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CHAFTER 1
IRTRODUCTTON

Teaking and traininmg of the upper extremlities has become
an important eoncept ln the rehabilitation of cardiac patlente.
Ara sxarcisas provides an alternative to leg exercise as a
mgans of teabing and training individuale whose occupations
and recteational activitiea are dominated by arm activity.
Standard exercife testing and training modallties such as tha
trpadmill, banch-gtep, and bicycle ergometar, reguoire the use
of the lege and ars not applicablie for individuala wnabla to
parform work with the lower exbtranitiss. Humaroos inwasti-
gators have reported the importance of arm exorcise for indi-
viduals who experience angina primarily by amm exertion, per=-
mong with intesmittent elawpdication or orthopedic limitations,
paraplegics, amputees, and others with lower axtremity dis-
abilities [(Fardy, Wobb, & Hellerstein, 1977y Framklin,
Echarf, Famatmat, & Rubenfire, 1982 Schwade, Blomguist, E
Shapire, L977: Ehew, Crawford; Rarliner, DiDonna, Carlaton,
hoss, & O°'Rourka, 1974; Wahraen, & Bygdeman, 1971}, Tharefore,
altarnative mathods invoiving arm work are necdad for those
individuals wha ocannot parform work on the treadmill and
standard bicycle argometar.

Tha effectivoneas and safety of arm exercise has also
been documanted in several studies. Magel, Mohrdle, Toner, &

|



Delio, {1578), Pollack, Miller, 6 Lionecud, (1974) and
Wahrten & Bygdemen, (l971) roported that the benefits derived
from arm eaxarcise ware comparabla to those obtalmed from
lower sxtromity exerciss, such as treadmill angd bicycle
argometry. DeBusk, Valdez, Houston, & ilaskell (1978) demon-=
strated that perfofming arm exXercise was & safe and effective
maana of aliciting cardiac abnormallities saveral wesks Fol=

lowing & myooardial infarction.
P =1=]

Tho porpose of this otody was to determine the energy
oost of three soleocted work loads completed on the Tyna Row-
LoD rowing machina. The determination of the energy cost of
thase work loasds could then be used to establish a besis for
the wse of tha Dyna Row-100 as an vppar axtremity argomater
in health as well as rehabllitation trafning,

Haed for Study

The increased concern for incorporating arm exercise in
cardiao rehabilitation has given rise to the implementation
of multi-model or circuit-interval programs in phase IX
\Heyers, 198); Porterc, 19831. These types of programs had
the patient exercise on six differont exarcise modalitias.
Upper axtremity axercise ipcluded work on the arm ergomater,
rowing machine, shoulder wheel, apd wall pulley. Lower ex-
tremity avercises ware dona on the treadmill, bicyela




ergometar, and bBench step. The statlons were designed to
alternate an uppor extremity exercise with a lower extremity
exercise in & circuit=1ike fashion. Each station conaisbed
of a foor minute exercise period followed by a predetermined
rast period,

The moat difficult problem in designing an exercise pro-
gram was the prasoription of the appropriate axercize inten-
pity. FEnowing the energy cost of an axercisa makas tha
datermination of tha appropriate axercise intensiby poasibla.
The Mierican College of Sports Medioinma (1980} establiaised
equations for celoculating the energy cost for walking, run-
ning; stepping and cyeling, In 1981, Boles establlished the
anacgy cost of arm cranking on tha Monarch Rehab Tralner.

Moet of the work in the area of esimulated rowlng cwam-
ined the energy cost of exparienced and Olympic caliber
parsmen at medimal levysls (Caroy, Stensland, L Hartlay,
1974; Hagerman, McKlrnam, & Fomget, 1975; Hagerman, Conpors,
Ganlt, Hagarman, & Palipaki, 1978; Jackson, & Secher, 19%76;
Szogy, & Chersbotin, 1574). With the increased use of the
rowing machine in cardiac rehabilitation programe; there
was a nead to dateemine the snergy cost at submasimal

lavels,

Assumptiong

The following assumptions ware made in this study;
1, All subjects were apparantly henlthy individuals.

o



#. Subjecta were not Invelved in any form of competi-

tive rewing.,
Delimitations

I. &ll pubjects were male ooilege students 20 to 38
years of age attending the Oniversity of Wisconsin-La

Crosans.

2. Three work loads were used for testing with all
tosts consisting of identical incremants,

¥, Subjects were tested only onoe.

1. Gubjects ware not expericnoed carsmen.
Limitations

L. 'The upper extremity training that the subjects may

‘.oz been doing was not controlled in this study.
Definition of Terms

Eaokman Met=“alic Measursment Carkt (Beckman MMC) - a

gelf=pontaimed unit which includes an OM-11 oxygen analyzer
panaicive to .01%, & LB=2 parbon dioxide analysor sensitive
to 0Ly, a flow meter gengitive to one milliliter, and a
programmable caloulator.

Dyna Bow-100 - & hydraulic reasistant rowing machina with
alght posmible incremonts in exercisa intansity [(see Appendix
Al



Enargy Cost - the amount of oxygon nacemsary ko parfoEm
a apecific rowlng stage. In this atwdy, snergy ooats are
exprassed in liters per minote; milliliters of oxygen wutilized
per minute per kilogram of body waight, andfor HET level
{Bergaer, 1982},

Metabolic Eui\'.ﬂ.ﬂnt [MET] - a relationship betwean work
and resting metabolic rate of an individoal,. A resting meta-
bolic unit is egual to approximetely 3,35 ml ﬂ,‘.,f'F:g.-"rlin
(Davries, 1980).

Rate Fressuce Product (RFP) - an indirect index of myo-
cardial oxygoen consunption. The RPP is the Fmdm:t'. of heart

rata muleipliad by tha attained systolic hlood prassure.



CHlRPTER TI
REVIEN OF RELATED LITERATURE

Inkraduckion

The purpose of this study wae to determine the enargy
cost of theee selected work loads consleted on the Dynas Row-
1nnp rowing machine. The datermination of the enercgy cost
provided a baala for khe use of the Dyna Row-100 as an uppar
axtraniky axarcise in health and rehabilitation training.

A raview of the related literature revealed numerous
studias parteining to mawximal owygen consunpltion of ex-
perienced and Olympic caliber oarenen. PHowever, there was
a limited amount of ressarch in the area of submaximal rosw-
ing.

The 1literatirs revieved was relabed to subPaximal row-
ing and has been divided into five sections, The first
#estion discussed the metabolilc and cardiorespiratory re=
gponEes of arm exercise compared to leg sxerciss ab maximal
anfl submaximal exercise intensities. The implicaticns for
the use of arm exercise as a teésting and tralning modaliby
in capdime rehabilitation wvere diagcussed ln the ascopnd aosc=
tlon. The third sectlon discuseed the physiologieal para-
maters studied during eimulated rowing. In the fourth sec=
tion, the MET concept waa discussed, Finally, the prescrip=

tion of arm exarciss was discussed In the Cireh section.

&



ATm wo:ious Lag Exeroise

The conkragt of metabolle and cardiorespiratory cesponses
in arm veraus leg exercise has hasn the subject of many in-
vestigations. GOenerally, maximal phyelologleal resconsas
have heen found to be greater in leg work than arm work.
Howewar, at a given submaximal work load, the metabolic cosk
hag been shown to be oreater in arm work than leq work
(Astrand & Baltin, 1981; Astrand, Ekblom, Massin, Saltin, &
Seanbarg, 1965;: Bar-0Or k& Ewiren, 1975; Stenberd, i.ktrﬂnﬂ,
Ekbiom, Toyves, & Saltin, 1967p Vokao, Bell, Baukz=Holter, &
Rodahl, 1975:; Vridjens, Hoek=tra, Bouckasrt, & Van Oytvanck,

L#75h .

Maximal Work

Astrand and Saltin {1961) studied the maximal oxygen
consumption r'l:"'::l2 max) apl heart rate (HR) response during
1} oy=ling on a bicycle argometar in a cltting position and
2} supinas praliion, 30 eimultaneous arm and leg exercise on
bisyele ergemeters, 4) ereadmlill running, 5) skiing, 6] swim-
ming, epd 7) Aarm cranking. Seven wall-trained sobjects [nix
males and one Femalel performed maximal work on these various
typee of modalities, HWapimal work with the arms produced a
".""-"';r max that was 708 {range 8%-71%) of the V0, max when
aycling. The WE max of wEphill treadnil]l running was slightly
higher (5%) than in cyeling, comblned arm and leg exercise,

and skiing. The 'ﬁ'ﬂz max of supine cycling and swimming were



15% lower than sitting cycling 1ilt:nnﬂ and Baltin, 19a6l).

In 1965, ﬂstrunﬂ and associabed reported aimilar results
regarding maximal arm work. In this study, thirtesn subjects
(12 males and 1 female] performed maximal work with the legs
and arms. It wae shown that the il'I::I1 max during arm work was
708 of Ehat chserved during leg exercise. HR was opn an ave-
raga Aeven beats par minute lower during arm axercisae and
intra-arterial blogd pressures (BP), &8 measured by catheter,
ware on an avarage 20=I5 millimaters of mercuary higher during
maximal arm exarcise, The auwkthors suegedtsd thakt the reason
for the obsarved responses may have besn that the peripheral
vasocular rasistanoe was different in the two types of exer-
cise. Vamoconstriction in the legs during arm work brought
about a more pronounced alevation of paripheral resistamca
than 414 vaacoonskriction in tha arme daring leg work. The
ochearved differancas in hlocd preasaura may have bean dos to
the static work davaloped during arm exercilss.

Stenbarg and associates (1967 reported that maximal arm
work pacformed by Gen subdects {6 males and 4 femalesl resulted
in a i"ﬂa and cardiac cutpat (Q) that was 66% and B0, re-
spectively, of the maximum values attmined during leg work
imn the sitting position. However, H® was found to be higher
during arm werk.

Im 1975, Vokao amd collesgues studied the ﬁﬂz and cardio-

respiratory responsaes of leg and arm exercice in the sitting



apd gtamding positlons. Seven male spubdects perfommed woerk
while oyoling, and arm cranking in the sitting position and
gtanding position. The maximom work lowd achieved doring arm
exarcise was S50-608 of that in cyecling. ﬁﬂz max wag on Ehe
average TBY of the ﬁng achiovad with the lege., Tha dif-
farenoes betwsen the AR responses were ineignificent.

Fardy Bnd investigators {1977) studied the physiologiocal
ragponses of twenty=two high school male athlates during
eycling and arm eranking. The T0,, VE, HR, systolic blood
prossure (SBP] and rate-pressure product (RPP) waere higher
duripng maximal leg exercise. ﬁﬂl mox for the arms was BS%
of that measured for the legs. Howaver, whan the asrohic
capagity wae sipressed relative to axtremity volume, tha
resparchers reported a higher {TCII max for the arms than tha
legs,. The cescarchers noted that the values obtained rela-
tive to extremity wvolume may be subject to some guestion
becapuse JEW orgomeiry also racrults muaclas of the back;

shoulders ard chask,

Submaximal Work

Conslderable dota has docomanted that at a given suhb=
maximal work load, HR, V0,, ¥E, RER, 85BF, diastolic blood
pressure (DEP], and lactate production are higher during arm
exercige when compared to leg exercise. Stroke wolume wag
lower, while @ wag pearly the same in both arm exercise and

lag exercisa {Astrand at al.; 1967; Bobbert, 1960; Fardy
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gt al., 1977; Btenberg ek al., 1967; and Vokac et al., 197%),

Bevagard and associates (1966) supported thesa findings
in their comparison of the ciradlatory adaptatione to arm, leg,
and ocombinad arm and lag exercise in six male subjects. ':"E
(Pg0.001) , HR (P<40.01); and lactate proddction (FSG.02} were
found to be significantly higher during arm sxercise compared
to leg and combined arm and ley exercise at the same leveal of
coygen uptaka. 6V falled to increase and was significantly
lowar (FEd.0% during arm exercise than during leg or com-
bined arm and leg axerciss, Mo significant diffarance was
found betwaon '5 and awygen uptake during arm exeroiss, leg
pEgrcise and combined arm and leg exercise.

ATm Exercise in Capdiac Rehabilitation

Arm exarcies hag offered an altermative means of testing
and tralning patiente particularly for those who cannck pers
form leg work. In thim section, the uas of aim exercise as
s modality for testing and training of patients has besn

discussed.

Inglications For Arm Testing

In 1975, Bar-0F and fwiren lnvestigated the relisbilicy
and wvalidity of arm teating by arsaasment of ﬁﬂz max, Fifey-
nine malea were studied, forty-one ware in the teak=-ratest
group and elghtean were Lm the validity group,

The test=retest group parformed a maximal arm kest on a
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modified bicycle ergometer, The work load was increased every
2 miputes by 150 kilopond mgtors per minute ontil the subject
could not oo any longer. The test was repeated ? weeks later.

The walidity group performed an all out arm test exactly
4z the tesgt-rebesk group as well A a madimal Ereadmill best.
In the test-retest groop, thoe arm "E-I:I-: max and acm "..i"E max had
a high reliasbility, 0.94 and 0.%8 respectively. Tho HR max
was considerably lowar at 0.76.

The maxzimam valuss for arm 1.7":]1. VE, and oxygen pulse in
the validity group were two-thirds of the respective leg
values. The pradictability of maximal leg walues from amm
date was fair. For asroblec capacity, a corralation coaf=-
Eicient of 0.74 was reported (Bar-Or & Zwlren, 1975).

Lazarus,; Callinane and Thompson {(1981) studied aleven
male subjects with angina pectoris that was Induced by both
atm and leg esxercise, Sobjecte perfornmed two days of arcm
and two days of leg testing over a two week period. The in-
vestigators found the within dey and between day coefficlents
of variation to be similar for both arm and leg testing.
Thesa results were in agresment with Bar-Or and fwirem [19T75]
and confirmed that arm testing is highly reproducible.

Wahren and Byqdessan [1971) studied ten patients with &
hisvory of angina pectoris +. . & performing arm oranking and
agyaling. The leg exerciss wos performed in the uvpright posi=
tion on & bioyole ergonster. The same ergomster was modified
for ara cranking by replacing the pedals with hand grips.
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Angina was produced Llp all patients by both types of exercise
at aimilar myocardial owxygen demand as measared by RPP, {fﬂz
ot angina wag slightly but slgnificancly lower during arm
work. The researchers svogested that the Lower ";‘-I:r2 during
arm work may heve beon duwe to the limited range of oxygen up-
take tolarated by the subdjects uvaed in the study.

I'm 1977, Schwade and oolleagues studied thirty-three
mala patiants parforming arm and leg exercise of the same type
ag used by Wahren and Bygdeman [1871l). Seventy-pine parcent
of the patients had identical endpoints as measured by angina,
abnoemal glectrocardiogram; fatigque or shortness of bhreath
with both kests. The RPP duripg arm and leg exercisa in this
groap was not significantly diffarent, which was in agraamant
with tha findings of Wahren and Bygdeman (L1971},

Shaet and asscclimtes (1374) compared treadmill axaroiss
and aym grank ergometry osing a medifled bieyele ergemeter
with twe hardles fitted on & aingle pedal. Porty=seven
patiante wers studied. Twenty-one patlents wers able to per-
form both arm crank and treadmil]l exercies, and twenkty-six
patlents wers able to perform cnly the ars erank exersime.
The twenty-one patienta able to 4o both modalities inoloded
aevanteen with a documented myocardial infaretion.

0f the twenty-one patients able to perform both tests,
taen denonstrated lschemic B-T segrant changes during both
tasts and anpother ten patients had nagativa responsaes to both
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teata, Thers wara no sktatistically significant differemces
betwesn the geak AR, SHF, and EPFP reaponsas of arm=grank exar-
giseand treadmill exercise. In the bwenty-six patients on-
able to perform leg exercise, a lower R and & higher peak
EBEP ware obtained when compared to the twenty-one patients
able ko perform bokh modalitles. However, bhe diffarences
ware ndt aignificant. Whah the RPP responas of Lthe Ewanby=
siy patisnts was oconmpared to the APP response of the twenty=
ona patlanta, no pignifiecant difforence was found [22.4 1 1,2
we 22,0 £ 1.4 x 107, poo.9),

Implications Eor Arm Tralning

Tha mabakalic and cardicovascolar rogponses o arm traim=
ing ware sktodisd by Maglil and colloagques [197B]. Sixtean
mals pollegs students sarved as subjects with nine being ags=
sigred to the tralining sroup amd #even in the non=trainineg
grovp.  The training group underwent ten weeks of interval
arm tralning, 20 minutes per day, 3 days per week, while the
mon=training controls 414 nok participate in any form of or=
ganlzed activity. 'ITI'ﬂ._,_ max wag meagured prior to and Follow=
inc the ten weeks of arm training in both groups during arm
argnmetry and treadmill ronning. Trained subjects ahowed
pignifioant increases (P<0.01) in 'f.rnz BAK VE makx, maximal
arteriovencsus oxygen differenon [a-v ﬂi diff} and maximal
work capmoity followlpng arm training. Maximal wvalues Fob ﬁr

HR,; E¥ and FER did mot change sigriflcankly. The non-tcaining
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group 414 not ahow any significant changes in any of the abovae
measurements. Pollowing the bten weaks of traiming; wvalues lor
‘}GI max and the othar phyelological measuremsnis werfe un-
chapged during treadmill running in both groups. The ro—
sulte suggested an improved cardisc afficlency [ollewing arm
teaining and confirmed the specificity of tralming.

Similar conpclusions were drawn by Vrijens, Hoskstra,
Bouckaart, & Van Uytvanck (1975). Five paddlers in training
for a national kayvak sguad and a control group of nine trained
subjrcts wera uaed in the assessmant of maximal oxygen uptake
and clroulatory adaptations to work using legs and arms. Each
subject performed two maxinal tests once with tha blcyeola
argomater amd the pecond with an arm ergometer. The paddlercs
with specific training to arm work hod scores on bhe arm Eeask
closer to the results of a bicyele eargometer teet than did the
conktrol growp. The reasarchers soncluded that arm work must
ba pratferred for evaluating the kraining status of athlotes
whan the opper extremities are osed in braining.

A etudy by Pollook and asscciatos (18740 inveatligated
the effects of arm training in Ewenty=nine sedentary man.
Eight disabled men (grodp 11 and eleven normal men [(greup 2)
tralmed by arm pedaling thirty minutes, threa times a weak
for twenkty wesks., R contwel gioup of ten man (group 3) took
all tests but did not participate in any activity. 'l'.l'{:lz nax ,
VE max, and O, pulse incressed while the HR max remained un=
changed in both experimental groups. Resting HR and the OR
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rREponas to a standard work tnak showad a sionificane
P4.05) decraana. Bpatolic blosd pressura ab Ehe one minute
ressvery stage aleo decreased significantly [M0.01) in both
groups following training. The contrel group remained on-
changed im 811 measuremsnts.

ECG and hemodynamie rosponses wore studied ip forky men,
sevan wesks posat myogardlal infarction, by bebusk and col=
leagues (137T8}. The subjecte performed static and dynamio
work aaing the arms and lege. It was found that iAschemic B-T
gegnent deopression was absant during static e=ffort, while ten
patients demonstrated ischemis 5-T segment depression during
dynamio exercise. WVentricular ectopy was significantly
[P4D.05) more cofmon during dynamic exercise. Only three
patiants demoneatrated ectopy during static exercime, pre-
mature wantricilar contractions (PWs}l wers isclated and im-
freguant. The data sugoested that arm exercise was an ap=
propriate exercise to include in the conditicning prograns of
gardiso patients.

Bocauae of these studies and their findings; many cardiac
rehabilitation programs have begun incorporating arm exeritdse
in phasa IT programe (Meyer, 1983). An example of one such
progran was the phasa IT program at Gundersan Climic, La
Cediga, Wisconain., In this progeam, paktlents exercised on
Bix differeant modalities [(Ereadmill, bicyole srgomater; step-

p:l:rlg heanch, arm ergometar, rowing machines, and choulder wheal) .
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The stations were organiZed bo alternate an upper axtrami ey

axarcise with a lower extremity exercise [Portar, 1981},

Phyaiological Reaponsas ko Fl-n'u'iH

The maximal oxygen consumption of competitive ocarsmen
has been studied by several investigators. Hageeman, McElenan,
and Pompet {1978) investigated the ":l":lz max of five conditioned
and four unconditionsd former oarsmen. Maximal work was per-
foemed on & frletlon type rewing ergomater, The conditloned
group obtained 1:1I:I= max signifipantly higher {Pg0.0L} than the
unconditioned gronp (6.2 mlAed/min and 53.4 ml/kagfmin re-
mpactively) .

Hagerman and colleagues found similar results in 14978
when they maasured 1‘..I'\n:|2 by open-circuit spiromatcy in 110
competltive cargmen. MWean valuea of §7.6 ml/kg/min was re=
ported with several outetanding caramen aurpassing 70
ml g min.

In L8974, Carey and asscciates congared ';"ﬂlz, max of five
male varsity crew membera during macimal work on the tread-
mill apd rowing etgometer. The ';ICII max of treadnill cunning
15.31 “iters/min} was not significantly different (= 0,05}
from rowing (8.32 liters/minj. Maximal HR was significantly
lowar (P40.02%) doring rowing. The aothors suggostad that
tha lower HRE may hawve beon dos b0 a greator stroke woluno
sacondary B0 a greatar miscla pump wutilizing both arms and
lag%.
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Motabalic Equivalent

Esgontially all tha esnargy expanded by the body is da=
rivad from the eeacticn of oxygen with foods. The amsunt of
axygen usaed to parform specific wark is a measure of bokh
energy ocost and hoat produped from that work. The ocnergy
used for work ls exprossed in berme of rate of oxpgen con=
sumption or, more commonly; aa metabollc rate (Berger, 1982} .

Resting metabolic rate is approximately 3.5 ml O kg min.
Tha maktabolic agqulvalent or HET la aimply & nunbar sxpreassalng
the ratic of the sxorcise matabolic load to the raating maka-
bolic rakte (DaVries, 1980) . Tha MET leval for o given work
load 18 =alculated ag follows;

mmve - 5§ Jeduized for snareien d kg boty ueish

Exprassing the intensity of a work load in METE i8 a measuce

of oxygen consumption rather tham a measure of power outpot
(DeVriea, 1980}. Several researchera disgussed the use of
khe MET as a means of prescribing the appropriate exercise
inkanaity Tor healehy and diseased populations (ACSM, 19%80;
Amumdeen, 19%79; Cunningham & RBeachmnitzer, 19747 Polloeck &
Schmidt, 1979}.

F':l:ﬂcr:LEtil:m of Arm Exarcilaoas

Tdeally the exercise prasoription should be determined
Ervem data obtained From &n AFM elercise tost. Data sheuld in-

cludeer 1) MET level attained, 2) poak HR attainaed, 1) BP
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responsg to progressive work iporements, §) rate of perceived
exertion, and & subjective symptoms (Forter, 1383). Tha
exercise fntensity ia then developed as a fraction of the
'I.Ll'l'.‘lz maX, a8 described by the ACEM (1980}, mMmundsan (197%), and
Cunninghan and Redhnitese (1974)1. The ACSM (19800 recofmends
Ehat bhe axercies inkepsity be batwean 50-858 of 1.Li'-l:lz ma.
Healthy asympbomatic adults oan work betwean 70=-B0% of ":"-I:I3
max, while cardiac patients may start conditioning at 40% to
60% of Vo, max,

Obtaining data from an arm exerocise test may not always
e possible dus to the limited pomboer of programs thak par-
form arm exerclss testing. Therefors, daka from lag kests
may ba used. Fardy and investigators [1977) show the ra-
litiﬂ]’bﬂ]‘lip petwaan percentage of HE max and percentage of
'I:I'n:I2 nax for arme and leges at the same work loads to be nearly
identical (r=0.96 and r=0.97 respectively). & given per-
cantage of HRE max during arm execcise results in & percent-
age af arm 'l.."Di A% ocomparakle to that of leg exercises. Be-
cuuse arm and leg exercise slicit differing physiological
cost at a given sobmaximal lewvel; a work load appropriata for
leg exercise may noed to be adjusted to bo osed for arm awer-
pipe. Franklin and associates {1982) suggest work loads 40%
to 60% of those wused for leg training are appropriats for arm
training,

mmundasn, Takahashi, Carter, and Hisleen (1280} bested
the significant difference beatwesn nurﬂ.i.r:-ruup.i.r&tnrr
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responaes to wall-pulley exercise and to exercise performed
on tha bloyele argomater, Wall-pulley pushing, wall-pualley
pulling, and eycling was performed by [iftesn male subjects.
corralation coefficients and regression egquations wers cal-
cuelated for HE, SBF, apd Hﬁu= v '3 MET levols for each ex=
eecliea. The comparissn of mean regression linesa and agua-—
tions for HE versos MET levels of all thres exoroisec re—
vealed the slopes of the regression lines for cycling were
significantly differant £rom the slope of the line for wall=
palley efercise. There was no difference found in the slopes
af the regression lines For SBP versus HET lowvals or Ill:il'l;:i:
varasus MET levels. The rosearchars copcluded that MET levels
provide a valueble index when prescribing exercias Lptanslty

for arm or leg work.

Surmmary

Mary rassarchara have investigated the physiclogioal
reagEponsas to arm apd leg axercliee and found maximal walues
to be greater during leg work., At a given submaximal work
Lopd, arm work reguired a greater physiological cost.

The use of arm ergometry as a testing modallity has been
shown to be highly reprodocible and a satisfactory diagnostlc
text to detect myooardial ischemis, 5-T sagment displacemant,
and angina. #fs a trainipog modality, the specificity of
acrobic improvement was shown, WVery little, 1f any: cross

training ccocurred from amms to legs. BECG results showed no
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greaker prevalence of dysrchythmia durding arme eraining than
during lag Eraining.

When prescribing exercise intensity for amm training, a
fraction of max E"DE, obbained from an arm eXercise test has
been used. Howevar, whan uwsing data obtalmed from leg tests,
it waa important to note that acm and leg exercise elisit
differieg physiological cost at a given submaximal work Load.
Therefore, work loads approprlate for leg sxearciss may naed
to be adjusted by 40% to 60% for prescription of amm train-
ing.

Amaearch regearding the physiclogical values for rowing
at submaximal lewvals have oot bean reported while maximal
values have bean researched extensively. Studies have shown
that highly trained and conpeticive carsmen cbtained maxi-
mam phyai¢logical values pimilar to those reported for

other andurance athletss,



CHARPTER II1
HETHODS AND PROCEDURES

Subqjact Salaction

Twenty mele graduate and underqraduake studente, 20 to
35 years old, from the Universicty of Wisconsin-la Eroeee, La
Crosse, Wiscongin, voluntesered for this stwdy. All of the
gubfeste wore {nvolwved in some form of regular exercisa. nona

ware inwvolved in competitive rowing.
Instrumantat Lon

The Dyna Row=1400 (M & FE Industries, Inc.; Redmond, WA}
rowing machine wag used in this study, Calibration of the
shocks was performed at the time of manufacture as shown in
Appendix B. The seat wag adjusted for sach avbject ao Ehat
the legs remained in the oot-stretched position throughout
the entire exercime. This was done to concentrate on wark-
ing the torso and apper cxtremitieos and to minimize any lower
axtremity involvemant.

A stroke cadenoe of 20 strokes por mimute was used. In-
struckions and cadenée were FfEintalned constant for each sdb-
jact by usa of a cassstte recording telling when and how
oftan to stroke. The tape began with the following instroo-
tione: *“At the count of three; begin to stroke. One. Teo,

21




22

Thres., Stroke-ope=-twe; stroke-one=two; sktroke-cne=twoi &to.”.

One inch incramants were marked on the ocar-extension bar
to dencte increapem in work load. By raisimg or lowering the
lewer arm, which was attached to the oar-sxtensicen bar, the
work load was inoreased or decreased respectively. The first
thras work loads ware used in kthis atudy, work load=1 [WL=1)
bBelng the saslest, work load=2 (WI~2) more difficult, and work
laad=3 [(WL-3} the moat diEFficult.

The test consisted of a four minute digcontinuous pro-
tooel with four mindtes rest between work loads. The initial
load was sat at WL-1, apd theceafter, increasing incramants

aqual to WL-2 and WIL-31 wera applied,

Tepting Procedures and Data Collectlion

On the day of the echeduled teat; each subject reported
to the Human Performance laboratory at the University of Wis-
consln=La Crosse, where each wae given a complete explanation
af the procedures of the study., The Lalormed consent form
was explained to each subject (ges Appendix €]1. The sub-
jeots were then asked to mign and date the form. ALL of the
gubjoocts subsequently did so. Wodght and height weare recordad
for aach subjoct to the nearest poond and inch, respacktivaly.
and converted to the appropriate matric measurament. The
subject wae then given as much time as neceesary bo practice
the stroke cadence before khe actoal testing was began.
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'ﬂ_j!itﬂ ﬂnnuEEI:inn Datermination
The Beckman Matabolle Measurement Cart [MMC) was used to

measure the odxygen consumption durdng the testino. Readings
were obtained every 30 seconds of the work peciod. A Dedgkman
LE=2 Carbon Diowide analyzer, sensitive oo 0.01% and a Beok-
man OM-11 0, analyzer, sengitive to 0.01% was used to analize
the expired air. The Deckman MMC was callbrated before and
after each test with a tank of known Scholandered gas and
roon air. Meterclogical ecalibration of the Beckman MMC was
done daily before sesting ueing a marcury barometer and a
calibrated thermometer. The barometric pressure was adjusted
acoording to the laboratory conditiona and the temperature
readinga were adjusted so as to be comgarable with the in=

unit thermometer of the MMC.

Heart lake

Tha oubject was proegared for alaecstrods placament by
abrading and eleansing the ekin with alsshel. A CM; bipolar
laad aystem was uwsed, with the alectrodes being placed on
the manubrium of the sternum and the right and left awillary
line, along the £ifth intercostal space.

Hoart rates wore continuoally monitored on the Cuinton
Elmctrocardiograph Model B2l bipolar tracing system. Min-
uta heart rates were determined by counting the OR8 complexes
of a l5-sacond strip and muitiplying by four. Electrocardio-

graphic stripa wers taken prior to testing and during the



a4

lagt lS5=-geconds of sagh work Lload.

Blood Pragsura

Indirect arterial blocd pressire (BP) recordings were
meagurad by a standard ouff and sphygmomanometer using the
brachial artery of the laft upper arm. BF measurements were
oitained an each subjeot prisr to testling and immediataly
upon the conclusion of each work load, An attempt was mada
to acguire BF ceadings within the filret twenty asconds of
the rest period.

Ratings of Parcsived Exertion (RFE}

The subject was asked to nimerically rate the intensity
of axertion percelived according to Dorg's seale (1973} during
the last thirty ssconds of each work load (sees appendix D).
Prisr to tecting, the subject was given a verbal explanation
on how the soale would be osed. It seated:

"as you can see, the nunber system ranges
from & ko 20: 6 balng the way you would Feal
sitting in a chair doing nothing, and 20 would
tndicate absolote arm fakigue, that paint at
which yon could not perfomm ancther atroke.

turing the last thirty seconds of sach
work load, I will graduvally lower my fimger
down the nunbers. Onoe I roach the numbar
that best describes the intensity of work sod
mre experiencing, I wantyoon to mke yolr Emd,

Bacause the work is belng dope wour
arma and toreo, it is important to indicata
tha mmbar which basgt deporibes che i:l'lt.ﬂl:'luit}"
and fatigoe of the arms and torso only.

Ara Lthara any ql-'liih-‘l-ﬂﬂﬂ balfore we get
startad?"
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Initistion of the Testc

After the subject had been seated on the rowing machine,
a headgear apparatus supporting a Ruodclph wvalwe {no. 2700}
waa placed on the subject. Corrugated tubdng was used to
connect the valve ko the gas collection unit of the Beckman
MME (mea hppendin B .

Eech subjest was aeked o give his best mEfort and con-
tinite until the completion of each work load. However, the
subject was Lnetructed to stop immediately iF at any time be
falt it unsafe to continoa. Any £inal guestions the sub-
ject had were then apswersd by Ehe researcher., At this time,

the test was ready to begin.

Data Analysis

puring sach work load, oxygen oconsumpticon eskpressed As
L/min and ml kg min was moasured overy 30 seconds directly
from the Backman MMC and recorded ontd the dats shest |[ges
Appendix Fl. Maaps and standard deviations ware caloulated
for all the svhjecta at each work load. The means wera then

convertod ta MET values.



CHAFTER IV
REEQLTE AND DISCUSEIDH

Incroducticon

DOsing the Dyne Row-100, the pnergy oost I:‘l:"I:I:I' of throa
salectod work loads was determined. Maans and standard da=
viatlons were caleoulated for all the aubjecks at each work
lgad. Heans were then copverted to MET values, The purpossa
of thls chaptar was to presant the results and to discuss the
pertinent Flpdings regarding werk performed on the Dyna Bow-
104.

Eesultsn

Subjmots

Twenty male gradoate and undergradvate college students
Erom the tniversity of Wisoonsin-La Crosse particdpated in
this study. The physical characteristics of tha subjecta
ware presented in Table ¥. fppendix & contained the indiwi-
dual data of all subjects.

Bach subject porformed a four minute disconbinvows pro-
tocol with four miputes rest between work loads on the Dyna
Row-100 rowing machina. The protocol contalmed thres work
loads of iporeasipg inkensity, Wi-1l, WL-2, and WL-3.
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Cxygen Upktake (ml/ kg min)
Mean oxygen upraks (mlfkeg/min) valoes for esch work load

wore prementod in Table 2. Individual subjoct's data wers
listed in Appendix H. The results indicated a gradual, pro-
gressiva Increass In QDE with increasing work loads, Mean
'I1.|'l.‘.lz valuwes in thig geudy wers 10.4, 14.5, and 20.0 ml /kgsmin,
respeotively, for the three selected work loads.

Tabls 1
Subjact Characteristica for Age, Weight, and Hailght (p=20)

Variable Mzan efa] Ranga
Boge (YE] 2T.7 3.0 23 = 35
Weight (keg) T4.T .1 3.3 = 93.4
Height [em) 176.5 6.7 LE7.6 = 1@5.4

Tabla 2

Means and Standard Deviations of

Vo, (ml/kg/min) and MET Lovels

Worltload ml kg min a0 MET 8o
WL=1 1o.4 2.1 1.0 -
Wle=2 14.5 1.0 1.1 .8

=3 &0.0 3.8 5.7 1.0




MET Lavel

HET level values for each work load were presented in
Table 2. Individual subject's data were llsted in Appendix
H. As noted in Table 2, there was approximately a 1.0 MET
incraase per increasing work load. The work loads In the
present study indicated & suikbable testipng and training pro-
toool for individuals in rehabilitation prograns hecanzsa of

the gradual incereare from one work load to apothar.,
Disaussion

Fardy and asgocilakes {1977) reported the relationship
betwean percentage of HE max And percentage of 'I'.Fl:rn max for
both arm and leg esercise compaved at the same ensrgy cost
to be almort ldentical, .96 and .97, respectively. In a
study by hmunduen and colleaguwes {19803 ; the brachlal S5AF
and myocardial ocuygen cost tm’mzj ¢y a5 calculated by RPP, wera
reported ko bae greater at a gilven axternal work load bat pot
at comparabhle oxygen uptake levels. The regrassion Linas
for EBEP wersus MET lewvelrs and lﬂ"ﬂ'l:l-.a varsgys MET levals wata
not glgnificantly diffevant.

The high eserelations betwesn energy oost, o MET level,
and HR, BEF, or MU0, indicate that MET levels provide a valu=-
aple Lndex for measuring the intensity of arm oF leg work.
The MET values obtained in this etudy for rewing esterciss
ahguld be bepnaficial in the planning of arm opducance enps-
gise for patients with ischemic heart disease.
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The MET walites abtained in the present stidy miy dndi=
cata a suitable tepting and training protocol for individuals
in rehabkllitaticon programs bacause of the gradual fporease
from ane work load to the next. The Ararlcan Oollege o
Sporta Medicina (1380] supports this type of progression and
reconmends increases of approximately 1.0 MET during a graded
axerciae tost [GHT) .

In 1982 Bennett studied the relationship botween RPE
and HET levels during [our graded axerciss tests |(GXTE) in
early ocutpatient (phasa I1) cardlac rehabllitation. & low
level GAT (T;} was given on the day prior to patient die-
charge from the hospital. Punotional GETs were conducted twd
I:Tz] and four {'!'3! woeks post-discharge. At sight weeks
post=dischargm, or at completion &f the phase II program, &
symptor-limitad maximuam GHT 1'["! was completad. Bannett
[1982] reported mesan MET values of 2.77 for Tys 3.87 for Toys
4.75 for '1'3 and 7,258 Ear T‘. Thase results indicated that the
MET lpvels obtained in this study were appropriata for phase
11 rehabilitation.

Forter {1583} descripes in detail the MET mathod uesed
for exercise preacription by the phase IT program at GuAder=
aan Clinie, La Crosse, Wissonsin. Inm this program, the
patient begine phase II at the sama intengity lewvel attained
during the final stage of phase I. The edwerocise intensity is
incressed in & stair step fashion with a 1.0 MET inoreass
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gerurring every two waeks ovar tha subaeguant sight ko twalvae
waak parisd. JTdeally the goal of the program is to have the
patiant at an ewercise lntansicy betwean $0% and 0% of the
pabseguently determined symptom-limited maximal HMET capacity.
The advantage of having the patient aktealn that level of in=-
tensity at the end of phase II is that the patient ocan thon
begin phase III at an exercise intensity capable of slicit-
ing tha conditioning responae of described by the ACSM [1980].

Bolea (1981) determined the energy cost of Plve salectad
work loads using the Monarch Rehabh Trainer. Tha MHET incre—
mants ocbbalned in this study comparad favarably wikth thoss
eatablished by Boles [1981) uairg & four minutes diacontine-
vous protocol. Tha HET valua for Wi-1l was aimilar o 90 kpm,
Wi-2 was gimilar to 180 kpn, and WI-3 was aimilar to 360 kpm.
HET valusa were 3.0 compared to 3.09, 4.1 cempared to 3.93,
and 5.7 compared to 5.76 respectively.



CHARPTER WV
SupMREY, CORCLUSIONS, AND RECOMMEHDATIONE

UMY

The purposa of this study was to determine the anorgy
cost of three selected work loads performed on the Oyna Row-
166, The determination of the enecgy coat of thesas work
loads could bg wsed to estabhlish a basis Tor the use of the
Dyné Row=100 &2 A% upper extramiby ergometar in health as
well as rehabilitation training. WVariables astodied ipcloded
ml/Skgsmin And HET level.

Twenty fale graduate and endesgradusts sollege students
from the University of Wisconain-iLa L'.'t‘m!l-nu valuntesred to
pi:t_l.::ipnta in the study. The subhjects parfarsed a four
minuta Alscomkineous protoool with fouwr minuktos rest be-
tween woark loads on tha rowing machins. The protocol con—
cnined threa work loada of increaping intensities, WG-1,
WL=-2, ani WL=3,

Detormination of ouygen consumptlon was made with a
Backman Motaholic Heasuresmsnt Cart. Expired alr was analyzed
by & Beckman Lb=2 carbon diexlde analyzer and a Beckman (M=11
axygen analyzer, Heart rate was recorded during the last
Fifteen seconds of each work load. Imdirect blocd pressura
was obtained by a standard cuff and sphygmomanometer

i1
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immediately upon the conclusion of each werk. The Dorg scala
(1873} was used to rate perceived exertion. Tha HE, BP, anpd
FPFE daty obtained was used im a separate study by another re=-
sesardher, Heans and steandapd deviations were calculated For
each subject at each work load. Means were then converted

bo METS.
Conclusions

Thae detarmination of the energy cost I:'l.rl'-l:lz'l of tha throo
seledted work lLoads wAag completed in this stody using the
Dyna Row=100. The results revealed a gradual and progres-
sive increase in ‘:"I;I1 with incroasing work loads. MMET wvaluas
for the mala subjects were calculated for each work load
with approximately a 1.0 MET increase reported par work

load increase.

Practisal IEI:LUH:I'_LWH 4 the Raaults

Tha MET values obtainad Ln thia study should be valuable
in the plapning of arm endurance axercise Cor paklents with
lachamic heart disease. The MET values indicated a suitable
teating and tralning proteccel For male individuals in rehab-
ilitatisn programs using the Dyna Bow-100 bacause of tha
modarate Lewvels and gradoal inorease in intensity. Thaso
MET values were appropriate for phase IT1 cardiac rahablli-

tation.
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hecosmendations For Purkher 5kudy

The [ollowing are racommanded as accas needing further
inveatigation:

1. conduct a simiiar investigation uslng 2 higher stroke
cadenoe.

2. Condiet a simllar investigabion vsing a cardiaa
population.

3. Deternine the enerqy cost (VO,) of rowing on the
Dyna Row-100 with the legs involved in the sxercifa.

4. Conduct a aimilar atwdy vaing a discontinuvous pro-
toool untdl {fclz max has been attained.

. ronduct a similar investigation comparing il'l'.'rz and
hemodynamic responses to lower axtremity exercise.

. Conduct a gpimilar investigation comparing the
anergy cost (V0,) of males and fomalas.

7. Condoct a pimilar ipvestigation and establ:s: too
reliabllity and walidity of the Dyna Row-100 as & testing
and training modality.
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APPENDIX A

DYHA RoW-100



OYMA ROW=100"

-
(M&R Industries, Inc., Fedmond, WA}
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AFFEHNDIX B

CALIBRATION OF THE DYNHA ROW=L00
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Progedure for Calibrating the Dyna Row-108

Visgoua Danping - F = CK

Step 1t

Step 21

Sten I
Stap 41

Exampla:
Bhack

F = Porce 11h=-:|

% = velocity [in/sec)

C = Damping coefficient ﬂlhE-u-ut.-".'i.:rl.:l

Bhocks wara hung wertlcally with a known weight
attached ko the piston arm.

The weight was released to allow the shock oo ox-
tend to Ets full length (stooke = 13.00%), The
alapsed time for the full stroke was measured and
racardad.

Velocity was than computed (L3 ind T)

Onoe data wap collected the damplng coefflcient

was oaloulated. & = AF
ave, _ﬁ_'h'

17 1k 30 Lb 70 lb

gl .5 5 {34 inf/sec] 23 8 (.57 infeech 15 &8 (.87 indaec)

g2 42 @ (.31 in/eac) 23 & (.57 infeecl 16 & (.01 imnfaac)




AFFENDLE
INFORHEDR CORSENT FORM
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INPODAMNED OOMEEHT

Project Titles: Energy costs of simulated rowing wikh colloge
Lo ilici o

Enargy coats of aimilated rowing wikh college

I TL 5

Helationship of the psyohophysiological re—
sponges to MET levels lor prescriptive pur-
poRee while rowing In collega=-aged students.

PFrinclipal Investigakors: Jossph Aoethle
Mary Damiken
Cathy Walentiny

s being of sound mind and AR

0 condent b0 authorize and bﬂﬂ'..l!ﬂt B persdns
named above to adeinisbter to me a2 rowlng test. T understand
that this test is designed to measure heart rate, blood pres-
surg; eRount of oxygen Lntake; apd parceived axertion while I
paticrm the adercige on a POWimg devleos. Throughout the test
I will have on head gear supporting a mooth plece in my mouth,
and thres (3 adhesive slacticdes on chest. There will be
three differant workloads at which I will pacform,. In tha
cafde that abnorsal EXG rosponses or adverse subjeckiwe re—
sponaes ara obgarvad by the investigators, the test will bhe
termingted. I am almo aware that I may withdraw from this
stody at any Eima.

I onderstand that I will have my heart rabe measured by meane
of an electrocardiogram and that no other use of this reading
will be mada, I have no cardiovascular problema or limita=
tiona that I am sware of that woonld limit my participation in
this study,

I hereby acknowledge that no guarantess or assurances of any
kind portaining to the test have beean made Eo me, The infor-
nmation obtained from this test will be osad for Masters thesas:
mll datn will be reported without refarence oo Y Jdmptiy. I
have read the foregoing apnd undormtand it. ALL guestions that
I have asked have been answered to my satisfaction.

Signed; on this date i

Witneaasd by an this date "




APPENDIX D
RATIHGE OF PERCEIVED EXERTION



The BORG Ssale For Ratings of

Peroesived Exertlon

10
11
12
13
14
15
16
17
18
19
20

Vary, vercy light

Vary light

Fairly light

Somawhat hard

Hard

Very hapd

Wery, wery hapd
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MFPENDIX E

EQUIFHENT SET=0F



Complation of Stroke

a7




APPENDIM F
DATA SHEET



Phar

TIME

Eeskt BF

Best HE

in

5

nlkg pER 73

m1 %3
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AFPERDIX G
SUBJECT CHARACTERISTICS



Individual Data for 20 Mala Subjests

&l

Gubjeots s} Waight Height
[yEs] {kqg] jofl)

1 2@ GE.9 172.7

2 24 8.5 igd.n

3 17 a1.1 1ga.9

i 2k GR.5 172.7

5 23 7.3 1a7.8

B 4 BE .9 180.3

T 20 TH.7 1840.3

] k1. T3 4 170.2

9 23 63.5 167.6

1o 4 ET.1 185.4

11 I@ T2.6 167.6

12 il TB.2 180.3

13 IE Th.2 182.9

14 iz T4.4 180.3

15 Fr G5.7 167.6

16 3l B3.9 172.7

17 35 B340 172,17

18 24 GE.B 185.4

15 23 B6. & 172.7

20 F.{ 3 93.4 185.4
MEn 27,7 4.7 176.5
+ B0 1.8 .1 .7




APPEMDIX H
SURTECT DATA



tiyagen Uptake for 20 Male Subjects

Repraased in ml/kg/min

53

Subjects WL-1 WL—2 WL-1
1 11,7 15.8 25.2

2 10.9 13,2 17.9

i 10.1 14.4 0.8

q q.8 12.2 17,2

5 13,7 18,1 3.2

[ 11.5 15,1 LE. 6

7 12,5 17.1 P A ]

B B.5 L. 6 1B.3

g 5.5 17,2 4.8

L .2 Li.1 14.5

11 77 1.8 17.3

12 7.7 17,3 17.1

11 9.6 15,0 in.48

14 12, L 16,8 24.2

15 11.4 14.5% 1.4

16 14,5 19,9 25.7

17 13.0 .1 23,4

1B B.1 1L.0 15.0

18 5.0 11.13 17.2

20 7.6 1.5 14.32
Haan 10,4 19.% in.0
+ 8D 2.0 1.0 3.8
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Ccuygen Uptake for 20 Male Subjecta

Expressad in METs

WL-1 WL~ WL-3

Subjacts

Mehohch MMl S S0 S e

B B & = & & & F & & 4 = B = 4 & & = & =

Fal ol ol - T RN - S T W I

Lo R R R W R R e N . sl - =
4 = B B & ® o° & F w4 F & F 4 B & w4 =

S AR AN SR OSE LR AR S S LR

B S i M e DS N s
= 4 4 =04 B omop & mow o E oFow kB ok om b
Sl bl L L e b Rl Al b k|

w4 o A DR D e 0 e ST D
e R e ]

5.7

4.1

3.0

i

o

+B

o> L}

1




