ABSTRACT

GOEBEL, C. G, A c01n1)ar1$pn of the maximal exercise responses on upright and semi-;

.rec_umll)?nti cyele ergometers with habituation, MS in Adult Fitness/Cardiac
Rehabilitation, December 2000, 32pp, (R. Mikat) o

Maximal physjological responses on upright (UP) and semi-recumbent (SR) cve 0S Were
completed in 12 male and 7 female (19-27 yrs) subjects while performirgg ilzcrzlliengf -
'__ma_xilma] exercise tests, The subjects were habituated to each modality with 10 practice
sessions with each mode prior to testing, Testing order on the bikes was randomized and
 performed 24-48 hours apart. Data were analyzed using 2X6 MANOVA with repeated

. mea_surs@:s* H_eart rate, SBP, DBP,__, VO, RPE, and Kcals/min jwere measured at tlle end of
_eagh ?'mi“"‘e stage_and at maximal exercise. At both submaximal and llmiiillm'l
exertion, .I:IR,_SBP,_ DBP, VO,, RPE, and Kcals/min were not significantly dilfferent'(p >

- 0.05). This study ‘shows that after habituation, both cycles promote similar physiological
responses, Therefore, either cycle may be chosen for maximal exercise testing depending

on comfort level and personal preference. - S
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IN'FRODUCTION-
Common exercise equipment found in many rchabilltatlon and ﬁlness l‘aoilitlee -
'mcludes lreadmllls stalr steppe:s, rowers and statloxmry blcyeles lnlecent years i new

' form of cyc]e erg,ometel the semi- recumbenl (SR), has gained populamy among lhe -

_exermslng POPulauon. Many users prefer SR cycles 1o uprlg,ht (UP) cycles because of lt.s'. '

g,reater eomfort level

Previous studies perfor med on UP and SR hlcyoles have pr odueed mixed xesults
At submaxlmal workloads, heart xate (HR) iS lower on the SR posmbly due to increased

venous return, which results In moreased stroke volume (1,2,3). Also VO, is lowel al

g,rawty ( l 4). The seat back also gives greater stablhty and pr ovides leverag,e to help

l' .wuh pedaling

Along with difterences found at submox'imal workloads, signifi cant differences in
phys:ologlcal responses were found at mammal exertion on UP and SR cycles (5 0).
' . Some sludles found no mgmﬁcant differences in physlolog,lcal responses on the cycles at

maximel exertion (1 ,2-,5,7,8). Reasons for lower HR and maximal oxygen consumption
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“on SR cycles have been attributed to position of the hamstrmg muscles and inSUFﬁcieht

habltuatlon to the eqmpment Another possible reason for lower HR and VOz max may
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be attrlbuted to the potentlally hlgher end diastolic volume in the SR posmon (9) High

- - . -y - - N
i m— ."- w -

' VO; max measurements are typlca]ly associated with the use of large-mass muscle
.groups. The SR posntlon 1S thought to limit the use of upper torso and gluteal muscles,

Wthh may result in lower VO, max values (9,10). The SR posmon however, w:th the




added back SUpport may provide subjects greater leverag,e (o pedal a;,amst (5). Westeott

'(3) concluded that the ‘iR posmon facilitates venous return thereby al!eviatmg stresson

the heart and lesultmg In lowor syslohc blood pressure (SBP) I’erlpheml lGSlblf.lIlCL‘ was

shown by Hermansen et al ( IO) not {0 be affected by lhe posntion of the body In shor_l,

there Is a serlous lack of consrstency In studies of UP vs, SR eyelmg,

A prnuary weakness in prewous research, w]uoh aamhled dl!ferences b_et'weeh

UP and SR b:cyeles, may have been the absence of habituat:on. lheletore the purpose

-' of this study was to compare the maaimal physwloglcal responses of mal and female,

~ college-age (19 27 yrs), moderate]y aettve students on the UP and SR bicycles following

“habituation,

METHODS
~ Subject -S'election

, Subjeets included 12 male and 7 female college-age (19- 27 years) moderately actwe

| 'volunteers. Moderately active as defined for thlS study were those individuals who

_ exerolse 3- 5 times per week for 30 60 min per session, Subjeets were meluded based on

aotiwty levels and cross-modal experience. All subjects were apparent!y healthy with no

known cerdlovascular dlsease or musculoskeletal lnmtatlons (! 1) SUbJ ects hlled out a

. Par-Q form (see Appendlx A) and sngned an informed oonsent prlor o Jommf, the study -

(see Appendlx B) Use of human subjects in this study was approved by the Instltutlonal

_.Rewew Board at the University of Wlsoonsm-La Crosse. Subjects were asked not to eat

-for a mmlmum of 3 hrs before testmg and practxce sesswns and not to perform any

' rlgorous exercxse wnthm 24 hrs of testmg sessions.




~ Habituation

lffaeh subject was ltabituatcd to the UP and SR cyclos by performln& 10 practice sessions

on each blcyo]e over a 4- week period, Subjeots ptactlced at fitness taeilities’ E'n the city of
' La Crosse, W1 and on the Unlversny of Wtseonsin La Crosse campu's‘.,' Zach practice

ession lasted 30 min and alternated between the UP and SR eyclest Subjeets were asked

t0 WOIk at an lrllt‘nbll)’ of l3 to 15 (somewhat hard to lmnd) on lhe Botg Rate oFPetcewed :

Exertlon (I{PE) scale (see Appendlx C) for each ofthe practlce sessions (12), Subjects

followed practice gmdelmes and filled out apraotice session worksheet f‘o: each session

- (sce Appendix D). Additionally,subjeets performed the last 3 sessmns on eaoh cyc]e in

- the human performance labomtory to become famtltar with tlte testmg eqmpment used

lor VO; max (mcludmg, headgear w1t11 a mouthplece and nose clip), and heart rate

(tneludmg chiest strap and a watch) Laboratory habltuatlon occurred in the human

. performance laboratory at the University of Wisconsin-La Crosse.

’lestmg

Subjeotq helght and weight were measured on a standard physwtan s scale in the human

pelformanee laboaatory (Hllton Medloal Supply, La Crosse, WI) Testing began with a 5-

 min warm-up followed by 2-min stages of | mcreasmg mtensny on the StairMaster Stratus

UP and SR bicycles (models 3900 RC and 3300 CE StairMaSter Ki'rkland' WA),

Measurements of SBP dlastoltc blood pressure (DBP) HR, and RPE were taken

l‘ollowmg eaeh 2-mm stage and at max1mal exertion, A callbrated mercury




Washington, NY) A Quinton Metabelie Cart (QMC) (Quinten lnsttument Cenmany

Seattle, WA) was used for VO, max testing and was ealihtated pum 10 eaeh test,

Te sting was cenducted In the human per!ernumce laboratory at the Uhi?erSily of

W:seonsin l.a Crosse. Ban ometrte pressure, tempetatute, and hunndlty were teconded

' prior to each test Tests were conducted 0l 2 sepamte days at a slmllal lime of day wuh

i 24 48 hr rest between tests Cycle test order was assig,ned tandomly for all subjeets

1 ‘esting was terminated al vehtlonal exhaustion or when subjects-htilcd lo maintain 60
rpms for more than 10 sec,

. Statlstical Analyms

Standard deser:ptive statlsties were used to eharactetize

" DBP, VOz,

the subjects. Ileart rate, SBP

RPE and ‘Wwatts werc colleeted and analyzed usuu._, a 2X6 MANOVA w:th

repeated measures. Alpha was set at 05

RESULTS

The descrtptlve charaeterlstics of the sub]eets are presented in Table 1.

Tab]e l

Deserlptlve Charactensttes of the Subjeet Pepulatlon (N—- 19)
~ Gender Age(yrs)  Height (cm)

Males 1=12)  23%2 18355

Ferhales (n=7) 22+3
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Table

Submaxlmal Rcsponses of Malbs on the UP and SR Cycles (MEAN :i: SD)

Df
up
SR

- Df

UP 152 146320 147£5 71216 1242

BRI 14 68+ 1242
- Df 6 3 0 25

- Note. No ] gmﬁcant differenccs were found betwee ' '
' n vanables on
Df=Dif ference between values on the UP and SR cycles. edCh cycle (P > 0 05)




Table 3

Submaximal Responses of Females on the UP and SR Cycles (MEAN + SD)

.y L S e nenen s b R —

Watts HR SBP DBP RPE I' YO
. (mmHg) '(mn*’ng) - (_mllkg/min);

UP 50

25510 50t4 92 153550
SR 50 113 6016  8%2 12,1424
pF : - 6 . o e .. .

II UP 84 133115 o 1E2 160139
' SR 84 124 + 14 + - ] 12,8421
of 1 9 5 o 3.2
| UP | 137410 CBEl 232$39

SR 118 C134%22 Bty 182439
Df 3 5.0
SR 152 42422 4l 242452
Dt 9 4 5.1

: the;No significantdifferences wer'é' found between variables on each bicycle (p > 0.0-5).
Df=Difference between values on the UP and SR cycles. ' "
Tables 4 and 5 summarize the physiological responses to maximal exercise for
each cycle and each gender, No physiological differences were found between cycle

' types in'SubjéC't's at maximal exertion, however, subjects did attain higher wOrho_’ads




- (watts) on the SR cycle. Figure | summarizes the values obtained during maximal

exercise including both gender and modality:

Table 4
':.I’_'hySit)l"ogiC'zil Responses of Males to Maximal Exercise
' UP X +SD SR X + SD Difference

‘HR(bpm)  183%3 1793 4

SBP (mm Hg) 165 + 4 175410
DBP (mm Hg) 6645 l l

"RPE 18 + |
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Table 5

Physnologlcal Responses of chales o Maxmml Exercise

"UP X+SD SR X+SD Difference

CBRGpm)  I84%4 8854 4

SBP (mmilg)  152+5 14746
DBP (mm Hg) - 6347 ' 66 £ 6
‘RPE 17 1 _ 18 + ll .
VO, (mikg/min) 387424 3661 2.7
Keals/min - 129131 | 122422
Wats  203%14 2304 14

*indicates statistical significance (p < 0;05)

i . ' _
. I“J - ﬂ
D8P RPE

' [@.ﬂ, Msn UFUPIFSH.' -
Figlll‘c l Maxlmal value'; mf males and females on the UP and SR cycles.




DISCUSSION
This study oxttmmed thc physnologteal responses of men tmd women to maximai
. 'e:-.ctelse on UP and SR stttttonaty cycles. '1 his study also eompttted the suhmnmmul
responses of stnges pnox to max:mal ex.ertton. All physxologtcal thllllbICSWBI'C snnllar
-between UP and SR cycles durmg sttbmaxtmal exercise in the cutrent study. These
' 1e<;ult<; dtffet from those found by othe: tesemchers Pauly (2) and Johnson (5) found
HR SBP and VO, to be Stgmﬁcantly hu,hct durmg submaxnnttl exertion on an up Vs,
SR cycles, T he pnmaty dtt’ferences in methodology l)etween the p:esent study ttnd those
pubhshed by Pauly (2) tmd Johnson (5) is thttt SUbJECl§ In the ptcscnt stttdy were
httbtttmtod pnor {0 testmg,. The btomechamcs used for the UP cycle mone closely
.. tescmble activities of dtuly lwmg Thuefote, the SR cycle muy require mone ptttctlco, or '
hubttuunon. Atter hubtttuttton the bleycles appear to llllCIt the same physuologtcal

- tcsponses at submaximal exertton.

~ In addition to equaltty of the submaxnnal vnrlnbles, the current study found the .
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maxlmttl vurmbles to be mm:lm between cycles. In the prowous studies by Johnson (5)

_ttnd Pnttly (2) HR SBP, and VO; were found to be slgnlficuntly hlgher on the UP cycle
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durmg mttxnnal exertion, These ﬂndlngs were attnbutetl lo weak hutmtrlng and
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qundnceps muscles as well as not habltutttmg to the equipment Current findings
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- suggest that 4 weeks of habituation ptowded an adequate tratning cffeet, which allowed
subiects lo obtttln equwalent values on each cycle.
Muxlmul HR and VO; values for both men and women were found to l)e equal

between the lwo cyclos These findings agree with 'I‘aylor et al. (1’5), Bonzhelm et al. (l),




Currie et al. (7), Puu]y '(2),- Quinn et al. (8). These studiessuggest that there ate no
fuhdamental differenees between the UP and SR cyeles Howevet tesuhs from the
present study do not agree with those t‘:om Woish Rlddie and Blumcuthul (6) und

Johnson (5) who t‘ound mztxtmum HR and oxygen eonsumpuon to be hl};,h(,t on the UP

VS, the SR. Walsh thdle and Blumenthai (6) used untmmed hypottenswe sub;eets
which may have affected results, In the present study. sub_teets were 'u)ptu*ently healthy,
moderatel Y active and were olso habttuuted {0 the cycles for 4 weeks.

' In the current study, maxnmttl SBP and DBPtesponses wete not Stgtuﬁ mtly '
dtfierent between eye]es. Thts agtees with studies by Cttme et al, (7) Johnsou (5), Puuly

(2), and Qumn et ul (8). Further, Wuish Riddie and Biumenthul (0) und Bonzheim et al,

K l) found no di t‘ferences In RPE at maximal exertion on the eyelcs. WhICh also ugrees

wtth the current study S results

Maximal workloads (wotts) were Found to be si gmftcuntl y hi ghet on the SR cycle

in the ptesent study Reasons for the difterenee in workloud may he due to the f‘oct that
the body is not battling grawty as much on the SR vs. UP cycles Furthetmore SR eycies
hnve a seatbaek which may be used for leverage thus aiding sub_teets in uttmning higher
workloads Research suggests thut the more comfortable ) person is, the Iower thetr HR
and BP responses will be to a given workload (14). Subjects may have heen more

comt‘ortable on the SR cyele and, therefore reached max HR SBP, und DBP at higher

' workioads.

In conelusmn desptte aehieving higher workionds on the SR cycle. both males

and females aehieved similar physioiogieai responses with muximum exetetse bctween




cycles, These results suggest that once a SLibjecl 1S _haibituated; either cycle may be used

for clinical or field assessments of maximal physiological responses (o exercise.
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DINESS QUESTIONNAIRE (PAR-Q)
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PHYSICAL ACTIVITY REA




Name - '

 PHYSICALACTIVITY
READINESS QUESTIONNAIRE (PAR-Q)*

The PAR-Q s a standard form used to determine your initial health and activity level,
- The test identifies those individuals who may be at risk if they engage in this study.
 Answer he following questions to the best of your ability by checking yes or no as the
' questions pertain lo you.

YES '

'Has your doctor ever _sﬁai'_d that you have a heart condition and that
you should only do physical activity recommended by a doctor?

Do you' feel pain in your chest when you' do 'phy_Sical activity?

In the past mointh, have you had chest pain when you were not
doing physical activity? - - '

. Do you lose your balance because of dizziness or do you ever lose

~ consciousness? ' ' N

Do you have a bone or joint 'prqblem that could be made worse by

a change in your physical activity? ' - - '

s your doctor curtently pfes”cribing’ drugs (for example, water
pills) for your blood pressure or heart condition?

Do you know of any other reason why you should hot do physical
activity? - o . D -

* American College of Sports Medicine: Guidelines for Exeroise Testing and Prescription,
(5" ed.). Baltimore, MD: Williams and Wilkins, 1995, -
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INFORMED CONSENT FOR THE COMPARISON OF THE MAXIMAL EXERCISE

ESPONSES ON* RIGHT AND SEMI-RECUMBENT CYCLES FOLLOWING
- CTICE/TRAINING ON THE CYCLES -

[ - ' - —_volunteer to participate in this study of maximal

testing on upright and semi-recumbent cycles. I have been informed that I will be

required to perform 8 practice sessions on each of the bicycles within a four-week petiod,

[ have been informed that during the pructice sessions | will be required to record '

informatton about the workouts and will be contacted periodically by the researchers

- regarding the progress of the workouts. I have been informed of the rate of perceived
exertion (RPE) scale, I have been informed that 1 will work between a 13 and 15

- ("somewhat hard” 10 “hard”) on the RPE scale for cach of the practice sessions,

Four practice sessions (two on each cycle) will be conducted in the Human Performance
- Research Laboratory on the University of Wisconsin-LaCrosse campus to become

- familiar with the actual testing equipment which will include wearing a mouthpiece, nose
- clip, and heart rate monitor. - e

| have been informed that following the six weeks of practice, I will be required o
Jerform a VO, max test on each of the cycies with a 24 to 48 hour rest period in between
tests. T am aware that 1 will complete each test in a randomly assigned order.

[ consent to presentation and publication or other dissemination of study results so long
-~ as the information is anonymous and disguised so no identification can be made. 1 have
“been informed that although a record will be kept of my having participated in the

expetiment, all experimental data collected from my participation will be identified by
number only. o ' ' S

| have been informed that there may be some discomfort involved in performing the

- maximal testing procedure, and dizziness, faintness, injury, fatigue, and in some rare .
~ Instances death may occur. ‘However, the probuability of death occurring is very small and
has never occurred on the University of Wisconsin-LaCrosse campus. The principal
researcher, who is certified in ACLS, CPR, and First Aid, will collect all data. All

‘precautions will be taken to ensure a safe testing environment,

[have been informed that the principa researcher will terminate the maximal test due to
ihubility of the subject to maintain pedaling speed of 60 rpms ot if any heart rate or blood
pressure inconsistencies oceur, 1 am aware that I'may stop the test at any time due to

fatigue or inability to continue. ' - . ' -




| have been informed that the investigator will an
of this study at any time. I have bee informe
any ttme without penalty,

SwWer questions regarding the procedures
dthat T may withdraw from this stuely a

Concerns about imy uspcds of this study or project may be referred (o the pri ncipal
rescarcher (Charlotte Goebel (608) 796-9340) and thesis advisor (Dr. Richard Mikat
(608) 785-8182). ' T - -

Questions regarding the protection of human subjects may be
- Tymeson, Chair, University of Wisconsin-LaCrosse,
- Protection of Human Subjects (608) 785-8155.

addressed to Dr. Garth
Institutional Review Board for the

Rescarcher - - Participunt , _.
Date_
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RATE OF PERCEIVED EXERTION SCALE®*

' VERY, VERY LIGHT
VERY LIGHT
FAIRLY LIGHT
SOMEWHAT HARD
HARD

VERY HARD

VERY, VERY HARD

*American College of Sports Medicine: Guidelines for Exercise Testing and
Prescription, (5" ed.). Baltimore, MD: Williams and Wilkins, 1995
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PR ACTICEITES'I‘ING INSTRUCTIONS

As a subject in this ,sludy. you WI“ bc complumg [0 ])lllCl!CC Sessions on tlw

‘upright bmycle and 10 practice sessions on the semi- recumbent bicycle. Euch of theso

sess:ons will last 30 minutes and all practice ¢ sessions will he completed by Dcc

cmhcr 4_.
. 1999

For each pracuce sessnon, you wil] ﬁll out the cvaluatlon form plowdcd by
researcher, Please randomi|: y sclect the exercist: mode for cztch pr m,ncc se

10 sessions in a row on the upnght and then 10 scssmns on the semt

lhc
.sslon (do not do

-tcu,umhenl) Fourof_
these 16 sessmns (two on the upright and two on the seml-:ecumbcm blcycle) Wlll be

_conducted in the human performance labomtory (22‘5 Mitchell Hall) The l{!b0¢ll‘bhcls

will take appomtments accordlng to subject availability, Dur mg the final prmlicc
in the human performance ldboralm Y, you will be able to

sesmon

usc the heudgczu, mouthplccc,
nosc chp, and heart rate monitor to help reduce anxiety and bewme comfonablc with the
testmg equipment

Following the practice session period, the reseurcher will take appomlmcnts for
maximal exertion testmg You will need to schedule two tests (one for the upright and

one for the semi-recumbent bicycle). Teslmg should take place during the same time of

day with a 24 hour rest period between tests, Please allow 45 minutes
each test, The testing sessions will

Mitchell Hall).

to one hour for
take place in the human performance Iubordtory (225

Prior to testing sessions,'please follow these guidelines:

1. Plear;e wear comfortable clothing and proper athletic shoes for exercising,

2. Please avoid food, tobacco, alcohol, and caffeine for three hours before
testing,

3. Please arrive at the testing site well-rested and please refrain from heavy

physical activity for at least 3 hours prior to testing,




- PRACTICE SESSION DATA SHEET

NAME_
DATIE
PRACTICL. LOCAT ION_

PRAC 'ICE SESSION NUMBER _ _

TIME OF DAY______  LENGTHOF SESSION_______ minutes
TYPE OF BICYCLE USED____UPRIGHT _ SEMI-RECUMBENT
PEAK HEART RATE(HR)____________. ~ RPE

TOTAL KCAL
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LITERATURE REVIEW

' lntroduction .
T Ilc prlmary purpose of the prcscnt study 1s to compare the physiolo;,ical variables of
maximal exercise testing of male and fcmalc ccllcgc-agc vcluntccrs on bmh thc UP and
SR blcyclcs According to Taylor, Buskirk and chschela (1) maximum values fcr
ll‘lleldUdls should remain consistent as long as thc individual mamtalns smular phys:cal

actlwty Maximal oxygen mtake measures cardlorcsplratory pcrtormancc Therefore,

' mdnwduals should aitain similar VO, max on thc UP and SR as long as all other variables

_rcmam thc same. Llltlc research has been conducted comparing the UP and SR cycles
~ ecither during submaximal or maximal exertlon. Previous studies have been conducted on
subjects with cardiovascular disease, hypertension, and healthy populations.
‘Heart Rate (HR) Response to Exercise
During exercise or at rest, the HR is a good indicator of how hard the heart is working.
Ncrmally the HR increases linearly with increased activity levels (2,3), Differences in
how much the heart rate increases are a result of type of exercise (aerobic or anaerobic)
how intense the workload, and how well trained the person, More trained individuals
will have a lower HR at any giifen submaximal workload than untrained persons (3). At
maximal exertion, however, similar HR will be attained regardless of training status (3).
The reason for HR increasing during exercise is to expel more blood per minute to feed
the working tissues and sustain exercise (2,3). Following exercise, the HR remains

elevated for a while before slowly returning to the resting rate. The body is helping to




ﬂush lmtabohc wustc from the workim, u.s.sut,,s afler excrcisc, Maximum HR dcui*cuscs

with mcrcasmg ng,c (~] bpm/ycur)(él)

“Systolie and Diaqtolic BIUOd Prcsaure (SBP & DB!’) Rcspnnsc

5 10 Exerelse

Sysl-nhc blood pressure increases proporllonntely 0 increased exercise inlcmlty (3). The

' mcrcabcd SBP fncxlltates the delivery of blnod (o the working tlbbllCh. Dl[!blOllL blood

pwssurc changes litlle i any during exercise reg,urdlu.ss of lntenm!y (3). Dlu.stulic blood

pressure represents the pressure in the arlcrics whcn thu heart is at rest, so there i$ no

roason for it to vary, Blood preesure reaches steady stulc durmg, subl'mmi'nml CNereise

(2, 3) As intcnsny inoreascs, 50 does SBP If slcady state exercise is prulom,cd, SBP

may ducrcasc g,radually (3) Thisisa very normal I'(,ﬁp()l'l'»c and huppc,ns due to inereased

~ arteriolar dilation in the actwe muscles, which decrcuses mml peripheral rc.s.tt:tunw (I!’R)_

- (3). One mdlcauon that a person has reached maximal exercise is when SBP decregses

with an increase in workload (4).

VO; Response to Exercise

The capacity of the cardiovascular system to deliver oxygen to the working muscles is

represented by VO, (5). The highest rate of oXygen consumption attainable during

maximal exercise is VO, max (2,3). Oxygen consumption increases linearly with

increasing intensity until maximum exercise, If intensity is increased boyond this point,

oXygen consumption may either plateau or -decreasc SIightly (3). This means the body

can't deliver oxygen as quickly as needed to meet the demands of the muscles.

Continuing to exercise beyond this point will bring the anaerobic reserves into action,

however, these supplies are also limited. Maximum oxygen consuraption values are




' 1,cncrally lowcr in womcn than men of the same age anddecline with age and
cardtovasullar dmease ( 5) I
- Factors Affectmg HR BP and voz

Many factors can affect HR, SBP, DBP and VOZ mcludmg, cnwronmenlal conditions,
mcolme, catfeine, and stress, Subjects were mstructed not to consume caifeme' QF
nicotine mmlmum of 3 hours before the test, Environmental conditu)ns within the
- Iaboratory were strictly controlled with barometric pressure, tem‘peraturc, and humidity
. recorded prior to each test, Stress on the subject may be increased ifco:hﬂ)rt level is lbw
(3). Ifa person has !ittle or no prior experience on a piece of cquipment, they may feel
a‘wkward the first few times. As 2 result, tore energy s expended causmg, increased
‘physiological responses (3). Once comfortable with the eqlupment lcss energy is used.

Rating of Perceived Exertion (RPE) Response to Exercise
The RPE scale was developed by Borg (6) to quantify the subjective symptoms of

subjcc'tslas related to objective measurements '(6)'. The scale was intended to be a general

indicator of physical strain. [t integrates signals from the working muscles and joints, the

central cardiovascular system and the central nervous system (7). Borg developed this
scale based on the HR/intensity linear relationskip and correlates to HR’s which can be
esttmated from 60 bpm at rest to 200 bpm at maximal intensity (7). The physical stress
of an activity causes a certain strain for each individual depending upon the intensity
perceived by the systems of the body. Neither a sirigle RPE value nor a HR measure may
be used alone as an accurate indicator of strain on the body (7). They compliment each

other. Individuals vary on RPE responses according to their understanding of the scale.
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' It has been adopted by the ACSM as a g,ood mdlcutor of pc

reeived exertion during
exercise testing as well as for exercise prescr iptions. One indicator of attainment of

maximal exertion is an RPE rating of 19 or higher (4).
Maxim’al VO; Testing on the UP and SR Bicycles

'Studies regardmg maximal VOz testmg on the UP and SR htwe shown (.onﬂicting results,

Of the varlous physm!ogical varlables measmed heart rate (HR) and maximal oxygen

_consumption were found to be similar on the UP and SR cyclef; even though higher
workloads were at* ' 1ed on the SR cycle (8,9,10,1 l) However Walsh-Rlddlc and

Blumenthal (12) and Johnson ( ! 3) found VO, max and HR to be significantly hlgher on

the UP as compared to the SR blcycle Johnson (13) and Pauly (10) found no significant

dlfferences I SBP and DBP on the UP and SR during maximal exercise, At maximal

exertion, RPE’s were found to be similar on the UP and SR (12).
' Submaximal Exercise Testing on UP and SR Bicycles
Prewous studies differ regarding the physiological responses to submammal testing on

the SR and UP bicycles. A few studies supportcd the concept that at similar submaximal

power output, HR, RPE, and systolic blood pressure (SBP) were greater on the UF than

on the SR (8,10,14). Two studies found no significant differences in HR at the

submaximal levels on the SR and UP bicycles (11,15). Smith et al. (15) also found that

RPE remained unaftected by seat angle. Pauly (10), however, reported that RPE was

significantly higher on the SR cycle during submaximal testing. Two studies reported

that VO, was lower on the SR than on the UP during submaximal testing, possibly due to

more localized muscle fatigue of the quadriceps and the hamstrings (8,15). Westcott (14)




o !uund thal aflcr extensive Il‘dllllll[, and habltuatlon (1 ¢. 8 weeks) at Submﬂ

ximal excrtlon.

subjcus rcvculed higher HR, RPII, and SBP on the UI’ even thom,h subjects wolkcd at

hlglw: mtenaity (¢.8. powu output) on the SR, Subjects were able (o wonk ul i) hu,hc

llltﬁ'ﬂbil)' on the SR than on the up whlle still 111'1intamin1, lower HR RPE, and SBI’

Rca.son:, tor I)ltf‘clcnces In Physnological Vurmblcs on the SR and UP

I lms been hypothealzed that greater overal] body uwolvement and |ess locallzed muscle

latig,lu, in lhe up position may prlam why subjects were ﬂble to atlain higher e%e:ﬁlion '

levels A g 1,reater VO, max is associated wnh using larger muscle masses, T he more

. loculi:-rcd musclcb (1.e. hamstrmgs and quadnceps) in the SR position hmlt use of the

uppe r {orso in alding the subject to attain a hu_,her VO; (16, 17) The SR position with the '
addui back supporl may provids subjects greater leverage to pedal agamst (13). Westcott

(14) concluded that the SR position facilitates venous return tllereby alleviuting stress on

the heart and rcsuuing in lower SB'I.’. I’eripheral resistance was shomi by Hermansen et
al. (18) not to be atfected by the position of the body. Another reason for hlg,her
phy%mlog,lcal responses on the UP cycle could be that this cycle simulates activities of
daily living more closely than the SR cycle. Therefore the body needs more time to |
adjust to the different positioning of the SR cycle.
Pedal Speed for Maximal Exercise Testing
Hermansen and Saltin (16) tested various pedal speeds to determine the optimal pedal

frequency to use during stationary bicycle testing to obtain the best results. The authors

found that pedal speeds of 60 to 70 rpm elicited greater VO, max values than speeds of

30 or 80 rpms (16).




errclse l"rescnptton

~ When considering exereise presenptlon on the UI’ and SR bleyeles the worklozuh are not

- interchangeable. The SR uses lower workloads meannu, that exercise should be

prescrlbed at a hlgher intensity for the SR Smlth et al. (15) found that muscular

efﬁclency was higher on the SR as eomparcd to the UP, Use of the SR bleyele can

improve muscular efﬁclency wnthout affecting RPE and HR, The SR does allow q person

to aehleve max HR but at much higher work loads (8)

Bonzhelm et

al, (8) also admlmstered an enjoyment scale to the study participants,

F mdings revealed that patients perceived the SR to be Stgmﬁeantly. casier than the UP fat

submaxnnal levels. At peak exercise, perceptual resp'onSes were not significantly

dlfferent (8) [t is important to emphasize that although physiological responses to UP

an’d SR are similar, perceptual and cardiovascular responses are much fower on the SR

- for any given intensity.,
Summary
Previous research on the comparisons of physiological responses to maximal exercise on

the UP and SR bicycle has been very limited and contradictory. Suggestions regardmg

the habituation or training of subjects led the researcher to the present study using

extensive habituation before testing to determine the validity of previous research.
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