AN ANALYSISOF THE SPECIFICITY OF
SKI STRIDING TO THE UPHILL
DIAGONAL TECHNIQUE

M. McPherson
Lakehead University, Thunder Bay, Ontario, CANADA

Given the absenced snow during the summer and early fal periods, Canadian
cross country ki racersareforced torely on a variety of dryland training methodst o
improvetechnique. You can't actudly learn ski technique during the dryland season,
but you can accustom specific musdesto perform the motionsinvolved in skiing. The
way todothisisthroughspecificand technical workoutsthet replicatetheskill (Endestad
& Teaford, 1987). Empirica evidencesuggeststhat specificity of training iscriticalto
performance(Gervais& Wronko, 1988). However, t he specificity of dryland training
to the techniquedf eliteNordicski racershas undergoneonly preliminary andysis.

Baumann (1982) examined the movement patterns and kinematics of skierson
roller skates, roller skis, and snow skis. Theauthor found that the cycletimefor roller
skiing was longer than on snow and wias attributed primarily t o a longer glide phase.
Dillman and Dufek (1983) filmed six US Nationd team skiersperformingroller and on-
snow skiing each at four different skiingspesds  Theauthorsfound that therewereno
sgnificant differences between the meen velocitiesfor roller and on-snow conditions.
However, differencesin the gtride patterns and leg actions were noted and were
attributed to the movementsof t he kick phase. Gervai sand Wronko (1988)investigated
the marathon skate performed on roller skates, a neMy designed 'Nordic Skate' roller
ski, and snow skis. Although they found thet both dryland & vices gpproximeted the
sow skiing pattern, there were some discrepanciesin the actionsd the propulson
phase. The specificity of ski walking (Smilart o astegp uphill diagond stride without
the glide) and/or ski striding (much more intensiveand used principaly on moderate
uphills) to the uphill diagond technique remains unclear. The purpose of thisinvesti-
gation was to compare the tempord and angular kinematics of ki striding, the
predominant techniqueused to dryland train for uphill sectionsof Classicd styleraces,
to the uphill diagona technique performed by Canadds elite skiers.

METHODOLOGY

Four femaeand 7 mde Team '91' skierswereeech videotgped at the Canmore
Nordic Center while performing four trialsdf the ski triding techniqueon a12 degree
dope(12°), and four tridsaof thediagond stride technique performed on afive degree



uphill dope(5°¢ S) on theHaig glacier. Inaddition, thema eskierswerea sovideotaped
whileski stridingon afivedegreed ope(5°). A Panasonic SVHSvideocameraequipped
with a high speed shutter wasused t o pan theper f or nances of theskiersasthey passed
throught he targeted zones. The camerawas leveled at a height of one meter and weas
positioned 0 that theoptica axis of thecamerawasd right anglest ot he track and at
adistanced gpproximatdy 20m  Ninemarkerswereplaced in agtraight line behind
thetrackd adistancedf 1 mapart. Attachedt o eachof themarkerswasameter reference
stick whichwaslevelledin thehorizonta planeand ussd tosat uptheconversion factors
necessary for the subsequent analyses.

One complete cycle (two strides) for each skier was digitized usng the PEAK
Performancevideo analysis Sysemat Lakehead University. Thedataextractedfromthe -
tgped recor ds induded the x and y coordinatesfor an 18 segment modd adapted t o
includepoles. The data weresmoothedusing afourth order Butterworth digital filterand
processd t o compute messuresfor the averagestride lengthsand ratesof the skiers,
segmental displacementsand velocities, joint angular displacements, as well as the
orientation and inclination of the poles  Stick figures were plotted to highlight
similarities and differencesbetween theactions,and sequenced actions, of thedifferent
techniquesfor each of theskiers.

RESULTS & DISCUSSION
Table1 presentsasummary of t he average Srideand tempord characterigtics.

Table1l. Comparison of the AverageStride Phase Times, Stride Lengths, Stride
Ratesand Velocities
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Foreech d theskiersthestridelengthsweregrestest on thefivedegreed opean
snow. For themal eskiershe average stridel engthsonthe fivedegreedryland technique
weredightly greeter (adifferencebetween themeansof 0.66 m) then thoserecorded for
the12 degreedryland technique(see Figurel). Theaveragestrideratesfor thewomen's
performanceswere consgtently greater for the 12 degree dryland technique versusthe




onsnow technique. For thement hestrideratesweregresteston thefivedegreedryland,
followed by the 12 degreedryland, and finally the5 degreeon-snow dopes. All but two
o the mde skiers achieved the greatest velocitieson t he five degree dryland dope
wheressthree of thefemaeskierswaefastest on the 12dryland dope. In generd the
fastest ski striders and the fastest diagond striders a0 hed the greatest stridelengths.
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A tempord andysisd the time spent by each of the skiersduring the kick and
recovery phesesd thedifferent techniqueswascompleted. Thetimetaken to complete
thekick phasefor both drytand stridingand thediagond smdewereremarkably smilar
with an averagedifferenced only 001 s. Time spat completing therecovery phase,
however, differed markedly between theon-snow and dryland techniqueshy an average
o 018 sand wes attributed to theorrsnow glide phese.

The andyds o the plotted stick figures helped to provide indght into the
oecificity of thecritical movements. Thecompari sonbetweenthefemaes dryland and
on-snow performancesindicated agreat Smilarity betwean the degree o initia knee
flexion, the positiond thet runk throughout t he skill, and thetiming o the kick phase
movements  Thegreatest differencesobserved werein thedegreed ar mextension a
the end of the kick phase, and in the speed of the recovery phese movements
Comparison betwean themaes  paeformances on the two dryland dopes(5°D, 12°D)
andon theonsnow dope(5°S) indicated that themovementsoft he drivelegduringthe
kick phaseon the 12 dryland d opemuch moredosdy smulatedt he on-snow kick phase
movemeants. Furthermorea number o the skiersdemonstrated amoreobviousvertica
legping action during the dryland flight phase on the fivedegree dope then on the 12
degreedope. The exaggerated verticd flight phasewasassociated with poor postioning
d thelead foot placement,and o thet runk relativeto thefoot. Thedriving of thelead
footforward prior tofoot placementiskey totheoptimizationd theskier's stridelength.
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There was, however, a slightly greater range of motion of the arms during the pole push”
on the five degree slope versus the 12 degree dryland slope.

CONCLUSIONS

1. The dryland training ski striding technique involves movement patterns that
very closely simulate the critical features of the uphill diagonal stride technique. ‘

2. The stride length, rate, and velocity achieved during ski striding varies with
the degree of uphill slope. The stride lengths recorded for the five degree dryland
slope were closer to the values that were recorded on the five degree on-snow slope
than were the 12 degree dryland values. Stride rates recorded during the ski striding
performances on the 12 degree slope more closely matched the five degree on-snow
performance than did values recorded for the five degree dryland slope.

3. Coaches who are interested in training their athletes to simulate the kicking
actions of the diagonal stride on a moderate slope should select a much steeper
dryland slope for training.

4. The action of the arms during the diagonal stride pole push may be best
simulated on a dryland slope that approximates the degree of on-snow slope.

The analysis of the plots combined with the quantitative information resulted in
an individual analysis and comparison of the techniques for each of the National Team
skiers. Specific recommendations on how toimprove the dryland techniques were made.
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