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[Abstract]

This study examined the changes in lower body muscle activity and foot pressure during progressive
squat exercise in male college students. It was conducted to help efficient exercise guidance by
identifying and recognizing muscle imbalance using EMG and smart shoes and providing immediate
feedback. The subjects of the study were 20 students from D University. As a result of this study, as
the squat load increased, the activity of all muscles except for the left semitendinosus muscle and the
anterior tibialis muscle significantly increased among. Foot pressure, when the squat load was increased,
the pressure of the forefoot(FF) increased significantly and the pressure of the rear foot(RF) decreased
significantly. Therefore, providing immediate feedback using a wearable device will prevent muscle

imbalance and provide effective exercise guidance.
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I. Introduction

A AA 24 9ol AE7pt 4% 2 EYA 532
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II. Methods

1. Subjects
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So] A& S48 Table 1.2} 2t

Table 1. Characteristic of Subject
Variable participant(n=20)
Agelyr) 21.75+2.02
Hight(cm) 176.5£5.8
Wight(kg) 78.44+8.89
Y%fat(%) 17.25+4.04
SMM(kg) 37.01+£4.28

Mean%S.D.

2. Measurement
2.1 Body composition
2% AR ZA7A|Z(Inbody BSM 170, korea) A&
(cm}g &AstA0H, As(ke), AAYE(%fat),
A BEA7)(body composition Inbody

ZHSMM, kg)&
720, korea)= ZX5ITHTable 1.).

1
=42

2.2 Squat
U2 A E(normal squat)= £ Qo] 2oz &t
s *%’4 E(half squat)sl= 5402 F5HE0] 45k &

A T2 o] & YR WtRtS JoteE AAISIY
o 2aRohe AT eie AEIE FAE ol JEE
JEstFon, A IRM, 90%, 75%, 50%2 PAS A

A5t IRML o)A 82] 83 (national strength &
conditioning association)of]A] HAER= Baechle?}
Earle[11]of] 9J3t ®bio 2 10-RME &4t & 1-RM 3t
< AAtst] 90%, 75%, 50%9] 7iEE Ak
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= 0]&ste 70%2} 50%+=
o], 90%% 10£ 59 2812 UAIstICh

Table 2. Weight of Squat

Variable Mean+S.D
1RM 116.75+£18.65
1RM-90% 105.07+£16.79
1RM-75% 87.56+£14.00
1RM-50% 58.37+9.32
Mean+S.D.

2.3 Electromyography or maximal voluntary
isometric contraction
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2.4 Maximal voluntary isometric contraction
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EMG and MVIC

Fig. 1.

2.5 EMG electrode placement
HHIXMZ(EMG) YA m¥A|gte] QxS %435} 5}
7] 9JefiA] ¢F22 oy & AQ0o] Hisko 2 Hxlst
ACH14]. AT PATRE)E Kim 5{16]2} Hibbs 5{17]°]
A= %;hlﬁ}oq %& 519ICHTable 3). £X+S S35l
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2.6 Foot pressure using smart shoes

thgrtel AFE SR gulEeE 9lal
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Slom, AHE FFAOA g}t e gd, ol ok}
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=Xo
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Fig. 2. Dynamic balance

Table 3. Electrode placement of EMG

3. Statistical analysis

2 AldE FoliA dolrl A= FAA 242 Yol
IBM SPSS(version 27.0)Z= 2 7282 0]83}0], 7z} Hol&

o] FHM)} EEHRHSD)E AtESISITh

RZ2H5E AYE = A] 5HA] 2359 2A 9] He}t

o 54 3L A 2EP] ol SYRL 75

(Independent t-test)u} LYW= EAMELM(one-way

Repeated Measure ANOVA)S AAISIF O, A]7]719]

Afolg 2Aol7] Yol AFe77%82 Bonferroni AMS-SIE
=

a
A

U BE §O4 UF AF 5L o=052 315

III. Results

1. Lower Extremity Muscle Electromyography
Change
o] oA AHE Hsh= tWF, IRMO| 50%, 75%,
90%¢] HAAQl AUE 254 5HF] 289] EMGE &7
stof $jgt Azte 48] Table 4.9 2rh
AFIE 3V SIS ] 25 3 A dgE
WS At RE 259 =TT fosHA
7ot o, RM—75% 90%0f|A] @ 2Z&3} 1% 0] X}o|
7} Wol 7ol Yergrt.

o
o
5

2. Foot Pressure using smart shoes

U2, 1RM9] 50%, 75%, 90%2] xR0l AHE =
}\] iU}E _I/_\r_XE o]_Q_ }o:] ul—H}u—ol—aﬂg 57(10}0:] T,*:_l_@‘

5t Aut= C}S Table 5.9F 7t

Muscles Electrode Placement
Gluteus maximus The muscular belly at a distance of 50% between the lateral edge of the sacrum and the
(GM) posterosuperior edge of the greater trochanter
Rectu(sR::e)morls halfway between the greater trochanter and medial epicondyle of the femur
Vastus lateralis one quarter of the distance from the midpoint of the lateral line of the knee joint to the
(VL) anterior superior iliac spine
Vastus medialis located 20% of the distance from the anterior superior iliac spine to the midpoint of the
(VM) medial joint line
Semi t(egg)lnosus The midpoint between the ischial tuberosity and the medial epicondyle of the tibia
Bi f i . . . . . .
|cep?BFe)mor|s placed halfway between the ischial tuberosity and the insertion site at the fibular head
lealls(Ti?terlor 1/3rd on the line between the tip of the fibula and the tip of the medial malleolus.
Lateral t i P 4
atera g?LsGr)ocnemlus 1/3rd on the line between the head of fibula and the heel.
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AFE B3Pt 271 4 8Rb(Front Foot)o] Qfzlo]  B33S st /JMA)7)= Zio] "asic),
FosHA 571513 a(p<.001), EF 5 (Rear Foot)9] %= -8R0l gxllol&t AW AE0] HFS x| Ad}st
& ROIsH astoni(p<.001), WeRoL WHRF/R WA gAY SAT F50] BHAo| glo] B YA, 2
COP)9] Hlgk FelstA 57151t .(p<.001) 59| A3} A E et FAYGoltH21-22].
FRe SR S53 Belo] gl A9 BHol} 5
52 BA5] fall &5 &40] uhE & qlon e |
IV. Discussion S5H A4 Ait 7]50] 71:}—}1\—@":}[12, 23-24]
RE gEmaIde] SR oY) gAY HHE &
AHARSE AR EAfo] g5 QIAISIL »¥shA] Ao 2 AT Zloltt 50 dygo R H8s)
oP&E TR glon Hret NSRS YAT 284S & /1RA A gAY A F st AHE gE0R
Higo g AR pofsto] Ao $AE Tl U gt B0l 8oz 48fw]ojof she BASH A
of 52 S-S Aordi717t 6:‘.%@ 2 AFe ol ZolHA AA 289 65%S ARRsSH}25]. E3t 7%
RS Potwr] sl Yot 571942 siA 289 Ao] EAto] Aol Wasto] QW U APAEY U]
g=ol wulcigiele] wislg ofuwaab MAIEICE 28 AT Id B3 7|E 25o|ct26]
A} gAY TR Wk ¢EmoR WE AY 2 2g7so] HEd YT §Lo2 ANES 49y
sloh §bs §, AMl] 2 SOl o3 UL, o2 oh- sele MvkHel gAldel Ag Uepf Almoln]
sl &40l S7tskal Q7] wiwol[18] IA9] gAdat  AHES HASH 48T 4 Qo= 712 WA TheA
AAl 278 Afol9] deut ol BRsHH19]. =9 o Agh PgAdo] Zhastiths ojujolc}{12].
A SRl M9 XY U ANIE SAIS] Y3t E o] AT AT AFE B} S/jaAR g 28 5 9
[er gRlog 59 712 ShipAor Zddg oA  Z uEnYd, 4% IS AQst nE 289 %
oto] &5 2 Ut &5 2d9s o= ) AHrrt 9ol E71stgion, IRM-75%, 90%0|A] 0&
off WA 71570l o]ofx|7] WEolll20] & Al Z&Q]  Zap JZ0] xjo]7} Hol= Zgko] UERTE
Table 4. EMG changes in lower body muscles during squat (unit: V)
Variables Squat 1RM-50% 1RM-75% 1RM-90% F P Post-hoc
R-GM 50.95+30.80 63.61x46.76 89.40+44.33 98.71+54.89 5.996 .001™ 90,75>S
L-GM 47.79+30.03 49.95+36.37 70.55+38.07 69.58+41.86 5.843 026" 90>50
p 745 938 157 067
R-RF 81.14£43.15 169.58+92.06 189.41+144.90 178.78+114.23 6.801 .001™ 90,75,50>S
L-RF 82.96+53.92 151.28+104.00 153.84+81.76 142.55+82.08 4843 .005™ 90,75>S
p .907 524 .345 257
R-VL 126.81£51.41 210.42+104.5 280.81+153.04 | 260.23+132.26 13.490 000 | 90>S,75>50>S
L-VL 137.66£58.99 213.70+104.65 251.73+£119.17 210.20+118.24 7.9747 .000" 75,50>S
p 539 922 507 215
R-VM 118.32+49.82 206.46+90.14 258.32+111.44 200.56+98.31 21.697 000 | 90>S,75>50>S
L-VM 140.69+57.59 246.28+110.77 302.82+121.18 | 243.57+100.29 36.107 .000"" 75>90,50,5
p 197 220 234 179
R-SE 28.37+20.91 36.57£16.37 66.12+£32.88 62.25+30.06 2.881 044" 90,75>S
L-SE 28.03+22.03 31.88+19.07 106.38+£141.59 73.82166.94 1.727 172
p .960 409 229 485
R-BF 29.20+£32.85 44.67+19.07 120.50+£127.80 78.03£40.70 7.205 000 | 90>50,S, 75>S
L-BF 21.371£9.78 42.49+18.13 66.88126.64 66.63124.21 35.215 90,75>50>S
p 314 712 .081 289
R-TA 91.52+42.97 81.85+28.58 101.80+£36.92 95.69+33.46 2.580 062 75>50
L-TA 107.00£43.52 93.55+36.21 102.30+£38.22 102.23+47.73 466 707
p 265 264 967 619
R-LG 18.58+£12.75 47.80+39.13 69.50+64.19 55.43+£33.41 5.867 .001™ 90,75,50>S
L-LG 17.19+14.89 33.35+16.04 51.77£26.75 48.73%£23.62 19.328 .000"" 90,75>50,S
p 753 509 261 468

MeantS.D. R : Right, L :
medialis, SE : Semitendinosus, BF : Biceps femoris, TA : Tibalis anterior, LG :
Reapeated Measure ANOVA ;

"p<.05, "p<.01,

"p<.001

Lift, GM :Gluteus maximus, RF : Rectus femoris, VL : Vastus lateralis, VM : Vastus
Lateral gastrocnemius. One-way



148 Journal of The Korea Society of Computer and Information

Table 5. Foot pressure using smart shoes (unit @ %)

Variables Right foot Lift foot Front Foot Rear Foot R/L COP F/R COP
Squat 51.20£0.59 48.80+0.59 44.05+£17.71 55.95+3.96 61.95£5.19 41,70+5.32
1RM-50% 50.50£0.72 4950+0.72 60.30+18.85 39.70%£4.21 50.40£5.95 54.35%+6.39
1RM-75% 50.70%£0.68 49.35+0.68 68.5016.37 31.35£1.50 56.65+5.42 65.55+4.26
1RM-90% 50.80%£0.73 49.10+0.73 66.4519.79 33.55£2.19 57.20%£5.63 65.10£4.76

F 545 205 26179 12.207 873 7.115

P .654 656 .000™" .000" 460 .000™
Post-hoc 90,75,50>S S5>50,75,90 90,75>S

Mean+S.D. R/L: Right/Lift, F/R :Front/Rear, COP : Center Of Pressure, One-way Reapeated Measure ANOVA ; "p<.05,

“p<.01, "p<.001
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V. Conclusions
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