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Abstract; Objective To analyze the similarities and differences between four-point hand-knee position and hand-
foot kneeling positions in trunk muscle activation and co-contraction, explore the possibility of hand-foot kneeling
position as core stabilization exercises, so as to provide suggestions for actual training. Methods Nineteen
healthy volunteers randomly performed exercises of four-point hand-knee position (4 motions) and hand-foot
kneeling position (3 motions), while surface electromyography (SEMG) signals were collected from bilateral
rectus abdominis, external oblique, erector spine, and multifidus muscles. The average sSEMG and muscle co-
contraction index ( CCl) based on the sEMG signals were analyzed and compared. Results  Significant
differences were found in the sEMG and CCI within and between the two positions. Under four-point hand-knee
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position with the right hand and left leg lifting, the activation of all muscles was higher than that in the starting
position. In four-point hand-knee position with the left leg lifting, the activation of ipsilateral multifidus muscle was
significantly higher than that in hand-foot kneeling position. The activation degree of external oblique muscle and
rectus abdominis was higher in hand-foot kneeling position with right hand lifting. A total of 28 muscle matching
methods were obtained by pair-to-pair matching of 8 muscles. The starting posture in four-point hand-knee
position fluctuated the least, indicating that the spine was the most stable, while the index of other exercises
fluctuated in a larger range. Conclusions The possibility of hand-foot kneeling position as core stabilization
exercises was proved from two aspects, namely, muscle activation and CCl. The hand-foot kneeling position and
four-point hand-knee position can be used for strengthening abdominal muscles and back muscles, respectively.

The four-point hand-knee position with contralateral upper and lower limbs lift is a more advanced exercise for

trunk muscles, but sports injuries should be avoided.
Key words: four-point kneeling position;

stabilization exercises
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Fig.1 Diagram of exercises and corresponding EMG activity in two positions (a) Diagrams of exercises, (b) Corresponding EMG

activity of the left external oblique muscle
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®3 NRBUMFEMRBNALKEEREENEREI R R("P<0.05)

Tab.3 Repeated measure ANOVA and paired ¢ test results of co-contraction index under four-point hand-knee and hand-foot kneeling

positions
A USSRl FRATYIZ
LRt Bt GTHRE  RE GTARGE RIGE AT e
LMLV ZREAMRIL  0.59+0. 05* 0.34+0.06" 0.51+0.07 0.43+0.07  0.002* 0.54£0.07 0.43+0.07% 0.50£0.06  0.037*
LR EN/ZEEHN 0.54£0.05 0.48+0.05 0.42+0.08 0.41+0.07 0.174 0.61x0.06 0.59+0.06 0.63+0.05' 0.644
LMREN/ZEZZ0 0.62+0.05> 0.53+0.06 0.34+0.06 0.39+0.07  0.003* 0.68+0.05 0.68+0.05% 0.58+0.06%  0.081
FIEEAVARESMEL 0.60+0.05 0.52+0.06 0.61+0.06 0.57+0.07  0.298 0.50+0.07 0.56+0.07 0.52+0.07  0.423
FEEN/ZZEN 0.63£0.06° 0.53+0.06 0.39+0.08 0.40+0.07  0.012* 0.62+0.06 0.65+0.04 0.59+0.05  0.586
LR EN/ZEZZN 0.62+0.07™ 0.45+0. 06> 0.28+0.07 0.27+0.06  0.298  0.68+0.05 0.68+0.05 0.62+0.05¢  0.268
FEMEAMBHIL ZE L 0.5720.06  0.41£0.08  0.58+0.07 0.56+0.07  0.012* 0.41+0.06 0.29+0.05* 0.46=0.07 <0.001*
ZEMEAMRII ZE 2381 0.65+0.06  0.50+0.06 0.54+0.05 0.66+0.06  0.048 * 0.51+0.06™" 0.37+0. 06" 0.61+0.05 <0.001"
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LRSI EZZL 0.7220.04  0.68+0.04 0.63+0.04 0.64x0.05  0.376 0.47+0.05" 0.540.05% 0.58+0.06  0.268
BB/ AEZHM 0.63£0.06 0.63+0.07 0.66+0.06 0.63+0.06 0.957 0.68+0.05 0.71+0.05 0.63+0.04  0.083
FRBN/AZAN 0.66£0.06 0.61+0.05 0.71£0.05 0.69+0.05  0.329 0.70+£0.06 0.67+0.04 0.75£0.04  0.299
LM ENAEAMEL  0.5940.05 0.51+0.06 0.58+0.06 0.49+0.06  0.107 0.51+0.07 0.55+0.06 0.52+0.07  0.692
LM BN/ AN 0.56+0.05 0.49+0.07 0.50+0.06 0.42+0.06 0.307 0.68+0.06" 0.62+0.05¢ 0.58+0.05  0.336
LB/ AZZN 0.59£0.05 0.57+0.06 0.51£0.07 0.51x0.06 0.417 0.67+0.06 0.63+0.06 0.65:0.05  0.807
ZERAMI AT ENL 0. 60+0. 07 0.28+0.06 0.42+0.07° 0.31£0.05 <0.001* 0.50+0.07* 0.37+0.05 0.50+0.06  0.001*
FEN/ZZRHN 0.63+0.06 0.53+0.06 0.39+0.08 0.40+0.07  0.009* 0.62+0.05 0.61+0.04 0.62+0.05 0.978
FIEEA/ LM 0.62+0.07™ 0.45+0.06° 0.28+0.07 0.27+0.06 <0.001* 0.68+0.05 0.68+0.04¢ 0.62+0.07"  0.336
ZEMEAMIL AT AL 0.54+0.05 0.44+0.06" 0.60+0.06 0.65+0.05  0.001" 0.45+0.07 0.44+0.06 0.54+0.06  0.153
ZENEAMEIL A 221 0. 57+0. 06° 0.33+0. 04> 0.66+0.05 0.64+0.05 <0.001" 0.46+0.04° 0.31+0.05" 0.57+0.05 <0.001"
AL 2L 0.6620.05  0.65£0.05 0.52+0.07 0.57+0.06  0.168 0.38+0.06* 0.5120.07 0.39+0.05  0.029"
FIEAMENIL ZEZ2 5L 0. 6920. 05* 0. 63+0. 06" 0.37+0.05¢ 0.46+0.05 <0.001* 0.50+0.05% 0.57+0.05 0.58+0.05%  0.209
LB/ AZZN 0.7120.05  0.67+0.05 0.61+0.06 0.64+0.05 0.153  0.69+0.06 0.58+0.05 0.65+0.05 0. 123
22/ AEZENL 0.57+0.07° 0.59+0.06 0.45+0.06 0.62+0.06  0.032* 0.65+0.06 0.65+0.05 0.70+0.05" 0.618
LB/ ABEEN  0.75£0.04  0.67+0.05 0.72+0.05 0.67+0.06  0.013* 0.75£0.05 0.73+0.04% 0.72+0.04  0.595
AN A BEAMEL 0.67+0.05  0.52£0.05  0.62+0.05 0.56+0.05  0.028 0.73+0.05° 0.52+0.05" 0.69+0.05  0.001*
BB/ AHEN  0.68+£0.06 0.58+0.06 0.57+0.06 0.66+0.05 0.052 0.69+0.06 0.58+0.05 0.65+0.05  0.171
LB/ AZZN 0.70£0.05 0.61x0.07 0.56+0.06 0.6x0.06  0.052 0.74x0.06 0.75+0.05% 0.80+0.04¢  0.207
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