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Comparative Study of Quadriceps Activity when Patients with

Stroke—caused Hemiplegia Perform Kneeling Squat and Squat Exercises
Gwan Hyeok Go', M.Sc., P.T. - Byeong Jo Kim?, Ph.D., P.T.

"Dept. of Physical therapy, Parkside Rehabilitation Hospital
’Dept. of Physical therapy, Dong-Eui University

Abstract

Background: This study compared the quad-
riceps activity of both paretic sides and non-
paretic according to the exercise methods of
standing squats and kneeling squat for stroke
caused hemiplegia patients.

Design: Crossover study

Methods: Eliminate potential bias from exercise
order, 22 subjects were randomly assigned to one
of two groups (n=11 each). One group performed
standing squats followed by kneeling squats, while
the other group performed the exercises in the
reverse order. We used an electromyograph to
measure the quadriceps activity of the nonparetic
and paretic legs.

Results: This study's findings revealed that, re—
garding quadriceps activity on both the paretic
and nonparetic limbs, the kneeling squat exercise
elicited lower muscle activity compared to the
standing squat exercise. This difference was stat—
istically significant(p<05). During the kneeling
squat exercise, quadriceps activity on the non-
paretic side was greater than on the paretic side;
however, this difference was not statistically sig—
nificant(p>.05). When subjects performed the

© 2025 by the Korean Physical Therapy Science

standing sguat exercise, quadriceps muscle activ—-
ity on the nonparetic side was higher compared
to the paretic side; this difference was statistically
significant(p<05). The difference in quadriceps
activity between the nonparetic and paretic sides
was small during the kneeling squat but sig-
nificantly larger during the standing squat(p<05),
indicating a statistically significant difference be-
tween the two exercises.

Conclusion: This study showed that the kneeling
squat exercise, associated with low quadriceps
activation, resulted in similar muscle activity lev—
els between the nonparetic and paretic sides.
Furthermore, this study demonstrated that the
standing squat, characterized by high quadriceps
activation, led to asymmetrical muscle activity be—
tween the nonparetic and paretic limbs.

Key words: Kneeling squat, muscle activity,
Squat, Stroke
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56.09+18.18
162.56+9.89
66.32+11.44

n (%)
15 (68.18)
7 (31.81)

11 (50)

11 (50)
8 (36.36)
14 (63.63)

=22)

General and medical characteristics of the subjects (V=

Male
Female
Hemorrhage
Infarction
Left
Right

Characteristics

Gender
Age (year)
Height (cm)
Weight (kg)
Cause
Plegic side

mean=standard deviation

General
Medical

Table 1.
M+SD
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Figure 1. Front and side views of the kneeling squat Figure 2. Front and side views of the standing sgquat
exercise. (A) and (C) illustrate the initial and final exercise. (E) and (G) illustrate the initial and final
postures; (B) and (D) depict the intermediate position. postures; (F) and (H) depict the intermediate posture.

HH 2EEE =Fo| 26l Noraxon telemyo 2400 system(TM DTS, Noraxon, Scottsdale, Arizona,
USA, 2013)2 AISOIRULE SdE 2]9 45 = Medical software MR 3.6 clinical application proto—
cols(TM DTS, Noraxon, Scottsdale, Arizona, USA, 2013) Z2 )42 0|25I0] ZAGIALE 28T T2 )49|
&S B2 =EE(sampling rate)2 3,000HzZ A&GIULCH o4 HEEE = 20450HZ2 ZEHZGHH D=0 =

Z(noise)E MAHGIALE +=&E &S TE(raw date)2 ASER2(Root Mean Square, RMS)2Z S| oIS
OIACH D2E 0t AH =, 2022).

JIE 2=gt(Reference Voluntary Contraction, RCV)2l SA& SHAD} HOHSHH &2 RHMINIA 52+ ST
, 33| Bhs =X W2 ME0ICKTan WT Alexander et al., 2024). REAFE 28U AFE 28 Al
6x 722 2F 5 gtg SHE F 10022 LA, 2 2K IIE =5 42 JIE2E HES(Reference vol-

untary contraction, %RVC)S Hl&told E=3} ot== olUCH




M=0| 22 2L2(0 IR MES A0 |0t HZE Ao, ASE YIS &= M=oY IIeel EH

= 343 ISl 22 A== AIoIRILL d=2 B2 2 2F0 M0l ASEUS M JHE SHe 2 &4

(muscle belly) 220l 2XotACHCram &, 1998). 2™ E =S| 22 Hels 2cmZ2 ofRUCH
=29 2= 22/= HI0IS Ci2Iet OEIE Celel o 22(Vastus medialiS) S

JIEE22(Vastus lateralis)OICHOIEZE, 2017; Gagnont Gagnon, 1993)<Table 2>.

Table 2. Location of surface EMG electrodes

Muscle Placement of electrode
Vastus medialis 2 cm medial and superior to the knee joint at a 55-degree angle
Two points relative to the patella were considered: one midway between the
Rectus femoris anterior inferior iliac spine (AllS) and the superior border of the patella,
and another 9 to 16 cm superior to the patella's superior border
Vastus lateralis A point 3 cm superior and lateral to the center of the knee joint
EMG=electromyography; AllS=anterior inferior iliac spine

~
P!
]
HT
x

=XME IS PSS 25.02 AF26HH 24561%LH 22N2I-AD|2:-2 AA™(Kolmogorov-smirnov test)S Al
Z0l R FAM 2ELE SOIGIULE AT CHAKIS| ojstA EM1F YUMol SE42 J|=SHE 01230 7ot
CH

FEAFE 2 AFE =H 2P UE HEESZ, gliel222, JIBHS22 84S XI0IE HIWe 1,
HEEE t—2A(Paired t—test)S AF2ol0 242 AISOIRICH HI0OHIS Cl2let OIS Cl2le) oHEE 22, iz
22, JIEBE220 45 X012 HIWsI ), (HISE2 t—HES 0|20IRLEL REAFE 2s AFE 29| &Y
Ol (H2 BI0HEI= Cr2let OtHI= Celel Xt01gt2 Hluoi 2, HSEE t-Z282 0I=Z0IRULE SHEE R2xE2
052 HAGIAUCH

I, A2

1. REAHE S ARHE 23 A0 2= 4% Hlu

PEAFE 2E AFE 2= Hlwst 21 HI0HIE Celel eEE220 dliel222 12l IS 220
N, EHSIEOZ KI5t £=9| XI0|E2 EJLHp<05)<Table 3> 12|10, OHIE Cielel etEH221) dliel222
2l JIEBES20ME SHEECE K28 &2 XH0IE B F(p<05)<TabIe 3>,
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Table 3. Comparison of muscle activity between kneeling squat and sguat exercise (AV=22)

Kneeling squat Squat t 0
VM 2902.16+£1651.05a 4596.83+£2315.19a -4.31 0.00*
NS RF 1465.01£740.98 2266.51+£1224.87 -4.29 0.00*
VL 4301.68+£2189.29 6758.83+£3612.64 -3.42 0.00*
VM 2268.04+£1430.13 2886.07+£1763.29 -2.51 0.02*
PS RF 1082.43+890.54 1446.45+824.23 -2.88 0.01*
VL 3283.23£2191.16 4025.18£1931.30 —2.24 0.04*

M£3D, *0<05

PS=paretic side; NS=nonparetic side; V0L=vastus lateralis: RF=rectus femoris; VM=vastus medialis

2. HI0HEI= Chelet Ol Thelel 25 2dE diu

HI0tHI= Cielet OHI= CelE lulet 21 SEAFE 252 EEE20 glidlz2a22 2l IEFBE220M
SHEECZ X010t 2FHEX LUCHE>.05)<Table 4> GHAIRH ARE 2EE HEEHS2W Ylel2e2 1ali
IIEBHE20AN SHER2Z Kol £F2| XH0I1E E/ACHe<05)(Table 4).

Table 4. Comparison of muscle activity between nonparetic and paretic side (N=22)

Nonparetic side Paretic side t o
VM 2902.16+1651.05a 2268.04+1430.13a 1.83 0.08
KS RF 1465.01+740.98 1082.43+890.54 1.96 0.06
V0L 4301.68+2189.29 3283.23+2191.16 1.83 0.08
VM 4596.83+2315.19 2886.07+1763.29 4.25 0.00%
SS RF 2266.51+1224.87 1446.45+824.23 3.81 0.00%
V0L 6758.83+3612.64 4025.184+1931.30 4.47 0.00%

"M£3D, *p<05

SS=standing squat; KS=kneeling squat; VL=vastus lateralis, RF=rectus femoris, VM=vastus medialis

3. FELAFHE 23 AFHE 25 A012 8I0HEI= Telet OtelE telel 25 gdX XH0Igt gl

=
SEAFE 22| HI0HHI= Crelet OtI= Ciel2l X0l it ARE 22| HI0tHl= Ciel2t OtEI= Ci2lel X0l
2= Hlwst Zi HEEEZ2 gliclZ222 12l JEEE20M SHEELE ]St &2 XI0IE /L
(p<05)<Table 5>.
Table 5. Comparison of muscle activity difference between kneeling squat and squat exercise (MV=22)
Kneeling squat Squat t 0
VM 634.11+1621.54a 1710.53+1887.94a -2.67 0.01*
NS - PS RF 382.57+912.72 820.06+1008.63 -2.42 0.02+
VL 1018.44+2607.04 2733.64+2867.44 -2.58 0.02*

M£8D, #p<05

PS=paretic side; NS=nonparetic side: VlL=vastus lateralis; RF=rectus femoris: VM=vastus medialis
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