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ABSTRACT

Non-traumaEic amputees, traumatic amputees, subjecËs wíth hemíplegia,

and subjects with back problems performed a voluntary maximum exercise

test at the approximate time they were referred for occupational therapy.

All four experimental groups, but particularly the non-Ëraumatíc amputees

and hemiplegÍcs, r^/ere found to tolerate lower maximum workloads and obtain

lower maximum oxygen uptake values than are anticipated for healthy able-

bodied subjects.

Subsequently, subjects were monítored during occupational therapy with

the tHolterr monitor. The subjects wít.hout underlying cardlopulmonary

disease were found to work at higher intenslties as measured by their

heart rates.

The non-traumatic ampuÈees partÍcipated in a conditioning program for

an approxlmate flve week period. The conÈro1 subjects attended physical

therapy and were índependently rnobile within the hospital. The experi-

mental subjects participated in the above, and in addition attended

occupational therapy 30-60 minuÈes daily. Prior to discharge or after

six weeks, subjects performed a second exercise test. The decreased mean

submaximal heart rate at 200 kpm/min was significant (p < .05) for the

control group. The Íncreased mean maximum workload, decreased mean

submaximum heart rates at 200 kpm/min and 300 kpm/min, and decreased mean

pre-exercise blood pressure were found to be significant (p < .05) for

the experimental group rdho attended occupational therapy.

The electrocardíographic findings at rest, during exercise and recovery,

and during Holter monítorlng have been described for a1l groups of subjects.
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STATEMENT OF THE PROBLEM

An objective evaluatíon of the cardiopulmonary status and of tlie

exercíse capacity of paÈients attendi-ng occupational therapy has not been

documented in the literature. This should be of concern for many of these

patients have multiple system dísease involving the heart or peripheral

circulatÍon. The cardiopulmonary demands of occupaLional Eherapy activit.ies

are not usually monitored, even though this information is relevant to

treatment. The possible value of occupational therapy for improving the

cardiopulmonary condition of patients with multiple system disease invol-

ving the heart or peripheral circulation had noÈ been investigated.

These problems have been addressed by three partly connected

experiments. The objective and hypothesis for each are as follows:

Experíment I

Obj ective :

To evaluate the cardíopulmonary status and exercise capacity

for groups of patients atÈending occupational therapy.

HypoÈhesis:

Patients with nultiple system dísease involving the heart or perí-

pheral cireulatj-on will have a low exercise capacity.

ExperímenË II

Obj ective:

To evaluate the heart rate and electrocardiographic (ECG) response Èo

occupational therapy activíËies.



Hypothesis:

Occupational therapy will increase the heart rates of paËienÈs with

multiple system disease ínvolving the heart or peripheral- circulatíon

sufficienÈly to have a cardiovascular training effect.

Experírnent III

Obj ective :

To invesÈigate the value of occupational therapy for improving the

cardiopulmonary conditíon of non-traumatic amputees r¿ith rnultiple system

disease.

Hypothesis:

OccupaËional therapy activities do have a potential conditioning value

for non-traunaÈic amputee patients with multiple system dísease.
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The background lnformatlon for Experiments I and II, involving an

evaluation of the cardiopulmonary status of occupational therapy paËients

and an investigation of their heart rate resPonse Ëo treatment actÍvities,

ts revj-er^red ln sections I and II of thís chapter. Further background

regarding the patients \.¡ith rnultiple system disease involving the heart or

peripheral circulation is reviewed in section IV. Section V reviews

occupational therapy treatment for these patients.

The background information for Experiment III, ínvolving an investi--

gation of the conditioning or training value of occupational therapy

activiEies, is reviewed in Section III. The content of the sections on

exercise testing and Ëralning are closely related and they have been

ordered consecutively.



I. The Parameters of t.he Cardiopulmonary Response to Exercise

The following are non-invasive parameters of the cardio-

pulmonary response to exercÍse: oxygen uptake, heart rate,

respiratory quotient, blood pressure, electrocardíogram and blood

lactate.

Oxygen Uptake

Oxygen upÈake 1s a functional measure of aerobic capacity, and

is equal to the product of the cardiac outpuL (C0) and the arÈerio-

venous oxygen dífference (a-vO2 diff). The oxygen uptake iün ) at
"2

rest ís approximately 3.5 ml/kg and rises during exercise in a linear

relaÈíonshÍp to ¡¿orkload to approximately 3-3.5 l/min in the fit

subject. The htghest recorded ù^ of 7.4 l/min was obtained by a
u2

competlËive male cross-country skier (Àstrand and Rodahl , L977).

Oxygen uptake during submaximal exercÍse is a measure of

mechanical efflcfency. Mechanical efficiency is expressed as a

percent and is calculated as follows:

mechanÍca1 _
efficiency

where 5.0 ís

rate of work (kpm/min)
x 100

ü^ exercise(f/min) - ú^ rest(l/min) x 5.0 x 427

'2 '2

Èhe caloric equívalent of a lítre of oxygen assuming the

respiratory exchange ratio of 1.0 and is expressed

in kilocalories (kca1)

427 ís the equivalent of I kcal expressed ín kpm/min

(Morehouse, L972)

Mechanical efficiency is relarÍvely const.ant for a given method

of exercise at. a given workload, for example 23"4 for bicycle ergometry

work with male subjects (Sidney and Shephard, 1977). Higher Èhan



expected submaximal V^ values therefore indicaLe a decreasedaz

effíciency for that ¡neÈhod of exercise. A decrease of 1.5% in the

mechanical efficiency of cycling for older subjects (approximately

65 years of age) has been díscussed by Shephard (1973). Lack of

recent experience with exercíse and stiff joints are among the

possible explanations for the decreased effíciency.

Maximum ü^ is in part determinecl by herediEy, but can beo2

increased approxímatery 15-20% wíth fitness rraining (Astrand and

Rodahl, L977). The possible mechanisms for this i-ncrease have been

considered in SecÈion III, Training.

Heart Rate

The linear relationship between heart rate (HR) and v^ for the
u2

range from 507" maximal heart rate (HR max) to near HR max was

determined by Àstrand and Ryhming (1954). This finding was based on

healthy subjecÈs 18 to 30 years of age and was larer verified for

other age groups (Astrand, 1960).

The resting HR is 60-100 beats/minute. For a gíven cardiac

output, a lower heart rate suggests that cardiac diasEole is longer

and that the hearÈ ís a more efficient pump (Evans, 1918) .

Maximum heart rate is a reproducible constant for each indj-vidual

at a given age. The decline in HR max with age r¡¡as demonstrated by

Astrand (L952) and llstrand eÈ a1. (1959) and can be predicred by rhe

formula 220 - age + 10 beats/minute (Amsterdarn, Lg77). Sidney and

Shephard (L977) obraíned HR max values 10 to 15 beats/mínure higher

than Ästrand when exercísing elderly sedentary subjects via treadmill

walking. These investigators noted an average HR max of r72 beats/

minute for 19 men aged 63.7 + 2.6 years, and an average HR max of 161



beats/minute for 20 women 63.4 + 3.6 years of age. The discrepancy

may be related Èo the inítial fitness level of Sfdney and Shephard's

subjecËs, to their use of a treadmill rather than bicycle test.íng

proÈocol, and Ëo the possible íncomplete stressing of Ástrand.rs

subj ects.

Heart raÈe is usually determined from the electrocardiograph.

Pulse raÈe is also used as a measure of HR, but may .be less accurate

because rhythm disturbances are not taken into account. Pulse rate is

correctly determined by a 10 second count during or immediately

following exercise/actÍvity, with zero being the first count.

Respíratory Quotient

The respiratory quotient (RQ) or respiratory exchange ratio (R)

is the ratio of the volume expired carbon dioxide to the volume of

consumed oxygen for a given tirne inEerval. The respiratory quotient

is diet dependent.. A resting R value of .85 is characterisËíc of a

mixed diet. The resting R value is lower if the diet is rich in fat

(.Zf) or proÈeln (.80) and is higher if the dier is carbohydraÈe (1.0)

The respiratory quotient increases in the exercising subject from

approximately .82 to 1.50(Mathews and Fox, 1976; Consolazio, 1963).

Issekutz et al. (1962) exercised 24 unLraÍned men 20-65 years of

age and eight untraÍned $/omen 55-65 years of age with bicycle ergome-

Lry, to ínvestigaËe. the logarithmic relationship between the change

in R (AR) and ü^ . These investigators noted that Û^ max r^/asuz"u2
consistently obtained at AR values of .40 and suggest thaÈ AR be used

as a criteria for achievlng ù,., max. Consolazio (1963) argues thatu2

although R Ís a reliable indicator of the combustion of food-sEuffs

and other oxidaÈive processes aL rest, the rise during exercise



occurs in part because of the blowing off of. C0, which occurs as the

rate of respiration increases. An R value of 1.10 is however, an

accepted index of maximal exercise.

Blood Pressure

The brachial artery pressure

is monitored during exercise as a

peripheral clrculatory responses.

artery pressure ts 120/80 mmHg.

is determined by auscultation and

measure of the central and

The average resting brachial

Erikssen eÈ 41. (1980) publíshed blood pressure (BP) values for

subjects exercised with bicycle ergometry.

Subjects with resting systolic BP > 160 mmHg or resting diastolic

pressure > 95 were noË consídered normal and were excluded from the

study. The blood pressure response aË the maximum tolerated workloads

have been presented in Section II, Table 2 for I,678 normal rnale

subjects aged 40-60 years.

The Electrocardíograph

The elecÈrocardiograph (ECG) is a visual display of the electrical

acEivity of the heart. It is normally charactetízed by a repeating

pattern ín rvhich a P wave representing atríal depolarization, followed

by a QRS complex representing ventricular depolarization, is followed

by a T rdave representing ventricular repolarization (Dubin, L970).

Exercise tesÈing protocols usually recommend that all subjects over

35 - 40 years of age and all those having possible heart disease be

given a 12 lead resting ECG prior to exercise testing in order to

detect prior heart damage thaË mÍght contraindicate exercise, and to

check the heart rhythm (Lea and !-ebiger,7975). As wel1, the ECG is

monitored during exercise.



There are several lead systems that can be used in exercise electro-

cardiography. A single bipolar lead reduces the data analysis and is

simplest to use during exercise testing. Lead CM, was used for Ehis study

because ít has been reported Èo be better in terms of specificity and

sensÍtivity in the paÈíent viith atypical chest paÍn than any of the oËher

14 ECG leads (Chaitman, 1978).

Elect,rocardiographic recordíngs outside the exercise laboratory can be

obtained by'Holterr monitor or by radiotelemetry (Morrís and Dotson' 1978).

The Holter monítor is a portable electrocardiographÍc recorder,

fÍrst developed by Holter (1957). An elecLrocardiographic tape records

the electrical actlvity of the heart for up to 24 hours. A graphic

display can be víewed as fast as 60 times real time, and selecEed portions

of the dÍsplay can be recorded.

Artffacts are a problem for ECG recording by the Holter monitor

because the electrodes must remain in place for long periods and because

the subjectrs activíties may ínÈerfere with the leads.

With radioÈelemetry, a small radio transmits the cardiac electric

impulses to a receiver-recorder. The instantaneous display is advant.ageous

in that it provides immediat.e feedback from the exercising subject. Ano.ther

advantage of radiotelemetry is that a unit may receive from more than one

transmitter. However, selected portions of the display will not be

recorded Ín the Èechniciants absence, unless a programmed computer has been

incorporaÈed into the unit.

Irregularities of cardiac rhyÈhm are frequently found in asyrnptomatic,

young subjects r¿ith no evident heart disease. Despite the criteria of a

normal resting 12 lead ECG for ínclusíon in the study, Brodsky et aI.

(1977 ) observed a 50Z. occurrence of premature ventricular contractions
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(PVCs) tn 50 male medical students during 24 trour Holter monitoring.

Clarke et a1. (1977) observed PVCs in 63 (737.) af. 86 clinically

normal subjects, aged L6-65 years vj.a 24 hour Holter recording. Rhythm

disturbances believed to be of serious prognostie significance were found

f.or I27. of this sÈudy population. Hinkle et al. (f969) observed 62.2% of

301 subjecÈs, medfan age 55 years wíth vent¡icular arrhythmias, 762 wíti;.

supraventricular arrhythmias and 6,77. with various degrees of heart block.

Thefr data were obËained by slx hour BCG recordings during dayrime actlvity

Blood Lactate

The concenEration of lacËate (La) in the blood is used to indicate

wheLher or noË a subject has made a reasonable effort to work to the poÍnt

of physical fatÍgue. High bLood lactate values are associated with

anaerobic work and may in facr lirnit Ehe anaerobic working capacity by

slowing enzyme action (Âsmussen eÈ al., 1974).

Blood lactate (81 La) is usually determined from a one ml sample of

blood taken from the right brachial artery within a t\^/o minute period

following exercÍse. The value of I mo1/1 is accepted as an indícation

of near maximal efforÈ for young men, although values as high as 30 mol/mt

have been observed for exhausted athletic subjects. The lower lactate

values observed at a given submaximal workload for fit subjects suggesEs

the greater capaciÈy of the fit individual to meet his/her energy require-

ments by aerobic means. Sidney and Shephard (1977) found lower blood

lacËate values at maximum efforÈ for older men and rvomen aged 60-83 years

(10.3 + 3.6 nrnol/l, n=26 and 8.1 + 2.9 rnmol l]-, n=29) Ehan for young men

and women (15.0 + 5.5 nmol/l and 11.0 + 2.5 m¡nol/l). The mean age of these

controls was 23.5 + 2.7 years (n=8) and 25.0 + 2.8 years (n=5) respectively.
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The authors suggest that lack of motivation and the srnaller ratío of

muscle mass Eo total blood volume may explain the lower blood lactate

values observed for the elderly and for women.

Although maximal release of lactate from exercising muscle in the

order of 5 rnmol/min (Jorfeldt et. aL.,L978) causes incr:eased blood lactate

values aÈ maximum effort, the heart, kidney, exercising and non-exercisíng

muscle take up sígnifícant amounts of lactate and invalidate the blood

lactaEe value as early as five minutes following maximal exercise

(Poorrman er al. , 1978) .



L2

II. Exercíse Testing

Introduction to Exercise Testing

ExercÍse testíng ínvolves working at standard loads for the

purPose of eliciting a cardiopulmonary response. The exercise ¡est

is usually graded by workload íncrements at fixed Íntervals.

Shephard and LavalI6e Q978) suggesr that a 3-4 minute interval is

practical Èo achieve a steady state in which 0, uptake is equal Èo

O^ utilizaÈion.
¿

The graded exercise test may require continuous or discontinuous

work, the work periods for the latter being punctuated by rest

periods. Discontinuous work is sometimes necessary, for example,

to determine brachial artery blood pressure during arm exercise.

Although the end-poínt for testíng may be a Earget heart rate

(usually a percentage value of the age-predicted maximal HR), testing

the subjects to voluntary fatÍgue has become widely accepted.

Curnming (L972) noted that 46% of ischemic responders would have been

overlooked if exercise testlng had been termínated at less than 86%

of the age-predicted HR max. His paper demonstrated that near max-

imal testing was of value for diagnosËic purposes.

Methods for Exercise Testing

SÈandard r"¡orkloads are routinely applied by treadmill work, one-

or two-legged cycling on a bicycle ergometer or arm cranking.

Treadmill

Treadmill work is the preferred method of exercise testing in

North America, as it is a familiar activity requÍring little skill.

A number of proÈocols, or specific guidelines for testing, have been
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developed and standardized for normat subjects(EllíoE,I97t+; Ellestad, L975).

Bicvcle ergometry

Bicycle ergomeLry is the preferred method for exercise testing in

Europe. The bícycle ergometer is felt to be less fríghtening and

facílitates monitoring of blood pressure during the more intense

levels of exercise. Hor¿ever, cycling is weight Índependent and

involves a lesser muscle maSS as compared to treadmill exercíse'

Consequently, the ü^ max values obtained are approximately 6.67" l-owet
o2

than rhose obrained by Èreadrnill walking (Shephard et a1. ' 1968).

Local muscle fatíguen rather than cardiopulmonary stress, 0âY limit

performance on the bicYcle.

Standarcl protocols for exercise testing via bicycle ergometry are

reconmended by three separate organLzations lvhich are the Inter-

national Committee for Physlcal Fítness Research (I.C'F'R')' Ehe

InEernational Blological Program (I.B.P.) and the l^lorld Health

Organization (l,I.H.o.). Their recommended protocols for healthy

young subJecÈs have been summarized in Table 1'

Table 1

0r nization
I. C. F. R.

I.B.P.

I^I.H.O.

Initial Load T,ncrements Sta Duration
1 watt/kg body wt I/3 wlke

(1 watt = 6.L2 kpm/mín)

70% preðí"1.u uo, *r" 200 kg/min 
4 min

(Shephard and Lavallée, 1978)
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Values for mean maxlmal workload and mean maximum heart rate

obtained by Èwo-legged cycling (Erikssen et al., 1980) have been presented

r-n 'Iabl-e z.

Pernow, I^lahren and Zetterquist (1965); Freyschuss and strandell (r968)

have demonstrated work capacitÍes as high as 1000 kpm for normal men

tested by one-legged cycling. Bäcklund and Jarnes (James and Nordgren'

Lg73) compared the work capaciËy of 2L normal men for one- and two-legged

cycling and for treadmill walktng. Local fatigue was found to limit the

work capacity of one-leg work at about BO7" of. the maximum capacity of

both legs. These investigaÈors believe the límiting facEor to be the

inability of the muscle vasculature to accept a higher blood flow'

Bassey and Goldsmith (1975) compared one- and two-legged pedalling

for 2! healthy untrained subjects, mean age 34 years, at I kg and 2 kg

loads. The i¡^ ana CO, Production were significantly hlgher during
"z

one-legged cycling at 2 kg as compared to two-legged cycling at 2 kg'

There was no significant difference in HR at either load' These results

suggest that the proportion of anaerobíc work is higl-rer ín one-legged

pedal1íng.

Arm crank ergometry

ProËocols for exercise testing by arrn cranking

Arm crank ergometry may be performed by a reciprocal cranking of

two handles, or alÈernatlvely, by operatíng a single crank. A greater

muscle mass is used with the sÍng1e crank method because it involves

the shoulder girdle and trunk muscles. However, the two-handled crank

is less awkward. A comparison of the two methods of arm cranking has

not been reported in the literature.
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The subject may be exercfsed tn a sitting or a standlng posltionu

however, because arm cranking is not the exercise method of choíce,

subjects ra¡ho are able to stand are usually exercísed by other means.

The crank axis is usua|ly at heart or shoulder level for a gíven

protocol. Arm cranking ís more difficult when the crank axis is

above heart leve1 because of the íncreased hydrostatic pressure.

A standardized protocol for exercise testing by arm cranking has

not been developed. Young healthy subjects have been tested by

demanding protocols such as that used by Bar-Or and Zwiren (1975).

By comparison, older adults, \{omen and disabled subjects have been

tested by less demanding protocols (Shaw et a1., L974; Freyschuss,

L975; Kavanagh and Shephard, L973). Table 3 sumnarízes the arm crank

protocols used by several investigators.

The mechanícal efflciency of arm cranking

Oxygen uptake values aÈ submaximal workloads v/ere obtained by

Vokac et al. (1975) for seven male subjects, mean age 23.5 years,

during arm cranking in sitfing and standing posítions, and during

cycling. The mean mechanical efficiency for each workload has been

illustrated in Table 4. The net mechanical efficiency for arm

cranking was significantly lower (p < 0.001) than for cycling at

600 kpn and 900 kpm workloads. Stenberg eE al. (L967 ) and Â,smussen

and Hemmingsen (1958) also report a decreased mechanical efficiency

for arm cranking. Hor¡ever in Ëhe former study, the pro¡ocols for

arm cranking and cycling r,/ere not sufficiently similar to compare

observed V^ values. Åsmussen and Hemmingsen (1958) Present their
u2

data graphically and actual values are noÈ available.
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Table 4

The uean mechancial efficíency for arm cranking
and bícycle ergometry at submaximal worlcloads

Workload Arm Cr.ank Sitting Arm Crank Standing Bicycle Ergorneg¡¿

300

600

900

22.5 + 0.8

19. 1 + 1.8

17.2 + I.B

24.3 + I.B 25.0 + 1.5

20.7 + L.6 27.L + 0.8

L7.9 + L.t 26.7 + L.7

(Vokac et a1. , 1975)

The yalue of arm cranking for obtaíning maximum oxygen uptake,
stroke volume and heart rate

The literature reports general agreement among investigaÈors that

ü^ max values obtained by arm cranking are 60-702 of those obtainedu2

by bicycle ergometry or treadmÍll walking. The V^ max values obtained
u2

by arm cranking for Ehree males, mean age 35 years, rvere 687" of. those

obtained for bicycle ergometry and 607. of. those obtained for combined

arm-leg ergomeÈry (Reybrouck er al. , Lg75).

Stenberg et al. (L96Ð observed ü^ max values of 2.55 l/mín
0z

(65.92of 3.87 l/mín) and 3.87 l/min for arm cranking and bÍcycle

ergometry respectively for five male subjects, mean age 23.5 years.

The average maximum workloads achieve<l by these subjects, of 705

kpm/min for arm cranking and 1,800 kpm/mín for bicycle ergometry,

illustrate the dÍscrepancy between the pirysical working capacity of

Èhe arms and legs.

The cardiac output and stroke volume response to arm cranlcing,

bicycle ergometry and combined arm-leg ergometry vras investigated

via cardiac catheterization of six healthy males, mean age 24 + 1.3

years by Bevegard et al. (1966). An insignificant change in the

stroke volume from rest to exercise (76.17 m1 to 84.16 m1) was
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observed during arm cranking in a sitËing position, whereas the

íncrease was signÍfÍcant for bicycle or combined arrn-leg ergometry

Q6.L7 ml to 118.67 ml and 76"L7 ml to 123.83 ml respectively).

Despite the minor change in stroke volume, diastolic and mean

aorti"c pressures \,rere notably increased during arm cranking.

Bevegard et. al. suggesË that íncreased sympatheËic tone in Èhe vessels

of the non-exercisÍng muscle explains the finding' Âstrand eË al.

(1968), who observed varied blood pressure and heart rate responses

duríng arm work in dífferenÈ positions, also attributed their

fíndings to Íncrea""d "y*prthetic vasoconstríctor tone. The smaller

increase in sÈroke volume may otherwise be relaËed to the smaller

exercising muscle mass in arm work (Åstrand and SalËín, 196f).

AlÈhough the lÍnear relaËionship of heart rate to workload and

V^ holds true for arm cranking (Ä.smussen and Hemmingsen, 1958),
a2

higher heart rates at given submaxímal workloads have been found for

arm cranking as compared to leg work (Bevegard et al., L966; Pollock

et a1., 7974; Freyschuss, L975).

Voluntary maxímum heart rates have been obtafned by arm cranking

consisËent1y. The absolute values for mean voluntary maximum hearË

raÈe, and the relaÈlonship to age-predicÈed maximum heart rate stated

as a percentage have been illustrated in Table 5.

Shaw et al. (L974) exercised 27 subjects, mean age 57 yearso who

had suspected coronary artery disease by both arm cranking and tread-

mill walking. The mean voluntary maximum heart rate expressed as a

percentage of the age-predicted heart rate was only slightly lower

for arm cranking (BI + 47!) than for treadmill walking (85 + 3%).

Absolute HR max values were not documented by these investj-gators.
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Table 5

maxi.mum heart rates andThe mean volunt the percentage of age-predicted
maximum heart rate obtained bv ínvesti ators durins arm cranki

Investígator Subjects "/. Age-PredictedMean Voluntâry
HR max HR max

Mean Maximum
I^iorkload

Bar-Or &

Zwiren (L975)

Vokac et al.
(Le7s)

Shaw et a1.
(Le7 4)

Stenberg et
a1. (1967)

41 M 28,2 yr

7 M 23.5 yr

L73 + L0.2

180

not given

178

907.

q)"/

not given

1125 kpm

not gj-ven
not gíven

705 kpm

ces f-r e tes t
r value

+

I
9rz

yr

yt

27
26

5

M&F)
M&F) )/

M 24.L

81
73.2 t.9%

The reliability of exercise testÍng by arm cranking

Bar-Or and Zwiren (1975) exercised 4l mares, 28.2 + g.g years, by

arm crank ergometry to obtaín voluntary maximum values for ü^ , HR,,2
and VU. The same Protocol was repeated for each subject approximately

Ëwo weeks later. The test-retest reliability coefficients for üo, *"*'
Vu max and HR max were 0.941 0.98 and 0.76 respectivery. Tabre 6

presents the acËual values

Table 6

The test-ret_est reliabílity coefficienLs for maxiinum
oxvgen uptake, pulrnonary ventilation and heaiï rate

Test 1
n=41

Test 2

n=4I
oo, *t*

m1/kglurin

VU max

l/mtn

HR max
beats/min

30.37 + 9.05

76.5 + 22.L

t74 + L2"6

31.04 + 9.01

83 + 22.0

L74 + L4.3

Zwiren, 1975)

0.94

0. 98

(Bar-0r and

0.76
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Bar-Or and Zwiren note the smal1 coefficient of variation HR max

(7-87") as compared t.o 297. f.or Y^ max, and suggest that the lower
u2

reliability coefficient for HR max may reflect this small dispersion

of HR max values among individual subjects.

The specíficit.y of arm work

A varied exerci.se response Èo tv/o methods of arm work was

demonstrated by Glaser et al. (1980). They compared the exercise

response of six wheelchair and ten able-bodied subjects for wheel-

chair and arm crank ergometry. The Monark bicycle ergometer r^/as

modifíed in both ínst.ances and has been described in Glaser et al.

(L979) and Glaser et al. (1980) respectively. Lower values for PI,IC

(by 36%), HR max (by 7%) and La max (by 26"1) for wheelchair

ergometry.lrere obtained. Values for V max (1 .73 + .14 l/mín and
oz

I.77 +.14 l/min) and VU max (7L.5 + 6.5 l/mín and 7l.B + 5.7 l/min)

were similar for wheelchair and arm crank ergometry respecËively.
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III. Traíning

The Training Prescriptlon

The elements of the training prescription are intensity, frequency,

duration and type of exercise.

Intensity

The degree of efforÈ or energy expended per unit of training time

and sÈated in terms of ü^ or HR ls knov¡n as the trainlng intenslty.
u2

There is general agreement among investigators that íntensíty is Èhe

mosÈ critícal element in the exercise prescríption. The meEhod for

calculating Ëhe traíning lntensity was investigated by Davis and

Convertino (1975). - The ü^ and HR Índices of intensity compared'u2
favourably when HR was determined as a percentage of the heart rate

reserve (HR max - resting HR). The determination of intensity as a

percentage of HR max yielded significant over-predictions of. 29%, 227",

L67. and B% at workloads represenÈ1ng approximately 25%, 45%, 657" and

85% of. i^ max respectively.
uz

Changes which occur as a result of trainlng constitute Èhe

training effect. The minímum threshold above which a training effect

would occur was first invesÈigated by Karvonen et a1. (1957) who noted

Ëhe íntensity to be approximately 607. ot the heart rate reserve (HR

max - resÈing HR). That t.raining does not occur in young persons at

efforts less than 502 ü^ max has found general agreement among
u2

ínvestigators (Shephard, 1968, 1969; Pollock, L973; Kavanagh, L976).

De VrÍes (L970) however presents evidence t.hat programs of light

inËensíËy produced slgnificant training effects in older subjecrs.
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He traíned seven males 5L-87 years of age by cycllng. The work

inËensity r"¡as limited to a maximum HR of 120 beats/min because of

mild myocardíal ischernl-a or arryÈhmias" After six weeks he observed

a I4.3% lncrease fn,O, pulse at HRrrO (p <.05) and an increased

t"ttZO of. 34,5%. Three subjects shorved evidence of myocardial

ischernia afÈer six v¡eeks traíníng, whích had noÈ been observed before

the program. One of the subJects subsequently followed more modifíed

program and obtaÍned an ímprovemenÈ in 0, Pulser ZO 
und t"CtZO oÍ. 7j-.5%

and 48% respectively. De Vríes suggests Èhat the normal program $ras

an Ínappropriate challenge to Lhe subject's cardiovascular system.

Faria (1970) observed that the relationshíp between Eraining

intensíty and Ehe Èraining effecE is not necessarily linear. Whereas

a training intensfty of 50% clrculatory strafn may be sufficÍent to

produce an effect, training can be optimally obtained in young subjects

with an Íntensity of. 7O-85% circulaËory straín (Ã,strand and Rodahl,

1977 )

DuraÈion and frequency

Ãstrand and RodahL (L977) report the following relationships

between íntensity, duratíon and trainíng effect:

a) intense actívity of a few seconds duration may develop

musculoskeleÈal strengt,h.

b) intense actívity of one minute duration may develop anaerobic

porüer if repeated following intermittent rest periods.

c) moderately intense actÍvity of three to five mínutes duration

which involves large muscle groups may develop aerobic por¡er.

d) moderately intense actívity of 30 mínutes duration may

develop the capacity to sustaín aerobic pol{er.
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SalÈin et al. (1968) consider a training protocol in which the

training intensity is sustaíned for 20-40 minutes to be optimal for

developing aerobic power and endurance. However, because stroke

volume Ís grealer duríng recovery than during exercise (CummÍng, L972)

Ëraíning proËocols frequently demand internittent workloads.

Pollock et al. (1975) summarized their investigations over a

seven year perfod. In total, 148 healthy sedentary men aged 28-64

years (mean 41 years) had been dlvided f-nto separate groups and

trained by fast walkfng or running 30-45 minutes two, Ëhree or four

times weekly for a 20 week period. Although ü^ max was significantly
u2

increased for all groups compared to normals, the subjects who trained

four days weekly improved slgnificanÈly over the subjects trainÍng

tln/o or three days.

Pollock et al-. suggest that Lhe Eotal work tfme, consldering the

duratíon of daily Èraining perÍods and the toÈal number of training

days, ís the approprlate measure of duraEion. Pollock refers to the

thesís study by Htl1 (1969) ln which tt^ro groups of men aged 2O-44

years were trained three to five days per week (method of trainíng

not documented by Pollock et aI.). At the end of eÍght weeks training,

the ü^ max values l{¡ere lmproved f or both groups, but the f ive day
uz

trainíng group had improved signifícantly more. The three day training

group aËtained an equally significant training response after training

an addiÈional five weeks. The total number of training days were 40

and 39 days for Èhe five day and three day trainíng groups

respectively.
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Type of exerclse

For purposes of demonstrating a training effect, the method of

Eraining is usually the same as Èhe method of testing. The trainíng

effect obtained by cycling ls therefore evaluaÈed by testing before

and afÈer training on the bicycle ergomeËer. The training effect

obtained by arm cranking 1s evaluated by arm crank ergometry.

Magel et al. (1978) illustrated the specificity of training. They

traÍned nine subjects by arm cranking and tesÈed these subjects by

both arm cranking and treadmill running. The aerobic capacity when

tesËed by arm cranking had improved by 438 m1 (L6.3%), but no

significant íncrease (8 ml) was noted for treadmill running.

The Training Effects ObÈained by Arm Crankíng

Training by arm crank ergometry has been undertaken with small

groups of young healthy subJects. The training protocols are

summarlzed in Table 7 and Èhe findíngs presenÈed in Table B.

Heart rate

The most consístent finding following training by arm cranking

has been a decrease Ín HR for a gÍven submaximal workload. Clausen

e! a1. (1973) and Clausen et a1. (f970) have demonstrated that this

reduction in HR is greater as the submaxímal workload is increased.

In their 1973 sËudy, a 29 * B beats/mín decrease \,¡as noËed for

workloads r,¡hlch achÍeved a pre-Èraining HR of 170 beaÈs/min as

compared Ëo a 19 + 2.84 beats/min decrease for workloads which

achíeved a pre-trainÍng HR of 130 beats/min. The 1970 study reports

a 34 * 5.5 beat/min decrease in HR at 80-90% of the pre-training

maxÍmum. Slmmons and Shephard (1971) report a combíned mean
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decrease HR of 5.97" f.oLLowlng training by arm cranking.

Similarly, reductíons for restíng heart rate values in Ëhe order

of.7 * 7.6 beats/mfn and 57" are noted by Clausen et al. (1973) and

Simmons and Shephard (1971) respectively.

A possible mechanism for the early response of HR to training is

reduced syrnpathetic tone (Fríck et a1., L967). The specifíciEy of

arm training suggests that feedback from the trained muscle to the

central nervous system ís parE of this mechanism. It is also possible

Èhat because leg Èraining reduced HR almost equally during arm and

leg exercise, the enhanced stroke volume/myocardial cont.ractiliry

assocíated with t,raining may also provide feedback contributíng to

reduced sympathetic dríve.

Oxygen uptake

Oxygen uptake at submaximal workloads ls taken as a measure of

mechanical efficfency. It follows that the lower submaximal ú
û2

values obtained by Simnons and Shephard (1971) following training

are attributed to a 4% increase in mechanical efficiency.

MaxÍmum ü^ was determined by Magel et al-. (Lg7B) and Simmons anduz

Shephard (1971), who noted increased ü^ max values following arm
u2

Èrainíng. The íncreases t¡ere 6.94% and 8.L7" f.or these respective

studíes. Clausen et al. (1970) reports discrepant results Ín which

ù^ max \,üas noË altered follor,¡ing four weeks of arm training. This
u2

1aËter finding may be related to the short four week traíning perlod.

Maxímum ü^ has been consistently improved with Eraining by other
u2

meÈhods (Saltln et al., 1968; Ekblom et al., 1968; Pollock, L973).

ldaximum ü^ is increased as a result of greater O. utilization by02"¿
the Èj,ssues. The Èlssue changes which may al1ow greâter utílization
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of 02 have been reviewed by Holloszy and Booth (1976)

follows:

They are as

a) an increase in the size and number of mitochondria

b) a possíble increased rate of 0, diffusion through the

cytoplasm to the mltochondria

c) an increased mitochondrial capacity to oxídize fat and

carbohydrate

d) a less rapid depleElon of muscle glycogen stores.

Evídence has been presented via the electron microscope studies

of Hoppeler et al. (1973) and Morgan et a1. (1971), demonstrating

an increase in the size and number of mitochondria in human muscle

following training. As well, the mitochondríal capacities to oxidize

fat and carbohydraLes are increased. This appears to occur because

of íncreased levels of the enzymes Ínvolved in the activation,

Èransport and oxidation of long chain fatty acids (Holloszy et aI.,

L973; Molá et aL., I97L) and ketones (I^linder et a1., L974; I^lj-nder et

a1., 1975). The levels of enzymes involved in the tricarboxylic acid

cycle are also increased (Gollnick et al., L973: Holloszy et aI.,

1970). It is suspected that the Íncreased capacity of trained muscle

for fat.ty acid oxidation, in parÈicular, results in the less rapid

depletion of muscle glycogen stores (Pattengale and Holloszy, L967).

Holloszy and Booth (I976) suggest that this greater muscle glycogen

store is assocíated with an increase in the rate of diffusion of O,

Èhrough the cytoplasm Èo the mitochondrÍa.

Increased 0, utilízaÈion/extraction by the tissues may resulr in

a greater a-v0, difference following training. I^lith respect to arm

trainíng, a significantly greater a-v}, difference vlas observed
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during maximal work following

Clausen et al. (1973) during

No change in a-vO, difference

following arm training.

traíníng by Magel et al. (f978) and by

submaxímal and tsupramaximalr arm work.

during maximal leg work was noEed

Maximum workload and duration of work

An increased abílity to do a given Ëype of work following

training is apparent if a subject ís able to sustain a maximal

workload for a longer period, or Lo progress to a higher r¿orkload.

Clausen et al. (1973) report a marked 47% íncrease in the workload

which could be sustained five minutes following a daily arm crank

training program five weeks 1ong. Magel et al. (1978) rePort an

increased work time of 9.2 minutes (24.2 + 3.5 to 33.4 + 3.3 rnin)

following Èen week training by arm cranking as compared to a less

than one minuÈe lncrease noted for controls. The tralned subjects

performed a total work load of 181768 kprn per session in the last

week of their ËraÍning program as compared to a workload of 14,007

kpm per session during the first week of training, the minuÈes per

session (23 mÍnutes) and training heart rate being constant values.

Blood pressure

Clausen et al. (1973) observed consistently lower systolic and

diastolic aortíc blood pressures at t\^/o submaximal workloads followíng

a ten week trainlng program Ín their catheterization study. Blood

pressure data has noÈ been reported by others invesLigatíng cardio-

vascular responses to arm training.

Blood lactate

Blood lactate values for a given exercise load have been found
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to decrease wÍth Eraining by.&strand (1956); Saltin and Karlsson (1971)

for cycling and treadrnill runníng respeclively. Holloszy and BooLh

(L976) attribute the lower blood lactate levels to a lesser reliance

on carbohydrate and note further Ëhat the lower respiratory quotient,

also reflects the greater uEílízation of fats following training.

These findings have not been verified for Lraining by arrn cranking.
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IV. The Cardiopulmonary SËaÈus of Amputees and Hemiplegics

Literature pertainíng to the ECG findings and exercise responses

of amputees and hemiplegics has been reviewed.

Amputees

Electrocardiographic f indings

Kavanagh and shephard (1973) studied 62 non-Lraumatic amputees,

40 males, 42-87 years of age (mean 65.4 + 11.5) and 18 females,

38-81 years of age (mean 67.2 + 11.9). Twelve-lead ECGs had been

obtained for 60 on 62 patients prior to the study. Tvrenty-eight

of these showed evid.ence of myocardial infarction (M.r.), T-wave

changes, arrhythmias, and varl-ous degrees of heart block.

Twenty-seven subjects performed an exercise test. A horizontaL

or downward sloping sr segment greater than I mm was noted for lB

of. 27 (66"/.) of the exercise subjecrs. Nine subjecrs (332) who had

been accepted as free of cardlac involvement on the basis of the

resÈing ECG showed significant sr segment depressions (2.9 + 1.6 mrn

range 1.1 to 6.0) at very moderate workloads (244 + 52 kpm range

150 to 300 kpm).

Kavanaghrs work is the only documenËation of ECG findings for

amPutees. Electrocardiographic abnormalities have been documented

for diabetes mellitus and peripheral arterial occlusÍve disease

(also called peripheral vascular disease). Because these condit.ions

are known to result in non-traumatic amputation, the literature

pertaining to the ECG findings has been revi-ewed.
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Cardiovascular dísease and overt diabetes melliEus have been

associated for over 50 years. The Framingham study, which is based

on a series of 957 subjects, 45 to 75 years of age, and conducted

over a 20 year period reports a 2-foLd risk of cardiovascular

disease in males and a 3-fold rísk in females for diabetics as

compared to non-diabetics (Kannel and McGee ' I979).

The Whitehall study ínvestigated 18,403 male London civil

servants, 40-64 years of age over a five year period. Coronary

heart dísease morÈa1ity was approximately doubled for subjects

whose blood glucose after a 50 gm oral glucose load was above Ëhe

95th centlle. The age-adJusted prevalence rates per 1,000 for

diabetics and normoglycaernic subjects of ECG findings are

lisÈed in Table 9.

Table 9

The I.rIhitehall Study. The age-atljusted prevalence of
electrocardiographic findings per 1.000 for diabetics

and normoglycaemic subjects

Normoglycaemic subj ectsDiabeticsECG fÍnding

major Q wave

small Q wave

ST depression

T-wave depression

10 Av block

L.BBB

PVC

heart rate ) 100/rnin

heart rate < 50/min

9.5

L5.2

27 .9

46.L

31. I

14.8

5.6

47 .2

0

7.0

12.7

L2.6

40. 5

24.3

4.6

r4.2

2r.3

14 .0

(Fu11er,1980)
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Abenavolí et al. (1981) reported that 7 oÍ. 12 (58.32) diabetics

without overË cardíac disease have an abnormal exercise ECG or a

myocardial perfusíon defect. These authors exercÍsed 16 diabetic

males, 32-60 years of age (mean 48.7 + 8.9 years) without clinÍcal

or electrocardíographic evidence of heart disease at resE. All

subjects r¡rere recruited through the New York Veterans Administration

Hospítal. The response of Èhese subjects to treadmíll work using

the Bruce protocol has been compared to 12 age-matched normal male

volunteers, 34-65 years of age (mean 48.9 + B.B years). Diabetic

subjects obtalned a significantly lower mean HR max (diabetics

L63 + 9.9 beats/min vs conÈrols 174,5 + 17.4 beats/rnin, p < .05) and

a lower *.an V^ max (diabetlcs 32.9 + l.L mglkg/min vs controls
u2

40.6 + 5.5 ml/kglmin, p < .005).

Tomatis et a1. (L972) demonstrated significant coronary artery

dísease in 34 of. 72 (477") of subjects $/ith arteriosclerosis obliterans

by angiographíc studies.

Sílvestre et al. (L979) demonstrated the manifestation of ST

segmenf responses aE 1ow workloads ín subjects wiËh peripheral

vascular dísäase (PVD). They evaluated fifty subjects 27-BB years

of age (mean age 63 years) for suspect PVD of the legs, by Lreadmill

exercise. The test \nras syrnptom-límited or other\^Iise terminated when

the subject had sustained exercise at a limiting grade of LO% at 2.5

nÍles/hour for five minuËes. Subjects tolerated exercise for only

a mean of 3.8 minutes and achieved a mean maximum heart raËe of 106

beats/mínute (63% of their age-predicted norm). Thírteen of 50

subjects (26%) experienced ST segment change or frequent PVCs despite

this low exercise stimulus

" . ;.: : .a.t., .,.,-,,. .. .i:¿;.aùi+èi-t:!'-" tr'5"q-
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Exercise Ëesting of amputees

Several methods have been used for exercise testing of healthy

traumatic unílateral amputee subjects. James and Nordgren (1973)

compared physical work capaciÈy for one-legged cycling on a modífied

bicycle ergometer, to treadmill walking for 38 healthy male amputee

subjects 2L to 62 years of age (mean age 43.3 years). The bicycle

ergometer was modified with a mechanically controlled switch so Èhat

the workload was discontinued for approximately one-third of the

pedalling revolution. Thís phasing of the revolution was further

facilítaËed by weighting the unused pedal. The mean maximum work

load of 605 kpm/mín (range 300 to 1200 kprn/min) was achieved by

progressÍve six minute stages. FaLigue in the exercising leg as

opposed to general fatigue was Èhe limiting factor to maximal

voluntary work for 66% of Èhe subjects. The treadmÍll protocol was

performed wearlng a well-fitted prosthesís. The protocol progressed

the walking speed from 25 to 45 to 65 metres per minute at slopes of

0 and 5 degrees. Each stage was six minutes in duration as for

cyeling.

Heart raÈe and blood lactate were higher at a given oxygen upËake

for one-legged cyclíng than for treadmill walking.

Older, non-traumatic ampuÈees have been tested by Milter (I976)

and as previously noted, by Kavanagh and Shephard (1973). Miller

(I976) exercised several unilateral, above knee and below knee

amputeesr 53 to 79 years of age, who were knov¡n to have cardiac

disease. Two subjects \,Iere tesEed by upper extremity pu1ly exercises

with increasing weight.s. The others r,/ere tested by one-legged

bicycle ergometry in the supine position with an inítial load of 153
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kpm and 153 kpm lncremenÈs every two minutes. These exercise tests

were terminated ín 5 of 7 cases because of sÍngle ECG abnormalities,

which included heart block, supraventricular tachycardia, ventricular

tachycardia and junctional ST depression (specific ECG fíndings not

illustrated).

Cardiac output and pulmonary arterial pressure were monitored

by Miller for two subjects by thermal dilution catheter. In both

cases, mean pulmonary artery pressures approached edema levels during

the maxímum workload.

Subsequent to the exercise tesf, four subjecLs $/ere trained by

upper limb work (arm-crankíng, pulleys or sanding) of sufficient

íntensiLy to produce a target heart rate of 75% of the age-predicted

HR max for 13-40 days (mean 20.9 days). An average resting pulse

decrease of 10.7 beats/minuËe was noted following traíning and,

although improved work performance r,Jas reported, specific data were

not given.

Kavanagh and Shephard (1973) exercised 27 non-lraumaËic amputees

(eighÈeen males, 42-79 years of age and nine females, 58-74 years of

age) by arm cranking. Their initíal load of 90-240 kpm ar 60 rpm was

increased by three minute stages to peak loads of 300-450 kpm. 0f

the twenty-seven subjects, only eleven advanced to the second load

and only three to the Èhird load, indicating the 1ow work capaciEy

of the older amputee. Breathed air r^ras not collecLed for O, analysis

because of the intolerance of the subjects for the collection

apparafus.

Table 10 summarizes the exercise protocols for exercise testing

amputees, used by the above investigaEors.
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Hemiplegics

Electrocardiographic f indíngs

Electrocardiographic findings for hemíplegics durÍng the

rehabílitation phase of ËreaÈment have not been reported. Therefore,

the ECG findings during the acute phase following stroke have been

reviewed. The ECG status of subjects may change in the first few

weeks, and a comparison of data obtained at such intervals is not

necessarily va1id.

A paÈtern characterized by QT prolongation, U waves and T wave

changes has been associated wiÈh acute stroke (Burch et aI., L954).

Three possible relationships between ECG changes and acute stroke

are as follows:

a) the ECG changes may have occurred as a secondary event to the

stroke (Burch et al., 1954).

b) the ECG changes may be associated with myocardial infarction

or arrhythmia. Cerebral vascular accident may have occurred as a

secondary event by the mechanism of decreased cardiac output and

reduced cerebral blood flow (Gorrnsen et a1., 1961).

c) the occurrence of an abnormal ECG and stroke may be coinci-

dental, relating to a cofimon hypertensive atherosclerotic Pathology.

Dirnant and Grob (1977) studied 100 consecutive admissions with

acute stroke during the first 3 days follorving hospitalization. They

observed abnormal ECG|s for 90 of 100 subjects (90"/") as compared to

50 of 100 subjects (50%) hospitalized for carcinoma of the colen.

Refer to Table 11. Britton et a1. (1979) also studied rhe ECG

findings for 100 subjects wíth stroke, mean age 7 3 years (range 5I-94

years). Theír data were obtalned by 24 hour Holter recordÍngs 1 to L2
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days (mean 2.4 days) after the cerebrovascular event. The frequency

of particular ECG fÍndings has been compared in Table 11 to the

findings of the above authors.

Goldstein (I979) reviewed the electrocardiographic records of

150 subjecÈs with acute stroke. An abnormal admission ECG was noted

for 138 of 150 subjects (92"/") as compared to 97 of 150 (657") age- and

sex-maÈched controls (reason for hospital admisslon other than stroke,

MI or pacemaker). Refer to Table 11.

ECG's taken prlor to Ëhe stroke were available for 53 (35%) of the

subjects with stroke and for 63 (42i() of the controls. New abnor-

malities appeared on the current ECG!s of 39 (74"/.) of the subjects

with stroke and 9 (747" p <.001) of the controls. Goldsreinrs data

provides support for the occurrence of stroke subsequent Èo decreased

cardÍac output. However, GoldsÈeín does note the presentation of QT

prolongation following stroke as a ner¡¡ documented finding in almost

one-third of stroke subjectswith prior available tracings.

Exercise tesEing of hemíplegics

The literaEure regarding exercise tesÈing of hemiplegics is also

scant. Iseri et al. (1968) exercised 37 non-traumatic hemiplegics

(no age documented) with heart disease who were hospitalized fot

rehabilitation. Subjects sustained a workload of 240 kpm for 10

minutes at 30 rpm on the bicycle ergometer. Blood lactate values of

2.25 +.085 and 2.57 + 0.BB were observed afÈer five and ten minutes

of exercj.se (HR max, V^ \n/ere not documented).uz

Bjuro eÈ al. (1975) exercised nine hemiplegic \^/omen 54 to 65 years

of age. The subjeets vrere at least one year post-stroke, were

ambulant without aids, and partÍcipated in the domestic work of Ëheir
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homes. A mean maxímum workload of. 224 kpm (150-300 kpm) was obtaÍned

on the bicycle ergometer. The mean HR max vtas 123 beats/min (range

85-L64 beats/min) and the ü^ max was 0.75 l/min (range 0.51-0.99'02

1/min). Blood lactate values v¡ere not reported.

Sa|tin and Landin (1975) evaluated the work capacity for each of

the paretic and non-paretic legs of six hemiplegic subjecÈs, 38-55

years of age and three conErols, 36-67 years of age, by one-legged

cyclíng. The tesLs were conducted 1.5 to 12 years (mean 4.6 years)

following the stroke. All subjects had a moderate paresis, but were

ambulant without aíds. Four, of the subjects were employed at least

part-time. AÈ an initial worklgad of 150 kpm, the peak heart rate'

oxygen uptake and blood lactate, obtained by exercísing the paretic

1eg were 134 beats/mín (range L02-I52 beats/min), 0.99 l/min (range

.96-I.11 l/mín) and 3.2 mmol/l (range 2.3-4.6) respectively. l-or the

non-pare¡lc leg, these values were 108 beaEs/min (range B2-L32), 0.BB

l/nin (range 0.81-1.04 l/nin) and 2.0 mmol/l (range I.4-2.5 mmol/l).

At the same workload, the controls performed at a lower heart rate

(g4 + 14 bears/min) and a lower ür., (.67 + 0.08 1/min) and similarly,
u2

mainÈained a lower blood lactaËe (1.6 + 0.5) than the herniplegic

subjects using either leg.

A second exercise test r^las performed wíth an initial workload near

maximum and subsequent 100 kpm increments every second minute. The

maximal average r¿orkload achieved by hemiplegic subjects while

exercising the paretic leg was onLy 220 kpm, whereas the maximum

tolerated v¡ork r,¡as 630 kpm for the non-paretic leg. The HR max, \i'02

and blood lactates obtained by exercising the paretic 1eg were 145
, ."r:::' -::'::'; .','.

beats/rnin (range LO2-I76 beats/min), 1.1 l/min (¡+ngê ti'jöf-'1;'¿: 1/min)
l'tí1

{,ir ¿'lriì ;:'r'-':"ì'.,r:'l::."'r.1i' ;:
"ì'-'. i ': 

:
-.::: ;.:_,;:;:.., .
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and 3.8 mmol/l (range 3.6-4.0 mmol/l). The values obtained for HR

max (163 + 10 beats/mÍn) and üO_ *ax (2.0 + 0.8 1/min) by exercising

Ëhe non-paretíc leg were 
"igrrifl".ntly higher (p < .05). The blood

lactate value obtained with maximal exercise of the non-paretic 1eg

at 4,2 rirntol-/L (range 3.2-5.6 mmol/l) was nor sígnificantly higher.

Landin eÈ aI. (L977) further investigated the muscle metabolism ín

hemiparetíc patients. Eight male patients, 38 to 58 years of age

(mean age 45 years) hrere tested by two-legged cycling at the highesr

workload each subjecE could sustaín for 40 minuEes. This was 306-

397 .8 kpm (50 to 65 I^l) . From tracings of pedal f orce, it was

estimated that the non-pareÈÍc performed 64 * 2"/" of the t,otal

workload and received a blood flow during exercise which was I207" to

160"/" greater Èhan the blood flow to the paretíc leg. Oxygen uptake

by the paretic leg was 55ll and, 40-457" of rhe ü^ by rhe non-parerlc0z

leg during rest and exercise respectively. Blood lactate varues

were low for both legs although sÍgnificantly lower for Èhe paretic

1eg.

Subsequently, both legs v¡ere exercÍsed by one-legged eycling at

the same workload of 61.2 kpm (10 tr,tr). Blood flow ro rhe pareric leg

was 257.lor¿er, the ü^ 48% higher and the release of lactate
"2

signifícantly greater compared to the non-paretic leg. The actual

values are presented in Table 12. These investigators suggest thaÈ

the reduced blood flow to and augmented lactate release from paretic

muscle indicates that the capaciÈy to oxidize free fatty acids is

diminished in paretic muscle.
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V. Occupatíona1 Therapy Treatment of Amputees and Hemiplegics for
Underlying Cardiopulmonary Dísease

The premise of occupational Ëherapy is thaÈ acti-vity has a healing

funcLÍon. AcËivities are selected for Èreatment because of theír

appropriateness for meeti-ng Ereatment goa1s. The achievement of these

goals ís thought to be enhanced by the patientts pre*occupation rvith

productive work.

Occupational therapy literature does not specÍfieally address the

treatment of disabled persons, such as amputees or hemiplegics, for

underlying cardiopulmonary pathology. Hou¡ever, patients with known

cardiac disorders have been treated by occupational therapists sínce

the early 1950ts. At rhat tíme, the selection of an appropriate

activíty to promote healing was based on the energy cost of the

activity. IÈ vüas supposed that cardiac work varied with energy cost,

which was measured as a multiple of basal oxygen uptake.

The unit of energy cost r^/as called the MET, an abbreviated form

for meÈabolíc equivalent, equal Èo 3.5 m1 0, uptake/kg/min or 1.2

kcal/min. Initially, occupational therapists depended on the MET

values obtained by exercise physiologists.

In the mid 1950rs, physícians involved with the rehabilitation

disciplines and occupational Èherapists themselves began to study

the energy costs of the activities they used. Gordon and Haas (1955)

determined oxygen uptake as a percent increase over basal for 39 male

tuberculosís patients (no age documented) doing four Eherapeutic

activiÈies. Hellestein and Ford (L957) obtained MET values for light

industrial activiËies similar to those used in the occupatlonal therapy

workshops for 36 subjecÈs with coronary artery disease (age not

documented) through their Ínvolvement in the Cleveland Inlork
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classification cl1nlc. Quiggle, Kortke and Magney (L954) determíned

the oxygen uptake as a percentage inêrease over basal oxygen uptake

for 37 occupaËional therapy students and faculty doing chip carving,

leather carvíng, Èable weaving and sewing activities. These MET

values cannot be correctly applied to the eld.erly, disabled

occupational therapy c1lente1e because they relate to specific

disabilíties or to young able-bodied subjects, and have been determined

using protocols and equipmenË which were specific to the respecËive

studies. Refer Èo Table 13 for details regard.ing the orÍgin of MET

values listed by Trombly and Scott (1977) which are pertinent to this

study.

The inappropriateness of usíng MET v¿lues determined for able-

bodied subjects Ëo estimate the energy expenditures for amputee

subjects has been recently íllustrated by chi-Tsou Huang et al . (Lg7g).

Oxygen uptake values were determined per fooE travelled for six

unilateral below knee (B/K) amputees 25-56 years of age (mean 38.2

years), for six unilateral above knee (A/K) amputee s 20-45 years of

age (mean 30.83 years), for four bilateral A/K amputees 20-49 years

of age (mean 33.5 years) and 25 controls 19-43 years of age. These

values were found to be 9%, 49% anð. 2BO% hígher for the respectÍve

amputee groups as compared to the controls. SubjecEs walked at t.heir

ovm speed.

Hírschberg (1965) observed that hemiplegic subjecrs used 40-502

more energy per step than control-s, for comparable methods of stair

clÍmbíng. He studied 10 hemiptegics aged 36*65 years (rnean 56 years)

who r¿ere more than one year post-sÈroke and rvho had been ambulant at

leasÈ three mont.hs, and 10 controls aged 27-74 years (mean 56 years).
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Table 13

Details pertaining to Ehe origin of the IIET values for activities pertinent ro the stucly

AcÈivity as Calories Reference Orlginal Further
listed per ninute as listed _ source rtualificatlons Number Sex Age

s Eanding

walking
2.5 mph

1.9 Passmore & Carry er at ease av, of I I'f 38 yr.
Durin(1955) a1. (1955)

3.6 Gordon (1958) Sherman
(les2)

miners & clerks

not given

not glven

noE given

I ¡f 3l yr.

not given

not glven

I Þf not glven

wheelchair 2.4 Gordon(1958)
propul slon

stair clirnbing 6-10.0 Passmore & Passmore vertical speed
Durln(1955) et al. 14.8 m/min

(1952) hr. of srair
15.2 cm.

carpencry 6,8 Gordon(I958)

planing hard- 9.I Passmore &

wood Durin(1955)

hand sawing 3.3-3,4 Gordon(1958)

shovelllng 8,5 Gordon(1958)

assembler 2.49 Hellerstein Heller-
& Ford(1957) sÈein &

Ford un-
, publlshed

da ca

cyc I ing 4.5 Passmore &

Durin(1955)

Not listed

ladder climbing 9'0 Passmore & Lehman 70o incline foreign rext
Durin(1955) (f953) no load

vcr:Lica1 spccrd
11,1 m/nrin

cross-cutËíng 9.0 Passmore & Lundgren tI If
with bucksaw Durin(1955) (f946) lumbcr workers
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Oxygen uptake was determined for a series of tests involving the

ascent and descent of two sEairs, using unilateral step-to and

alternatíng stair gaits. The energy expenditure per minute was

sím1lar for hemiplegícs and controls because of Èhe slower rate of

stair climbíng observed for the hemíplegic subjecrs.

A more lndlvidualized approach to the selectÍon and regulation

of actívity to achíeve cardiopulmonary goals was undertaken in Ëhe

early 1960ts via the monÍtoring of pulse rare and careful obser-

vation of the patientts response. Technological developments such

as telemetry ECG equipment and research flndings in exercise

physiology have slnce made a re-deflnítion of thís individualized

treatment approach possible (Hendrickson et al., 1960).

The scope of the occupaÈlonal therapist's involvement in cardíac

rehabílitation varies markedly betrveen settlngs. The coronary

rehabílitation program at St. Mary's Hospital, Minneapolis is one

of the few programs reported 1n the lfterature (Mesenbourg, L970).

St. Mary's offers a three stage program where self-care activities

are moniËored in the acute stage, light condiÈioning activíLies are

assigned in a second or sub-acute sEage and heavy actívities with a

subsequent vocatlonal assessmenË are offered during the convalescent

stage. A fourteen-step program has been seÈ out by Grady Memorlal

Hospital, Atlanta which similarly assigns a significant role to the

occupatíona1 Èheraplst (Trombly and Scott , L977).

The Occupational Therapy and Physical Therapy Departments of

Ranch Los Amígos Hospital, Californía have developed a comprehensive

Ëask evaluatlon. The patient's cardiovascular response t.o each task

sample ís evaluated vía the parameters of blood pressure, telemetry
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ECG recording, heart rate and slrnptoms of cardíopulmonary distress

(Dempster Ogden, I979; Harrington et al. ' 1981). Procedure guidelines

have recently been published (Dempster Ogden, 1980).
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}4ATERIALS AND METHODS

Experiment I:

Evaluation of the Cardiopulmonarv Status of Occupational Therapy Patients

Subj ec ts

Four dÍagnostic groups of paÈients attending occupaÈional therapy

r¿hose disability and lengËh of hospitalization \¡¡ere compatible with the

objectives of the experiment were fdenËified. Thereafter, subjects were

selected for study on the basls of their primary treatment dlagnoses.

Participation was subject. to obtalning posítive consent from the attending

physician, to obÈaining Ínformed consent from the prospective subject, and

Ëo screening of the medical history for absolute contraindications. These

were:

a) angina at rest or unsÈable cl-inical angina wit,h exertion

b) rnyocardial infarcEíon withín síx weeks

c) blood pressure at rest greater than 200/110 mmHg

d) aorEic or other aneurism

e) fibrile staËee uncontrolled fnfection or metabolic state

f) extreme mental or physical fncapacity.

The following groups of subjects \./ere recruited from October 1980 to

Ilay 1981:

a) L7 non-traumaËic male amputees aged 54-78 years (mean 63.5 + 5.7

years)

b) 4 traumatic male anputees aged 20-37 years (mean 29.5 + 6.7 years),

1 traumatic female amputee aged 2L years

c) B male patients with herniplegia aged 36-67 years (mean 52.4 + 9.9

years) and 1 female patient r¿ith hemiplegía, aged 68 years
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+

d) 9 male subjects with back problems, aged 22'70 years (mean 37.2

11 .8 years) and l fernale subject r,rith lunbo-sacral sprain, aged 23 years.

The age, weight, primary and other diagnoses, employment, duration of

inactivíty and medications have been recorded for the respective groups of

subjects 1n Tables 14 to 17 Ínclusive.

Protocol

An exerclse test was scheduled for each subject. Protocols for exercise

testing have been illustrated Ín Tables 19 ro 22 inclusive, under RESULTS.

Non-tJaumatic amputees

The non-traumaÈlc amputee subjects lvere tested by arm cranking using

an electronically braked Elema-Schonander ergometer. All arm crank tests

were performed with the subjects seated and the crank axis at hearË level.

The crank,lengtir was 18 cm. All but one test was performed with tv¡o

handles. The one test was performed using a single crank propelled by both

upper 11mbs.

The initíal workload was 100 kpm/min for L4 of. the 17 non-traumatic

ampuÈees. An iniEial load of 200 kpm/min was used for 3 of 17 subjects as

their hisEory suggested a higher working capacíty. The workload was

increased at three minute Lntervals by 100 kpm/min increments for 14

subjecÈs. One subjecÈ hras tesËed with an initial load of 200 kpm/min and

subsequent 200 kpm increments because lorv workloads were not sufficient to

cause fatigue in 12-15 minutes. Increments of 200 and then 100 kpm/rnin

were used for one subjecË because it was apparent that 200 kpm would have

been the appropriate initial load. One subject was unable to work at more

than 100 kpm/mín for three minutes. The cranking rate r^/as kept constan! at

60 rpm with the aí-d of a revolution meter.
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Traumatic amputees

The traumaËic ampuÈee subjects were Eested by arm cranking as above.

Four of five subjects performed the Èest wíth tr¿o handles and the fifth

used a single crank. The initial workloads and workload increments of

100' 200 or 300 kpm/min ¡vere selected according to the subject's work

hístory.

Hemiplegic subjects

The Elema-Schonander ergometer rúas used as a bÍcycle ergometer for

tesEing the herniplegÍc subjects. A very low inítial workload of 50 kpm/urin

was selected for five of eighÈ subjects. Of these five subjects, one Ì.ras

unable to advance, Ehree advanced at three minute intervals by 50 kpm/min

íncrements, and one subject advanced by 100 kpm/min incremenrs. An initíal

workload of 100 kpm/min was selected for three of eighr subjec¡s. Two of

these subjects advanced by 100 kpm/min increments and Ëhird by 200 kpm/min

increments. The cycling rate was kepË constant at 60 rpm with Èhe aid of

a revolutíon meÈer.

Subjects with bgck problems

Nine of ten subjects with back problems were tesËed by bicycle

ergometry. An inítlal workload of 300 kpm/min was selected for eight of

nine subjects and advanced at three minute intervals by 200 kpm/min

increments for seven of these eight. one subject who perforroed. an

iníÈial workload of 300 kpm on the bicycle ad.vanced by 300 kpm ír,.r.ments.

One of the nine subjects who rvere tested on the bÍcycle was assigned. an

inítía1 workload of 100 kpm and advanced by 150 kpm/min increments every

three minutes. One of the ten subjects with back problems was tested by

arm crank ergometry in a standing position. The test was perforned using
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tr^¡o handles wíth the crank axÍs at heart level. The initial workload of

300 kpm/min was increased by 200 kpm/mín increments.

Measurements of CardÍopulmonary Status

A 12-1ead resÈing ECG was obtained. During exercise, lead CM, of the

ECG was monitored and recorded.

Heart rates were obtained from the ECG before exercise, at three

lntervals during exercíse, during immediate recovery and at two and five

minutes recovery.

The subjectts blood pressure was obtained by auscultation before

exercise' at three minute íntervals during exercíse, during irnrnediate

recovery, and aÈ Ëwo and five mínutes recovery.

Oxygen uptake was determined using a face mask and Taylor Servomex con-

tinuous flow through system model number 04137. Figure 1 is an

illustration of the O, uptake system. Room air r¿as dravm through a valve

ín the face mask by Èhe vacuum at 3.10 l/mín. A sample of mixed air was

passed through the sllica gel dryíng agent and into each of the o, and co,

analyzers. The o, system was calíbrated by adding 99.97. Nitrogen aE 9.I4

l/mín to the moving air stream. The loss of. O, from room aír was recorded

as a deflection on the recorder and rn¡as corrected to the standard-temperature-

pressure of dry air (STPD).

The co, system was calibrated by passing 2.44% co, directly through

the CO, analryzer. The CO, concentration in the air stream was also recorded.

as a deflecËion on the recorder. The respiraEory quotienÈ was delermined

fron the 0, uptake and CO, output values. For technical reasons, the CO,

analyzer vras not available February Ëhrough May, 1981. Because the co,

output and respiratory quotient (RQ) were determined for only 8 of. 4L

subjects Èested, the RQ was assumed to be 1.0 for all subjects. This
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assumpËion proved reasonable, as Ëhe actual mean RQ for Ëhe eight subjects

was 1.014.
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Experiment II:

The Heart Rate and ElecËrocardíographic Response to Occupational Therapy
Activities

Subj ects

Â11 subJects who r{ere recruited in ExperimenE I also participated in

Experiment II, wíth Èhe exceptlon of fíve subjecÈs who chose not to or

were unable to partÍcipate.

Nine hemlplegic subjects r¿ho were unable Èo perform an exercise test

vüere approached to request thelr participatíon in ExperÍment rr. Five

r{omen' 60-67 years of age (mean 63 + 2.0 years) and four men, 55-70 years

of age (mean 62.8 + 6.5 years) were recruited (see Table 18).

Protocol

All subjects v¡ere monitored by Holter recording during their regular

occupational and physical therapy t.reatments for a daytime period of aE

leasÈ six hours.

OccupaÈional therapy treatment encompassed light industrial,

recreatÍonal mobility and personal care acLivities. Physical fherairy

treatment encompassed walking classes, general and specific exercÍses.

In some fnstances, the subject was monitored during assessment, however the

majority of treatment acÈÍvitÍes had been assigned by the treating therapists

prior to the Holter recording. No effort was made to modify the activit.y

or rate of r'rork during the recording. An effort was made to structure the

duration of the activity so that the subject worked continuously at a gj-ven

activity for a minÍmum of three minutes. Subjects recorded the time and

substance of their activitíes wiÈh Ëhe assistance of the therapists and

nursing staff for Èhe duration of the monítoring period.
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Measurement of the HearL Rate and Electrocardiographic Response to
Occup?tional Therapy Activíties

The Holter tapes were scanned on a Phillips Holter-type instrument

for cardíac research, Model Number 6003-c. The ECG was recorded. as

follows:

a) during designaÈed activities

b) when disËrubances of rhyÈhm v/ere present.

Ttre peak heart rate for each treatment activity determined from the

ECG recording is usually calcualted as a percentage of Èhe heart rate

reserve (HRR) as follows: HRR = HR max - resting HR

Z HRR _ HR during activity - resring HR
HRR

The pre-exercÍse HR was found to be the more objectÍve measure of

resting HR. However, the pre-exercise HR \¡/as unreasonably high for four

subjects, and an average of three morning pulse rates was used to calculate

their HRR. The HR max obÈained during the exercise test in Experiment I

r¿as used for the HRR calculatÍons. The % HRR values for herniplegic subjects

who did not have exerclse lests were calculated using the mean pre-exercise

HR and the mean volunÈary tlR max obtained for hemiplegic subjects who were

tes ted .

Experiment III:

I!g_C""¿fti."i"g nfi.

Subj ects

Fifteen of the sevenÈeen non-traumatic amputee subjects who were

recruited in Experiment I partícipated in ExperímenÈ III. The age range v/as

54=78 years (mean 62.4 + 5.2 years). All sribjects Þ/ere males and all buË

one subject had vascular disease. The causes of amputation were díabetes
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(5 subjects), peripheral arËeria1 occlusive disease (PVD) (7 subjects),

diabetes and PVD (1 subject), hypercoaguable state (1 subject) and

frostbite (1 subject). All subjects r^/ere in the post-amputatÍon,

Pre-prosthetic stage of treatment. The approximate lime from amputaËion

to the iniÈial exercise test !¿as 1.9 + 1.1 months for 13 subjects. Two

subjects had amputations one and three years prior to testing and had been

hospitalized due Ëo stump ulceration.

Subjects were designated to either the control or experimental groups.

An aÈtempt In/as made Eo match the groups for age and cause of the amputation.

Seven subjects, aged 54-78 years (mean 64.6 + 7.6 years), with PVD

(4 subjects), diabetes (2 subjects) and frostbite (1 subject), were assigned

to the control group. Eight subjects aged 54-69 years (mean 61.5 + 4.3

years) with PVD (3 subjects), PVD and diabetes (1 subject) , diabetes (:

subjects) and hypercoaguable state (1 subject) were assigned to Ëhe experi-

menlal group.

Protocol

Subjects in the control group participated in the physiotherapy program,

which usually involved two 60 minuÈe walking classes and a 30 minute exercise

class dai1y. As wel1, these subjects were independently rnobÍle wiËhin the

Health ScÍences complex via crutches and/or wheelchair.

Subjects in the experimental group similarly parËÍcipated Ín the

physical therapy program and were independently mob11e. In addition, they

attended the occupational therapy program.

The occupational therapy activities rr/ere selecÈed for theÍr

conditioning value. I^Iorkshop projects involved sawing, planing, sanding

and wood finishing. In addition, each subject pulled pulleys in the job

simulation area. As for the Holter recording, the subjecEs were all-owed
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Èo work aÈ Èheir own raÈe. The rationale for this lenience was first,

that the ECG, blood pressure and heart rate responses Eo work r^¡ere not

adequately monitored. Second, the inÈensiËy of work was presumed to more

closely approximaÈe that of the routine treatment programs used in

occupational therapy. The subj.ects chose to rvork steadily and vigorously

on Ëheir respective projects. The subjects at.tended occupatÍonal Ëherapy

together at Ëhe same tlme each day, and worked in the same general area.

The duratíon and frequency of the occupatíonal therapy program r{ere

30-60 minutes 4-5 days weekly. The durat.ion of the treatment period was

six weeks. Ideally the patlent was hospitalízed eight weeks for

recruitment, initial testing, treatmenË and re-testing.

The subjectsrs participation in the occupational therapy program

remained voluntary Èhroughout lts duratíon. Subjects Ín eiEher the

conËrol and experimental groups r'rho were able to complete three or more

weeks of the respectj-ve therapy programs performed a second exerclse E.est

prior to their discharge from hospltal, or after six weeks of treaÈment.

The re-Eests htere conducted using the same method and workloads as in the

intÈial exercise test conducÈed in ExperimenÈ I.
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RESULTS

, Experiment I

Seventeen non-trarxnaLic male amputees, mean age 63.5 + 5.7 years

exercised by arm cranking 8.4 + 1.5 minutes Lo obtain a mean maximum

workload of.32L +81 kprn/min (range 100-400 kpm/min). The mean maximal

heart rate was 138 + 17 beats/min (range 106-163 beats/min) which was

872 (range 74-f0L"/") of the age-predicted HR max for these subjects was

obtained. The submaxirnal i6 values at 2OO kpm and 300 kpm were . BO +u2

.05 l/min (n=14) and 1.05 +.0 l/min (n=2) respecÈively. The ü0, max r4/as

1.09 + .20 l/mÍn (range .64 - 1.93 l/min, n=15). The mean post-exercise

blood lactaÈe value was 10.4 + 2.8 mmol/l (range 5.2 - 16.0 mnol/I, n=L4).

The observed values are presented in Table 19.

A higher mean maximum workload of 540 + 190 kpm/min (range 300-700

kpm/min) was obtained by the five younger traumatic ampuEees, mean age

27.8 + 7.3 years who were exercised by arm cranking for the same

approximate time (8.4 + 0.7 minutes). The traumatic anputees obtained a

comparable percenÈage of thelr age-predicted ltR max of 85% (range 70-967").

The higher actual mean HR max of 164 + 22 beatslmin (range 129-192 beats/

nÍn) of Èhe ÈraumaÈic amputees lÀtas to be expecËed. because they were 36

years younger than the non-traumatic amputees. The submaximal i 0, values

aË 200 and 300 kpm/rnin of .Bl + .20 l/min (n=3) and 1.05 + .16 1/min (n=3)

for the young amputees l,Jere very sirnilar to the figures observed for the

older amputee subjecÈs of .80 l/min and 1.05 l/min. It appears that the

mechanical efficiency of arm cranking was similar for both groups. The

i'^ max of I.7g +.51 l/mín (range 1.15 - 2.29 l/nín) observed for the
U2

traunatlc amputees was .70 l/min higher (64"/" of. 1.09 l/min) than that

observed for the non-traunat.i.c amputees. The mean posl-exercise blood
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lactate value of 12 + 3.8 mol/l (range 7.8 - L5.2 mor/l) indicared that

the traumaËic amputees had made a near maximal effort. The individual

varues for the traumatic amputees are presenÈed in Table 20.

Nine hemiplegic subjecËs, mean age 53 + 9.8 years exercised by

bicycle ergometer 8.5 + 4.3 minul-es to obtain a mean maximal workloacl of

269 + 20 kpm/min (range 50 - 450 kpm/min) . A mean HR max of 126 + 15

beats/rnin (range 100-148 beats/mín) was obrained whích is 76"/" of rhe age-

predícted HR max for these subjecÈs (range 62 - 86z). The respecrive

submaximal ü^ values at 200 kpm and. 300 kpm r^rere .80 + .09 1/min (n=4)o2

and 1.10 + .07 l/rnín (n=3). The ü,., max v/as r.11 + .29 r/nín (rangeu2

.62 - 1.56 l/min, n=B). The mean post-exercise lacEate concentration in

blood sampled from the paretic arm r^/as 3.4 + l.l mmol/1 (range 1.3 -

4.4 nnor/ 1, n=8). I^Ie developed some curiosity with respect to the low

blood lactate values mid-experiment and subsequently collected post*

exercise lactates from both the paretic and non-paretic arms of Èwo

subjects. The mean varues obtained from the paretÍc arm (4.0 mmol/l,

n=2) and non-paretlc arm (3.7 mmol/r, n=2) for these subjects were noL

significantly dtfferent. One herniplegic subject, Ma1, obteined a maximum

workload of 450 kpm/min, a HR max of 157 beats/min (937" of his age-preclÍcred.

HR rnax) and a vn max of r.42 L/nín. His post-exercise blood lactateu2

(4.2 rnmol/l) was obtained from the non-paretíc arm. He attended a combined

rehabilitaÈion program for six weeks and rsas subsequent.ly re-tested. He

r"ras able to increase his maximum ruorkLoad to 700 kpm/min, his maximal HR

to 170 beats/min (IOL"Á of his age-predicred HR max) and hÍs ù_ max ro
o2

2.00 l/min. The post-exercise blood lacËate values from the paretic and

non-paretic arms were 4.9 mmol/l and 6.7 rnmol/l respecËively.

Table 21 presents the observed values for the hemiplegic subjects.



69

Ten subjects wit,h back problems, mean age 35.8 + 10.1 years, obtained

a mean maximum of 990 + 2I3 kpm/mln (range 700 - 1300 kpm/min) after cycling

for 13.2 + 2.5 mínutes. The rnean HR max of 169 * 12 beats/mln (range L44 -
183 beats/min) obtained by these subjects was 92% of their age-predicted

HR max (range 86 - gB"Á). The mean submaximal úg, obtained aË 300 kpm/mín

for seven subjects was 1.00 +,08 l/min. This value appears to be notably

increased by subject Dre who had a knee injury r¿ith decreased range of

movement. The *"tn i6r, excludíng this subject, \nras 0.95 1/min, reasonably

close to the anticipated value of 0.90 l/rnin (äsrrand, 1960). The mean

ür.,^ t"" 2.6 +.31 l/min (range 1.53 - 3.20 L/l|rn, n=8) and rhe mean bloodu2

lactaÈe was B.B + 2.1 mmol/l (range 3.9 - 15.2 nmol/r, n=7). see Table 22.

Experiment II

The mean Z HRR values obtained by the non-traumaÈic amput.ees \,ùere

22.5% during occupatÍonal therapy (range 13% - 3lz HRR, n=6 activities)

and 23.52 during physical Èherapy (range L67. - 312 HRR, n=2 activities).

The % HRR obtained by Èhese subjects durÍng wheelchaÍr propulsíon of 287"

(n=2 subjects) was also recorded. The Z HRR during physical therapy and

other significant activities was pertinent to Experiment III and was

recorded for the non-traumaËic amputee group only. Table 23 lists the

recorded HR and calculated Z HRR for the non-traumatic amputee subjects.

A rvide variation in Z HRR was observed for each activity, even though Ehe

age and disability of these subjects rvas similar. For example, the ranges

of values recorded for lathe work, sawing, and walking class vtexe 0% - 4311

HRR, 9'Á - 502 HRR and I3"/. - 522 HRR respecrively.

The traumatic amputees obtained a mean Z HRR value of. 55ll (range

- B0Z IIRR) for occupational therapy actÍvíties. The 7" HRR values

the non-Èrar¡matic amputees and traumatic amputees performing the same

32"/"

for
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activftles ltere deËermlned durlng pulley work, sanding, sawing and walkíng.

These values, 257. HRR and 542 HRR, respecLively provÍde further evid.ence

that the younger amPutee subjects wiEhout cardiovascular disease obÈained

a hJ-gher mean 7. HRR than did the non-traumaEic ampuÈees (p > .05). see

TabLe 27. The varlatlon between traumatic amputee subjects performíng the

same activity could not be determined as Ehe number of subjects in this

group was small.

The mean z HRR value obtained by the hemiplegic subjects during

occupational therapy actívitíes was 27% (range g% - 49% HRR). The wide

range in Z HRR between subjects for a given actívity was again remarkably.

Hemiplegic subjects obtained a range of. 27" HRR to 662 HRR duríng lighr

upper limb activity performed in a sitring position, 102 HRR to 6g2 HRR

durÍng cyclÍng of the electronic'Oliverr bicycle, and 10U HRR to 622 HRR

(excludíng subject,s Ken and Ros who were on propranotol) during walking.

Two subjects' Lup and Ros, had very slow heart rates and were unable Èo

obÈaln HR values greater than 58 beats/mín for any actlvity. The failure

of [lR to increase 1n subject Ros was lfkely due to the propranolol, 20 mg.

The mean Z HRR values obtained by the subject.s with back problems was

557. (range 447" - 682 HRR). The intensity of work for the back paÈienrs

and the traumaÈic amputees, during occupaÈíonal therapy activities, appear

to be comparable. However" Èhese values were determined from activiÈy

samples which rìrere noÈ exactly similar.

Experiment III

Five control subjecEs and sÍx experirnental subjects parÈicipated in

the experíment for 5 + 1.5 weeks and 5.2 + r.3 weeks respecËively. Two

subjects were excluded from each group during the course of the experiment

as noÈed Ín Table 28. The time each subjecÈ participated in the experi-ment
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and the reasons for termination of subjects who were included in the data

analysis have also been recorded ín Table 28.

Inter-group Diff erences

The mean and standard deviatÍon for each of the measured values v/as

calculated at pre-test and post-test. An analysis of variance was made

by the Box-Anderson test. The T test for unequal varÍance v¡as done for

HR at 300 kpm/min for HR max, five mínute recovery HR and for i¡^ ar 200-02

kpm as indicated by the chí square values. The T test for equal variance

was done matchíng the control and experÍmental group values at pre-test,

and the control and experimental group values at. post-test. No

signifícant difference was found between the control and experímental

groups at the pre-test or post-test for values with equal or unequal

variance. Refer to Tables 29 and 30.

Intra-group Differences

The mean difference betl^/een the pre-test and post-test for each

measured value was calculated for both the control and experimental groups.

Significance (p <.05) was determined by the paired T test. The decrease

in HR at 300 kpm from 136.2 + 2r.8 bears/min ar pre-resr to r27.2 + rg.I

beats/min at post-test l.ras significant for the control group (see Table 31).

The increase in maximum workload from 320.5 + 52.4 kpm/min at pre-test

to 375 + 61.2 kprn/mtn at post-test and the decreases in HR at 200 kpm and

300 kprn of -9 beats/min and -16.8 beatslmin respectively were significant

for the experimental group. A significant d.ecrease in the pre-exercise

systolic blood pressure of -11.7 nrnHg was also observed for the experimen¡al

grouP. The observed and calculaÈed values are presented in Table 32.

The patlern of change from pre-test to post-test opposite to
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conditioning was observed for subject Mcc (see Table 33). This subject

r¿as excluded from the experimental group because of frequent illness and

inability to tolerate acti.vity at the end of the day. Profuse sweating

accompanied light activíty such as varnishing small wooden objects.

The Electrocardiographic Findings

Four of eight non-traumatic amputee subjects wíth p.v.D. had an

abnormal resting ECG (righÈ bundre branch block Innna], old infarcr,

quadrigemlny and left axfs deviation, and sr segmenË depression > 2*m).

Two of six non-traumatic ampuÈees wíth diabetes had an abnormal resting

ECG (RBBB and alrial flbrlllatíon). A firsÈ degree arriovenrricular

block (A-V block 1o) was observed for subject chom, who had both p.v.D.

and diabetes.

Two non-traurnatic ampuÈees with P.V.D. who had a normal restÍng ECG

had frequent multiform premature ventricular contractions (PVCs) and/or

a horizontal or downsloping sr segment depression of at leasE 2 rnrn.

subject Hen, whoseresting ECGshowed an old infarct, also had an sr

segment depression during exercise.

rn total, a horizontal or downsloping sr segment depression of at

least 2 irun was observed for 4 of L7 non-traumatic amputees at resË or

duríng exercise.

Various additonal rhythm disturbances v¡ere noted for the above non-

traumaËic amputee subjects during Holter rnonitoring. A diabetic subject,

De R, experienced a run of atría1 tachycardia during monitoring. No other

subjects with normal resting and exercise ECGs experienced major rhythrn

disturbances during monitoring. Table 34 presents Ëhe ECG fíndings for the

non-traumatic amputees at rest, during the exercise test, during recovery

from the exercise test and when Holter monitoring.
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Non-specific T wave changes r\rere observed for two of nine herniplegic

subjects, and ín one case, úras associated with a left axis deviaEion.

Left ventrícular hypertrophy was observed for subject Ste who had

recovered from endocarditis and replacement of the aortic and rnitral

valves. Durfng exercise, an ST segment depression \,¡as noted for two

addifonal subjects, and frequent multiform PVCs were noËed for another

subject. Major arrhythmias (frequent mu1t,íform PVCs and run of ventricular

tachycardia) were noted for thro of the above subjects and for three of

nine hemiplegic subjects who were investÍgated by Holler recordings only.

Two of f,hese latter subjecÈs experienced a second degree A-v block, and

the thírd had a retrograde P wave and multiform PVCs (approximateLy 26

per hour). See Tables 35 and 36.

Normal resting ECGs were found for all the subjects with back problems.

DurÍng exercise, an ST segment depression of at least 2 mm was observed for

3 of the 10 subjects. No major arrhythmias !¡ere noted during Holter

monitoring. See Table 37.

No abnormal ECG findings were observed for the traumatic amputee

subjects, and they have been ornitted from the Tables.

Sununaries of the ECG findíngs at rest, during exercíse and recovery,

and during Ho1Ëer monítoring have been presented in Tables 38 to 40

respec tive ly.

The abbreviations and unfamiliar terms used in Tables 34 to 40 have

been defined ín the GLOSSARY OF TERMS AND ABBREVIATIONS.
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Table 2B

The tfme in the program and reason for terminatlon or c¡:clusfon for
=ubju"r. ir"ludud nnd èi,

Control Subjects Tfme in program Reason for Eermination or exclusion
(nearesÈ week)

subjeccs included

Dyc

Hen

Koz

llel

Rob

subjects excluded

Jac

Str

6 weeks

6 weeks

4 weeks termlnated to control- for Ral

3 weeks Èerminated to conÈrol for Ass

6 weeks

2 weeks prevlous amputaÈion. Sub.Ject was
hosplÈalized briefly for u-Lcer on scump.

I day subject elderly (78 year) and wirhdrer¿

Experlmental SubJects

subjecrs fncluded

Ass

Chor

DeR

Ewa

Ra1

San

sub-jects excluded

Chom

3 weeks dlscharged Èo the Gencral CenÈre for
caÈaracr.removal

6 weeks

6 weeks

6 weeks

4 weeks poor sÈump ìreal1ng. Subject clischarged
himseLf \.rlEhouÈ prosthetic fitting,

6 weeks

1 week deceased,

6 r¿eeks I'rcqucnE ai:sence, ToleraLed light ¿¿¡iyi¡y
only due to possible congestive hearÈ
failure.

lfcC
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Table 33

Experiment III - The exercise response at pre-test and
post-test - subject McC

Pre-test Pos t-tes t Difference

Maximum workload (kpm/min)

Duration of work (minutes)

Pre-ex. H.R. (beats/min)

H.R. at 100 (beats/mín)

H.R. at 200 (beats/mÍn)

H.R. at 300 (beaÈs/min)

H.R. at 400 (beats/min)

Voluntary H.R. max. (beats/mín)

H.R. 5 mín. recovery (beats/mín)

Ún at 100 kprn (l/min)
-2

400

9

B2

97

127

159

159

98

.668

1. 054

I.265

L.265

L20

180

8.5

400

B

92

98

L43

159

159

r09

.67 5

1. 096

1. 280

1. 280

124

180

8.2

0

-1

10

I

16

0

0

11

-. 007

.042

.015

.015

V^ at 200 kpm (l/mfn)
u2

Oo, ". 300 kpm (l/min)

ü^ at 400 kpm (l/mfn)
u2

OO, *"*. (l/min)

Pre-ex systolic B.P. (mmHg)

Maximum systolic B.P. (urmHg)

Blood lactate (nrno1/1)

4

0
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Table 38

Summary of electrocardíographic fíndings at rest

ECG findings Back problems Amputees Hemiplegics

n=10

slnus bradycardia l-

sinus arrhychmfa 1

atríal fíbrillation 0

PVCs uniform rare 2

quadrígeminy

A-V block 10

hemiblock

RBBB

QRS changes

T wave changes

ST segment dePression
>2mm

n=L7

L0"/" L 6%

L0% L 6%

L6%

202 3 LB"/"

r 67"

r6Z
L 67,

2 L2"/"

4 24%

5 297"

r 67"

n=9

L LL?"

0

0

I 22"/

0

0

0

0

) ,')o/. LL/O

t ,')o/
L LLIO

0

0

0

0

0

0

0

0
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. Table 39

Sunrnary of electrocardiographic findings during exercÍse and recovery

ECG findings Back problems AmpuËees Hemiplegics

n=10 n=I7

sinus bradycardía -
recovery I L0i4 0

0

0

r 67"

r07" 3 LB"Á

r 6"/"

2 L2%

L6Z

2 r27"

0

L6%
U

r 67"

r 67.

2 r27"

L6%

30'/. 3 rB"Á

n=9

0

0

U

0

T LL"/"

L LL7.

I LIZ

I II7"

I II7.

L L77.

T LI%

0

0

0

2 LI7"

atrÍal premaËure
contracÈions(APCs) 0

atrÍal tachycardia 0

aErLaL f1bri11at10n 0

PVCs uniform rare t

PVCs uniform frequent 0

PVCs multlform rare 0

PVCs mulÈiform frequent 0

couple ts

triplet

bigeminy

trigerniny

quadrigeminy

hemlblock

RBBB

A-V block 10

ST segment depression

0

0

0

0

0

0

0

0

>2mn 3
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Table 40

Summary of electrocardiographic fíndings during Holter monitoring

Back problems Amputees Hemiplegics

n=9 n=14

292

2L7.

29%

297"

10/

L4Z

n=18

sinus bradycardia

APCs

atrial fibrfllation

aÈrial tachycardia

reËrograde P wave

PVCs uniform rare

PVCs uniform frequent

PVCs multiform rare

PVCs multiform frequent

couplets

bigernÍny

trigemlny

quadrigeminy

ventricular tachycardla

RBBB

A-V block 10

A-V block 20

0

0

0

0

1

1

0

0

0

0

0

0

0

0

0

0

4

0

3

0

4

n

4

1

2

0

1

1

0

2

1

0

2

3

I

1

I

6

0

0

3

0

1

2

I

t

0

0

2

tr/.

TL%

7L%

17%

6'/.

o/"

0/"

JJ/õ

L7%

o/"

TI%

6"/"

o/ô

LL"/"

L47"

-7 0/
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DISCUSSION

Experíment I

The hypothesis that paÈients r,¡ith multiple system disease involvíng

the hearÈ or peripheral circulatÍon have a low exercise capacity ís

supported by the data. Lower fitness was also found for the traumatic

amputees and subjects \^líth back problems, although no cardiovascular

disease was apparent.

The low exerclse capaclÈy of fhe non-trarmatic amputees is apparent,

although comparable arm crank studies with healthy, age-matched normals

have not been reported. The mean maximum workload of the non-traumatic

amputees is lower than or comparable to the inÍtial ü/arn-up workloads used

in arm crank studies with young normals. For example, Bar-Or and Zwiren

(1975) used initíal loads of 450 - 750 kprn/min to test 59 healthy males,

mean age 28.2 years who were ínvolved in university physical educatíon

programs; Vokac et al, (L975) used initial loads of 300 kPm to test seven

healthy males, described as havíng average fítness' mean age 23.5 years.

(A mean maximum workload of 1125 kpm was observed by Vokac et al. ).

Our mean maximum v¡orkload of 32I kpm/min apPears to be slightly

hlgher than that obtalned by Kavanagh and Shephard (1973) fór similar

non-traumatic amputee subjects. These ínvestigators report that peak loads

of. 420 kpm/mín were obtained by only three of. 27 subjects. Theír mean

maximum workload v/as not documented.

A low exercise capacity has also been found in arm crank studies with

o1der, able-bodied subjects who have cardiovascular disease (Wahren and

Bygeman , l97L; Shaw et al , Ig74). I^iahren and Bygenan's subjects' mean

age 52.5 years (n=10) obÈained a comparable mean maximum workload of 315 +

35 kpur/min at a lower HR, 76% of. their age-predicted HR max vs the 87%
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figure we observed. The age-predicted HR max for both groups vras

calculate d as 220 - age beats/min (Amsterdam, Ig77). The *."n "uor t"*
value of 1.07 + .08 1/min, observed by l^lahren and Bygeman, was reasonably

close to orrr i^ max value of 1.09 + .20 l/min.
u.)

staw et atl Qg74) did not record their mean maximum workload for

47 subjects, mean age 57 years. However, the peak workload of 700 kpm/

min was higher than observed j-n our study (600 kpm/min for subject Jac).

The mean maximum v¡orkload of. 540 + 190 kpm/min observed for the

traumatic ampuËees was lower than the mean maximum workloads of 1125 kprn/

min and 705 kpm/mín obtained by Vokac et a1. (L975) and Stenberg et al.

(1967 ) respectively. The latter studies were done with younger normals

(23.5 years and 23.5 years vs 27.8 + 7.3 years). Our mean HR max value

of. 164 * 22 beats/mín was less than that obtaíned by Vokac et al. of

180 beats/min and by Stenberg el al. of l7B beats/min, and the difference

cannot be attributed to age alone. The submaximal üO values at 300 kpm/
2

min were approxlmately equal, 1.00 l/min recorded by Vokac et al. and

1.07 l/min recorded by Stenberg et al. (n=9) as compared to 1.05 1/min

observed in this study. fhe ü^ max 1.7g +.51 1/min obtained by theu2

traumatic amputees, however, was very much lower than the UO, *"* values

of approximately 3.3 l/min observed by Vokac et a1. during crankíng of a

single arm crank with crank axís at shoulder level. Orrr V^ max was also
o2

lower than the V^ value obtained by Stenberg et a1. of 2.3 1/min (details
u2

of crank not documented). It appears that the inabilÍty of the traumalÍc

amputees to obtain higher workloads, higher voluntary HR max values and

higher Vr., max values, despite a good effort as indicated by blood lactaEe
"2

values 12 + 3.8 mmol/l, t{as due Èo lower fitness, arm weakness or fatigue.
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Our mean maximtrm workload, mean HR max and mean V_ max values for
o2

the hemíplegic subjects (269 kprn/min, 126 beats/min and 1.11 l/mín,

respectively) were slÍghtly higher Ehan those obtained by Bjuro et a1.

(L975) of. 224 kpm/min, I23 beats/rnín and 0.75 I/nín for nine subjecrs

wÍth heniplegia. Our post-exercise blood lactate value of 3.4 mmol/l

obtained from the paretic arm was also slightly higher than the 2.6

mmol/l value observed by rseri eÈ al. (1968) after their hemípregic

subjecÈs cycled at 240 kpm/rnin for 10 mi-nutes.

The 1ow exercise capacity of hemiplegic subjecEs can be determined

in comparison Èo the d.ata of Erikssen et a1. (1980) for healthy subjects

of the same age. The mean maxímal workload of the hemiplegíc subjects

was 76% lower than Erikssents value of 7IL2 kprn/rnin. The mean HR rnax of

126 beats/min for the hemiplegÍc subjects was 247" lower than Erikssen's

value of 165 beats/m1n.

Our HR max vlas almost the same as that found by Wahren and Bygeman

(1971) of. l-23 * 5 beaÈs/min for 10 able-bodied subjects with coronary

artery disease' mean age 52.5 years. Their subjects r¿ere límited by age

and by cardiovascular disease presenting in the form of angina. Their

mean maximum workload of 470 + 39 kpm/min \^/as sti11 higher than obtained

by our hemiplegic subjects. Although no angina was reported, our subject

may have also been linited by age and cardiovascular disease but the

primary problem was their neuro-muscular disability. spasticity and

clonus ín the paretic legs limited the exercise capacity of three subjects.

The poor contribution of the paretíc leg to Ëhe r¿orkload overtly limited

a further three subjects. The four subjecLs r^/ho obtained better Ehan 802

of their age-predicted HR max still only tolerated 1or^¡ workloads of 300 to

500 kpm/min.
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A more accuraÈe measure of cardiopulmonary reserve may have been

possible if we had tested the non-paretíc 1eg r¿iÈh one-legged cyclÍng as

suggesËed by Landin et al. (7977). Similarly, the design of a unilateral

arm-leg ergometer may allow for more productive testing. Nevertheless,

two-legged cycling would seem to be an appropriate functional assessment

prior to rehabilítation, as therapy activities are bilateral by design.

The mechanical efficiency of the hemiplegic subjects v/as lower t.han

that observed for the subjects with back problems (a1so tested by cycling)

as indicated by the respecËive submaximal \i,., val-ues at 300 kpm/min ofu2

1.10 1/nín (n=3) and .95 l/min (n=6 and excludes subjecr Dre).

the rnean i^ max value of 1.114 observed for the hemiplegic subjectso2

was also lower than Ehe value of 1.24 I/nin observed by l,lahren and. Bygeman

(Ig7L) at the same approximate HR. t o" ür.'^ during exercise of pareticvz

muscle has been noted in the literature (Landin et al., 1975). The exercise

capacity of Landinrs subjects was limited by the pareLic leg and Èhe 1ow

ü^ reflecEed the 1ow workloads obtained during one-legged cycling \,/íth theu2

paretic 1eg as compared with the non-paretic leg. Further investigatíon

is índicated with,respect to the central and peripheral factors which may

límit muscle metabolism in hemiplegic subjecÈs.

The mean maximum workload. of 990 + zr3 kpm/min tolerated by the

subjects with back problems (mean age 37 .2 + Lr. B years) was higher than

Èhe non-traumatic amputee, trarunaLic amputee or hemiplegic subjects.

Nevertheless, it was onLy 321Z of the mean maximum workload of 1456 kpm/min

obÈained by Erikssen et a1. (1980) wíth 40 - 44 year otd subjects by

cycling. The HR max of 169 beats/mln obtained by the subjects with back

problerns was 92"/. of theír age-predicted HR max. shephard et al. (1968)

obÈained 96"1 of the age-predicted HR rnax for 40 male subjects, mean age
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26 years, who were also exercised by cyclÍng. The v6, max obtained by

Shepl-rardrs subjects of 3.56 + 0.71 l/min (range 2.57 + 5.23 L/nín) was

much hÍgher than orrt ün^ max of 2.60 +.31 1/min (range 1.53 - 3.20 r/mín,u2

n=8). rt is possÍble that decreased participation in cond.itioning

activitíes subsequent to the back injury resultecl in the lower fitness of

our subjects. Alternati-vely, lower fitness may have predisposed these

subjecÈs to back injuries.

Experiment II

The hypothesis that occupatíona1 therapy will increase the heart

rates of paÈients with multiple system d.isease involving the heart or

peripheral circulation sufficiently to have a cardiovascular trainíng

effect r^ras not supported by the data.

There ís general agreement that heart rate should exceed 502 HRR to

produce a training effecÈ (shephard, 1968, 1969; pollock, r973). The mean

Z HRR of 22.5"/" obtaíned by non-traLmatic amput.ees for six treatment

activities and 277" HRR obtained by hemiplegic subjects for ten treatment

activities are considerably lower than the 502 HRR 'threshold' figure.

The mean Z HRR value obtained by both the traumatic amputees and subjects

with back problems for eight treatment activities r"as 552. One might

speculate that these activities would produce a mild training effect for

subjects within these latter groups whose initial fitness was 1ow, given

an appropríate duratíon and frequency of traÍ-ning.

The daEa gat.hered in Experiment II supports the argument that

occupaËional therapy actíviÈies should be selected and monitored on an

indívidual basis. Wide ranges in % HRR were observed for each activity.

It appears that these variations lÀ/ere more clramatic in the groups r¡here

1ow fitness and cardj-ovascular dísease were present.
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Experiment III

The hypothesis that occupational therapy activities have a

conditioning value for the non-traumatic ampulees is suppbrted in part

by the data. The significant íncrease in maximum r"orkload and decrease

in HR at the 200 kpm/min observed for the experimental group at post-test

v/ere consistent with the condiÈioning effects observed by other investí-

gators (Magel et al., I97B; Clausen eÈ al., 1973; Simmons and Shephard,

I97j-; Clausen et al., f970). The magnitude of the HR changes LTas greater

than thaL found by Simnons and Shephard (f971) who recorded a mean decrease

in submaximum HR of 5.9%, but less than found by the other investigators.

Our mean decrease for all submaximum r,.¡orkloads r¡as 9,52 and B% for tire

control and experimental groups respectively.

The lncrease in V^ max observecl for our experimental group of 7.9%a2

was not sígnificant, but \^ras reasonably close to the B.I% increase in

ü^ ruax observed by Simmons and Shephard.
u2

It appears that conditioning was cumulative between the trvo therapy

programs for, wíth the exception of ir-,- max and systolÍc B.P. at. recoveryuz

changes ín both groups were all in the same dírection. The greater changes

observed for the experimental group do not appear to be due to greater

effort, as their mean post-exercise lactaÈe values v/ere lower at both

Test I and Test 2, and decreased more at Test 2 than were the mean values

of the cotrol group"

There is some evidence sqggestíng that the combined occupational and

physical therapy programs may have been Èoo demanding for subjects Chom

and McC. Both subjecÈs presented with signíficant ECG abnormalities

during the exercise tests and duríng Holter monitoring. Although therapy

!ùas not directly impllcated, Chom died a r'reek after entering the combined
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rehabilítatÍon program. Subject MeC could not tolerate the combined

program and his exercise capacity deteriorated. The collaboration of the

occupaÈional and physical therapy disciplínes in planning their respectÍve

treatments in indicated.

Lirnitations of the Study

The low initial fitness of the subjects in both the control and 0.T.

groups r¿as indÍcated by the low mean values for maximal workload, rvork time
I

and V^ max at Test 1. Gains in fitness \,rere sma11, as indicated by tl-resett2

values at Test 2. Although disappointing, the results are reasonable in

view of the límitations of the study as follows:

a) the subject's age

b) their medical sÈatus

c) the low Ëraining intensity

d) the short trainíng perlod

e) the lack of specificity of the training activities for arm-cranking

f) the subjectts difficulty obtaíning maximal cardio-respiratory stress.

Aging is associated with changes which nray have limited the subject's

tolerance for hígh intensity traíning activities. 0lder subjects have a

decreased basal metabolic rate and a lower anerobic threshold. They are

slower to achieve equÍlibrium at any given workload, obtain their peak

performance aË 1or¿er workloads, and require a longer recovery period

(Shephard, 1978) .

Other changes may have limiÈed theír response to our training stimulus.

Blood flow to the myocardium and to skeletal muscle is characterísÈically

decreased Ín the older adult, as is Èhe activity of the tÍssue enzlrne

systems and the O, carrying capacíty of the blood. Maxima-l heart rate,

stroke volume and cardiac output are decreased, possibly because of factors
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such as decreased myocardial contractility and/or decreased sympathetíc

dríve (Shephard, 1978).

Our subject's training response rnay have been limited by medical

factors such as poor stump healing and by risk factors such as excessive

smoking. We could noÈ control these factors entírely.

Our low training intensity may also have limited our subject's

traíning response. The mean training intensities for the control group

(23.52 HRR) and the 0.T. group Q2.52 HRR) r,r'ere consíderably lower than

Ehe 507" HRR figure used as a tÈhresholdf stimulus for training young,

healthy subjects (Shephard et a1., I97B; Pollock, I973).

The fact that a tendency toward conditioning was observed supports the

findings of De Vries (1970) that exercise of low intensity may provide a

training sÈimulus in older subjects wíth heart disease.

The short training period ís another lirnitation of the st.udy. Adults

reach their optimal fitness some time after 20 to 30 weeks of traíning

(Amst.erdam, 7977). Horvever, our síx week program required that the

patient be hospitalized at least eíght weeks for recruitment, exercise

testíng, training and re-testing. Although some amputees are hospitalized

much longer, four of our subjects were re-tested before six weeks because

of early discharge.

The above factors limited our training response. Two factors may have

límited our abillty to neasure Ëhe Èraining response. The first was the lack

of specíficity of the training methocl. The specificity of arm and leg

traíning has been documented (Reybrouck et al., I975; Stenberg et a1., 1967;

Bevegard et al., 1966) and a variable exercise response has been reported

for two types of arm work (Glaser et 41., 1980) and for arm work in

different positions (Åstrand et 41., 1968). Our patients were trained
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usíng a variety of arm activities. Idea11y, 0.T. actívities are similar

to the functional activíties of the patient after discharge. They do not

train the patient for arm cranking specifically. However, arm crankíng

was the most objective and reproducable (Bar-Or and Zwiren, L975) and best

standardized measure of arm work available for our pre- and post-training

eva luat ion .

The second factor which may have lirnited our abiliry to measure the

training response was the subject's difficulty achievÍng a maximal

cardio-respiratory stress. The low IIR max value of 138.3 + L7.3 beats/min

and the V,-,, max value of 1.115 +,.208 l/min observed at post-test followingu2

conditioning suggest that arm fatigue or weakness ratlier than the central

circulation limited the exercÍse capacity of fhe non-LraumaEic amputees.

RecommendaÈions for Occupational Therapists

Low cardío-respiratory fitness should be expected for sedentary patients

referred to occupatÍonal therapy. Particular attention should be given to

the e1derly. Evidence of underlying cardiovascular disease should be

víewed as a major factor in treatment planning. The elements of intensity,

frequency and duration should be consÍdered before prescríbing activity for

these patients. Ideally, intensity during !reatment should be based on an

objective evaluation of the patíent's present fitness. This evaluatíon

would provide a baseline, ín terms of tolerated workload, tolerated work

tíme, and hearË rate and oxygen upÈake at a given workload, in order to

measure the patientts response Eo Ëreatment. In cases where an objecÈive

evaluation is not possible, the upper lirnits of intensity should be based

on the paÈientrs clinical t.olerance for a given activity or lvorkload.

Angina, excessive sweating, fatigue, shortness of breath, changes in colour,

or lapses in at.tention are tl'le usual signs of intolerance.
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The patientrs response to treatment should be monitored on an

individual basis, and can usually be carried out by pulse checks and by

observation. Monitoring of the pâtíent by 'Holter' recorder or by

radíotelemetry may be indicaÈed for assessment purposes or when sÍgns of

intolerance persist and are límiting the patient's response to treatment.

Excessive monitoring may limÍt, the patientrs abílity to function in

unsupervised settings,

Occupatíonal theraplsts should note that the intensÍt.y of a given

activity can be increased ín the f ollowing \,/ays:

a) by involving all four limbs. I^lood-turning on a lathe adapted with

a pylon-like stump support ís an example of an activity exercísing all

1ímbs. It is apparent that a greater intensity effort can be achieved

usíng a purposeful actívíty requiring upper lirnb work as opposed to

workíng the sÈump and unaffected 1eg only.

b) by increasing the resistance of the tool or of the medium. Tire

use of coarse sand paper and a weighted sanding block are methods for

increasing the resístance of the tool during sanding activities. The use

of laminated projects and hardwoods are meÈhods for increasing the

resistance of the medium.

c) by increasing -the rate of v¡ork. ActivitÍes can be selected where

the rate of work can be graded by the therapist. For example, the rpm of

the lathe ls íncreased or decreased by the belt adjustment. Other activíties,

such as sawíng, become inefficíent when Èhe rate of work is decreased, and

the patienÈ musÈ maintain a vigorous pace to make the activity functional.

In this latter example, the resistance of the saw (teeth per inch) and wood

(pine vs birch) can be controlled but the rate of work is not gradeable.

Duration 1s an important element ín the activity prescripÈion when the
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intensity of work, as measured by heart rate' is less than 502 of the

paÈientts cardiac reserve. Duration should be viewed in the context of

the whole rehabiliration program. Safety precautions should be taken

prior Èo actívity rihether or noL evidence of cardiovascular disease has

been noted. Examples are braking the wheelchair behind the patient,

learning resuscitation techniques and pracÈicing access to the medical

alert system.
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SI]MMARY

The working capacÍty of four groups of patients was evaluated durlng

a voluntary maximal exercise tesE. Seventeen non-traumatic amputees and

five Eraumatic amputees vrere tested by arm-cranking. Nine stroke patients

and ten patients wlth back problems \"/ere tested on a bicycle ergometer.

All subjects r,rere found to have 1ow fitness. Thís was particularly true

for the older amputee and stroke patients, where evidence of cardíovascular

disease v/as present"

The intensity of work during occupational therapy v/as measured by

tHolter'recordings of the patientts heart rate and the peak heart rate

during acÈivíty \,ras stated as a percentage of Èhe patÍentrs cardiac reserve.

The mean intensity for the older amputees and stroke patients during their

regular occupatlonal Èherapy period was less than 30%. The mean intensity

for the younBer ampuÈees and back patients was greater than 50%. A wide

range in lntensíty for each activity was noted and provides'evidence for

the necessiËy of indivfdual monitoring during treatment.

Improved fitness was observed for fifteen non-traumatic amputees

following a rehabllit.aÈlon program. The small magnitude of the changes may

have been due to many facËors. The subjects t,7ere elderly, aged 54 - 78

years, and all buË one had underlying cardiovascular disease. The Ëraining

intensÍÈy was lower than is reconunended, and the training period was only

three to six weeks long. The subjecËs were Èrained using a variety of arm

actívities which did not specífically prepare them for exercise testing on

the arm ergomeÈer. Tralning appeared to be cummulative between physical and

occupational therapy as wÍth two excepÈions, the changes after training were

1n the same dírection for both the control and 0.T. groups.

Recommendatlons have been made for occupatlonal therapists'
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GLOSSARY OF TER-}IS AND ABBREVIATIONS

aLrial premature contractíon (APC) - premature contraction of the atria

arising from the sino-atrÍal node or from an ectopic atrial focus.

atrioventricular block (A-V block) - heart block involvÍng the atrial-

ventricular node

bradycardia - heart rate less than 60 bears/minute.

bigerniny - a premature venLricular contractÍon occurs in every second beat.

couplet - two consecutive premature ventricular contractions.

frequent - approximately ninety or more beats per hour.

hemiblock - heart block involvÍng one branch of fibres ruhich conduct

impulses to the left ventricle.

multiform - more than one ectopic focus.

premature ventrj-cu1ar contraction (PVC) - premature contraction of the

venÈriclesarising from an ecËopic focus in the ventricle.

quadrigeminy - a premaLure ventrÍcular contraction occurs ín every fourth

beat.

rare - less than six beats per hour.

right bundle branch block (RBBB) - heart block involving the fibres wlrich

conduct impuises to the right ventricle.

ST seg,ment depression - depression of a horízontal or dor^'nslopirg ST segment

greater than or equal to 2 nm.

tachycardía - rapid heart rate.

uniform - one ectopic focus.
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GLOSSARY OF TERMS AND ABBREVIATIONS

a-v 0o diff. - arterio venous oxygen difference
¿

B1 La - blood lactate

B.P. - blood pressure

C.0. - cardiac ouËput

A - change in

HR - heart rate

HR max - maximal heart rate

kcal - kílocalories

kpm/min - kilopound meters per minuËe

l/min - liÈres per minute

ün - oxygen uptake
"2

ùr1 max - maxímal oxygen upÈakeu2

n - number

R - respiratory exchange ratio

RQ - respiratory quotienÈ

rpm - revolutíons per minute
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