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PURPOSE This study investigated weight class-related differences in force
maintenance ability and muscle fatigue resistance among elite Ssireum athletes
and elucidated the underlying factors associated with these differences. METHODS
Twenty-four elite Ssireum athletes were classified into a lightweight (Taebaek and
Geumgang, n=12) or heavyweight (Halla and Baekdu, n=12) group. Absolute and
body-weight-normalized forces were measured using a load cell during maximal
isometric pulling. The mean power frequency slope on electromyography was used
as a fatigue index to assess fatigue progression in the upper- and lower-extremity
muscles. Between-group differences were examined using independent t-tests (or
nonparametric equivalents), and laterality—group interaction effects were analyzed
using two-way mixed analysis of variance (ANOVA, a=.05). RESULTS The weight
groups differed significantly (p<.05) in force maintenance evaluation measured by
load cell sensors: force maintenance slope (N/s), normalized total mean force (N/
bw), normalized early mean force (N/bw), and normalized late mean force (N/bw).
Furthermore, the groups differed significantly in muscle fatigue resistance in the
left flexor carpi ulnaris (FCU, p=0.013). Two-way mixed ANOVA revealed significant
side effects for the biceps femoris (BF, p=0.035) and significant class effects for the
latissimus dorsi (LD, p=0.038). CONCLUSIONS Weight-class differences in force
maintenance capacity are driven by distinct muscle fatigue resistance patterns, rather
than absolute strength. Specifically, divergent neuromuscular strategies in upper- and
lower-limb coordination are crucial for maintaining repeated force and addressing
performance gaps during late-stage competition. These findings establish a scientific
basis for developing weight-class-specific training protocols and multidimensional
performance indicators for elite Ssireum athletes.
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A SR G178 SAHCE 3 93y BT
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I 3715 AFsksAY(Detanico et al., 2012; Kil et al., 2018;
Montoro-Bombu et al., 2023; Yilmaz, 2015), o} 534 37|
7l(Isometric Mid-Thigh Pull, IMTP)E 53l o g ¢ @&
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7} 272 AREE AL Itk (Detanico et al., 2012; Montoro-Bombu
et al., 2023; Hassmann et al., 2011). E3F =& FES 4]
e A4 AME 9A T2 2 fASHAY 5D AAlA
Ao @ I3ols 5892 4340 37 +3Y 583 8boln &
AEE xS 3 G4 5 g2 Aol M F8sitar 7
Zx]o} 2tH(Franchini et al., 2011). Kim et al.(2025) 5Lt
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dH¥ole SHEE %45% A ES A7 B7Ee] HAHHR 24
Z gFojA &t} E5] A Z(Electromyography, EMG) A&
9] RMS(Root Mean Square) 9 g Ag Fu<d(Mean Power
Frequency, MPF) ¥Is}E 02 12 &-8ol= A (Cifrek et

al., 2009; Coorevitis et al., 2008; Phinyomark et al., 2012;
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A5k T4 B9t A 8 289 ZHE(EMG) HolHE 712
F3sto] BAstgct Algel w2 E4E& E4517] $ioto] ezt
743 3FF(Lightweight Group; LG, n=12)2.&, 3t} o

=
FH2 5% F(Heavyweight Group; HG, n=12)0& E&3}9ch
ZF 259 AAE B oh23 Ao

o AHFAG): Yol 29.3+4.5 yrs, 7] 1.79£0.04 m, &5~
89.4%5.7 kg

« SHFHG): Yol 29.4£5.4 yrs, 7] 1.84+0.06 m, F5FA
126.8417.5 kg
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AR 3 A8 2T P, A3 A0] dret o) A 5
0% Y71 A 202 BA FHA $502 AAES shoct.
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A 37171 A& SFsH7] flsto] A 187H4 S8 5 e
ZA AA(LCXYZ-TO01, A&D Korea)s AFESIITE ZEA Al
= 29 200Hz9] HEY 52 AARRIOR SHEo] ofdR

Z718 B3 HHFEo] AEEH, LabVIEW £ZE0(2014 ver)
oA HolEE 48 E AFT 4= JYEF si3ith Z2HEE B4
95l ZAE A|AE(Telemyo DTS, Noraxon, USA)S ARE3]
of AstA9 2 5191 9&5FH(Vastus Lateralis, VL), &%
Z(Vastus Medialis, VM), HE|o|FZ(Biceps Femoris, BF), 34l
<(Latissimus Dorsi, LD), &4 Z(Flexor Carpi Radialis,
FCR), #&4=2Z(Flexor Carpi Ulnaris, FCU)9| &%= 285

2% sk,

OIN for

glole Az

H Aol »E A% go]g+= Python(version 3.11; Python
Software Foundation, USA)S Ar&5to] EA519ct AlS A&
I8l SciPy gholB g & AEsI3lom, /‘ﬂ%‘éﬂﬂi&] A# A
A8l Scikit-learn9] LinearRegression 2aS ggsiqit 2eA
glo|HE g7])= 15kl & go|E & £&35)] HA Aole] Ay 3l
e ArEsto] AA 3 B, 25 Y H4(62), 9 ¥ H46R)E
ARESIIT). ERE A7l Wi 3] BiskEE SHHSsE, A A(NN)
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% [Slaa] T
2 BH3GT). oln A2H 7127] Zhe ATl T2 79| FAee
ojulst, 71e719] dgigte] #2500 7Mhers) d f4 5
Zo] $43h2 Lhehiict.

53] & AolAe Al 71 AA 29 &893 A4S diH] 284
= TR BA4617] g8 Al AN Ao Ftskst Al ¢
(N/bw)& Hasto] 4b&stict. ohat, O 4bsd vl&R F3to}
+ HlE t8Kratio scaling)e AATT 22 9] v]AdFA B
£ HH5] BAGHA Eofl FF A4l A o] HAgrhE
Ath= AR AZF AR gt £ AoA= F AXEE
A Ao 2N AFd T TF] S0 ot 2ot +F U AT
Q1 Sf4& R okaLA} SFITh

SHAE =4S 915 SENIAM(Surface EMG for Non-Invasive
Assessment of Muscles) 71| E2}R1S 7|&F02 AFS HASIY
O m(Hermens et al., 2000), &= 415+ 1500HzS] MEH S0t

<O

= T
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2 okdh

SAE ASE 12 Zol9 37t £ Bl dAIZE Fejof HE
(Short-Time Fourier Transform, STFT)O.& Ful BEAS AlA
5} (Phinyomark et al., 2012; Yousif et al., 2019), AF=%l 2
M9 B4+ g F<=(Mean Power Frequency, MPF) 3 A%
39 mdof H-gstct. ol A7kl w2 MPF 7|&7](Hz/s)E <
=2 AP H7HE 915k 3 & A HE(Fatigue Index) = 7 SJst10H,
NG 71&7171 & YR 7HESE SR Y Shvt v
oJu)gtet. o] ZAof| tigh A= (Fig. 13} 2t}

o =

T A8S T, 15 T AolE Hush| Hd sHREE -3
A(independent t-test)S AFESIAL FHAS WHESHA] 3 1
9] A% v AL APk e S 459 1= Aee
T1E 2+ Aol ¥Rt of g} 9 Aol 1 sly] 5] o] S/t A
B (Two-way mixed ANOVA)E Z&5t9 o, I5(ATFF vs 5
T SHUESE vs £5) 149 428 2 Fa9E 246l
HE glo]E&= IBM SPSS Statistics 25 (IBM Corp., Armonk, NY,
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Fig. 1. Example of muscle fatigue index (MPF Slope) in the left flexor
carpi ulnaris
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USA)E o]-&sto] E4st9lom, BAAE Fo4eEd ¢ = 0.052 A%
SIATH AREH AL Bonferroni AES AAISFAH

2 Ao 2rde 59 S4% AFE 3 /A 58 w7 d3e
(Table 1)°ll AAlstit. B4 A3k 3 4] 7]-&71(Force Maintenance
Slope, N/s)&= AFHFLG)NA -0.23, THFHG)NA -2.202
2 Yeht I35 7t Ao)7t BAF R fonlsttip = 0.028, d =
0.962). ol A% vluste] F3FF AeE9 97]7] o] 20%
o] 24 7t B¢t ¢ /e FAsS BYSS ougit AHE o
vl 3 3] 88 Yl AF B8 E(N/bw) HlIAE BE

ARECA], 271, F7)elA FFFel Tl Hish 5 &2
S5 FHete] FT AlF T AolE BAthp (.001). F+AHL

2 AA 3219 F4 A $1(Overall Mean Force)2 A&+ 6.25,
9T 4.68%2 UEEoH, oj#fgt 9= 7] 9 7] FIoAE
Ay Hfglo R FRIFIct. vhA, B2 X1l Ao F(Overall
Mean Force, Early/Late Mean Force, N)9| 4% 118 7t 5-9ju]st
Zpo|7} YepA] 2oKp » .05), F AT IFol H e =A< 3

o BHA 271 RARE SE0INS S SIS,

Table 1. Comparisons of force maintenance capacity(N/s) and pulling

force between weight classes (Mean+SD)
Variables LG HG Effect
size
Force
Maintenance Slope (_10 423) (_22 5230) 0.962 0.028 *
(NJs) . .
Total Mean

558.58 585.92
F(ol\rse (67.30)  (76.59) -0.379 0.363

Early Mean
Force S61.06 - 397.89 -0.489  0.244

N (70.16)  (80.11)

Late Mean
557.60 576.69
Force (66.41)  (76.11) -0.267 0.519

(N)
Normalized Total
Mean Force ((6)'2?) (g'gi) 2.288 <.001 **
(N/bw) ’ ’
Normalized Early
Mean Force ((6).?3;) (g';g) 2.156  <.001 **
(N/bw) ’ ’
Normalized Late
Mean Force 6.24 4.61 2332 <.001 **

N/bw) 0.62)  (0.77)

* p<.05, ** p<.001
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<o = A4 37t

7F $5-9] W MPF 717] Bdgkat AF 7F vl A3H= (Table
2y0 AABIYEE. B4 A}, FCU F&o)4 A3y S35 749
MPF 7|&7] #}o)|7} BAH o2 FolatA Yetdth(p = .013, d =
1.104). ol uj¢ & a3} 37|& Holn, S3FF 449 5 FCU
ol A gl vlsh #A 5] ¥l w27} 2P fn|gitt. LDY 7
%, F&(p =.069, d = 0.814)7 = = .067, d = 0.787) ¥ &
A o =EokA] Botgo, F EH BRoA g0l
BYFET M2 MPF A4S Kol Alg 11 Xjol9] B3F/do] &
A= on, & ¥ B 37t ol4e] 53t 37171 = o], AHF
w2 02 AR ZpolE AlAFEFGITE

BFolA= 1% 1t BAF 92k UehtA] Eto, S04
L ZFFol ¥ 7lE MPF Z4E 2l ¥Hi(p = .371, d = 0.385),
FHZoAMe 2358 st A FAS YEHHA(p = 371, d =
-0.385) &4 vtiAA wjeo] AE 9T 1 9] VI, VM, FCRE]
A%, BE S AF 7F BAZHLE 23t 2ol 7t AR o

UTHp > .05).

Table 2. Comparisons of fatigue index (MPF Slope, Hz/s) by muscle

7} £8.9] MPF 7127]°] that o] £ SAHEA ATHe (Table
3ol ANSATE B4 A3t ZE 24 28014 AT S 7]
ROt JEatg Eohe ek Qolth. Fas 2404 BFY
29 ZR(Side)el THE FEIF Fo01skA HeRtomiF = 5.072,
=035, 5,7 = 0.187), ol= AF3H BARle] F - $ 2% 7] =
19 QFagell Aol & AARITE LD B, AF(Class)el o
FAIH BAHOR FOuIT A0 FAUTHF = 4867, p =
038, 7,2 = 0.181). ©]&I% A= b4 A8 Sl BAoN BEE
A 2k Aole] Aol 28 4912 BHste] RAT Bk
B8] 544 29 42 Wold 42 oz 4T 5 9k

WE F717] 59 A S 457t Al vish LDAA A
R e =R EED X LR ERAL AR
48 BEO|A 7 20 53t 3712 Btk 1 9 T](VL, VM,
FCU, FCRIOIAE 45218 @ Fa37h 954 9tehp ) .09)

fu o

2

[Sha
)
i fo ] o

O,

)
J
p

=
[ -

2 ATE A NE A58 AT Ao 524 Y717 9 A A
%3} 202 S4S PIHLA SHch B4 A% A0 F

and laterality between weight classes (Mean+SD) FFHG) 83l A= oiy] & 3] §-8(Overall Mean Force, N/
. Effect bw)¥} 3 32| A134J(Force Maintenance Slope, N/s)ollA] §-9]u]
Muscle Side LG HG . 191 0B EAO Holrl g = o= A
size oA 3%t EAAS BTt ZHE L Ui SEFFe] Aegel
Left 0910 0324 Lo o0s v H&52EFHECU) FHi(LD)olA AT 7HhE B
L ¢ 2.772)  (@.176) :
. -0.074 -0.111 Table 3. Two-way mixed ANOVA: Interaction effects of laterality and
Right (0.226) (0.300) 0.137 0.740 weight class on fatigue index by muscle
-0.274 0.216 Effect
Left (0.996)  (0.718) -0.510 0.237 Muscles Source F size
VM . 0012 0,036 Class 1270 0.055 0272
Right 0.699 0.112 B
(0.360)  (0.754) VL Side 0.167 0.008 0.686
Left -0.061 0.510 0385 0371 Interaction 1.673 0.071 0.209
BF (0.817)  (1.809) ’ ’ Class 0.910  0.040 0.350
. -0.175 -0.597 VM Side 0.007 0.000 0.934
Right 0385  0.371
(0.475) (1.06) Interaction 1.893 0.079 0.183
Left -0231) (—0-387) 0814 0069 Class 0.037  0.002 0.848
(0.406 0.257 ’ ’ B
LD BF Side 5.072 0.187 0.035 *
Right (‘g;gi) (‘(‘)1330853) 0787 0067 Interaction  3.354  0.132  0.081
g ' Class 4867  0.181 0.038 *
Left (_(())'61(?51) (_(())266]56) 1.104 0.013 * LD Side 0.427 0.019 0.520
FCU 0318 0168 Interaction 0.378 0.017 0.545
Right o 450) (1437) 0486 0260 Class 0.005  0.000 0.946
FCU Side 1.201 0.052 0.285
Left “0.090 0480 590 175 .
(0.578)  (0.654) Interaction 3.755 0.146  0.066
FCR - - Class 1667 0070 0210
Right 0087 0317 4596 0506
g (0.432)  (1.203) ’ ’ FCR Side 0.223 0.010 0.641

* p<.05. For variables analyzed with non-parametric tests, effect
size r was converted to Cohen’s d for consistent comparison.
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Interaction 0.128 0.006 0.724

* p<.05
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Fo=(MPF) 4 E Ho] 4R $49 24173 f271 JAE5Ee T
o] FE I} ol=et Atz NEY Al 7l A Apol7F 24l
7BAY 12 A1t W B0l Yl AlARRITE
HE2 K FASHA A9 4vkg &1 37]= Fol 371E
< 233= 94 4otk f TEAE 3717 A AFE ©
W3] Azol] gt A7F &= o] Ut Detanico et al.(2012)2
S ALE Ao Z judogi pull testE AAISH A3 Ad) o §
(Fmax)} A% 5710l vldohy, AFo2 B4 44 g(Fmax/
k) AZFFoNA B A YebEtha B 163t Franchini et
al.2011)2 Hd 534 T F o] Bl 7|& 0] ¥ Ao
A B =A YA Al vl Al A 9 Zolo = Eshal
AG oy dolrls FFFY 4y 580 FEIE E]lst
o}, Hassmann et al.(2010)2 Seoi-Nage A|E#|o]A AgofA
Z3H g W=(N/kg)7t Aol ZE&4E =21, ol= 7|&4 58
A 204 3l 9] S Ix6] AZHEE Baskgint of2gk A
YA+ ZAit= AlFE @ IF dEko] o A d9 2717t obd,
AS dH 527 3 54 5 o) 282 AR Kim et
al.(2025)9] APATFol| M= 5L AF 37171 ZAE ol-&5to] Al
S A 37171 Pt A e E4S £4% A3, FAFEEA)0]
H AL Agieh 2 At TS EHstHA 514 7|07t B 2
= A& Bokqtt. 18y ofd A= X P2k GRF sig o} 2
71AA Ao 27 FooH, BHE 5 52 & drhv o8
UEA, LA o= ZLFoA HE7F HA FA =A%}
A YT 232 AL A Zok}lt. of2gh Fu
F7] fIste], & A4 543 37171 FAolA EEAE o]
Al XA #2F EMG 7|8t MPF 712715 &7 24519, A&
o] A[7to]| whE 3] §R9}F LR Fdol o2 A By
T+ oA} 5Hlet.
A= o] g APA+ wh RS} Ay ==
& SHIAAID W2 Z1upRpA ol A Al Al 5 gt
B FEE o R Fa FHg kgoz gl § 20%
Aotz FA &2 A 24 2, 3 §A 71&7]
(-0.23)°0] TFF(-2.20) 5t vkst A 4 = .028,
0.962)& ®3low, A5 the] At oA FFg 4
FRIFALE FrEL A2 ASZ B g2 A FolA=
& 7FF9u)g Zo|7h YAl gekths Zoltkp > .05). 1
U Al AA 3719] AolE 1] s ASoE gkt d
(N/bw)& BlZHES W, HE AFNA FFgol HF b ¢
(Overall: 6.25 vs 4.68, p € .001, d = 2.1~2.3)3}31tt. o]23t At
= 59T FE B Hol AolA FHE AFY ddET *2 &
84S B3 Detanico et al.(2012)9] AT} AA|5HH, A= 4
718 g7loll A g A LEo] opd AlF thu] 2&4 3 U<} g
FA Aol F2FZ AARRITE Franchini et al.(2011) GA] AlF
H H Al Ao 99 Apolo| = ELota AFEe] At a&sdol
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L 2oE g7t 94 371 P e 98-S it 2ogs
SEAAA, AATHATE, L5 59 tUet F9joljA HAgsHE &
42 FAJolH(Merletti et al., 2003), ZHAE(EMG) 429 Fup
P Hsl= 229 ARY ARE JAHIL KCifrek et al.,
2009). &3] YA Fu(MPR 9] Zas ZUEE JF>sst=
BE A2, TAE W pH A7 2HF A=EEE AsHAA &
5 o9 BF M99 e WAL MY AHEHS AF0R
o|lFAI7|E 7Aoo g APt (Brody et al., 1991; Cifrek et al.,
2009). £ AollA= DAZE FEHBHSTFT)S ol-&ato] 534
o G717] & 52 fASHs Bt BEAE T A7 A3t

2 Wsls FH510, A9 39 718718 2SR AESH T
(Phinyomark et al., 2012; Wang et al., 2015).

E AT A7 LDE AFE 298 EAL olsst o] 9lo] -
%93 AHE AF3It} 2-way mixed ANOVA 4 A3}, LD
MPF 7]&7]0l|4] AF(Class)°] @2 FH5I7t AR F-ou|at
Al YebdohF = 4.867, p = .038, 7, = 0.181). ¥ /'8 &9 v|w
oflAE HZ(p = .069, d = 0.814)3 $=(p = .067, d = 0.787) &
T EAH o5l 0.059] =EekA] EsHANE £ SH RE
A 2 583} 37)7F BEE o] FARE PGS Bths o 9ulrt 9L
o 7 S vaE 22 37]9] Aoz Q] foAE A&}
= o A7 Ao, 9= diolHE B¢6te EAcke 2 £
AR (ANOVA)S B3l AlF 7h9] Ad &l 32 Xjo]7F BA 2o
2 FEEI. ol FHF A4t AF Aol Hlgl 37171 B2
Al LDO| tigh Q2 =7} 01, 0|2 Q] sig T&olA Bt 7t
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