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Effects of mechanical efficiency in roller skiing on racing performance
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Abstract

The aims of the present study were to determine mechanical efficiency based on work
done on body segments during roller skiing with a diagonal stride at various speeds and to
examine the effects of mechanical efficiency on racing performance in roller skiing. Nine male
collegiate cross-country ski athletes with different levels of roller ski racing performance vol-
unteered to participate in this study. Two dimensional kinematics and oxygen uptake were
determined in the athletes who performed roller skiing at the five paced speeds of 1.67, 2.50,
3.33, 4.16 and 5.00 m-s~! using the diagonal stride on a 400-m level track. Mechanical efficien-
cy in this study was evaluated with net efficiency, which was calculated from total mechani-
cal work rate comprising the rates of internal and external work and net energy expenditure
rate. Rates of total mechanical work and net energy expenditure and net efficiency at race
speed were estimated from individual regression equations and mean race speeds of the ath-
letes. Total mechanical work rate had a strong linear correlation with roller skiing speed (r =
0.987, p < 0.001) but had no correlation with racing performance at all given speeds. Net ener-
gy expenditure rate at the speeds of 1.67, 2.50, 3.33 m*s-1 negatively correlated with racing
performance (r = -0.821, p < 0.01; r = -0.794, p < 0.05; r = 0.733, p < 0.05, respectively).
Estimated total mechanical work rate and net efficiency at race speed directly correlated
with racing performance (r = 0.743, p < 0.05; r = 0.771, p < 0.05, respectively). The ratio of net
efficiency at race speed to maximum net efficiency was 98.1=2.8%. These results indicated
that equivalent total mechanical work rate is needed to exert the same speed regardless of
the athletes’ racing performance and patterns of motion in roller skiing, that higher mechani-
cal efficiency enhances racing performance and mechanical efficiency can be a determinant of
racing performance and that the athletes in the race would subconsciously select individual
speeds to perform roller skiing at maximum efficiency. Thus, these findings suggested that
the high-level athletes would have more developed musculature to transform the same level
of aerobic energy to higher mechanical work and exert higher speed than the low-level ath-
letes.
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Y5+ % 25 (DSR-PD150, Sonytt#l) # i
LT60 Hz Tkt L7z, ARBFZETIE, KUIRL
eEBY, AU—F—AF =T AW
5, RICHE =5 —AF =0T 505 F T
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18T XY IS RBY 7T AL NEFIL
KA ETKRERZNR3E Y X > b, EHER, A
AOo—9—2AF—BIOEAR—IV; X1 &
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L FBRD TR R, AR IC X > T
2O NTBEEARN, Bt o—F—AF—LoD
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WP AR %2 251 (VO2000, MedGraphics
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ThL, &#ATRICIHE S N2IERD T4 L F
—HHEE DT, TAVF—HEE) &L

ARWFZE DAL, MR D EHZD
12Td %net efficiency % f\ CEHIi L 72, net
efficiencyld, EEHEO T AN F—HBEEI SR
RO AN F—HERERE LTIz, EE)
HESNDIEEO T AV F =T 58N
HFEOHAE L EHZRIN TS (Benedict and
Cathcart, 1913; Gaesser and Brooks, 1975). A<M
FECIE, EROFEIC L YR NG
AT —HBERTHR LT, net efficiency%
HHL7.

2.5 L—AROZEROHE
REFFEDFEEREL L — AKETIE, T— A0
JiE R BT O BRI, RSNz —F— A%
— R EDEMIIEZ LRI SN LD,
Mognoni et al. (2001) D F PN, FEERIC X
D1 SN KEROMIGED S L — AROKE
Badfig Lz, EFRER L VE SN KHE
ORI, BASEDr = 0973025099, T
AT BRI r? = 09495 50992¢, Vg

R1. FEEEEICH T BHBMEEX,

H49%

NBIFEWITHVEEE LR L7, £HEE O
I ENEND L — A O PRI 3 2
ATBHZET, L—ABOBHEFRB LT L
VX —HEERLYRD, L — ADnet efficiency
ZEMLZ.

2.6 ratALBL

BRI LI, BohelEor—5%
—# L LT, Shapiro-Wilk#E Z 7wy, F—%
DIERMEZ MR L 72, KL L L — AKOFY
W EBE & OB IZ OV TIE, PearsonDiFEHR
MEREOMEEIT- 72, HE L3 E Tt
L7BORERICOWT, BRI LIS
SHERATV, EREIED LN EITE,
Bonferroni® 512 & 5 Z HEILiKE X 0% 5
1T o720 BREEIGE S e WiEE,
Greenhouse-Geisser ® J5 i % FIv T HHE % 15
IEL, MLz, & TOMEMLEIE, HEHEN
V7 (SPSS 150] for Windows, SPSS Inc.2)
2R L CTATV, BRI K HEIX5% A 12 7
L7z,

I XIL¥—HERPE L Unet efficiency & SR E D RIR

AR W)

=R )

net efficiency (%)

i ASE (n-s™) BARE (n-s™) AR (n-s™)

1.67 2.50 3.33 4.16 5.00 1.67 2.50 3.33 4.16 5.00 1.67 2.50 3.33 4.16 5.00
A 1.45 2.66  3.85 505 6.27 5.65 7.48 9.91 13.12 17.43 25.6 35.4 38.9 38.5 36.0
B 1.10 2.46  3.82 518 6.56 5.34 6.94 9.04 11.76  15.35 20.6 35.4 42.3 4.0 42.7
C 1.22 2.49 3.76 504 6.32 4.23 5.84 8.05 11.10  15.36 28.8 42.7 46.7 45.4 41.2
D 1.59 2.67 375 4.83 592 4.67 6. 65 9.48 13.50  19.30 34.0 40. 1 39.5 35.8 30.7
E 1.26 2.61  3.95 530 6.66 4.86 6. 60 8.96 12.16  16.56 26.0 39.6 4.2 43.6 40.2
F 1.23 2.37 351 4.65 580 4.92 6.34 8.18 10.54  13.63 25.0 37.4 42.9 4.1 42.5
G 121 2.44 3.66 4.89 6.13 6.74 9.05 12.16 16.33  22.01 17.9 26.9 30.1 29.9 27.9
H 1.64 3.02  4.40 577 717 6.61 9.20 12.80 17.81  24.89 24.8 32.8 34.3 32.4 28.8
1 1.27 2.41 356 4.71 587 7.24 9.24 11.78 15.03  19.22 17.5 26.1 30.2 3L.3 30.5
VA .33 2.57 3.81 5.06 6.30 5.59 7.48 10.04  13.48  18.20 24.5 35.2 38.8 38.3 35.6
SD 0.19 0.20 0.26 0.35 0.44 1.05 1.34 1.77 2.46 3.57 5.2 5.7 6.0 6.2 6.2
r —0.072 0.029 0.096 0.128 0.144 -0.821™ -0.794* -0.733* -0.643 -0.539 0.587 0.797* 0.806™ 0.737* 0.636

IV, SDITEEHERS, 13828 L L— AR 0 Pearson OFERFBIMRSZ 759, * p < 0.05. ™ p < 0.01.
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() {HE, net efficiency? & Unet efficiency DR
0 r Kitie, BBREEERTOTFHHEE EATR L 7.
o L — A Dnet efficiencyldnet efficiency DIk
40 .‘ fHED980+28%Td - 72. PearsonDFE AR
® HOBEDRER, L — ABO Py E SR,
0r . L — ZAB DA, net efficiency B & Onet
efficiency DIk KME & A ERIEOMBE 2R L72H
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4. 250 ms'(a), 3.33 m's(b), 4.16 m-s(c) e Y
TBE L =B Dnet efficiency & FHIiBEE g .
EDRIR. -
L 20
()
50
HIES L OSSO R, BpdiRe o §
AOVF—HEFRIL, WEHZEOHIMIX>TH E 40 |
WL (BARERE Hp < 0001), FfH g
FITHE, T ANV F—HERIL 2 KA TS g 30 L
N7z (r = 0987, SEE = 019, p < 0001; rz = E
0.820, SEE = 218, p < 0001). net efficiencyl%1.67 Y s s !
m-s17° 5333 m-s1FE TRAZIH (Zh2 30 33 40 43
Mp < 0001, p < 005), 416 m*s17%>5500 m-s-1 FHRRERE (mes™)
DHTIIAEIZEAL (p <001, 2 KA TH ®5. L—AEO#HEERE), net efficiency(b)
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K2, BMEREL L - ABFOZSEHOHTEES £ Unet efficiency DI AE & DEIR

L—2 L— WD L—ABOT R L—ABFDnet net efficiency (b) 1595
R HA 2 R it NX—EEER  efficiency(@ DK () (a) DEKS
(s) (m-s™) W) (o) (o) (%)
A 1223.1 4.09 4.95 12.81 38.6 39.1 98.9
B 1229.0 4.07 5.03 11.43 44.0 44.0 100. 0
C 1229. 1 4.07 4,90 10. 72 45.7 46.8 97.6
D 1258.3 3.97 4.58 12.45 36.8 40. 4 91.0
E 1270. 2 3.94 4.94 11.21 4.1 44. 4 99.3
F 1282.6 3.90 4.29 9.73 44.1 44.1 99.9
d 1335.6 3.74 4.27 14. 06 30. 4 30. 4 100. 0
H 1337.9 3.74 5.08 15. 07 33.7 34. 4 98.0
I 1448.7 3.45 3.73 12.20 30.5 31.3 97.5
u 1290.5 3.88 4.64 12.19 38.7 39.4 98.0
S 73.2 0.21 0.46 1.66 6.1 6.1 2.8
r 0.743* -0.375 0.771* 0.794*
MTTHE, SDITERERS, I3RS L L — ATEEHERED Pearson ORSEEFBHREA . *p < 0.05
4., EE HEWSTHMEPEBRWICHE I N D

BE L7 IC BT 5 82 Ko FHis
OEFHIZOWTHETT5 &, #fhFiizeT
DU ERBEIT BT, WERE OB AR 2>
HOFIIIFAGEDEEZ /R L7z (R1). Sandbakk
et al. (2010) 1% LNV D57 53R F)5H
U Ce L7 a, FMOfhsaRIcIid a8 s
RBOLNLE ol LWL TS, NTE
2R L 72 AR e oA g5 80E, ks -
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W LB AV F—HERIE, HEED
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OHEFEHPHTOEEY I, JB U EE TR

(Goldspink, 1978; Sale, 1987) %z b 5.
Coyle et al. (1992) X F 7>, IS EDLHST
FRAE LR DS VT SRR I K 2 B LR
WLTWa, ThooZ kid, WUASERS R
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BV E, T A F—HERTHETE S
ZEERHEKLTWDS, it,hﬂﬁbv~w/
7%, STHUMELE OB M M4 o 5%
mmajwm,ib:yFU7§§@@kK;
L REEEEE O L (Wibom et al, 1992)
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ﬁv«wwmmgiu ToRFAEN L —=
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DEWIZH 92 53, net efficiencyhS 72
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PR DS FEAREE) DS T + —< ¥ A
DPREEKD 1 2TH 5 &) Coyle (1999) @
R ZRFLTw b,

net efficiencyld, TR F—HHHIIHT S
WAEHEROEAETH L7720, THRIVF—HER
26 L CTh IR s 724 FH R m I
&, gD H U Thiudm Ao F—iHE %
AENIT E, net efficiencyld @< &b, BifilL
NV DFET: LA RTHE U HE T ET
LERET BHE, Bz BY), BEEE
NHBATERIIF L TH Y, H\vnet efficiency
EHTHHELANVOBNEFIL )DL
ANVF—HEFRTHET LI ENTELI LI
b, B—=F—AF—D L) LEKMOFAR
ERTIE, HEZAVF-PHHEINLEZ LT
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FEGEOM LIZAFICE S THAHH . T,
B L NNV DR HBFDH LT AV F -
ROWET S EET U, net efficiency DS
WIETFIE, F LAV —HEE,rOBE SN
LARALHEENE L, LVBVWHEETHETE S
ZEiZkb. LHL, L—AEEDnet efficiency
B WERE Dnet efficiency DR AEIZTEWET
botzl b (K2), EEOL—ATIE, &
FAIBEH L ANV Hh b 5 F, EERAICK 4
Dnet efficiency 2SR A L 7% B & 9 7P % 5N
LTHELTWB EHEINS.
DEDEENS, BEHELNVOEVETE,
T HEAN ML —= U ZI ko TR O
JeASHES, RPICELD AAAZCEER 2 FIH LT X
D% DAL AN F =% AT B 2 &A%
HETH Y, E\onet efficiency2 A3 5T &h 5,
PEAE ENTALF T AV X — 2RI F
IANF =B THFEEIT, XD RV
EREEZ BT A ENTELEEZ DN
ARWFFEICBTIE, Pierrynowski et al. (1980)
DFFEIDE, EIENZANF—DIREE
PELCTFHREEZ BN L72. ZolFETIE, #
T LB CHIFIGEZ 2 2 ANV T —DFAE L
MK gD S, fEFHEsEADFMi s 5
Rt I N THB Y, B, R 5
MEIFNIAREEZ RN T2 2 e RS R
Tw5 (Winter, 2005). LA L, U—7—AF
—EERL, BATRETEHRTAT v TRA
< (RIFZETIE167~334 m), A4 ETRAS
M L CTHFEHT 5720, MR oM EIE A
WThHosz. Tz, ABFZETIE, BEBIHRIEIC
#H LB & OBRICOWTHRE L TE
7oA, SIS N ANEERE LI I NS
BWREICOVWTIEFE L LTV ARV, ZoMEIZIE
WEAFVO LD LEMWERZINMET L%
ZON, GBI INIATTZ AR E®RE
WCEW DHEMPEZIZTOWTHRE L Tw L
VDD 5.
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SN AN E ﬁ&mum< BB
WEPT—5 — 2 F—OBHIERE R ET HHE
W12, RH5EZLNZ. ThH5DZ
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