial to minimize the risk of
injury. Moreover, squats on unstable surfaces have
gained attention for their potential to enhance balance
and stability, which in turn helps prevent injuries.

Therefore, this study aims to investigate the correla-

tion between the soleus and quadriceps femoris mus-

cles during squat exercises on various support
surfaces.

Design: Simple regression analysis

Methods: Participants performed three different types

of squats. Prior to commencing the exercises, we con-

ducted electromyography (EMG) measurements to as-
sess the activity of both the soleus and quadriceps
femoris muscles. The order of the exercise execution
was randomized. The squats were performed in a Full

Squat format, and a one-minute rest was provided be-

tween each exercise type.

Results:

nificant differences in the activation levels of the sol-

Our analysis of the results revealed sig-

eus and quadriceps femoris across different squat

© 2024 by the Korean Physical Therapy Science

types (p<.05). The regression analysis revealed an in-
verse relationship between the activity levels of the
soleus and quadriceps femoris. Specifically, the quad-
riceps femoris exhibited the highest activation during
squats using a wedge, while its activation was lowest
during squats using the TOGU. In contrast, the soleus
muscle demonstrated its highest activation during
squats using the TOGU.

Conclusion: Compared to traditional floor squats, the
disparities in soleus and quadriceps femoris muscle
activation observed during Wedge or TOGU squats
can be attributed to the influence of ankle stability
and balance. As the surface instability increased dur-
ing squats, the soleus muscle's activity increased
while the activation of the quadriceps femoris muscle
decreased. These findings suggest that heightened sol-
eus activation on unstable surfaces can significantly
impact the activation of the quadriceps femoris mus-
cle during squat exercises.
exercise, Soleus muscle,
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1. A g

oY 5 5 AAA, 5, w, WA, A" 5 ohke A AlAage] 3 AR RS v,
ol & Fdll A AAE FXshs de & 9&-S $h(Blumenthal et al., 1989). 1 oA %= 553 8]
oFgt AbgrE oAl M4l 2 S XA 5 F SHHE AFE(squat)ys M- E9HAR] S50 delA
(Hikkinen et al., 1996; Kraemer et al., 2002). ~FET JA-E At &= olx PO % WHEil S5 A
e w9, drel T A Y (hamstring)©] B 3 A7 HAS W E shAA FES v AR
(Cappozzo, Felici, Figura, & Gazzani, 1985), ‘g tF2] vl 4 2l X(quadriceps femoris muscle)= 74318 4= 91 dfaxz <l

Twolr FE, 3 Y #E T uhekst o 2552 HES T8 RAYCE S AT B ol it

AJ Fi e & Al el =RS T 3FA 8 -5-°] th(Schoenfeld, Ogborn, & Krieger, 2017; 7 %14, 2022).
T, 2 e A XA AT T =Rl A5 AREE T AT Y (conditioning) B! A AR oM EF
Al AL&S 3= & ohFdt 3o] Sl 5 °]tH(Contreras, Vigotsky, Schoenfeld, Beardsley, & Cronin, 2016) .

1 oE 3 FE3E 73l Bojste U *]rﬁfi] Aol Fastth W A

=
b= LAY S AlA B9 Z(Lynch, 2002), ©]i= i YHd A1 E2174d(chronic Ankle
Instability) ©. % o]oJ x| 8 4l {87070 A S 7}14311]-(Kammsk1 & Hartsell, 2002; B}1El, 2024). ¥+
g2l 03@% u] %] 7] “H“"Oﬂ AFES T “H I ‘1 Z A

ot shgol Aol T8 WA ARG 5 ol A FAE G R 49 el 3
AT 7bE 5 kA, 2016 S, 2010). o] g A B CE A
o) F2ol ARl o] FisiAAA kUl Ao V]l AAsH Hi Y& Fee R ¢
°]l(Guillén-Rogel, San Emeterio, & Marin, 2017), AFE+= Z5d A2 83 A4
[e]

=)
R o

E0)71 2 St TH(Fry, 1993). A¥pA o2 i g o] 9 gl 1f84hzto] glojolnt e dol A A,
&

ox Mo
1o
O
e
o
o fz HF ¥ (m

O 1%k BARS ofbet 4= Q) © W(Denegar & Miller 11, 2002), HFZ A Q&= Aol @Hi590] #8S
Al FE2 7hA]H(soleus) 2t YA (gastrocnemius)©] 31 TH(Hébert-Losier, Wessman, Alricsson, &
Svantesson, 2017; SFZIEN, 2022).

ZpARa| 2 R el vs A 21 o, A 2 ok AR = A3 st A EAIRE 7R
<& 53] 208 ks W vHE FAShEH 538490 98-S stal QlTth(Hébert-Losier, Wessman, Alricsson,
& Svantesson, 2017). 7FAH] 1 Fole] el obd e =7k A sk & $d AR IFo R, dd A&l A
F-ofli= te 53 (plantar flexion)e RHEAIRE @1 AFER] Zd-9-olli= = H(knee extension)s FH=0] 73
9] Mg 3lE wHE7] ulwol, ZhAbu| o] A o EAdst HAH] ko FE - o 89 Al
4 el 3k bgo] e & U tH(Neumann, 2022).

olelgt o] & AHe AFE 3 el tish A= 2 WokollA vl o3 FAlE AeF Qe
), 3 el wel & GRS A S 2EE T e WREe] AljkE Al‘jr(VakOS Nitz, Threlkeld,
Shapiro, & Horn, 1994). 71 Zoll %= E¢Hg 3 XA d oMo AFHEE & AAFA ¢ & A= Fof ¥
olyzl 78 W oFgAS T A FAS o skt &34 o|th Akuthota & Nadler, 2004; Verhagen et al.,2004).
olgfst A7+ A= Bt /bdetal ARl AFE 53 WS sk vl 7o = Qv AS AlAeE

0 i
i o

J; Hlm




o, S3u 22 s £59 AFE S50 ol HUHOR YL BT E A2y A3 5
# Best guk

webd, B ATl ket QA el AAE £5S P u, )t Yk udds 29 4n
WAE Gl ol F3) 7= BulE e

=
1l [€) L= BN
e HAastehuA vk Aol Agd AFE F WS BEshs b 7o ZoR Yo

4
I gdoildass SR A5 Jeds -?JY'SH ghapA) 28 & Zﬂ‘j 2 A4S AA F FAE
ATt 7hARe] 2 g ok i (Femun) 9F 9F5: v
o] 2/3 A el F-2ekd A(Fig. A-1), Hrigulddi+S AFE 5 Al 7P S5ty = 2590 S
(vastus lateralis)S =73 5F31 ©. ™ (Escamilla, 2001), $12% &1 7}A](anterior superior iliac spine, ASIS)®} T+
A o] 2/3 A Fe F-2gtHKonrad, 2005)(Fig. A-2). AFE & A &5 ﬂﬂ%l:—z“éfr:ﬁ‘(mammal voluntary
isometric contraction, MVIC)e S743t7] flall T2 A5 F 5x3F 39 v SAst Fagtew gqfst
(normalization) 1 & ™, M E I+ 1533+ F215 #Al3siivt. 7]+ W@}XV} A AefelA e wYs
AAE o A= g el gk Ags Thetel SR, dokeulde BAT7E o2 Aol e
90°3 % F Hf o7 Wi, A= Hel it A riehy SHS Eﬂ]‘jr(Kendall, McCreary, Provance,
Rodgers, & Romani, 2005).
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Figure 1. A. soleus, B. quadriceps femoris
Wedge

B APl UY Ak A 8w A9E

GERMANY, 2018)& A}-&-3}%1 th(Fig 2-B).

Mo

< 98 ZRlE 91X (Kaltenborn Wedge; Allgummi GmbH & Co,

TOGU

B Ao A ESHEE Ao A 2 AHE %S 98] EF(TOGU; DYN AIR Ballkissen, GERMANY, 2018)=
AREERl o, g 22 g3 Wol &85 QItkFig 2-C).

(9]
Mo
ofn
o
T

FE gRE23714] W] AFE -5 (Normal Squat, Wedge Squat, TOGU Squat)= FZ9] 2 A5t
VA= AP 8] 5= AAS $ tgE o7 Helwks dEa BES VvV FHE AFE 55 XSt

HO)E Fo)7] Yall AAL FHS vl == 319 © ™ (Donnelly, Berg, & Fiske, 2006),
Ao W7t HH| o= AelA] tidAbEe] deke SR M deGinh AFE 5 WHlel= oY 7H AdEE
Hof, 3EH o7 T2 wdo] 12002 H 5= Full Squat® A A8+ thEscamilla, 2001). 22} &-%-&

] v
3 Setk FA NS 1S Flom, 2 P 83 A 1R FANLE AT
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Figure 2. A. Normal squat, B. Wedge squat, C. TOGU squat

4 S 24

= =1

B ooqro] EA| H24]2 SPSS statistics ver. 200BM Co., Armonk, NY, USA) Z 2 135 AFg-3lo] e AHE3)
t}. Normal squat, Wedge squat, TOGU Squat ©] Al 7} W] A7 EofA 7ixn| 23} doed|Zde 2o & &
T dolr 7] 98] dYnfA] FAREA (one way ANOVA)S AHE-3FATE st 7hxn| 23 dokg vl 222 A
HA7A B4 98| T 8] #E2A(Simple regression analysis)= ARE-SFITE B8 BAIEA Q1 F2 =52 0.05
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Table 1. General characteristics of subjects (7=15)

Mean+SD F P
Age (years) 28.60+5.81 2.459 .098
Height (cm) 176.93£5.32 .535 .590

Weight (kg) 75.00£10.09 .106 .899
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Zt 25 4 J1A0|2 goteulZdei2el 2 #45 Hju
B AFrellA TR 2 dokdl g T 2% B AFE G538 el f2 Zol7F A Thp<0.05).
T B AREA A9 NSO TS, WSS TS+ -2 2] 7F ASIAIRE NS2F WS+ -2 8 2ko] 7} vrepub#] oF
AT Table 2)
Table 2. comparison of “S” & “Q” muscles activation between groups (/15)
Normal Wedge TOGU F P
Squat (NS) Squat (WS) Squat (TS)
S 14.90+1.84 13.38+1.29 34.35+7.08% 111.19 .000"
Q 107.36+8.96 113.72+8.98 90.29+9.37% 26.534 .000"
S=soles; Q=quadriceps, “significant difference from NS, Psignificant difference from WS
2) Normal squat®ilA{ Z}AtD|Z2 2t HCt2[u|Ze2el AeketA
NSS&} NSQ7He] A= TAZ o= o8kl Uebskth WA NSS9 NSQAKelofl EA A o= {2]st A3
O] A IA 7Y AT o= S ATA S F3l (NSQ) = 200.810 - 6.079(NSS)= A& o 4= 912, NSS
P1 ) S ARk NSQE 6079 ZHAREI S S SIEk S S ASE)S) Pk RHelr
NSS7F S7Fshi NsQi= Aadths dES ST 5 3laL, des]714el s 85.7%ws A e &= sl
(Table 3).
Table 3. The correlation between the soleus and quadriceps in a Normal squat (z=15)
Independent .
variable dependent variable B S.E B t D
(Constant) 200.810 23.215 8.650 .001"
NSQ +
NSS -6.079 1.241 -.926 -4.900 .008

F = 24.010(z€0.05), R?*= 0.857, D-W = 2.089, VIF = 1

NSS=normal squat soleus; NSQ=normal squat quadriceps femoris muscle (2<0.05)

3) Wedge squatOlAl ZXi0[Z22} HCie|u|Zel 2ol AzketA|

WSS WSQAFO M = A1 A 0 &2 {23t Mg o] AaatA7) e E 1, =375 2 (WSQ)= 319.748
- 13.235(WSS) & §HMITJ 57} F (Aol P2 WSS7F F7kehd WSQE #HAadtths A28 w372 9

A 61.4% W AT = USATHTable 4).
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Table 4. The correlation between the soleus and quadriceps in a Wedge squat (7+15)

Independent .
variable dependent variable B S.E B t D
(Constant) 319.748 76.804 4.163 .009"
WsQ
WSS -13.235 4.688 =784 -2.823 037"

F = 7.969(z<0.05), R*=.614, D-W=1.234, VIF = 1
WSS=Wedge squat soleus; WSQ=wedge squat quadriceps femoris muscle (*z€0.05)

TSSS} TSQALOlolli= FAIA = 25t A3 ] AaaAZE BA= A stk shAwh 37AA57B)e F57t
F()Ao| =2 TSS7F S57Fshd TSQE HAshs 3o ], TSS7} WSSe} NSSHJ&| =2 & A %7}
WER DL, TSQE WSQEF NSQeofl HIaiA W & =7t vebds e 4 UStKTable 5).

Table 5. The correlation between the soleus and quadriceps in a TOGU squat (z=15)

Independent .
variable dependent variable B S.E B t D
(Constant) 466.293 215.633 2.162 .163
TSQ
TSS -13.911 7.689 -.788 -1.809 212
F = 3.273(p>0.05), R?=.621, D-W=1.836, VIF = 1
TSS=TOGU squat soleus; TSQ= TOGU Squat quadriceps femoris muscle
Soleus(S) Quadriceps(Q)
40 200
30 150
20 100
10 20
0 ]

NS W5 TS TS
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Figure 3. muscles activation with soleus and quadriceps during 3 type Squat exercise ('zX.05)

V. &= 9

B AFE b e AUES s et e s el ddae ¢ gYES geg e
of HFeI A SIobA oJult G AR I ARAE St A 1 £99 2928
AN A BPR BAALS A S ek ilg e e dasks £ Jolvt A9l W

of, 1o wE ZiAe e gopgdl g e] daaAlE dobr 4 ddth

B Ao doedl g WY AAFE 283 WS(Wedge Squat)ol A 718 =& o B EE YeERloh
o w5 AN AFEE sk WHOE o] SRS ol doidldd<S o 243/ 4
8-t Whyolgkal & A QItH(Ghasemi, Anbarian, & Esmaeili, 2018). ] AF-of| A= A XU} Wedge
3k ok AFE SoM dohedee] @ E7F S/ Y 319 11(Cook, Khan, & Purdam, 2001),
W AFE oM R ol @4 % ST ol g dokelddi e &+ A ST S ol =
H AR Qg AxHe] ko w £Lys WA ] A8l TS FHCE olT A= BAAEEo] &9 FakE
7kA1717] wi o] (Opila, Wagner, Schiowitz, & Chen, 1988), &= Th o]f2 & doieul a2y &3S o]F
(gastrocnemius) % TH] T4 @ F(hamstring) 2] HY S HASAAA dokgdl g el A% 3tE
wolgkal g 4= Qlti(Cannell, Taunton, Clement, Smith, & Khan, 2001). & Ao A % 2| K T} Wedges
F I AFEA dopeulde e St 7 aA veRTk Algb iRk Rask #-2
£ vtk 28 B b B whEe] /PAS 918 TS HAaskste] drhedl el 249
T7F AFEths Zo® A Ert

ZHAE]) 2 B et S8 2185 TS(TOGU Squat)oll A 7HE =2 o SAEE YeRIA| gL gokeul g
18k A= apA] 2ol QlofAl 7habn] o] syt drkeivlgdee] ok Al B
A QS st Od?ﬁ} 9] %] $FeHThompson, Chaudhari, Schmitt, Best, & Siston, 2013). TS E¢F4 3 T 9]

EZ st WHoR 7PmEE U @A o8 -l f-8otthal g 9l Cm(Sacterbakken
& Fimland, 2013), =}Hg e 7oA o] AAE F22 7pAbv|t 81 X FAla(Erector spine)@t F71 ARAlF-A] o
7P 2% 98-S dth(Anderson & Behm, 2005). EQMYTH AW AHE g AFtollA, B 13 A%
(Inflated Disc)& AH-3F oF W AFEE PR A we] nis) grieldZdee] & Y57t 46% = A,
ol 2o grgl A2y &5 Bthe #3S A= U B T E dflof shs A Bk e A
A} 3L 23)517]7}F o135 7] wjF-o]t(McBride, Larkin, Dayne, Haines, & Kirby, 2010). “18]3 ¥ E(BOSU
ball)¥} WH 2 F(balance cone)= ©]8-3F oF W AFE Ao AL obg st XA w Tl dopeuldee] < 4%
7 AEA 0 7 Uiok=), o]+ AXHE viEFE A 5] @A E vHEodle] vE e HFHY] wiE
o]t} (Saeterbakken & Fimland, 2013).

E AFAE AHET TOGUS o] &3+ oF & ~FEdA dopejvldele & S9%7F 718 2 ebsk:
ok Azt ZRRpe] o] Frhel i 2 dote vl Aol Fhasks vl A7 Qe vERTE oA 17
NE AHr et 7k 2] @A =7} Z7F a(Anderson & Behm, 2005), ©]3= 7FAbn] o] E-ol 3 x| Hol A
e NS u 7 WA 24 i}ﬂ“ 9-0]7] wj¥-o]tIvanenko, Levik, Talis, & Gurfinkel, 1997). o] of]3= |
e #HE flek & A3 e FET BRIt At o] Fo] HA Nk JpApu| s d-lo] Qlrkar ¥ 4= Qlrk

ol gt Ab= =Hg Rt #o] % S st AR AAe ASAIA E5Y EAFE
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a 7HAEE ds 23717 el gobeidldee] Aark vebdtal Abs et
AFEE s ZE I M S AT Wl A 5o de] A AL FA A 3 gy
o

o Qg PAkY] APAE EAT WebA B AT ARER A5 o] o)A ol BEA

2 5

= ol gl ol E = U= 713E AT F e Aol 7gH )
A A A, a7 15 o® A7) wiiEel A AR ARkslE el 5 A9 Ee
St =), AWATA A Gl w2 AAE Fx = B F oEohs d3s Q7] wiEel, 35 ATtelA=

A7
oyt F-ES Rt ZhxuE BEAA dq Hlw 5 F7HE A7 ask Aot

V. d

2AE $5 A AWl Bms BAYVES Shxjel e SRS SHEA, drkeigey g
Zaych 2eEE SEah B R Aol 9] AHE B W PgAS 9T Al SR} 5
FhEe] Mrkeluldele] BHE S7bel B vIXA BT B3 A AW A5 sl o) BYE
b s EA Aokl 22 s S0 R W) dEel, ol el Bel e A Wel M 2] Wedge Squat
7} Vg FelHolet. oleld AvkE viFOR WE B S Fadks BB o) YR BAYH AW
N9 mAEE BB FHASe] B 28 Grheuldd 23 AR 2] glolA EaAQ) SFOR F

F3Ed
Y5 AAE B4 ol EME 2 AT BE £FAH B QAR RS tsHl. 2016
sRE), A, SR, V- S50 WA WE BePA S A ARFES] A2 Ba Wl nx Qg

A]. 2022;28(3):64-72.
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2022;29(3):56-62.
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