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Abstract: Objective By making biomechanical analysis of double poling ( DP) technique on uphill terrain used by
Chinese male cross-country ( XC) skiers, to characterize biomechanical differences in DP for skiers at different
levels, and determine the influence from motion techniques of skiers on their sports performance. Methods

Twenty-four male XC skiers who participated in the 15 km classical race at the Beishan ski resort in Jilin, China,
on Sept. 11-12, 2019 were selected in this study. On the basis of their race performance, they were divided into
faster skiing group (n=12) and slower skiing group ( n=12). The kinematic variables of the skiers were obtained
by three-dimensional (3D ) shooting, and the differences in cycle characteristics, action phases and key
technique variables for skiers in two groups were analyzed. Results Faster skiers had a faster DP velocity. There

Y #5 B H#7:2021-05-22; & 1B H#A:2021-05-24
BEEWE . ERE S AR« RBHE 41 T S %00 2018 YFF0300404)
BEEE KRB B #H% , E-mail ; zhuxiaolan@ bsu.edu.cn



EREMAE %365 F4H 20214588
554 Journal of Medical Biomechanics, Vol. 36 No.4, Aug. 2021

was a positive correlation between swing distance and velocity. The swing distance was positively correlated with

average angular velocity of elbow extension in poling phase, average angular velocity of shoulder extension in

swing phase, and range of motion (ROM) of shoulder abduction. The swing distance was negatively correlated

with extension of the elbow in poling phase. All the above variables showed statistical differences between faster

and slower skiers. Conclusions For a long distance competition, the difference in DP velocity on uphill terrain

was mainly casued by the difference in swing distance, which originated from the swing phase. Faster skier had a

longer swing distance. The differences in the swing distance came mainly from the shoulder and elbow joints.

Therefore, slower XC skiers in China should strengthen muscle strength of the upper limbs, especially the

shoulder and elbow joint strength. More forward body leaning and larger hip and knee flexion angle at pole plant

might help the skier to cover more distance.
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Tab.1 Basic information of the skiers
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1.2 HIEXRESHE

FLFREE N SIS T, P80 1 K 1 308 m, i
WA PER N 1 920x 1 080 574 14 ML (SONY
FDR-AX700,SONY 23], H A% ) R 4L 42 ) 51 L 38 o))
VERRAR , SEARAUMCE 46 b 3% %38 w0 5. 32 5% 4h 2 £
TE 90° 247, FAHEAI % 120 Hz, PRITEEEE 1/1 000 s,
123 B B AR 11 Y AR X

A 32 P EH S B PEAK 58 5 X = 4ebr &



E=RIE,E RES TR

FEFHRKEFEEX LR EFR ARG EN N FESF

LI Qiujie, et al. Biomechanical Analysis of Chinese Male Cross-Country Skiers with Double Poling
Technique on Uphill Terrain during Long Distance Classical Race 555

MEZRXT A4 s M TR 2, 73 M 1 Rk /hak
3 ACEAFCHNE W AR S A B .C H LS
RS HFR, b Z iR m LY HokFEem
WATTr ), X fhdg BB A, FEEIEE N A B .C
3 A B T KT T 2 TR e A T A E
e B R 3. 86°

1 ZEHRETEE

Fig.1 Schematic of spacial calibration
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Fig.2  Schematic for motion cycles and phase

division of double poling techinique
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Tab.2 Cycle characteristics indicators for double poling technique on upphill terrain
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Tab.3 Technique characteristics of the shoulder and elbow joints in poling and swing phase
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Tab.4 Technique characteristics of the hip and knee joints as well as the pole, center of gravity in poling and swing phase
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Tab.5 Angles of the joints and poles at pole plant
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