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PURPOSE This study investigated weight-class-related strength parameters during
pulling performance in the ssircum. METHODS Elite ssireum athletes participated,
24 divided into four weight classes of six athletes each. They performed a pulling
task while gripping a tube fixed to a three-axes load cell sensor, standing on force
plate platforms. The test involved 30 repetitions at maximal force with the legs bent,
the ssireum’s typical posture. Maximal force (Fmax), time to maximal force (TFmax),
time difference between maximal forces (TDmax), and horizontal and vertical
angles at maximal force (HAmax and VAmax, respectively) were analyzed from the
load cell sensors. Ground reaction force (GRF) was collected, including peak force
along the three axes, the resultant force, and the center of pressure (COP). One-way
ANOVA tests were conducted to compare among weight classes (a=.05). RESULTS
Fmax measured by load cell showed significant difference between classes (p<.05),
indicating that the second weight group (Geumgang class) generated more pulling
force than the heavier classes. In GRF results, lightweight classes demonstrated larger
COP difference between the left and right plates. Specifically, the Geumgang class
showed more movement in the anterior-posterior (AP) direction on the left plate.
The peak GRF in the right plate of the AP (p<.001) and ML (p<.05) directions showed
significant differences between lighter and heavier weight classes. CONCLUSIONS
The Geumgang class generated greater pulling force, and the lighter classes
demonstrated more leg contribution. Force generation did not solely depend on
body mass; instead, lighter athletes often relied on the lower limbs to compensate for
their limitations, a strategy commonly observed in competitions.
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Table 1. Characteristic subjects (Mean+SD)
Variables B GG HL BD
(n=6) (n=6) (n=6) (n=6)
Age
297463  28.843.1  31.846.1  27.0+4.3
(years)

Vii‘gg;‘t 84.142.8  94.6£1.8  110.0+3.1 143.6+6.8
H(ngll)“ 175.443.8  181.942.0 181.4+3.6 187.446.3

TB: Taebaek, GG: Geumgang, HL: Halla, BD: Baekdu
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Fig. 1. Test posture and instrument set-up
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Fig. 2. Structure of force vector equipment (left) and load cell sensor
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Table 2. Loadcell results across weight classes (Mean+SD)
Variables TB GG HL BD D
Fmax 512.49+ 57325+ 494.15+ 518.77+ 018*
N) 44.82 29.77 42.45 42.77 ’
TDmax 0.59+ 0.64+ 0.62+ 0.62+ 661
(sec) 0.06 0.05 0.09 0.06 ’
TFmax 0.28+ 0.30+ 0.30+ 0.30+ 736
(sec) 0.03 0.04 0.06 0.03 ’
VAmax 9.09+ 11.53+ 8.35+ 9.06=+ 315
(deg) 4.66 2.05 1.57 2.89 ’
HAmax 433+ 5.83+ 3.60+ 4.82+ 402
(deg) 2.47 1.92 1.37 2.96 ’

Fmax: maximal force, TDmax: time difference between maximal
force, TFmax: time to maximal force, VAmax: vertical angle in
maximal force, HAmax: horizontal angle in maximal force.
*

'p<.05.
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Fig. 3. Absolute maximal pulling force among weight classes
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Table 3. GRF results across weight classes (Mean+SD)
Variables Direction TB GG HL BD P
RES-PGRF L 0.37+0.10 0.39+0.06 0.44+0.03 0.42+0.05 328
(N/bw) R 0.78+0.10 0.81+0.06 0.77+0.12 0.74+0.14 784
VER-PGRF L 0.34+0.10 0.37+£0.06 0.42+0.03 0.40+0.05 206
(N/bw) R 0.71+0.08 0.75+0.06 0.73+0.13 0.72+0.14 918
AP-PGRF L -0.09+0.10 -0.05+0.02 -0.07+0.07 -0.0620.04 790
(N/bw) R -0.33+0.09 -0.30+0.02 -0.22+0.03 -0.18+0.04 .000%*
ML-PGRF L 0.08+0.02 0.070.03 0.090.01 0.08+0.03 .560
(N/bw) R -0.05+0.02 -0.04+0.01 -0.07+0.01 -0.07+0.03 .008*
FR L 27.73+7.46 34.44+5.30 35.96+4.20 36.99+3.38 020
(%) R 72.27+7.46 65.57+5.30 64.04+4.20 63.01+3.38 '
LCoP AP 0.57+0.21 0.68+0.33 0.390.09 0.33+0.12 .029%
(cm) ML 2.99+0.98 3.18+1.50 1.90+1.27 2.42+0.82 254
RCoP AP 0.59+0.37 0.62+0.16 0.56+0.31 0.55+0.44 985
(cm) ML 3.29+1.38 3.21+£1.26 2.82+1.14 3.04+1.32 922
TCoP AP 0.51+0.26 0.810.43 0.56+0.33 0.59+0.23 402
(cm) ML 0.59+0.21 1.45+0.58 0.90+0.22 0.76+0.41 .006*

RES-PGRF: resultant peak GRF, VER-PGRF: vertical peak GRF, AP-PGREF: peak GRF along AP axis, ML-PGRF: peak GRF along ML
axis, FR: force ratio, LCoP: left CoP; RCoP: right CoP; TCoP: total CoP between left- and right. * p<.05, **p<.001
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