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This study evaluated th(* physmloglc responses (VO,, Kcal, HR, RPE 02 Pulse and RER)
“to five exercise modalities (Schwinn Airdyne, NordicTrack cross-country skier, Ellipse,
‘Walkfit, and Skytrek) at a self-selected pace. Ten male subjects (age = 21-27 yrs) _

~ volunteered in the study, Each subject completed 30 minutes of exercise at a self-selected

- pace on each apparatus. During all exercise sessions ‘HR and RPE were recorded and
“expired air was analyzed using an automated open-circuit gas s?rstem each minute.

- Oxygen consumption (VO) and caloric expenditure (Kcal'min™) were significantly higher
~(p < .05) on the Walkfit when compared to the Airdyne, NordicTrack, and SkyTrek. The
" Ellipse was also mgmficantly higher (p < OS) than the NordicTrack and SkyTrek. Heart

 rates were sngntﬁcantly higher (p <.05) on the Elllpse when compared to the NordicTrack o

-and SkyTrek. Ratings of perceived exertion were significantly higher (p < .05) on the

Airdyne, Walkfit, NordicTrack, and Ellipse when compared with the SkyTrek. The
‘Walkfit was mgmﬁcantly higher (p < .05) than the Airdyne and NordicTrack when
comparing O pulse values. There were no significant differences (p > .05) in RER
‘between the five different exercise modalities. This study, therefore, indicated that the

~ Walkfit and the Ellipse provide the most effective cardiovascular workout when compared

to the Alrdyne SkyTrek and NordicTrack in young healthy males between the ages of 21

to 27 years.
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' lNTRODUCTION .'
" The progressive attempts to link increased phyaleal actwity with posnwe health _
' 'beneﬁts have 1ntensuﬁed the need for the pubhc to purchase home exercise equnpment
' "The excesswe adverttsement for homeexerctse eqmpment is on the rise, and there is a
o wnde vartety of exer Cise machtnes desngned to 1mptove cardtovascular fitness and body

composntion Accordtng to the Amerlcan College of Sports Medtcme (I) ret,ular

' o exercise protects against the development and progre_ss1on of many chr‘omc diseases and

is an important component of a healthy lit‘estyle. A problem that may arise for the
general public is how to know which piece of exercise equipment is effective in eliciting
o .'cardio\/‘a’scular’ improvement, The’te ate a vast amount of fitness machines available t'o
the public, and it may be difficult to find the appropriate machine to meet their individual
- needs. ' . .
~ Several studies have been completed to demonstrate the effectiveness of different
- exercise modalities, Treadmills, NordicTrack cross-country ski simulators, stairsteppers,
and elliptical trainers can be purchased in fitness equipment stores for home use. -
~ Walking is probably the most easily accessible made of physical activity. Almost
everyone can walk, 'and it is a normal e\teryday ﬁjnction. The results of a stUdy_
_performed by Spelman et al. (9) mdtcated that the self-selected exercuse mtensny of most

healthy$ hab:tual walkers between the ages of 20 and 60 (8 adequate for the
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mamtenance and |mprovement of cardiovascular ﬁtness The results from the study

demonstrated the eff‘ecthreness of walking on treadmiils t‘or enhancement of’

' cardtovascular ﬁtness

_' Nor’dICTrack' has deveIOped 4 cross-country SRi -m'achine for indoor exercise, The
NordtcTrack cross country ski machme has been a very popular modahty that S currently
advertlsed throughout the medlat Accordlng to Goss et al. (5), usmg the NordtcTt ack
- - Cross- country skitng machine resulted in energy expenditures of 6 to 12 Mets, The
Nord:cTrack skier ptesents anapproprtate cardtovascular sttmulus for a wnde range of
N functlonal cxercise capacities (5) The calcnc cost of srmulatcd Cross- ccuntry sknng,
I rangtng from 223 to 622 kcal min’ kg would estabhsh this ¢ exercise modaltty as a useful
. component of wet;;ht management programs (5) . .
Steppcr machines have been on the rnarket for qmte some time and are now 4

very p0pular exercise machme in both homes and exercise faCIlltleS A study by Swan et

~al. (10) compared the cardtovascular effects of runmng, walkmg, and steppmg It was

' found that runni ng ellclted the htghest oxygen consumptton (VOz) calorlc expenditures
'--"(Kcal min’ ) of‘the three modes (10). The study cempleted by Swan and colleagues
' would support the purchase of home use treadmllls for i mcreasmg exerctse capaclty (10)

Concernmg tho energy cost of stalr cllmbmg, a study was done at the Unwerstty of

o "Tennessee-Knoxwlle on college age females Thts study compared the calonc
expendtture ot‘ chmbmg stalrs versus statr descendmg It was found that chmbmg,
gomg up stan S, ellctted a htgher calorlc expendtture versus going down statrs 15 kcal

o Perste[) _verle_s .05 k‘cat.per Istep 'respect’ively (2). The'study done by Basset et al. (2)




' _Iwould encourage purchasmg a stairinaster Slmulatlng an upward motton rather than the
: -'commonly seen steppers that only lncorporato the downward motlon
One oFthe newest exerclse machines on the malket is the elliptical trainer. The
elliptical trainer provldes a low impact workout utilizing a combmatlon of the treadm_lll
and the stepper. Porcari et al. (7) performed a study comparing the physiological effects
‘between the elliptical exerciser, _the treadmill (walking and running), the stationary cycle
' . and the steppermachine. Sixteen healthy voluoteers between the ages of‘ _27 and 54 year
 served as subjects. Each subject was required to complete 20 minutes of aerobic exercis
at a'aelf‘,-_-selected pace on each apparatus. VO; (ml’kgmin™), caloric expenditure, and
‘heart rate (HR) were recorded every minute, The resuits concluded VO, HR, and Kcals
~ were not significantly different between the elliptical machine and the treadmill run (7).
However, the elliptical machine and the treadmill run were in fact significantly higher
.- than the treadmill walk, stationary cycle, and stepper (7). These findings would
- “demonstrate that the elliptical trainer and the treadmill run elicit a greater physiological
* workload at a self-selected pace when compared to the treadmill walk, bike, and stepper.
The study completed by Porcari et al. (7) would suppor: the use of the elliptical exércise
 machines for cardiovascular enhancement. '
Thepurpose of thisinvestigation was to compare the physiological fes'ponses of
]"oxygen consumptlon (VOz) resplratory exchange ratio (RER) rate of percelved exemor
' (RPE) calonc expendlture (Kcal) Oz pulse and heart rate (HR) to 30 mmutes of
BXEI‘CISB at a self-selected submaxlmal pace on a vanety of exermse modahttes utlllzmg

' both-an_ uppe_r"and lower Ibody_component. The five exerclse machmes tes_ted mcluded _
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the SchwinnAirdyne (Schwinn Cycling and F‘itness; Boulder,CO,}.,Walkf'it 5000
'-"(NordieTrack Inc.., Chaska MN ), NordieTrack Pro (Nordtc'l rack [ne., Chaska MN )
- NordioTrack Ellipse E? (NordlcTrack Inc., Chaska MN ) and the SkyTlek Air Walker
' _*--(Fttness Quest Canten, OH ). Utlltzmg these data, it can be determmed whteh medahty .

"would be potenttally the most et‘fectwe in tmprovmg cardtovascular endurance.

METHOD‘S

~ Subjects

This study mvolved 10 apparently healthy males between the ages of 21 and 27

B 'years Faeh subjeet volunteered therr time in the study and was requrred to complete an
o mf‘ormed consent form approved by the Umversrty of Wisconsin-La Crosse lnstitutional
Review Board before performing any testing procedures (see Appendix A). . All subjects
werealso reqUired to t::en':; lete a PAR-Q form prior to any testittg ptecedures to screen
parttclpants for any health relat-..d concerns (see Appendtx B) The mean wetght age,

o 'and helght of the subjects was 85.62 kg, 23.6 yrs, and 177 cm,

Testing Methodology

‘Each participant was required to perform a minimum of three practice sessions on

" eaeh"e'xerCiSe_modality'. These'praetice sessions were reqUired to be c'omp]eted 'in three.i
one hour sessrons where the subj ect practtced for 10 minutes on each exercise modahty
'(see Appendtx C) When the researcher felt the subject was comfortable on each plece ef

- S equtpment the subject performed a 30 mmute exerctse sessmm on each modahty in

~ random order Each test was completed on a Sepﬂfate day



Prior to each testing procedure, a 5 minute warm-up was to be completed by each
subject. The sabject was then asked to perform a30 minhute cxerCise session at a pace?
that simulates a self-selected submaximal pace. If the subject chose to, the exercise

: intensity was 'a"llowedto beadju’Sted throughout the exercise session. Each exercise

- session was also followed by a 5 minute cool-down. The warm-up and cool-dow:t'

components were requircd to ensure the safety and 'health of the subject particip_ating‘ In

~the study.

 Measurements
I Expired gases were collected during each test using a Quinton QMC metabolic
B system (Qumton Instrument Company, Seattle, WA) The explred gas dnalysm was used
to calculate the relatlvc oxygen consumptlon caloric expendltures and resplratory
_ exchange ranos for eaCh mmnte of-exercrse testing, The QMC was callbrated prior to '
~ every testing session using calibration gases determined by the micro-Scholander
~ technique (8). The flow meter volume was calibrated using a 300 L syringe pnmp at
various flow rates. The HRs of each 'snbjeCt were collected nsing the Polar Vantage HR
‘monitor (Polar CIC, Port Washington, NY), overy m'inu'tc ot‘exercise. Every five -
- mtnutes durmg the lestlng procedure the RPE was assessed usmg the Borg 6-20 scale
(4). The mean average values of the entire 30 mlnute testlng sessnon were utlllzed in all
' statlstlcal analyses (see Appcndn;" D)
' Stag:stlcal Analyse . . . _
. The data collected (VO;, HR, RER, RPE 02 Pulse and Kcal expendnure) for :

~each 30 minute testmg session was averaged and compared between each modalny A
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OllB-WﬂY ﬁhalysis‘”of‘ varianoe with repeated meaSures- was used to compare differences in

. responses among the ﬁve pleces of exercise equipment The srgmﬁoance level 0.05 was

used. AT ukey S post hoc test was utrlrzed to isolate the drfferences

L]

RESULTS

Table ] presents the subject S descriptive statistios Subjects ranged in age ﬂom

_' 21 —~ 27 years and were all habltual exercrsers

Table 1. Descriptive characteristics of subjects

Variable - Age (yr) ‘Weight (kg) - Height (em)

X+SD  X+SD X+8D
(range) - (range) (range)

Males (N=10) 236419 85.6 + 15.1 177 43.1

(21-27) (772-954) (1683 -184.1)

The physiological responses to the five exercise modalities are presented in

: Table 2. There were significant differences between the five exercise machines in heart
rate, Oz pulse, oxygen consumption (mlkg "min’!), ratings of perceived exertion and
R calorlc expendrture (Kcal min’ ) Oxygen consumptron (VO,), and calorro expendrturc
. were srgmﬁcanrly hlgher (p < 0,05) on the Walkﬁt when compared to the Arrdyne
. INordrcTrack and ‘SkyTrek The Ellrpse was also srgmﬁcantly hlgher (p < O 05) than the
' '.NordloTrack and SkyTrek Heart rates were srgmﬁcantly hrgher (p <0, 0‘5) on the Elhpse

'when compared to the NordreTrack and SkyTrek Ratings of percewed exertion were

srgmﬁ cantly hrgher (p <0, 05) on the Arrdyne Walkﬁt NordlcTrack and Elllpse when




l‘able 2, A companson ofthe phys:ologtcal responses to 30 mmutes of exercise at a self-
selected pace on five different exerelse modalltles

. WALK  ELLP ST

VO, 332%42 317450 27.0%4]

©HR 145141 1524132 136" 146

Ospulse  160+2.5 147420 13.8%+16

RER  98+.03 .98+.04 98,05

Kealmin' 138+18 134+.97 11.2%+16

RPE 12 3° +.83 124494 10970

signiﬁeantly different than WF (p <0, 05)
Y significantly difforent than ELLP (p < 0, 05)
P signiﬁeantly different than ST (p < 0.05)
) ! slgnificantly different than AD (p < 0.05)
signiﬂcantly different tlmn XC (p <0, 05)
WALK = Walkfit

 ELLP = Ellipse
8T = - SkyTrek

~ AD = Airdyne
XC = Nordlc’l‘rack eross-countty skier

X+SD  X+*SD X+ SD

X + SD

287 +2.2
141128

142°+20

974 .03

119M4 1.5

1225+ .81

XC

X+SD

2720 +38

37+ 112
13.8%+23
95+.04

11.5%+ 1,0

12.0°+ .83



o oompared Withthe Sk'yTrek O3 pulse values were signiﬁcantlyhigher (p < 0.05) on the B

. Walkﬁt whnn compared to all four other modahttes tested The Eihpse produced
. sngmﬁcantly h:gher (p < 0 05) O; pulse values than the Sky’l rek and the NordicTrack.
There were no mgmﬁoant differ encen (p>0, 05) It} resplratory exehange ratlos (RER)
between the five different exereise modalities. _ . I'
' DISCUSSION
. -This study compared the physlologic responses to 30 minutesof e'xereise at a self-
_ seleetedpace between five Qatiou's pisces of‘ exercise equ:pment During 30 mmutes of
exercise at a self: seleoted submaximal pace signlﬁcant differences were Found between
. HR VOz, Keal, 0, pulee, and RPE ' '
Heart rate mcreases ina linear fashion as & reault of | mereases m oxygen uptake
- _'gnd utthzatton wnth inereasmg intensny during exercise (1). Heertrete 1ncreesed as
“expected with all pteees‘ of exerc’iee equipment. There was, however, a signiﬁeant
- dtfference between the Lllipse NordioTrack and the SkyTrek l"he Lllipse ehcited
' sngmﬁcantly higher heart rates than the NordleTraek and Sky'l re k These eurrent o
ﬁndmgs are conmstent with a etudy done by Porcart ot al. (7), whtoh compared an .
elliptleal tlainor, A treadm_ill, A statlonary oycle, and ,a stepper machine, and t‘ound the
Ellipse to provide the most effective workout '
. _: As mentloned earller'. oxygen consumption also increases with an increase in
~ activity level (1). This improvement Is neasured by assessing VO, Measurement of
VO, involves analysis of expired air collected while a subject performs exercise (1), The

greatest improvernent In VO, occurs when exercise involves the use of large muscle



groups over prolonged periods and is rhythmic and aerobic in nature (1). To suppoit this, .

~ the current study found a significant difference iﬁtheamouotofoxygeﬁ used betweer the

B various exercise equ:pment It was found that the Walkﬁt reau!ted in A greator inc 6959 in

. xygen consumptton than the Audyne, NordtoTrack and SkyTrek The Elltpse also )
.. resulted _m;a,_hngher increase in oxygen oott_sump,tlon than tho Normeraek and Skyt rek.
These current findings conflict with study done by Boge et al. (3), which compared HR,
':RPE and VO; responses to 20 minutes of exercise on tho NordicT raok cross oountry Skl
: s1mulator statrstepper stattonary cycle and treadmill (walkmg) Thay f‘ound that the .
g ' NordxoTrack oross-countty skier ehuted a lngher energy expendtture ancl therefore a
h ghor oxy_gen eonaumptton than'the o_ther various pleces of exeronsee(]lllli"‘ﬂ'?l‘tt I
compared in the study. A potential cause of this difference may be the familiarity with
- the equlpment as wall as coordmat:on and sklll lovet of the subjects used The aub_lects in

_ the current study mzty ot have obtamed as htgh a coordmatlon and skill level as the

' . 'subjects used In the study conduoted by Boge et al. (3)

Rattngs of pereeived exertion (RI’E) were another vanable compared in thIs
cutrent investigatlon. RPE is a commonly used scale to evaluate an individual’s e:tercise _
tolerance (1,4). At most times It Is used in conjunction with monitoring HR, In this
: study, it was t""oan"d' that the SkyTrek elltoiled lower RPE values thanthe Airdyne. Walkfit,
NordioTrack and Ellllpse Unfortunately, there are no stuches availabla comparmg other
exerclse modalhies to the SkyTrek oxerclso machme The current study would suggast

- tho SkyTrek provldes n low to moderate tntensity_and an easily tolerable workout
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-.'Th"e‘ cembiﬁaticm of intens’.y, duration and ﬁequeney. of exercise determines

o calorle expenditure (I) Since reductlon of body welght is a ﬁequently desnred outcome " .

. - volumeﬂ of actmty nex essary to reduce adlposuy (1). The Amerlcan Colleg,e of‘ Spons
Medlcins reeommends A mimmal threshold of 300 kcals per exercise session completed
' . -3 days per week (1) The dlffexences between exercise equ1pment could mﬂuence calo: IC -' |
expendlture thus lncteasmg the eft‘ectweness ofan exerclse sessmn A mgmﬁcant .
dif'ference wss found_m _the current study when _assessmg the ca,lo_';fic expendltur_e Bstwesn _
~ the five pleces of exercise equipment. The Walkfit utllized more calories than the I
' Airdyne, Nordio’l‘raok and SkyTrek. The Ellipse alsb utilized more calories tha’n tlte -
' NordtcTrack and SkyTrek These deta would snggest that the Walkﬁt and the Elhpse .

| _provide a mere effectlve workout

“The results of this current Sludy al se found that there was a s’igniﬁca’nt difTer‘ence

in 0 pulse values between modes The Walkﬁt was significantly higher than all four
_other modahties when comparlng 0: pulse values Ths Ellipse produced signiﬁcantly

- hlgheroz pulse values than the Sky’l‘rek- and the NordtcTrack - 02 pulse values give an
. 1nd|rect estlmate of stroke volume. a8 reﬂected by the amount of oxygen delwercd per

' hesrt beat (6)

- SUMMARY

- The current study assessed five machines, some of which were relatively new on

the market. Fow studles have been completed comparing these five pieces of exerclse

~ equipment and would suggest the need for more research in this related area




~ from the current data that the Walkfit and the Ellipse provide the most effective means ¢

~ achieving cardiovascular fitness in young males between the ages of 21 to 27 years
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INFORMED CONSENT FOR A COMPARISON OF THE. PHY SlOLOGIC
- RESPONSES WHEN EXERCISING ON FIVE EXERCISE
MODALITIES AT A SELF-SELECTED EXERCISE INTENSITY

I, , gwe my mfermed consent to pa: ticipate in this

o study cempm mg the phyanoleglcal responses (submaximal oxygen utilization, O, pulse,

' ﬁresplratory exchange ratio, rate of perceived exertion, kcal expenditure, and heart rate) to
30 minutes of exercise, at a self-selected submaximal pace, on five different modalities
~ (NordicTrack, Airdyne, SkyTrek Walkfit, and Ellipse) utilizing both an upper and a lower

body component. I consent to the presentation and publlcauon or other dtssemmallon ol

~ the study results understanding that the information is anonymous and disguised so no

~ identification can be made. I further understand that all expenmental data collected will be.
'ldentlﬂed by number only

_ [ have been mt‘ormed and ﬂ:lly understand 1 wil have to exercise on flve dtﬂ‘erent
pleces of equipment, for 30 minutes on each piece of equipment, at a self-selected pace. |

~ will also be given a practice session on each piece of exercise equipment to insure proper
“use and form, I understand I will have to wear a heart rate monitor and also wear a

headgear system with a mouth plece enabling the use of a metabolic gas analyzer These

'procedures during the exerelse session may cause some dlscemfort

l understand that there are risks assoclated with exercise. Abnermal blood

pressure, fainting, disorders of heart beat - too rapid, irregular, or Ineffective, and in rare

Instances, death are some health tisks that could occur with exercise, Fatigue, muscle

° soreness, and heavy breathing may oceur during the testing sessions but are normal to
- exercise. 1 understand that I will be supervlsed by an ACLS (Advanced Cardlac Llfe

Support) cenlﬂed researcher

1, being mmdfhl of‘ my own health and physieal condltlon have read this form and |

B understand the test precedurea that I will perf‘orm 1 voluntanly consent to partieipate In
' -lhis sludy -

Signed Date___
Researchet OO Date__
~ Witness___ e _ Date__ o

A 4



'l' understand 1 can with'draw' 'i""r'om this .smdy at snytime 'Wit'h'o'ut'pe'nalty. "

Questlons Or concerns on any aspect of tlus study may be referred to the researcher
(Nrkr Allaback 784- 6942) and the thesis advrsor, (Dr Alan Freeman 785-6532)
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. Name: R ) ' , ' R - DOB:

I | :'Date:

A Comparison of'the Physiologic 'Responses When Exercising on Five Exercise Modalit

at a Self-Selected Exercise Intensity.
~ Personal Activity Readiness Questionnaire (PAR-Q)*

- The’ 'PiAR-Q s a standard form designed to determine your iﬁitial health and activity leve
.' o :The test identiﬂes thoso indwiduals who may be at rlsk tf‘they engage in this study
' Anewer the followmg questtons to the best ot‘your ablhty Check yes or ‘no’ to answe

| __tlue qucsnons' as they pertain to you.

PAR-Q
Y8 1o 1. Hasy your doctor ever said that you have a heart

-condition and that you should only do physucal
activity recommended by a doctor?

o Yes ____ho 2 Do you feel pain in your ohest when you do phyeioal
- aotwity? - -
o yes 1o 3. Inthe past month, have you had chest pain when

- you were hot doing physloal activity?

. yes ___ho 4 Do you lose your balanco booauso of‘dizzinoss or do
' - you over Iose consclousness?

17
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5. Do you have a bone or joint problem that c_ould be

made w’orse by a change in your physical. nctivity?

6. Is your doctor currently prescrlbmg drugs (for
“example, water pnlls) for your blood pressure or
heart oondltlon?

7 Do you know for any other reason why you
should not do physical actiwty‘?

.'*Amencan College of Sports Medicine: Guldelmes for Exercise Testmg and
Prescnptlon ed S, Balumore MD Wnlhams and thkms 1995 .
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PRACTICETESTING INSTRUCTIONS

| As a subject in thls study, you will be completmg a minimum of three practice
sesmons and flve testmg sessions, Each practice session will be at least 20 minutes in
~ duration on each exercise apparatus. After the practice sessions have been completed, you
- will be completmg five testing sessions. Each test will be completed on a separate day,
~and each testing session Wlll be 30 mmutes in duration on each dlﬂ‘erent exercise
B apparatus ' '

The location of all praence and testing sessmns will be:
- UW L. Human Perfermance Laboratory
- 225 Mitchell Hall

'__(2nd floor on southeast side of the butldmg)

' Prlor to the practlce and testmg sessions, please adhere to the following
mstructlons. o _
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'P'lease refrain from consutning alcohol or caffeinated beverages, using
~ tobacco, or eatmg food for at least 3 hours before a practice or 8 testing
sessmn - -

2. Please wear comfortable exerctse clothes and preper athletic slmes for
' exercismg

3, Please report at your seheduled appomtment time well rested, and having not
performed heavy exercise for 24 hours prlor to the practice or testmg
-scsslens " -

YOUR SCHEDULED PRA(.,TI(‘E ShSSIONS
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* TESTING SESSION DATA SHEET

' DATE
- DpDOB
. wEIGH'T‘ S

o .REL HUM

~ EXERCISE BQUIPMENT

- ) MEAN VALUES
RPE____

CHR
Covo,

AGE______ SEX._ _ HEIGHT.

TEMP. BAROMETRIC PRESS.

TESTING SESSION NO
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'REVIEW OF LITERATURE

The attempts 10 ltnk mcreased physloal wellness wnth posrtwe healtll beneﬂts ltas

o mproved the awareness of exerctse and theref'ore the need for home exercise equtpment
- within the general publio. Thlere are several types of exerolsa eqUIpment mcludmg
treadmtlls statrsteppers btkes and even the Iatest in exerclse machine development
B elliptical trainers. Vanous StUdle's have beencompleted to justny whloh plece of' .
- equ:pment eltclts the most eﬂ‘ectwe cardlovaacular adaptattons Studtes have also been
| completed that look at the companson of maohmes utthzmg both upper and lower
extrenntles versus lower extremtty use only The following is A review of ltterature
' foousmg on dtﬂ‘erent types of exercnse equrpment and their ett“ectwenesa as well asa

L companson of upper and Iower extrerntty use.

 Extr fm'i y Use

Many studtes have been completed that look at the effecttveness of exercise -

a equipmentthatutilize Iower"extremlties only-. The q'UGSti_on s, is a piece of exercise
: -ecjui'p'ment more effective if it utilizes both upper and lower extremities such as in this

| studv

A study oompleted by Butts et al (3) compared arm and leg use on the Statrmaster '.

. 4000?'1" versus legs alone Thls study used an adaptable upper arm attachment on the

_? | Sta_lnnaster-t'o Utllllze,,Upper extrennnes. It was f‘oundth'at there was a stgmﬁcant

24



| : 'drﬁ‘ercncc between using nrms and no arms wlth scveral workloads (8) The arm use

L resulted ln an mcreased VOz, MET lcvcl HR and RPE when compared to not usmg tlte -

o _upper extremtttes However there was mconsrstcnt results with several of thc workloads
o rcsultmg ln no lncrease wlth the use of‘ arms when exerctstng on the Statrmaster Possrblc

. factors contrlbutlng to thts dtscrepancy are subjccts utlltzmg the upper body attachment as

o support for thetr wetght and lack of expertenoe usmg the upper arm attachment by

. subjectsl

Another study USed a motorizcd treadmill with built inlevers for arrn e’rtercise(the ,-

o -CrossWalk) and reported srgntﬂcant 1ncreases In energy cost when arm levers were

- _ 'uttllzed when compnred to normal walktng without anns (7) The subjects were requtred
o to hold.'and puII thearm levers in opposrtton to thetr feet, similar t_o cross—country skiing,
~ An average increase in energy expenditure of 55% was reported when the arms were used

 walking at speeds of 2-, 3-, and 4-miles per hour compared to no arms used (7). This

- suggested the added arm movement is enough to significantly increase energy expenditure

*and is therefore more effective,
: Porcari et al. (18) andHendrickson et al. (10) performed a study utilizing rubber
o tippedski poles (Power Poles)incorporated with walking. The subject simulated the arm
' .'.'mottons of cross-oountry skung whtle walktng uttllztng a Iarger musclc mass. lt was found
: that the use of Powcr Poles srgmf‘rcantly mcreased VO;, HR, and kcal/mm by
o apprOXImately 20% when compa‘redto normal walkmg w‘_rthout poles (18).' T_hrs' study
. ~ concluded the use of Power Poles can increase the intensity of walking, therefore .

~ providing additional training benefits.
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To support the use of addittonal upper body extremtty use, another study

o . perf’ormeo by Porcart et al. (l 7) Iooked at the ef’l‘eots of exermsmg on the WalkFtt T he
o _WalkF lt |s a nonmotonzed treadmtll with addmonal arm poles This study compared
; exerotstng on the WalkFit usmg the arm poles to walkmg on a treadmtll without exeretsmg,

- the arms. The use of the arms resulted in an inerease of 51% In energy expendtture and an

increase in heart rate by 28 bpm when compared to walking on the treadmtll wnhout using

arms (17) These results support the use of addttional upper extremtty use and

demonstrate the eﬂ‘ecttveness of the WalkFtt treadmtll
A recent study by Alvarez et al (2) looked at the phys:ologtcal dtﬂ“erences

between lower body and combmed upper and lower body r'owlng. Fiﬂeen females were_ '

utilized as subjects for the study. Each subject was required to complete four, 5 minute

" randomized exercise trials on the rower. Oxygen consumption, heart rate, respiratory
exchange ratio, expiratory volume, and rate of perceived exertion were collected during
‘each trial. The results of the study concluded that the upper and lower body combination

increased the metabolic response when compared to the lower body only rowing trials (2)

A similar study to Alvarez's was completed by Mayo and colleagues (14). Mayo

looked at the metabolic response of lower versus upper and lower body rowing within

males (14), Fiﬁeen apparentlyhealthy males performed four randomized rowing trials
~ with different conditions. Oxygen consumption, ventilation, respiratory exchange ratio,

“and heart rate were monitored throughout each trial. Mayo concluded that with the

increased muscle mass of the combined lower and upper body rowing, greater



 physiological responses resulted, and therefore the combined rowing of both the upper

o 'lowerextremlties wottld 1*e8ult in 8 more eﬁ'ectlt)e training "stlmulus (14),

The abovo Ilteratttre SUpported the use of‘ both the upper and lower oxtremtttea
whenexerctslng when compared to usmg the lower extremtttes only Usmg the

o combmatton of both the upper and lower extremlttes utilizes an increase in musole mass
' 'and theret‘ore increases one's metabolic expendtture eﬂ‘ectively burnmg more calortes
Resrhl volvn Rle'ExrlM . -

I The NordloTrack was developed to simulate cross-country skimg due to the

~ positive cardtovascular benefits from the spott The NordtcTrac,k cross—country simulatc

has been on the market smce 1976 (16), however, therehas been few extenswe studtes

completed 'usin_g this piece of exercise equipment. The reasoning for this may be due to

the fact that the NordicTrack has arm and leg resistance settings that are unable to be

calibrated, making it difficult tooompare work rates 'With other exeroise machines.

Regardless of the NordtoTrack and its dtf’ﬁculty bemg caltbrated there are studtes

' avatlable . . .

A study completed by Goss et al. (9) used five healthy male subjeota who
oompleted four exercise sessions on the NordtcTrack Each subject perf ormed three
randomly assngned tnals within each session. The movement frequencies and the arm an
leg resistances were adjusted in each 6 minute trial, It wasﬂ found that there was a
sigttiﬂcant Increase in oxygett consumption as movement trequency increased regardless

the arm and leg resistance (9).
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* - N A tratning study performed by Poroart et al (19) uttltzed 102 apparentlv healttw

- subjeots who were randomtzed mto one of ﬂvo groups each using a dtfterent apparatus.
The ﬁve dtﬂ‘erent groups included the stepper, treadmill oross-country skllng machine, a

o ' stattonary cycle and a control group Each subjeot tramed three ttmos per week t‘or 12

- weeks Porcan and colleagues oonoluded that if the subject tramed at tho same exetctse

e B mtensny and momtorod thelr oalon Ic intake, changes in aerobic capactty were smttlar

. regardless ol‘the exerctse mode ( 19) This demonstrated that the Nord:oTrack IS Just as
'eft‘eotwe as the treadrmll or stepper m achtevmg oardtovasoular beneﬁts l I

o Butts et ,.aL _(6) performed a study measuring the energy oost of the NordicTrack,

I motortzed madmm, and nonmotorized treadmill. A total of 24 males completed three, 5

i ' . mmute exerctse sessmns at 2.0, 2 5 and 3. 0 mph with a 9 6% grade on each ofthe

I exercise modes The results showed that the oross-country skier simulator and the

?/ L nonmotortzed treadmtll would eltott a htgher VO, and HR than a motorized treadmtll (6)

-'Butts concluded that exercismg on a oross—country ski s:mulator and Or a nonmotonzed

f o treadmtll would prowde similar 'exerotse mtensmes to those of running on a motorized

; - treadmtll (6)

- A study by Hulme (l l) looked at cardtoresptratory and percewed exertion
ol | responses to submaximal and maxnm‘al exercise on a NordicTrack and Schwinn Airdyne,
Twenty healthy males volunteered to perform maximal and submaximal exercise sessions

BBE  on each apparatus, Variables measured were rate of perceived exertion, heart rate,

B oxygen consumption, pulmonary ventilation, respiratory exchange ratio, and kilocalories
[t was found that the NordicTrack elicited a greater HR and VO, than the Airdyne when



~ RPE was the same, and the Airdyne elicited a greater vo,ana caloric expenditure t|

e "the NordtoTraok when the HR was equivalent (1 1) These ﬂndings suggested the '

: NordtcTrack may be a pret‘orable mode ot‘ exerclse slnce it resulted in 8 htgher HR a
'- VO; with a lower percewed exertion, .
~ Zeni and colleagues performed a study comparing 6 commonly used indoor
exercise machines to determine which would eficit the highest rate of energy expend
at specified .Ievols of perceived exertion (23), The exercise machines utilized were tt
“Airdyne, NordicTrack, a cycle ergometer, a rowing ergometer, a stairstepper, and a
tr‘eadmili forWaIlr.ing and mnning. This study utilized RPE for intensity levels. Thir
healthy subjects had to perfomt work rates of ll 13, and 15. It was found that trea
- walkmg/runmng mduced 'tlgmﬁcantiy hrgher rates of energy expendlture compared Vt
I other exercise maehtnes tosted at RPE levels of 13 and 15 (23). The srmulated Cross
country skier, rower, and stairstepper induced significantly higher rates of energy
expenditure compared with the Airdyne at RPE levels of 11 and 13 and compared wi
cycle ergometer at all 3 R'PE levels examined (23). In thlS study the treadmill ehcttec
highest rates of perceived energy expenditure than the other machmes (23) An inter
- concept demonstrated during the study is how exercise intensity is established by RP.
and how the metabolic ldemand varies considerably among exercise machines. For
example, the study completed by Zeni et al. (23) demonstrated the average individua
exercising on the treadmill at an RPE of 13 would expend approximately 700 keal/hr

The same individual would expend less than 500 kcal/hr at the same RPE when using
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 cycle ergometer. This demonytrated that the energy expenditure would be more than 40%

~ greater for treadmill work than cycle ergometer exercise (23).

Several of the above studies incorporated many different modes of exercise

" equipment, P robably one of the newest developed pieces of exercise equipment now on
the marl;et_ is the elliptical trainer. The elliptical exercise machine is a unique combination
 of'atreadmill and i stairstepper. Elliptical machines are low-impact and offer a total body

 workout. A study by Kravitz and colleagues (12) involved the elliptical trainer. This

. N study focused on the physiological comparisons between thé forward and backward

motion of the machine. Twenty healthy volunteers served as subjects and were required _
" to complete 5 minute trials for each condition. Heart rate and VO, were continuously

~ monitored with open circuit spirometry. The results reflected that resistance and speed

elicit the greatest physiological response with the backward motion rather than the

forward motion (12). This demonstrated that elliptical training provides a_suﬁicient meant

to develop and maintain the cardiovascular system.

Research Incorporating a Self-Sele ad Pace

A study similar to this current study used a comparison of four different exercise

‘modes utilizing a self-selected intensity. Boge et al, (4) compared a stairstepper, a
 stationary cycle, a cross-country skier simulator, and a treadmill (walking) for the

differences inll physiologic responses to a self-selected exercise session on each machine.

Sixteen apparently healthy volunteers performed 20 minutes of exercise on each piece of

equipment. HR, VO, and RPE were recorded every 2 minutes. It was found that
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~ subjects exercised at a higher HR and VO, and burned more calories on the cross-c

s simulatorcomparedto the other exercise modalities (4).

A second study mcorporattng a sclt~ selected pace utlltaed the new elhpucal !

'dlscussed earlter Porcari and colleagues perf'ormed a study compartng the physrolo

' et‘feets between the elllptical exerclser the treadmill (walking and runnmg) the statu

cycle, and the stepper machme (20). erteen apparently healthy volunteers between
ages of 27 and 54 years served as subjects Each subject was requrred to perform 2(

minutes of exercise on each piece of equipment at a selﬁ- selected pace. Each test we

-completed on & separate day and in random order. VOz, caloric expenditure, and HI
were recorded every mtnute RPE was recorded every 5 mmutes The results conclt

that VO, HR and Kcals were not srgmﬁcantly different between the ellrptrcal machl

and the treadmtll run (20) However they were srgnlﬁcantly htgher than the btke St

- and the treadmill walk (20) The RPE values were srmtlar between all modes ot‘ exer

(20). This would demonstrate that the ellrpttcal exerciser and the treadmill run elicit

- greater physiologic load at a self-selected pace than compared to the treadmill wallt,

- and stepper. In other words, they provided a better exercise workout than the other

machines.

Another study looking at the effects of a self-selected exercise pace included

_ 'comparison between a rowbike, a treadmill, and a bicycle (15). The rowbike is a

combination of a rower and a recumbent bicycle. Fifteen volunteers between the age
24 and 56 years were required to perform 20 minutes of a self-selected pace on each

exercise apparatus. The Aerosport KB 1-C portable metabolic analyzer was used to



h l'...." I 1.‘!'

— W g gy . ..."_ .‘_‘
aa T ..il__“ PR _

< .l't.'

- owk T

. measure VO; Heart rates were assessed using a Pelar I—IR monitor The results

- L concluded that the rowbtke required hlgher V02 and calertc expendltures than a treadmll
" jog (15) The heart rates on the other hand were higher for the treadmill jog than the

. _-rowbtke The VO;, keal expendlture and HR va!ues were lower for the bike when

T compared with the rowbike and tleadmill jog. The RPE values were similar for all of‘the
~ exercises modahttes Thns conveys that the rowbike can offer a workout comparable to ¢

- : -treadmill jog and more mtense than a regular bike.
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Researeh s sttll bemg done to evaluate the vahdity of the RPE scale, The Bor,g,

 RPE scale is a eemmonly used measurmg devme to evaluate exercise mtensny This scalt
is well accepted in medical and fitness facilities throughout the nation. TheBorg scale
consists of numbers ranging from 6 to 20 printed with deSCriptiVe phrases appearing next

to the odd numbers (1). Heart rate closely corresponds to 10 times the RPE value,

_ A study conducted by _Wright et al, (22) evaluated-the reliability and validity of th

" Borg RPE scale during walking. Forty subjects between the ages of 30 and 69 years wer

required to perform three walking trials. An estimation trial was first done where the

subjects walked for 5 minutes with varying intensities, low (93.8 meters per minute) and
) high (107.2 meters per minute). Subjects were required to give an RPE at the last minute

 of exercise. The next two production trials were then done. During the two production

trials the subjects walked on the treadmill at intensities that matched the RPEs recorded i

~ the estimation trial, The first production trial was done 15 minutes after the estimation

- t_rial' and the second production trial was completed 2-7 days after the estimation trial.



 Heart rate, oxyger consumption, and treadmill speedwererecorded with each trial, -
'Were no slgniﬁcant differences i_rt the first production trial concluding that RPE was

' ,eff'et:ti\re in 'Short term s’ituat'ions (22). 'There was a'"significant 'diﬂ'erence betwecn

N 510 d uction | trial and production 2 trlal (22) However these dlﬁ'erenccs were very

small erght and colleagues concluded that RPE can be used to tndlcate exerctsc
' mtensnty at both walking Speeds among females between the ages of 30 to 69 years (2
A second study evaluatmg the valldlty and reliability ofthe Borg RPE scale W
completed at Northeasteln Umverslty Thie! tested faculty and staﬁ' membcra at
' Northeastern Umversnty who volunteered to partlclpate in the study (21) Each SUbJBl
- was required to complete a 45 minute aerobic exercise class. All subjects_ were instru
to rate and record local and central perceptions and a carotid pulse. EKG telemetry w
randomly used on two subjects. The results of this study found no significant differen
between the central and local perceived exertion ratings and palpated heart rates (2'1 ),
"The local and central perceived exertion ratings s’ee’m’_ to be similar d'uring the aerobic
- class, therefore, indicating that the local cues and the central cues of subjects were '
perceived to be of the same intensity demonstrating the validity of the Borg RPE scale
(21) '
I_h_’,e_Agct_l racy and Reliability of Heart Rate Monitors
Heart rate monitors are commonly used by exercisers to assist in exercise
prescription. They are a popular means of monitoring one’s exercise-workload and
observation of the cardiac beats per minute. Several studies have been completed to

evaluate the effectiveness of different heart rate monitors,
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A study by Maefarlane et al. (13) tested severnl heart rnte monttors to determme

\ - the most effeetlve monitorsl The followlng monltors were tested: Sport tester PE300
. (Medloal Equ1pment Dlstnbutors Auckland) Exersentrv 3A (Resptrontos Hong Kong)
] PU 801 “Pulse Momtor" and PU-701 (Akarana Accessorres Auckland) Monark Trim

" Guide 2000 and Boso Card II (Watson Victor, Dunedln) Biosig “Instapulse” (Salmond
Smtth Btolab Dunedin) The Sport Tester and PU 801 used an adjustable chest strap

| eontamlng two eleotrodes wrth a transmttter that transmitted the signal to a wrist watch
-(13) The Exersentry and Monark Chest used a combtned chest shoulder strap contarmng

5 three eleotrodes that were connected by a wire to a processor umt (] 3) The lnstapulse

'used : cyllndrtoal tube des1gned SO that the action of graspmg it between the hands made

co'ntaet"With three su'rf‘aoe _m'oUnted electrode rings ( 13). The Monark Ear, Boso and PU-
701 Ear all used a photoeleetrtc emttter-deteotor that was clipped to the ear Iobe The
-PU-701 Ftnger used a photoeleetno device that covered the drstal segment of the finger

( 13). All the momtors contamed a digital dtsplay The heart rate monitors were tested

}  using EKG simulators. 'Frequeneies of 50, 75, 100, 150, 200, and 240 min”’ were tested.

Subjects were required to exercise with the heart rate monitors during submaximal

exercise on a treadmill and cycle. Macfarlane et al. (13) concluded those monitors which

 detected the heart rate with electrodes on the anterior chest wall outperformed the
monitors which detected heart rate from pulsatile blood flow in either the ear lobe or
finger. These fihcings suggest that heart rate monitors similar to the Sport Tester and

&8 Exersentry would provide high accuracy and low variability needed for exercise testing

and safe exercise prescription (13).



 as |

~ Another study investigating the reliability of heart rate monitors was done by

~ Burke and Whelan (5). Four different heart rate monitors were tested labeled A, B, C,

= - and D - Meniter A 'cens,iSted of twe-eleetfodes which picked up the eardlac electrieal '

. tmpulse Memtor A centatned a wnst wateh makmg centact wnth the wrtst and ; metal

o sensmg pad on the ﬂ*ont et‘the watch where the tlp ofa flnger was to IJe placed (5) The o

N detected SIgnal was then dtsplayed ena ltqmd erystal dtsplay MomtorsB C and D

operated by a dlﬁ‘erent means uttllzlng lnfra—red phototransducers to detect blood velume”

. pulse In the subjeet : ﬂnger (5 The mgnals on montters B C,and D also amplit’y the

- : heart rate mgnal onto a ltqtttd crystal dtsplay The heart rates of four young ltealtlty males '
'were studted Eleetrome equlpment was used to test the eft‘ectlveness oftlte heart rate

memtors Testmg was done on a welghtltf’tmg beneh and walkmg and runntng on a

- '_treadmtll 'I‘he testmg eempleted on the beneh rarely exhibited Cr101'8 exceedmg 2- 3 beats . .

' "per ntmute over a 30-230 bpm range (5) However when tested on the treadmtll both

B walkmg attd mttnlng. eITOts Were recerded to range greater tltatt 20 bpm (5) Insome

cases over 50% ef the readlngs had errors exceedmg 50 bpm (5). These ﬂndlngs
' contramdteate the use of‘heart rate monitors f‘or rellable data This weuld dtaagree w:th
the study by Macfarlane et al, (13). Petltaps the small sample stze or ineffective testlng
' measuretttents oecurred in Burke and Whalen’ s study resulting in tltts dtserepattey

A study by Bar-Or et al. (3) utlllzed the same Polar Vantage XL heart rate monlter .
as used ln this curfent study BaruOr loeked at the valldlty of the heart rate monitor on
'preseltoelers (3). Heart rates were taken on 27 3 to 5 year eld girls and boys and

" cempared to slmultaneetts EKG_ monitoring, It was found that the EKG monlter an'd o
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o heart rate momtor were nearly identtcal on the presehoolers dunng rest (3). Durtng

o submaleal cy olm g exerClse the heart rates were nonsugmﬁcantly underesttmated dut mg
. steadY"StEt3 actiwty and nonmgmﬂoantly overesttmated durmg recovery when comPared
o the EKG monltortng (3) The study by Bar~0r et al. (3) concludes the Polar Vantage '

- XL heart tate momtor to be hlghly valtd when unltzed by Pf33°h°°lers (3)

' SUMMARY

The rewew of related Ilterature eddresses the dttl‘erent exerotse apparatuses on the

- market today and ltow effective they are f‘or eatdtovascular adaptation Research mdtcates -
R that exermse tncludmg i comblnation of‘ both the upper and lower extremttles mvolves a
- larger muscle mass end therefore 18 a more eﬁ‘ectwe use ot‘energy expenditure than the
_ 'use of‘lower extremltles only The development of suclt a vast amount of indoor exercise
. modes httsallowed muoh ilttprovementin-"s'electlott for the lndlvlduel exerciser, Most of '
. _'the above exeretse eqmpment provides excellent means of obtetmng cardlovascular "

- "heneﬂts and A healtlner llt‘estyle
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