ABSTRACT

Haug R C Development and validatlon of maxlmgl testing Qrotoool for the the
Nordieflfrack cross-country ski simulator, M5 in Adult Fitness Cardiac o
Rehaollltatlon, December 1995 30pp (J Porcan)

The purpose of this study was to develop a valld VOomax testmg protocol for the .
~ NordicTrack (NT) cross-country ski simulator, To be considered a valid protocol,
" the maximal values obtained from the cross-country skiing (XC) testhadtobe
similar to those obtained from a maximal graded treadmtll (TM) test. During pilot
';testmg (n = 3), cadence (strides/tnin), arm resistance, leg resistance, and grade
~ were individually manipulated (o study the effect on measured VOo, Itwas found
“that the greatest benefit in terras of increasing VO3 during XC skiing canbe =

realized by increasing the frequency of limb movement rather than arm and leg

~ resistanice, A protocol for the NT was developed from the findings of the pllot

study and was compared to a TM VO, max test utilizing the Bruce protocol. -

Thirteen male and 15 femsale volunteers (aged 22-49) served as subjects and o
~ completed both tests in random order. The maximal physiological responses from
‘the XC and TM max tests were compared using paired t-tests. There wereno

significant (p> 0, 05) differences in maximal VO3 (42,5 vs 42,6 ml'kg-!'min-1; 3, 27

vs 3311 mm-l), HR (185 vs 185 bpm), and RPE (19.0 vs 19,1) for the XC and ™
tests, respectively. There were significant (p < 0.05) differences for VE(124.5 |
‘versus 118.6 I'min-1) and RER (1.15 vs 1. 21) between the XC and TM tests,
o resPcctwely Jt was concluded that the testing protocol for the NT XC snmulator s
- valid and can be expocted to ellClt Slmllal‘ mammal values when compared to TM
testlng - | o | o | | L
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_ IN1 RODUCTION
. Although walkmg and Joggmg are thc most commonly utlliscd modes ol
o | acz oblc actwlty, fitnoss cxperts havc bcon searching for alternatlvo fonns of
. __'cxermso whtch emphaslze total body fi ltness 1ather than only lower body fitness
. ! ' One typc of machlne deslgned o givc a total body workout whlch has become o
' : lncreasingly popular in recent years is the cross country skl s1mulator. Origlnally
dcmgncd to allow cross-countrv sloers the opportumty to train when weathcr
"condltlons were unfavorable, itis now a popular form of acroblc actlwty for all '

' | types and levels of fltncss enthusmsts. -

One of the many added heneflts of cross—country sknng IS that 1t can be a

o bcneflcnal form of exerctsc for 1ndtvnduals who cannot toleratc thc stress of

.'.-_-'runmng Thesc mcludc the elderly1 the obese, and those havmg ovcruse lmuncs
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' 'Thc movement pattem of cross-—country skimg employs smooth klckmg and
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: . ghdmg motlons w:th the Iegs and pulhng motlons wnth the arms. Thts seems to be E
R less stresslul on muscles and Jomts than elther runnmg or Jogglng Furthermore,
cross-country sknng, both m actual and s1mulated forms has been shown to have
" posntwe phys:ologlcal effects in both the yonng and old ‘itmard and Roy (15)
"-found cross-country sknng to have a favorable impact on mammal oxygen

o consumptlon (V()gmax), vntal capacnty, and flexiblhty in the agmg populanon In '

another study, recreatlonal cross-country sklers were shown to have a rclatwely




high Vozmax (56 6 ml kg hmln l) and J low percent body fat (10 l%) as

compared to tlte general populatron (9)

The main lnmting iaotor for most types of exerclse lastmg longer than ’i

o ) minutes in duration is the ability of the cardiorespiratory system to delrver oxygcn B

. to the working muscles (5) The best means of assessing this system s to moasure_

' VOQmax durlng exercise. Beoause musoles need oxygen to perform work foran

' oxtendcd perlod of time, large muscle gl‘OUPS must be engaged l" order to load the '
' ”respiratory and cu‘eulatory systems to a maximumt Por this reason treadmill and
o bieycle exercises have been the two most used laboratory fests for determining

. VOzmax. Beoause treadmill work utilizes : larger musole mass it typically results- -

- in higher maxlmal values than either oycle ot amt ergomotry (l)
Theoretioally thon, cross-country skling, either in the actual or simulated

-form should result In even higher V()gmﬂ‘{ values than treadmlll work due to the

E utilization of both thc arms and legs. However, most studies have shown equal or .
| .j lower valuos for srmulated cross-country tests compared to treadmill testmg '
- (2 Hmze unpubltshed observations, 10) It is possrble that these conflioting

o results could be due to clrfferenees m the subject populatron or tlte testing protocol o

- : Subjeots familrar wnh skung as a mode ol" exerctse tond to have srmilar treadmlli

- and skimg V02max values (2 10 13) whereas those unfamiliar wrth skimg as a

- mode of exerorse tend to have lower skimg than treadmlll Vozmax values (Hin re',- -

L '.-'unpublished observations) 7 - Nt o o

Due to the increasmg popularity of simulatcd oross-country slo maehines,

thelr use for exerclse testing in laboratory settmgs is beeommg more frcquent. 'l o




date therc ls not A well-—estabhshed protocol to test mdnwduals on this plece of

. equlpmcnt The purpose of thls study was to develop a V()gmax testmg protocol

- _l‘or oross-country sktlng usmg the NordtcTraok 900 It is belteved that the VOe

- tesponse to a properly devetoped protocol should compare favorably to the results

! _ '.-obtained duting a treadmill V()gmax test

MET HODS
Pilot Studx

l'bUbjSCtS. None were avxd Cross- country skters although all three were t"amlhar "
':WIth usmg the NordlcTrack ' '
Proeedure Workload can be mcreased on the NordloTrack by altermg the

- arm resistance, leg resistance specd and elevatlon. The mfluence of these

'f_'-'condltlons on VOz were tested usmg the NordlcTrack 900 In each of the tests, o -

- one varlable was altered whtle the other three remamed constant The tests for

each of the vnrtables conszsted of four stages, each 5 mmutes m duration. Upon

_completton of the ﬁfth mmute of each stage, the ‘workload was mereased untll the

- test was termmated

When arm resrstance was used as the mdt pendent varlable, reststance for

L the four stages was set at 4 lb 6 lb 81b and 10 ltb ’Ihe elevatton was mamtamed

at S%, the le 8 resnstanoe at 16 lb and the speed at a rate of 96 strtdes per minute. _

For each mcrease m workload m the ﬁrst three stages an average morease of

. j— 21 0% (5 7 ml 02) 2 4% (O 8 ml 02) and 4 2% (l 4 ml 02) respectwely, was

" ._-"'observed in VOz

_S_liu_t’:c_ts. Three male volunteers (aged 2/4 2'7 and 39 ycars) served as T
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When leg resistance was used as the tudependent vartabie, rcststance for the

, four 3“‘803 Was set at 16 20 24 and 28 lb ’lhe elevation was maintamed at ‘3%,

”-fthe arm resistance at 4 ib, and the speed at 96 strides per mtnute, For eaeh -'

increase m workload dnring the ftrst three stages an average merease of 12,5% .
N (3 { ml 02) 8 2% (2 3 ml 02), and 13.2% (4 0 ml 02), teSpectively, in VOo was

B "'observed

When eievation was used as the independent vartable, arm resistance was

set at 4 lb leg resrstance at 16 ib and speed at 80 stndes pcr minute for the first

-two stages. During thts time elevation was set at 5 and 10%, I‘he average

merease in V02 between these stages was 9 l% (l 9 ml 02) Durmg the next two "

_stages, arm and leg resistance remained the same, however the speed was set at 96'.'- '
' stndes per minuto. - Elevation was agam set at 5 and 10% for the two stages. Ihe .

average increase in V02 betwcen these stages was 7 6% (2 l ml Oz) All three

-_subJeets agreed that an eievatton of S% was the most comfortable. B '  '

The last variable to be tested was speed The strtde rates, as set by a

' metronome, were% 120 138 and 160 strtdes per mmute. l‘he tncrease in speed :

| between eaeh of the ﬁrst three stages resulted in an average mcrease of 26 4%

- (7 0 ml 02), 29 6% (9 9 ml 02), and 24 4% (10 6 ml 02), respecttvely, m VOz. -

The results of the ptlot study agree wnth the ﬁndm gs of Goss Robertson, .

; and Sptna (6) that the greatest benefit m terms of moreasmg VOz durlng srmulated - |

' cross-country skting can be renlized by increasing the i'requeney of hmb
movement rather than arm and leg res1stance. ln additton 1t appears that a 10%

f_lelevatlon yields only a sltght merease m V02 and tends to be more uncomfortable

' i'.than the 5% elevation. ,




Based on lhc rcsults ol’ thc pllot study tho followlng protocol was devolopcd for

_ llw oroeq-country ski slmulator (see Tablo ])

. - Table 1, CI‘OSS-COUIllI‘y testprotocol o
Stage ~ Minutes  Grade Strides/minute RcSlstance
Al’m (lb) chs (lb)

2
4
4
) ..
P
6
6
6

- Note: Women began'at stagelandmen -at stage i

"-Tostmg Protocol :
Subgect Thtrtocn male vol unteors botween the ages of 24 and 43 and 15

fomale volunteers betwcen the ages of 22 and 49 served as subjeots. All sub]ectsf

were apparently healthy wnth no known cardnovasoular or metabohc dlsoaso '
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T sttng Scl edulc Tlte present study was npprovcd by thc lnstltutlonal
Revlcw Boatd at the Untvcrsity of Wtsconstn La Crosse. All subjccts complctcd A
health hlstony qucstlonnan'c and an mfonned eonscnt document (see Appendlx A)
prtor to testmg SUbJCLtS then completed two to ﬁve practlce sesslons on thc

n _ *Notdlcl“tack T hlS was followed by a maxnnal trcadmtll (l M) test and a tnaxlmal .
¥ 'cross-country (XC) test. Subjects werc tandomly assl gncd the order for the XC .
' and TM tests._ All suchcts performed the max1mal cxetctse tests w:tltin 1 wcek of
.. _' each other and wl h at least 3 d'tys rest betwecn thc tests. _ '

N _I_’_l;a_g_t_t_c;_e__S__es_s_l_g_t_n Subjects unfomlltar wnh the Nordichck complcted two to
ﬁve practlcc sesstons, with the actual number dependmg on the proftctency of the
subject Durtng the fmal practtce sesston subjects practlced on the treadmill and
the NordtcTrack whlle wcarln g the mouthpwce and headgear used to measure

o oxygen consumptton. Thls was done to help reduce anxiety and to allow thc
I subJect to bccome famthar wrth the tcstmg procedure. In accordance wlth the _
Amencan College of Sports Medlcme (ACSM) gurdelmes for excrctse testmg (1) N
subjcets were told that no food eaffclne, or alcohol were to be consumed for at
least 3 hours prtor to testlng The sub_]ects wete also be aslred not to pcrform
heavy excrclse for 3 days prror to each maxnmal excrcnse test. - -
' Tcstlng Sesslon . Prtor to each test the subjcct S hetght and wen ght werc taken ' .
.- '. and entcred mto the Q Plex (Q Plex ] Qumton Instrument (‘ornpany, Seattlc I
. WA) The Q Plcx, an automated metabohc cart was uscd to assess the subJects

! exptred alr for the determmatton of absolute and relatwe VOz, ventllatton (VE)

:'and rcspiratory exchange ratlos (RER) The gas analyzers wcre callbrated prtor to -




-and resplratm y cxehange ratlos (RER) 'l he gas analyvers were caltbmted pnor to

o eaeh test usmg gases of known percentage that were ptevlously determmed by the . -

mlero Seholander method The caltbratlon of the flow metel was done usmg A

.2 850 hte: syrmge pump at vartous flow ratest Heatt rates were determmed usmg

o a heatt rate (HR) momton (Polar-ClC INC Port Washmgton, NY) and ratmg of

pereewed exetuon (RPF) was determmed usmg the Borg 15 pomt scale (4)

’IM test 'lhe test was performed on a Quinton model 24 72 treadmtll '  .

utllmng the Btuee pl otoeol and was preeeded by a S—mmttte selfuqeleeted

o warm-Up Pltysmlogleal responqe«; were recorded at the end of each mmute durmg .

- '-the test and the subjeot S RPE was recorded at the end of eaeh 3 mlnute stage and e

oat maxnnal exertton.

M 'l he lest was perfonned on the Nordlel‘mek 900 und wns also o

- pteceded hy Q ‘S-mlnute self -selected warm-up. l‘he )(C testmg protocol from

N\ able I was followed nnd physmlogleal responses wete iecorded at the end of

' each n'unute and at maxuml exen uon. RPh th.': reeo: ded for the arme alone, the

" legs alone, and the overall perceptlon of effort at the end of enr..h 2 mlnute stnge -

- and agam nt maximal exertlon

A test was determined lo be A true VOgmux test lf two of the following three

enterta wele met* l) f plateau ot decrease in oxygen consumptlon with an lnetea%

' in worklond 2) a heart mte no less thnn 10 heats below uge prcdictcd maxlmnl

hemt rate, and ’%) f RER value grenter thtm I O

r%ttttisti«.,ul nglyg g, btandard desmptivo statisties were used to eharaeterize

the subjeet population. Paired tateste were uscd to eompare the maxlmel values

-_ :ohtnlned from the XC nnd ™ teet lhe level of sngnlfieunee wuq set at p < 0 0’5
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S RESUL’I % ._ o , o
Tlmrteen male and 15 female subJects eompleted beth the XC aud the PM

- tests. I‘he descrlptwe eharacterlstlcs of the subjects are presented ln "l able 2

~ Table 2. Descriptive characteristics of the subject population

Height (cm) . Weight(kg)

XeSD
(tange)

(157 5e 190.5)"

1786ﬂ:63 o 87.9:1:15.
(16’76-- 190 5) (65.5 - 132.3)

168894 676493
(1515-- 182 9) (s27 8!4)

Netet ll .e ues represent mean i stenn . ev at en

B | here were no slgnlt‘ieant (p > 0, 05) dlfferences ln V02max (relatlve and

absolute), maxlmel HR end maxtmal RPE values between the XC end 'lM tests
. '-“(see l‘able "3) However, maxlmel VE was slgnlflcantly (p < 0 O‘i) hlgher fer the o
XC‘ test whlle RER wes slgniflcantly hlglter l’or tlte TM test lhe avemge tlme te .' .
exhaustlon durlng the TM test was 13: 16 mnmtes while the avemge time te -
- exhaustlon tlurlng the X(‘ test was 12 S’l mlnutes. -
The regltmal RI’E velues for each stage of the X(‘ test ale presented ltt lable

4 lt wns l‘ound tlmt tltere were no slgnll‘leent (p > 0. 05) dll‘l‘emnees l}etween the -




Iable ’3 Maxnmal physnologlcal responses obtamed dunng the treadmlll and
- cross-coumry sklmg tests , o - _

- Body weigh (kg)

QOverall

Males
Funalcs

' .-VE ('min- l)

-~ Overall
~Males
l*emalcs -

'.VO»» (1 min- I)
o Ovemll

- Males
Femalss '

o V()a (ml kg l'mm l) o

Ovenrall
-~ Males
- Females

Ovcmll
o ‘Males -
o Pemalss_'

: HR (bpm) .
Overall
- Males
l-unules

o pr
- (’)vemll

- Males
lh,mulcs

I gn' _

Treﬂdtnill “

 NordicTrack

o -764:}:.161

. _."'1186s: 26, 89
139442086
_. _100 S 16 44

2
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64
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.'«670* 96.

12458293
14762020
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Table 4. Regional RPE values for each stage of the XCtest

- Females

Overall
Males
- Females

~ Overall
- Males
 Females
~ Overall
~ Males
- Females:

~ Ovenall
~ Males
- Females
~ QOveral
~ Males
~ Fomales
, vl
~ Overall
~ Males
- Pemales
, Overal 179 %17 .
 Males 172217
- Females  187x14

Males 1874 1.5 - I185x20

- STgitlcant diiToronce botween momms (p <008
- Note: all values represont moan & standatd deviation




 Table 5. Average VO, values for each stage of the XC test

 Stage Overall REERS R - . Fe Ial.s'_' ”

_ voz . METs voz , MEI[S vo? _
(ml kg l*mm 1) - (ml kg l*mm l) (ml kg l*mm l)

. S . 2|9M4 6.3&1.0

i 241533 69£09 28026 66:|:0’7  251 ¢36 12810

mo 270&33 709 126,534 C76:10 277:}; 79&:09; B

A\ ¥ 3&34 89&10 314536 90£10 351_.-2¢3_._3.  8909
V. 356x4l 10412 363 4-4101 £13 35039 100 1]
VI 380%39 1091l 393%39 [125L1 366434 105k 10
v 8063 123 318

vim 451845 129:+_13

B three rq,lonal RPE valucs (ovcrall arms alone, and lc;_._,s alonc) rccordcd for cach
stage of the XC tost l‘hus, the Arm) work was not a limltmg factor for thc XC test o

DIS(‘USbION

“The purposc ol thls stucly was to develop a valid VOQITIHK tcsung protocol for -

thc Nordld mck 900 cross~country ski simulator. Because a '] M test I considercd .

to producc thc hlghest VOgmax vnlucs, the maxlmal va!ucs obtained from the XC

skiing test lmd to be similar to thosc obtamc(l from a maxlmal gradcd T M tcst ln :
order for lt t0 hc considercd a valid pl()lOCOI lt Was found that therc were no '

signiflumt dif[‘crcnccs bctwccn the X(‘ teet and thc ‘T‘M lcst In VOzmux (absolme o

| ', - nnd relmlvc). maxmml HR and mnximal RPL valucs. .




The ﬁndmgs of the present study agree wrth those of Porenn Austen, Floyd

3"“ Boyle (10) ﬂnd Bﬂl‘t Dorsellt and Leon (2) in lindmg no difference in VO;) -

. _between a mextmal snnulated eross-eountry sknng test and 2 tteadrntll test Fhe

B : present fmdings do, however dlffer from those of Hinse (unpubltshed

" observattons), who found the mnxtmal values from a stmulatetl cross eeuntry ski |

test lo be lower than those from a maxtmal treadmill test (52.. ml kg 1 mm +

-_ versus 56 6 ml kg 1~mm-l respeetlvely) The differenees in results mey be due to
o _the testtng protoeol utilized " . ' L

Beeause there is no estebhshed protoeel l‘or rletennimng VOgmax dunng

. 'stmulated cross-eountry skiiug. the testing methods Utilized in the present study
- differed from those of previous researchers (2 Hinze. unpublished observations,
10) The major differenees amoeg these studies avnd the eurtent study wes the :
, .' protoeol The study by Porean ot al (lO) und the study by Bart et al, (2) utillzed
_ eonstsnt arm reslstance settings of 4 lb ancl ] kg, respeetwely, throughout the -
duration of the test. Leg resistanee was based on till ahsolute value whlch .
_ -inereased durmg the test. Porcari et sl used a eontinuous protoeol with 2 minute I
B stages while Bart et al. used a dtsrontlnuous plotoeol with 3 mlnute stages. In a '
_ 'eontrest Hinze (unpubllshed observatlons) used an ann reslstance whieh inerettsed .
f from 2 to 3 kg after stege four andl a leg resistance whleh was determmed by '
| multlplying the subjeets welght by A speeii‘le eonstant l‘or eaeh stege. The test
- was o contlnueus protocol eonslsthng of 3 minute stages. Beeause the resistauce

o settlngs utillsed by Hlnze mey have greatly varied the ratlo ot‘ arm work to total

werk l‘or each suhjeet arm work muy htwe been a llmltlng factor. Reglonal RPB’ "

fer thls study were ot presented




Prewous reseorch has suggested that the suchct populatton may also tnﬂuence * o

o VOzmax values Seals and Mullm (l4} found that mdmduals who were upper
B .body tratned tended to have snmtlar VOgmax values on a combmed arm/leg test

- and A treadmtll test whereas mdmduals not upper body tramed eltctted lower
.maxtmai values on the combmed arm/leg test ths suggests thut those mdmduals .
g not accustomed to cross-couutry sktmg may have been llmited by uPpcr body
: fati gue clurtng the snmulatcd cross-country skt test Stmtlariy, studles whtch used -
L trained Cross- countty skters as subjeets found no si gutﬁcant dtfference in maxrmal -
ulues bctween tlte skl srmuiutor test and the treadmtil test (2 10) In contrast .
o thze S study (unpubhshed observuuons) dtd not use tratned cross-country skters
B _- 'and tound maximal ski snnulator values to be s gmftcuntly Iower than the maxtmol .
o treudmtii values. T he prescnt study, howevet did not uso traincd cross-country
o skiers nor upper body trmncd athietcs, yet maxunul vulues between the XC test
', and the T M test were srmilar. I‘lns suggestr thut it is not necessary t‘or an o

B mdividual to be uppcr body trumcd 0 ttchteve A valld VOgmux test on an exercise -

- rcquiring, arm und Ieg work

bwcral studtes luwe also suggcsted that the VOzmux in combined anu nnd leg o i
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i _power output in ehciting VOgmax (3 8) lt s generally felt that wlten arm work
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. 'f.those obtuined durm;_, Ieg work alonc. _ However, if umt work contributes iess thnn )

- 10 or greuter tlmn ’30% or the total power output VOQITHIX vulues tend to be iower o

o (’t 8) l‘he prusent study gencraily muintuim.d umt work ot 26% of the total power*

' output hence |hese rcsults ogrce wuh those found in previous studiest _
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Sngmftcant dlfferenees were found between the testmg protoeols for maxnnal E

VE and maxnmal RER Maxnmal VE was approxlmately 6 OI min -1 lngher for the o

XC test than for the TM test wnth results belng smﬂlar for both males and females. :

: | The higher vaers obtamed durmg the XC test are likely due to the addluon of arm o
_ 'work as arm work tends to eltclt htgher ventllauon than does leg work (I) '

- Maxlmal RER was sngmficantly lower for the XC test than for the TM test (l l‘i B

- | .versus i, 21), w:th resulte being snmtlar for both males and females.. .The

'dltferences in values are poss.lbly due to the faet that the XC test relled malnly on -

o _mcreases m speed to ralse VOg whercas the TM test 1elied on lncrcases ln both

' 'speed and elevatlom Prevn.ous studles have found that protocols utlhzlng hi gher

_ elevations have ylelded greater RER values than those uslng lower or no elevatlon , .

'at all (2 7 ll 12 16) Protoeols utlllzlng mereases ln both apeed and elevatton o

! __tend to eause locallzed museular l‘atlgue resultlng ln more lacue acld build up. o
' henee ellcltlng a higher RER value. . - ' '

In conelusion, the pmtoeol developed in thls study may be used as a viable '

: _ "'alternatlve toa maxlmal treadmlll test However, lt is reeommended that leg '

N reslstence be ralsed 1o hlgher than 16 lb for women and 20 lb for nen, as body

- Iwel ght and Iower body strength sl gnlficantly lnfluence the amount of leg

reslatance that ean be moved at hlgher speedst At hl gher leg reslstances veveml

_'tsubjeets had difﬁeulty malntalnlng the speelﬂed speed. Further lnvestlgatlon .

- __ revealed that if leg reslstanee was decneased these hlgher speeds t.ould be

N [i*'maintulned Further research should be eondueted ualng these reeommendatlons to '

.- 'determlne lf this would ellelt greater VOQmax valuea than those l‘ound in thls -
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INFORMBD CONSENT POR NORDIC'I RACK VOgMAX STUDY

o Pro;eet Tltle. Development and vahdatton of a max1mal testing protocol for the
- ' -NordicTrack cross-country ski simulator -

o 'Prinmplelnvestlgators. Rhea Haug and John Porcarl Ph. D

; -Ex \anation of the Exerc:se Tests = '

~ Asasubject for this study you Wlll perform a maxnmai exercise test on a :
‘motorized treadmill and a NordicTrack ski simulator, For both tests the exercise
intensity will begin at a level you can easily accompiish and will be advanced in
stages depending on your fitness level. You will be fitted with a headgear device
that will allow the collection and analysis of your expired sir. Your heart rate will

- be monitored throughout the test and you will be asked questions pertaining to
your subjective ratings of exertion. We may stop the test at any time due to signs

o fatigue or physiological abnormalities. Also, you may stop the test at any tnme "

due to personal feeimgs of fatt gue or discomfort

o 'Risks and Liscomforts

There exists the possrbtilty of certain abnormal changes occurrmg durmg

o these tests, These changes include atypical heart rate responses, fainting,

~disorders in heart beat, and in rare instances, heart attack, stroke, or even death,

~ Every effort will be made to minimize these risks by preliminarv evaluation and by'_ o

o ]_"observat:ons during the tests. Emergency equipment and trained personnel arc
o available to deal with any unusuai situations that may arise. . ,

- N ngonmbilities of the Parttet ant

Information you possess about your health status or previous experiences

of unusual feelings with physical effort may effect the safety or value of your

~tests are also of great importance. It

- exercise tests. Your prompt reporting of feelings with effort during the exercise
s your responsihiiity to disclose sueh

- ;_mformation from your past or ifit ocours  during testing

. Benefits to be E‘ 'eeted - P '
- Theresults obta ned from these exercise tests will be discusscd with you
. -.and may assist you in eveluating your aerobie eapaelty and in developmg a

B traming program. . - S - -

I ulres _ , S _ _
Any questlons about the proeedures used in these exerclse tests arc
- encouraged Ifyou have any doubts or questions, please ask for further

o j;'f,explana

OHS. .




- Thave read the above document, and I have been fully advised of the
- nature of the procedure and the possible risks and complications involved init,all
of which risks and complications I hereby assume voluntarily. I understand that [

. ' Fi*eedomfoif_,Co'nsent'-’_ B

~ may withdraw from this study at any time

~ Participant Signature:_________ Dae_________

~Investigators Signature: " Date:
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' VOgmax values to be the same (1 13) The dlscrepancy m these results may be

- _'_eXplamed by the relatWe eontnbutlon of arm work to the total work performed
:' Unfortunately these studles do not use the same motton srmulated durmg cross- -
'eountry skung, but rather the combmatton work was perfonned on machmes, such R
as the Schwmn Atrdyne or leg/arm ergometers., The few studtes that have used o

snmulated cross oountry sknng to mvestlgate the role of musele mass on V02 have - B

. confhotmg results (2 Hmze, unpubhshed observatrons, 8 9)

The Role of Muscle Mass m Determmmg V02
beveral StUdlcs have suggested that VOgmax in eombmed arm/leg eyelmg

1S dependent on the proportton of arm and leg contrlbutlons to the total power R

output in ellertmg VOgmax (3 6), To further confound the issue, mvestrgators




have observed that the level of arm tralnmg of subJeets wrll lnfluence arm/leg

.proportlons eontrtbuting to VOgmax (10 l 1)
Bergh Kanstrup, and Ekblom (3) eonducted A study to determme it VOa

| . durmg maxnmal combmed arm and leg exeretse was mﬂueneed by the rauo of arm "
to total work lntenslty These results were then compared to maxlmal uphlll and

' btcyclc va]ues Each of the ten male subJects perlormed submammal and maximal o "
'- work in me followmg types of exercrse* 1) uphill running on a treadmill 2) arm

| work (erankmg), 3) blcyclmg m uprtght posmon (srttmg), and 4) eombmed arm

R and leg exercise (crankmg and leg bleycle work) I‘he combmed arm and leg

o work was performed four drffetent ways, the arm work being 10 20 30 and 40%, :

N respectively, of the total arm plus leg work The VOzmax values for arm

. .ergometry, leg ergometry, combmed work of 10%, nd combmed work of 40%

o ,-were srgmﬁcantly lower than treadmtll runmng The VOgmax values for -

o combxned work of 20% and combmed work of 30% (4 34 lmm- and

,4 27 l mnn- ) respeettvely) were lower, but not sngmﬁeantly dtfferent than treadmrll .

B 'runnmg (4 4-4 1 mln~1) Results of th1s study suggest that the ratro of arm work to

e :."total work may be an 1mportant factor inﬂuenung VOz, and that the leg workload

o :m eombmed exerclses should be mtense enough to tax aerobtc power close to

o maxnmum

The results of' Nagle, Rtehre, and Grese (6) agree wrth the ﬁndtngs of Bergh -

et al (3) that the relatwe contnhuttons of the anns and legs in performmg maxlmal o

o 13,{3,@,3@ affet,ts VOzmax values.. Nagle et al had non—arm trained males perform

o maxnmal ann work (push-pull) alone, leg work alone, ancl eombmed arm/leg work '
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proportlons contnbute to VOgmax IS the level of arm trammg of subJects. Seals

and Mullm (10) mammally testcd well tramed upper body athletes and untramed '
mdmduals in four drfferent types of exercrse 1) arm erankmg, 2) legs only
'eyclm g, 3) graded treadmrll runnmg, and 4) eombmed arm erankmg and leg

oyelmg The untramed mdlvnduals attamed thelr hi ghest VOgmax on the

treadmlll whereas the well- tramcd upper body athletes attamed equrvalent valucs
in treadmlll and combined arm/leg exercrsel It appears from thrs study that

treadmlll runmng appears to be the most approprrate mode of exerelse for ehcitmg -

VOamax values in individuals not tramed for upper body actrvrtles. .
_Simulated CrOss-_-Country Skiing
Simulated cross-country skiing employs the arms and legs in motions

similar to those used in cross-country skiing. The arm and leg muscles act to




_- propel the body forward as tf actually on skts. The intenstty of the workout can be . -

| controlled through manipuiation of arm reslstance, leg resrstance, grade, and
. specd To date, literttture contreming simulated cross-eountry skllng, and more
speetfically the Nordw’l rack is llmtted Most studtes however, have shown equal -
or lower values for simulated cross-country sknng tests compared to treadmtll

. tests (2 Hinze, unpubltshed observations,S 9)

Bart Dorsen and [eon (2) tested male and female eollegtate cross-country - ' |

B skters to determine the eftects of stmulated eross-country skiing on VOzl‘n\ax‘ -

o 'Each subject performed two maxrmal exerctse testa, one on A treadmlll and one on
. Nordie [‘raek ski srmulator A modified Bruce protoeol was used consistlng of a
3 minute recovery period after the thtrd stage and each stage thereafter. _ The o .

NordicTraek protocol eonsrsted of 3-m|nute exercrse stages with inereasmg speed ”

: leg resistance, and elevation interspersed by 3-minute rest penods. The arm

B resistenee was mamtained at 1 kg throughout the test No significant dtft‘erenees

Iin VOgmax were found between the two tests for either the men OI‘ the woment .

o l‘he maximal values f‘or the men on the treadntill and the NordrcTraek were 60 6

' . _ml kg -, mm-l and 56 8 ml kg -1 mm—l respeettvely VOgmax values for the women o

on the two tests were even eloser eliclting an average value of 5’7 4 ml kg 1 min*l

‘ - on the treadmtll and 5‘7 1 ml kg ‘L mm- on the NordieTrack

Another study companng VOgmax values eltelted durmg srmulated cross—-

' . eountry skung and treadmill running was done by Porcan, Austen, Floyd and

_Boyle (8) Fourteen male eross-country skters, ranging m age from 22 to 41 each R

o completed a maxtmal exercise test on a treadmill and a Nordtc I‘raek skt srmulator.




A medit‘ied Balke protocol (selfnseleeted runnlng Speed with an lnercase in grade
ot 2.5% every 2 mlnutes) wus utiliz;ed ’I he NordieTmek protoeol eenslsted of

__ '-2 mmute stages w:th either tlte speed or Ieg resistance bemg altered Arm

' teslstanee remamed at 4lb and thc grade at 10% throtlghout the W"l The VOgmax

val ues attamed durmg the Nerdl(ﬂ rack test ( ‘56 2 ml kg 1 min-l) were not

slgmf leantly dtfferent from those ol' the trcadmill test (57 7 mi. kg 1 mln-—l)

A study by Ready and Huber (9) used eross country skl racers to compare B
skt walkmg, ski- walklng wnth arm res1stance prowded by a pulley system, and a
_ skmnll test 'Ihe Sklmlll test mvolved the use ef A treadmtll Wlth i modltled belt -
,eovcred w:th earpet CIassne raemg Sle and nylon ttpped peles were used by the .
subjects to perform the test Although the avera ge ttme to exhaustten was N
sngmflcantly less for the Sklmlll test than for the other tests, there was no .
difference | tn the response to mammal exerelse. '
' Whlle eaeh of the prewous stud:es found no sngmﬁcant differenee m "

_ VOomex velues between treadmlll testmg and sunulated eress-eountry skt testmg,

one study h"tS found conﬂtctmg results. Hmze (unpublished observatlens) tested .

: 'fourteen healthy male volunteers between the ages of 21 and 34 on both A
Nordte'l rack ski s:mulater and a treadmlll The treadmill test eonststed ef seven, B
3-minute stages wnth the grade bemg held eonstant at 5% Arm 'reSIstanee '
_'remamed at 2 kg for stages -1V and then mereased to3 kg for the remammg three
stages. The speed mereased durmg each stage in uneven tnerements from 96

strides per minute in the first stage to 184 strides per mmute inthe la'st '_Stage. The

leg resistance was determined by the subjects’ body weight. The subjects’ body




N weight, in kg, was multlplicd by 10, .12, .12, .14, .14, .16 and 16 respcctivcly, |
- for the sevcn stages. Fhe moan relative oxygon consumptlon t‘or trcadmnll mnnlng o

I (56 5 ml kg -1, rnin l) was stattstically higher than the value obtamcd durlng

n maxlmal simulated cross-country Sklll15 (52r.. ml kg -1, min l)

The discrepancy tn the results of these tcsts may be cxplamed by thc
| ,dtffcnenccs in subject pOpulattons and the testing protocols. The thrce studics _:
, whioh found no dlffcrence betwccn snnulated cross-countt y skting and trcadmill
- exerclse all used expenenced cross-country skicrs, whereas the study by I—linzo
' (unpublished obscrvatlons) dld not As mentlon prevrously, 1ndlv1duals who are -

_ upper body trained tend to have snm:lar VOzmax vaiues on a combmed arm/leg

o test and a trcadrmll tcst whercas individuals not upper body trained elicit lower

: ;'-maxtmal values on the combined arm/leg tcst(lO) It is possnble that those E o

o mdivuluals not accustomcd to cross-country skimg may have becn llmrted by .

- upper body fatl gue durmg thc simulatcd cross—country skl tcst Furthermore,

N testmg protocols for both the sl-n simulator and treadmtll exercnses were dlffcrent -
| | J'thzc s protocol utihzcd a higher initial arm load (2 kg) and increased the load e
e - ) | during the test whtlc Bart et al (2) and Porcan et al (8) mamtamed a constant

- | | arm load of l kg and 4 lb respectwcly Bart ct al also utilized 2 discontmuous

. . protocol as oppo' ed to a contmuous protocol thze s protocol also mcrcased leg R
resrstancc rclatlve to thc subjects body wctght Thls would result in variatlons x

: ! from sub_]ect to Sl.leCCt m the arm to total work ratio, possibly gomg abovc thc

0 -op " m al 10 to 30% ratio (3 6) Each of these factors may explain why thze

found a lower VOzmax valuc for the simulated Skt tcst as opposed to the treadmill

Itest' E I




] _’hysno]ogi_gai Responses to (‘ross—Country Skting

Cr oss-country skling, both In actual and simulated forms, has bcen shown ' '. '

A to have positwe physrologicai ef f‘ects in both the young and oid N 8 ct al, (7)
"tested 4’* male recreatlonal cross country skters wrth an average ago of 31

f .Subjects performcd a maxim'tl treadlmli tcst to determinc VOomax and percent

body fat Results of the study mdrcated that this group was a ﬁt subgroup of the

s gcncral populatlon, with V02|nax averaging ’56 6 ml kg g! mm and 10, 1% body

fat
_ Cross-mtrtttry skitng has also becn shown to eltcrt t‘avorabie physiologlcal
N responses in the agmg populatlon. Slmard and Roy (12) mvesugated the

' bloiogtcal chan gcs in indiwduals rangmg in age from 60 to 75 years after one

. season of cross-country skimg Subjects skied ttmcs per week for 60 mlnutes

o each sessnon, at a mean heart rate of 120 beats per mmute.. The trammg l‘ esultcd iﬂ 2

s gmtlcant increases in VOzmax, trunk flexibtllty, and vrtal capactty

Mostardt (Jandce, and Noms (5) conducted a 6 week trammg study to

?_ determme whethcr Ievels of condlttomng assoctated wrth convcnnonal leg work

~are comparablc 4] those assocrated with both arm and leg work. The mvestlgators

o tramed Six heal thy men usmg both arms and lcgs while a srmllar group of five men

. tramed usmg Ic gs only. A Monarch blcyclc was used for icg trammg, while an
' adaptable Flctsch ergostat was used for the arms. The subJects tramed 3 ttmes pcr
wcek and covetred and avcrage dlstance of 3 mllcs per sessnon.l Both groups

showed an mcrea ¢ of 12% in VOgmax after trammg Whiie there were no _

srgmftcant dtft‘ercnces in the tmprovement of VOgmax between thc two grouPs,
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-- thc arm and lcg sub_lects were able to do morc work ata lowor hcart ratc durlng the
- training progratn. T he authors concluded that combincd arm and leg work places |

o less physical strcss on the heart and skelctal musclc than does lcg work alone. :

o This indicates that tho feeilng ol shess may bc relatcd to tnetaboltc rate per square
I' area of working muscle rather than to total metabollsm, X L
' Stenbcrg, Astrand Ekbiom, Roycc, and Saltin (13) have also dcmonstrated '
- that exercise usmg combined arm and leg work was better tolerated and accepted .
o by subjects because thc overall stress und subjecttve physacal effort was lcss. |
f These studics suggest that an exercnsc whlch incorporates both arm and leg work i
may be bencftcinl and more tolerable to indwiduals. This type of exercise may be
o 'cspectally useful to the agmg and cardiac populations. While these studtes were
' not conducted usmg cross-country skiing as the mode of exercmc, results of the

studtes may be appited to oross-eountry sknng smce it requmes b-oth lcg and arm

work

Whlle it aPpcars that cross-country sktmg can eIICIt beneficial physnologwa] B

cffccts no fonn of combmed ann and lcg work has been able to produoe a hl gher

VOgmax value than a treadmlll test. There also appcars to be an optimal arm to

total work ratto of lO to 30% The chonce of subjccts and the type of testing

protocol for thc combmed worlc may mfluencc VOgmax valucs.,
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