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Background. For children with cerebral palsy (CP) who are able to walk or run,
the 10-m shuttle run test is currently the test of choice to assess cardiorespiratory
fitness. This test, however, has not yet been examined in wheelchair-using youth with
CP.

Objective. The purpose of this study was to investigate the test-retest reproduc-
ibility and validity of the 10-m shuttle ride test (SRiT) in youth with CP.

Design. Repeated measurements of the SRiT were obtained.

Methods. Twenty-three individuals with spastic CP (18 boys, 5 girls; mean age�
13.3 years, SD�3.6 years) using a manual wheelchair for at least part of the day
participated in this study. During the study, all participants performed one graded
arm exercise test (GAET) and 2 identical SRiTs within 2 weeks. Peak oxygen uptake
(V̇O2peak), peak heart rate (HRpeak), and respiratory exchange ratio (RER) were
recorded. Intraclass correlation coefficients (2,1), the smallest detectable difference,
and the limits of agreement (LOA) were calculated. The association between the
results of the SRiT and GAET was tested using Pearson correlation coefficients.

Results. Intraclass correlation coefficients (.99, 95% confidence interval�.98–
1.00) for all variables indicated highly acceptable reproducibility. The LOA analysis
revealed satisfactory levels of agreement. The SRiT variables demonstrated strong,
significant positive correlations for V̇O2peak values obtained during the SRiT and the
GAET (r�.84, P�.01).

Limitations. Although the GAET is considered the gold standard, the cardio-
respiratory demand during the GAET was significantly lower compared with during
the SRiT. Future studies should determine whether the GAET can still be accepted as
the gold standard for upper-extremity exercise.

Conclusions. The SRiT is a reproducible and valid test for measuring cardio-
respiratory fitness in youth with spastic CP who self-propel a manual wheelchair.
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Autonomous mobility, or get-
ting from place to place with-
out relying on other people, is

desirable for social and community
participation for wheelchair-using
youth. A relationship between
mobility and participation has been
documented for children and youth
with cerebral palsy (CP).1,2 Children
with more severe types of CP (ie,
Gross Motor Function Classification
System [GMFCS] levels III and IV)
have to rely, for short or longer
distances, on a manually propelled
wheelchair for mobility. Children
and youth who do not walk are more
likely to have limited participation.2

Thus, improving wheelchair mobil-
ity is an important goal for this group
of children. Wheelchair mobility is
not always optimal. This situation
could be due to: (1) the vehicle
mechanics of the wheelchair, (2) the
wheelchair design is not appropriate
for the user, or (3) the individual’s
functional capacity.3 If the individu-
al’s functional capacity is the limiting
factor in wheelchair mobility, the
assessment of cardiorespiratory fit-
ness of wheelchair users might be an
important area of interest in physical
rehabilitation, especially as a low car-
diorespiratory fitness level is associ-
ated with shorter life expectancy
and a higher risk of developing type
2 diabetes, cardiovascular disease,
and some types of cancer.4,5

Exercise testing over time can pro-
vide a quantitative assessment of the
improvement or decline in the car-
diorespiratory fitness (aerobic capac-
ity) of children and adolescents with
CP and has the potential to be an
important measurement tool in clin-
ical practice as well as in research.6

Exercise testing, with direct mea-
surements of maximal oxygen
uptake (V̇O2), provides the most
widely recognized and accurate
index of cardiorespiratory fitness.
However, there are limited outcome
tools to assess cardiorespiratory fit-
ness easily and accurately in individ-

uals with CP who rely on a manually
propelled wheelchair for short or
longer distances. A common approach
for wheelchair users has been labo-
ratory tests evaluating maximal car-
diorespiratory adaptations during
arm cranking.7–9 However, such
tests require many resources in
terms of qualified personnel and
sophisticated instrumentation, which
are not always available.

Field tests can serve as an alternative
when the cardiorespiratory fitness of
wheelchair users needs to be evalu-
ated. For children with CP who are
able to walk or run independently,
running-based field tests, such as the
10-m shuttle run tests (SRT-I, SRT II,
and SRT-III), are currently used in
clinical practice to assess cardio-
respiratory fitness and are inexpen-
sive measures that do not require
special equipment or training.10,11

Moreover, the 10-m distance makes
these tests appropriate for most cli-
nicians because only a small gym or
hallway is required. These 10-m test
protocols, however, have not yet
been examined in wheelchair-using
youth with CP. Reproducibility and
validity of field exercise tests are
important issues for clinical out-
comes. Therefore, the objective of
this study was to investigate the
test-retest reproducibility and valid-
ity of the 10-m shuttle ride test (SRiT)
in wheelchair-using youth with CP.

Method
Participants
This study focused on children and
adolescents with CP between the
ages of 7 and 18 years who were
diagnosed with spastic CP and clas-
sified at Gross Motor Function Clas-
sification System Expanded and
Revised12 (GMFCS-E&R) levels III
and IV. All participants were
required to self-propel a manual
wheelchair for at least a part of the
day and were capable of following
simple instructions.

Four schools for special education
were informed about the study and
the inclusion and exclusion criteria.
Based on clinical examination, pedi-
atric physiatrists working in these
schools referred suitable partici-
pants. A total of 23 children with CP
(18 boys, 5 girls; mean age�13.3
years, SD�3.6) and their parents
provided informed consent for par-
ticipation in this study. All children
received rehabilitation services in
the Netherlands at the time of partic-
ipation. Participant characteristics
are provided in Table 1.

Procedure
All participants attended a total of
3 testing sessions. Participants were
blinded to their performance on
each of the tests. All tests were per-
formed within a period of 2 weeks in
4 rehabilitation centers across the
Netherlands and were supervised by
2 experienced assessors.

Prior to testing, each participant’s
body mass was determined using an
electronic scale, (Stimag, Hoofd-
dorp, the Netherlands), and height
was assessed in a supine position.
The weight of the participant’s
wheelchair also was determined
using an electronic scale. Functional

Table 1.
Participant Characteristics (N�23)a

Variable Values

Age (y) 13.3�3.6

Height (cm) 149.6�14.3

Height for age SDS �1.48�1.07

Body mass (kg) 42.3�13.1

Body mass for age SDS 1.05�1.03

BMI (kg/m2) 18.5�4.0

BMI for age SDS �0.47�1.96

GMFCS, n

Level III 3

Level IV 20

a Age, body height, body mass, body mass index
(BMI), and standard deviation score (SDS)11 data
are reported as X�SD. GMFCS�Gross Motor
Function Classification System.
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mobility was quantified using the
Functional Mobility Scale (FMS).13

To assess test-retest reliability of the
SRiT, each participant performed the
SRiT twice. To assess validity, we
compared the peak oxygen uptake
(V̇O2peak) achieved during the
graded arm exercise test (GAET)
with V̇O2peak during the SRiT. The
GAET and the SRiT were separated
by a minimum of 2 days and a max-
imum of 7 days (X�4.1, SD�1.4).

Measures
GMFCS. A pediatric physical ther-
apist experienced in using the
GMFCS-E&R12,14 utilized the trans-
lated Dutch version to classify the
children and adolescents with CP
according to their functional ability.

FMS. The FMS, a reliable and valid
instrument, is a 6-point ordinal scale
that quantifies mobility according
to the need for assistive devices at
3 specific distances: 5, 50, and
500 m.13,15 These distances repre-
sent home, school, and community
environments, respectively. The FMS
is administered by asking the child
or parent a few questions and to indi-
cate whether the child uses a wheel-
chair (score�1) or is ambulatory
with or without assistive devices
(score�2–6) for every distance.

GAET. The GAET was performed
using a protocol that we developed
during pilot testing. The child used
his or her arms for cranking while
sitting on a chair. The axle of the
pedals was adjusted at shoulder
height such that the elbow joint was
almost in full extension (165°–175°)
when the participant’s hands were
grasping the handles (synchro-
nously) with the crank horizontally
positioned away from the body. The
child was seated comfortably, sup-
ported by the back of the seat or
by a pillow and was asked to remain
seated throughout the test. Strap-
ping in was needed to stabilize some

participants to minimize leg motion.
The test was performed on an elec-
tromagnetically braked cycle ergom-
eter (Lode Angio, Procare BV,
Groningen, the Netherlands). The
ergometer was fixed to the floor to
prevent any ergometer movement
during the test.

The protocol consisted of 3 parts:
(1) warm-up: the participant had to
crank at a comfortable pace for 1
minute; (2) load-phase: every minute
the load increased by 8 W, starting at
0 W, and all participants were ver-
bally encouraged to maintain their
cadence (revolutions per minute
[rpm]) within 40 to 60 rpm through-
out the test; and (3) recovery: once
the test was completed, participants
were given a chance to crank at their
own pace for as long as they desired
without a braking force.

SRiT. The shuttle run test protocol
that was originally developed for
children with a GMFCS level II clas-
sification was used.10 The starting
speed, as indicated by the beeps on
the test CD, is 2 km/h, and the
increase in speed is 0.25 km/h every
minute. The SRiT requires children
to propel the wheelchair between 2
markers delineating the respective
course of 10 m, at a set incremental
speed determined by a signal, which
is played by a standard CD player. All
participants were accompanied by a
physical therapist during the test to
help them pace themselves with the
audio signal. At the end of each level,
the participants were told to go a
little faster. The test was finished
when, on 2 consecutive paced sig-
nals, the participants were more
than 1.5 m away from the marker.
Total exercise time and heart rate at
the end of the test were recorded
and used for analysis. All children
used their own wheelchair during
the tests.

Before the GAET and SRiT, the par-
ticipants were given adequate expla-

nation of the proposed protocol and
its objectives. They were encour-
aged to push themselves to their lim-
its, and the test was stopped when
they were unable or refused to con-
tinue the test despite encourage-
ment. The subjective criteria of
intense effort, such as an unsteady
arm crank (�30 rpm) or propelling
pattern, sweating, facial flushing, or
a clear unwillingness to continue
exercising despite repeated strong
verbal encouragement, were used to
determine whether the test was max-
imal. Each child had to meet at least
2 subjective criteria at the end of the
tests. All tests were performed under
standardized conditions in a labora-
tory environment. The participants
maintained their normal diet before
the day of testing. Only light physical
activity was performed on the day
before testing, and on the test day,
participants did not exercise before
their test visit.

Study Design
During the study, all participants per-
formed 2 identical SRiTs and one
GAET within 2 weeks to assess the
reliability and validity of the mea-
surements. One SRiT and one GAET
were performed while wearing a
facemask and a mobile gas analysis
system (Cortex Metamax, Cortex-
Medical GmbH, Leipzig, Germany).
The participants also completed one
SRiT without mobile gas analysis sys-
tem. The testing was done while the
participants were wearing regular
clothing.

During the GAET and SRiT with gas
analysis, the participants wore a
firmly fitted facemask attached to a
calibrated mobile gas analysis system
with an in-built gas analyzer, which
allowed gas analysis throughout the
test. Measurements of cardiopulmo-
nary variables were collected. Before
each trial started, the participants
rested until they had a stable heart
rate. Their heart rate was measured
continuously, and the measurements
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were saved to a storage device dur-
ing all tests using a reliable and accu-
rate heart rate monitor.16 The Cortex
Metamax is a valid and reliable sys-
tem for measuring ventilatory param-
eters during exercise.17–19

The mobile gas analysis system con-
sisted of a facemask, a transmitting
unit (containing different oxygen
and carbon dioxide gas analyzers),
and a receiving unit. The transmit-
ting unit with facemask and tubing
(total weight�0.57 kg) was attached
to the child with a harness, and
the receiving unit was connected
to a laptop computer located within
500 m of the transmitting unit. Met-
abolic stress test software (Metasoft,
version 2.6, Cortex-Medical GmbH,
Leipzig, Germany) was used to mea-
sure minute ventilation, V̇O2, carbon
dioxide production (V̇CO2), and heart
rate and to calculate the respiratory
exchange ratio (RER�V̇CO2/V̇O2)
every 10 seconds.

During the SRiT without gas analysis,
only the participants’ heart rate was
monitored. The heart rate was read
from the wrist monitor at the end
of the test and recorded on the
datasheet.

Data Analysis
Reproducibility. Reproducibility
encompasses both reliability and
agreement.20 To assess reliability,
intraclass correlation coefficients

(ICC [2,1]) were used. An ICC �.80
reflects excellent reliability, and
ICCs from .70 to .79 reflect good
reliability.21 The recommended min-
imum for the lower bound of the
95% confidence interval (95% CI) is
.85.22 For agreement, the standard
error of measurement (SEM) was
used to determine the precision of
the total score of both tests. The SEM
describes the error in interpreting
the test score of an individual. It
allows for estimation of the “true”
test performance using a reliability
coefficient and is computed as the
standard deviation of the total score
multiplied by the square root of 1
minus its reliability coefficient
(SEM�SD � �1�ICC). It is impor-
tant to know, especially in clinical
practice, whether the test-retest dif-
ferences on an individual basis are
exceeding a smallest detectable dif-
ference (SDD) of 1. The SDD of the
total score was computed as 1.96 �
�2 � SEM to obtain a 95% CI
value.20

To determine whether there were
significant differences for peak heart
rate (HRpeak), V̇O2peak, peak venti-
lation (V̇Epeak), and RER between
the GAET and the SRiT, the data
were compared using paired t tests.
The Bland-Altman procedure was
used to check for heteroscedasticity
of the test and retest of the SRiT.23

Furthermore, the consistency of
measurements was verified graphi-

cally using the method of Bland and
Altman.23 This method plots differ-
ences between 2 measurements
against the average of the 2 measure-
ments. Size and range of differences,
scoring distribution, and possible
measurement bias can be visually
assessed. The Bland and Altman lim-
its of agreement (LOA)23 were used
to evaluate the level of agreement
between test and retest. The LOA
define the limits within which 95%
of the differences are expected
to fall (mean�1.96 SD of the
differences).

Validity. The association between
the results of the SRiT and GAET was
tested using the Pearson correlation
coefficients (r). An alpha level of
�.05 was considered statistically sig-
nificant.21 Finally, a post hoc power
calculation was conducted to assess
whether the study had adequate
sample size.

Role of the Funding Source
The study was funded by the
Dr W.M. Phelps Foundation. The
funder had no role in the design; the
data collection, analysis, and inter-
pretation; the reporting of this work;
or the decision to submit the work
for publication.

Results
All of the participants completed
all tests without complications.
Twenty-one children were bimanu-
ally functional, and 2 children used
one arm to propel and one arm to
steer their wheelchair using a steer-
ing wheel. The FMS data show that
11, 14, and 23 children used their
wheelchair at home, at school, and
in community environments, respec-
tively. Eight children did not wear
a facemask because the thought of
breathing through the mouthpiece
frightened them, and only heart rate
was monitored during the exercise
tests.

Table 2.
Results of the 10-m Shuttle Ride Test (SRiT) and Graded Arm Exercise Test (GAET)
(N�23)

Measure X SD Range

SRiT

Exercise time (min) 8.0 4.9 1–16

HRpeaka (bpm) 171.0 23.2 122–206

GAET

Exercise time (min) 5.6 3.0 0.5–14.0

HRpeak (bpm) 160.5 24.5 117–194

a HRpeak�peak heart rate.
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The following results refer to both
sexes and GMFCS levels. The physi-
ological variables measured on both
exercise tests are provided in Table 2.

Reproducibility
The test-retest reliability statistics of
the SRiT are presented in Table 3.
The ICC value for exercise time was
.99, with an SEM of 0.5 and an SDD
of 1.4. The ICC value for HRpeak
was .99, with an SEM of 2.3 and an
SDD of 6.4. As can be appreciated
from the Bland-Altman plots (Figs. 1
and 2), there were some obvious out-
liers. These outliers were included in
the calculations. The 2 children who
propelled their wheelchair with one
arm had the lowest performance on
the SRiT.

Validity
In 8 participants, the V̇O2peak, RER,
and V̇Epeak were not monitored.
These participants’ data, therefore,
were not included in the validity
analysis. The physiological variables
measured on both tests in which
V̇O2peak values were obtained are
presented in Table 4. There was a
strong and significant correlation
between the V̇O2peak and HRpeak
values obtained during the SRiT and
the GAET (r�.84, P�.01 and r�.80,
P�.01, respectively). There was a
significant but weak correlation
between the RER values obtained
during the SRiT and the GAET
(r�.63, P�.01).

Post Hoc Power Calculation
The calculation of the statistical
power for validity was performed
post hoc using the sample size of 15,
the correlation coefficient of .84, and
a P value of .05. The results indicated
that this study had a power of �0.9
to detect a significant correlation
between the 2 tests.

Discussion
The purpose of this study was to
determine the 2 aspects of reproduc-
ibility (reliability and agreement) and

Table 3.
Test-Retest Reliability Statisticsa

SRiT ICC
95% CI
of ICC SEM SDD LOA

Exercise time (min) .99 .98–1.00 0.5 1.4 �1.45 to 1.45

HRpeak (bpm) .99 .98–1.00 2.3 6.4 �9.9 to 8.1

a SRiT�10-m shuttle ride test, HRpeak�peak heart rate, ICC�intraclass correlation coefficient, 95%
CI�95% confidence interval, SEM�standard error of measurement, SDD�smallest detectable
difference, LOA�limits of agreement.

Figure 1.
Bland-Altman plot of test and retest on the final stage of the 10-m shuttle ride test
(SRiT).

Figure 2.
Bland-Altman plot of test and retest of peak heart rate (HRpeak) during the 10-m shuttle
ride test (SRiT).
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validity of the SRiT in children and
adolescents with CP who self-propel
a manual wheelchair. Reliability of
the SRiT can be considered excel-
lent, with ICCs of .99 (95% CI�.98–
1.00). Agreement was good, as
reflected by the narrow LOA. The
ICCs for the SRiT are similar with
those previously reported for SRT in
the literature, ranging from .97 to .99
for children with CP classified at
GMFCS level I, II, or III.10,11 More-
over, significant correlations between
the V̇O2peak values on the SRiT and
the GAET were found, indicating
that the SRiT is a valid test for the
assessment of cardiorespiratory fit-
ness in children with CP who self-
propel a wheelchair.

The SRiT is inexpensive and easy
to administer. This test does not
require any special equipment or
extensive training, making it almost
directly available for a variety of
exercise professionals working with
children and adolescents with CP.
During the tests, each participant’s
heart rate was measured continu-
ously, and all participants were
instructed to exercise until exhaus-
tion. For children and adolescents
who are able to walk independently,
the physiological objective criterion
of a heart rate �180 or �185 bpm
is frequently used to determine

whether the test is performed maxi-
mally.24 However, for people who
are self-propelling a wheelchair or
are arm cranking during an exercise
test, this criterion might not be
appropriate because peak heart rate
is significantly lower during arm
exercise compared with leg exer-
cise.25 This difference might be
explained by a lower recruited mus-
cle mass or an insufficient muscle
strength or skill. Moreover, it also
has been thought that a limitation of
arm crank ergometer tests is that
maximal exhaustion of the cardio-
respiratory system is not achieved
because the upper extremities may
experience muscle fatigue before
the “maximal” aerobic capacity is
reached.8

Based on the results from a series of
field tests for adults who use a wheel-
chair for sport purposes, Vanlan-
dewijck et al26 suggested that their
shuttle test was related to not only
to V̇O2peak but also to anaerobic
performance. According to these
authors, the 180-degree turn after
each 25 m and the resulting cumula-
tive decelerations and accelerations
of the wheelchair-user system prob-
ably solicited anaerobic energy
sources to some extent. For the SRiT
used in the present study, the same
factors might apply. Moreover,

impaired wheelchair skills, which
make it more difficult to make the
180-degree turn every 10 m, might
have influenced the results of the
SRiT. However, when comparing the
SRiT results with the GAET results,
the V̇O2peak values are comparable.

The V̇Epeak was significantly higher
during the SRiT than during the
GAET. Also, V̇Epeak/V̇O2peak and
V̇Epeak/V̇CO2peak were significantly
higher during the SRiT than during
the GAET. In the study by Ver-
schuren and Takken,27 the V̇Epeak
values of children with CP, classified
at GMFCS level I or II, were 58.1
L/min (SD�21.7). These values are
higher than the V̇Epeak values found
in this study for the SRiT and GAET,
which were 47.4 L/min (SD�21.0)
and 36.9 L/min (SD�15.1), respec-
tively. The lower V̇Epeak values in
the current study can be explained
by the fact that the lower V̇O2peak
(and V̇CO2peak) values observed dur-
ing arm exercise also will result in
lower V̇Epeak values because V̇CO2 is
the major determinant for ventilator
drive.28 It is of interest to note that
the V̇Epeak/V̇O2peak during the SRiT
(43.4) was significantly higher than
previously observed during running
in youth with CP (35.4, P�.01).27

This finding indicates that the venti-
lator efficiency is lower during riding
than during running.

During the SRiT, not all children
reached an HRpeak of 180 bpm
(range�122–206) or higher at the
end of the test. This finding indicates
that, according to the physiological
criteria established by Schulze-Neick
et al,24 these children did not reach a
near-maximal effort during the test.
Thus, for some children, the SRiT
does not stress the cardiorespiratory
system. However, all children did
meet the subjective criteria because
they all had signs of intense effort
such as sweating, facial flushing, and
a clear unwillingness to continue
propelling their wheelchair despite

Table 4.
Validity Statistics (n�15)a

Variance

SRiT GAET

DifferenceX SD X SD

V̇O2peak (mL/kg/min) 26.0 5.0 25.3 5.7 0.7

RERpeak 1.1 0.2 1.0 0.1 0.1

V̇Epeak (L/min) 46.4 20.8 36.9 15.1 6.5b

HRpeak (bpm) 171.8 23.0 160.5 24.5 11.3b

O2 pulse (mL/beat) 6.37 2.26 6.4 2.11 0.02

V̇Epeak/V̇O2peak 43.43 12.86 35.61 9.51 7.8b

V̇Epeak/V̇CO2peak 39.46 9.86 34.57 8.13 4.9b

a SRiT�10-m shuttle ride test, GAET�graded arm exercise test, V̇O2peak�peak oxygen uptake,
RER�respiratory exchange ratio, V̇Epeak�peak minute ventilation, V̇CO2peak�peak carbon dioxide
production, HRpeak�peak heart rate, O2 pulse�oxygen pulse (V̇O2peak/HRpeak).
b P�.05 for the comparison of the SRiT and the GAET.
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repeated strong verbal encourage-
ment. This finding suggests that
for some children the cardiorespira-
tory system was not the limiting fac-
tor. This finding might be explained
by the fact that the skill required
when propelling a wheelchair can
be difficult for some children with
CP. Aspects related to spasticity,
co-contraction, and poor motor con-
trol may reflect mechanical ineffi-
ciency, which results in a low per-
formance on the SRiT.

Several limitations affected the pres-
ent study. One limitation of this
study was the use of the GAET.
Although the GAET is considered the
gold standard for upper-extremity
ergometry, the cardiorespiratory
demand (HRpeak, V̇Epeak) during this
test was significantly lower com-
pared to the SRiT. Future studies
should determine whether arm
ergometry can still be accepted as
the gold standard for upper-
extremity ergometry. Other possibil-
ities for the GAET are wheelchair
based-tests on the treadmill or
wheelchair ergometer.29,30

A second limitation was the small
sample used to examine validity of
the SRiT. The V̇O2peak data of only
15 individuals were used for the anal-
ysis. However, as the post hoc sam-
ple size calculation indicated, this
study was sufficiently powered.

Moreover, a general limitation of
validation studies is that the results
are not necessarily transferable to
another population. The sample size
in the present study also was inade-
quate to compare the reproducibility
and validity of subsets for age, sex, or
GMFCS level. In future studies, the
sample size needs to be increased for
further assessment of reproducibility
and validation of the SRiT.

A fourth limitation is the fact that the
influence of the wheelchair design
was not examined. It would be inter-

esting to investigate in future
research whether differences in
wheelchair design may have an
impact on the ability of the partici-
pant to perform the required task.

In conclusion, the SRiT is a repro-
ducible and valid test for measuring
cardiorespiratory fitness in youth
with CP. The SRiT is easy to admin-
ister and inexpensive. Clinicians
using this test do not need special
equipment or training, which makes
this test available for a variety of pro-
fessionals working with children and
adolescents with CP.
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