'ABSTRACT

. erent ..-g_ and ' r body ergometers. MS in Adultl*itness/Cardlae Rehabilitation,
) December 1998 27pp (J. Porcari)

B 'A w1de variety of indoor exercise machines are avanlable for i unprovmg aerobic fitness

~ and altering body composition. The purpose of this investigation was to compare VO,

" HR, RER, RPE, Kcals, and O; pulse to exercise at a self-selected submaximal intensity
on an air walker (ST), an elliptical exerciser (ELLP), a cross-country skiing simulator

~ (XC), a nonmotorized treadmill (WALK), and an Airdyne bicycle (AD). Ten female
college-aged volunteers exercised for 30 mmutes ata self-selected pace on each modality

e on separate days, in random order.

— ST ELLP XC__WALK AD

314 34',6 292 327 305°
99 109  92* 99 96
170 172 162 166 167
097 099 097 09 098
130 126 122 11'6" 125
. 1L 128 0 114M 125 115'Lb
s:g ﬂcently di erent than ELLP b signi, 1cantly' different than WALK

In general responses te WALK and ELLP were greater than ST XC and AD :
~ respectively. When comparing WALK to ELLP, O, Pulse values were similar, but since -
~ WALK values were achieved ai a lower RPE (11.6 vs. 12.6) exercising on the WALK
~may be the most beneficial exercise mode for maxlmimng energy expendlture while
o exereising at self-selected moderate mtensit:es‘ - .
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. _ INTRODUC I‘ION -
The beneﬂts of regular exercise ltave been wcll documented They lﬂclude . o

. B improvement in card lorespiratory ﬁrnction, redur.-tion in coronary artery disease rlsk
o factors, decreased mortallty and morbidity, decreased anxiety and depression, and

 enhanced feclings of well- being (1 2). Aecordmg 0 the guidelines published by the

o "American College of Sports Medicine (l), many different exercise modes can produce
o the aforementioned beneﬁts However, modes may differ in their energy expenditure _- :

_ requirements during exerclse (112,1). Although drfferenees may be subtle, when
- accumulated over several months and years of exercrse trauung, the physrologrcal cft‘ect : '

_ could be srgmﬁcant. Many people bave turned to home exerclse cquipment to prcvrde |

- the modalitics for ther.r regular exercrse

Evcry year millions of people purchase home exercrse equrpment T he search for o .

. ._'thc perfect excrcrse machme never seems to cease. Consumers are constantly bombarded-- -}

o with adverttsements makmg claims that certain pleccs ofexercisc equipment w1|l hclp

o 'them shed unwanted polmdsr bum morc fat increasc energy, trim and tone the hrps ’

o thrglts, arms s and buttocks, and strengthen theu' hcart and lungs The recent trend of

o -companies producing home cxercise equipment is to manufacture modalrtres that pnovrde' '_ _

 a total body workout by ureorporatmg upper body as well as lower body mvements

-'”"'?“-Thereason forthrsrsthat researchhasfoundthatlowerbodyonly modalitres suchas - '

o 'wallung, may not provrde sufﬁcient mtensrty to elrcrt cardrovascular beneﬁts 1n frtter o




. the risk of injury (4) Thus, hy combining upper and lower body movements, it may be
a possible to elicit a greater training responsc with less rrsk of injury
. . ' Determining whiclt mode elicits the greatest cardtovaseular el’fect could prove to
'j be very beneficial to the fitness industry and the public. Kravitz et al, (7) recently .
:‘ . _ compared the energy expenditure at self selected intcnsities on four different modes of
' , exercise. 'I’he modes consisted of submaximal treadmill running (’I‘R), sirnulated cross-
| - "'country skimg (XC), cycle ergometry (CE), and aerobic ridmg (AR) Total encrgy .
_' _' | expendrture was signiﬁeantly higher for TR than all other modes Ina similar study, Zeni |
et al (13) also compared the energy expendrture while subjeets exercised on 6 different
*indoor exercise machines at RPE (rating of perceived exertion) levels of lt 13 and 15 - ﬁ
S Thc modahtres mcluded XC CE and TR, along wrth an Airdyne (AD), a rowing _ " |
i ergometer (RE), and a stair stepper (SS) The TR induced signlﬁcantly htgher energy
expendlture rates than all of the other modalrties, and the XC RE and SS induced higher -
e rates of energy expenditure than the AD and CE. In both studles TR was found to
- iprovide the greatest physrologlcal eﬁ'ect However, the rlsk of injury associated with a _
. I -high impact activrty such as TR must also bc weighed whcn selectmg exercise modalitres :
'. _ ,espeeialiy for the novice exerciser or an obese mdwrdual A mode that combmes low-
; . -tmpact activity and enhanced physrologlcal changes would be rnost beneﬁcial to the
= public S o o -
; The combined upper and lower body ergometers have steadrly gmned popularny

 ' _'-"”smce thctr reeent mtroduction mto the home exercise equlpment market However, their I N |

i R training effects havc not been ﬁxlly mvestigated. Furthermore, fcw comparative studies




o B solely analyzmg modalitles that include both upper and lower body components have

|- _I,been pcrformcd The purpose of this st“dy was tO compare the physiological reSponses to' o '- -

o 30 minutes of exercise, at a self selected submaximal lntensity, on ﬂve modahties, whtch

| ' each have an upper and lower body component Thls study may provrde further insight '

o -"as to whlch exercise modallty would be potenttally most eﬁ'ective in altermg

' cardiovascular endu_rance and body composltlon

~ METHODS

- -'f_ubjggt__el tion

The subject populatlon lncluded to female volunteers between the ages of 20 and ]

. o 26 years All subjects were apparently healthy, wlth no known cerdlovascular or

e metaboltc dlsease Apparentl}' healthy was mdtcated by not answering yes to any of the o B

- Personal Acttvrty Readmess Questionnairc (PAR Q) qucsttons (see Appendix A) Each

o subject sngned an mformed consent form (see Appendix B) prior to Pa“l‘“pa“"“ n the

! study All procedures of the study were reviewed by the Instttutlonal Review Board at the
Umversny of Wtsconsm-La Crosse (UW-L) and were deterrmnedl to place the subjects at
' mmimal rtsk No compensatton was given to the subjects for parttcrpatton in the study
'. The ﬁve exerctse modalttles tested included a SkyTrek air walker (ST), (Frtness : B

© Quest, Canton, Ohio), a NordrcTrack Elltpse E7 (ELLP), (NordicTrack, Chaska, MN),

o NordicTrack Pro cross-oountry sknng machlne (XC), (NordicTrack, Chaska, MN) a R

- 'NordtcTreck Walkﬁt 5000 treadmtll (WALK), (NordicTrack, Chaska, M’N) and a

Schwmn Atrdyne (AD), (Schwlnn Cyoling and Fitncss Boulder, CO)




S . IQE.iimtﬁ_th,ltﬂ& All testing and data collection were performed at the UW L

';;..':,;, - Hurnan Perfomtance Laboratory. After signing the informed consent document the

subJocts then complcted a minimum of three practice sessions on each modality Subjects
were randomly assigned the order of testing for each modality, .

" Subjects unfamiliar wrth the modaltties completed a minimum

1 o of three, 10 minute pracuce sessions on each lnodallty ‘The practtce session consisted of

B B -starting and stopping on the machine, scttmg the exercise intensity levels, and engaging

' . .in the exercise activity

llest_ing _S_e_smn_s, Prtor to each test the subje':.t’s hetght and wetght were

o . " measured and entercd mto the Quinton QMC (Quinton Instnnnent Company, Seattle,

. o .WA) The QMC an automated metabolio cart was used to assess the sub_]ects expired

o .'air for the deterrnination of VOz, caloric expendrture, and resptratory excha'nge ratio

' .'”'(RER) The QMC was calibrated pl‘ior to each test using known gas concentrattons and a -
- 3, 0 L syringe. Hcart ratcs (I—[R) were dctermmed usmg a Polar Vantage HR monitor ' I
o (Polar CIC Port Washington, NY) and ratings of percerved exertion (RPE) were
- determined usmg the Borg lS pomt scale (3)
' For cach exerctse test subjects were grven a S minute, selﬁ-paced warm-up The

'-"-'_'subjorts then cxercised for 30 mmutes at a seif-sclected pace or one thcy normally would

- choose winle performing a steady state excrcise bout Subjects were able to ad_;ust the

L workload of the modalrty throughout the session, Every iS seconds the QMC collected -

| - | .VOZ (kag/mm)r Kca]/mml and RER HR was recorded evcry mmute and RPE was o




- assessed every 5 minutes. Oxygen puise values were calculated ﬁ'om the VOz and HR

. data. Foliowmg each test, 35-minute cool-down was performed

' stmtdard descriptive statistics were used to eharaetenze the subject population

VOz, HR, RER, RPE Kcals, and 02 pulse were averaged for each 30—minute period and

I ' compared between modalities using a one-way analysis of variance with repeated

o measures (REANOVA) If. & sigmﬁcant F ratio was found between modalities, a Tukey s

o 'post-hoe test was performed to 1soiate palrwise dtt’ferences. The alpha level was set at

o p <.05t0 achieve statistteal srgmﬁcance

RESULTS
The deserlptive statistles of the subjeets are displayed in Tabie 1. Subjects ranged . |

'ﬁ 'm age ﬁ'om 20 26 years of age and were all recreational exerclsers

Table 1. Descriptive characteristics of the subjects.

Age:(yr) - .. Height (em) '
S x+SD ~ xxSD
Variable . (range) _ - (range)

Females (10) 21.9+1 7 o 167.4+2.6

(20 26) - (157.5-180.3) (5222':75:3) )

A 001‘11931'130!1 of the physrologrca! responses between modalrties is presented m S

. Table 2 It was fmmd that voz and eaiorre expendtture (Kcal) were sigmﬁcantiy
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lower body ergometers

ST ELLP  XC
xtSD  x#S8D

314240  346+5.0

994095 109:1.0 92413

172+ 8.4 '

" RER 0.97 + 0,04

 RPE 130£0.53 1264097 122+0.56

1742 28222 as2d

) = sgmﬁeantly different than ST .
L b = significantly different than ELLP
" ¢ = significantly different than XC

. jd = significantly different than WALK
| e= signifieantly diﬂ‘crent than AD

x+SD . - x+SD

2024+3.6"

162£14.0° 166123

0.99+0,03 097+0.03

,,' o (p < 05) higher on the ELLP than XC and AD HR was signlf‘ icantly (p < 05) lower oit '
| : '-XC thﬂn ELLP end RPE on the WALK was signiﬁcantly (p <.05) !ower than ELLP
| 'There were 1o signiﬁcant diﬁ‘erences (p > 05) in Oz pulse values between ELLP and
WALK, however both were significantly greater (p < 05) than ‘~1T XC and AD No o

o ' | other 31gniﬂcant differences (p > ,05) were {ound between the modallties.

| - Table 2, A comparlson of the physiologieal responses to exerclsing on the five upper and i

WALK  AD
x+SD

327452 305+2.4"

99+1.1 9.6+0.89°
.167 +10.3

0.96 + 0.03 0.98 +0.04

116£0.77° 12,54 0.72

12528 115£25%




DISLUSSION

The purpose of this study was to compare the physnologioal responses to exerclse . B

o on ﬁve different upper and iower body ergometers ELLP exereise produced the inghest B

- 'Voz(ml/kg/min) and Kcats/mm values, followed by WALK ST, AD and xc modes, ]

o ;respectively. However, oniy XC and AI) were signiﬁcantly lower than ELLP in regards

e VO; and Kcals/min. XC exercise resulted ina significantly iower HR than ELLP An ]

: o . other modes were simriar in HR RER values were similar for all modes When .

P comparmg RPE WALK was signiﬁcantly lower than BLLP with aii other modes being |

' similart

An important distinction between this study and prewous studies is the seif- -

o -,seleoted intensity characteristic of the exercise session Other studies have estabiished

) -'exeroise to a given VO; (12), HR (1 1), or RPE (l3) The intent ofthe study 'was to let the R
= subjects self-solect their own exercise intensnty It wes felt that this would most oiearly '

! represent a “real world“ situation. By using VO;, HR, or RPE the exerelse session mey .'

. be artificially controlled (7) Self selected intenslty is bosed on the subject’s perceptlon N

| of disoomi‘ort whieh is indireotly refleeted by the RPE ('?) Forr xample, in thls study the_
- subjects volitionally exeroised at a hlgher VO; during ELLP exemise than during XC but '.

o ' had " similar RPE between the two Analyzing this sturiy 8 datu reveais ELLP eiioited | |
'-the highest V02 veiues, followcd by WALK, bT AD and XC, although oniy Xt" ' |

significantly lowen ELLP exerolse most resembies treadmiil rumihtg/walkh\g and if this o




rs taken into accom'tt, Several studles agreo wrth tho data Kravitz et al (7) revealed that -

S treadmill exercise at a selt sclceted mtensrty expends more energy compared Wlth

h; - - :: Isimulated cross-ootmtry skiiog, oycle ergometry, and aerohic rtdmg exercise Thomas et

o "."_al (l 1) also reported a higher submaximal VO; during Jogging as compared with other

| _. . 'mdes Of exerciset In comparing enel‘gy expendlture (KQBIS/ rnin), this StUdy fOlmd that

o ELLP exercise produced the highest values ﬁ)ltowed by WALK, ST AD and XC Both |

o _ XC and AD were signiﬁcantly lower than ELLP In a multl-mode comparison study o -

- comparmg oncrgy ttxpendlture during the last minute of S-min trials at threo RPE

- intcnstties(ll =fairly light, 13 msomowhat hard and 15 whard). Zeni etal (17) fOllﬁd ,

o that treadmill exerolsc elicited the highest rate of energy cxpendlture followed by stair

- /. K stepping, rowing, crossf-coumry ski simulatlon, cycle ergometry with arm work and cycle | |

' , R ergometry alone

The data ﬁ'om this study revcalcd slmilar heart ratcs onall modalitlcs except for ]

. . XC, whlch was slgnlﬂcantly lower than FLLP Numerous researchers have compared

- . 'subrnaximal HR responscs to dift‘erent oxerolse modallties, but the results are

| T ' inconcluslve. At a given submaxlmal VO:, HR for statlonary cycling was reported to be -
| . hlsher tho.n treadmlil jogging (5,6), similar to the treadmlll exerclse (8), or equal to _
B rowing, skllng, and treadmlll walklng (l l) In a multl mode comparlson study during o

. prolonged submaximal steady-state exerclse bouts, slgnlt‘lcantly hlghcr HR’s wero
N obscrved whlle jogglng compared with skilng, shut'ﬂe skling, stcppiog, eycling. and

E rowing (12). Keavitzet al, (’i) found hlghor HR’s during tteadmill runnlng and simulated |

v E ' .cross-country skling compared wlth oyole ergometry and acroblc rldlng. Slmilarly, unl .




= K et aL (13) reponed higher HR’S for treadmill exercise and stair stepping compared With '

- : rowlng, simulated eross-country skiing, a.nd statiomry chliﬂgf Wlth m‘d W'th"“t arm o I

o -'-work

The results of this study also reVealed that there were 10 slgniﬁcant differences ' . '

| - (p > 05) in 0; pulse values between ELLP and WALK however both were signlﬁcantly. N

| o greater (P < 05) than ST XC and AD 0; jmlse values give an lndlrect estlmate of

| - _ stroke volume, as reﬂeeted by the amount of oxygen dellvered per hemt hest (B)

Based on the results ofthls study, the ELLP and WAJ.JK provided simllar

o physio legical responses, but since WALK values were achleved at a lower RPE

_ exercising on the WALK may be the most beneﬁcial exercise mede for maxlmizlng

energy expenditum whlle exercising at sel{’ seleeted moderate intenslties
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o  APPENDIXA .
* PERSONAL ACTIVITY READINESS QUESTIONNAIRE PAR-Q)




- A Comparison of The Physiologlcal Responses To Exereise On Flve leferent Upper and _
| Lower Body Ergometers D ' D

' Personal Activity Readlness Questionnaire (PAR-Q)"'

N The PA'R Q is a standard form deslgned to determine your lnltial health and '
- activity level, The test identifies those individuels who may be at risk if they engage in
8 thisstudy. Answer the following questions to the best of your abihty Check ‘yes or
.. __.‘no’ to answer the questlons as they pertaln to yeu . . _

ParQ

o Yes 1 Has your doctor ovel sald that you have a heart condltlon _
B apdthatyou should only do physleal aetlvity reoommended
by a doctor? R . o

' 2. Do you feel paln ln your chest when you do physlcal
o ':-aet!vity‘? S , _ _

- : In the past month. have you had chest in when you were
o nOt dolng physical aotlvlty? -

. 4 Do you !ose yout balance beeause ofdlzzlness or do you
- ever lese consolousness‘? o o




5. Do you have a bone or joint problem that could b_e made -

o worse by a change in your physieal activlty?

o

yes _ 6. s your doctor currently prescribing dn.lgs (for example, o

- water pills) for your blood pressure ot heart condltlon? o

— Yes S _ 'f Doyou know of any o et why you should not doi -

o physieal aetivnty?

. | . o "'American College of Sports Medioine: Guidelines for Exereise Testlng and
- "-Prescription, ed 5 Baltimore, MD Williams and Wilklns, 1995
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 Informed Consent to Participate in a Research Study

"_"Title

A comparison of the physielogiea! responses to exercise on ﬁve different upper

.. and lewer body ergometers

S Prmelpal Investigaters

Lance L. Spmnger Graduate Student uw - La Crosse "
Jehn Porean, Ph D. Cemmittee Chairpersen * -

Explanatien of the Exerelse Tests: "

L voluntarily agree {0 bea subject ina research study to )

" '_compare the energy cost aehieved during exercise among five upper and lower body

‘modalities. I understand that five separate exercise sessions on five different days will be

~ required, After instruction on the proper usage of each modality and a brief practice
- session, I realize that I will exercise for 30 minutes at a self-selected pace on each
~ modality. The modalities will include a SkyTrek air glider, a Schwinn Aitdyns, a

" NordicTrack Ellipse, a NordicTrack Cross-Country Ski Simulator, and a NordicTrack

o ‘Walkfit treadmill. During all tests my heart rate will be monitored continuously with a ]

~ heart rate monitor strapped to my chest. I will also breathe room air through
| mouthpieee SO that my expired air can be colleeted and auelyzed '

: .'IRisks and: Discomforts. '

1 realize that I can stop the testing anytime ] wish As wlth any exereise there |

exists the possibility of adverse changes ocourring during the test. They could include

. abnormalities of blood pressure ot heart rate and, in rare instances, stroke, heart attack, or

~even death, If any abnormal observations are noted at any time, the test will be

immediately terminated. In addition, [ will prebebly feel thed at the end of lhe test and C

- may experienee SOMe musele soreness.

- ’I‘esting Schedullng. _

All testing sessions wlll be seheduled at my convenlenee and will be eondueted’* -

by Lance Spranger under the supervision of John P, Poroarl, Ph.D. If any questions alse
- eencemlng the teqling, Dr. Pelearl can be eontaeted at ‘785 8684 __

Cenﬁdentlellty

1 consent o the publicetien of the results of this study 50 long as the infbmmtion N
is mwnymous and dhgulsee 80 that ho identlﬂeatlen of lndlvldual sub_leets ean he made. B




. I further understand that although a record vnll be kept of my participation in the

~ experiment, all experimantal data collected ﬁ'om my participatlon will bn. ldentiﬁed by'- -
' number only.. o |

'Freedom ofConsent* '

. I eonsider myeelf to be in good health and to my knowledge I am not mfeeted'
 witha contagious disease or have any limiting physical condition or disability, especnally '

/. : related to my heart, that would preclude my participation in the tests described above, |

‘have read the foregoing and I understand what is expected of me. Any questions that I -

may have had have been answered to my complete satisfaction. I, therefore, voluntarily .

~ consent to be a subject in this study. Furthermore, I know that I mny thhdraw at any
. time wnthout any type of penalty - -
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'APPENDIX C

REVIEW OF LITERATURE




'REVIEW OF LITERATURE

A wide variety of indoor exercise machines are available for improving aerobic
,ﬁtne’s"s' andaltering body composition. Exercise machines also vary in thy amount of
| muscle mass they utilize. Soine models have only aleg component, some only an asm
component, and some combine both arm and leg action in one machmei Becau'
P working muscle demands oxygen to metabolize energy, more working muscle mass .
'should result in a higher demand for oxygen and thus a higher ¢ energy expend iture

(2 4 10 17) This would give the combined arm/ieg machines an advantage over leg oniy '

- orarm oniy modes. Research, however, has not found this to be totally vaitd When

comparing combined arm and leg exercise to leg bicycling, some mvestigators have

' found a5- iO% higher VOzmax during combined arm and leg exercise (4,14). Other

_' .studies, however; have reported VO;max vaiuea to be the same (1,13). Also, several '

studies (5,15,18) have found that different modes of exercise may elicit significant

differences in energy expenditure, o . N '

. ‘he Con _ DI "Muscle Mass in Detern _ ._| ) VO max
Investigators have fmmd that vom-x in combined armvleg cycling may be '

~ dependent on the proportion of arm and leg rontributions to the total work output (2,7).

Othet studica have aiso found that the lovel of arm training ofsubjects may influence

- arm/leg proponions contributing to VOzmax (1 1 12)

Bergh, Kanstrup, and Ekblom (2) conductcd a study to dctermine it‘VOz during

" maximal combined arm and leg exercise Was lnfluenced by the ratio of arm work to total

18




- work output, The results were then compared to values obtained from maximal uphill
running andcyolingvalues Each of the ten subjects Wér’e required to performa
submaxlmai and a maximal test on the followmg exerclse modes l) uphiil runnmg on a
_treadmlll 2) arm crankmg, 3) cyclmg ina sittmg posmon, and 4) combmed arm crankmg
N and leg cycle work The combined arm and leg work was performed in four dlﬁ‘erent
' ratlos, with the arm work being 10, -20- 30, and 40% of the total'work- respectweiy The
- B | VOzmax vaiues for arm crankmg, leg oyclmg, combmed work of 10%, and combmed
' 'work of 40% wete significantly lower than uphill treadmill running The VOzmax for
combined work of 20% and combined work of 30% were lower, but not _signiﬁcantly -
different than uphill treadmilll running. The results of this study suggest that the ratio of
arm work to total work may be a significant factor influencing VO,, and that the leg . .
‘workload in combined exercise should be intense enough to elicit aorobic power values |
close to maximum. . . o
' Nagle et al. (7) also found that the r'elativo'cont'ribution of the arms and legs in' .
| 'performing maximal exercise affects VOzmax values. The study consisted of nonarm
trained males perf‘orming maximai arm work, leg work, and combined arm/leg work on
an air braked ergometer The combinod arm/leg tests consisted of three dii’ferent trials -
with the arms contributing 10, 20 and 30% of the total combined workload respectivelyi
'No significant differences in V()gmax were found for the 10% oombined and 20%
combined worklo_ads, but the value_s for t_he lO% combined workload were signlﬂcantly -

higher than the values for the arm work alone, leg work alone, and the 30% combined

workload. This agrees with the finding of Bergh et al. (2) that the 20% combination _
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workload was not srgmﬁcantly dlfferent ﬁ'orn leg work alone, however, there isa

e drsagreemcnt on the 10% combmcd and 30% combmed values,

Ono of the factors that may aff‘ect the extent to which combmed arm/leg

- .__proportrons contnbute to VO;max is the lcvel of arm trammg of subjects. Seals &ﬂd
. | '_'-.'I_._'Mullm (l 1) maxnnally compared the responscs of well-tramed upper body athletes and
i untramed mdividuals durmg four different types of exeroise: 1) arm crankmgs 2) 168 only
cycling, 3) graded treadmﬂl running, and 4) combmed arm cranking and lcg cyclmg
i ' - -. _The untramed subjects attained their highest VOzmax on the treadmill whereas the well- '

. trained upper body athletes attained equwalent values undcr the treadmill and combmed

arm/leg condttlons. It appears from the results of this study that treadmtll running may be

the most appmprratc mode of exercise for ehcrtmg VOzmax values in indrvrduals not _

trained for upper body activlties.

Mostardi et al, (6) conducted a 6~week training study to deterrnine whether

o nnprovements in condrtioning associated with conventional leg work are comparable to
 those associated with both arm and leg work The researchers trained six healthy males

' uslng both 'arms and legs while a similar group of ﬂve males trained using legs only. The

subjects tealnied 3 times per week and covered an average distance of3 miles per session.

Both gnoups showed an increase of 12% in VOzmax after traming Whilc there were no

significant differences in the linprovemcnt of VOzmax bctween the two groups, the

' combined ar‘m/leg subjects were able to 'do more work at a lowerheart rate durhtgtho '

tralning program. The lnvestlgators conoluded thnt combincd armyvleg work placcs less

' physlcal strcss on the heart and skoletal musole than does ieg work alone. They indicated




_— that the feelmg of stress mtght be related to metabolte rate per square area of worklng

. | | _:muscle rather than to total metabolism

Stenberg et al, (13) have also demonstrated that exerelse usmg eornblned arm and B g

.' : leg worlr was better tolerated and accepted by subjects because the overall stress and

‘. f subJectwe physical effort was less These studies suggest that an exererse that has both

"; an arm and leg component may be beneﬁcral and more tolerable to mdividuals This type
_- .of exerclse may be espeerally useful to the agmg and cardlac populations. -
B_li Responses toSubmaxr slExerclse

Many dtﬁ'erent exeretse modes ¢an produee eardiovaseular beneﬁts Several

-. '.-'studtes have attempted to determine whrch mode may be the most beneﬁoial

" Kravrtz et al. (5) eompared the submaxrmel responses to exereising on four dtfferent '

o exercise rnodaltttes at self-seleeted mtensrtles .

. Etghteen subjects (9 male, 9 female) ﬁrst completed a test oL VOzmax dunng treadmrll
*mnmng On separate days, subjeets randomly eompleted 20 minutes of submaximal .
- treadmrll runmng (TR), srmulated cross-country sknng (XC), eyole ergometry (CE),
. .aerobtc riding (AR) exercise, Total VO, and energy expendlture were stgmfieantly

) 'hlgher for TR than all other modes for both females and males, respectwely For males o

and females, heart rate was similar durmg TR and XC and lower durmg CE and AR .

Compared with females, malés had significantly- gre_ater VO, and 'energy; expendrture,- __ .
while females had hig_her‘ heart rates. Ratings of perceived excrtion (RPE) were not ' .

differcnt between TR, XC, and CE, but were significantly lower during AR, TR elicited

the greatest VO, and energy expenditure during self-selected exercise despite RPE values




being similar to XC and CB They concluded that treadmili exercise may be the modality

. - ﬁ,-f '_ ' :of choiee for indwiduals seeking to unprove cardiorespiratory endurance and improvmg

Thomas et al (16) also compared the physiological and perceived exertion o

:responses to six modes of submaximal exercise Ten male recreationai exerciscrs were -

B habituated to treadmill rurming (TR) stationary skiing (STSK), shuﬂie skitng (SHSK),

o "stepping (SS), cychng (CE), and rowing (RE) Af‘ter followmg a speciﬁc dietary pian,
- -, each participant performed a 20-minute exercise bout at & constant RPE rating of 14,

_foliowed by a mond exereise bout at 60% of mde-speciﬁc peak oxygen consumptlon

- '(VOzpeak) On the RPE 14 trial, oxygen consumption (VOz) and oxygen pulse were

o " sngniﬁcantly hrgher dunng TR than durmg the other exerctse rnodes, and oxygen pulsc

B s higher during STSK than during snsx. On the 60% vo,,peak bout, oxygen pulse

| fwas signiﬁeantly hsgher during TR than sst, cs and RE But RPE’s were
srgnificantly higher during CE than during TR These results indicated that a variety of

" B exerclse modes can be used to develop ﬁtness, but TR rmy induce a sllghtly more

N ‘:favorable VOz-to-RPE relationshlp
' Zem et al. conducted a sumlar study using set RPE values as the exercise intensity

" '(18) 'I'he sub_]ects were healthy young, adult volunteers, meludmg 8 men and 5 women.

o The subjects underwent a 4-week habrtuatlon penod to become familiar with the RPE

.;. scale and exercismg on each of the modahties. The modalrties mcluded an Atrd)me

. (AD), a oross-country skimg sunuiator (XC), a cycie ergometer (CE), a rowmg ergometer

, (RE), a stair stepper (SS), and a treadmlll (TR) Followmg habituatton, each subject




" completed 3 stages ofS minutes at selfnselected work rates correepoudins 10 RPE values B .
L _of‘ ) (fairly nght), 13 (somewhar hard), and 15 (hard) Oxyeen °°ﬂ3"mPti°m fom
o ']whieh the rate ot‘ energy expenditure was calculated was msured durins the last "‘i““tel
. Of each 5 mmute exeroise stage. I-Iourt rate was measured during the 1351 '“10“‘" ofeach
- 91586 of the exeroise test, and blOOd laotate levels were Omj"“‘ immediateiy after eaoh = I
o _exereise stage Treadmill exerolse mduced the highest rates of energy expenditure at ali

S levels of' RPE when eompared to all of the other exercise maohines. The XC RE and SS '

- __ induced higher rates of energy expendnture than the AD and CE Heart rate varied
o . srgniﬁcantly among exercise maohines, wrth the highest values assooiated wrth the TR
and SS respectively Lactate concentrations varied mgnificantly with highest values _
. 'assocrated wrth use ofthe SS and RE Under the conditions ofthis particular study, the
; treadmill was found to be the optrrnai indoor excrcise machine for mereasing energy
expenditure when percewed exertion is used to establish exerciee mtensity -
Boge Porcari, and Perry (3) perfomied a study comparing the physiologlcal . . .
_ responses when exeroismg on four oommon exeroise modaltties ata self-selected
. mtensity The modalrties ineluded stepping (ST), stationary cycling (BK), treadrmll
-walkmg (TM) and simulated eross-country skung (XC) Bight men and 8 women .
.- 'between the ages of 30 and 62 yea.rs served as subjeots After given antple prnctice time . :
(at least 5 practice sessions per machme), subjects performed 20 minutes of steady-state R
exeroise on each modahty, in random order, at an mtensity of therr own choosing. It was s
 found that subjects exercised at a htgher HR and VO, and burnedmore calories, on XC o
compared to the other exercise modalities. Theoretically,if individuals were to train




g _under these eondltlons, X.C would result tn the greatea changes In aeroblc capacity ﬂﬂd : -

: | : body composttlon

Pollock Dlmmiek Mnller, Kendrick and Llnnerud (8) lo oked at the effects of

-' o mode of tralning on cardtovascular ﬁmctlon and body compositlon of adult men.

.- JTwenty-six sedentary men volunteered for the study and were asslgned randomly to one
. .' of the following tramlng groups. running, walking, bieycllng All groups tralned for 30 '

] - _'minutes, times/week for 20 weeks at 85 to 90% of maxlmal heart rate. A control group' _

of 7 men of sn'nilar qualiﬁcations also were evaluated All eXperimemal groups f

, - lmproved sxgniﬁcantly in cardtovascular E.l‘ld body eomposmon measures. The former

\ . '[was shown by slgniﬁcant increases in VOmax, ngax, and o2 pulse md a slgmﬁcant

P~ ; | o 1 ; mse i resttng heart rate Body composition results showed that all ofthe tralning

t..i | gronps had a signiﬁcant reductton in body wetght, sldnfold fat, and abdommal girth

- msurementst _The control group showed no mgniﬁeant changes for any of the variables .

_- - "I'he resea:ohers conoluded tbat the improvement in the experunental groups was

| | | .. independent of mode of trammg

. Inasnmlar study, Porcarietal. researchedtbeeﬁ'ects of12 weeksofstationary _

;- - . cyelmg (BK), treadmill walkmg (TM) stepping (S), or slmulated cross-county skung

- _- (XC) on aerobic mﬁy and body composition (9) Forty-etght men and 54 women

. were randomlzed equally to eltht'r a eontrol group or one of the four aforementtoned

. modallties Subjects ln the exerelse groups traioed 3 times/week for 12 weeks. Subjects

N .were tested before and after the study for body composntion (hydrostatlc welghlng and




b ' o anthropometrics) and acrobic capacity (VO;max) The VOzmax tests for each group

: -iwere conducted on the specific training modality used durlng the study. No significant o

' differences were found in responses between any of the trainmg groups, and changes

 were generally signif‘ cantly different than the control group Results of this atudy found -

4 that when subjects t:rained at the same enerc:se intensity, changes in aerobic capacity and B

R body composition were similar regardless of the exercise modality

' A wrde variety of mdoor exercise marhmes may i mprove aerobic capacity and

- alter body composition. When searching for the optimal ratio of arm to leg work to elicit '
g , 'the hlghest V02max, the arm workload in comblned exercrse was found to be the most

o beneﬁcial at 20—30% of the total work and that the leg workload in combmed exeroise - . |

should be intense enough to elicit aerobic power values close to maximum. Comparmg

- physiological responses to submaximal work reveals that tneadmill exerolse may be
superior to other modalmes although cross-country skiing was also found to be

. beneﬁcial in altering aerobtc capaclty and body composmon Traming studies comparmg ’ N

' physiological rl9913011&':5 to exerclse on dtfferent modalttles have shown that changes in I

. aerobic capacity and body composntion were similar regardless of the exercise modality

o and were mdcpendent of the mode of trainmg
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