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PURPOSE This study aimed to explore the functional movement in rope climbing.
METHODS The rope climbing experiment included 16 healthy young male participants,

and the methods of hand, cross-leg, and foot-hooking climbing were employed. The
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muscle activity and joint range of motion were measured and analyzed using EMG
(Electromyography) and IMU (Inertial Measurement Unit) sensors. One-way analysis
of variance was conducted (a<.05). RESULTS The activity of the forearm and biceps

muscle was lower in cross-leg and foot-hooking climbing compared to hand climbing
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(p<.01), and the rectus femoris muscle activity in cross-leg climbing was smaller than
that in hand climbing (p<.05). Furthermore, the adductor muscle activity in cross-
leg climbing was higher than that of other types (p<.01). The range of motion for the
elbow and shoulder flexion was smaller in hand climbing than in other types (p<.05);
furthermore, the range of motion in the pelvis, thigh, and knee joint was the smallest

in cross-leg climbing (p<.05). CONCLUSIONS Because the pulling muscles such as the
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forearm, biceps, pectoralis major, and latissimus dorsi play an important role in the entire
climbing motion, it is necessary to train the upper-body pulling-muscle group along

with strengthening the core and lower body muscles.
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Table 1. Characteristic of subjects (Mean=SD)
Variables Subject (n=16)
Height (cm) 174.1+4 .4
Weight (kg) 71.6+7.9
Age (years) 22.6£3.2
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Fig. 1. IMU sensor attachment location
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Table 2. Muscle activity by type of climbing (n=16) (Unit : %eMVC)
. Type of climbing (M£SD

Muscle activity Hand P Cross legg( ) Foot hooking Mean+SD F-value Post-hoc
Forearm 71.4£17.6 58.4+23.6 46.3£19.6 58.7422.8 5.655" A>C
Biceps brachii 66.3+17.5 52.3+24.1 42.8+16.5 53.8+21.9 5.383" A>C
Pectoralis major 72.0£10.9 71.3+12.3 56.6+23.7 66.6+18.1 4.05
Latissimus dorsi 56.4+20.3 45.9+19.3 46.9+18.3 49.7+19.9 1.336
Rectus abdominis 68.9+16.3 66.1+16.6 56.4+14.4 63.8+16.7 2.576
Rectus femoris 37.2+19.5 19.9+12.6 31.2+18.7 29.4+18.6 3917 A>B
Adductor 29.7+19.0 46.3+16.3 24.7+13.9 33.5+18.9 7.05" B>A, B>C
Gastrocnemius 21.0+14.7 23.7£13.6 27.2+17.9 24.0+£15.7 0.602
Mean+SD 52.8425.8 48.0+24.8 41.5421.6

p<.05, "p<.01

A : Hand climbing, B : Cross leg climbing, C : Foot hooking climbing
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Fig. 3. Muscle activity by type of climbing (Unit: %MVC)
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Fig. 4. Joint range of motion by type of climbing
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Table 3. Joint range of motion by type of climbing (n=16) (Unit:°)
) Type of climbing (M+SD)
Joint ROM Mean+SD F-value Post-hoc
Hand Cross leg Foot hooking

Elbow flexion 69.6+£13.8 83.7+14.9 83.4+10.8 78.9+14.8 5.455% B, C>A
Shoulder flexion 70.7+6.3 82.6+16.8 82.5+11.6 78.6+13.5 4.594%* B, C>A
Pelvic anteroposterior tilt 26.8+15.8 31.1+5.7 30.9+11.2 29.6+11.8 0.638
Pelvic left and right tilt 24.6£8.6 16.6£3.8 21.7£5.7 21.0£7.2 6.177* A, C>B
Pelvic rotation 30.6£11.3 22.0£5.1 23.4+3.7 25.3+£8.4 5.868* A>B
Femoral abduction 30.249.3 17.5£3.7 24.3£7.5 24.0+£8.9 11.701%%* A>B, C>B
Femoral flexion 72.9+22.2 42.3+13.1 60.6+8.9 58.6+20.1 14.333%%* A>B, C>B
Femoral rotation 44.1£16.2 34.3+8.4 42.9+15.0 40.4£14.3 2.291
Knee flexion 85.7427.8 63.1+21.7 88.9425.5 79.2+27.6 4.678%* A>B, C>B
Mean+SD 50.6+27.7 43.7£27.8 50.9+29.4

*p<.05, **p<.01

A : Hand climbing, B : Cross leg climbing, C : Foot hooking climbing
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