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The results of a 12-minute walking test and the maximum working capacity 
(Wmax) achieved on a bicycle ergometer were compared in 25 patients with 
chronic obstructive lung disease. There was a significant correlation between 
the distance walked in 12 minutes and the Wmax that each patient could achieve 
on the bicycle ergometer (r = .68, p <.001). The maximum oxygen uptake on 
both tests was not significantly different. 
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The measurement of maximum oxygen uptake dur
ing exercise on a bicycle ergometer has traditionally 
been used as a guide to physical fitness in both health 
and disease.1 (pp 41,42) Many physical therapists do not 
have methods for measuring oxygen uptake readily 
available to them. For this reason they are confronted 
with the problem of determining the level of fitness 
of a patient with chronic airway obstruction before 
starting an exercise training program. 

McGavin and associates suggest that the distance 
walked in 12 minutes may be a useful guide to 
disability in patients with chronic airflow obstruc
tion.2 We decided to compare the maximum oxygen 
uptake using the bicycle ergometer with the maxi
mum oxygen uptake measured during the last minute 
of a 12-minute walking test to determine if this simple 
exercise test would be a useful guide to physical 
fitness in patients with chronic airflow obstruction. 

METHOD 

Twenty-five patients, 16 men and 9 women, aged 
38 to 75 years (mean 59 yr) were investigated. All 
patients had spirometric evidence of obstructive lung 
disease. 

Forced expiratory volume in one second (FEV1) 
and vital capacity (VC) were measured, before and 
after administration of a bronchodilator, using a Go-
dart Expirograph.* The best of three readings was 
recorded. The patients then performed a 12-minute 
walking test in the hospital corridor. They were in
structed to walk as far as possible in that time. In 
some cases patients found it necessary to slow down 
or stop and rest during the test. During the last minute 
of walking the patients breathed through a low re
sistance two-way valve supported by a helmet, the 
valve being connected to a meteorologic balloon in 
which expired gas was collected. Frequency of breath
ing (fb) was counted during the last minute of exercise 
and pulse rate (PR) during the 15 seconds immedi
ately after completion of the walk. Expired oxygenf 
and carbon dioxide ‡ were analyzed and the gas vol
ume 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.1 (pp 185-201) 

After 20 minutes of rest the patients performed a 
progressive exercise test to maximum work capacity 
(Wmax) on an electrically braked bicycle ergometer. †† 
The load was increased by 60 kpm each minute until 
the patient indicated that he could exercise no further. 
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TABLE 1 
Preexercise Spirometry Before and After Exercise and Work, Oxygen Consumption, Ventilation, 

Frequency of Breathing, and Heart Rate Measured During Final Minute of Exercise 

Preexercise Spirometry 
(% predicted normal) Work Vo2

a 

(ml/min) (liters/min) 
fb

c 

(breaths/min) 
HRd 

(bpm) 

X 
SEM 
P 

Wmax 12 MD 
FEV1

e FEV1
f VCe VCf (kpm.) (me

ters) 

45.1 46.8 79.4 80.0 319.2 818.3 
4.8 5.2 4.2 4.9 34.5 52.5 
<.001 <.01 

Bicycle Walk 

892 910 
79 66 

NS 

Bicycle Walk 

30.4 26.9 
2.5 1.9 

NS 

Bicycle Walk 

28.8 27.4 
1.5 1.6 

NS 

Bicycle Walk 

134.0 118.5 
5.3 4.4 
<.001 

a Oxygen consumption. 
b Ventilation. 
c Frequency of breathing. 

d Heart rate measured during the 15 seconds immediately after exercise. 
e Before bronchodilator. 
f After bronchodilator. 

During exercise, heart rate (HR), fb, and ventilation 
(VE) were recorded at each workload. The expired 
gas was flushed continuously through a Tissot Gaso
meter.‡‡ During the last minute of exercise the ex
pired gas was collected and analyzed for oxygen and 
carbon dioxide as described above. For statistical 
analysis a t test for paired values was used to deter
mine the significance of the difference between values 
observed for the same subject. A value of < .05 for a 
two-tailed test has been taken to be statistically sig
nificantly different. To determine if there was a sig-
nificant linear relationship between two variables, the 
coefficient of linear correlation was used. 

RESULTS 

Airway obstruction was present at rest in all pa
tients. The mean values ± SEM for FEV1 and VC 
(expressed as a percentage of the predicted normal 
values) measured before and after the administration 
of bronchodilator aerosol are given in Table 1. 

There was no significant difference in the values 
for oxygen uptake or ventilation measured during the 
last minute of each exercise test (Tab. 1). Further, 
there was a significant correlation between the dis
tance walked in 12 minutes and the maximum work 
achieved on the bicycle ergometer (Tab. 2, Figure). 

There was a significant relationship between the val
ues for FEV1 and VC and the work performed either 
by walking or cycling (Tab. 2). 

DISCUSSION AND CONCLUSIONS 
This study demonstrates that the 12-minute walk

ing test compares favorably with the more conven-

Figure. Relationship between the distance walked in 12 
minutes and the maximum workload achieved on pro
gressive bicycle exercise. Solid line is the regression line; 
shaded area represents the standard error. ‡‡ Warren E. Collins Inc, 220 Wood Rd, Braintree, MA 02184. 

TABLE 2 
Regression Equations for the Relationship Between Maximum Working Capacity (Wmax) and Distance Walked in 12 

Minutes (12 MD), and for the Relationship Between Work Performed and the Forced Expiratory Volume in One 
Second and Vital Capacity 

xa 

W m a x 

FEV1 

VC 
FEV1 

VC 

yb 

1 2 M D 
12 MD 
12 MD 
" m a x 

W m a x 

ac 

486.70 
539.00 
364.10 

16.60 
1.20 

bd 

6.23 
220.60 
160.70 

28.90 
18.40 

df 

24 
24 
24 
24 
24 

r 

.68 

.62 

.65 

.74 

.68 

P 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

a Independent variable. 
b Dependent variable. 

c The y intercept. 
d Slope after y intercept. 
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tional technique of bicycle ergometry for the estima
tion of maximum oxygen uptake and the capacity to 
perform exercise in patients with chronic airflow ob
struction. This information provides the physical ther
apist with an alternative method for estimating Wmax 

without resorting to sophisticated laboratory tech
niques. 

Using the distance walked in 12 minutes as a guide 
to maximum exercise tolerance, the physical therapist 
may design an exercise rehabilitation program. Such 
a program may include a set distance to be walked 

on a daily basis, which may increase with training. 
This simple walking test may be used to demonstrate 
increased exercise performance after training. In ad
dition, it allows a patient to assess his own improve
ment throughout a training program. 
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