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Abstract

Eighteen subjects, mean age 70, range 52 - 89 years, with a
legamputation because of peripheral vascular disease were studied
during prosthetic rehabilitation. The cardiac load as indicated by
the heartrate was measured during normal prosthetic training
activities. The cardiac condition was investigated monthly using
graded exercise testing.

The rehabilitation program consisted of three stages of
walking: one leg walking, walking with a preliminary prosthesis and
walking with the definitive prosthesis. The cardiac load was
measured weekly in each stage. Changes in the cardiac load were
related to changes in walking speed and distance.

We observed that the highest cardiac loads in prosthetic
training occured during walking exercises especially when a
specific exercise was performed for the first time. One leg walking
and walking with a preliminary prosthesis induced higher cardiac
loads in the individual patient than walking with the definitive
prosthesis. The cardiac condition of the patients didn't change as
a result of the rehabilitation program, but the walking became more
efficient resulting in an increased walking speed and distance with
a decreased cardiac load.

Introduction

Eighty to ninety percent of the legamputations in the
Netherlands are performed because of circulatory problems caused by
atherosclerosis (13). Therefore the majority of legamputees
admitted to a rehabilitation centre for prosthetic training suffer
from vascular disease. This disease may also cause atherosclerosis
of the corona arteries. Therefore and because of the advanced age
and the sedentary way of life in these patients, they often have a
poor cardiac condition (1,9). This increases the risk for cardiac
accidents and therefore they should avoid exercises that provoke
high cardiac loads.

To our knowledge no information is available concerning the
cardiac loads provoked by prosthetic training programs. Only
measurements of energy cost during ambulation in legamputees are
found in literature. The results of these measurements show which
cardiac loads can be expected during various kinds of ambulation
because an increased energy consumption results in an increase of
heartrate (2) and because the heartrate is a good index for
myocardial oxygen consumption and therefore for cardiac load
(4,11). The measurements show that prosthetic walking is less
efficient in comparison with unimpaired walking (4,6,7). The energy
consumption is related to walking speed, amputation level (above,
through and below knee), type of prosthesis and walking aids. The
measurements show that the lower efficiency during ambulation
results in a decreased comfortable walking speed. At this speed
however the energy consumption, expressed in volume oxygen uptake
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per time unit, is similar to that during unimpaired walking at
comfortable walking speed.

These measurements concerned amputees who were experienced in
prosthetic walking. Therefore the results are not suitable in
patients who are admitted to a rehabilitation centre for prosthetic
training soon after a legamputation. Compared with trained amputees
it can by expected that their way of ambulation is less efficient.
This will result in a lower walking speed or, when low walking
speeds are not allowed during training exercises, in an increased
energy consumption and cardiac load. In order to stay within safe
levels of activity during training exercises, knowledge of a
patients cardiac condition and of the cardiac loads induced by
specific exercises is necessary. If also information is available
about the changes in cardiac load and condition as a result of
prosthetic training this knowledge can be used to optimize
therapeutical intensity of exercises.

In this study the heartrate as a measure of cardlac load was
measured during various exercises in different stages of the
rehabilitation program. The changes in cardiac load were determined
by repeating the measurements at regular time intervals. Besides
this the cardiac condition was investigated using a& specially
designed graded exercise test. The observed cardiac loads were
related to the cardiac condition of the individual patients.

Methods

- pilot study ‘

The amputees were admitted to a rehabilitation centre for
prosthetic training one to three months after the legamputation.
They took part in various therapeutic activities like wound
treatment, muscle strength exercises, sports and walking exercises.
A pilot study was performed to determine which activities provoked
the highest cardiac loads. All patients performed a graded exercise
testing to obtain their cardiac condition. In this study the
cardiac condition was defined as the peak heartrate that was
obtained during graded exercise testing without cardiac problems
(1). The peak increase of heartrate was defined as the difference
between the heartrate at rest and the peak heartrate., In four
patients the heartrate was recorded for 24 hours during their stay
in the rehabilitation centre to get an impression of the highest
cardiac loads during all days activities. We concluded from these
recordings that the highest cardiac loads were provoked by the
exercises during physical therapy.

In 19 patients the heartrate was recorded as a measure of
cardiac load during various kinds of physical therapy at different
stages in the rehabilitation program. The observed increases of
heartrate were compared in the individual patients to the peak
inereases obtained during graded exercise testing. Only sonme
walking exercises provoked increases of heartrate of more than 50
percent of the individual peak increases and we got the impression
that the patients were only motivated to exert themselves during
walking exercises. Therefore we decided to measure the cardiac
loads at regular times only during walking exercises.

The training program consisted in general of three stages of
walking. First the patient learned to stand and walk on one leg. As
the stump had healed sufficiently he learned to walk with a
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preliminary prosthesis like an airboot or Campprosthesis. When his
own definitive prosthesis could be used he learned prosthetic
walking. During walking exercises several kinds of aids like
parallel bars, walking frame, two erutches and one stick were used.

- measurements

Every unilateral vascular legamputee (above, below or through
knee) who was admitted to the rehabilitation centre in the period
january - october 1983 took part in this study. First the patients
performed a graded exerrise test to measure their cardiac
condition.

For this test a specially designed rowing ergometer was
used (1). The heartrate and bloodpressure were measured as a
function of the in time increasing workload. The test was repeated
monthly in order to check for changes in cardiovascular responses
to graded exercise testing.

The cardiac load was recorded once a week in every amputee
during his normal daily walking exercises. The legamputees,
although encouraged by the physical therapists, could chose their
own walking speeds and periods of rest. The type of walking
exercise performed varied with the stage in the rehabilitation
program from one leg walking to prosthetic walking using various
walking aids. As stated before the heartrate was used as the index
for cardiac load. This heartrate was obtained continuously from
computer analysis of the telemetric recorded electrocardiogram
(ECG). The ECG was recorded using the bipolar leads CC5 and CM5.
Information was also obtained about the occurence of ST-segment

abnormelities and the occurence of arrhythmia. These
indicate an overload of the heart and can be used as
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In figure 1 an example is shown of a measurement in a
legamputee who suffered from arrhythmia. This resulted in the
occurence of both normal and abnormal ECG beats. All ECG beats were
classified in morphological classes by computer analysis. The ECG
beat shapes (two leads: CC5, CM5) of the normal beats (class 0) and
of the abnormal beats (class 1) were plotted in the right part of
figure 1. Every 30 seconds during the measurement the percentages
of occurence of normal and abnormal beats in the past half minute
were plotted in the upper left part of the figure. The averaged
heartrate was calculated every 6 seconds and plotted in beats per
minute (bpm) in the lower left part. The exercise parameters were
plotted in the lower left part at their place along the time axis.
These parameters were plotted every 30 seconds during the
exercises, so the cardiac loads were available immediately.

Results

A group of 18 vascular legamputees was followed during their
entire rehabilitation program. To illustrate the results obtained
some measurements in two patients will be described extensively.
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The heartrate response shown in figure 3 can be divided into
three stages. In the first two minutes of exercise the heartrate
increased (stage 1) to 120 bpm and then it didn't change much
(stage 2, steady state) until it again increased (stage 3). During
one leg walking (figure 2) only stage 1 occured (non steady state
.response). The heartrate depended more on the distance walked
during one leg walking than during prosthetic walking. The highest
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heartrates and cardiac loads were achieved during one leg walking.
The use of a prosthesis when walking helped to decrease the cardiac
load and increased the walking speed and the distance walked.
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from 36 m to 150 m. Only prosthetic walking with the help of
parallel bars resulted in a steady state response of the heartrate.
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As can be seen from figures 4,5 and 6 the heartrate response
changed during the period of rehabilitation. We compared similar
events from the weekly repeated measurements: heartrate at rest,

50 and 100
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metre. The measured heartrates were plotted against time of
rehabilitation in figure 7. Week O indicates the date of the
amputation. The different stages in walking as indicated in the
middle part of figure 7 were: until week 20 one leg walking, then
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prosthetic walking, first using parallel bars, second using two
crutches and third using one crutch. The heartrates at rest and at
a distance of 25 m decreased whereas the peak heartrates also
decreased during the first months of rehabilitation and increased
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later on as the walking distance increased. The walking speed and
distance are plotted in figure 8. At the start of prosthetic
walking (week 26) the speed decreased to 2 m/min and the walking
distance to 20 m. After 2/ weeks of prosthetic training the walking
speed was 32 m/min and the walking distance more than 150 nm.

Monthly the legamputee performed a graded exercise test. In
figure 9 the heartrates at three stages in the test are plotted:
heartrate at rest, the peak heartrate and the heartrate at a
workload of 60 watt. The heartrate at rest first decreased but
returned to the starting level in the end. The peak heartrate
increased whereas at a workload of 60 watt it didn't change much.
The peak workload is also plotted in figure 9. It increased as the
peak heartrate increased. The patient said he was tired at peak
workload during all tests and made no further complaints.
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Figuwe 9 Results of exercise testings in one patient.

The measurements as described previously were performed in
all vascular legamputees admitted for prosthetic training. Up till
now 18 legamputees were followed during thelr entire training
program. The results of the measurements are summarized in table 1.
First information is given about the status of the individual
patients (amputation level, age, sex, cardiac history, diabetes
mellitus and medication). Second the results of the graded exercise
tests are shown (number of tests, heartrate at rest %HRrest),
heartrate at peak workload (HRmax) and peak workload (Pmax)). If
the patient performed four or more tests averaged results are shown
of the first two tests (I), of all tests (II) and of the last two
tests (III). Third the results of measurements during walking
exercises are shown. The walking exercises are divided into three
stages (one leg walking, walking with a preliminary prosthesis and
prosthetic walking). The walking aids used are indicated by
chararters (F= walking frame, C= two crutches, S= one crutch or
walking stick). Then the number of weeks of training and the number
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Table 1+ Results of meosurements in 18 legqomputees.
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of measurements are given. If the period of training during a
certain stage was longer than 6 weeks the averaged results (walking
speed, distance walked and peak heartrate) are shown of the
measurements during the first two weeks (I), of all measurements
(II) and of the measurements during the last two weeks (III). The
peak heartrate obtained during the walking exercise (HRmeas) was
related to the peak heartrate during the graded exercise test
(HRmax). Therefore also a relative measure of the peak heartrate
(4HR) is shown. This measure was defined as: 3HR = (HRmeas ~
HRrest)/(HRmax - HRrest) x 100%. The averaged values of %HR during
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walking exercises were: 90 % (one leg walking, 10 patients), 68 %
(walking with a preliminary prosthesis, 12 patients) and 61 %
(prosthetic walking, 18 patients). The value was significantly
different from 100 % (p = 0.05) during prosthetic walking and
walking with & preliminary prosthesis.

Toble & Comparison of averoged results. The averaged

Exercises tasting (9 patiented: results of the
“’:;':;- ‘:’;“; [""::, measurements in
P pm. wo N
first two tasts 89 126 58 dlfferent Stages of

last two tests 85 127 2 the rehabilitation
program are shown in
table 2. Nine patients

Walking exercises:

speed distance heortrote XHR
tn/min) ) (bpa) i1 performed the graded
one leg wolking (8 potiente)s ex
first two wasks 10 22 124 102 ti ercise test f%i four
lost two wesks 11 421 118 gg tlMmes or more. €
: averaged results of
preliminary prosthesis (4 pat)c
firet two vesks [} 23 124 68 thg ﬁ;rs§ t‘gotteszs
lost two weeks 7 33 126 74 &N € 1ias wo tests
were compared and the
prosthesis (14 potiants):
first two weeks 10 EN) 116 83 d%ffg%ences were not
last two waeke 17t 761 119 7 signi jcantly
s s 125 %0 different from 0. In
one leg walking (10 potienteds 1 3 s
prosthatic walking . 18 78t 1154 674 s:%tgrgaiiegﬁz g?;s%eg
1
praliminory prosthesis 8 20 120 68 two weeks was compared
prosthasie (12 patiente) 11 487 115# S6 to one leg walking in
T « increcse significontly different from 0 (p = 0.05) the last two weeks of
# = decrease significontly different from 0 (p = 0.09 training. In four

patients the results
during walking with a preliminary prothesis were compared. The
results during prosthetic walking were compared in twelve patients.
As can be seen from table 2 the speed and distance increased and
the heartrate and %HR decreased during the period of training. The
differences significantly different from O are indicated in table
2. Ten patients were trained in both one leg walking and prosthetic
walking. One leg walking resulted in a lower mean walking speed and
distance and in e higher mean heartrate and %HR. The differences in
distance, heartrate and FHR were significantly different from O.
The speeds, distances and heartrates were not corrected for
differences in walking aids. Twelve patients were trained in both
walking with a preliminary prosthesis and with a prosthesis.
Walking with a preliminary prosthesis resulted in a lower mean
walking speed and distance and in higher heartrates and %HR. Only
the differences in walking distance and heartrate were
significantly different from O.

Conclusion

We investigated the cardiac load as indicated by heartrate
during normal prosthetic training of legamputees. The measurements
during the training program were not standardized in walking speed
and walking distance because the patients always chose their own
walking speed and stopped when they felt tired or when they felt
pain in the stump or in the other leg. With weekly repetition of
the measurements the changes in cardiac load, walking speed and
distance as a result of training were recorded. It can be concluded
from table 1 and 2 that in almost every patient one leg walking or
“the use of a preliminary prosthesis resulted in a higher cardiac
Joad and lower walking speed compared to prosthetic walking. During
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the period of training the walking speed increased and the

heartrate and cardiac load decreased. These changes in cardiac load

and comfortable walking speed can be explained by changes in the

man-prosthesis system %12?:

1) The cardio-vasculair condition can improve by performing
exercises at regular times. This results in a lower heartrate
and cardiac load at the same workload.

2) The legamputees improve their technique of walking with a
prosthesis during the period of training. This results in a more
efficient manner of prosthetic walking.

3) Prosthetic walking will be more efficient 1f the prosthesis is
adjusted to the individual legamputee.

Measurements in a larger group of legamputees showed that
they have a poor cardiac condition at the start of their prosthetic
training program (1). In motivated patients a special training
program can be used to improve their cardiac condition (3,8,10). In
general however the patients are only motivated to exert themselves
during walking exercises as we concluded from our pilot study. As
can be concluded from figure 9 and table 2 the relation between
heartrate and workload hardly changed during the period of
rehabilitation. So the changes in heartrate and walking speed
during walking exercises are not due to changes in the
cardio~-vascular condition.

As one leg walking resulted in higher cardiac loads and lower
walking speeds than prosthetic walking it can be concluded that the
efficiency of walking is an important factor (table 2). The highest
cardiac loads were achieved when the leg amputee walked on one leg
for the first time. It can be concluded from table 1 that the
improved efficiency of walking due to training resulted in a more
pronounced change in walking speed and distance than in heartrate.

The relative measure of heartrate (%HR) shown in table 1
indicates that the heartrates achieved during graded exercise
testing are usually higher then those achieved during walking
exercises. If no cardiac problems occured during graded exercise
testing they are not likely to occur during prosthetic training.
Therefore the graded exercise test provides a good screening of
exercise induced changes in the electrocardiogram.

We concluded from the preliminary results of measurements in

18 legamputees:

1) The highest cardiac loads in prosthetic training occured during
walking exercises especially as a specific exercise was
performed for the first time.

2) One leg walking induced higher cardiac loads than prosthetic
walking.

3) The prosthetic training resulted in an increase of speed and
distance and in a decrease of cardiac load during walking.

4) The cardiac condition of the legamputees didn't change despite
the prosthetic training exercises

Only the peak heartrates are shown in table 1. As the
heartrate is recorded continuously during the measurements not only
the peak heartrates are obtained but also the heartrate responses.
As illustrated in figures 2 and 3 the heartrate response can reach
a steady state or not. As a steady state response can be expected
from a physiological point of view (2) and as the walking distance
is limited by non steady state responses these responses need
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further investigations.

In future investigations the results of the exercise tests
and measurements during walking exercises will be related to the
obtained rehabilitation results in the individual patients.
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