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ABSTRACT

This study aimed to examine the kinematic characteristics of the national elite cross-country skiers’ double poling technique and to

provide the quantitative data for better performance. Four male elite cross-country roller skiers skied maximum velocity with Double
Pole technique. The cycle characteristics with angles of elbow, hip, and knee joint were analyzed. The results showed that CM

velocity of the body was increased with the third cycle, the cycle time and length were also increased. The poling time and recovery
time rate showed with 32.79%, 67.44% respectively. The joint angles with elbow, hip and knee were 106°, 133.14° 156.87° at pole in
event, 158.94°, 65.7°, 140.19° at pole out event. Elite skiers should decrease double poling time rate and increase recovery time rate
in order to improve the double poling performance. The cycle length and velocity of the double poling should be increased for the

better performance. The elbow angle should be minimized at pole in event with maximum extension until pole out event. The hip and

knee angles should be increased for the recovery phase.
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Table 1. Biographical information of participants

Subjects  Age(ys)  Heightcm) ~ Weight(ke)  Career(yrs)
Player A 25 178 73 16
Player B 2% 170 68 13
Player C 21 170 63 15
Player D 19 178 68 12
MeantSD 2758330 17583+461  6800:4.08  14.00+1.82
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Figure 1. Camera setting
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Figure 2. Double poling cycle & phase definitions

2) Event A% Table 2. CM Velocity during maximal double poling

(unit: mysec)
Event 1 (pole in) : & A H= AJA
vent 1 (pole in) = ] oﬂ & ] g= ) wcli Cydle 1 Cycle 2 Cycle 3 MESD
Event 2 (min pp) : % T1rolA 7+ #de) Ha 7t Subjec
= 6.11 6.44 6.65 6.38
Event 3 (pole out) : %O] X]‘?j‘ﬂ]/q “@‘ﬂ?qt }‘]X\:q: Player A +0.23 +0.19 026 +031
Event 4 (max RP) : 2|AWE] 77tolA 7 #4d9] Ao 7} Player B 643 687 7.15 6.76
Event 5 (next pole in) : Tk &5 AWl A= AlA +0.26 033 023 +0.39
Player C 622 6.65 675 651
ayer 035 +022 +0.13 034
3) Phase A7 layer D 59 633 6.56 625
Phase 1 (polling phase) : Event 1 - Event 3 027 040 028 040
5 33 7+ 39 A 6.17 mjsec, cycle 29141 6.57 mjsec 12| cycle 3914 6.75
, \ mysec®] 55 UEIITE BT cyclelcycle2 Ato] £E9] W3}
Ayl y4BU ~ . A =2 A 3
%Fjd&iﬁ 2 ZJL-? ko] Ol—r: olqv'} = < 04 mfsec 71 F7F8IAI, cycle2-cycle3 AFo] 0.2 msecH T
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I A4 dEet At olFE W’ﬁ F7kske FHlE vekdct 439] 457K Player B 457} 3
227 . =] =1
FEU A tE SE) olFE A T 676+039 mysec?] SR 2 Al 2 AAFTA £571 6431026

mysec(cyclel), 6.87+0.33 mjsec(cycle2), 7.15£0.23 mysec(cycle3)Z 713
=2 207 YetoH, Player D 447} B 6.250.40 mjsec?] &
m 2 7 T2 7} Ao|2 | AA) F4) £57} 5924027 nysec(cyclel), 6.33:040
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3>3} 2t} 4] AFES Hit AlelE AR 0.90+0.06 sec ©]
D &EE 89 o, 2 A7k 2ARE] AIZES 742} 0.29+0.03 sec} 0.60+0.07
Ve AFEe £ 29l A= TS <Table 2500 AAIZ  sec® YERGTL AlolE AlZbol thal] Z3) A71S 282 Ye)
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Table 3. The characteristics of Cycle time

Table 4. The characteristics of Cycle length

(unit: sec) (unit: m)
. PTrel RT rel . PLrel RL rel
Subjects  Cycle CT PT RT (%CT)  (%CT) Subjects  Cycle CL PL RL L) (%CL)
Cyde 08 029 036 334 6553 Gde 509 193 321 313 &7
I 1002 001 001 079  +184 | 4036 <007 033 226 226
Cyde 087 027 060 314 6858 Cyde 566 204 36 3613 6390
Payer 2 G003 002 002 174 174 Payer 2 1023 011 023 213 21
A Cyde 08 026 059 3105 6895 A Ce 561 187 376 B2 668
3 003 001 003 +130  +130 3 007 005 <018 126 +126
Mean 086 027 058 3200 616 Mean 548 195 353 3566 6435
4D 003 002 003 ‘L2 223 4D 033 010 1032 25 5]
Cyde 08 029 054 3504 649 Cyde 535 218 317 408 5.8
| $005 002 004 133 +133 | 4035 014 403 291 9]
Cyde 08 028 058 3219 6781 Cyde 595 226 368 381 619
Pyer 2 005 003 005 287 287 Payer 2 1024 014 023 240 240
B Cyde 08 027 058 3L 6346 B gde 61 227 381 359 637
3 003 1001 002 +145 145 3 102 1016 042 214 467
Man 085 028 057 3302 6698 Man 575 224 352 385 609
4D 1005 002 004 247 247 4D 4043 014 1041 315 £325
Cyde 091 030 06l 3310 669 Cyde 56+ 208 349 3701 6180
| 1005 002 004 202 20 | 4041 014 039 305 445
Cyde 093 028 066 3017 7L16 Cyde 623 215 408 3452 6548
Payer 2 006 002 004 1226 247 Payer 2 036 014 030 184  +84
C  Cyde 09 029 066 308 69.I5 C  Cyde 646 230 418 3540 6460
3005 001 005 229 230 3 025 010 038 337 337
vep 09 029 06 346 6906 Man 606 218 388 3568 6386
D005 00 011 242 4284 ASD 4048 015 4045 273 1356
Cyde 094 035 061 3730 6493 Cyde 556 225 331 4052 5948
| £006 002 006 412 205 | 4030 013 027 233 233
Cyde 095 032 08 3421 6579 Cyde 601 236 365 3931 6069
Payer 2 004 001 004 67  :L67 Payer 2 019 011 018 79 179
D Cge 09 031 06 36 683 D Cyle 649 229 418 3555 6445
3 005 003 003 <187  +187 3 1021 <011 022 193 +193
Mean 0% 033 063 3457 6622 Man 59 230 368 3867 6133
4D 005 002 005 353 226 D 044 012 4042 13867 283
090 029 060 379 644 582 217 365 314 6263
Total MantSD 506 1003 007 280 260 Total MansSD 47 1018 <042 311 33

CT, cycle time : PT, poling time : RT, recovery time : PT rel,
relative poling time : RT rel, relative recovery time

Player A} Player B Alo]Z Alzto] 242t 0.86+0.03 sec}
0.85:0.05 sec® £ AlZHE A AME FARE 23S
e Player C9} Player D= AlolE A|to] 4] Hs
7HE 71 AW, AbolE AR F £ A7) 0.33:0.02 secE
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3) A7 84

AlolF Ay 2919] A= <Table 4>9F 2T) 479 A4S
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g Aot gAY A A7 Ate]Zo] gt H &2 HiE
37.1443.11%9} 62.6343.32% % YFEFITE Player A= Alo]E 7
2|7} 5.48+0.33 m& 499 A 7ked 7P #a, 9 A

CL, cycle length : PL, poling length : RL, recovery length : PL
rel, relative poling time : RL rel, relative recovery time

Bt E3 1.950.10 mZ 7P &) Player C= 6.06+0.48 mZ
7P 20 AYolZ Azl 388+045 me] 71 71 AR A
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Table 5. Correlation between CM Velocity and Variables

CM Velocity
Variable
r
CT 0.33*
PT .54
RT -0.08
PT rel -0.38%*
RT rel 0.41%*
CL 0.48%*
PL 0.03
RL 0.52%*
PL rel .44
RL rel 0.39%*
*p<.05 **p<.01

CL, cycle length : PL, poling length : RL, recovery length : PL
rel, relative poling time : RL rel, relative recovery time

=054, p<OD)S HJ oL} AN AZEe &Eoe] FA|
Me o3t IAE YeA] 9kt AlolF ARt & £/ A
7He] Hlgd £59) IAlE A =038, p<0l)S HA,
gAHE AZHe] HIEE B =041, p<01)= HERAT:

o

2 Ad 8213} AAFA &%
AAFAY FHEE} Ao WA= Alo]E At A
A 3A0=048, p<Oh)= BAH E9 Azle St fold 4
HAAE HolA gokon, eAW Aot dA= B4 &
Hr=0.52, p<01) o2 eI AlolE Al F 5 A H]
£ £59 A Adr=044, <0 G, AN A=

sko] BAIM= A2 AHr=039, p<0)BAZS Vet

o] 2EA] 22 <Tble 6>3 2k
£ W 499 e IEA dws B
106. 82+1188°i UeRto ™, Player C7} 97.17+6.26°2 7V 2k,

Player D7} 12041+429°2 7}¢ & Z%EE UrEP;‘iE}. 4 7
oM 499 el B FEA Ahe 6097+1259°0]H,
Player C7} 47.81:931°% 714 2k 7} 71.84+7.03°2 7}

al Player D

Table 6. Elbow angles at events

(unit: deg)
. EA EA EA EA
Subfects pole in min pp pole out max RP
Player 9875 5831 16293 166.82
A 745 813 +6.11 803
Player 11095 6592 15752 16028
B +9.80 10,97 824 1341
Player  97.17 4781 15049 17261
C 626 931 625 608
Player 12041 7184 16477 181,60
D 429 703 765 +5.18
106.82 €097 158.93 170.09
MESD 4188 +12.59 8.9 11,69

EA pole in, elbow angle at pole plant : EA min pp, elbow angle
minimum during poling phase : EA pole out, elbow angle at the end of
poling phase : EA max RP, elbow angle maximum during recovery phase.

2 45 Vet E9700] Bvke AlRAIA A 4
T 7t 158.93:8.92° 0. & Player C7} 150494625° 714 2H&
7+ JERSI oM, Player D7} 164.777.65°2 7P¢ & ztog
UERsiTE 7 g3te] B & 7] 3t Sl 4] A
59 2 Aol 2 H 170.09+11.69°2 Ve Player
B7} 160.28+1341°Z 71 2kl Player D7} 181.6045.18°% #
WA 2ol 7P & ZoE veht

Table 7. Hip angles at events

(unit: deg)

Subjects HA HA HA HA
) pole in min pp pole out max RP
Player 12531 7000 n4 169.20
A 433 .39 40 20
Player 13909 5953 57.60 162.84
B 8770 740 717 +4.74
Player 13987 65.80 66.04 17364
C 423 +526 +5.80 +786
Player 12832 6589 6676 16273
D 425 +357 4,18 325
133.14 653 65.7 166.95

MESD - gy +6,18 753 6,58

HA pole in, hip angle at pole plant : HA min pp, hip angle minimum
during poling phase : HA pole out, hip angle at the end of poling phase
: HA max RP, hip angle maximum during recovery phase.

¥ 499 ﬁ?%sﬂ 1WA ZHe <Table 7>FJr 2t
A AJolA Fo] AHS AS
wo] Mo 1%@_ Zbe- Bt 133.144854° 2 UERLO M,
Player A7} 12531+433°2 71§ 2] Yelth A5se £
T T /-] A Zo] et 65.3+6.18°0]7, Player A7}
7P 2 7000£239° 2 UERTE Fo] AHelx] HolA|= AlRel|A
MEE] A Ah= Pt 65.747.53° 02 YERGL, Player A
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7} 24244 02° % 7V F3L, Player B7} 57.60+7.17°2 713 Ak )
AME] 71 F 1ES o) 7R e 16695+6.58°°] L. Player
A7} 1692022.20°% 7H 2 Z4& Vel

s
E

0

7
] 48] A ¥5 42 <Table 8>3} 2t
5 AR Ae AHoA 48] AFE 75 A4Ee Wi
156.87+5.02°% WAL, Player B7} 159.78+327°2 7} & =11,
Player A7} 151.9414.68°% 714 2 Uelsit) £8 7k A
NGBS F2o A4 Zo| FF 137434575 YEREO
Player C7} 131.63+4.62°0.2 714 A31, Player B7} 143.1343.75°2
7V 2 Ao vERgth o] Adex HojAle AlReA A5
59| F-2 7S Bt 140.19£13.54°F Player C7} 138.31:26.11°2
7V A1, Player B7} 14224+4.44°% 714 2 2+ VRt 27
He] FrelN HeEe FE4 HU 742 B 169.33£548°
2 YEROH Player D7} 78 2 174.59+2.93°0] 31, Player B7}
7V AL 164.01£2.69°2 UERIT

Ml

3)F

&
=,
i1

Table 8. Knee angles at events

(unit: deg)

. KA KA KA KA
Subjects pole in min pp pole out max RP
Player 151.94 135.69 140.05 169.48
A +4.68 333 +6.88 +5.03
Player 159.78 143.13 142.24 164.01
B +3.27 375 +4.44 +2.69
Player 156.99 131.63 138.31 169.63
C +4.32 +4.62 +26.11 +5.01
Player 158.76 139.27 140.16 174.59
D +4.02 +3.87 +3.94 +2.93
156.87 137.43 140.19 169.33

MESD 502 4575 +13.54 +548

KA pole in, knee angle at pole plant; KA min pp, knee angle
minimum during poling phase; KA pole out, knee angle at the end of
poling phase; KA max RP, knee angle maximum during recovery phase.

1. A2 54

ArEe OB EYo] £ENN BHH BE Suo)
g FAs #e E9 7 7 e e R 4
S 499 A BB Aol 548 MdTEol
AAEE o] &5l HlFo] Ashd vt Atk

Player A= Ato]Z A2l7h 7FE #e WAR tE 29 A
A FAY S27F B AoR ddEh 1Y ER Player

A WE £ Hof AN A7t S0 & Aoz
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