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Abstract: Problem statement: The aim of this study was to assess the differenoethe skiing
performance of two skiing styles (classical styls. \gékate skiing), in a group of young high-level
skiers.Approach: Four high-level male junior cross-country skiemsni the Centre of Winter Sports
of Aragon (Spain), were selected for this studyt thas developed during two competitions: 10 km
free technique and 10 km classical technique pesddrin the same circuit and under the same
conditions (snow quality, temperature, wind anctieé humidity). Physiological variables, maximal
and medium heart rate, blood lactate concentrgbiasal, final and during the recovery, after 26,48
and 10 min) and medium skiing speed, were analydgd GPS Garmin Forerruner 3D%leart Rate
Pulse and Lactate Dr. Lange analyzeNormally distributed data (Kolmogorov-Smirnov Temd
Shapiro-Wilk) were statistically analyzed with oway ANOVA and t-Test for post-hoc comparisons
(p<0.05). No-normally distributed data were anatiyméth the Friedman and Wilcoxon Tests (p<0.05).
Results: No significant differences have been recordedhm medium skiing speed, maximal and
medium heart rate between the two styles. The peakt rate was the same in both styles (188 bpm),
although medium heart rate was lower in skate gkiis. classical skiing (165 bpm Vs. 175 bpm).
Blood lactate concentrations recorded significaffexences during 4, 6, 8 and 10 min of recovery,
being higher in free technique (12.7+1.7; 11.4+118;4+1.4 and 8.9+1.6 mmol L Vs. 8.7+1.3;
7.5+1.6; 6.3+1.3 and 5.6+1.1 mmol*respectively)Conclusion: The results of this study suggest
that skate skiing generates a higher impact onctbss-country skier than classical skiing, due to
higher blood lactate concentrations during 4, @né 10 min of recovery. The own characteristics of
the free technique may be the reason of the loveammeart rate.
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INTRODUCTION skiers maintain efforts greater than anaerobicstiwkl,
keeping the physical activity near to the maximal
Cross-country skiing is characterized by twooxygen consumption. However, the two techniques
different styles: the classical style and the slsking.  require different physical and physiological dem&and
The classical technique consists of alternating aneh  the skier.
legs in a rhythmic way and involves movements ef th The aim of this study was to assess the difference
skis in a parallel direction. Ski skating incorp@saa in the performance of cross-country skiing comparin
lateral pushing action with one ski while the opgpos classical versus skate skiing styles in a grougliné
one maintains a forward glide (Vaananen, 2004)hBot young cross-country skiers.
styles present maximal, submaximal and continuous

efforts of changing intensity as a consequencehef t MATERIALSAND METHODS
particular orography of the race circuits with flap
and down hills. These changes also produce vaitiabil Four high-level male junior cross-country skiers

in the predominant metabolism. Metabolism dependéelonging to the Technical Center of Winter Sports
on length competition, although the cross-country(CETDI, Jaca, Spain) were selected for the studye T
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average age was 17.7 + 1.4 years, with a weightd¥ L ™), 8 min (10.4 + 1.4 mmol T Vs. 6.3 + 1.3 mmol
+ 6.1 kgs and an average height of 175.5 + 0.05.cm$.™%) and 10 min (8.9 + 1.6 mmol LVs. 5.6 + 1.1
The study was performed in the Linza cross-countrymmol L) of recovery, respectively.
skiing circuit (Huesca, Spain), during Aragon Cross
country Championship. 21

During the competition the heart rate was analysed
every five seconds, recording the maximal heamt rat
and the average heart rate. Heart rate was alsodest
during recovery after the race, with a watch that
includes Global Position System (GPS) and heaet rat " Skate sty Classioal syle
pulse (Garmin Forerunrer305, USA). This method ' Average velocity
allows measurements in different orography and
complexity will be greatly reduced (Azar and Shafri Fig. 1: Comparative to the average speed between th
2009). Lactate levels where also analysed by using an skate style and the classic style
absorption method (Dr Lan§ePhotometer LP 450,
Berlin, Germany) three hours before the race (basal
immediately after the finishing the skier and afted,
6, 8 and 10 min of recovery. A 10 uL capillary koo
sample was taken from at the ear lobe for a
measurement of blood lactate concentration. .

After assessing normal data distribution SR amimaibloodlactte.
(Kolmogorov-Smirnov and Shapiro-Wilk tests), data
were statistically analyzed with One Way ANOVA and Fig. 2: Comparative to the lactate levels betwees t
t-Test for post-hoc comparisons (p<0.05). No-nolynal skate style and the classic style
distributed data were analyzed with the Friedmast Te
and Wilcoxon Test (p<0.05). The data were analysed
with the Statistical Package for Social ScienceSSP
Chicago, IL, USA). Results in the text and tables a
given as the mean standardeviation.
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RESULTS 4
Table 1 summarized the results of the competitive Basal  Final  ree2  reed ot weS  recl0
cross-country skiing races (10-km for both techagju oo S

=e—Skate == Classical

The time recorded for completing the races was of
28:30 min in the skate skiing and 29:29 min in the
classical style. Significant differences betweea two
styles were found in the four different measuremerft
recovery blood lactate.

Figure 1 shows the average speed of the styles
(skate Vs. classical). No significant differencesrev
found between the two styles (20.64 + 0.3 krh\ts

Fig. 3: Comparison of blood lactate curve in skside
and classical before, final and during the event
recovery (min. 2, 4, 6, 8 and 10).Statistical
differences (p<0.05)

Table 1: Results of race performance (Skate: skatke, Classic:
classic style)

20.09 + 0.9 km Hrespectively). Parameter Skate Classical
Maximal blood lactate levels are presented inaverage speed (kb 2064+03  20.09+0.8
Figure 2. Lactate concentration was higher in skati Maximal HR (b miﬁll) 188+8.2 188 +5.4
; 1 Average HR (lmin™) 164 +8.8 175+ 139
+ +
style vs_.lclassm style (13.7£ 2 mmots. 11.9 £ 0.8 o hi0d lactate (mmorh 14405 17404
mmol L), although it was not statistically different. Maximal blood lactate (mmolE) 137 £2 11.9+0.38

Lactate levels measured during recovery areRecovery blood lactate min. 2 (mmcﬂ} 134+1.8 105+1.4
depicted in Figure 3. Significant differences begwe Recoveryblood lactate min. 4 (mmol). 127+17*  87+13*
the skate and the classicl skiing style were resdrd Recovery blood lactate m!n'G(mmd} 11418 15+16

Recovery blood lactate min. 8 (mmol’.  104+14* 63+13*
after 4 min (12.7 + 1.7 mmol £ Vs. 8.7 + 1.3 mmol  Recovery blood lactate min. 10 (mmaf). 8.9+1.6*  56+11*
L™, 6 min (11.4 + 1.8 mmol ' Vs. 7.5 + 1.6 mmol * Statistical differences (p<0.05)
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lactate concentrations than classical techniqueeund
similar race conditions. These values suggest hehig
skate skiing muscle activity, while in the claskica
technique a lower number of muscles were involved.
Similar blood lactate levels have been reported_ay
Skatestyle Classiestyle Roche and colleagues (La Rocéteal., 2010) during
Meximumbeartrate submaximal roller skiing treadmill protocols.

The lactate concentration calculated immediately
after finishing the nordic skiing races is 7-14vtol'L™
(Weldeet al., 2003). In this study, the skate skiing and
the classical style lactate concentrations after
completing the race were 13.4 + 1.9MulL™ and
11.98 + 0.88 nMol'L* respectively, indicating that the
classic technigue was more economical than ski
skating. Studies on roller skiing performed on a
Skatestyle Classicstyle treadmill demonstrate similar results (Hoffmenal.,

Average heart rate

bpm

Fig. 4: Comparison of maximum heart rate in skaie a
classical style

bpm

1990).
Fig. 5: Comparison of average heart rate in skatk a Moreover, skate skiing is characterized by a
classical style continuous slide producing longer propulsive

movements and higher legs strength (Castediaal.,

Figure 4 shows the peak Heart Rate (HR) measured006). The classic technique only requires arms to
during race. No significant differences were foundmove, while in the skate skiing legs always plags a
between classical and skate techniques (skate 48 important role. These differences may be respomsibl
+ 8.2 vs. classical style: 188 + 5.4 beats per teinu the higher blood lactate concentration recordeskate
respectively). Figure 5 describes the average Hie T skiing.
average HR was higher in the classic style (17381 At similar lactate concentrations, the skate gkiin
bpm) when compared with the skate style (164 + 8.8echnique develops a higher speed than the classica
bpm), although no significant differences were fdun style, suggesting the existence of a direct caicela

between the two styles. between lactate concentrations and velocity, agroth
authors pointed out (Vesterinesh al., 2009). In this
DISCUSSION study, the skate skiing average speed was slightly

higher than in the classic style. These valuesigonf

The present study evaluated the performance dhe findings of other investigations where the skat
elite regional young cross-country skiers compatiregg  skiing is about 10 and 20-25% faster than cladsie s
ski skating with the classical style techniquesimiua  (Stray-Gundersen and Ryschon, 1987; Rusko, 2003).
national race. Several studies investigated thédowever, in this study differences were lower,
parameters of different skiing techniques, but naist probably as a consequence of the age, performance
them were performed in the laboratory under sireglat level (kinematic and technical modifications) and
race conditions. training experience to the young skiers who pantited

The results recorded in this study revealedin the research. This lack of mechanic efficienoy a
differences in the performance between both skiinghysical development may induce higher instability,
techniques. Although skate and classical styl@sr#tl  jjterations and problems in the dynamic coordimatio
the same maximal HR, low HR during skate skiing mayjing, that may improve the fatigue levels in both
have been recorded in the.downh|ll zones of theudir techniques (Cignettt al., 2009a; 2009b).
where only the legs were involved. On the otherdhan
classical style induces higher frequency movements.
Similar investigations highlighted these differesida
the average heart rate between the two styles (féoff
and Clifford, 1990; La Rochet al., 2010). The results of this study suggest that skate gkiin

Differences in blood lactate levels have beengenerates a higher impact on the cross-countryr skie
recorded, although they were not statisticallythan classical skiing, due to higher blood lactate
significant. The free technique results in hightwold  concentrations during 4, 6, 8 and 10 min of recpver
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Although the classical style presents higher mgsti Hoffman, M.D. and P.S. Clifford, 1990. Physiolodica
blood lactate levels, the skate skiing recordechdrg responses to different cross country skiing
blood lactate levels during the race. techniques on level terrain. Med. Sci. Sports

The own characteristics of the free technique may  Exerc., 22: 841-848. DOI: 10.1249/00005768-
be the reason of the lower mean heart rate. These 199012000-0001PMID: 2287263
preliminary results suggest the skating action @syv  offman, M.D., P. S., Clifford, P. J. Foley and &.
fast in junior skiers. From a mechanical and  price 1990. Physiological responses to different

physiological - point of view, the skate skiing roller skiing techniques. Med. Sci. Sports Exerc.,
performance is higher than classical style as a 22: 391-396. PMID: 2381308

consequence the development a higher speed with 13 Roche. D.P.. M. Amann and K.W. Rundell. 2010
lower energy cost. Grade influences blood lactate kinetics during

cross-country skiing. J. Strength Condit. Res., 24:
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