olf

‘minimum of 24 hours apart, The physiological res _
DBP, and RPE) were averaged for each exercise session. Comparisons of submaximal

~ ABSTRACT

ECKSTROM,’ N, E, A comparison o submaximal [<) 'erc.i'Se responses to i.i ¢ ri' _hl' ind
semi-recumbent cyele ergom ters with habituation, MS in Adult Fitness/Cardiac
Rehabilitation, December 2000, 33pp. (R. Mikat) ' o

To clarify the influence of body position With cycle ergometery this study compared the

responses to 20-minutes of submaximal exercise on the upright (UP) and semi-recumbent
(SR) cycle at self-selected intensities, Twenty-two subjects (14 M, 8 I'), 20-27 years old,
‘volunteered for the study, Subjects spent 4 weeks habituating to each cycle prior to
‘testing, All subjcets performed randomized UP and SR cycle ergometer testing a

ponses (VO,, HR, Kcal/min, SBP,
values were analyzed using a 2 x 6 MANOVA with repeated measures and alpha was set
at .03. Overall, it was found that there were no statistically significant differences (p>
05) between the UP and SR cycles with males or females, However, when gender was

ignored and data were combined, there were significantly higher VO, and HR responses

on the UP versus the SR cycle. Also, no significant differences were found in Keal/min,
SBP, DBP, and RPL, Subjects worked at significantly higher (p < .05) workloads on the
SR cycle than on the UP cycle (SR =152; UP
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INT RODUCTION
Preweus studies have extenswely doeumented the cardlovaseul'tr responses to

acute exercise in various adult populatlons using different modes of exerCtse ‘While the
treadmlll 1S the most widely used exercise modallty, praetlcal conSiderations sometimes
favor the use of cycle ergometers There are several types of eycle erg.,orneters.

_- ’Irsdltlonal uprtght ergometers (UP) are the most widely used, however, the semi-

B recumbent (SR) cycle ergometer is gammg populanty and has proven to be effectlve. A

.-SR cycle places the subject in a seated position with an anglcd backrest, On a SR eyele,

subjects peddle with their legs extended forward whtle sittlng in a chair, ”Ihere 1S & wide

spread belief that exercrsing on a SR cycle is easier and more accommodatmg, espeelally

with individuals who mtty have dtfﬁculty wrth their range of motion

Several comparisons of cardlovaseular responses durlng UP and SR exercise have

been reported Generally, it has been noted that submaxrmal heart rate (HR) responses in

' 'the SR position tend to be lower at the same workload when compared to the UP

posltlon. Cume et al (l) suggested that the potentlally mcreased venous return

, assoelated w1th the SR posrtron could produce s1gmﬁcantly lower HR responses when

compared to the UP

To further c]arrfy the mﬂuence of body posrtton on exercise responses, Bonzheim .

et al (2) studled the effects of UP and SR cycle ergometery in 14 men wrth coronary
. artery dlsease. At 100 watts, the relattve oxygen uptake (VOz) was 15% greater in the
UP posttton The reduced VO; seen in the SR posrtlon durmg submaxrmal wWork was

potenttally caused by the fact that the welght of the legs did not have to be raised agamst




gravity, and thcrefore the external work muy have becn reduced (3) Similarly, along,

wrth a reductrcu in cxtemal work Smrth et al (4) suggested that SUbjeCtS have g htgher

muscular efﬁcrency wrth more recllncd posrtrons thus creatlng a

lower VOz response at

t,lvcn workload on the SR cycle, Iherefore, it appears tllat the SR tends to have IOWer -

HR and VO; responses when compared to the UP cycle ergometer,

Blood pressure (BP) has bcen shown to respond drff‘erently based on cycle '

. posruon. Accordmg to Qutnn et al (3), BP was similar for both positions, How'eVer,- |

Bonzheim e al, (2) found a hrgher systolic blood pressure (SBP) in the UP position, and
. Proctor et al, (5) observed a hlghcr SBP on the SR cycle

Whtle severul studies have compured physiological responses between UP and SR

cycles usmg set workloads few have exammed these responses durlng exercise at a self-

_ selected mtensrty Onc study by Swensen (6) examined the differences between UP and

SR cycles while cxcrcrsmg at sclf-selccted lntcn31t1cs. However, Swenscn (6) dld not

mclude a penod of habituation. Thercf‘ore, the purpose of this study was to detcrmlne the '

physrologlcal dtffcrenccs of submaximal exercise responses to the Starrmaster UP cycle

' and the Stairmaster SR cycle crgometers durmg selfnselccted 1ntens1t1es Because

' habrtuatlon may srgmﬂcantly affoct cxcrcrse responses to actwrty, all subjects underwent

4 weeks of trammg on both cycle ergometers prior to tcstmg

METHODS
Subject Selection
SubjeCts in thrs study included 14 malc and § femalc volunteers between the ages of 20-

27 who were moderatcly acuve Moderately active was defined as mdmduals who




participate in some type of physical activity three to five times a week for 30-60 mmutes

pet session, Prror to participation, subjects were required to read and eomplete an

' informed consent form, whteh was approved by the University of Wlsconsm La Crosse

(UW -L) Institutional Revrew Boerd (see Appendix A). Partlotpants wete seleeted from

students at UW L All subjects were apparently healthy with no cardiovasculur

lrmitations to exerclse as stated by the l’llyswal Aetrwty Readlness Questronnane (PAR

Q) (see Appendix B). Amerrcan College of Sports Medrcme (ACSM) (7) deﬁnes

o apparently healthy as mdlvrduals who are asymptomatic and have no

more than one

‘coronary risk factor.

' Praetiee Sessions
'SUbJthS were required to begin 4 weeks of habituation after an initial orlentation

.meetmg Dunng the 4 weeks of habituation, subjects practiced 8 tlmes on each cycle '
ergometer. Four sessions were conducted at the Human _Perfonnanee Laboratory' (HPL)

at UW-L on the same machines, whrch were used for testing. The other practree sessions

' were eompleted on eampus at the Mltchell Hall strength center using UP and SR cycles,

Exercrse sessions lasted 30 mmutes and were condueted at a self—-seleeted intensity,

_ Durmg praetrce sessrons, subjeets self-recorded thetr HR and ratmg of percerved exertion

~ (RPE) using the 6-20 Borg scale (8) (see Appendlx C). In addttlon, each subject

underwent at least one praetlce sessron while wearing the equipment that was used for

' metabollc and HR measurements during testing.




Testing Mcthodology

All testlng, teok place at the HPL at UW-L Prtor to testing,

SUbJCCl S at_.,e helgltt and

body mass were recorded ’Iesung mcluded 20- mtnute submaxrmal excrclse bouts on

both the UP and SR crgometers. The order | in which subjects took these tests was

randoml y ass1gned Tests were admtmstered with a4 minimum of 24 hours of rest and

- were performed al the same time of the day Physiologtcal exerctse reSponses (VO,, ,

caloricexpendtture (Kcal/min), HR SBP, DBP, and RPE) were measured throUghout the -

~ entire test. While testing._.,, subtccts exeretsed at a self- selected lnlensrty and were allowed '

' lo change the intensity at any ttme Subjects were asked to work similar to their norrnal

aercbtc workouts.

Exptred air was collected and analyzed with a Quinton (Q Plex 1 anton

Instrument Company, Seattle, WA)

The QMC was used to measure

relatwe VO; (ml/kg/mm) and Kcal each mtnute of the tests, Heart rate was recorded each

mmute with the Polar Vantage Heart Rate Monltm (Polar-CIC Inc. Port Washington,

, NY) 'I he monitor components included a heart rate watch and a radro telemetry

. transmttter unit, whtch was held to the body with a chest strap, Blood pressure was taken

every 5 rnmutes using a calibrated mercury sphygmomanometer F mally, RPE was

measured every 5 mmutes usmg the 6-20 Borg scale (8) (see Appendlx C)

Stalrstlcal Analysrs

Standard descrrptlve statrstles were used to descrlbe the physrcal charactenstlcs of the

subJects and their mean reSponses of VO,, Kcal HR, SBP DBP and RPE for both the




- uUp and SR cycle ergometers. Submaximal values were analyz.ed usmg, a2x6
multwarlate uua[yms of variance (MANOVA) with repeated measures and a Greenhouse-

~ Geisser adjustment. Alpha was set at .05,
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:the UP and SR cycle ergometets Their physwal characterlsties are presented In 'I‘eblc .

Table |
Descriptive Physical Characteristics of the Subjects
Females
(n=8)
X+ 8D
22,0+ 2,33

1827786 167.9 £ 6.98

' __ o 879i2l 14 - - 620 10.40
Values are presented as mean + standard dewatlon '

All subjects-completed 20 minutes of submaximal exereiSe at self-selected
! 1nten51t1es for both the UP and SR cycles. Compansons of physwloglcal responses

between UP and SR cycles are presented In Tables 2-4,




" Table 2. -

. Average Submaximal Responses of Males on the UP and SR Cycles (n = 14)

Variable X - Difference

VO, (mlkg/mit) 0£620 - 81620 . .':1_‘3
Kealmin  iags1el 817 0.3

CHR(bpm) (51841146
 SBP (mmHg) 16771885 163.0% 11,63
 DBP (mmHg) . 57641555 513£11.15
RPE 134%129 | 1364097

Table 3
Average Submaximal Resp’onSes of Females on t’h_e’ Up ahd SR Cycles (n = 8) . '

o sR
Variable _ X£SD  X&SD  Difference

VO (mikg/min) 3044537 278¢415 26

- . .

Keal/min 9.3 + 2,51 - 88%210 1.0 .
HR (bpm)  1700%621  (s81481]

~ SBP (mmHg) . 1525+ 19.74 . 140,84 11,91
DBP (immHg) B - 57.04£ 13,38 : 52;5i7;05 _

RPE 45100 1384097




Table 4

Average Submaxtmal Responses on the UP and SR Cycles (N 22)
P SR S
~Variable x48p  X%SD Difference

VO, (ml/kg/min) 28946.16  27.1%£570 1.8

Kealmin 3£249 1074245 03

“HR (bpm) ' 153 4 + 13,51 147.45 £ 16.61
SBP (mmHg) O 1622£2101 1549+ 16.26
DBP (mmHpg) o 574£1515  sL7+10.11

RPE 138#133 1371099
- Stgnlficantly dtfferent(p <.05) '

There were no s.tgmﬁeant differences (p> 05) in any of the vartebles between UP

| nnd SR cyoles in etther males o females. The responses of individual vnrtebles are

' presented in thure 1 Furthennore there were ho significant 1nteractton effeets (p >

. 05) found between gender, therefore males and femeles responded snmilm‘ to bOth eyele

er gometers. Since tlns study showed no significant differences between UP and SR
eyeles wlth males or females, the data were combmed to better iliustrate the dtfferenees
in eycle posltions

When data were eombtned sxgmﬁcant dlt‘ferences were found between UP and SR .
cycles. Overall it was found that VO: and HR were sigmﬁcantly greater (p <.05) on the '

UP when eompared to tlte SR cycle. No slgniﬁcant dlfferences (p > 05) were found ln
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Kcal/min, SBP, DBP and RPE The responses of physnolog,lcal varlables are presented
“in Figures 2 throu;_,h 7. Also 1t was found that the values for wmk levels (power output)

on the!SR cycle wer‘e significantly greater (p < .05) than the up cycle. ‘The average niean

work level on the SR was 152 watts versus 135 Watts on the UP cycle.
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Figure !, Comparlson of submaximal r .
esponses for males and females on the UP
eycles. No statistically sighificant dlfferenees were found. nd SR

g\ilggr;i}. Comparieon of VOz ol UP tmd SR eycles. Bars reprcsent standard deviation.
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quure 7. Comparlson of RPE on UP and SR cycles. Bars represent standard deviation._

(N = 22),

DISCUSSION
‘This study evalua’ted" the physiologicﬁl responses to self-selected, submaxnnal
exereise on the UP and SR cyole ergometers thh controlled habltuation. 1t was f‘0und
 that durmg submaxlmal self selected exercise the Up cycle elicits mgmhcantly lugher

values for relative VO, and HR T here were no mgmﬁcant dlfferences in Kcal/mm, SBP

' DBP and RPE between up and SR cycles Furtllertllore, ho sngnlﬁcant diff‘erences were .

found between both modalities within male or female sumples.
In the current study, relative VO; was sigmﬁcantly hlgher on the UP than on the
- SR cycle This is consistent with the ﬁndings of Bonzheim et al, (2), Walsh-l{iddlc and

Blumenthal (9), Swensen (6), and Smith et al. (4). ”Ihey theorizcd that lhe Iower relatwc

VO, on the SR mighl be due to an increase in muscular efﬁciency in a more rec!med

position. Smce the backrest on thc SR oyclc provides f stablc buck SUpport to push




against it allows the legs to push more efﬁclently Thts mcrease In muscular efﬁ01ency

would result in a lower VOz Only one other study has examlned the submaxlmal

responses of cycle ergometry with selt—selected mtensmes Slmllarly, Swensen (6) found

'relatwe VO; to be greater on the UP than on the SR eyele using self-seleeted intensities,

Aceordmg to Bonzherm et al (2), C urrte et al. (l), Swensen (6), Walsh- Rlddle

- and Blumenthal (9) and Wesoott (10), the UP position led to higher HR measurements

- than the SR position, It is suggested that there is an increase in venous return associated -

with SR or supme posmons, which can produce a stgmﬁcantly lower HR reSponse when

compared to the UP eyele (1), 'I he elevated leg posntton durmg SR or supme cyelmg

- may taotlltete blood leturmng to the heart more qtuekly, tlterefore ine reasmg stroke

volume and decreasmg HR Another factor may be due 1o the reduet_.d external work

'smee the wetglrt of legs does hot have to be rarsed agmnst gravlty m the SR position (1),

T he unpact of mcreased venous retum along wrth increased musele effieteney end
reduced extemal work may all contribute to the lower physrologrcal responses on the SR
. cyole. | . |
. Similar to the above me'ntioned investigations, the present study concluded there

, wete significantly hlgher HR responses on the UP than the SR cyele. Thrs 18 in

N dlsagreement with Smrth et al, (4), who reported that HR is not nifected by seat back

~ angle with cycle ergometry In addluon. they concluded that the seleetton of a more

- reclmed position for eyeling could improve muscular efﬁeiency without affecting HR

- response (4)




' In this study, it was found that there were no sxgm‘icant dtffercnces in SBP and

" DBP between the UP and SR cycles. This is in agreement with Qumn et al. (3) and

Walsh-thdle and Blumenthal (9) In "Ot‘ltl ast, Bonz.hetm et al. (2) and Swensen (6)

found SBP to be higher on tlte UP than the SR pos:tton. On the other hand Curnc et al.

(I) found that both SBP and DBP were mgntf‘ cantly htgher in SR f‘or a gtven workioad

They SUggestcd tlns response mtght be due to thc cﬂ"ccts of handgnppmg, whtch they

' found occurred more oftcn on thc SR cycle (1). thfcrcnces in blood pressure between '

stndtcs may bc causcd by a vartcty of error sourccs. These may mclude the angle of the

arm durmg blood pressure mcasurements body posmcn between cycles, or one cycle

may be loudcr than the other making it dtfﬁcult to get accurate, rcliable mcasurcments

up cvclc. Thcse data agree with the ﬁndings from Smith et al. (4),

who tound that RI’L

was riot affected by differences In seat anglc. Convcrscly, our data disagrees with the

 findings of Bonzheim et al. (2), 'lhcy concludcd that at 100 watts, patients percetved SR

cycling to be sngmf‘tcantly easier than Up excrctse. Thcsc obscrvattons mny be due to the

~lower cardlovascular necds of SR cyclmg such as a lower submaximal VOp and HR wtth

absolute workloads and self selected intensitics. ln the current stndy, lt appears that

' _witen subjects are allowcd o cltcose their own intensity for a workout, titc'y p'crcelve thclr
worltouts to be simllar with both cycles. This agrecs wlth Swensen (6), who also

examined sclf-selccted intensities. Our study suggests that since subjectswerc
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uwesttgauon is that subjects in the present study were glven a pcrlod of habltuatton prior
lo testmg Since both stuches resulted ih sumlar ft ndmgs, it is reasona_ble to assume that
habltuation does ot appear to prowde any mgmﬁcance to the physiological responses of
cycle ergomctry when applymg self selected intensities.
In establishlng an exercise prescript_ion for lndividuals interested in usin’g cycle
- ergometery, it is lmportant to consider an approprlato workload for both modalities,
WhICh best reprcseuls the des:red intcnszty of the workout, When developing an exercise
prcscrlption, the appropnule absolute wotkload for UP exercise would need to bc
increased tor SR exercise. Bonzheim et al (2) t‘ound that morc than half of the's’ubjems
. prefcrred the SR to the UP crgometcr (2) In addition, these researchers state that on’c
advantage of'a SR cycle ergometer appearq 1o be its utility in patients with limited

cardloresplrutory capamty (2)




In conclusnon thls study found that the UP cycle ergometer prowdes higher VO;;

and HR responses than the SR cycle from habxluated subjects durmgsubmamma!

exercise with self-seleeted mtensntles. Smce hlgher workloadsand Ibwer VO, and HR-
responses wete achleved on the SR cycie, it would appear that the SR cycle may nhot g,we
- as good of a workout as the Up cycle when subjects self-select their mtensuty 'Ihe

- cutrent mvestlgatlon concluded that the dltferences in cyele ergometers were altnbuted to

the cycle types and the ﬁndmgs were not credited to the controllcd period of habltuatlon.

It 1s lmportant to note that these findmgs should hot be generaltzed to all

- 'populatlons. This study exarnined healthy SUbJECtS between the ages 20-27. Other

: 'populatlons, mcluding unfit SlleECiS cardlac patients, post-surgery pat1ents obese
subjects ot subjects in other age ranges may respond dlfferently It is therefore .

o recommended that ﬂ.lture research be done to evaluate these populatlons under the

'_conditions of the puesent study.
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Participant . - - Date

INFORMED CONSENT FOR THE COMPARISON OF SUBMAXIMAL EXERCISE
RESPONSES TO UPRIGHT AND SEMI-RECUMBENT CYCLE ERGOMETERS
 WITHHABITUATION S

1, o agree to volunteer to participate as g subject in this

study, which compares the submaximal exercise responses to upright versus semi-

recumbent cycle ergometers with practice training while exercising at a self-selected

[intensity. Training requires that I practice exercising 10 times on each cycle prior to the
testing sessions. Practice sessions will last 30 minutes each session for 10 sessions on

cach type of cycle ergometer. Six of the 20 practice sessions must take place in the

Human Performance Research Laboratory at the University of Wisconsin-La Crosse,

Repeated tests vl take place with

~ been informed T will be wearing a mouthpiece, headgear and nose clip along with a heart

rate monitor. Wearing these pieces of equipment may cause slight discomfort,

- Furthermore, I have been informed there are certain risks associated with exercise. The
possibllity of changes in blood pressure, heart rate, difficulty breathing, along with

muscle soreness, nausea, dizziness may exist, In some rare Instances, death may oceur,

All precautions will be taken to avoid any foreseeable problems, |If any complications do

oceur, the test will be terminated.

To the best of my knowledg

- prohibit me from participating in this study. I also was informed that m

voluntary and [ have the right to refuse or discontinue my participatio
throughout the study without penalty. '

~lalso consent to the publication or dissemination of the results and I have been informed
- that all of my personal information will remain confldential. 1f] have any questions or

concerns, elther prior to testing or during testing, I can call Nora Eckstrom at 782-4206,

- Charolette Gocebel at 796-9340, or Dr. Richard Mikat, research advisor, at 785-8182.

1 have been informedoﬁnyresponsibility in this study and I have had all my questions

answered to the best of my satisfaction, I voluntarily consent to be a subject in this study,

Please contact Dr. Garth Tymeson, Chair of UWL Institutional Review Board, if you
~ have any questions about the protection ofhumansubjec_ts, at (608) 7854-8_155.
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Personal Activity Readiness Questionnaire (PAR-Q)

A Comparison of Submaximal Exercise Responses to Upright and Semi-recumbent Cycle
- - Ergometers with Habituation '
~ Name

Date of Birth

The PAR-Q is a standard form designed 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 the following questions to the best of your ability. Check “yes” or “no”
to answer the questions as they pertain to you,

. yes 1o . Has your doctor ever said that you have a
- ' heart condition and that you should only do
physical activity recommended by a doctor?

yes - 2. Do you feel pain in your chest when you
' do physical activity?

yes B 3. In the past month, have you had chest pain
when you were not doing physical activity?

4. Do youlose your balance because of
dizziness or do you ever lose consciousness?

5. Do you have a bone or joint problem that
could be made worse by a change in your
physical activity?

Is your doctor currently prescribing
drugs)for example, water pills) for your
blood pressure or heart condition?

Do you know for any other reason why you
should not do physical activity?
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Fifteen-POint Borg Parcoived Exertion SCa_le '
Ratings of . I
P@rcei_VCd i Crlion L | . Level of Exe|'!i0n
6

7 - Very, very light

Very light

Fairly light

Somewhat'hard

* Borg, G. A, Psychological bases of perceived exertion, Med. Sci. Sports. 14:377-381,
1983.
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* REVIEW OF RELATED LITERATURE

Introduotiml -
Ihere are multitudes of indoor exercise equipment which promote aerobic fitness

. ancl the oontrol of body weight, According to the guidelines publnshed by tho Amerwan

'(‘ollege of Sports Medicine, many different exero:se modes can produce beneﬁelal

-oardlovasoular effects (1). However, it is possible that some modes may elicit significant

dlfferenocs in oardlovasoular responses and thus may favor a particular piece of

equipment for certain individuals. For example, results trom a previous study reported

that when pamcxpants exercised at a self-selected pace over the course of an exerolse

program Joggmg would utlllze cons1derably more oalorles each year than would walkmg

(2) This energy expenditure dlfference could significantly impact weight loss.

Cycle ergometers have beoome more w:dely used among exercise partloipants.

T here are several different types of cycle ergometers. There are the uwpright (UP), semi-
recumbent (SR) and supine (SUP) cycles. The UP cycle resembles a traditional bicycle,
whereas a SR cycle has individuals pedal in a seated position with an angled backrest.

The SR cycle can be described as cycling with legs extended forward at a horizontal level

while sitting in a chair. There is a wide spread belief that exercising on a SR cycle is
easicr and more accommodating, especially with individuals who may have difficulty
with their range of motion. With the SUP cycle, the subject pedals while lying flat on the
seat. In an attempt to explain the benefits of each cycle ergometer, the following sections

discuss previous research regarding cycle ergometery,
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Beneﬂts of Semi Recumbenl Cyclc Lrgometry o

- There are many beneflts of scml-reoumbcnt cycle crgometry. Smce the SR cyole

- isa seated position with a backrest it helps support the llpper body, Thcro are certain

_ ,situat:ons, which favor SR cyclmg OVer tradluonal UP oyolmg Thts IS cspcoially lrue for .

older populatrons. The blke seat is lower {0 the grournd whlch allows easler access on

and off the cycle. This is advantageous for both older and younger populoliom who have

4 lower level of ﬂtness. Also, individuals with a lower lcvel of fitness may find the .SR

~cycle beneﬁolal since it elicits a lowor energy cost at the lowest workloads as compared

 tothe UP cyole. I‘urthermore it has been suggested that increased venous return

o assoclated with the SR and SUP body positions can produce sigmﬁcantly lower HR

responses when compared to the UP posrtlon (3, 4), The horizontal leg position used

with SR cycling may increase venous return, which may produce lower submaximal heart

rates, Thereby, some individuals, such as the elderly, may beneﬁt tfrom exercising on the

SR cycle since this position may produce lower submaximal exercise heart rates. The

seated backrest on the SR oyclo offers a more comfortable posmon than standard cycles.

Thus, 1ndivrduuls who may ¢xperience low baok or orthopedrc problems may find the SR

cycle most suitabie for their benefit.
Submaximal Responses of Cycle Brgometery"
Bonzheim et al. (5) evaluated the cardiorespiratory and perpetual responees of 14
patients with ¢oronary artery disease (CAD) to UP and SR cycle ergometry. At 100
watts, they found that VO,, HR, SBP, DBP, and RPE were all significantly greater on

the
UP than the SR position. They also noted that relative VO, and HR were 15 and 10%




lowei* in the SR than in the U!’pesition. In addition, they hypothesized that submaximal

. SR ergometry may be attributed to reduced external work because the legs dld not have

o be raised against g,ravity as in the UP position. A second factor may be the rosult of

~an increase in muscular efficiency (5). These factors may contribute to the reduced

- Physiological responses on the SR cycle,

. They examined 20 unmedlcated mild hypertenswe subjects

The cardiovascular var:ables were measured at rest at relatlve workloads, and at peak

exercise. They found lower HR VOz, and RPE on the SR cycle at rest and at 75% and

- 90% of VO2peax. These .result are similar to those found by Bonzhelm et al. (5)

CAD* Submaximal exercise was compl

eted with a workload of 100 to 300 kpm/min (17

' to ‘50 watts) on both cycles, They found HR responses to be significantly lower in the

~ SUP both at rest and durmg exeruse However, SBP and DBP were hlgher In the SUP

position when compared with the UP at absolute workloads. Currie et al. (3) suggested

that there is an increase in venous return during supine exercise with the legs above atrial

level. An increase in venous return would thus increase myocardial OXygen requirements

and would eventually lead to a higher SBP response and a lower HR in the SR position
(3).

Furthermore, Smith et al, (7) studied the effect of seat back angle on responses to
cycle ergometry in 30 healthy subjects. Subjects performed steady-state exercise at 100

watts using different seat back angles from 90° (UP) to 150° (SR). They tound VO; to be




Signiﬂcantly lower in the most reclined pcsiticn and there were ho diffclcnccs tound in

HR and RPE compared to all angles cf seal back. The ﬁndings that HR s not (lit'l’crcnt )

bctwcen angles dlsagrcc with Bonzheim et al, (5) aud Wulsh-l{iddlc (6) whc fcund HR

tc bc higher on the UP than thc SR cyclc. Stith et al. (7) concludcd that the sclccucn of

4 more 1cclincd pcsrticn for cycling cculd result in imp1 oved muscular efficiency withcut

affccting tradltional il‘ldlCﬂtOI’b of effort such as RPF and HR (7),

Wcscctt (8) studied 7 hcalthy subjccls to compare RPE HR. SEBP, and DBP

respcnscs durmg identical submaxlma! workloads on thc UP and SR cyclcs. This

mvcctlgatlon was umquc in that the researcher mcludcd an 8-week training and

equipment fmniliarizatlcn pcrlcd It was found that HR and SBP rcspcnscs were

sngniﬁcantly lower on the SR cycle than the UP, Westcott stated the clcvatcd lcg position

during SR cycling attributcs to an increase in vcnous return, which causey a reduction in

cardiac cffort (8) No diffcrenccs were found in DBP, and RPE was only significantly
~ higher on the UP at 15 minutes of cychng ccmp_ared to SR. It was concluded that

because there was an increase in cardiac effort on the UP cycle, it resulted in a greater

SR cycling, the work levels

B perceptioh of difficulty (8). Although HR was lower during

were much higher (8). Westcott (8) advises to introduce unfit individuals to SR cycling

prior to UP cycling because there is less likelihood of exceeding desirable HR and blood

pressure limits.

Furthermore, only two studies have been done comparing the responses with all

three ergometers, UP, SR, and SUP, Quinn et al. (4) examined submaximal responses

with 9 cardiac patients. At 300kg/min (50 watts), Quinn et al, (4) found significantly




IoWer HR and VO-,; reSponses in the

SUP comparcd to e:ther the UP and SR cycles

They found no s:gmﬁcant diﬂ‘erences in RPE, SBP and DBP between all three cyeles at

the same intensity. Similar to most studies, they eoneluded that the lowered IlR

 response in SUP ergometry was medlafed by an augmented Venous return in the SuUpP

position (4). l~lewever‘, the reduced VO, seen in the SUP position was most llkely caused

by the reductio'n in chGl‘llﬂl work (4), Also, the muscu]ar efficiency may be opumrzed in

the SUP position cempared w1th either the UP or SR (4).

Proctor et al. (9) studled the submaxlmal responses to UP, SR, and SUP

crgometry in 9 healthy subjects. They found that SUP exercise also resulted In g

sigmﬁcantly lower HR and VO, than either the UP or SR, Conversely to the fi ndings

from Quinn et al (4), who also compared all three cycles, Proctor et al, (9) noted that SBP

was s:gmf‘ cantly elevated in the SR position durmg submaximal work eompared to either

the SUP or UP positions, One possible explanation for the increased SBP values may

have been related to isometric handgripping for body stabilization (9) ‘This would cause

an elevated blood pressure response.

The previous studies all used submaximal absolute workloads, where the

woraload was controlled by the investigators. Most investigators have equated exercise
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al, (12), the self-selected pace represents a more real world suuatlon, which may cnhance

exerclse adhet ence, since people are exercismg at a level that Is more comim table Foa

' _them The objeetive of the study by Swensen (l 1) was not to control the subJeCts but o '

predut.e results ﬁom a natural, se!f-selected intensity, He found VO, Keal, HR snd SBP
were | lgnlhc'a_'ntly higher on the UP _when compared to the SR, There were |

differences between DBP and RPE. However, Swensen (| ) observed that subjects

worked at significantly higher workloads on the SR compared to the UP, Even with self-

selected intensitics, bwcnsen (11) found snmila_r differe'nccs between UP and SR

_ positions, as did other investigators.

Maximal Responses of Cycle Ergometry

At maximal exercise, Benzheim et al, (5) found no significant differences in all

‘variables (VOzmm HR, SBP, DBP and RPE) when comparing the UP and SR cycle

ergemeters Although responses to maximal exercise were not sigmﬁcantly different, the

SR positlon yielded a longer exercise time and a higher power output (5) Bonzheim et

al. (5) concluded that the SR cycle allows patients to achieve the same maximal HR and

energy expenditure as the UP position, but over a widcr power output range. Therefore,

the SR cycle is applicable to subjects with higher functional capacities as well (5).
Walsh-Riddle and Blumenthal (6) studied both the UP and SR cycles with
hypertensive subjects. They found significantly higher peak HR and VO; responses on

the UP cycle when compared to SR cycling. It was suggested that these findings are

associated with greater overall body and muscle involvement and less localized muscular

fatigue in the UP position, which may explain why subjects were able to attain higher

 y




peak IIR and VO:g responses (6) Aceordmg to Hermunsen and Saltin (| 3), greater peak

- 'VO,; s assocmted wnth activities that nwolve larger muscle mass. This may explam why

- subjects on the Up cyclc were able to aehleve hlgher V02 peaks The SR pesitlon tends

torely heﬂwly on the hamstrmas and quadrleeps, hmltmg torso and upper body
mvolvement (6) Localizcd muscular fatlgue of the quadrlceps may also llmit oxorcise
' eapacily on the SR cyele (6). Walsh Rldd]e and Blumenlhal (6) concluded that these

hndmgq make it preferabie to cvaluate max1mal exercise performance I the UP posmon

Ihls data are in contrasl with those found by Bonzhelm et al, (5),

At maximal exercise, Currie et al, (3) found HR to be mgmﬁcantly hlgher in the

-~ up than the SUP pos:tion. I-lowever, the SUP eyele eliclted signifi cantly hlgher SBP and
DBP responses than the UP cycle (3). They also found that maximal workload was
higher and exercise time was Iongcr on the UP compared to the SUP (3).

- Kramer et al, (14) also studied the maximal physiological differences between
SUP and UP exercise. They found that the UP cycle elieited signiﬁcaﬂtly higher HR and
VO, responses during max‘imal exercise (14). These findings agree with Currie et al, (3).

Finally, Quinn et al, (4) was the only study that examined maximal responses to

SUP, SR, and UP cycle ergometers. The Investigators found no differences in maximal
VO, HR, SBP, DBP, and RPE (4). This agrees with the findings of Bonzheim et al, (5).
In -addition, Quinn et al, (4) found regressions of HR and VO, showed similar slopes and
intercepts for SUP, SR, and UP cycles. They suggested that because the regressions were
found similar among all three positions, a given HR during SUP ergometry results in a

given SUP oxygen uptake that is comparable with either SR or UP (4), This is important
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for c!imcﬂl testing, since many clintcal tests are pcrforrned in the SUP of SR posmon (4).

When prescrrbing exercise, the peak datu from tests pcrformed ln the SUP or bR

~ positions will allow for the prescriptton of Up exer‘cise (4).

Summary

Through an extensive oxalmnation of research studies comparmg the different

modes of cycle Prgometers, lt has become olear that SR or SUP cycling keeps thc

' exertion levels high, but the cardiac etfort is low, thus the results of lowcr HR, VO,, and

BP, It has been reported that the SR or SUP cyclcs are more practical for unfit
mdrvlduals, cardiac patrents, post surgery patients, obese individuals as well as seniors
(8). In addition, it can be concluded that SR cycles are récogrrirﬁd as much more

comfortable and the most preferred when comparmg the UP cycle Proctor et al, (9)

~ found similar findings when ratings of comfort were examined; the UP cycle was the

least favorite among sub_]ects.

There is limited research comparing the physiological responses of UP to SR
cycles using self-selected intensities, The data available provide conflicting findings
regarding the submaximal and maximal cardiovascula’r responses to exercise on cycle
ergometers. These conflicting findings make exercise prescription difficult. There is a
need to investigate the physiological responses to self-selected cyclé ergomerty exercise,

which includes habituation, in order to investigate the contrasting data,
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