!
‘,
r
\
5

ABSTRACT

: ,W’EILANVD"K A gt three different speeds on a cross-country ski simul

MS in Adu}x Fatness/Cardlac Rehabxhtatlon, May 1995 3lpp (N K Butts)

S : This smdy n\vgstlgated the physnologlcal responses of cross-country skiing at 3 different

speeds using th NordicSport CroseTraining System™ (NSCTS). Twenty-four healthy

‘males (mean age.=26.6 + 6.3 yrs) volunteered as subjects. Following practice sessions to

become proﬁcxent oni the NSCTSTM each’ sub]ect performed 3 5-minute bouts of steady

-~ state exercise fora total of 15 minutes. The speeds of 2.0, 2.5, and 3.0 mph were used at

29.6%. grade with no resistance for arms and legs. During the exercise session, VO,
(L min-!, mi-kgmint, METS), HR, VE, Kcal, 'RER; and RPE were measured each

“minute.: It ‘was found that as the speed increased, all physnologlcal responses increased

sxgmﬁcantly (p <.05) at edch stage, mdlcatmg an increase in energy cost. It was

3 -concluded that the NSCTS™ may provide a means for cardmvascular improvements and
S welght management
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ENERGY COST AT THREE DIFFERENT SPEEDS
ON A CROSS-COUNTRY SKI SIMULATOR
INTRODUCTION

Although there has been extensive research comparing the energy cost of various
modes of cardiovascular equipment currently on fhe .r'na'tket, little information is availablé
on one of the most advertised cross-country skiing simulators - NordiéSport 7
CrossTraining System™. Cross-country skiing has been determined to have a beneficial
effect on cardiovascular improvement and maintenance while reducing stress on fhe joints -
that may lead to injuries (Astrand & Rodahl, 1977). 7 7

Cross-country skiing on an outdoor track involves a variety of factors that affect
energy cost, such as changes in the weather, temperature, snow conditions, and terrain,
Several researchers (MacDougall, Hughson, Sutton, k&'Moroz, 1979; Saibene; Cdttili,
Roi, & Colomini, 1989) have evaluated the energy cost of cross-country skiing using
different techniques and speeds, and found as the skiing speed increased, the energy cost
(VO,) increased. MacDougall et al. (1979) tested a srall number of elite skiers at
subjective workloads and found a higher energy cost for skiing than for level running at
similar speeds. Furthermore, the skating technique has-been shown to be more efficient
than the traditional inline technique, resulting in a lower energy cost at any speed (Séibene
et al., 1989).

Cross-country skiing machines have been designed to simulate the combined
arm/leg movements similar o those movements employed during actual skiing. '.l‘heser —
cross-country skiing machines can be used throughout the year as a means to im;jroye and -
maintain cardiorespiratory fitness, The ability to control arm and leg resis,taﬁcle,:' speéa, i B

and incline provide a constant intensity for cardiorespiratory and muScn}ar workouts.

Goss et al. (1989) used an earlier version of therNordic'I‘rackm crdss-country skiing




" machine to assess the aerobic metabolic requirements while altering the arm and leg

e resistance and movement frequencies. This earlier machine used a direct-drive flywheel.

:'_ _Recently, however, NordicTrack™, Incorporated, developed the NordicSpdn

I Cfdss',l‘raining System™ (NSCTS), a four-in-one exerciser for cross-country skiing,

rréteprping, walking, and running. The NSCTS™ uses a self-propelled treadmill belt and
::ri 7:attacr:hable rfoot~glides,to ,adapt to a cross-country skiing simulator. The purpose of this

,' '.7 : studyTwas to assess the ehergy expenditure of cross-cb'untry skiing at three different

 speeds using the NSCTS™.

METHODS
ilot Te i

Pﬁgr to actual data collection, two-subjects participated in a pilot siudy to

£ Vidzetérmine the increments of speed for the three progressive stages necessary to maintain &
f stéady state. The three speéds determined from this pilot study were 2.0, 2.5, and 3.0
o mph. Slower speeds were too inéfﬁcient to maintain a steady state and, at speeds faster
- , than 3.0 mph, subjects were unable to complete a final stage before reaching their

L méﬁMum levels, thus unable to maintain a steady state. At this time, using an equation to
- calcqlgte the speed based' oﬁ belt revéiutions, it was discovered thﬁt the digital display of

: ‘ ﬁiles per Vhour: onthe NSCTSW’S cornsole,waé faster than the actual speed. As a result,
»yéut;)jedts'were Vgive’nra range of 1 8 to 2.0 mph, 2,3 to 2.5 mph; and 2.8 to 3.0 mph on the
) dlgital ﬁis’ﬁlay to tepfgSent 27.0,72.5, and 3.0 mph, respec;tivel)". 1t was also determined

, ;durihé the pilot study that & 5-minute exercise period was sufficient for the subjects to

- reach and maintain a steady state.




Subjects

After all procedures and time commitments were explained and all questions
answered, 24 healthy males volunteered to participate in this study. Since the Subjects'had' :
va;rying -ability and experience both on the ski machine and cross-country skiing, they were

required to practice prior to the actual testing.  Their average age, height, and weight are

in Table 1.
Table 1. Physical characteristics of subjects (n = 24)
Variables Mean Standard Deviation Range
Age (yr) 26.6 6.3 18- 40
Height (cm) 1767 59  167.6-191.0
Weight (kg)  76.8 12.1 59.7- 103.6
Protocol

The NSCTS™ consists of a self-propelled treadmill belt, attachable foot-glides,
adjustable hip pad, and an arm pulley system for an upperfbody workoﬁt (see Figure 1).
The base of the machine was at its lowest incline which was anre'le}/a,tioh of 9.628% grade
and was held constant for all tests. The treadmill belt was '1710.23 inch'es fong a,nd Vwas .
lubricated prior to each test with Snap Silicone Spray for 3 'seéonds ’tpi geduce ﬁiétipn. N |
The hip pad was adjusted and held in place by the detent 'pri'n so'tl{le: pa& rested!a’tr hip level

below the navel as recommended by NordicTrack™, Incorporated '(179'93').5All ténsibd ;

was released from the arms and legs by turning the résista:ﬁcjeidiéls couﬂterclockﬁse.r The ‘
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mode for miles per hour (mph) was selected on the electronics monitor to provide
feedback to each subject and assist in maintaining the required speed for.each phase.

Prior to testing, each subject signed a consent form (see Appendix A) and was -
required to practice the arm and leg motion to become comfortable on the cross-country
ski simulator. Proper technique included keeping hips in contact with the hip pad,
swinging the arms in opposition to the legs, lifting the heel up while keéping the ball of the
foot in the foot-glide as the leg extended back, and maintaining an upright position. -The
anm pulley was attached to the self-propelled treadmill and subjects wiire instructed to use
an extended arm motion, pulling past the vertical midline of the body.

A Q-Plex I (Quinton Instruments Co., Seattle, WA.), an open ciz cuit metabolic
system, was used to determine energy costs. The room temperature, relntive humidity,
and barometric pressure were recorded before each test. The oxygen‘and cérbon dioxide
analyzers were calibrated using gases previously determined using the Micro-Scholander
technique. The volume flow meter was calibrated at various flow rates using a-3.002
syringe pump. The Q-Plex I monitored the expired gas volumes and re,cord?ed mirute
values for pulmonary ventilation (VE), oxygen consumption (L'min!, M-k§1~mm-1, and
METS), respiratory exchange ratio (RER), and caloric cost (kcal) each minute throughout
the test.

A Polar Vantage XL heart rate monitor (Polar Electro Oy, Kempele, Finland) was
strapped to the chest to measure the heart rate response during the test and recorded
during the last 15 seconds of each minute. The Borg Scale for the rating of perceived
exertion (RPE) (see Appendix B) was explairied before each test. The RPiErwas 7
determined by the investigator pointing to the nuimbers on the Borg Scale zihd progressing

from six up to the appropriate number indicated by the subjcc;;noddirig,hi's head: The

responses for RPE were recorded in the last minute of each stage.




Velorities of 2.0, 2.5, and 3.0 mph were predetermined in a pilot test and a 5-
minute interval at each stage was determined to be sufficient to reach a steady state. A
' steady state for this study was defined as the leveling off of the oxygen consumption (i.e.,
: less than 1 ml-kg!-min’? between two consecutive minutes). Once the subject reached the
Vinitial speed of 2.0 mph, a timer was started and each speed was maintained for at least 5 .
mihuteéo’r until the %0, leveled off before increasing to the next phase. -
During the ﬁnél 2 minutes of each stage, the investigator timed the completion of
20 belt revoiu;ions in seconds to determine the actual mph using the following the
- equation;

110.23 inches x 20 revolutions x 3600 seconds x 1foot x Llmile
1 revolution - seconds 1 hour 12 inches- 5280 fest

or 12526136 = mph
seconds

The computed mph were compared to the speeds reported on the digital display
provided on the NSCTS™'s console in Table 2.

Table-2. Calculated mph compared 0 v¢ sole values
indicated on the NSCTS™ console

Speed (mph) Calculated Speed (mpk)
20 2.12+.13
25 2.60+.12

13,0 ' ©'3094.18




STATISTICAL ANALYSIS

A one-way ANOVA with repeated measures was calculated for all dependent
variables (VE, VO,, keal, HR, RER, and RPE) to determiné if there were significant
. differences among the speeds. A Tukey's posthoc test was computed for those variables
which the ANOVA indicated were significant. An alpha level of .05 was used.

RESULTS

The means and standard deviations for VE, VO, (L'min!, ml-kg'!-min"!, METS),
keal, HR, RER, and RPE for the three speeds are presented in Table 3. All physiological
responses progressively increased with increasing speeds. These increases were
significantly (p < .05) different among all speeds with 2.5 mph significantly (p < .05)
higher than 2.0 mph and 3.0 mph significantly (p <.05) higher than 2.5 mph.

The average VO, values (L'min"}, mi-kg-l'min-1 & METS) increased 24% from
2.0 to 2.5 mph and 26% from 2.5 to 3.0 mph. Heart rates increased 13.7 and 10%,
respectively, as the speed increased. Kcal expenditure also showed an increase of 25.7
and 27.5%, respectively. The largest differences were in VE, increasing 33.9% between
2.0 and 2.5 mph and 41.8% between 2.5 and 3.0 mph. With increasing speed, the RER
increased 4.3 and 6.1% and the RPE increased 26.6 and 24.1% between 2.0 mph to 2.5
mph and 2.5 mph to 3.0 mph, respectively.

DISCUSSION

The purpose of this study was to determine the energy expenditure at three
different speeds using the cross-country ski simulator of the NordicSport CrossTraining
System™ (NSCTS). As expected, the data indicate that as speed increased, the
corresponding physiological responses increased proportionately.

The heart rates recorded for 2.0, 2.5,-and 3.0 mph increased proportionately ﬁ‘mm, :

140 to 159 to 175 bpm as the speed increased. According to the American College §f :
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Sports Medicine (ACSM, 1991), this linear rise in heart rate reflects the increased quégn_ ,

uptake, Ready and Huber (1990) reported a similar increase in heart rates for s'ubrhaximal
testing on a skimill compared to treadmill tests at a speed of 7.25 km/h. Goss et al. (1989)
' repbrted the lowest heart rate of 118 bpm for five trained skiers moving at 40 cycles per
minute on a NordicTrack™ ski machine with no arm or leg resistance. The highest heart 7
rate of 168 bpm was achieved at 60 cycles per minute with arm resistance at 1.0 and leg
resistance at 6.0. Although the NSCTS™ does not allow adjustments for arm and/or leg
resistance, the movement of the arms and legs contributed to the increase of the heart rate,
The range of heart rate from 140 to 175 bpm would be classified by Astrand and Rodahl
(1977) as very heavy to extremely heavy work.

Lawrence (1994) used the NSCTS™ as a treadmill and found higher heart rates
compared to similar speeds while working on a motorized treadmill, The self-propelled
treadmill yielded a heart rate of 116 bpm at 2.0 mph, 130 bpm at 2.5 mph, and 145 bpm at
3.0 mph compared to heart rates of 103, 112, and 119, respectively, at the same speeds on
a motorized treadmill. The self-propelled treadmill put a greater demand on the legs to
keep the belt moving, resulting in an increased energy expenditure and increased heart
rates. At the same speeds, the heart rates in the present study increased even more when
the NSCTS™ was used for skiing. The skiing motion required arm movements. Astrand
and Rodahl (1977) reported that the increase in heart rate is linear with an increase during
work and is higher for work performed by the arms than with the legs. The resulis of the '
present study support this.

Several studies incorporating the use of arm movement and hand weights during
walking and/or running have found increases in energy expenditure. Maud, Stokes, and
Stokes (1990) reported a heart rate of 105 for arnor'mal walk at 4.0 mph. An exag'g'e‘rated

arm swing raised it to 111 bpm and increased to 127 bpm with a 3-Ib weight 'added, to-
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each hand. Walking with ihe addition of hand weights resulted in increases from 7.3 to 13 ‘

mlkg! min? at 2.0 mph and from 10.6 to 17.7 mbkgmint at 3.0 mph (Miller & Stamford,

1987). The extended arm swing on the NSCTS™ placed an energy demand on the upper
body which involved more muscle mass, resulting in an elevated heart rate at each stage.

| As with the heart rates, the oxygen uptake in both absolute (L-min-!) and relative

ml-kg!-min'!) terms increased in response to each speed increase. Goss et al. (1989
p

*  investigated the energy cost of exercising on a NordicTrack™ at 12 different arm and leg

resistances and movement frequencies, and concluded that as the limb movement
increased, the VO,rincreased over a range of 21.6 ml-kg-:min! to 44 ml-kg-min’!. In this
present study, a similar increase in oxygen uptake ranged from 28,7 ml-kg-'-min-! at 2.0
mph to 44.8 ml-kg!-min-! at 3.0 mph.

The energy expenditure expressed in METS for cross-country skiing in the present
study was 8.2 METS at the slowest speed and 12.8 METS at the fastest speed, which falls
into the range of 6 to 12 METS given by ACSM (1991) and Howley and Franks (1992)
for cross-country skiing. Compared to the METS required for other aerobic activities
(i.e., walking, running, and cross-country skiing), the cross-country ski machine obtained
the highest METS at similar speeds. Walking on a treadmill at 9% incline required 5
METS at 2 mph, 6 METS at 2.5 mph, and 7 METS at 3 mph, and running at 3.0 mph
demanded 7.4 METS (Howley. & Franks, 1992). On a nonmotorized treadmill, the METS
ranged from 6.6 to 8.0 to 9.6 for walking speeds of 2.0, 2.5, and 3.0 mph, respectively
(Lawrence, 1994). Goss et al. (1989) reported a range of 6.2 to 12.7 METS for the
energy expenditure of 12 diferent exercise conditions on their NordicTrack™ and

: suggested the MET level 6n a cross-country skier may be increased by increasing the arm

or leg resistance and/or increasing the fréquency of movements of the arms and legs. This



ns

current study only altere& the speed of the arm and leg movements to increase the
intensity, but resulted in a significant difference in MET le\;gls at all three speeds.

The METS in this current study increased 1.98 from 2.0 to 2.5 mph, but had a
larger increase of 2.63 when the speed increased to 3.0.mph, As the subject reached the
last stage, the continuous motion to maintain the faster speed put a greater demand on the
cardiovascular system, so a larger increase in METS was observed.

The energy cost of running compared to walking is about double due to the
inefficiency of running (ACSM, 1991), The ACSM equation for estimating METS
corrects this difference by multiplying the vertical component by 0.5. The comparison of
running at 5 mph to cross-country skiing is very similar, with a range of 8.6 METS at 0%
grade to 12.0 METS at 10% grade for running. This would imply that the energy
expenditure for a cross-country ski simulator would be twice that of walking,

Similar studies involving the use of different modes of exercise have found
significant increases in a number of physiological responses. Butts, Knox, and Foley
(1994) examined the responses to walking on a dual action treadmill with and without arm
activity. They reported that incorporating the arms resulted in significant increases in
metabolic responses as the walking speed increased indicating a higher energy
expenditure. For example, they reported that walking at 4 mph at 3% incline with arm
activity resulted in a VE of 70.8 L-min!, VO, of 2.8 L-min! and 35.8 ml-kg'!:min- and
10.2 METS. All values obtained in the present NSCTS™ study at 3 mph were higher than
those reported during walking on the cross-walk at 4 mph. Neither study altered the arm
resistance, but the ski simulator was set at an incline of 9.6%, placing a higher demand on
the energy costs which could account for the higher Qalues.

Allen and Goldberg (1986b) compared the energy cost during exercise on the

NordicTrack™ and Fitness Master™ at similar submaximal heart rates. They concluded
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the NordicTrack™ to be ﬁ better cardiorespiratory machine because it resulted in higher

oxygen consumpticn at the three different submaximal heart rate levels. Reite (1991)
_concluded there were no signiﬁéant differences in oxygen costs for submaximal exercise

between the NordicTrack™ and a Fit-One™ ski machine, yielding 2.4 L-min'! and 2.1

L'min!, respectively. These values were similar to those obtained in the present study at
'2.0 and 2.5 mph.

Allen and Goldberg (1986a) also compared the NordicTrack™ to a bicycle and a
rower at two.submaximal workloads and reported the energy costs were greater for the
NordicTrack™. They concluded that a greater cardiorespiratory workout was possible on
the NordicTrack™ than on the bicycle or rower. The energy costs for the NSCTS™ of
the present study were 2.2 ml-kg!-min"! expended at 2.0 mph, classified as a very heavy
level of intensity, and 2.7 and-3.4 ml-kg!-min‘! at the higher speeds, classified as unduly
heavy intensity according to McArdie, Katch, and Katch: (1986).

In this study; the caloric expenditure ranged from 10.3 keal-min-! at 2.0 mph to
17.3 kcal-min! at 3.0 mph. A recommended aerobic peﬁod by ACSM (1991) of 15 to 60
minutes yielded a minimum of 162 kcal to a maximum of 1038 kcal for an exercise bout
on this machine. These data indicate the use of a NSCTS™ as a possible means for a
wéight loss or maintenance program.” Goss et al. (1989), reporting a caloric expenditure
of 223 to 622 kcal for 30 minutes of exercise on a NordiéTi‘ackTM for 7 of the 12 différent
arm and leg resistanzes and movement frequencies, recommended using it for weight
management. How:gy and Franks (1992) gave a range of 7 kcal'min! to 14 kcal-min! for
cross-country skiing; so the qaloric expenditure on the NSCTS™ fell at the high end of the
range and exceede it at 3.0 mph. Both the NordicTrack™ and the Fit-One™ machines in

" Reite's 1991 study =xpended similar calories of 1 1.9 and10.6, respectively.



Other significant increases in this study were VE, RER (respiratory e,xch@geg
ratio), and RPE (rating of perceived exertion). An incréasé in VE from 55 to 73'tio 104 7
L-min-! at each stage illustrated that the ventilation increased as the work Ioad—in&eased
(Astrand & Rodahi, 1977). The RER values from .94 to 1,04 indicated that as the
intensity of skiing increased, more carbon dioxide was blown off'in the expired air
(McArdle et al., 1986). The gradual ihérease in RPE at each stage paralleled the increase.
in the other physiological responses; supporting ACSM (1991) that the RPE progresses 7
linearly as the exercise intensity increases.

In conclusion, this study determined the energy expenditure at three diﬁ'erént
speeds using the cross-country ski simulator of the NSCTST“. The data indicate that as
speed increased, the variables indicating energy cost increased: “A éigniﬁcknt problem in
this investigation was the inability to calibrate and control the resistance for the arms and _
legs. Goss et al. (1989) also reported this concern aqd recommended that the
NordicTrack™ be used for recreational or rehabilitation purposes and not for research

until a precise and reproducible method of calibration is developed.
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nparison ' Three Different Speeds ing a Cro -Co!
Ski Simulator, a Self-Propelled Treadmill and a Motorized Treadmill

I, , volunteer to participate

in a study investigating the energy cost of exercising-on a cross-country ski simulator, a
self-propelled treadmill of the NordicSport CrossTraining System™, and a motorized
treadmill. Iunderstand each test will consist of three 5-minute stages of exercise at
increasing speeds of 2.0, 2.5, and 3.0 miles an hour. I realize that a headgear with a
mouthpiece and a nose chp will be used during the test so that expired air may be
analyzed. My heart rate will be recorded throughout the tests with a heart rate monitor
strapped to the chest. I also am aware that I will complete each test in a randomly
assigned order.

I understand that my participation in this research study will require a minimum of 3. days
consisting of practice sessions, two submaximal tests on two different treadmills and one
submaximal test on the cross-country ski simulator. All practice/testing sessions will be
scheduled at my convenience and conducted by Kathryn Weiland and Lisa Lawrence in the
Human Performance Laboratory in Mitchell Hall of the University of Wisconsin-La Crosse
under the direction of Dr, Nancy K. Butts.

As with any exercise, there exists the possibility of adverse changes occurring (i.e.,
dizziness, staggering, difficulty in breathing, etc.) during the test. In addition, I may feel
tired at the end of the exercise. If any abrormal observations are noted, the test will be
immediately terminated. :

I consider myself to be in good health and to my knowledge I am not infected with a
contagious disease or have any limiting physical condition or disability, especially with
regard to my heart, that would preclude my participation in the exércise tests:as described
above. Ihave read the foregoing and I understand what is expected of me. Any questions
which may have occurred to me have been answered to my complete satisfaction. I,
therefore, voluntarily consent to be tested. Furthermore, I know I may withdraw from
these tests at any time.

I hereby acknowledge that no representations, warranties, guarantees or assurances.of any
kind pertaining to the procedure have been made to me by the University of Wisconsin-La
Crosse, the officers, administration, employees or anyone acting on behalf of them.

Signed: Date:

Witness: Date:
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REVIEW OF RELATED LITERATURE
Introduction

Research has been conducted to compare the energy cost of various modes of
aer§bic equipment. There is a need to evaluate new equipment on the market for safety,
adaptability to individual needs, and health benefits achieved through exercise
prescriptions. Companies attempt to model machines after cardiovascular activities, such
as walking, running, and cross-country skiing. -Studies have looked at factors that
influence the energy expenditure and the physiologic responses to submaximal exercise. A
review of these responses to cardiovascular activitiés and equipment is presented below.

Physiological Responses

Oxygen Uptake

Thomas, Feiock, and Araujo (1989) com;}ared steady state exercises on a bicycle,
rower, cross-country skier, and treadmill and found similar energy expenditure for all four
modalities. At a level of 65% maximal heart rate',' the cfoss-country machine yielded 2.26
L-min-! at a heart rate of 120 bpm. Faulkner, Rdb'erts, Elk, and Conway (1971) coﬁlpared
the metabolic responses to submaximal and maximal cycling and running in eight men,
The only significant difference was submaximal heart rate on the bicycle was lower. Allen -
and Goldberg (1986a) reported the oxygen uptake on a NordicTrack™ was greater at two
submaximal wbrkloads than on a bicycle or rower and concluded that a greater
cardiorespiratory workout is possible on the NordicTrack™ than on the bic'yclé or rower,
Pulmonary Ventilation 7 7 2

Pulhonaw ventilation (VE) during sibmaximal ex‘erciser increases as blood lactate ' : b
accumulates and the blood pH:becomes acidic (ACSM; 1991). Ready and 'Hube; (1990) o

compared submaximal tests on a skimill and a tfeadmiﬂ and reported that the min'u,téf

ventilation was significantly higher during the skimill test.- Also, VE was sigl'ﬁﬁpaﬁtly ,
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higher on the treadmill when ski-walking with an arm pulley system for resistance than
when ski-walking with no arm resistance. The reason given by the researchers for these
differences was an increase in respiratory frequency while the tidal volume remained the
same. During submaximal exercise, McArdle, Katch, and Katch (1986) suggested that
tidal volume can be increased and the breathing frequency reduced so there is a longer
period of time to extract more oxygen from the inspired air in the lungs.

Kilocalories

The number of kilocalories expended during an aerobic bout of exercise is usually
of interest to the general population. The ACSM (1991) recommends an exercise
program that can be sustained for a long period of time at a low intensity for a caloric

‘expenditure of 300 kcal or more a day, be used when the individual is interested in weight
control. -Goss et al. (1989) suggested using the NordicTrack™ as a weight management
exercise mode since it can require 223 to 622 kcal to complete a 30-minute exercise.
Howley and Franks (1992) gave a range of 7 to 14 krcal-miﬂ'l for actual cross-country
skiing. In Reite’s 1991 study, both the NordicTrack™ and the Fit One™ machines
required similar calories of 11.9 and 10.6, respectively. A 30-minute bout of walking on a
self-propelied treadmill resulted in 321 kcal expended at 2.5 mph and 384 kcal at 3.0 mph
(Lawrence, 1994) These types.of exercise equipment provide a sustained activity for a
high rate of energy expenditure for weight loss purposes (ACSM, 1991).

Respnrato:y Exchange Ratl

‘The RER indicates the exercise intensity and the proportional utilization of

carﬁohydrafes and fats (AC‘SIvi, 1991). Thbmas etal. (1989) found no significant
diﬂ‘e’x’enée mRER dhrin‘g steﬁdy4state:exerci's65 on four pieces (i.e., bicycle, rower, cross-
: country skxer and treadrmll) of cardlovascular equxpment Lawrence (1994), however,

’reported contrastmg results She found sngmﬁcantly higher differences in the RER at2.5
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and 3.0 mph on a nonmotorized treadmill compared to a motorized treadmill, as well as a

difference for RPE at the same speeds.
Bart (1989) found an increase in RER on a treadmill at submaximal level for

conditioned skiers, but not on a ski simulator, indicating an influence for specificity of
training. Butts, Knox, and Foley (1994) used a cross walk machine to compare the RER
in a steady state. Walking at 3.0 mph at 3% incline yielded an RER value of .87 using the
arms and .86 with no arms for men and women. McArdle and Mogel (1970) reported a
higher RER on a bicycle at submaximal heart rates than walking on a treadmiil at 3.4 mph,
Rating of Perceived Exertion

Bart (1989), using cross-country skiers on a treadmill and ski ergometer, reported
the RPE increased more at submaximal workioads on the treadmill, Howley (1986)
compared RPE responses from eight subjects tising a Monarch™ cycle ergometer,
Concept II'™ rower, Stairmaster 4000™, treadmill, and a NordicTrackW. He reported'a
faster rise in RPE scales with an increased ihfensity for the NordicTrack™ than for the

other four pieces of equipment.

Influencing Factors

Stride Length and Frequency 7

There are a number of factors that influence the energy expenditure of any activity. g
For example, Workman and Armstrong (1963) reported that the step frequency is the 7
most important factor to determine the energy cost of walking, usiné the equitidn VG, =
oxygen consumption/step x number of steps/thi@te. They determined energyiﬁés needéd ,7 :
for accelerating and decelerating the motidn’ of walking, particularly the iegs.f Théy _f'ound 7
the step frequency was the reciprocal of bbdy height, indicating shoner'subjeqfs t,aké,mor'ér"

steps, thus use more oxygen (i.¢.; energy) to walk (Workman & Armstrong, 1986). ‘
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Holt, Hamill, and Andres (1991) compared the energy cost of a subject's preferred
stride frequency for a comfortable pace on a treadmill to a predetermined pace set by a |
force-drive harmonic oscillator. These authors found a higher metabolic cost for slow
frequency and longer strides than for faster frequency and shorter strides, A curvilinear
relationship between stride length and frequency was reported by Bobbert (1960). He
reported an incredse in energy expenditure which corresponded to the increasing speed
and with an increased gradient. The rising speed resulted in an increase in stride length as
well as an increase in the number of strides per minute,

Friction

Friction has been determined to be an influence on the energy cost of cross-
country skiing outdoors. In 1990 Hoffman, Clifford, Bota, Mandli, and Jones investigated
the effect of body mass on the measured oxygen consumption of cross-country skiing and
roller skiing and the effect of body mass. They reported a decrease of 1.0% in oxygen
consumption for each kilogram increase in body mass for six male racers as well as a
difference in energy cost to overcome friction for these exercises.

The study of Saibene, Cortili, Roi, and Colombini (1989) also used six skiers to
determine their oxygen consumption and the influence of friction during skiing. Friction
on the skis was affected by the snow temperature. As the friction increased there was a
corresponding resultmg increase in oxygen consumptlon ‘Ready and Huber (1990)
mvestlggted the energy expendlture on a skimill and found higher values when compared
to two ski-wzﬂdng tests on a treadmill. The friction between the skis and the skimill

resulted in a highef oxygen cost during the glide phase.and increased as the elevation

increased.
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Soft Belt

Williams, Hone, and Carter (1992) investigated thé difference a soft belt-on a
treadmill can make in physiological responses compared to a hard belt. They reported
significant differences in oxygen costs and heart rates while walking on the two
treadmilis. The soft belt treadmill resulted in 29.0 ml-kg!-min-! and heart rate of 141 bpm
at 3.5 mph and 7.5% incline compared to the hard belt treadmill responses of' 24.5 mi-kg'!:
min'! and a heart rate of 128 bpm at a similar speed and incline.

Other Activities

Arm and Leg Movements

Toner, Glickman, and McArdle (1990) used six male subjects for leg and arm
crank exercises at submaximal efforts. They found no differences at the low intensities for
heart rate, stroke volume, and rate-pressure product, but the heart rate was significantly
higher when using the arms at a higher intehsity. They Vconchrnd'ed that the leg musculature
aided the venous return by the muscle pump aétivity of the legs and reduced the blood
volume in the lower body. Vokac, Bell, Bautz-Holter, and Rodah! (1975) also used arm
cranking and cycling to compare VO,, HR, aﬁd VE At a given submaximal workload,
arm cranking resulted in ﬁgher VO,, HR, and VE than cycling whether the subject‘sk wefe, .
standing or sitting. Astrand and Rodahi (l977)'feported that the increase in heart rate is -
linear with an increase during work and is higher for Work performed by the arms than
with the legs. ' |

Other studies have examined the oxygen uptake by varying demands plaéed on ihe o :
upper body, such as arm swinging, hahd weights, and pulley systems while walking. - '
Maud, Stokes, and Stokes (1990) reported an increase of energy cost from 18.9t0 24.8 7
ml-kg!-min*! by adding weights to an exaggerated arm swing dﬁﬁng walking, - The .

addition of hand weights while walking at:3" mphona ;réadnﬁll restllted in anmcrease -
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from 10.6 to 17.7 mi-kgt-min! (Miller & Stamford, 1987). Ready and Huber (1990) used
a pulley system on a treadmill while ski-walking to demonstrate a significantly higher
oxygen expenditure than ski-walking only.
Running
Energy costs for running can be increased by the air resistance when running

outdoors, an increased body temperature resulting in an increase in the circulation,
ventilation rate, and sweating mechanism, and by additional weight, especially by heavy
shoes (Daniels, 1985). Bourdin, Pastene, Germain, and Lacour (1993) reported a negative
relationship of height to energy cost, indicating that taller subjects have lower energy costs
for running. They also stated that training can improve running economy at a maximal
level, but Daniels (1985) reported that training made no difference at submaximal
workloads. Due to biomechanical and metabolic differences between the sexes,
Bhambhani and Singh (1985) reported that females expended more energy to run than
males. Bourdin et al. {(1993), reporting a negative relationship of height and energy cost,
confirmed that taller and heavier subjects hada lower energy cost-when running.
However, when Miller and Stamford (1987) lopked at the energy cost per kilogram, they
found no differences between the sexes for running. Falls and Humphrey (1976) agreed
that there was no difference in the oxygen uptake between men and women for both
running and waiking.

Cross-Countyy Skiing
| The ene;gy expenditure for cross-country skiers testing in the outdoors is
inﬂuenéed by diﬁ‘érent factors, such as snow. conditiohs, temperature changes, techniques,
and friction. MacDougall,,HughsomSutton, and Moroz (1979) compared the oxygen
cost of dross-'cbﬁntry skiihgwith poles and mﬂnihg on;a level surface at the same speed.

Thei tgported iljat'skiing te;sultedrin 10 td 12 mi-kgﬁih'l higher energy costs than
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running and gave the foilowing reasons for the difference; additional weight of clothing
and equipment, wind resistance, snow conditions, lower skill level of the subjects, and use
of upper body muscles as well as lower body muscles. Saibene et al. (1989) looked at.
skiing techniques and their effect on VO,, concluding that the skating techinique at 18 to
22 knvhr! was the most advantageous (i.c., most efficient) and resulted in a lower VO,
than diagonal stride technique. The relationship of body mass and aerobic power was
explored by Bergh (1587), who concluded that heavier skiers have lower relative VO,.

The elite cross-country skiers in a MacDougall et al. (1979) study skied on an
outdoor snow track at 50, 75, and 100% of their race pace. Heart rates ranged from 157
bpm at the slowest speed to 176 bpm at the fastest speed. None reached their maximal
heart rates as determined from a treadmill running test. However, four novice skiers
attained their maximal heart rates during the fastest skiing speed (MacDougall et al.,
1979). The long glide phase of actual cross-country skiing may account for the failure of
the elite skiers to reach their maximal heart rates, according to MacDougali et al. (1979).
On a cross-country ski simulator, there is no glide phase and, therefore, the constant pace
ensures that the subjects maintain a steady state.

Summary

Participation in cardiorespiratory activities is available in many modes, from 7
walking and running to a wide variety of exercise equipment on the market. Many factors
influence the energy expenditure by increasing the workload. These factors must be
considered when designing exercise prescriptions so the subject will receive the opiimal
benefits in a safe manner. Recommended components for an exercise program given by
ACSM (1991) are mode, intensity, duration, ﬁequeﬁcy,of exercise, and rate of -

progression. By evaluating the exercise machines available on the market, a wise and safe
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decision may be made for a personalized fitness program, and improvements for future

equipment may result in better possibilities for the consumer.
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