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Objective: To assess the reliability of a 9-task wheelchair
circuit.

Design: Three test trials per subject were conducted by 2
raters. Inter- and intrarater reliability were examined.

Setting: Eight rehabilitation centers in the Netherlands.
Participants: Convenience sample of 27 patients (age,

�18y) with spinal cord injury (SCI), all of whom were in the
final stage of their inpatient rehabilitation.

Intervention: A wheelchair circuit was developed to assess
mobility in subjects with SCI. The circuit consisted of 9 tasks:
figure-of-8 shape, doorstep crossing, mounting a platform,
sprint, walking, driving up treadmill slopes of 3% and 6%,
wheelchair driving and transfer.

Main Outcome Measures: Task feasibility, task perfor-
mance time, and peak heart rates.

Results: The number of tasks that subjects could perform
varied from 3 to 9. Feasibility intrarater reliability was .98, and
the interrater reliability intraclass correlation coefficient (ICC)
was .97. Performance time ICCs ranged from .70 to .99 (mean,
.88) for intrarater reliability and from .76 to .98 (mean, .92) for
interrater reliability. Heart rate ICCs ranged from .64 to .96
(mean, .81) for intrarater reliability and from .82 to .99 (mean,
.89) for interrater reliability.

Conclusions: The reliability of the wheelchair circuit was
good. More research is needed to assess test validity and
responsiveness.
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BECAUSE APPROXIMATELY 82% OF persons with a
spinal cord injury (SCI) are dependent on wheelchairs for

mobility,1 wheelchairs are important in achieving independent
mobility. Wheelchair propulsion is an inefficient and strenuous
method of locomotion.2 As a result of a reduction in active

muscle mass, the physical capacity of persons with SCI is often
very low. This leads to high physical strain during wheelchair
performance.3 A thorough mastery of wheelchair skills, com-
bined with an optimal physical capacity, can enhance mobility.
Increasing physical capacity and specific wheelchair skills
therefore are important goals of rehabilitation after SCI.4

For this study, mobility was defined as the process of mov-
ing oneself and of changing and maintaining postures.5 The
most common way to assess the mobility of persons with SCI
is through observation. The FIM™ instrument and the Modi-
fied Barthel Index are 2 frequently used observational mea-
surement instruments.6,7 Currently, the FIM is the most widely
accepted and most commonly used measure to evaluate the
mobility of persons with SCI.8 However, these observational
methods have some disadvantages. First, they are not sensitive
enough to detect small changes in mobility9-13 because they
only record whether a person can perform a particular task or
whether the task is performed independently. Small improve-
ments in the quality of the task performance can often not be
scored. Nonetheless, these small changes can be of great im-
portance. Second, these methods do not provide information
about the physical strain involved in performing a particular
task.

To skirt these disadvantages, several researchers9,10,14-20

have used functional tests, including the performance of wheel-
chair tasks, to assess mobility gain or physical strain during
wheelchair tasks. Cardus et al20 designed an open-air test
circuit. In such a situation, standardization of environmental
parameters is not possible, which limits the reliability of this
circuit as a measurement instrument. Harvey et al10 used 6
functional tasks to assess mobility in wheelchair-dependent
paraplegic subjects. Tasks used were supine to long sitting,
horizontal and vertical transfer, wheelchair propulsion on a flat
surface, driving up a ramp, and negotiating curbs. A 6-point
scoring system was used that considered only the level of
assistance needed during task performance. Performance time
and physical strain were not assessed, which makes this test
less suitable for detecting small changes in mobility. In the
Netherlands, Michels et al16 and Meijs et al19 developed a
wheelchair circuit with 6 tasks. Each task was performed for 3
minutes to reach a steady-state condition. However, this circuit
proved highly impractical for use in different rehabilitation
centers. Both Janssen et al15 and Dallmeijer et al14 used several
diverse functional activity of daily living (ADL) tasks to assess
physical strain during task performance. Some tasks specifi-
cally referred to mobility, such as ascending a ramp and trans-
ferring from a wheelchair to a toilet. Other tasks were related
to other ADLs, such as changing sheets, preparing lunch, and
washing hands. Until now, there has been no uniformly sensi-
tive measurement instrument with which to assess functional
wheelchair skills.

An ongoing longitudinal, multicenter prospective cohort
study was initiated in 1999 in The Netherlands in which people
with acute SCI are followed during and after clinical rehabil-
itation. Within the scope of this study, a functional test—the
wheelchair circuit—was developed. Its purpose is to assess
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mobility during and after clinical rehabilitation. The wheel-
chair test is primarily designed for research purposes but may
also be used in a clinical setting. The reliability of any new
measurement instrument is important to ensure that the mea-
surement error is small enough to detect actual changes in what
is being measured.21 The aim of this study was to assess the
feasibility and the inter- and intrarater reliability of this wheel-
chair circuit.

METHODS

Participants
Twenty-seven wheelchair users with SCI (convenience sam-

ple) were recruited from among patients admitted to any 1 of 8
rehabilitation centers that specialize in SCI rehabilitation in
The Netherlands. All subjects were in the final stage of their
clinical rehabilitation program, used a hand-rim wheelchair,
and were between 18 and 65 years of age. Potential participants
were not included if they had a current cardiorespiratory dis-
order or orthopedic or other medical complications that re-
stricted them in performing the tasks required for the wheel-
chair circuit. Subject characteristics are summarized in table 1.

All subjects completed a consent form after they were given
information about the testing procedures. All tests and proto-
cols were approved by the Medical Ethics Committee of the
Stichting Revalidatie Limburg and Kenniscentrum voor Re-
validatie en Handicap.

Testing Procedure
The study involved 3 performance trials of the wheelchair

circuit. To minimize a learning effect, a practice session was
performed before the test trials. Eleven research assistants
conducted the tests; 8 worked in the 8 participating rehabilita-
tion centers (6 physical therapists, 1 occupational therapist, 1
qualified nurse), and 3 were students in human movement
sciences. All 8 research assistants received extensive training
in how to administer the tests.

Subjects were tested in the rehabilitation centers in which
they were inpatients. The practice session was supervised by
the research assistant working in that center (internal research
assistants). Two test trials were directed by the internal re-
search assistant and the third by an external research assistant
(fig 1). The sequential order of the trials supervised by the
internal or external research assistant was varied arbitrarily.

During all test trials, heart rate was monitored with a Polar
Sport Tester.a Performance time was measured with a stop-
watch, and task feasibility (the ability to perform the tasks as
required—yes or no) was subjectively assessed by the research
assistants.

Time between each trial was at least 1 day and not more than
3 days. The whole testing period per subject thus ranged from
8 to 13 days. Subjects performed the test trials at the same time
of the day. To avoid influencing the test results, subjects were

asked to refrain from smoking and drinking alcohol and coffee
for at least 2 hours before each trial. They were also asked to
void just before testing.

Not all subjects performed all 3 test trials. Because of a
scheduling problem, 1 subject did not perform the test trial
conducted by an external research assistant. A second subject
received another wheelchair after he had completed the first
trial (conducted by the internal research assistant). That trial
was not included in the statistical analyses. Because of pressure
ulcers, a third subject was unable to perform the last 2 test
trials, and in 1 subject, the heart rate–monitoring devices failed
during the third test trial with an external research assistant
because of transmitter displacement.

The Wheelchair Circuit
The wheelchair circuit consisted of 9 standardized tasks

related to ADLs; they were all conditional to mobility in
persons with an SCI. The tasks used in the circuit were adapted
from the mobility-related tasks used by Dallmeijer et al,14

Janssen et al,15 and Harvey et al.10 Because the tasks vary in
difficulty, the circuit can be used to assess the mobility of
persons with different competency levels.

The 9 tasks of the wheelchair circuit are described as fol-
lows.

Figure-of-8 shape. Three markers were placed in a
straight line, 1.5m apart. Subjects started at the first marker and
drove the wheelchair in a figure-of-8 shape around the other 2
markers. Time was recorded from the moment the subjects
began to drive until the front wheels of the wheelchair passed
the first marker again. Maximum time allotted to perform this
task was 1 minute.

Crossing a doorstep. A wooden doorstep, .04m high,
.15m wide, and 1.20m long, was placed in a doorway. A
marker 1m in front of and 1m behind the doorstep was placed
on the floor. Subjects started at the first marker and crossed the
doorstep. Time was recorded from the moment subjects started
to drive until the front wheels passed the marker on the other
side of the doorstep. Subjects were allowed to make several
attempts within a maximum of 2 minutes. In doing so, the
maximum run-up allowed was the 1m indicated by the marker
on the floor.

Mounting a platform. A wooden platform, 0.10m high,
1.20m wide, and 1.20m long, was placed against a wall. Two
meters before the platform, a marker was placed on the floor.
Subjects started at this marker and drove up onto the platform.
Time was recorded from the moment the subjects started to
drive until all 4 wheels were on the platform. Subjects were

Table 1: Subject Characteristics

Type of
Injury

Completeness
of Injury n

Mean Age � SD
(y) M/F

Paraplegia Complete 9 39.7�11.5 5/4
Paraplegia Incomplete 5 29.8�8.2 3/2
Tetraplegia Complete 5 25.4�4.8 4/1
Tetraplegia Incomplete 8 37.9�15.9 6/2
Total N 27 34.7�12.5 18/9

Abbreviations: SD, standard deviation; M, male; F, female.

Fig 1. Assessment of intra- and interrater reliability. Abbreviation:
RA, research assistant.
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allowed to make several attempts within a maximum time of 2
minutes. In doing so, the maximum run-up allowed was the
2m, as indicated by the marker on the floor. This task was not
considered to have been completed if a subject did not succeed
in crossing the doorstep.

Sprint. Two markers were placed on the floor, 15m apart.
Subjects started at the first marker and drove as fast as possible
to the second marker. Time was recorded from the moment
subjects started to drive until the front wheels passed the
second marker. Maximum time to perform this task was 1
minute.

Walking. Two markers were placed on the floor, 15m
apart. Subjects who were able to ambulate walked up and down
between these markers for 2 minutes, from a standing start.
They were permitted to use the walking aids they normally
used when walking. Subjects were asked to walk at their own
personal and safe pace. If they were unable to walk for 2
minutes, the time recorded was that from the moment they
started walking until they stopped. The distance covered was
measured and rounded off to the nearest meter. At all times, the
research assistant walked alongside the subject to help prevent
a fall.

Note that walking is a task that does not seem to fit into a
wheelchair circuit. It is, however, an important aspect of mo-
bility for people with incomplete lesions who are able to walk.
We decided, therefore, to include this task in the wheelchair
circuit.

3% slope. This task was performed while driving on a
treadmill.b The treadmill started with the speed set at .56m/s.
After 10 seconds, the slope was raised to 3% (which took 12s),
and after this inclination was reached, the subjects had to keep
driving for 10 seconds before the incline was returned to 0%
(which also took 12s). The test stopped when the treadmill
reached the horizontal position again. Performance time of this
test was constant.

6% slope. This task was the same as the 3% slope, except
that the slope was increased to 6%. Increasing the slope to 6%
took 23 seconds, as did decreasing the slope back to 0%. This
task was not attempted if the subject did not succeed in per-
forming the 3% slope task. Performance time of this test was
constant.

Wheelchair driving. The subjects drove for 5 minutes on
a treadmill, at a speed of .83m/s.

Transfer. A line was placed on the floor 1m from a
treatment table and parallel to it. Subjects were asked to trans-
fer from the wheelchair to the table, beginning from the line.
First, they had to drive up to the table and put the wheelchair
in position to make a transfer. Then, they transferred from the
wheelchair to the table, with their legs hanging over the edge
and finally they lifted them onto the table while remaining
seated. The table was set at the same height as the top of the
seat cushion in the wheelchair. This task was not attempted if
a subject had a score lower than 3 on the FIM item transfer

bed/chair/wheelchair.8 The research assistants could not lift
any part of the subject’s body to help them to perform the task.
The subjects were allowed to use the assistive device(s) they
normally used in performing a transfer. Time was recorded
from the moment subjects started to move until they were
sitting with their legs on the bed. Maximum time to perform
this task was 5 minutes.

All tasks were performed in the sequence described earlier
on a hard and smooth floor surface. The subjects performed the
tasks in their own wheelchairs. During each task, task feasibil-
ity, performance time, and peak heart rate were recorded.
Immediately after each task, subjects sat quietly in their wheel-
chairs for 2 minutes as their heart rates returned to resting
levels.

The 9 tasks described previously relate mainly to 3 different
aspects of mobility: tempo, technical skills, and physical ca-
pacity. The figure-of-8 shape and the sprint mainly focus on
tempo. Crossing a doorstep, mounting a platform, and making
a transfer are tasks that require the highest level of technical
skills; the tasks of wheelchair driving, ascending slopes, and
walking mostly reflect a subject’s physical capacity. This seg-
mentation between the tasks is, of course, not as strict as stated
earlier. Walking, for instance, also reflects technique and
tempo. Ascending a slope requires technique. It is, however,
clear that the different tasks of the wheelchair circuit represent
the different aspects of wheelchair mobility.

Statistical Analysis
Intrarater reliability was assessed by using trials 1 and 2,

both of which were conducted by the internal research assis-
tant. For the assessment of the interrater reliability, trial 1 and
trial 3 (with external research assistant) were used (fig 1). The
intraclass correlation coefficient (ICC) was used as a measure
of reliability. For both the inter- and intrarater reliability, a
1-way random effects model was applied.22 A priori, an ICC of
.80 or higher was defined as an indication of good reliability.

To calculate the intra- and interrater reliability of the feasi-
bility of the different tasks, we used the sum of the number of
tasks that each subject was able to perform.

RESULTS
Because of various task difficulties, not all subjects were

able to perform all 9 tasks of the wheelchair circuit. This, in
combination with the missing trials reported in the Methods
section, resulted in a variation in the number of subjects for
whom heart rate and/or performance times were available.

Tables 2 and 3 display, respectively, performance times and
peak heart rates recorded during the performance on the dif-
ferent tasks. The walking, 3%- and 6%-slope, and wheelchair-
driving tasks had a fixed duration and are therefore not shown
in table 2. Figure 1 shows that trial 1 was used for the assess-
ment of both inter- and intrarater reliability. For the intrarater
reliability, only subjects who had a complete data set for trials

Table 2: Performance Time of the Different Tasks of the Wheelchair Circuit for the 3 Test Trials

Task

Intrarater Interrater

n Trial 1 Trial 2 n Trial 1 Trial 3

Figure-of-8 shape 25 16.3�8.6 15.6�8.1 25 16.1�8.7 16.3�9.6
Crossing doorstep 16 4.7�4.1 4.8�3.6 17 5.2�4.7 6.4�7.5
Mounting platform 8 7.1�4.8 6.6�9.5 8 11.6�12.4 12.3�14.1
Sprint 25 11.7�5.5 11.5�6.0 25 11.6�5.6 11.4�6.0
Transfer 19 47.4�49.8 42.2�38.3 18 35.9�34.7 42.4�45.7

NOTE. Values are n and mean�SD.
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1 and 2 were included, whereas the assessment of the interrater
reliability required a complete data set for trials 1 and 3. As a
result, the group composition of subjects in trial 1 differs
slightly for the intra- and the interrater reliability.

Task Feasibility
The results of trial 1 were used to describe task feasibility.

The number of tasks that each subject was able to perform
varied from 3 (n�2) to 9 (n�3). The remaining subjects
completed 8 (n�7), 7 (n�4), 6 (n�4), 5 (n�4), or 4 (n�3)
tasks.

Figure 2 shows the number of subjects who were able to
perform the different tasks. All 27 subjects were able to per-
form the figure-of-8 shape and sprint tasks, whereas only 8
subjects were able to walk for 2 minutes.

Note that the number of subjects shown in figure 2 does not
always correspond to the available data in tables 2 through 4
because of missing data attributable to measurement failure.

Inter- and Intrarater Reliability
The ICC of the intrarater reliability of the sum of tasks that

each subject was able to perform was .98 (n�25; 95% confi-
dence interval [CI], .96–.99). The interrater reliability showed
an ICC of .97 (n�25, 95% CI, .94–.99).

The inter- and intrarater reliability results of task perfor-
mance time are shown in table 4. Because of the fixed duration
of the walking, the 3%- and 6%-slope, and the 5-minute wheel-
chair-driving tasks, they are not presented here. For the figure-
of-8 shape, sprint, and transfer, both inter- and intrarater reli-
ability were high, with ICCs ranging from .94 to .99. The
interrater reliability of mounting the platform was good, with
an ICC of .96, whereas the intrarater reliability was slightly
below threshold, with an ICC of .78. Both inter- and intrarater
reliability for crossing the doorstep were below the desired
value of .80 (ICC�.76, .71, respectively).

Table 5 shows the inter- and intrarater reliability results of
the recorded peak heart rate during the different tasks. In-
trarater reliability was good for the figure-of-8 shape, crossing
doorstep, mounting platform, sprint, walking, slope 6%, and
wheelchair driving (ICC range, .83–.96). The 3% slope and
transfer showed lower ICCs (ICC�.69, .68, respectively). All
tasks showed high interrater reliability with ICCs, ranging from
.82 to .99.

DISCUSSION

This study examined the inter- and intrarater reliability of a
wheelchair circuit designed to assess the mobility of persons
with SCI. This study included only subjects in their last stage
of clinical rehabilitation. This was done to avoid learning and
training effects during the testing period, which might have
negatively influenced reliability. There was no indication that
the reliability results were not representative for persons with
SCI in earlier phases of clinical rehabilitation or who were
living at home after rehabilitation.

Results showed that not all subjects could perform all tasks;
therefore, some ICC values were based on a small number of
subjects. This must be considered when interpreting the re-
ported ICC values.

Table 3: Peak Heart Rates During the Different Tasks of the Wheelchair Circuit for the 3 Test Trials

Task

Intrarater Interrater

n Trial 1 Trial 2 n Trial 1 Trial 3

Figure-of-8 shape 24 107.4�17.6 103.8�17.2 23 110.2�16.2 107.1�15.7
Crossing doorstep 16 100.5�20.2 95.9�18.7 16 104.9�16.9 106.1�16.8
Mounting platform 8 114.3�19.2 106.3�18.8 8 113.8�18.7 107.9�27.1
Sprint 25 107.5�18.3 107.2�15.8 24 109.8�16.9 109.2�16.6
Walking 8 130.4�22.0 131.5�23.9 8 130.4�22.0 132.4�22.9
3% slope 20 99.4�16.4 94.7�15.6 19 102.1�14.8 99.1�13.0
6% slope 15 108.3�17.2 103.9�17.6 14 111.7�15.1 111.8�15.6
Wheelchair driving 21 103.1�17.3 99.7�16.5 21 105.1�14.5 105.9�13.3
Transfer 18 112.7�16.4 106.1�13.4 17 115.7�17.0 114.7�17.7

NOTE. Values are n or mean�SD.

Fig 2. Number of subjects who were able to perform the different
tasks (trial 1).

Table 4: Intra- and Interrater Reliability of the Time Needed to
Perform the Different Tasks of the Wheelchair Circuit

Task

Intrarater Reliability Interrater Reliability

n ICC 95% CI n ICC 95% CI

Figure-of-8 shape 25 .97 .94–.99 25 .97 .93–.99
Crossing doorstep 16 .71 .19–.90 17 .76 .36–.91
Mounting platform 8 .78 .00–.96 8 .96 .82–.99
Sprint 25 .99 .97–.99 25 .98 .96–.99
Transfer 19 .94 .84–.98 18 .95 .87–.98
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Feasibility
To enhance test sensitivity, the tasks each had different

difficulty levels. The fact that the number of feasible tasks
varied between subjects confirms that the tasks were not
equally difficult to perform. Mounting a platform and walking
were the most difficult tasks to perform. The easiest tasks were
the 8-shape and the sprint, which all subjects performed. Most
subjects (n�22) were able to complete 5 or more tasks, indi-
cating that the difficulty level was not set too high. The fact that
the ability to perform tasks varied between subjects suggests
that the wheelchair circuit has a discrimination validity.

Inter- and Intrarater Reliability
Overall, the inter- and intrarater reliability of the wheelchair

circuit was satisfactory. The doorstep-crossing task showed an
inter- and intrarater reliability of the performance time just
below threshold. The intrarater reliability of the performance
time of mounting a platform also was just below threshold. The
reason for these lower ICC values may be that performance
time on these tasks is more dependent on coincidence. Any
failed attempt (eg, because of a miss hit of the hand rims) costs
many seconds and may thus result in large differences between
trials. Because of this, performance time is not an adequate
outcome measure in these 2 tasks and will not be considered in
future tests.

Our results show that peak heart rates can be reliably mea-
sured during the performance of the different tasks of the
wheelchair circuit. This was also found by Janssen et al,23

Nijhoff et al,17 and Bhambhani et al,24 who stated that heart rate
responses can be reliably recorded in persons with SCI, even in
non–steady-state conditions. The intrarater reliability of the
heart rates was high in all tasks, except the 3% slope and the
transfer. These 2 tasks showed ICCs below the cutoff point of
.80, a fact that we cannot explain.

To assess whether the circuit is sensitive to changes in
mobility, further longitudinal research is needed in which sub-
jects take the test at different times during clinical rehabilita-
tion. Studies to date look promising because Janssen et al15,25

has shown that there is a relation between physical strain
during standardized ADL tasks and physical capacity in men
many years after SCI.

The wheelchair circuit was primarily designed to be used in
a longitudinal study design to assess changes in mobility during
and after rehabilitation. In cross-sectional study designs, it can
be useful to chart the mobility of wheelchair-dependent persons
with SCI. At this point, the different tasks of the wheelchair
circuit are scored and reviewed separately, resulting in 3 dif-
ferent scores per task.

In the current validation of the circuit, the aim is to design a
scoring system that reflects a person’s wheelchair mobility in a
comprehensible way. Depending on the data, this may result in
1 score per task that combines feasibility, performance time,
and physical strain during task performance, or it may result in
1 total score for the test as a whole.

CONCLUSION
The overall reliability of the wheelchair circuit was good.

Performance time of the crossing doorstep and mounting plat-
form tasks were not reliable and therefore cannot be considered
determinants of mobility. The wheelchair circuit seems to be an
adequate instrument with which to assess mobility in persons
with SCI; however, more research is needed to assess its
responsiveness and validity.
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