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Energetics of roller skiing with different skiing techniques
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Abstract

The purpose of the present study was to investigate energetics of roller skiing with diago-
nal stride and double poling at various speeds and compare the developments of energetic
parameters across speeds between skiing techniques. Two dimensional kinematics and oxy-
gen uptake were determined in two male collegiate cross-country ski athletes who performed
roller skiing at the paced speeds using diagonal stride and double poling on a level track.
Total mechanical work rate comprising internal and external work, net energy expenditure
rate, and net efficiency were calculated from the experimental data. Total mechanical work
rate increased linearly and net energy expenditure rate increased exponentially with increas-
ing speed in individual skiing techniques; nevertheless, the developments of the parameters
across speeds differed somewhat between the athletes. These would be attributed to the dif-
ference in the motions of roller skiing, the proficiency in skiing techniques, and the metabolic
capacity in involved musculature. Net efficiency increased with increasing speed, reached a
maximal value, before slowly decreasing, which indicates that the optimal speeds exist at
which net efficiency can be maximally enhanced in both skiing techniques. This finding sug-
gests that roller skiing at each optimal speed in the race would improve racing performance.
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DEBIIT—VOERmEMNMZ TRBOEREL
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AT 5ETONFMITANF— (MEZ VT
—, PR X ORIV ¥ —) ZEFHL,
ENoEELT A MRNT A2 LT, &t
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TE; = > (PE, + KE, + RE;)) (1)
i=1

22T, TEj RSB 28I FM T R LE
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K 57z EFiR 2 1 Epositive work & nega-
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(Saibene et al, 1989; Hoffman et al, 1995) (Zfik
v, SAYRMICH L CHEET 5 720 01 ICEE)
g2 fe UCHH L7z, Nakai and Ito (2011)
X, B—F—AF— 2R LR O
FHaNA 7 THERILTEINDEZWEL, FEiDH
LR L OBRE 1 koNiE (v = 37.14
+ 2611x, r = 0612, p < 001 ; y . #51J1 (N),
x D HAERE (m-s-1) THRELTWS. i
DL & RWFE T, WhE O B IRIRER, 5
BRooEERIPY, BRIERILE L ORI s R E 12
LoTu—F—AF—1TNZ & NI BEEA R A
FSCTdh o 72720, 52585 Lz masic Ak
WFZE D £ 3 A TR O E ML 2 CA L CTHMY AT
WHPILCHEET 7200012 kK72, RdHh
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CC, 1A 7 VIZ R SN b4 hFHEE L
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SRR 3 & OV RRAT IR O B SRR R & I
W AR H ) 2 2 (VO2000, MedGraphics
Corporation®) %MW CT4mMllEL, #hE
NO#K KIS M OBMBEEIGE % 2L L 0%
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X delta efficiency (Hoffman et al, 1995) % Hw»
TEMHi L CTwb. gloss efficiencyld, ZEHHEED
IAVF R GATEHROLET XL F
—HERIIHT 2MFHEOFE, delta efficien-
cyld, T ARNVF—HBEREROBMIIT 545
BOWMMGOEEGLEERIN TS (Gaesser
and Brooks, 1975). ZHUIk LT, ARWFFETIE
net efficiency & &#FflilC 72, net efficiencyld,
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DIANF =TT 5% ShifFROE G L
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Wh, U—F—AF—{ERILET I L ICEE
VR DD, AT TH LN BT
D AR IR 2 AL A & &3 & GFll L
THBY, ReWESECLoTELLEED
NAMEFROENIOVTIIEZEE L T,
ZDh, YRET AL PEBESE L7012
Ao a2 Nt E LTRHML, N
L5 LA O &5 SAL3E 2 R 72 AR
ZeDnet efficiencyld, T—F — A F — IO
MR OFHR L LTROEUTH DL EEZ
bNb., 22T, AWIETIE, Ao FEICK
S TRD LN HFEEZ ANV F—HEFET
}9 % Z & Tnet efficiency & 5 H L 72,
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W ZFNZENICBWT, WEFr7=v s T
W RRC LR AR L e ED 2 2R O
[T & AT - 7. B E 7V F 7213 Hfi
FRETFT VA SIRERETIVERINL, R
A X o TRD SN2 MR T 2 ZBHE O
e R L7z, BIERYE DA 1dPearson DR
HHBIREL, AR IRNE O AT U e R W,
YRR OMEE %R L7z, net efficiencylZD W
TIE, KHEEoRMEFROMREREZ AL ¥
—HBELEOEFNATHRL TR I L 5T
ZOEBERL. T2, ETOMEHLHIL,
FaTNTY 7 & (SPSS 15.0] for Windows, SPSS
Inc) ZMEH L TITV, HEHA EKEEIX5%
K |2 7eE L7z,
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AT B X OISR L e & o
BIMRZ I21T7R L72. BEREA, B bIZ, DPO
AL, HEEEE O LA RIS
BmL7z (r= 0999, p < 000L; r = 0999, p <
0.001; [XI2 FB2). DSOAMEF=E S DP & kIS
EARIZEIN L7 (r = 0999, p < 0.001; r =
0.999, p < 0.01). #EFEAONIILFFRIZDP,
DS& b, {ERED EAICE-TmL, 8%
BCHdR S (r2 = 0961, p < 001; r2= 0965,
p < 001; K2TE), DSIZHARTDPHETHR
ETEWVEZ R L2, 72, #EEBODPEDS
OWIE TR & B IR RN Z /R L
(rz = 0969, p < 001 r2 = 0941, p < 005), W
FRPEA378 m-s1F TIEDPO NI FHRADS &
DL EWEEZ /R LS, ZRUEOMETIZDS
2SDPOfl % E il 5 7z,

Mg, T AL F—{HEEE X Unet effi-
ciency D H K L 1B & OBREKBITR L
72, WERFEADODP & DSOMAF R, 1HEHE
o RIS TmL, ERThEshiz (r
= 0966, p < 001; r =099, p < 001; X31-E%).
MAET 7 =y 7 & IRIFFE L X9 2l THER
L72%% 500 m-s1THODPOED A L < &
flizm L7z, HBREBOKMFEHRIE, DP, DS&
LICHEMAICEML (r = 0988, p < 001; r =
0991, p < 001), ZIFFAHEOfEER L. Bk
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(A)
5 5
4 op 4+ DP
. r=0.999 r=0.999
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% 3 3
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d
g 2 2
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1 1
0 0
5 5
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4 4
B
¥ T o8
W r2=0941
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E 2 2 DP
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1 p <001 1
0 0 |
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K2. BEREDLRICHEINNEERS SUANTEEROLES. @IE4 JILFR—IL (DP), OWZ1 73
FILZXMZ1 K (DS) #RY. WEBREABLIUBOZERICIOWT, BETVZ v 7 ZEILR/NINIFRAICK
S TR SNAAIRFERE - EORFHIEE ZDEESEEHPIC/RL 2. EIFIEDP, HiRIEDSERT.

HADO T AN F—HEFL, ERED LRI
fEvy, DP, DSOWF b FEEBIEI B L
7z (r2 =0991, p < 000L; r2 = 0921, p < 00L;
3HE) . ARWVIFEMEETIEDS L ) $DPO T %
VE— BRI E Do 7275, 395 me-s-1LL ok
JETIIDSO LA )V F —{H#E =) DP & LAl 5 7.
WERZEBDODP & DSO T4 )L F—HHRY T 7248
KEAE 2 B & " L7224 (r2 = 0964, p <
001; r2 = 0953, p < 005), ¥HETZ =y Z71Th
b L FIIFFRFOMTH - 7.

WERE ADODPDnet efficiencyl, WEEED
EFAICHE, 490 mes-10047.7% F THIM L 72
(K3 F BB & U8%2). DSDnet efficiencyld,

346 m-s10468%F THINL, FNLL LR
T4 L7z, DPEDSDnet efficiency % Hik
T 5 &, 395 m-s-1F TIEDSAE o 7208, £
MU L OHETIEDPADSOf % Enl> 7z, #
BB BDODP £ DSDnet efficiencyld X IFFEEEOMH
MOEEZRL, WEHRED LFAIIHES TR
fEE T 72, WA U7z, #BEBO
DP®net efficiency ® i KfE1£3.99 m-s-1D
459%, DSOHEKAEIZ4.04 m-s1D441%TH o
7o, Fio, BWET 7=y CHELBOR
ML, MEERE L LDSE D BDPONAE
otz (3R2).
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3. BEREDLFICHIMLEER, IRILX—HEEXRSE L Unet efficiencyDEE). @I3DP, OIEDS%ER
T. MEERSIVIXNF—HBEREBERE L OBREORBERSD 5V IZEFHEREZ AV TEFRIRL
7=. net efficiency & BEREDEMFIE, MEEROEIFE T XIVF —HEROEIF TR L TR 7-Bhig
IC&>TRLE. EFRIIDP, HiRIIDSERT.

4., BE o7z, JeATi%E (Hoffman et al, 1995; Sandbakk

KWL TIE, BBREDVEDTH Z720, B et al, 2010) Tix, T—F — A F—iFEHEOH
BHITEDHLVIRWET 7=y 7 T8, WAL, WET 7=y 72 Z0hb e, it
BED LA ) FEBOETI OV THE 21T ERED ARV ERI I 2 & S
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#F 2. DP, DSTHEEL -FRDHRARDEE,

RADERORERE S L VEREBEERE

REHR T KINZRIF O Vi A e R W AR
R %) (m-s™) (m-s™)
DP DS DS DP DS
A 47.7 46. 8 3. 46 6.49 5.74
B 45.9 44. 1 4.04 6. 16 5.31

DP X & T )ViR—)b, DSIIZA T )N A NTA RarT.

NTwb. Nakai and Ito (2011) A3#is L7210l
IR 2 F W CRD Z2ARTIZE O/,
ITHF%E & [FARICDP, DS & I 2140 2 7R
L7z (2 1E).

NSRRI, SEEEO LRI TER
FIRBEAEMIZEML, HERENREL L5
FEREHIMUAA (K2TE), #EREHD
BVIHEET 7 =y 7 TR R 2 LW ER
L7z, #EdEMECY S, WRHE ODP L
DSOWHHHERIZIZIZFRAEDHETDH - 7275,
500 m-s-1& ) EWIERE T, BEREAD
DPONIEFHZRIZEZE L BWEEZR L. Th
&, FHTRENC X o Th SNt FHA B E I
) FELEHBEINT, HEEXHLLOIIESHILS
S AHEFENREE o2 b —HEE
25N 5. %72, DPEDSZH\WTIH LT
WE LG, WnthERiRgEsr 7=y 71
TREGZEVIIRON o7 L L, #HER
FAZETOREEIZB VW TDPARR KX RN
R LEE L2 L, HEREBIX3.78
m-s-1¥ TIEDPZS, ZhLLEO#E TIIDSHR
RRKELANETREZLEE L2, ZOMEE,
BB DWW EROBER KIET 7 = v 7 OF
Wi e BBPEDS R 5 2 L IEEAT 2 L BEbh
5. UbkoZ s, WRHFERZ, fHlcko
T ENALFEE ) F HEREICEIRT 55
B, ThbLWwEBMORBTOMEEZZ L L
E Ay (N

PR L Ao &5 LR 72814
L, W & b EREO FAIIK LT
BRI L 72 (3 1EBY) . BBREBO#RAL

L, WRE Lo#E#HPIIC BV TiEET 7
=y ZHNCERBIE RSN o 72h, BEEA
W EREAE VYA, DPONILEREHK &
CHEML7A-Z 55, DPOBEFHRIIDSL Y
dRELWML 7.

Hoffman et al. (1994) *°Bellizzi et al. (1998)
i, DPHHViIDS=HWCTH—F—ZXF—T
Wik L72Bo T A0 F—HERIL, WERED
AR ERRCE T A EHE L Tw .
LA L, ABFZeox 3oL ¥ —HE 238K
HZRmEnRL, €OEEIN S O L&
o7 (X3 E). Hoffman et al.ld1.1~29
m-s-l, Bellizzi et al.iZ20~32 m-s-10EEEHiPH
ERHRELTEY, Eosuge LGHEET
WAET LT, STHMEISEIRINICEIE I NS
(Sale, 1987). {HEHEZ FA-S 5720124
e sNAHHFICH LT, Misios) B % b
MEFLIETRHIG LT LD, TANVT—H
BB EDOEGTHMLZER TS 5 LS
ENb. ZRITHLT, KBTI, HDOH
X0 HIEHEZ1.67~500 m-s-1OEEHPH % xF
KLELTWD., BWEBETHE LA, IUE
M < T B LR 35 STHGHE I
Z, STHE & HARTIERE) R DI AFTHEHEDS
HHINZETINZL DI AN F =D
L 75 7272% (Goldspink, 1978 ; Suzuki, 1979),
IANEF—HEBEPRE WML ZEEZ O
5.

FATHIFECIlE, DPOREFBIRIZDS & MLk
$5E, 7uAA YY) —AF—TIE10~25%
(Saibene et al, 1989; 37~7.2 m-s-1, £HE0%),
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0—5—AF—TIX18%FEE (Hoffman et al.,
1994; 1.1~29 m-s-1, #EE17%) <, DSE D b
DPORFEMNR N E ENTWAS, LaL, KW
2 TIE, WEREBO I AV X — 1 H R e
77 =y 7 TIRIFFEE, HERHAIE395 mos1F
TIZDPO AN F —HERN L, Thlllo
HETIEADSHE VI AL F—HRE2RL, %
e B iR E o7z, ZOMEIE, W
TERAT - ToREFR PRI OE, e &
—HE LTHENT 20, HAHVIEERE LIS
Mt 2008 V) FEDECHEE L 72 Bb
N5, /2, EHREROZ ANV F—HEEOE
BIoEWE, FNENOWET 7=y 7 TEE

L TH BN HEOREE OZEITERT %
LEZHN5A. DPEDSTRHFERICEIE Sh
LB Y, DPOBEE (KlaBlE) Tl
ELTRPEHOmBEIEBREINLDIIHL, =
OR=NDT v ¥ 28fEL VRO F v 7 BfE
THR SN HDSOEE (KM1bZH) Tid4eH D
HEENEE XN 5 (Smith, 2003). Zh oD
LD, FOHTERE TDPAYER W T AL ¥ —Y
PRE IR LR E AL, L oo R H
RN LD IEL THY, DPEDSOT AN F
—HEESZIZNETH - -REHREBIE, B
& & TG O REOAHEERE DN U & 5 1258
LCTwa LifEgEEns.

Hoffman et al. (1995) 1%, DP& DSO#AMY
BEITENEN14~15%, 20~36%TH Y, DP
L) HDSOBMMBHAE N EHE L TWw 5.
AKIZEDODP & DSDnet efficiencyldZNEN27.7
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