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Background. A simple test of aerobic fitness for patients with traumatic brain
injury (TBI) that is valid, reliable, and responsive to change is needed to provide
clinicians a functional measure of cardiorespiratory capacity.

Objective. The purpose of this study was to examine the validity and responsive-
ness to change of the Six-Minute Walk Test (6MWT) in individuals with TBI.

Design. A cohort, pretest-posttest, comparison study was conducted.

Methods. Twenty-one patients performed the 6MWT upon admission to and
prior to discharge from a postacute rehabilitation facility. Heart rate and distance
traveled were recorded. A physiologic cost index (PCI) (beats per meter) was
calculated based on steady-state heart rate. At discharge, all participants were able to
perform a graded treadmill exercise test to exhaustion during which peak oxygen
consumption (V̇O2) was measured.

Results. Between admission and discharge, mean total distance increased from
342.6 m (SD�127.0) to 408.9 m (SD�124.2), and work increased from 27,185
kg�m (SD�10,528) to 34,114 kg�m (SD�12,057). The effect size indexes were 1.10
and 1.12 for distance and work, respectively. Correlations (r) between the discharge
peak V̇O2 and the discharge 6MWT distance, PCI, and work were .58, �.61, and .47,
respectively.

Limitations. Stratification by gait speed may have improved responsiveness,
especially for the slow ambulators.

Conclusions. All measures correlated well with peak V̇O2, establishing an accept-
able level of criterion-related (concurrent) validity. The addition of heart rate and
calculating the PCI was only slightly better at predicting peak V̇O2, albeit nonsignif-
icant, than a simple measure of total distance. The 6MWT provides a good estimate
of peak aerobic capacity, and some measures are more responsive to change than
others in patients recovering from TBI.
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The Centers for Disease Control
and Prevention estimates that
at least 5.4 million Americans

currently have long-term or lifelong
need for help in performing activi-
ties of daily living as a result of a
traumatic brain injury (TBI).1 Associ-
ated direct medical costs and indi-
rect costs such as lost productivity
totaled approximately $60 billion in
the United States in 2000.1 Cognitive
and neuropsychologic impairments
often accompany the motor impair-
ment, making the assessment of
overall physical endurance capacity
in patients with TBI a special chal-
lenge. A simple test that is sensitive
to the physical and cognitive con-
straints unique to TBI and that is
valid, reliable, and responsive to
change in the patient’s endurance
capacity is lacking.

Timed walk/run tests have been in
use for more than 50 years, and the
first clinical populations studied
were patients with pulmonary and
cardiovascular disease.2,3 Walk time
duration has varied, and it has been
suggested that the Six-Minute Walk
Test (6MWT) is the best compromise
between test duration and ability to
discriminate among varying levels of
cardiorespiratory fitness.4 In this
context, the 6MWT is a measure of
functional walking capacity that eval-
uates the ability of an individual to
increase his or her activity level and
then maintain a moderate level of
physical activity over a period that
may be reflective of activities of daily
living.5

The 6MWT has since been validated
in patients with musculoskeletal
impairments,6 other samples of
patients with pulmonary patholo-
gy,7–9 and patients with cardiovascu-
lar disease.10–13 In patients with neu-
rological impairments, the 6MWT
has been used and evaluated to
determine the functional capacity
during recovery from stroke.14–16

In addition to measuring total dis-
tance traveled, heart rate response
has been incorporated to give an esti-
mate of energy expenditure or phys-
iologic cost.17–21 A physiologic cost
index (PCI) offers the advantage of
capturing increases in ambulatory
and metabolic efficiency that occur
when the distance traveled during 6
minutes may not increase, but a
lower heart rate is elicited during the
task. Eng and colleagues5 recom-
mended that the total distance of a
functional walk test be combined
with blood pressure and heart rate
measurements to better assess the
physiologic demand of the activity in
patients recovering from stroke.
Other authors22,23 have advocated
the addition of body weight (estimat-
ing total work) to improve the capac-
ity of the 6MWT for predicting
endurance.

The gold standard for measuring
endurance capacity and cardiorespi-
ratory fitness is a graded exercise test
during which oxygen consumption
(V̇O2), carbon dioxide production,
and pulmonary ventilation are mea-
sured. This is an expensive and com-

plex test requiring a great deal of
cooperation on the part of the indi-
vidual being assessed, which can be
problematic for patients with TBI,
who often have cognitive impair-
ments and motivational challenges.
This is a large population of patients,
and a simple method to measure
endurance capacity that is less bur-
densome on clinicians and patients
recovering from TBI is needed. The
6MWT is a standardized test of
endurance capacity that has been
shown to be reliable and valid in
other patient populations.6–16 When
used in rehabilitation settings, an
evaluative instrument such as the
6MWT also should be responsive to
change. The purpose of this study
was to examine the validity and
responsiveness to change of the
6MWT in a sample of individuals
with TBI. We hypothesized that the
total distance, total work, and PCI
would be responsive to change over
the course of a rehabilitation inter-
vention and would yield results that
correlated well with a measure of
endurance capacity and cardiorespi-
ratory fitness.

The Bottom Line

What do we already know about this topic?

The validity and reliability of the Six-Minute Walk Test (6MWT) has been
studied in a variety of patient populations. Very little has been published
on this clinical test in patients with traumatic brain injury (TBI).

What new information does this study offer?

In the postacute phase of rehabilitation, the 6MWT administered to
patients with TBI is responsive to change and is a good predictor of
cardiorespiratory fitness. Adding a measure of heart rate response
improves the predictive ability of the test.

If you’re a patient, what might these findings mean to
you?

The 6MWT is a very simple test to perform and is a good predictor of
endurance and aerobic capacity in patients with TBI.

Responsiveness and Validity of the Six-Minute Walk Test After Traumatic Brain Injury

May 2012 Volume 92 Number 5 Physical Therapy f 727

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/92/5/726/2735288 by guest on 10 April 2024



Method
Participants
A total of 21 patients (15 male, 6
female) admitted to a postacute res-
idential rehabilitation center gave
written consent to participate in the
study. Inclusion criteria were 18 to
60 years of age, no overt cardiovas-
cular disease, the ability to follow
2-step commands, and the ability to
ambulate without manual assistance.
The participants had a mean age of
30.1 years (SD�11.6, range�16–59)
and a mean time since injury of 15.8
months (SD�13.7, range�3–50).
Median time since injury was
approximately 13 months; 19 partic-
ipants were between 3 months and 3
years postinjury. Twenty partici-
pants had severe injuries (Glasgow
Coma Scale [GCS] score�3–8), and
1 participant had a moderate injury
(GCS score�10). Motor vehicle acci-
dents were the cause of injury in 18
participants.

As with most samples of patients
recovering from TBI, there was large
variability in physical and cognitive
abilities. All participants followed
an individualized program of occu-
pational therapy, physical therapy,
speech therapy, therapeutic recre-
ation, and neuropsychotherapy. On
average, they attended individual
physical therapy treatment sessions
3 to 5 times per week during the
time between the pretest and post-
test sessions. Each of these sessions
was 1 hour in length and consisted
of general and specific coordination,
strength, and flexibility exercises,
depending on the particular impair-
ments of the participant. Depend-
ing on the severity of impair-
ment, therapy sessions also included
low-intensity aerobic activities. The
aerobic component followed estab-
lished guidelines for frequency, dura-
tion, and type (mode) of exercise.24

Depending on the physical and cog-
nitive impairments, the mode of
exercise included, but was not lim-
ited to, treadmill and elliptical train-

ing, semirecumbent reciprocal arm
and leg training, stationary and com-
munity cycling, and aquatics. How-
ever, intensity of training was not
optimal and averaged 30% to 50% of
heart rate reserve rather than the rec-
ommended 60% to 90%.24 Seventy-
five percent of the study sample also
participated in group exercise activ-
ities that primarily consisted of trunk
and upper- and lower-extremity
active range of motion 2 to 3 times
per week.

Qualifications for participating in the
study included the ability to ambu-
late independently with or without
an assistive device at a speed of
�13.41 m/min (0.5 mph) for �50 m
over level surfaces with minimal
supervision. Eleven of the 21
patients studied were unable to per-
form the peak V̇O2 test on a treadmill
upon admission. Performance of the
treadmill test included: (1) the ability
to walk at least 13.41 m/min (0.5
mph) safely without manual assis-
tance, (2) the ability to safely balance
and coordinate stepping on the mov-
ing belt, (3) the ability to ambulate at
least 7 minutes to allow physiologic
and metabolic systems to adjust to
changing workloads, and (4) the abil-
ity to meet 2 of 3 peak V̇O2 criteria
stated below. Also, those individuals
who could not adhere to the exhaled
gas collection requirements were
excluded from the study.

Procedure
The 6MWT was performed upon
admission to the facility and just
prior to discharge. A chest strap and
wristwatch telemetry unit (Polar
Vantage XL Heart Rate Monitor,
Polar CIC, Port Washington, New
York) monitored heart rate continu-
ously throughout the test. Partici-
pants were instructed to walk
around a rectangular track as many
times as possible in 6 minutes. The
track was set up in an area that mea-
sured approximately 12 m � 6 m.
Plastic cones marked the corners of

the track, indicating where the par-
ticipant changed direction, always
turning left 90 degrees. Participants
were requested to walk around the
cones as many times as possible in
the 6-minute period at a fast but safe
speed. Verbal encouragement was
standardized and included the
phrase “you are doing fine” after
every minute. At minutes 4 and 5,
the participants were told they had 2
minutes and 1 minute, respectively,
left to walk. The distance traveled
was recorded in meters after comple-
tion. The total distance walked and
the PCI have been shown to have
high test-retest reliability for indi-
viduals with TBI (intraclass correla-
tion coefficient [ICC 2,1] for dis-
tance�.94, ICC [2,1] for PCI�.89).25

Based on these previous data and the
desire to minimize the burden of
testing on patients and clinicians, no
practice trials were included.

At discharge, all participants could
safely perform a graded treadmill
exercise test to exhaustion in which
peak V̇O2 was measured. Discharge
testing was performed 2 to 3 days
before or after the discharge 6MWT.
During graded exercise testing, the
participants’ resting and exercise
heart rate were monitored by elec-
trocardiography (Cardio Perfect Inc,
Atlanta, Georgia). Minute ventilation,
V̇O2, and carbon dioxide production
during rest and exercise were deter-
mined by an automated metabolic
cart (Medical Graphics Corp, St Paul,
Minnesota). The metabolic cart was
calibrated before each test using
gases of known concentration. The
pneumotach was calibrated with a
3-L syringe. Gas exchange data were
averaged over 20-second intervals
and used as submaximal and peak
values.

Aerobic capacity was measured
while ambulating on a treadmill, and
participants were allowed to use
handholds for balance and safety.
Handholds were mandatory for
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those patients who used an assistive
device for overground walking but
for balance purposes only. Speed of
the treadmill was held constant and
dependent on the severity of the par-
ticipant’s gait impairment. Actual
treadmill speeds ranged from 18.8 to
88.5 m/min (0.7–3.3 mph), with a
mean speed of 67.4 m/min
(SD�22.8) (X�2.5 mph, SD�0.8).
Exhaustion was brought about by 2%
increases in slope of the treadmill
every minute. Participants were
instructed to give their best effort
and told that there was no set dura-
tion they were expected to walk.
This testing protocol is a modifica-
tion of the Balke stress test,26 and has
been used previously in patients
with TBI.27,28 Both submaximal and
peak responses have been shown to
be reliable in this population (ICC
[2,1] for peak V̇O2�.92).29 The pri-
mary goal of testing was to encour-
age the participants to give a maxi-
mal effort. Quantitative indicators of
peak aerobic capacity included: (1)
reaching 85% to 90% of age-
predicted maximum heart rate, (2) a
plateau in V̇O2 with an increase in
workload, and (3) a respiratory
exchange ratio equal to or greater
than 1.10.24 More importantly, the
test was stopped if a participant’s
safety became compromised or if he
or she requested to stop. No manual
assistance was provided during any
of the testing procedures.

Data Analysis
Steady-state heart rate was calculated
by averaging the heart rate at the end

of minutes 3 through 6 of the 6MWT.
The PCI (beats per meter)19 was cal-
culated by dividing heart rate (beats
per minute) by gait speed (m/min).
Work on the 6MWT was calculated
by multiplying total distance by body
weight.22,23 Paired-samples t tests
were performed on admission and
discharge 6MWT results. Further-
more, standardized response means
(SRMs)30 were calculated by dividing
the mean differences by their respec-
tive standard deviations to better
characterize responsiveness and the
signal-to-noise ratio. Pearson product
moment coefficients were calculated
correlating peak V̇O2 with: (1) dis-
charge 6MWT total distance, (2) dis-
charge 6MWT PCI, and (3) discharge
6MWT total work. Correlating the
discharge data was necessary
because not all participants could
safely perform the graded treadmill
test upon admission or meet the
peak criteria stated above. Simple lin-
ear regression analyses were per-
formed to develop a prediction equa-
tion for each of the 3 predictor
variables. Statistical analyses were
performed with a desktop statistical
analysis program (SPSS version 17.0.
SPSS Inc, Chicago, Illinois) at an
alpha level of .05 (2-tailed). A Bon-
ferroni adjustment was used to com-
pensate for the multiple
comparisons.

Role of the Funding Source
This work was supported by the
National Institute of Child Health
and Human Development and the
Moody Foundation.

Results
Responsiveness
The time between admission and dis-
charge testing ranged from 8 to 25
weeks, with an average follow-up
time of 17.7 weeks (SD�4.6). The
median duration of treatment was 18
weeks. The values at admission and
discharge for the 6MWT are dis-
played in the Table. Significant dif-
ferences were found between admis-
sion and discharge distance and
work outcomes (P�.001). There
was a 28% decline in PCI at dis-
charge, but the difference was not
significant. However, the tendency
for PCI to decrease suggests an
increase in efficiency of ambulation
was achieved. Three participants
used ankle-foot orthoses on both
admission and discharge tests. One
participant progressed from an ele-
vated forearm support walker to a
standard rolling walker. Another par-
ticipant progressed from a standard
rolling walker to a single-point cane.
All other participants did not require
assistive devices upon admission or
discharge.

In addition to comparing means, the
SRM is shown in the Table. The SRM
is reported in order to capture data
from all participants regardless of
whether they improved, remained
stable, or declined in performance. It
also differs from the effect size in
that it factors in the variability of the
change scores rather than the vari-
ability of the baseline scores. Accord-
ing to Liang and colleagues,30 it
resembles the t statistic but does not

Table.
Differences Between Admission and Discharge Variables for the Six-Minute Walk Testa

Variable Admission Discharge Difference
95% Confidence

Interval P SRM

Total distance (m) 342.6 (127.0) 408.9 (124.2) 66.3 (60.1) 39.0 to 93.7 .00* 1.103

PCI (beats�meter�1) 2.67 (2.70) 1.90 (0.84) �0.76 (2.05) �1.69 to 0.17 .104 0.371

Work (kg�m) 27,185 (10,528) 34,114 (12,057) 6,929 (6,206) 4,104 to 9,754 .00* 1.116

a Values at admission and discharge for the Six-Minute Walk Test and for difference between admission and discharge are mean (SD). Asterisk indicates
significant difference prior to Bonferroni adjustment (P�.0125). SRM�standardized response mean, PCI�physiologic cost index.
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factor in sample size. Using Cohen’s
guidelines31 a value of 0.2 is consid-
ered weak, 0.5 is considered moder-
ate, and �0.8 is considered a large
effect.

Validity
The correlation (r) between the dis-
charge peak V̇O2 on the graded tread-
mill test and the 6MWT total distance
was .58 (Fig. 1). The correlation
between peak V̇O2 and PCI was �.61
(Fig. 2). When taking body weight
into account and calculating work,
the correlation (r) with peak V̇O2

normalized for body weight
(mL�kg�1�min�1) was .47 (Fig. 3).
Simple regression analyses were per-
formed using 6MWT total distance,
PCI, and work as predictors of peak
V̇O2. Results were as follows:

1. 6MWT total distance as a predic-
tor variable for peak V̇O2 (r�.58,
R2�.34, adjusted R2�.30, standard
error of the estimate [SEE]�2.98).
The prediction equation is as follows
(F1,19�9.60, P�.006):

peak V̇O2 �
15.12 � (0.02 � total distance)

2. 6MWT PCI as a predictor variable
for peak V̇O2 (r�.61, R2�.38,
adjusted R2�.35, SEE�2.88). The
prediction equation is as follows
(F1,19�11.52, P�.003):

peak V̇O2 � 26.88 � (2.61 � PCI)

3. 6MWT work as a predictor vari-
able for peak V̇O2 (r�.47, R2�.22,
adjusted R2�.18, SEE�3.22). The
prediction equation is as follows
(F1,19�5.38, P�.032):

peak V̇O2 �
17.18 � (1.39E � 5 � work)

Discussion
Prior to this report, there had been
no effort to assess the responsive-
ness and validity of the 6MWT in
patients recovering from TBI. We

found that responsiveness varied
depending on the variable measured,
as did the validity (predictability).
Total distance and work were the
most responsive, whereas physio-
logic cost (PCI) tended to be a bet-
ter, albeit not significant, predictor
of peak V̇O2. Work tended to have
the least predictive ability. Total dis-
tance is the variable most often
reported in studies utilizing the
6MWT as an outcome variable. The
average distance upon admission for
patients with TBI in this study was
342 m and was not significantly dif-
ferent from values reported for other
patients with neurologic impair-
ments (ie, stroke).14–16

Unfortunately, few studies have
investigated the responsiveness of
the 6MWT, especially in patients
with neurological impairments. Dun-
can and colleagues32 used the 6MWT
to assess changes in endurance in
patients with mild to moderate cere-
brovascular accident in response to a
supervised home exercise program.

Change scores were reported for the
6MWT (�59 m) and are on the same
order as those reported here. Unfor-
tunately, standard deviations were
not reported, precluding the assess-
ment of responsiveness. Latham and
colleagues33 followed patients after
hip fracture and found the 6MWT
distance to be responsive
(SRM�1.11) and on the same order
of magnitude as in our patients with
TBI. Demers and coworkers34 fol-
lowed patients with heart failure and
examined the responsiveness of the
6MWT to various pharmacologic
interventions. They did not find the
6MWT distance to be responsive to
change (SRM ranged from �0.009 to
0.269). In another study of patients
with heart failure, the 6MWT was
found to have an effect size of 0.85.35

Regarding validity, Cooper36 was the
first to report on the relationship
between a treadmill test performed
in the laboratory and a 12-minute
walk/run test performed in the field
in young US Air Force personnel

Figure 1.
The peak oxygen consumption (V̇O2) of the 21 participants during graded exercise
testing matched with their total distance covered during the Six-Minute Walk Test at
discharge. PI�prediction interval.
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who were healthy and found a cor-
relation coefficient of .90. In patients
with chronic pulmonary disease,
McGavin and colleagues2 reported a

correlation of .52 when comparing a
12-minute walk test with V̇O2 deter-
mined by cycle ergometry. Unfortu-
nately, nearly all validity studies have

used the cycle ergometer to measure
peak V̇O2. This finding is problematic
given that performance on the cycle
ergometer usually is limited by quad-
riceps muscle fatigue, and conse-
quently V̇O2 is significantly less com-
pared with treadmill exercise.37

These same findings were reported
in patients with TBI.27 The only
study, besides the study by Cooper,
that compared a timed walk test dis-
tance with treadmill exercise was in
patients with rheumatoid arthritis
and osteoarthritis and had a correla-
tion coefficient of .87.6 However,
that study assessed only 5 patients
and used 5-minute walk distance
rather than the 6MWT distance.

Other patient populations have been
studied extensively, particularly
those with pulmonary and cardiovas-
cular disease. Although some
authors have found moderate to high
correlations with maximum V̇O2,
others have found low and insignifi-
cant relationships. For patients with
cardiovascular accident, correlation
coefficients ranged from .37 to
.84.14–16 For other patient popula-
tions, primarily those with cardiovas-
cular and pulmonary impairments,
the coefficients ranged from .36 to
.78 (for a review, see Solway et al38).
Again, the majority of these studies
examined only distance and used a
cycle ergometer to measure peak
V̇O2.

In addition to studies assessing the
validity of total distance measures,
there are 2 reports in which 6MWT
work has been approximated and
correlated to peak V̇O2. Carter and
coworkers22 found that total dis-
tance alone had a correlation coeffi-
cient of .54. When body weight
was factored in (distance �
weight�work), the correlation
improved to .81. Oudiz and col-
leagues23 utilized a similar method
and found the correlation improved
from .48 to .76. However, these rela-
tionships were based on absolute

Figure 2.
The peak oxygen consumption (V̇O2) of the 21 participants during graded exercise
testing matched with Six-Minute Walk Test physiologic cost index (PCI) at discharge.
PI�prediction interval.

Figure 3.
The peak oxygen consumption (V̇O2) of the 21 participants during graded exercise
testing matched with Six-Minute Walk Test work at discharge. PI�prediction interval.
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peak V̇O2 (mL�min�1) and not body
weight–normalized peak V̇O2

(mL�kg�1�min�1). Our results were
similar when assessing the relation-
ship between the absolute V̇O2 and
6MWT work (r�.47, P�.032 versus
r�.70, P�.001). The increase in the
relationship is not unexpected, and
one should be cautious using abso-
lute V̇O2 because a heavier person
has the potential to perform more
work and consume more oxygen
simply because he or she has more
mass. Furthermore, nearly all norma-
tive values for peak aerobic capacity
are based on weight-normalized V̇O2.

Including the heart rate response as
part of the 6MWT provides the clini-
cian with an estimate of the intensity
of the work being performed. By
combining heart rate with gait
speed, the number of heart beats per
meter walked (PCI) can be derived.
Because heart rate and V̇O2 are lin-
early related, the PCI can be used to
estimate energy expenditure.
Indeed, the simple regressions sug-
gest that PCI was slightly better at
predicting peak V̇O2 in this study.
However, we did not find it to be the
most responsive to change over
time. Although there was a tendency
for PCI to decline (improvement of
28%) as a result of treatment
(increased gait efficiency), the lower
responsiveness (SRM) may have
been due to the high variability
across participants. It also may have
been a reflection of the type of treat-
ment the participants received.
Emphasis is typically on improving
balance, coordination, and strength
and not on cardiorespiratory endur-
ance in patients who function at a
low level physically. Regardless, cli-
nicians should still be encouraged to
include a heart rate response with
the 6MWT given the ease with
which these data can be collected. If
a portable heart rate monitor similar
to the one used in this study is not
available, clinicians can easily pal-

pate a 10-second recovery pulse at
the conclusion of the 6MWT.

Limitations include the small sample
size, which did not allow for devel-
opment of a statistically sound mul-
tiple regression model. In addition,
future studies should consider strati-
fication of patients into subgroups
based on gait speed. Stratification
based on gait speed would likely
result in less variability within the
subsamples and improve responsive-
ness, but the lower variability may
reduce the predictive capacity of a
future model. On the other hand, it
may reveal that the 6MWT is more or
less responsive and valid in certain
subgroups of patients. The answer to
this question will come when more
patients can be studied.

Conclusions
Patients with acquired brain injury
commonly complain of fatigue and
have decreased functional walking
capacity and endurance.27,39,40 It
would be helpful to the clinician if
there were a responsive and valid
measure of endurance capacity. In
our study, the total distance and
work performed on the 6MWT were
found to be responsive to change in
a sample of patients with TBI under-
going postacute residential rehabili-
tation. The observed difference in
total distance walked and the lack of
significant change in PCI indicate
that the participants were able to
increase their gait speed at the same
level of exertion, suggesting an
improvement in ambulatory effi-
ciency. The results suggest that
6MWT PCI is a slightly better predic-
tor of peak V̇O2 than total distance or
work. However, accurately measur-
ing heart rate during the walk may
be problematic without the right
tools, and the addition of some cal-
culations may increase the burden
on a busy clinician. Total distance
has an advantage from a simplicity
standpoint. We do not recommend
using work as a predictor of peak

V̇O2 because the adjusted R2 value
indicates it accounts for only 18% of
the variability. Overall, the 6MWT is
a good estimate of peak aerobic and
endurance capacity in patients in the
postacute phase of recovery from
TBI. As a measure of endurance
capacity, the 6MWT combined with
a measure of heart rate response
could replace the more sophisticated
and complex measure of peak V̇O2

and help assess the effectiveness of
cardiopulmonary conditioning pro-
grams in a simple and cost-effective
way in patients recovering from TBI.
Improving cardiorespiratory fitness
should be part of a holistic approach
to treatment.
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