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This study compared the physicfoglcal responsss o 20 min of smulsted
downhill skilng batwaen tha NordicSpon™ and Skier's Edga™ downhill ski
ergomelers, Exparienosd malo skiors (N = 18, ape = 18-34 yrs.) volunfeered
as 55, Probest maasuramants includad a treadmill VO, max 8=t and % body fat
(BF) by skinfolds (VO,max = 58.6 mbsg/min, BF = 12,8%). Each S performad
20 min of steady state axercise, al a cadanca alicing a HA batwaean 70-85% of
HAmax {avg = &8 lwms/min), on bath ski argemedtars in random arder and an
separate days. Diring the exencise sessions VO, (mikigmin), HR (bpm), and
RPE wera measwed sach min. Aesponsas batwean condilons were anatyzad
with pakred ttests. Analysis revealed thet all responsas ware significantly

ip < .05) higher for the MordicSport™ condition, Individual regression equetions
wera oploulaled from ihe ireadmd data 1o investigate the HR-VD, relationship
during downhill ski argometry compared 1o that of treadmill running. Resulks
showead that there was no signiiicant difference between actual YO, measured
during downhill ki ergometny and VO, predicted from the treadmill running
pradicion equadions for both the NordinSport™ and Skier's Edge™ cond®ions, M
the same HA. | was concluded that bodh ekl ergomatars cen provids & sport-
gpaciic workout for downehlll skilng. Howewer, dus 1o dilerences in ergom eder
design and resistance characteristics, the MordicBport™ elicked greafer
physliogical responses al similar salf-sslacied cadencas and horlzontal
displacanents.
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INTRODUCTION

Skiing originated in northarm Ewope end Scendinavia some thrae to four
thousend yaas soo. | was essandlnlly an early form of oross-ooumry skiing
and was usad as transportation, or for activities such as hunling and fighting.
Diowinhill skiing or “slalem® as it was oripinaly called by Its Monwvegian
originaiors, was develaped &l the end of the ninetsanth century. Tha sport
flowrishied in Europs in 1he mid- 19305 and gradually spread 1o the rest of the
word (Karlsson, 1884)

It was not undil the 19508 that downhill skiing became popular in the United
States (Karlsson, 1084). Snece then, many Amedcans have anjoyed davwnhlll
ekling as a lalsure time aclivily or 65 & compat#ive sport, In 1388, the
Amariaen downhill skinr pepulation was oslmaiod 1o ba mare tan 15 milksn
with more than 600 ski areas n 40 steles across the country (Wirth, 1988).
Mationally, ski areas bring in over $1.8 billion & year (Gam, 1589).

It has been said that the average downhil skier skis 15 times per year and
gpands the ofher 350 days ol the yaar thinking stout it, 1! skisss want o slay
conditionad in the off-ssason, they most oftan raly on running, cycling, or waighi
training to maintain cardiorespirstory andurance and musoulsr lone.  Recontly,
downhill ski simulators have becoms avallable on tha markel. These skiing
angomeiers are designed o mimic the actions wsed during downhill



skilng, thus providing a spon specilio workeut for downhill skiers. [t Is known
that asrabic finass and muscular strangih is most effectively achigvad whan the
exarciser (raina the specilic muscles invelead in ihe desired pedomance
(MeArdia, Katch, & Katch, 1986),

It has besn shown that thera s a significent posiive corrslation batwesan
maximal cxygan consumpdion (VO max) and downhill gkiing pedormance [Song,
1882). To oplimize physical fimazs and maintain proper skiing meshenios
during the summer esaesn of batween ski trips, exarcizing on a downhil ski
argometer repressnts a good allernative o the real spor. 1| Is hypothesized
thal Intreases In aeroblc fitness and In lower body mussle endurance as well as
increasss In balancs and coordination may e expacied from esosrcising on a
downhlll skl esgomaler. Funhermore, @ may help reduca the risks of njuny
during the ski ssasan since leck of physical fitness = an important predizposing
factor to many ski injurles (Miller, Porcari, Audet, & Csontos, 1983),

Allhough no single definition of physical filness has ever bean universally
accepted, many exarcise physiclogists consider VO,max a major companent.
Tre Amarican Coflage of Sports Medicine (ACEM, 1891) recommends that
individuals obiain regular garoble exenciss for the devalopment of
cardicraspiratory fitnass, Any sctivily thal uses large musche groups, is
thythmical in natwre, and is maintained coninuously for extanded pesods of
time is considered asrobic, The ACSM (1881) recommends practicing fhis



acihity 3 to 5 times per week, far 30 to 80 minules per session, &t an Inkensdy
of 60 1o 20% of maximum haart rate (HRAmMEX) of B0 1o BE% of VO,max

While running, walking, and swimming are wall documented asrobic
acthiiles, there |s & mead for more rasearch bo charas|arize the physiological
responses oblalned during downhill ski argormedry, Cisar (1992} showed that
elmulatad downhill ski ergometry, using the Skisr's Edge™ ergometer (Scientific
Gporls Syslams Inc.), rasulted i averags ralalive warkloeds of 75.5% af
HAmax and 59.5% of VO, max, He concludiad that thess vales are within the
range ol exencles Intensiy recomanendsad by the ACEM (1831) far Incrassing
cardoraspiratory finess.

The first purpose of this Invastigation was to datarming the enengy cost
{mlkp'min and koalhrp and ralative intensity (parcent of HAMax and percent o
VO,max) of exercising on the MordicSpor™ (MordiaTrack, inc.) and Skisr's
Edga™ downhill ski ergemetars and tharefors investigate their abilily as a mode
of enarciss to patentially Induce changes in cardiorespiratory filness as
recommanded by ACEM [(1281) guidalines, The second purpose of this sfudy
wes io compare the physlcloglcal responees between machines at a similar
cadanoa and hofizondal displacamant, to dabanming which ergomeater would
provide & more time sfficient workout, The third purpose of this study was to
investigate the HANVO, relationship during downhill skl ergometry compared o
thet of ireadmill running,



METHODS

Fifieen male resraational alpine skisrs wers tesied &t the Human
Pedformancs lLaboratory af tha Univarsity of Wiscansin-La Cresse. Befora
participatian, all subjacis signed an Informed consent form (see Appandix A)
and complated the Physical Acthvity Asadiness Questionnalre (Govemment of
Canada Filness and Amalaur Spori, 1986) (sea Appandx ).
Physiological Tasting Protocal

Ths resgarch pretacsl wes divided inbo fraining and testing phases, During
the training phasa, each subject practiced skling an both downhill ski
ergomelers. The purposes of the practica sessions ware 1o assure proper
mischanical effizlency (the ebility 1o pedorm shythmical and large amplitude
movemants without loss of balance) while skiing and to eliminate possible
training effects. All subjecis skied with poles to halp with balence and wera
inatrucied to uss a looss ghp 1o Avold 8 préssar responsa.  Each subject
completed a minimum of two fraining sessians.

The tesling phase included four sessions. For sach session, the subjects
ware instructed 1o ralrain from smoking, eating, and drinking (excepd waler) for
3 hours pracading the testing, and to aveid physiaal actvily on fhe day of
testing. During sa=slon one, anthropomstric measuramants, YO ma, and
HRmax ware abtained, Parcend body fat was estimated from the umbilical and
thigh skinfold measuremants using the equation of Wilmore and Behnke (18570).

Maximal oxygen consumption and HRmax were detarmined using & modiied



Balke traadmill test, The subject ran at & salf-selected spaad (mph) which was
hald sonstent throughout the fest, The grade was Increased by 2.685% evary 2
minwtes untll the subject reached volitional exhaustion, Maximal oxooem
conaumption wes astebfshed aa tha highest 1-minute velue attained for WO,
during the tesl. To esteblish thal valid VO,max values had been atlained, two
of the threa following criteria had 10 ba mat: 1) a rfse In oaypgen consumption
of less than 0.15 Limin with & fuhar increesa in power oulput [Shaphard,
1984); 2) a respiratory exchange raio egual to or greatar than 1,10 (MeArdie e
al., 1988); and 3) a hear rata no less than 10 beals balow the predried
HAmax (Shaphard, 1584).

During 1he second sassion, & catence eliciling a hear rala belwesn TO and
B5% of HRAmax was dstermined for each subject whila exarciging on the
NordieSpon™ downhill ki ergomeler. This cadence wes laler used during bolh
the NordicSport™ and Skiers Edge™ prolocols, The cadence was paced by an
alaciranic metronomea. To determine the spproperiate cadenca, the subject
began to ski at & self-selected cadence for a 4-minute perad following the
proteanl desorbad balow,

(A} The mean heart rata for the third and fourth minda of the first worklasd
had to remge from 70 to 85% of HAMmax as delarminad from tha
maximal raadmil test. W the mean haon rate did not Be within the
target range, step (B) was followed if leas than 70% of HRmaw ar slep
(C) was followad # grealer then 85% of HRmEx

(B I lhe subject's mean haart rate for the third and fowrth minuts of & new

workload was Mss than 70% of HAmax, the cyole cadence was
Incransed by 4 lums/min and step [A) was repeated.



(C) If the subject's mean hear rate for the thind and fourth mimde of & new
warkioad was greater than B5% of HRmax, the cycle cadence was
desreased by 4 Wrnsimin and slep (A) was repasied

The sking cadence ranged from B0 to 100 tumsimin, with an averaga of B3
furnzfmin.  The resistance (band fenaion) on the skl ergometers was adjusted 19
allow & horizontal displacemant of approximately 145 om,

The third and fourth tasting sessions involved measuremeants of the subjec!'s
submaximal VO, (mikgimin), RPE, calaric expenditure (kealhr), and HA {bpm)
responees during 20 mindes of steady-statn axercisa on both the NordioSport™
and the Skier's Edge™ downhill ski argemetass, Testing crder was rendomized
and the cadance and horizonial displacament wara Kept constan whila
exarcising on both ski ergometars. A 10-minule warmup pariod precedad each
of the expermental protocols, The warmup conalsied of 5 minutes of light
cycling &l & resistance of 0.5 kp and 5 minutes of strefching for the major
mustle groups (pastrocnamius, sclsus, hip flexors, hamsirings, quaddiceps,
back, ches!, shoulders, and triceps).

Data Collection

Expired gas volumes and concentrations were analyzad during the WO, max
test and the submaximal sls using & Quinton G-Plex | metabolic can with
goltware revision E (Quinton Instruments Co., Sealile, WA), The valume was
aalibrated using & 3.0 L callbration syrings and fha gis analy2ers Wani
calibrated bafore and after asch test using calioration gases verfied by the
Misro-Scholender inchnique (Scholandes, 1847). The subjocts' heart rales wers



confinually manitored wsing a Polar Vaniags XL modal haarl rale maniter (Polar
UBA, Inc., Samierd; CT.). Throughoul &l 18sts, measurements (Vg VO,
VGO, and HA) wene racorded evary 15 seconds. Ratings of perceived
exariion (APE) ware recorded al the end of sach staga durng tha VO mex tast
and evary 2 minutes during the axparimeantal pretocols using tha 15 point Borg
Scale (Borg, 1982).

Statistioal Analysag

beans end standard deviations were caloulated for subjoct characterisiics
end anthropomatric measuremants, Means and slandard davisiions ware also
catoulated for HA (bpm and percent of HRAMax), VO, (mikg/min and % of
VOymax), RPE, and anergy expandilure (kealhr) responsas cbtained during fha
exparimantal protocols. The physiological rasponsas oblalned during tha two
exparimantal protocals were compared using palred 1-iests,

Individual regrassion aquations ware calculated from the treadmill data to
Irvastigate the HR-VO, relafionship during downhill ski argometry compared to
that of treadmil running, Heart rale was chosan a5 the ndepandant varlable fo
pradiiot VO, Tha maan HA achioved during the NordieSpon™ condition for
evary subjecl was then nseried info esach respective individual regression

equation 1o yiewd a predicted WO, The predicted VO, values wers comparsd to
tha aciual VO, valuas obiained during fhe NordicSpor™ condition using &

pairad iHesl, The same procedure was used for the Skier's Edge™ condifion.
An a priori probebiy * el of 05 was ssleciad for significence for all enalyses.



RESLULTS
Selecied demographic charactaristios of the subjects are presented in Table
1. Tha skiers wera more fif (B6ih parcentile) and lepner (BS5th percentils)
cormpanad i0 subjects i a similar aga-group (Follock, Wilmora, & Fod 1678).

Table 1. Anthropometric measuramants and charactanstios of the suljocts

Varabla Muean ¢ 50 Fangs

Aga (yrs) 253 &+ 48 180 - 340
Height {in) 703 :+ 1.6 6.0 - T30
Waight {Ibs) i70.8 = 183 {350 - 1870
Body tal (%) 128 3 2.2 ¥5 - 1541
YO max (Limin) 452 1+ 047 agl - 542
VO, max {mUkgimin) 5686 = 40 4968 - &7
HRmax (bpm) 196 &« 7.8 1685 - 212

Fagponses fo the two submaximel skiing frigls are reportad in Tabla 2. AR
subjects reached e steady siate by minute 5 thus data were averaged for
minufas &-20. Analyses revessed fhal all measurad varablas (WO, VO max,
HA, %HAmax, APE, kealhr, and RER) ware significantly (p < 0.05) highar for
the MordicSport™ condition compared 1o the Skier's Edge™ condition, The
group maan VO, (mifkgimin) end enargy expenditure (koalhr) wera 28% highar
in the MordicSpont condition. Alse, HR (bpm) responses ware 18% greater
when exerciaing on the MordicSpor™ ski ergometar,



Table 2, Physiological responsas 1o 15 minules of steady-slale axerciza on the
MardicSpar™ and Skiar's Edga™ downhill skl argomelars

MordicSpart™ Bkiar's Edga™
Varigbla Maan = Maan + S50
VO, (mikgimin) 224 : 550 pRe & 00
%0, max EE2 710 430 = 700
HA {bpm) 186 & 125 131« 13280
SHAmax 787 . 580 BBY & T.40
RPE 1200 : 220 ge0 = 220
kcalhr 740 & 169.60 568 & 11580
RER 081 : O 088 = 008

* signilicantly dMarent (p < 0.05) from MordicSport™ condition

Thi use of 1arget heart rale o assess the intensity of aarobic type aclivities
Iz based on the assumption thet HR Increases proporionately to increases in
VO, Whils this mlafionship is essentially linear and proportional during running
and cycling (Parker, Hurlay, Hanlon, & Vaccars, 1889), il has not been
astablished for downhill skl engomatry.

Inclividual regrassion equatlons of HR vs VO, were calculsied for each
subject trom the readmill data (see Table 3). Tha actual HR's oblainad for tha
MordicSport™ and Skiars Edga™ conditions ware than Insarted indo theea
equalions o gl & predicled VO, Thoss predicled VO, valies wers companed
1o the actual VO, values measwed during skilng ergomatry using paired t-iasts.
It was found that thers was no signflicant (p = .05) difierence between iha
actual and predicied VO, values for bolh the NordieSpori™ and Skiar's Edga™



10

condilions. Thus similar HR-VO, relationships exist for treadmill unning and
downhill skl ergometry Indicating that HR can bs used as an accurate guida for

axarclse prescripticn.

Table 3, Individual regression agualions

S's Indhvidual NordieSpor™ Skiar's Etiga™
Raegrassion Equations HR PVD, AVO, HR PVO, AVO,
1 ¥=-1233+038" X 153 458 35.0 131 374 284
2 ¥=-54.234+088°X 163 341 924 144 293 313
3 Y=-£2564081"X 177 45.4 336 126 143 24.9
4 ¥=-B3.364082"X 163 37.7 293 138 222 224
5 ¥ =-B4.28 + 0,67 * X 174 523 472 141 302 M7
6 ¥Y=-61.83+060"X 148 254 29.0 124 128 1.7
7 ¥ = -TH.56 + 0.66 * X 153 224 288 133 (9.2 188
8 Y=-80.03+0.88"X 157 268 20.5 159 28.1 28.2
9 Y=-35704+053"X 140 384 378 118 268 204
10 ¥Y=-1803+038" X 151 409 340 128 318 5.7
11 ¥ =-49.85 + 058 ° X 163 462 27.2 115 17.9 220
12 ¥ =-5147 + 051" X 152 261 34.0 133 16.4 197
13 ¥ =-51.48 + 054 ° X 160 349 957 108 068 241
14 ¥ = -30.47 + 048" X 120 319 283 148 406 322
15 ¥ =-38.86 + 0.30° X 154 212 248 119 07.6 218
Maan 155 353 132.4 131 26.0 252

X = aclual HA, ¥ = prodicled VO, PV, = pradicled VO, AVO, = aclual YO,

DISCUSSI0M
The American College of Sports Medicine (1881} recommands that
individusals abtain regular asrobic sxercise for the development of
cardioresplratory finess. The ACEM [1881) recommends that this ackivity ba
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perlarmed 3 to § tmes per weaek, for 20 o 80 minutes per session, at an
intensity of B0 to 80% of maximum heart rabe (HRmMax) or 50 to 85% of
VOmaw. While running, walking, and swimming are wall dosumented aenuig
sctivities, more ressarch was needad to characterize the physicloglcal
regponsas obtalnad durlng downhill skl engamalng.

Tha first purpase of this study was o daterming 1ho anergy cost and relative
inansity of downhlll skl argometry, using the NordicSport™ and Skier's Edga™
downhlll skl ssgomaters, and tharefore Imvestigate thelr abllity sz a mode of
exarcise to potantially induce changes in cerdoraspiratony finess, The mean
WO, while exerclsing on e NordieSpard™ was 32,4 mikg/min and he HR
avaraged 155 bpm. These valuas reprasant relathve intansities of 55.2% of
VO max and TR 7% of HAmax, respectively. The masn YO, whils axarcising
on the Skier's Edge™ was 25.2 mlikg/min and the HR averaged 131 bpm.
Thess valses represent ralative ntensilies of 43.0% of VO, max and 68.7% of
HFmax, rezpaciivaly. Based on these resulle, [ appears thet downhill zkd
ergamatry has the polantial to inducs changes in cardicrespirajory fitness. A
list of enangy axpandilures for salected spors activities is prasanted in Tabla 4
(adapted from Mofrdia, Katch, & Ketch, 1886). Based on this 1eble, & sppears
that downhill ski ergometry is comparable o othar forms of sercblo exercise
performed at & moderate exancisa nbensity.

A sacand purposa of this study wes o determing which ergomater would
provide & more time efficient workout ot a similar cadanos and hosizantal



Tabla 4, Energy ewpandiura for seleclad sporis activities

Activity koaVmindg
Aarchio dance - medium 0104
Aarohic dande - ntense 0. 135
Cross-country skiing - madium 0.143
Ceross-country skilng - Intanss 0.274
Cycling at 8.4 mph 0,100
Cyeling - rcing 0. 168
Dowahill skiing - lelsure 0.100
Aunning &t & min par mis 0.193
Running &t 7 min par mila 0.228
Bwimming fropshyis slow 0,128
Swimming freestyla fast 0.158
‘Walking - normal pace 0.080

Adapled from Mofrdie, Katch, & Katch, 1986

displacemant. It was found thal tha NordioSpont™ condllion yialded significantly
ip < .08 higher VO, and HR responses comparad to the Skisr's Edga™
condition. On average, VO, responses ware 26% greater and HA responsas
18% greater whan exercising on the MordicSpord™ ski ergomaler. The subject's
mean energy expendilure was 740 kocalhr (0,158 koalkg/min) and 588 kcalhr
(0,122 kcalkg/min) for the NordicSport™ and Skiars Edge™ conditions,
respactivaly. Tha skiars axpandad signifisantly more keallne (20%) in tha
MordicSport™ condition, It can ba concluded, therefare, that when compared to
tha Skier's Edga™, exarcising on the NordicSport™ downhill ski ergometar would
provida a more fime eficlent workoul at a similar cadencs and harizonial
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displacamend. Clsar (1992) reportad an enargy expanditura of 528 kealfr {012
kcalkg/min} using ihe Skier's Edge™ downhill ski ergomater at an intensity of
78.5% of HRmax or 58.5% of WOymax, The enengy expandiure reporad in
Clsars sludy Is similar 1o thal fownd in the presant investigation.

The higher metabolic cost of exerclsing on the MordicSped™ comgarad o
the Sklar's Edge™, despite a simiar cadance and horzontal displacemant, may
ba due to dilerencas in machine daesign. The MordicSport™ downhill ski
ergomater |5 buill with & forward slant and places a greater challenge on
balance. In a dilferant study, Mllar of al, {1953} found thal knee flexion was
significantly greater whan skiing on the MordicSport™ in comparisan o the
Skier's Edga™ downhill ski argemetar, Miller el al. (1993) hypothaalized that the
greater knes flexon may have bean in response to greater balance
maquiremmants, Beller balancs is acquined by lowering one's contar of mess.
Greater knes flakion requires more muscls fiber recruitmant and tharefora may
have confributed io the greater matabolic cost of sking on the MordiaSpon™ in
comparison 1o skiing on the Skiar's Edge™. I can be hypothesized that
dawnhill gk ergomalry has e patential nat coly to iImprove ViO,max but akso
balance, an important physiological characierstio of downhill sklers (Andersen &
Monigomary, 1988).

Anathar ditfecance in machine design ralalss 1o the band tenslon, The
resistance on both machines was conbrolled by a resistive alastic band,
Alehoaigh Tha degres of elasticy of each band was not measured, the band on
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thi MordcSport™ ski ergometer seemed less alastic than that of the Skisr's
Edga™. A lowar degres of alastiily may have ascounted for & loss of
momantum and tharalore the subjects may have needed a greater push-off to
traved from side to side. This also may have acotunted lor the graals:
metabaolic cost of skiing on the MordicSport™,

Anpihar variable measured during the testing phase was the rating of
parceived axartion (RPE)L. Tha RPE scale (see Tabla 5) has bacoma a valid
ool &a an edunct to heed-rete monitoring for detlarmining exascise inbensity
{\Van Gelder, 1967). This iz bagad on the strong, positive relationship
damonsirated batwaen rating of percelved exartion and relalive metabolic
demand (Williams & Esion, 1980).

In tha prasant study, the APE was signiicantly higher In the MNerdicSpart™
cendition (RPE = 12) compared to the Bkler's Edge™ condition (RPE = 9L
Thearafore, not only ware the subjacts working at a signilicantly highar metabalic
workioad in the NordisSpor™ condtion, bat they also percalved I as such.

Tabla 6 descripes the relationship betwean raletive intensity based on
percaniage of HRmewx, percenage of HRAmax resarve, parcentage of VO, max,
and APE (ACSM, 1881). According o this tabla, a RPE of 12 comasponds 10 a
reletive intensity of approximately 50-60% of VWO,max. Thaerafora, the RPE of
12 in the NordicSport™ condition was an accurate reflection of the actual
metabolic demand (585.2% of VO,max). According 1o the same table, a APE of
© corresponds io a relathe intensity of less than 30% of VO, max. |n the Skier's



Edge™ condlion, the APE was B and therafors the skiers tanded to slighthy

underestimate the melabolic demand (43.0% of WO,max). 1 has bean shown
thit APE Iz & mose velid predictor of exerclas Imansity at highar intonsilas.
Eston ot al. (in Wilkams & Eston, 1988) Instructed subjects to run at constant
exercies intensitias thal they parceived cormesponded to 8, 13, and 17 on the
APE soabe. |f was found that APE wes &t least as good a predicter of exarcise
intensity &5 hear rate pariculady &t the two higher RPE levels. In conchusion,
RAPE seams to ba & valid ool for astimatling exarcies inansily in dowrhill sxi
ergomeliny aspocially abt modarate injenshles.

Table 5. Faling ol parcaived axartion scale (RPE)

Rating Dascriplion
[
E Very, very light
g Wery light
10
11 Falrly Bght
12
13 Somawhal hard
14
15 Hard
16
17 Vary hard
18
19 Vary, very hard




Table 6. Classification of msensily of exarcise based on 2380 minutes of
endurance tralning (ACSM, 1981),

Rating ol

WO mex or Parcaivad Classificallon of
HAmax HRmex rassns Exartion Inlansity
=35% =30% <10 Vary light
35-50% 30-48% 011 Light
B0-TE% 50-T4% 1213 Modaraia

{somewhat hiud)

BO-89% TH-B4% 14-18 Hoawvy
=[8% =Bdh >16 Very Heavy

Tha third purpose of this sludy wes bo investigats the HR-V, relationship
during downhill ski ergometry compared to that of treadmil running. The
astablishment of a iraining intensily from measures of VO, is accurale, but
impractical without sophisticated equipmant. Consequently, the intensity of an
aarobic activily ks ususlly calculated from a percentage of HAmax, Tha use o
targat heart rate o 855055 ihe inlensily of asroble lype aciivitles |s based on
ke azsumplion thal HE noreases proponfionately to increases in VO,. Whila
this relafionship l= essantlaly linear and proportional during running and ayaling
(Parker et al, 1988), it has not baen estabished for downhill ski ergometry.
Furthermore, downhill skiing is an intervaktype sxercisa and is usually classiflad
amang the anasroblc events (Salbens, Corilll, Gavazzi, & Magicin, 1935).

Resulls showad that thers was no significant differonce between aciual VO,
measured during dovenhlll skl argometny and VO, predicted from the treadmill
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running prediction equations for bath the NordioSport™ and Skior's Edga™
condilions, & the sama HAL Asiual YO, and predctad VO, were 32.4
mikgimin &nd 35.5 mlkp'min for the NordicSpor™ condition and 28.2 mikg/min
and 25.0 mifkgimin for tha Skier's Edge™ condition, respectively. This indicates
that HR and W0, during downhill skl ergemairy and treadmill running hava
assantEally tha same Inesr refationship. b conclusion, the use of a fangat hearl
rabe fo determing exerciss infensity during downhilll ski argematny is wanranbed,
In sumrmary, based on the results found in the prosent study, | can be
conaluded that axenzising on the MordizSport™ and Skier's Eoga™ ski
ergometers can elick physiclogical responses thal are within the guldelinas
racormmanded by tha ACSM for Improving and mainiaining cardioraspiratary
endurance. Also, when compared 1o the Skler's Edpge™, exercising on the
MordieSpon™ downhill sk argometsr would provide a mare time efficient
workout at a similar cadencs and horizomal displacemant.  Furthesmore, this
study has shown that the use of a parcentage of HRmax and the use of tha
RPE scala are bolh wald methods to eslimate exerciss imansily durirg downhill
gki srgomalny. Finaly, i can ba sald that to opimize YO,max and fo maintain
proper skiing mechanics during the summear saasan ar balween ski trips,
exaroiging on a downhill skl ergometer represenis & goed allernative to the real
gpoil. Furihar research is neadad to identity how downhil skl ergomatry
gimulates sctual downhill skilng on snow from a biomechanical parspaciive.
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EMERGY COST OF DOAWNHILL E¥1 ERGOMETRY
INFORMED CONSENT

Your wrillen consent s neadad prior o your paricipation in this study. Pleaso
read this consent document carelully and sign your nama in the space provided
below.

In sccondance with the genaral guiialings on fhe rights and welfare of human
subjects, approvad by the Faculty Senate of the Univarsity of Wisconsin-

La Crossa, the following informed consent documend s prasentad to sach
subject. This procedurs is In compliance with policies formulated by the LS.
Daparimant of Health, Education, and Welare, and is desoribed in detel in
Genate Document FA-012,

PURPOSE: To defterming the anergy cost and relative intensity of axarnalsing
on the MordicSport downhill ski ergometer and hence irmmstigata its abilily as a
mode of awarchse to potentially induce changes In cardioresplratory fiinass.

PROGEDURES: Fifieen exparanced male downhill skisrs betwaan 18 and 30
yaars of aga will be recrulted to penicipata in this sludy. Esch sublact will ba
raquirad 1o take part in lour lesting sessions in tha Human Parformence
Laboratory In Mitched Hall af UW - La Crosse.  The firsl session will consis] of
a treadmil VOymax test and anthrapomelric maasuremeants which will inclede:
hsight, weighi, and skinfolds. During the sacond session, each subjact will ba
given ample time 1o prectice on each of the downhill ekl eimulators, Tha

of the practice session s for each subject to got acquainted with the
simulaters. Once the investigators feel that the subject is compatent, &
cadence allciting & haart rale batwaen 70 o B5% of HRAmax will ba determinad
while exarcising on the MordicSport downhill ski ergometer. During the thind
and fourth sessions, hear rale and cxygen consumplion responses will be
measured during 20 minutes of steady-stabe exerciss on both the MordicSport
and tha Skiar's Edga dawnhill ski argomatars. A 10-minute warm-up parlod will

each of the exparimental protocals. The folal test time for each of the
4 gassionz will be approximately 45 minulas, a tofel of 3 howrs for the antire

tmsting.

DISCOMFORT OR RISKS: There exists the possibdity o sdvarse chanpes
oecurring durng the VO mox lest. They could include abnarmal bload
prasaura, fainting, disorders or heart tythm, and very rare instances of heart
atlack or avan daath. Evary effort will b meds 1o minimize those risks by
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having you complata tha Physical Ackivity Readinass Questionnele and by
obsarvations duing testing. Tralned personnel are available to deal with the
unususl sikesllons which msy arse.

BENEFITS: Your paricipation in this study will seree to contribution o tha
advancamant of science In the lield of human parformance rasearch and
training. By parlicipating, you will find oul your VO,max and your parcantaga of
bady fat.

PHYSICAL INJURY: In the event your paricipation resulls in any physaaal
injury madical treatmant will ba meds avellabla. However, no compensation will
ba provided by fhe University of Wiscansin-La Crozse for any injury occurring in
connection with the conduct of this rasearch.

QUESTIOMS AND AMSWERS: Questions you may have regarding any ol the
procadures are welcomed and encouraged. |f you heve any doubts or
concems, please ask any of the imvestigators for further axplanation,

WITHDRAWAL: You are free to withdraw conssnt end discontinue paricipation
at any fima withoul penally or lose of bensliis to which you are othanwise
enfitled. Howevar, if you heve any doubt about your abilly 1o adhane 1o this

sludy, please do nof paricipate.

CONFIDENTIALITY: Al dala oblained will be kept confidential. Mo dats will ba
identifled by name ar any atier means in any summarles, publications, ar
reporis ihet resull from 1esiing.

inwvestipator's Sipnature
| acknowladge that | have read and understand the informed Consant
Docwnant i its antiraty. | have also bean Informad and undersiand the

foresepable dizcomions, rsks, end banefis. |, the undarsignad, giva my
cangant for participation In the Energy Cost of Downhill Ski Ergometry Study.,

Cratec Signad;
Address:
Talaphone:
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PHYSICAL ACTIVITY
READINESS QUESTIONNAIRE
{PAR-Q)

YES MWD 1. Has your dogtor ever seld you have heart troubla®

YES MWD 2. Do you irequently sufler from pains In you chasi?

YES WO 3 Do you ofban fesl faint or have spells of dizzinass?

YES MO 4. Has your dooctor ever sald your blood prassura was oo high?

YES MO 5 Hae your doctor ever told you thet you have a bona or joank
problam such as arfhrilis that has bean aggravated by
exarcise, of might be made worse with axarcise?

YES MO & Isthere a good physical mason not mentlonad here why you

should nol exercize?

The above quastions have been answared fruthfully end to the bast of my
knowledge. | am nol withholding any informalion regasding my heelth status
whilch would place me at an increased risk of injury or cardiovasoular problems
by participating in this research exparimant,

Sigreesd: Dala:

* Governmiant of Canada Fimess and Amateur Spord, 1586
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REVIEW OF RELATED LITERATURE
introduction

This renview of llterature will concentrate an downhill skiing "on anow® since
thara i no publishad rasearch on downhll ski engometry. € s Importond b nala
that the study of the enargy cost of dewnhill skiing presents many difficultias.
Thia condition of the course, its length and steapness, i intervals belwean
rurs, and fhe radivs of the tums are factors that affect tha intensity of downhill
skiing (Karvonen, Rauhela, Chwalbinska-Maneda, & Hénmnan, 1885).
Furthenmora, though the slope may ba the same for all skiers, differences in
sklll, technigue, and mechanical work resull in large diferences in anergy
expendiure (Veicsieinas. Farredti, Margonats, Aosa, & Teplisbus, 1884). Also,
downiilll skiing is not easily reproducible in the laboratary. The combinatlon of
thess factors makes the analyss of the enargy cost of downhill skiing a difficult
tagk and tharefone has been tle etudied.

Andersen and Montgomerny [1588) reviewed the physiclagical
characieristics of elife downhill ekiers, They found that efe skiers display high
levels of anasroble power, anasrobio andurance, asroble endurance, muscular
sirength, coordination, agilty, balance, and flexibility, The present review of
ieratune focuses on the contrbution of differant enargy sources durng MII
skiing.
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VO,max of Elite Downhill Skisrs

The physlologlal characiaristios of elile alhletes pracilcing a ghven spodt
oftan dalesming tho padormaneo demends of thet spod.  Many researchans
have reported that elite dawnhill skiers hava a high VO,max (ses Tabla 7). The
great mitoohondnal enzyma aciivity of elite skiers also demonstrates fhe asrobic
nature of downhlll skiieg [Erikssan, Mygasrd, & Salin, 1877). Some sludiss
have slso raporied & signflicant corralation betwean skiers' VO,max and
downhill skiing performance. Song (1982) found a significent corredation
ir=«62) belwsan the VO,max of junler downhill skisrs and ekilng pardormanca.
Song combined the tme for two runs in tha downhill and glant slelom events as
tha measura of skiing parformanca. Andorsan, Monigomary, and Turcotla
(1200) also found & signiicant corralation (r = - 83) balween glant slalom time
and asrobic endursncs as measwred by the Lager shullle ren 18st, On e
sthar hand, White and Johnsen (1991) raporiad na comalation balwaan VO max
and downhilll skl perlormance, Theay found that thare was no differance
betwaen the VO,max of ragional, national, anc/ internationa) skiers for bolh
males and females (see Tabls 7). They argued, howaves, that the asrobic
capacity of the sklars In thelr study may heve been above some minkmum leve
necassany for padormance. Brown and Wilkingon (1983} elso found that
VO max did not discriminate between national and divisional skiars.

The etflampt 1o extrapalate the physiologioal demands of downhill skiing from
the charactaristics of alite. downhill skiars may be problemeatic, The high
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VO max of sie downhill skisrs may not raflec! the aclual damands of the spor.
Inshond, it mny ba tha rasult of Imansa enduranca training programs during the
oll-geazon (Andersen & Montgomary, 1988, IKardagon, 1984). In & study

Tabla 7. VO,max values of various groups of elile downhill skiars

Feferences and group Males Eamales
clagalfications My miltgimin M} mlbkg/min
Andarsen & Monigomery (1991)
Divislonal ] 58
Bargh at al, (1978)
Tap alhlelas 4 65
Brown & Wilkinszn {1083)
Mational i0 B3
Haymes & Dickinson {1880)
Mational 12 &7 13 53
Karlsson et al. (1978)
Intemalional 17 ra | T 54
Geibene et al. (1885)
Mabional B 59
Seong (1882)
Junior B G5
Vaicsboinas ¢l al. (1984)
Intamational B 52
White & Jochneon (1881)
inlamatianal 12 63 17 a7
Kational B 53 [ 45
Raglonsl 1 51 7 43
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by Haymes and Dickinson (1878}, 10 women from tha U5, Alpine skl taem
werg tested at the beginning end the end of the skiing season. During the
ekling season, vary litile emphasis was placed on aercbic iralning. 1 was found
that WO,max dropped significantly from 53.1 1o 48.6 mikg'min, The authar
conckidad that tha decling [n WOumax may reflect the lowsr damand placed on
the cardiorespiratory system In downhill skiing companad with dry-land training,
In another study, Andarsen and Montgomaeny (1981 ) found no change in

VO max from tha star {60.2 mikg/min) to the end (58.3 mikgiming of tha skiing
seagon. Howsever, dry-land training supplementad the daly on-enow practices
and waekly races, This might have helped in the maintenance of VO,max
echieved during the summer training program. Kanianen al al. (1985) franad
23 subjeals for 3 menths, 3-5 timas par woak, 124-1B4 minutas per sesslon
during which the subjecis ran a slalom course 15-22 times at 58 minutes
intarvals, Those who had been praviously active in some other fisld of spors
ware allowed to continue. N was found that the female skiers” VO, max
significantly increasad from 38.0 to 41.2 mikg/min but remained unchangad for
the male eklars. Physicel performance capacity on the cycla argometer
significantly increased in both male and famala skiers. Anolher Fnding was that
blood laciate concantrations were sipnificently higher after the training pericd for
both males and females {from 6.7 o 11.5 mmoll and 6.4 to 10.8 mmodL,
respectively], The aulhors altibuted the increases in physical perdermance o an
Incresse in enasrobic endurance, From thesse lmiled data, it seems that



Vi max desrapzes during the competilive ssason unless mainained by drg-
land training.
Aarobic Demands of Downnll Skiing

Actual massuramenis of VO, during downh skiing show hal the skier
usne o hgh parcantaga of his VO,max, Karlsaon, Ericksson, Forsbarg,
Kallbarg, and Tesch {1878) analyzed tha metabolic worklcad of downhill skiing
in alite and recreational skisrs. In the efite skiens, ihey found thal an & glant
slalom course thel lopk approximately BS saconds fo oover, e masn VO, far
glght mune was 88% of WOymax (3.6 L'min or 1080 kcalbr). The sublects
rasched A5% of VO, max in the last run (3.9 Limin or 1170 kcabfe), Head rales
were not reported. Salbena, Cortll, Gavazzl, and Maglsirl {1985) lound that
during an B2-second giant slalam evant, the VWO, coresponded to B0% of the
sllers’ WO e, which = similar to Karlzzon's meullz, Thess resulls supgoest
that the skier compating in giant slalom uses a high parcentage of VO;max.
Karsson at al. (1978) also found that when recreational skiers skied an thair
own al @ paco that was maximal for them, YO, reached levels of 50-70% of
VO,max, A possible axplangtion for the lower parcentage of VO,max in
unskilled skigra iz that many perform more stabic contraclions than elibe shkisea,
This reduces bload llew ko tha muscles which are forcad to work anserableally
with the lormation of lactic acid &8 & byproduct (Saibene &t al, 1985).
Similarly, Eriksson et al (1977) reporied that beginner skisrs reached 40-50%
af their WO mex durling & courss in downhill ekling. The concomdan hearl rates
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ware 140-150 bpm (st 40% of VO,max) and 150-160 bpm {at 50% of VOmax).
The authors stated that the haar e msponsa was highar than expectad from
the VO, values, Elite skiars, on {he olher hand, showad a closer correlation
batwesn VO, and HA, {Le., maximal valuns &re attained simultaneousty). Like
Karesan &l al. {1978), Edksson st al. (1977} attribuded thosa rasuls 1o tha
preater stakio oontraclions displayed by the bapginnar skisrs. Therefore, thass
resiulls show Bhat downhil akiing for The recreational skier provides some
iraining of the cardiorespiratory systam. Furtharmora, the intansity of skiing
[percent of VO,max) increases with the skiar's leval of proliclency, approaching
meximal valuess in the alite skiar.

Thesa rasults support the importance of a high VO,max In downnil skiing
and support tha nesd and banefits of an endurance training program. A high
VO max allows a longer use of energy from serobio matabalism sparing fhe use
of enargy from anaerobic metabolism (Sanpg, 19682). Also, a high VO,max
alfows for a faster racovary from high intensity tasks that raguire the use of
anaarchic enorgy rsenas,

Anasroblo Damands of Downhill Sking

Downhill gkiing s an intarcaktype axercize usually classified among tha
anaarohlc events (Salbena e al., 1885). Several Investigators have sald that
downhil skling requires boh eercble and enasrcbic endurance. Salbane &t al,
{1985} maasured the anergy cost of a giant slatsm svanl in sight sklers of
national lavel. Enengy cost analysls showsd an semble contribublon of 46, 4%
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ervd an anasrobic contribution of 53.6% (25.3% by ha lagln acid produsticn
and 28.3% by the alactis debd), The sum of the net VO, gross alectle dsbl,
and the cxygen equivilent of the |ackia acld produciion was equivalant 1o 8.4
milkg/min {abow 120% of the average VO,max). From these resulls, Saibana
et 8l. concheded 1het the asrablc and the anasrobio sources share the sama
cedribulion bo the enbrgy cost ol & skl ren. In a study by Velestalngs & el
{1864), tha sum of bath esncbic and anearcbic contibution of a 55-second
spacial slalom event was 232 mlikgmin {almost 200% of the everage
VO mex). During & 70-second glant slalom event the sum was B2.9 mlkg/min
{sbout 1807 of the averaga VO,max). In bath the spacial slalom and glam
slaleem, the earcbic end enasnoble conlribution was about 30-35% and 65-F0%
(=40% by lactic acid production and 25-30% by the alactic dedt), respectivaly.
Drosenhiil skiars have high lavels of muscla and blood |actate following race
funs and training which shows that the ansercbic anargy system is used
axiensivaly during downhill skiing (Whita & Johnson, 1881). Blood Inctate
soncantration i around 10 mmolL afer inlense downhill skiing for alile skiars.
Beginners, cn the oiher hand, ssldom reach lactale levals higher than 4 or 5
mmollL (Erkssan al al, 1977} Karlsson o al. (1978) found that alite skiers’
muscla lackala concantration was 8.8 mmolkg of muscle and in recreational
skiors 5.2 mmolkg of muscle.  When skiing at top spaed, the bast skiar had &
muscle lactate concentration of 22.0 mmolkg of muscla, in & study by
Karvonaen et al. (1985), maximal biood lactate values significantly increased
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aftar 3 months of on-gnow tralning for both male and female skiers. The blood
laciale values Increased from &7 to 11.6 mmolil. and from 5.7 1o 10.8 mmolL
in males and females, respactively.

ESjudies have found that racing parormance of @Me skiers iz significantly
corralated fo anaerchio endurance as measwad by the Wingate tesl. Song
{1982} found that giant slalom pedormancs was signicantly comealated
ir = -.63) o & 30-zec Wingate tast. Andarsen el al. (1880) reported a
significant corralalion (r = -63) betwean a B0-sec Wingate ta=t and parormance
on & giant slelom coursa. |n & study by White & Johnson (1831), the
nternational leval skisrs axhibfed sinificantly highar Wingate endurance
compared to nationel and ragianal groups,

Summary

In summary, downhill skiing requinas both asrcbic and anasrobic
endurance. The imporance of & high VOumax in downhill skiing perormance
and the decrease In VOumex obsenved during the skiing season whan on-snow
fraining Is not supplemented by dry-land training darctes tha importance of
aerobic training as part of evary skier's conditioning program. A high VO,max
allaws for & faster reosvary fram high indenaity iesks that requira the usa of
anasroblc enargy reserves. Furthermore, a high leval of physical fitness may
help reduce tha risks assoclated with fatigee in skilng. Injuries often coour at
the and of tha sking day when skiors are istigued (Andarsen & Montgomary,
1981).
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