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The efficacy of an exercise training program should be evaluated by adequate 
assessment of the patient's physical work capacity before and after training. In 
this study the effect of a 12-week bicycle training program on the exercise 
tolerance of 10 patients with chronic airway obstruction was assessed. There 
was a statistically significant improvement in maximum working capacity and in 
the distance walked in 12 minutes following training (p <.02 and p <.001, 
respectively). The improvement in work performance was not accompanied by 
any significant change in forced expiratory volume in one second. At equivalent 
workloads the ventilation and frequency of breathing were lower following 
training (p <.02 and p <.05, respectively). 
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Many exercise training programs, including walk
ing,1 stair climbing,2 and cycling,3 have been used to 
improve effort tolerance in patients with chronic ob
structive lung disease. In order to evaluate the efficacy 
of an exercise training program, physical therapists 
need to assess adequately their patients' physical 
working capacity before and after training. 

In the Physical Therapy Department of the Royal 
Prince Alfred Hospital, a bicycle exercise training 
program is used for the rehabilitation of patients with 
cardiac4 and respiratory disorders. This study was 
designed to evaluate such a program in patients with 
chronic obstructive lung disease. Two methods of 
evaluation were used before and after training: the 
maximum working capacity obtained during a pro
gressive bicycle exercise test and the distance walked 
on a flat surface in 12 minutes. 

METHOD 

Six men and four women whose ages ranged from 
45 to 75 years (mean 60 yr) and who all had spiro

metric evidence of airway obstruction were studied. 
Forced expiratory volume in one second (FEV1) 

and vital capacity (VC) were measured using a Go-
dart Expirograph* before and after the administration 
of standard dose (2 puffs) of a beta-sympathomimetic 
aerosol. The best of three readings was recorded. The 
patients then performed a 12-minute walking test in 
the hospital corridor. They were instructed to walk as 
far as possible in that time. In some cases patients 
found it necessary to slow down or stop and rest 

* Gould-Godart BV, Jan Van Eycklaan 2, Bilthoven 2660, Hol
land. 

TABLE 1 
Steady-State Exercise Training Program 

Time Period 

WEEK 1 
Day 1 

Day 2 
WEEK 2 
WEEK 3 
WEEK 4 
WEEK 5 
WEEK 6 
WEEK 7 
WEEK 8 
WEEK 9 
WEEK 10 
WEEK 11 
WEEK 12 

Exercise "Set" 

3 min, build up to 2-3 minutes, steady-
state, 3 minutes downgrade 

5 min 
6 min 
7 min 
8 min 
8 min 
9 min 
9 min 

10 min 
10 min 
11 min 
12 min 
12 min 

REPEAT 
steady-state at 60% Wmax 

at 60% Wmax 
at 60% Wmax 
at 60% Wmax 
at 65% Wmax 
at 65% Wmax 
at 70% Wmax 
at 70% Wmax 
at 75% Wmax 
at 75% Wmax 
at 75% Wmax 
at 75% Wmax 
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during the test. During the last minute of walking the 
patients breathed through a low-resistance, two-way 
valve supported by a helmet, the valve being con
nected to a meteorologic balloon in which expired gas 
was collected. Frequency of breathing (fb) was 
counted during the last minute of exercise, and pulse 
rate, during the 15 seconds immediately after comple
tion of the walk. Expired oxygen† and carbon diox
ide:): were analyzed and the gas volume measured 
with a calibrated Dräger Volumeter.** From these 
measurements the oxygen consumption (Vo2), the 
carbon dioxide production (Vco2), and the expiratory 
exchange ratio (R) were calculated using the standard 
equations.5 

After 20 minutes of rest the patients performed a 
progressive exercise test on an electrically braked 

bicycle.†† The load was increased by 60 kpm each 
minute until the patient indicated that he could ex
ercise no further. The highest workload (in kpm) that 
the patient could sustain for one minute was the 
maximum working capacity (Wmax). During exercise, 
three factors—heart rate (HR), fb, and ventilation 
(VE)—were recorded at each workload. Ventilation 
was measured by flushing the expired gas continu
ously through a Tissot Gasometer.‡‡ During the last 
minute of exercise the expired gas was collected and 
analyzed for oxygen and carbon dioxide as described 
above. 

The patients took part in an exercise training pro
gram that involved attending the Rehabilitation De
partment three times a week. Exercise training was 
carried out on bicycle ergometers.*** The program 
consisted of either steady-state or interval cycling 
exercise. For the steady-state program (Tab. 1) the 
patient performed five minutes of exercise at a work
load equivalent to 60 percent of the load achieved 
during the Wmax test. 

After a rest period of 20 minutes this workload was 
repeated. Over a period of 12 weeks the workload 
and the duration of exercise were gradually increased 
so that by the end of the program the patients were 
cycling for 12 minutes at 75 percent of their pretrain-
ing Wmax. Each training session began with a three-
minute warm-up period, during which time the work 
was gradually increased to the required level. At the 
end of exercise the workload was gradually reduced 
over three minutes. 

Five of the patients were unable to perform the 
sustained work required by the steady-state program 
without a rapid increase in pulse rate, respiratory 
frequency, and, in some cases, cardiac arrhythmias. 
In order not to exclude these patients who expressed 
a desire to continue the program, an interval training 
program was designed (Tab. 2). 

For the interval training program, patients trained 
by cycling for one minute at 20 percent of their Wmax, 

three minutes at 60 percent of their Wmax, one minute 
at 20 percent of their Wmax, followed by one minute 
of rest. This training period was denoted as a "set." 
Over the three months of training, the number of 
"sets" performed at each training session was gradu
ally increased to six and the workload was increased 
to 75 percent of Wmax. However, the time of cycling 
in any one set remained the same. 

After 12 weeks the patient returned to the labora
tory for reassessment. Both the walking test and the 
progressive maximum bicycle test were repeated in 
the same manner as the initial study. For statistical 
analysis a t test for paired values was used to deter
mine the significance of difference between values 

† Paramagnetic analyser, Taylor, Servomex Ltd, Crowborough, 
Sussex, England. 

‡ Infra-red analyser, Capnograph, Godart-Statham BV, Jan van 
Eychlaan 2, Bilthoven 2660, Holland. 

** Dräger Werk, 24 Lüdeck Moislinger Allee 53-55, West Ger
many. 

TABLE 2 
Interval Training Program 

Time Period 

WEEK 1 

WEEK 2 

WEEK 3 & 4 

WEEK 5 

WEEK 6 

WEEK 7 

WEEK 8 

WEEK 9 & 10 

WEEK 11 & 12 

Exercise " S e t " 

1 min at 2 0 % Wmax 

3 min at 6 0 % Wmax 

1 min at 2 0 % Wmax 
1 min rest 
1 min at 2 0 % Wmax 

3 min at 6 0 % Wmax 

1 min at 2 0 % Wmax 

1 min rest 
1 min at 2 0 % Wmax 

3 min at 6 0 % Wmax 

1 min at 2 0 % Wmax 

1 min rest 
1 min at 2 0 % Wmax 

3 min at 6 5 % Wmax 

1 min at 2 0 % Wmax 

1 min rest 
1 min at 2 0 % Wmax 

3 min at 6 5 % Wmax 

1 min at 2 0 % Wmax 

1 min rest 
1 min at 2 0 % Wmax 

3 min at 7 0 % W max 
1 min at 2 0 % Wmax 

1 min rest 
1 min at 2 0 % Wmax 

3 min at 7 0 % Wmax 

1 min at 2 0 % Wmax 

1 min rest 
1 min at 2 0 % Wmax 

3 min at 7 5 % Wmax 

1 min at 2 0 % Wmax 

1 min rest 
1 min at 2 0 % Wmax 

3 min at 7 5 % Wmax 

1 min at 2 0 % Wmax 

1 min rest 

No. Sets Each 
Visit 

1 

2 

3 

3 

4 

4 

5 

5 

6 †† Siemens-Elema, Postfak S-171 20, Solna 1, Sweden. 
‡‡ Warren E. Collins Inc, 220 Wood Rd, Braintree, MA 02184. 
*** Repco, Melbourne, 3001, Australia. 
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TABLE 3 
Comparison of Cardiopulmonary Performance on Bicycle Ergometer in Patients with Chronic Airway Obstruction 

Before and After Training 

Patient 

V 
2' 
3j 

4J 

& 
6k 

7k 

Qk 

9k 

10k 

s 
P 
P 

Sex 

M 
M 
M 
F 
F 
F 
F 
M 
M 
M 

Age 
(yrs) 

58 
63 
54 
45 
53 
60 
62 
73 
75 
58 

Wmax
a HRb VEC Y Vo2

8 Vco2' 
(kpm) (bpm) (liter/min) mln) (ml/min) (ml/min) 

Bg Ah 

600 
360 
540 
420 
360 
360 
180 
240 
360 
240 

366 
131 
I—<. 

660 
450 
480 
540 
480 
480 
240 
540 
420 
240 

453 
130 

02—I 

B 

132 
100 
198 
144 
141 
137 
100 
138 
150 
132 

137 
27 

A*-i 

130 
102 
204 
127 
170 
126 

90 
144 
132 
127 

135 
32 

I— N S — I 
I - N S -

A 

142 
96 

204 
144 
180 
140 

95 
150 
150 
127 

143 
33 

I 

B 

42.9 
36.8 
54.1 
34.1 
25.3 
32.0 
28.6 
42.3 
30.4 
21.0 

34.8 
9.7 

A* 

45.2 
35.0 
49.4 
28.6 
20.5 
25.5 
31.4 
34.4 
20.7 
17.7 

30.8 
10.5 

I — < . 0 2 — I 
I - N S -

A 

49.9 
39.2 
43.1 
39.8 
34.0 
30.1 
31.1 
45.5 
21.6 
17.7 

35.2 
10.3 

l 

B A* 

26 26 
22 19 
28 31 
29 25 
25 19 
39 31 
42 40 
25 22 
27 25 
26 27 

29 27 
6 6 

L —<.05— J 

A 

28 
25 
34 
30 
27 
42 
48 
29 
26 
27 

32 
8 

L—<.005— J 

B 

1,133 
1,019 
1,440 

941 
909 
851 
860 

1,538 
800 
592 

1,008 
291 

A 

1,908 
1,175 
1,293 
1,225 
1,079 

865 
862 

1,374 
823 
506 

1,111 
384 

L—NS—J 

B 

1,575 
904 

1,442 
852 
741 
733 
848 

1,461 
801 
526 

988 
364-

A 

1,705 
865 

1,078 
1,194 
1,098 

802 
667 

1,231 
665 
417 

972 
368 

L—NS—J 

a Maximum working capacity. 
b Heart rate. 
c Ventilation. 
d Frequency of breathing. 
e Oxygen consumption. 
f Carbon dioxide production. 

g B = before training. 
h A = after training. 
' A* = value after training at comparable workload. 
j Trained with steady-state program. 
k Trained with interval training program. 

observed before and after training in the same subject. 
A value of <.05 for a two-tailed test has been taken 
to be significantly different. 

RESULTS 

The mean ±s value for the FEVi, expressed as a 
percentage of the VC, was 49.9% ± 16.5. The mean 
value for FEV1 was 1.48 ± 0.69 liters and for VC was 
3.01 ± 1.1 liters. After the administration of a bron-
chodilator aerosol there was a small increase in FEV1 
in eight patients ( =1.57 liters, s - 0.67 liters) and 
in VC in six patients ( = liters, s = 3.11 ± 0.99 
liters); however, marked airway obstruction was still 
evident (FEV 1/VC% = 52.43 ± 18.7). 

Individual values for Wmax, HR, VE, fb Vo2, and 
Vco2 measured during the last minute of exercise on 

the bicycle ergometer before and after training are 
given in Table 3. Eight patients (four from each 
training program) demonstrated an increase in Wmax 
following training. The mean increase (expressed as 
a percentage of the pretraining level) was 38% ± 36. 
One patient showed no improvement in Wmax and 
one patient had a decrease of 11 percent in Wmax 
following the program. There was no significant dif
ference in the percentage increase in Wmax between 
the two exercise programs. 

There was no significant difference in the values 
for HR, VE, VO2, VCO2, or R measured during the 
last minute of exercise before or after training. How
ever, the four patients who had an increase in Wmax 
after steady-state training had increases in maximum 
Vo2 of 15 percent or more of the pretraining level 
after training. For 7 of the 10 patients the ventilatory 

TABLE 4 
Mean Oxygen Consumption and Ventilation During Last Minute of Bicycle and Walking Exercise 

Before and After Training 

s 
p 

VO2
a 

(ml/min) 

Before Training 

Bicycle Walk 
1,009 922 

291 269 
NS 

After Training 

Bicycle Walk 
1,111 1,080 

384 261 
NS 

VEa 

(liter/min) 

Before Training 

Bicycle Walk 
34.8 29.0 

9.2 9.1 
NS 

After Training 

Bicycle Walk 
35.2 33.6 
10.3 9.2 

NS 
a See Table 3 for abbreviations. 
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equivalent (VE in liters per minute divided by Vo2 in 
liters per minute) was reduced after training, even 
though more work was performed. 

When values for VE, fb, and HR measured during 
the final workload of the pretraining exercise test 
were compared with those attained at the identical 
workload during the posttraining exercise test, there 
was a small but significant reduction in VE and fb, (p 
<.02 and p <.05, respectively) after training. Al
though some patients had heart rates that were lower 
at the equivalent workload after training, for the 
group the reduction was not statistically significant. 

Following the bicycle training program all patients 
were able to walk a greater distance in 12 minutes 
(pretraining, = 881 meters, s = 100; posttraining, 
= 997 meters, s = 118; p <.001). Values obtained for 
VE and Vo2 during the last minute of the walking test 
were not significantly different from those observed 
during the last minute of bicycle exercise either before 
or after training (Tab. 4). 

The improvement of Wmax on the bicycle ergometer 
and the distance walked in 12 minutes was not accom
panied by an increase in FEV1 after training. How
ever, there was a small but statistically significant 
increase in VC after training ( = 3.05, s = 0.94 liters 
before training and = 3.24, s = 0.90 liters after 
training; p <.025). 

DISCUSSION 

This study demonstrates improved effort tolerance 
in patients with chronic obstructive lung disease after 
bicycle training when assessed by either an increase 
in Wmax or an ability to walk a greater distance in 12 
minutes. 

For the group this improvement was not reflected 
in significant changes in FEV1, maximum VE, or 
maximum Vo2 after training, although four patients 
had a marked (>150 ml) improvement in maximum 
Vo2 after steady-state exercise training. However, in
asmuch as the bicycle exercise test allowed continuous 
measurement of VE and fb, it was possible to dem
onstrate a significant reduction in these measures 
when compared at equivalent workloads after train
ing. The reduction in ventilation may have been due 
to several factors. There may have been a better 
distribution of ventilation in relation to perfusion in 
the lung after training, although measurements of 
arterial blood gas tensions would be required to prove 
this point. A shift to the left of the anaerobic threshold 
may have occurred as a result of training. We were 
not able to measure anaerobic work either directly by 
measuring lactate production or indirectly by com
paring the respiratory quotient. Future studies should 
include continuous measurement by rapid gas ana
lyzers of Vco2 and Vo2 to permit calculation of the 
respiratory quotient. 

The small increase in VC in some patients was not 
related to an improvement in Wmax. The two patients 
who had no improvement in work performance had 
increases of 0.3 liters and 0.2 liters, respectively, in 
VC; the two patients who showed marked increases 
in Wmax had no change in VC following training. 

Whereas the improvement in Wmax after steady-
state training in four patients was associated with an 
increased aerobic capacity, this was not the case for 
the patients who improved after interval training. 
Perhaps these patients had improved muscle coordi
nation for the activity of cycling or improved moti
vation. Whatever the mechanism, the increased ex
ercise tolerance should be regarded as an improve
ment for the patient. 

A power output of 300 kpm/min is required to 
carry out daily activity.6 Prior to training, only three 
patients could achieve more than 360 kpm/min, but 
after training, eight patients achieved 420 kpm/min 
or more. This finding may explain the feeling of well-
being expressed by all patients. Following training 
the patients stated that they were able to carry out 
their customary daily activities with greater ease. 

Although the patients trained on a bicycle ergom
eter, there was a significant improvement in the dis
tance walked in 12 minutes. This improvement is not 
surprising, inasmuch as similar muscle groups are 
used for both cycling and walking. However, it does 
indicate that much of the effect of bicycle training 
was transferable to walking. This transferance is im
portant because the aim of the exercise training pro
gram was to improve exercise tolerance for daily 
activities. 

Because only a few patients were tested, this must 
be regarded as a preliminary study. However, the 
results suggest that both the steady-state and interval 
training programs are useful for improving exercise 
tolerance of patients with chronic airflow obstruction. 
The steady-state program has been shown to improve 
aerobic capacity in most patients. This improvement 
may be related not only to the type of training but 
also to the fact that, prior to training, the exercise 
capacity of these patients was not as limited as those 
who required the interval training program. As shown 
by the results of the interval training program, there 
is a need to design programs suitable for individual 
patients; even patients with severe exercise limitation 
may benefit from a training program in terms of 
effort tolerance. 

Simple tests showing an improvement in Wmax or 
the distance walked in 12 minutes may be used to 
document increased effort tolerance after training. 
However, in the future, the use of more sophisticated 
techniques for measuring gas exchange or respiratory 
muscle work may enable us to determine the mecha
nism by which an increase in work capacity occurs 
despite the absence of significant improvement in 
ventilatory limitation. In this way we may be able to 
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improve our methods for rehabilitation of patients elucidate the mechanism by which training improves 
with chronic airflow obstruction. exercise performance. 

CONCLUSION 

Patients with chronic obstructive airway disease 
had a significant improvement in maximum working 
capacity on a bicycle ergometer and were able to walk 
a greater distance in 12 minutes after taking part in 
a bicycle exercise training program. 

The improvement in performance was not related 
to a change in airway obstruction, maximum venti
lation, oxygen consumption, or heart rate. There was 
a significant reduction in ventilation and frequency 
of breathing at equivalent work loads before and after 
training. These results suggest that there may have 
been a reduction in anaerobic threshold or a more 
even distribution of ventilation in relation to blood 
flow after training. Further studies are required to 
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