ABSTRAC'I

WESOLEK B. J. mmmmmzmmwmmmm@
mh_(hg_hlgcdm_'r_mgkj?_()jl MS in Exercise and Sport Sclence Human Performance,
Aug._.,ust 1996 30pp. (W. Floyd)

The purpose of the study was to develop a VO,max test protocol for ¢ross-country ski

- racers for use ‘with the NodricTrack 900 (NT). 1t was desirable that the values obtained
using y the NT should compare favorably with VO,max values obtained from a treadmill
(TM) test in order for it to be considered valid. A protocol was developed from the
findings of previous studies and was compared to a modified Balke TM VO, max test
(self-selected running speed with an Increase in grade of 2.5% every 2 min). Eight ,
female and 4 male volunteers with a minimum of 2 years of skiing experience and | year |
of racing experience served as SUbjcctS and completed both tests in random order.
Maximal physiological responses were recorded for the TM and NT tests. There was no
significant ( p > .05) difference in VO, ml kg* min-! (52.9 versus 51,3), VO2 L'min-!
(3.38 versus 3.28), RER (1.20 versus 1.24), HR (189 versus 191), and RPE (18.6 versus
18.9) between the NT and 'TM, respectively. However, VE was smmf“ cantly higher
(p <.05) for the NT test than the TM test (124 versus 111). It was concluded that the
protocol developed for this study is valid and may elicit slig g,htly higher values than ™
rurmm;_._, -
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'CHAPTER |
INTRODUCTION
Maxlmal oxygen uptake (VO,max) is an |mportant physmlog,lcal parameter in the
desu:,n and revision of exercise preserlptlons t‘or aerobic athletes (Thoden, 199 ).
Several systematic trammg books (Sharkev 1984 Sleamaker 1989) sugpest using
" pereentages of VO,max as guidelines tor ttammt, mtensntles The modality used most
t‘requently In assessing an aerobio athlete s VO,max is uphﬂl treadmill (‘TM) runnlng,
because it typtcally ylelds the hlghest values. Although hlphest values are usually
‘obtained usmg ™ runnmg, thtS modaltty does not aid the athlete or coach In designing a
trammg program for a sport that does not utilize runmng, Hence the test must be
spemf' 1 to the sport in whlch the athlete partlupates

Several studies have been conducted to determine which mode of exercise yields an

_ mdmdual' highest VOzmax value Much dlscrepancy exits in the llterature oonoemmg,

thlS 1ssue. Most studies 1ndtcate that the amount of muscle massmvolved in the exercise

D i i

. P T
a — -
- .

has an |mpact on Vozmax For Instance, arm work alone and cyclmg typlcally yield 30-
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' 40% and 10- 20% Iower values respectwely, than ™ runmmD (Londeree Thomas
N 'Zlogas Smlth &Zhang, 1995* Myers, Buchanan, & Walsh 1991). Several studies
. (Brahler&Blank 1995 Seals & Mullin, 1932 Secher, Ruberg-Larson, Bmkhorst &
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Bonde-Petersen 1974) have concluded that the fitness level of the individual tested may
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play a role in determmlng the modahty that elicits the htghest max values. A study by
~ Seals and Mullm (1982) compared well tramed upper body athletes (WTUB) versus
nonwell tramed upper body athletes. The study found that WTUB athletes were able to '
_achteve s1m11ar VO, max values using arm crankmg plus leg cyclmg and running;

- whereas the nonWTUB 1nd1v1duals were only able to achleve their highest VO,'s wuth




umnmr, This suggests that mdwrduals who have tramed upper hodres may have hlg,her
VO,m.it values usmg aerobre equrpment that mvolves the lower and upper body. '
Lross--country skiers have the highest VOzmax valuesof’ all acrobic athletes (Astrahd
& Roxlahl, 1986) althoug,h no practical sport specrﬁc Vozmax test has consrstently
demoastrated higher values than ™ runnmg, Fhe actual sport and the simulated form of
- shum, 1 involve many Iar;:,e muscle groups of the upper and lower body. Theoretlcally,
'cross eountry skrers should have higher VOzmax values when tested on an apparatus that
s1mulates the motions ot Cross country sknng, s rather than TM ruunmg because of the
uwo!vement of more aerobrcally tramed muscle mass. '
'[deally, the best method of aSsessing A eross-'eountry ski racer's VOQmax would be to
: '_conduct the experlment in a field setting, However, the benefits of this approach would
most likely be outweighed by teohmcal problems.
- Purp , of the Stud
The purpose of the study was to develop a VO,max test protocol for cross-country ski
racers for use with the Nordie’[‘r'aek 900 (NT). .

~ The followmg hull hypothesrs was tested:

There 1S NO- slgmf' cant dtfference in maxrmal values between srmulated skung and

™ runmng,.

) he followmg, assumptions were made prior to each test:
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1 lt was assumed that subjects had not partlelpated In strenuous exerolse 24 hours prior
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to the test nor consumed food tobacco, caffeme or alcohol for at least 3 hours prior

to the test
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2. It was assumed that the reslstance of the arms and legs on the Nl remalmd
conswtant wnthm and between cach test,
The following delimitaions were present in the study:
.One of‘ the two mod_alities was randomly aSSigned to each subjeet on the ﬁrs:t testi'ng
' day. The seoon_d test session Was scheduled within a 4 to 14 day period of the first
test. - ' ' ' '
' The testing was performed during the off-season from late March to early June.
' No practice sessions were performed on the NT prior to testing,

The follo'\fl,*m;iD hmltatlons were present in the btUd}'
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The subjects used for this study WEre cross-country ski racers who had a minimum ot-
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2 years of skimg expenence and | year of racing exp‘eneoce.
The previous experience and coo_rdination of the subjects tested on the N1 could have
mﬂuenced the results of the study.

Qenmnons_otlenns

The followmg terms were use in this study
ing - a sport that is performed on snow with skis and poles used to
propel the body across varied terrain (Sharkey, 1984)
DJaan.aLSmdmg a Cross- -country sklmg, technique that utilizes altemate arm and leg
actlons to propel the skier forward (Sharkey, 1984),
B DO.uble_BQI.mg a cross-country uklmg techmque where the Iegs remaln in a fairly
extended posntlon whlle hip ﬂexlon and s:multaneous po]mg propel the skier torward

. (Sharkey, 1984),




1S m”lﬂlﬁ[ an aerobi piece of uqulpmunl that Imitates the IT'IOtIOI‘Ib '

of the Cross- c,ountty sklmg iechnlquc of dmgonal Stl‘ldll’lj, (NordicTrack, 199[)

>0le-$ ] - an actw:ty performed on dly Iund wuh poles that | |ncorporatcs lon;_,

strides, slmalar to boundmg, to lmlldte the cross country sklmg, technique of dlag,unal
L».lr:dlng, (Sharkcy, 1984),

iO.}mgzi the g graatt.sl amount of oxygen that can be utilized at the cel]ular Iwcl for the

cntlrc body (Wlllldms 1994)




CHAP”I l"R II
REVILW OF REL A TED 1. [”l FRA I”URI
_ntmdugngn

Cross-country SK1Ing involves the use of many large muscle groups of the 'Ioﬂver and
upper body as opposed to runmng, or CVLIII]&, whlch use prlmarlly Iower bod ,f Il‘lll‘sLlL
broups Because workmg muscle demands oxygen to metabolize uner&,v More worknur
- muscle mass should result in a hlg.,her demand for oxyg,cn and thus a higher VOuna»:
'Therefore \f VOzmax is largely dependcnt upon the dmount of muscle mass involved,
: mdmduals should achleve hlgher VOZma\c values usmg, appamtus that mvo!w,s upper
and lower body as opposed to modalltles that only involve the fower body. | lowcvu
research has not i'ound this hypothesis‘ to be totally valid. Several studies have compared
combined a'rin and leg work fo ™ running and have found m.ixed results. Ihe
'dlscrepanmes among fi ndmg,s are most Ilkely attributed to the design of the protoco! and
the trammg status of the subwct tested Fo date very few sludlus havc been conductcd
~ on cross-country ski racers to determme 1f higher VO, max valucs can be achieved usmg:,

a sk1 simulator as opposed toaT M

Role of Musele Mass in Determining VO,

- Several investigators have studied the role of muscle mass in determining maximal

Oxy‘ge'n'upt'ake.. Nagle, Richie, and Giese (1984) had hol_na'r'm trained males perform to
maﬁimal exertion using arm WOrk With a push-pul| mOtion !eg work, and combined arm
~and Ieg work on an alr-braked erg,ometer The combined arm and leg work consisted of 3
. trlals with arms contrlbutmg IO 20, and 30% oftotal work. No qlgmf'cant diffcrt.nces In

' VO;_max were found for the 10 and 20% combined workloads Howcver the values for




- ,- the 10% combined workload were signi"ﬁcantly higher than the values for arm work

) 'dlone leg, work alone and 30% combmed workload _
Berg.,h Kanstrup, and Elkblom (1976) also studied the eftects of VO,max using

| various modahtles Berg,h ot al. (1976) had 10 males perf‘orm maximal work using uphill
- T™M runmng, cyclm;,, arm work using a orankmg motion, and combmed arm and leg

“work. The combined arm and leg work was performed four dif‘fere_nt ways with the arms

~ contributing 10, 20, 30,and 40% of total work. VO,max values were :sim'il_ar in TM

. 'runn'ing and in combined work When ArmS contributed 20 and 30% of total work.

o I{owwer when arms contnbuted 10 and 40%, VOzmax values were 2.5 and 9, 4% lowet,

respectively. These results agree wrth the findings of Nagle et al, (1984), that the
contnbuuon of anmn work to total work i m perf‘ormmg maximal exercises affects VOzmnx
' vuluus | '

A study conducted by Seals and Mullin (1982) investigated the dlff‘erences (n Vozmax
' mnong wcll trmned upper body (W [‘UB) athletes and untrained mdwlduals usmg, arm.

' crankmg,, legs only -...yclmg, T M runmng,, and combined arm crankmg and leg cyclmg
lhe results from thls study mdlcated that 1) WT UB nlhletes were able to achieve 85% of
thelr leg only VOzmax usmg arm crankmg whereae unlramed athletes could only rr.ached
60 1o 70%, 2) WTUB athletes attained 120 to 130% of their leg on!y VOzmax in
I combmed exermse where the untrained group only achieved | IO to I IS%, and 3HWT UB -
athletes were able to attam their hig g,hest vnlues usmg combmed exercise and ™ nlnnmg,
whereas untrmned subjects could only achleve their highest values using ‘TM running,

1 hese hndmg suggest that WTUB aihletes (i.¢., Cross counuy ski racers) may achaeve

their hi ghest Vozmax values using a modahty that mcorporates upper body work




Compared to Treadmill Running

Sevetai stud:es have been perf‘ormed comparmg VOa.max values durmg szmulated
- sklmg and TM runnmg “Austen (1994) tested 14 cross country skiers who had at Ieasl
- two years ot‘ skung experience, ranging m age from ?2 to 41, uung a Nord1Care Stnder

‘and TM running, The NordiCare Strider protoc_ol _conmsted of 2-minute stages with
elevation and arms resistance held constant at 10% and 4 pounds, respectively (see

“Appendix A). The stride frequency and leg resistance were each increased throughout
 the test. A modified Balke protocol with a S-minute self-selected warm-up was used for
l the T M test The results showed that there was no slgmﬁcant d!fterence in V();maﬂ
'between the simulated sknng test (56 2 thl kg l'mint!) and the T™ runmng, test
(577mlkg,'mm ) o

 Bart, Dorsen, and Leon (1990) compated YO,max values of 6 men and S women

using simulated sknng ona NT and ™ rumnm, All subjects wue members ofa

national collvg,mtc cross-country ski team, The N test utilized i discontmuous protocol' _'

'f.:onmstmg of 3 minute stages with mcreamnb leg resistance, elevanon, and speed
mtersperst.d with 3 mlnute rest perlods The arms remained constant at l kg lhroughout
the test. "The modif’ ed Bruce protocol was used for the ™ test wnth 3 mmute rccovcry
' periods at‘ter stage 3 and thereafter The results demonslrated that there was-no ' _
.'S|gnif’|cant dlffercnce in V02max between the N'T (57 0 mi kg -1 min 1) and the FM test

- (590 ml kg min), _
A study by Haug (1995) nlso compared VOzmax valugs durmg simulated sknng lmng .
aNT and M runnmg Howevet, subjects used in this study were nonskiers The N“I
protocal consisted of 2 minute stages with elevation held constant at 5%. Stnde
f‘requency and arm and leg resistance were mcrea«,d throu;_.,hout lhe test (see Append\x

B). A Bruce protocol with a - minute self-selected warm-up was uuhzed for lhe T M test.




"The VOa max values achleved durmg_, the N T test (42.5 ml k;, 'min!) were not
su,m[’cuntly diff‘erent from those of the TM test (42 6 ml kg" min-t),

While the prevlous Stlldles found no sm,mf“ cant d1tferences in VOzmax between ™
'runnmg y and sumulatcd sknng,, a study by Hmze (unpubhshed observatmn) found
snnulated sknng to yleld su;mﬁcantly lowar VOzmav. values than TM runmm_, Hmze S
"study nwolved 14 healthy male volunteers between the ages of 21 and 34, I‘he Nl

' ;protocol conslsu.d of seven 3 mmule stages with the bmdt, held constant at $%, I‘hc |
specd mcrcas(.d m uneven mcremmts dunng cach stage from 96 stndes per mmute m the
first stage to 184 strl_des per minute in the last stage (see Appendix C), Arm remstance
'waé held conslantduring stages II-IV at 2 kg and then increased to 3 kg until Sllbjeéts-

C were eﬁhnuﬂted Jeb rt.5|stance \as dbtenmned by the subjecta body weu_.,ht T hc

subjects' body wug,ht in kg, was multlphcd by . 10, .12, .12, 14, .14, 16 and 16,
n:z'ut;pt.cnw_,Iyi for the seven_stages. The mean VO,max attmned during the NT tc,st (52.3

ml kg min!) was statistioally lower han the T test (56.5 ml'kg- min-!),

l he dlfferences in results bclween Hinze's study and the three studies that showed no
| dlr‘f‘arenm in VO,max between mmulatcd cross-country sk img and ™ runmng may be
"ailtnbutcd to different training levels of the subjects tested, protocols used, ora
wmbnu xthI‘l ot each Hinze's study used nonskiers as subjects whereas Austen ( 1994)
and Bart et al. (1990) used skiers, However, the study conducted by Haug (| 9‘)5) which
_used nonsklers as subjects, demonstrated no significant dlf‘f‘erence in VO,max between

, modnhtius

Another reason for the different ﬁndmgs may be attnbuted to different protocols used.,

Hinze (unpubhshed observntmn) used o protocol that mcreascdleg resnstance relative o ,
the SllbjLCtS body wclght wheteas the othet studies dld not This may have placed some

of tlu, subjects over the optlmal Arm work to total work load ratio of 10 to 30% (Bergh et




al., 1976; Nagle et al., 1984). Bart et al. (1990) also used a discontinuous protoco! as

opposed to a continuous protocol. Each'()f these factors may describe why Hinze found
~lower VO,max values for simulated skiing than TM running, '

S © Sport Specific VO,max Tests

~ Several studies have attempted to quantify differences in peak physiological responses
of specific maximal exefcise for cro'ss-c()untry s’kiing Watts et al. (1993) comparcd the

| .peak physiological responses to pole~strld1ng, double poling, and diagonal striding on

- f.rollu skis durmg maxlmal exercise. Six expert cross-country ski racers, 3 males and 3

- '.femalea ‘were used os subjects I‘he‘ pc)Ie-st'ndmg test mvoived slndmg In run'nmg shoes

. while usmg ski poles in a manor snrmlar to diagonal striding, T he ™ speed for this test

- was set at 2. 46 and 2, 91 m'sec: . for women and men respectwely The elevallon was set
- at 0.0% and increased 5.0% gvery 2 mmutes thereafter, Dlagonal stndmg, mvolved usmg
the dmgonal smde cross-country techmque utlllz:m;:, 1 the same protocol as the pole-

stridmp, test. Double polmg_., y involved the doubie polmg cross country skung technique.

o Fhe protocol for this test was similar as the prewous [ests LXCbpt women skied at 2.68

m-_sec-h It was concluded that doublepolmgehmts significantly lower VOzmax values
than pole- strldmg and diagonal strldmg, on roller skls during maximal exercise. Again,
this sugp_,ests that amount of‘ muscle mass involved in the exercise has an |mpm,l on
VOzma\z. _

A study by Ready and Huber (1990) also evaluated the physmlogtcal responses ot
- speuﬁomaxtmal exercise for cross-country skiing. Eight racers completed a ski«walking
test, ski-walking with arm resistance provided by a pulley system, and simulated skiing
ona'T™ with a modified belt that was covered with carpet Speed of the TM remained
- constant at 7.25 km/h for each of the 3 tests‘ Elevation bugan at 0% and increusud hy 4%

' evely : m!nutes untll subjects reuched exhaustion. It was concludcd thnt there was no




B -signiﬁcant difference in VO'zmaxBetween each of the sport specific exercises. Howev_er, -

lime to exhauqtlon for ‘-:lmulated skung Was stg,mﬁcantly less than the other two modes.

l"hts was attributed to the addcd weight of the eqmpmont and decrease in efficiency due

to shppage durm;_._, stmulated sknng, T hese are slmilar problems skters are faced with
'dunm, sknn;, and may explam why cross—country skiers have hi g,her VOzmax values,

The most 1mponant finding fmm the rewew of related llteraturb was that no
combmatlon of arm and lep, y work elicited hlgher VOzmax values than ™ running,
I{owever, there seeme to be an optnml ratio of arm work to total work around 10 to 30%

While most studms used uppet body trained athletes or Sklel‘S to demonstrate s:mtlar
Vozmax values for simulated skiing yand TM runnmg_.,, it is mterestmg, to note that '

nonskiers can achle,\'»e similar v‘nlues aswell (lflaug, I995).
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_ "CHAPTER Il
METHODS AND PROCEDURES
Bilot Stud , |

- A pilot study was undertaken to detennme the optimal ﬂywheel resistance, elevntton "
“arm resmtance and rate of stndes pet mmute for each stage of the NT protocol Iln, '

| pllot study moluded one male and one temale skier wnth 32 and 13 years of bkllh},
expenenoe 1espeotwe1y [‘otlowmg a written and verbal explnnatlon of the procedures
'_ and potennal nsks an mfonned consent was completed (see Appendm D) Ench sub|eot
completed a VOzmax test on the N I‘ wnh a protoool determmed by the thesis eommltte
(see Table 1), Physmloglcal data and subjeotwe responses of the four vannbles that

'mﬂuenee intensity were eollecﬁed durlng, y each stage of the test. A second protoool would
have been developed if one or both of the subjeots felt there needed to be a change | in the

Ini tlnl protocol. ._Subjects would then have completed onoth‘er vozmax test on the N'T

witha rewsed protocol wnhln 8 4 to 10 day penod of the nntlal test, However the
' subjeots coneurred that the initial protocol Was soustaotorv lheretore a second protocol

was hot needed

- Testing Procedures

. -_ .' -

I‘welve cross-country ski racers wnh a minimum of 2 years ot skiing expenenoo and |

year ofraomg experience were used as SleJeots for the study All -;ubjeots sn,ned an

inf‘ormed consent torm prlor to pamupotmg in the study,




' Tablc l. VO,max test protocol

; g ; st d - e, it = —ull . . da . - - - - ettt sl et~ it Sk sl bl 2, ik : LA o ki Beialine:

 Stape Minutes  Grade tndes/Mmute - Resistance
. - ' ~ Arms(lb)  Legs (lb)

, .
o hl b b rl F --_-....,——.—ﬂ-___ﬁ : ik h .
" L w v " T _wﬁ“m.-- - ileieieinpis el

0 416
106 4 IERY:
118 '
134
810 . 150
012 5% 162

214 % 166

14-16 5% 1710 4

1X - 16-18' 5% . 174 4

m—-—-—-—mn—* w*_- _-.--.n____- [ T R S Y

ey gl i . oy il g, St il A

I}lm;u Increuse stndw/mmute by 1 as m..c.dud aﬁer stagc IV

ach subject was randomily assigned the order for the TM and the NT tests. All
subjects were tested within a 2 week time per'iod of their first test with ot least 4 days rest

between tests.

S R 2L A

e, oW

Subjcéts weight and height were measured prior to each test. These data were enteréd _

- T ' 4
.--'.‘ CLE. Y

into the metabohc cart to delermme rclative and absolute VO,'s, respiratory exchange

ratio (RLR) and venulation (VE). The gau analyzers weére cnhbrated priot to each test
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using gases of known percentages determmed by _the micro-Scholander method, The
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. '_Cali'bration of the flow meterwaS“done using a 3.002 liter syringe pump at various flow
‘rates, Heart rates were determined usmg, a heart rate (HR) monitor (l’olar-ClC [NC Port

. _-Washmgton NY)
Treadmill Test

'The test was performed on a Quinton model 2472 TM (Q-plex 1, Quinton Instrument '

' Company, S'ea'tt!e- WA) us'ing a modif’ ed Balke test protocol (Selﬁseleoted speed with an
' _ mcrease in grade ot‘ 2,5% every 2 mmutes) All subjects received a S mmute self- '
| _selected wann-up prl_or_ to the TM test (s elf‘uselected speed wnth 5% ¢ ;_,rade) l’hysmlouca!
responses were collected during the I_ast_mmute' of each stage and at maximal exertion.

,Lmss.cgumry_msi

The test was ;)ertormed oh the N'l 900 model. Rate of stride was controllcd using a

- Selko du_,ltal metronome (DM-10, l-lattorl Seiko Company, | I D Mahwah, N N, Sub:ects '
wete penmtted to use a 5 minute self-selected warn-up prior to the: test (self-sulectcd
speed, 5% grade, with 2 reslstance of 4 lbs and 14 1bs on the arms and legs, r'espectwely}; '

The NordicTrack test protocol (see Table 1) was followed. Physmloglcal responsus were

collected durmg the last minute of each stage and at maxlmal exertion, _

I he tests wcr_e conmdered valid if two of the three criteria were met. 1)a plateau or
déc’rea’s:e'i'n VO, with an increase in work load: 2) a heart rate of no less than IO beats
below age predicted max heart rate, and lastly 3)a RLR ot greatur than 1. 0 WS reachud |

Descriptive statistics were run to charactenze t_he subjcc’-ts. A paired t-test was used o _
comparethe maximal values obtained during each modality tested. T'he level of

signiﬁéance was set at p < .05,




- CHAPTERIV
'RESULTS AND DISCUSSION
[|]|  l _‘;'_
"]‘he purpose of the study was to develop a VOzma\: protocol for Cross-c'ountfy ski

racers using the Nord:c T rack 900 slu simulator, Because '™ tests typlcally elicit an

- mdmduals hlg,hest VOzma\ va]uus It was dus:mble thqt the mammal va]ues obtamed on

_tht, N test should compare f‘avorab]y to the mults of 4 I M test in order for it be
) LOnbldu‘ed vahd ' ' -

Eight female and 4 male subjects completed both the NT and TM tests. The subjects'
ages ranged from 16 to 41 years, with a mean height of 169 (SD = | lem) and a mean
' weight of 63.5 (SD = 1 1kg). T hu NT and TM tests were valid VO,max tests because at
-Icast two of the three cntena (A RER over | () Theart rnte no lowet then 10 beats below
age pmduct:..d and a plaleau or decrense in VO, with an increase in mtensny) for a true

- VO,max were met by all subjects There wert.. o smmhcnnt (p> 05) dlmtrunces in

' VOzmax(rdatwe or absolute) mammal HR, maximal RI-'R mammal RPE values

belwu,n the N'T' and the T M tests (see Iable 2) However, maximal VE was sngmhcnntly-

(p<.05) hlg,her I‘or the NT test than the M test. The average time to exhaustion was
11:08 and 10:26 for the NT and TM, respectwely ' '

Dmussmn
T he hndmgs of the present study agree with Austen (1994) Haug (1 995), and Burt ct

al. (1990) in f‘mdmg o dlfference in Vo,_masc betwcen simulated sknng yand TM runmng
_ Howem tlu. present study dlsagrees with Ilmre (unpubltshed obsurvalmn) who found

~ simulated sknng Vozmax wllues to be lowet than TM VOzmax value
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Table 2 Maximal physmloycal responses obtamed durm&, N F and l M tusts

_-_-_-_""""'" — g -—l—l-l—l—-ll—l—ll—h—h—h___-__—_._u - r T -l r— p— i .

~ Nordic’ [‘rack _Freadmlll o t(p)

M SD

h—hﬂi——iwmt—-_q_;__“_ i - Rt h _y - P A -t " — . A e

VO, L minl 3.33‘ 98 328 84 165013

VO, mlkgmint 529 113 513 9. .65 (0.13)
120 07 124 07 125(024)
1240 256 1104 230 524 (0.00)%

191 10 -1.28(0.23)

RPE

: i(p<.05) T

(5"’ 3 ml kg-''min! versus 56. 0 ml: kg*"mm T he dlt‘&,renccs in values may be
: almbuted to the subject populatlon tested, the method of testing, and the ratio ol‘arm
'work to total work durmg simulated skiing, '
Since there is 1o established protocol Ior mmulatcd cross-muntry sknng, the present
' study dlft‘ered from previous studios Wllh regard to testing methods. One of the major

_dlfterences among these studies and the current study was the prolocol used Haug
- (l995) utlltzed § protocol in wlnch the arm resistance Imreascd from 4 (o0 6 Ib afler slage
" five, whc reas the prcsent study maintained a constnnt arm rcsmmnce of 4 Ib throughout

the duralmn of the test. Sludles by Bart et al. (1990) and Auslen (1994) also dtf‘tm.d




‘from the present study. Bart et al. used a discontinuous protocol consisting of 3 minute

~ stages with increasing leg resistance, elevation, and speed, interspersed with three minute

* rest periods, whereas Austen utilized a contiruous protocol with elevation held constant

o at 10%. In cont'ra‘st l-linZe.(unpublished obser'v"ation)' 'utilized an art resistance which

increased f‘rom 10 3 kg y after sta;,e four and a leg resnstance wluch was determmed by
~ multiplying the subjects welght by a speclﬁc constant .for each stage.. The test was a

continuous pmt()col comisting of 3 minute stages. Since the arm resistance setting used

'by Hinze may have vaned the ratio ot arm work to total work for cach subject arm work

L0l1|d hav:, been d limiting factor.

The subJect populanon tested may have also'i'nﬂt,te-nced Vozmax values, Seals and
Mullin (1982) dlSLOVLrLd that individuals who are upper body tramed tend to elicit
mmllar VOzmax values on combmed ann/le;_., tests and T M test, whercas mdwnduals who
are not upper body trained tend to have lower values on combined arm/leg tests. The
 present study, along with Bart et al. (1990) and Austen (1994), used cross-country skiers _

“as subjects and found no significant difference in VO,max between modalitics tested.
According to Thoden (1991), athletes tend to achieve higher VO,max values when
tested in the mode in which they_do:ﬂpeta This statement held true for 8 0'f"th'_e 12
subjects tested in the presem study with 3 out of the 8 sUbjects achieving _

5.0 mlkg!'min-! or higher during the slmulated sknng test than on the 'TM test

In contradictlon 0 Suals and Mullin's (I982) research l{aug._, (1995) VOzmaw tt,sled
nonsklers ona NT and a T™ and found no significant dllf‘ferences between modahtles,
This suggests that it is not necessary for an individual to be upper body trained to achieve
avalid VO, max test on an ekercise requiring arm and leg work. [n contrast, I-ﬁn‘ze's'

' qtudv (unpubhshed obsewntlon) wlnch also used nonsklers s subjeutq found V()zmax --

valuz.s during y simulated skiing to be Iower that 'I'M VOzmax values.
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Several re*earohers have invest ;,ated combmed arm and Ieg, work and have found that
I.the propomon the arms and legs contnbute to total power output can influence VOzmax
Nagle, Rlchu.. and Giese (1984) had nonarm tramed males perfonn to maximal wemon
~using arm work with a push-pull motion, leg, 1 work, and combmed arm and Ieg work on
an airubrakf., erg,ometer Ihe results mdtcatud that thore was 1o sighificant differences m
' VOzmax for the 10 and 20% combined workloads However, the VO,max values for tho
- 10% combmed workioad were su_.,nlflcantly hig g,hor than the valuus for arm work alonc
Ieg work alone, and 30% combmed workload. Bcrg,h Kanstrup, and leblom (1976) also
~ investigated the oﬂects of VOzmax usitig uphill runmng,, cyclmg, arm work uqmg,
crankm;,, motlon and combined arm and leg work The study revealed that Vozmax
. values were similar in runnmp, rand in comlnmd work when arms contributed 20 to 30%
“of total work However, when arms contributed 10 and 40%, ValllLS were s| E,mf icantly

lower.

These studies suggest that if' the arms contribute less than 10% or greater than 30% of

leg work, VO,max 'va'lues could be_ compromis’ed. The pres'ent study generally

_ maintained arm work near 20% of the total power output which may wplam the fi ndmgs
' n conulusnon the protocol devoloped in this study lor Cross-country ski rncn,rs usmg,
the N’ l is a viable altematwo for VOzmax teqtmg, 3 and may ohcxt higher values than I'M
runnm,g, It is mteresting to note that there were o prm,tlco sessions performed prior to
‘the N'T" testing. Moreover, four of the subjects had never been on o simulated ski

machine, Of these four subjects, three achieved higher values on the NT ski simulator.




CHAPTER V
SUMMARY CON("‘LUSIONS ANDRP‘COMMENDATIONS
Suramary

‘The purposo of this Study was to develop a VO,max test protocol for cross-country ski
racers usmg, a NordloTrack 900 (NT) sk1 stmuhtor Because TM tests typically elicit an
individual's hig,hesl VOzma\ valuos it was deswable that the maxlmal values obtained on
' the N'T test should compare tavorably (o the results of the TM test in order for it to be
considered valid, ' ' -

'l"welvocross-country ski racers with a minimum of 2 years of skiing ox‘perienco and 1
year of tacing o'-:per'ie'noe completed 1 VO,max test on the NT with tho developed
' protocol and on a TM umng, a modified Balke protocol Maximal physnolo;,lcal
-. rosponses WELe obtamed ol eaoh modality for the variables VOz (relatwe and absolute),
VE, HR, RPE, and RER, There was no sxgmt-lc_ant (p> 05) dlff‘eronoe for VO, (relatwo

and absolute), HR, RER.; and RPE between modalities. However, VE was significantly

(p < .08) higher for the NT test.

C .Hf'.' | o

While ma'ny human performance laboratories lack the large and expensive TM often

needed for cross-country ski specific VO,max testing, the N'T cross-country ski simulator
offers a viable alternative for coaches and athletes. '

' Since the N'T mimics the motions of the classica! style, diagonal stride, of cross.
country skiing to & areater degree than the newer skating style, those who predominately
race of train using the classical style may achieve higher values on the NT. This suggests
that the protocol is mosl appropriate for those who classical ski but can also be used for

all cross-country skiers,




. '. _ ::" . "‘ . o -:._ Q Ll_dbi |
. All testmg, should be per["ormed wnthm a 2 to 3 week period w:th tlm db‘r’bl()pc,d

protocol to limit tht. vanablllly n f'tness Ievcls of‘ subjects tested durmg, 1h¢. tulmg

perlod

2, Subjwts shou]d be 2 glven practlce sessmns on the N'T prlor to 1cst|ng, 10 tamllmrlzc

themselves w:th the apparatus
J I3 hte Icvel skiers (skiets wnth more than 5 years oi racing prurlemc) should be
uscd as the subject populatton and tested with the dm,lopf.,d protocol it

~ combination with the recommendations listed aho've.
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Table 3. NordiCare maximal exercise protoco! {Austen - unpublished master's thesis)
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T L - el
L] W Bl -

Stage - Minutes Grade  Strides’/Minute  Resistance
- ' - Ams(lb)  Legs(lb)

S
- . jrigh alls. al
i iy

02 10% 8 4 6
24 10% 100

46 10% 100

vV 68 10% 120

Vo 810 10% 140 4

V] 1012 10% 160 4

Wi~k ikl s———— el wleeih
1 L . iy —

- Note, Increase resistance on legs by 4"les-cv;J§ minutes as needed after stage V.




APPENDIX B

NORDICTRACK MAXIMAL EXERCISE PROTOCOL

(HAUG - UNPUBLISHED MASTER'S THESIS)
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' Strides/Minute  Resistance
~ Arms (Ib)

L ———— Sl =l
i

5%

5%

v 68 5%

V 810 5%
VI 10-12 5%
VIl 114 5%

VI 1416 5% 152

X 16-18 5% 168

~ Note. Women begin at stage [ and men at stage 11,
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~ Table 5. NadricTra’okz maximal exercise protocol (Hinze - unpublished observation)

il . .
e 04 4 e
h

o - " . . . o
—-— - —— "y T Rl w—t .

S s -l

Stage  Minutes . Grade Strides/Minute  Resistance
B - Arms (kg)  Legs (kg)

% oWk 2
% 112 12xW(kg) ,
% 12 O 2xWike)
v en s ek
Vo s S% 160 laxWike)
v _ 5-18 . - 16xWikg)

v 182l * - 16xW(kg)

~ Note. W = subjects body weight,
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- with the NordicTrack 900 -
Principal Investigator: Brent Wesolek, graduate student
- Project Chairperson: Dr, William Floyd (608) 785-8188

~ As a subject for this study you will perform a maximal exercise test on a NordicTrack

900 and on a motorized treadmill, You will be given instructions on treadmill running

- and simulated skiing on the NordicTrack 900. You will then be fitted with headgear that
will allow the collection and analysis of your expired air. Lastly, a heart rate monitor

- will be strapped to your chest to continually analyze your heart rate during the testing
procedure. The test may be terminated at any time due to signs of excessive fatigue or
other physiological abnormalities. Also, you are able to stop the test at any time if you

“feel you can not continue, ' ' '

As with any exercise, there exists the certain possibility of abnormal changes .
occurring during the testing procedure. They include abnormal blood pressures, tainting,
- disorders with the heart rhythm, and in rare instances, cardiac arrest, stroke, or even
death. Every effort will be made to minimize those risks by provision of appropriate
supervision during the testing period. ' -

forof Paroiatiis o

, The information obtained from these exercise tests can be used to assess the
- effectiveness of your past training program and help you to design future training
‘programs. Your test results obtained from this study will not be shared with any outside
party unless your consent has been given.

I I :
If you have any questions or concerns regarding the exercise testing, please feel free
to ask.

Project Title: Development of a VO,max protocol for cross-country ski racers for use

L, , being of sound mind and _years of age, do

~ (Signature of Subject)

hereby consent to, authorize and request the person named above (and co-worker. agents,
and employees) to undertake and perform on me the proposed procedure, treatment.
research or investigation (herein called "Procedures")

[ have read the above document, and I have been fully advised of the nature of the
Procedure and the possible risks and complications involved in it, all of which risks and
complications I hereby assume voluntarily.




' l hereby acknowledge that no representatnons warranties, g,uarantces or af‘sumnces of any
“kind pertaining to the Procedure have been made to me by the Unwersuy of Wisconsin-

La Crosse, the officers, and administration, employees or by anyone acting on behalf of
any of them

L understand that I my withdraw from the study at any time.

Signedat ___ this___dayof

i .

 (Subject)

L e . , {husband, wife, parent other) of the above-
named sub_]u,t o o have read the foregoing consent and the
document attached hereto and made a part of such consent and [ hereby consent to satd
Procedures
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