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Background. Physical therapy for youth with cerebral palsy (CP) who are ambulatory
includes interventions to increase functional mobility and participation in physical activity
(PA). Thus, reliable and valid measures are needed to document PA in youth with CP.

Objective. The purpose of this study was to evaluate the inter-instrument reliability and
concurrent validity of 3 accelerometer-based motion sensors with indirect calorimetry as the
criterion for measuring PA intensity in youth with CP.

Methods. Fifty-seven youth with CP (mean age�12.5 years, SD�3.3; 51% female; 49.1%
with spastic hemiplegia) participated. Inclusion criteria were: aged 6 to 20 years, ambulatory,
Gross Motor Function Classification System (GMFCS) levels I through III, able to follow
directions, and able to complete the full PA protocol. Protocol activities included standardized
activity trials with increasing PA intensity (resting, writing, household chores, active video
games, and walking at 3 self-selected speeds), as measured by weight-relative oxygen uptake
(in mL/kg/min). During each trial, participants wore bilateral accelerometers on the upper
arms, waist/hip, and ankle and a portable indirect calorimeter. Intraclass coefficient correla-
tions (ICCs) were calculated to evaluate inter-instrument reliability (left-to-right accelerometer
placement). Spearman correlations were used to examine concurrent validity between accel-
erometer output (activity and step counts) and indirect calorimetry. Friedman analyses of
variance with post hoc pair-wise analyses were conducted to examine the validity of acceler-
ometers to discriminate PA intensity across activity trials.

Results. All accelerometers exhibited excellent inter-instrument reliability (ICC�.94–.99)
and good concurrent validity (rho�.70–.85). All accelerometers discriminated PA intensity
across most activity trials.

Limitations. This PA protocol consisted of controlled activity trials.

Conclusions. Accelerometers provide valid and reliable measures of PA intensity among
youth with CP.
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Cerebral palsy (CP) is the most
common physical disability of
childhood.1–3 Although the neuro-

logic insult associated with CP is nonpro-
gressive, youth with CP are less physi-
cally active and spend more time in
sedentary behaviors compared with their
peers with typical development (TD),
mostly because of the increased
demands of growth on their compro-
mised neuromuscular and musculoskele-
tal systems.4,5 Despite the motor impair-
ments associated with this condition (ie,
muscle weakness, spasticity, and
decreased motor control and balance),
the majority of youth with CP are
ambulatory.5,6

Physical therapy interventions for youth
with CP who are ambulatory often focus
on activity-based strategies to promote
functional mobility and participation in
physical activity (PA).7–10 However, the
majority of intervention studies have
relied on self-report PA measures to eval-
uate effectiveness.11–15 Although self-
report measures may be useful for
describing the general PA behaviors of
youth with CP, they are subject to social
desirability and recall bias and thus may
not be sufficiently valid or reliable for
clinical outcome studies.16,17

Accelerometer-based motion sensors are
objective measures of PA that have been
used in youth with TD for many
years.17–22 These devices provide date-
time stamped information about the
acceleration of the body during human
motion, allowing end users to obtain
real-time estimates of PA frequency,
intensity, and duration with minimal bur-
den to participants.21,23 More recently,
accelerometer-based motion sensors
such as the StepWatch (Modus Health
LLC, Washington, District of Columbia)
and ActiGraph (ActiGraph, Pensacola,
Florida) have been used to measure
habitual PA in youth with CP.24–35 Find-
ings from studies using StepWatch mon-
itors showed that youth with CP at
GMFCS levels I through III took signifi-
cantly fewer steps per day than their
counterparts with TD.26,36 Other studies
using StepWatch monitors to measure
PA in youth with CP showed that there
were significantly higher step counts on
weekdays than on weekend days and

that younger children with CP (�10
years of age) have higher step counts
than older children with CP.30,34 A study
using the ActiGraph accelerometer to
measure PA in youth with CP showed
that they accumulated approximately 90
minutes of light-intensity PA and 30 min-
utes of moderate- to vigorous-intensity
PA (MVPA) daily.28 Results of another
study with youth with CP at GMFCS lev-
els I and II showed that, on average,
youth participated in 158 minutes of
light-intensity PA daily and 44 minutes of
MVPA daily.27

Although ActiGraph and StepWatch
monitors are being used more often as
objective PA measures in youth with CP,
only a few studies provide evidence on
the reliability and validity of these mea-
sures. Excellent inter-instrument reliabil-
ity (ICC�.96–.99) was established for
the ActiGraph accelerometers to exam-
ine left versus right waist/hip placement
in a feasibility study of the reliability and
validity of the ActiGraph in youth with
CP.24 However, this study had a small
sample size (N�8), most participants
were classified at GMFCS level I, and the
PA protocol consisted only of the Six-
Minute Walk Test (6MWT) performed at
3 self-selected speeds.24 Two studies
evaluated the validity of the ActiGraph in
measuring PA intensity during walking
trials.24,25 One study reported good con-
current validity between ActiGraph
count data and oxygen consumption
(V̇O2) measured by indirect calorime-
try,24 whereas the other study showed
that the ActiGraph could differentiate PA
intensities across walking trials.25

The SenseWear armband monitor (Body-
Media Inc, Pittsburgh, Pennsylvania)
uses multiple sensors to record acceler-
ation, skin temperature, skin galvanic
response, and heat flux.37,38 Recent stud-
ies have been conducted to examine the
validity and reliability of the SenseWear
monitor in youth with CP.39,40 One of
the studies reported validity between the
SenseWear armband monitor and indi-
rect calorimetry (V̇O2) data and inter-
instrument reliability between
SenseWear armband monitor left and
right arm placement in youth with hemi-
plegic CP.39 Limitations in both studies
included small sample sizes, few partici-

pants at GMFCS level III, and PA proto-
cols consisting of overground or tread-
mill walking only.

The body of evidence is growing to sup-
port use of accelerometer-based motion
sensors as objective PA measures for
youth with CP. However, there are
numerous gaps in the current research
that we addressed in our study. First,
because youth with CP often have vary-
ing degrees of movement asymmetries
and atypical gait patterns,2,4 it is impor-
tant to establish inter-instrument reliabil-
ity for each accelerometer to identify
optimal placement on the left or right
side of the body. To date, only 2 studies
have examined inter-instrument reliabil-
ity.24,39 Second, only 4 studies have
examined validity of accelerometer out-
put for youth with CP using V̇O2 mea-
sured by indirect calorimetry as the cri-
terion, and all studies used walking or
treadmill protocols only.24,25,39,40 No
previous study has evaluated concurrent
validity across a broader range of activity
trials comprising real-world activities
such as sitting and writing, household
chores, and active video games. Third,
reliability and validity studies conducted
thus far have included few participants at
GMFCS level III.24,25,39,40 It is critical to
examine reliability and validity of accel-
erometers in measuring PA across all
ambulatory levels (GMFCS levels I, II, and
III) for youth with CP. Finally, no studies
have examined the reliability or validity
of accelerometers placed on different
areas of the body (arm, hip/waist, ankle)
to identify optimal placement for youth
with CP.

To address these gaps in the research
literature, the purpose of this study was
to evaluate inter-instrument reliability
and concurrent validity of 3 accelerome-
ter devices: the ActiGraph GT3X, the
StepWatch activity monitor, and the
SenseWear armband monitor. These
accelerometers were chosen because
each has evidence to support reliability
and validity in youth with TD but limited
evidence in children with CP. Also, each
monitor has unique placement on the
body (upper arm [SenseWear], waist/hip
[ActiGraph], and ankle [StepWatch]) to
provide evidence on optimal placement
for PA measurement. In contrast to pre-
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vious investigations, the current study
included a relatively large sample of chil-
dren and youth with CP with good dis-
tribution across GMFCS levels I, II, and
III. Additionally, this study used a PA pro-
tocol featuring a range of real-world
activities in which youth with CP may
participate in daily routines because we
wanted to determine the PA intensity
(V̇O2) and the degree of difficulty these
activities posed for participating youth
with CP who may be deconditioned.
Finally, we wanted to determine if accel-
erometers are valid against V̇O2 for mea-
suring PA intensity because it is more
feasible for clinicians to use accelerome-
ters rather than indirect calorimeters in
clinical settings. Our hypothesis was that
the ActiGraph accelerometer would
show the best reliability and validity in
our PA protocol because existing evi-
dence suggests excellent reliability and
fair-to-good validity in walking trials.

Method
Participants
A total of 58 youth with CP, aged 6 to 20
years, were enrolled in the study. Data
were collected on 57 youth because 1
youth was disqualified based on GMFCS
inclusion criteria. The average age of the
participants was 12.5 years (SD�3.3),
with 29 girls (51%). Most youth were
diagnosed with hemiplegia (n�28,
49.1%), and most were classified at
GMFCS level I (n�28, 49.1%) (Tab. 1).

The inclusion criteria were that youth
had CP at GMFCS level I, II, or III and
were ambulatory; 6 to 20 years old; and
able to follow PA protocol directions and
complete the PA protocol while wearing
6 accelerometers (3 pairs), a Polar heart
rate (HR) monitor (Polar USA, Polar Elec-
tro Inc, Lake Success, New York), and
the COSMED K4b2 indirect calorimeter
(COSMED, Rome, Italy) (including face
mask) and that parents and youth pro-
vided consent and assent. Youth were
excluded if they had recent musculosk-
eletal injuries (eg, sprains, fractures, mus-
cle strains) that limited their PA levels;
orthopedic surgery within the previous 6
months; botulinum toxin or phenol
injections within the previous 3 months;
an unstable medical condition or a pre-
existing medical condition limiting PA
levels (eg, uncontrolled seizures, unsta-

ble cardiac condition, uncontrolled asth-
ma); or unstable emotional or behavioral
status. Youth who were in the process of
changing medications or other interven-
tions or were unable to complete the PA
protocol and testing session also were
excluded.

Procedure
Children were recruited from the outpa-
tient CP and spasticity management clin-
ics at Franciscan Hospital for Children
(Brighton, Massachusetts) and Nemours/
Alfred I. duPont Hospital for Children
(Wilmington, Delaware) and through
professional colleagues and parent
groups. Flyers were posted in clinic areas
and were disseminated via email to col-
leagues and parents. Participant eligibil-
ity was confirmed by telephone inter-
view. Youth who met the inclusion and
exclusion criteria were scheduled for the
data collection session.

Data Collection
Each data collection session was approx-
imately 2 to 2.5 hours and consisted of

obtaining consent and assent, comple-
tion of questionnaires, recording youth
anthropometric measures, and participa-
tion in 9 activity trials. Height was mea-
sured using a stadiometer (Shorr-
Board 420, QuickMedical, Issaquah,
Washington) in the vertical position or as
a supine board, depending on the partic-
ipant’s ability to stand for a valid height
measure (only 3 youths classified at
GMFCS III were measured in a supine
position). Weight was recorded using a
Tanita digital scale (model UM-028,
Arlington Heights, Illinois). Before mea-
suring height and weight, the stadiom-
eter and scale were calibrated using a
standard protocol.24

The accelerometers were initialized
according to manufacturers’ specifica-
tions. One StepWatch monitor was
placed superior to the right lateral mal-
leolus, and the other was placed superior
to the left medial malleolus. The Acti-
Graph accelerometers were placed on an
elastic belt, and they were positioned on
each side of the body superior to the iliac
crest at the midaxillary line. The
SenseWear armbands were placed on the
dorsal side of each upper arm at the mid-
belly of the triceps muscle. After the
accelerometers were in place, partici-
pants were fitted with an HR monitor.
Lastly, the COSMED K4b2 indirect calo-
rimeter was fitted to the child but only
after it had been calibrated to room air
according to the manufacturer’s standard
protocol. The COSMED K4b2 chest har-
ness with the portable data unit and bat-
tery pack and the face mask and head
harness were fitted to the participant.

Next, the youth participated in the 9
trials of the PA protocol, which were
performed in a standard order to build
effort and minimize recovery time
between high- and low-intensity level
activities. A scripted protocol was used,
and each participant received the same
instructions. Activities were completed
stepwise:

1. Supine rest: lying down resting but
not sleeping.

2. Writing: using a pencil or pen and
copying text from a printed sheet
while sitting at a desk.

Table 1.
Participant Demographics (N�57)a

Variable Values

Sex, n (%)

Male 28 (49.1)

Female 29 (50.9)

Age (y), X (SD)

All 12.54 (3.3)

BMI percentile, n (%)

�5th 4 (7.0)

�5th – �85th 43 (75.4)

�85th – �95th 4 (7.0)

�95th 6 (10.6)

Diagnosis, n (%)

Hemiplegia 28 (49.1)

Diplegia 26 (45.6)

Quadriplegia 3 (5.3)

GMFCS level, n (%)

GMFCS I 28 (49.1)

GMFCS II 16 (28.1)

GMFCS III 13 (22.8)

a BMI�body mass index, GMFCS�Gross Motor
Function Classification System.
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3. Wiping a table: spraying a countertop
surface with water and then wiping
the countertop with a towel. Partici-
pants walked from side to side in
front of the 1.83-m-long (6-ft-long)
countertop, spraying and wiping to
clean the entire surface.

4. Folding laundry: placing 5 towels in a
laundry bag, carrying the laundry
across the room, emptying the laun-
dry bag, folding the towels in half 3
times, placing the folded towels back
in the bag, carrying the bag across the
room.

5. Active video game: “River Rush”
(Xbox Kinect [Microsoft Corp, Red-
mond, Washington])—playing an
Xbox Kinect game involving jumping
movements, weight shifting or step-
ping from side to side to keep the raft
on the screen moving.

6. Active video game: “Space Pop”
(Xbox Kinect [Microsoft Corp])—
playing a second Xbox Kinect game
involving moving arms up and down
to make the avatar on the screen float
upward and stepping side to side
while reaching to pop moving bub-
bles on the screen.

7. Comfortable/slow walk: walking at a
comfortable/slow, self-selected speed
after receiving the following instruc-
tions: “Walk at a comfortable, slow
pace—like when you are at the mall
or walking in your neighborhood or at
school but you are not in a hurry.”

8. Brisk walk: walking at a brisk self-
selected speed after receiving the fol-
lowing instructions: “This time we
want you to walk a little faster, so
please walk at a faster pace—like
when you are hurrying to get to class
after the bell has rung.”

9. Fast walk: walking at a fast speed after
receiving the following instructions:
“This time we want you to walk as fast
as you possibly can without falling or
running.”

The walking protocol consisting of 3 self-
selected walking speeds was validated in
a previous study.24 Each walk was 6 min-

utes in duration and was completed on a
25-m course marked with 2 cones. For
each walking speed, participants com-
pleted a practice trial first over a short
distance (�25 m) and then rested briefly
as instructions were repeated again for
the start of the trial. For all 3 walking
trials, once the participant established a
pace, a physical therapist walked along-
side and provided verbal encouragement
to assist the participant with maintaining
a consistent pace throughout the 6 min-
utes. A stopwatch was used to assist with
pacing. The distance walked was mea-
sured at the end of the 6 minutes. The
distance walked also was measured at 3
minutes for the fast walk to ensure that a
steady pace was maintained because this
was identified as a potential problem dur-
ing the feasibility study.24

For the PA trials listed above, partici-
pants completed the activities as they
would typically do them at school,
home, or while playing. Participants
used their dominant or less affected arm
for writing, and they were encouraged to
use the nondominant hand to assist by
stabilizing the paper, but this was not
enforced. They used their dominant
hand to squeeze the trigger of the spray
bottle for the wiping task. Some children
automatically used the opposite hand to
hold the towel and wipe the table,
whereas others used the dominant hand
to spray and wipe the table. They were
encouraged to use both hands to fold
towels for the towel folding task; how-
ever, some participants who had more
upper extremity impairment completed
this task primarily using their dominant
arm. Participants were encouraged to
move both arms and both legs during the
video games.

Participants who routinely used crutches
or a walker for upright activities used
their usual assistive device during trials 3
through 9. Participants did not sit to rest
during any part of trials 1 and 2. They did
sit and rest between trials 4 through 9
until their HR reached baseline sitting
resting level and they reported that they
were rested and ready for the next
activity.

Activities 1 through 4 had a duration of 5
minutes, activities 5 and 6 had a duration

of 2.5 minutes, and activities 7 through 9
had a duration of 6 minutes. The
6-minute time was selected for the walk
tests because it is standard protocol for
clinical measures of functional capacity
in youth with CP. During pilot testing,
we determined it was not feasible to
increase all other activities to 6 minutes
due to the lengthy protocol lasting up to
2.5 hours. Each video game was 2.5 min-
utes’ duration because no individual
game had a duration of 5 minutes of
game play. During pilot testing, we
attempted to create a video game trial
with 5 minutes’ duration by combining 2
games. However, during the process of
starting game 2, it was observed that the
30-second interval to change games
resulted in a significant decrease in exer-
cise intensity, so we decided to use 2
individual 2.5 minute video game
intervals.

Measures
Demographic and health
questionnaires. Prior to the activity
trials, parents and youth completed ques-
tionnaires on child and family demo-
graphic characteristics and PA behaviors.
Parents completed a medical information
form and provided information on their
children’s medical status, health and
rehabilitation services, and equipment
and medication needs.

COSMED K4b2. The COSMED K4b2 is
a portable indirect calorimeter and a reli-
able and valid measure of V̇O2, energy
expenditure, and HR.41 Indirect calorim-
etry is considered a criterion measure of
PA intensity for children with CP.24,25,40

Oxygen consumption was measured dur-
ing each activity using breath-by-breath
data collection and was averaged every
10 seconds and expressed relative to
body mass (mL/kg/min). Measured met-
abolic equivalents were calculated by
dividing mean V̇O2 by resting V̇O2, which
was estimated using the Schofield equa-
tion for children aged 3 to 10 years or 10
to 18 years.42 In this study, data were
collected continuously during the PA
protocol (9 activity trials). Some partici-
pants needed to remove the mask during
the rest intervals between PA trials
because of discomfort (skin irritation).
Rest periods were marked to be sure data
collected in these intervals were not
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included in the PA data processing and
analysis.

Accelerometers. Accelerometer data
were collected at the lowest epoch inter-
vals available for each device so that ac-
celerometry data could be synchronized
with the breath-by-breath data collected
from the COSMED K4b2 unit. The lowest
epoch setting is 1 second for the Acti-
Graph, 3 seconds for the StepWatch, and
60 seconds for the SenseWear.

ActiGraph GT3X. The ActiGraph
GT3X is a small (3.8 cm � 3.7 cm � 1.8
cm, 27 g), lightweight triaxial motion
sensor16,17 designed to detect accelera-
tions ranging from 0.05 to 2.5 g in the
vertical, medial-lateral, and anterior-
posterior planes.16 The vector magni-
tude (VM) is reported in the ActiGraph
output and is calculated by combining
the activity counts from all 3 axes using
Pythagoras’ theorem. ActiGraph data
analyzed in this study were step counts,
vertical axis counts, and VM output were
recorded and analyzed.17

StepWatch activity monitor. This is
a small (7.5 cm � 5 cm � 2 cm), light-
weight (38 g) uniaxial monitor that
records step counts. Steps are summed
and recorded for specified epochs, and
the sampling rate is 128 Hz.26 The sensi-
tivity of the StepWatch monitor is adjust-
able to improve data collection for indi-
viduals with atypical gait patterns.
Sensitivity is adjusted using standard or
advanced programming options. The
standard program allows the user to
adjust sensitivity by entering the individ-
ual’s height, weight, and several gait pat-
tern characteristics. The advanced pro-
gram options are used only if standard
options cannot provide accurate step
counts. The StepWatch accuracy is
greater than 98% in independent valida-
tion studies. Prior to data collection, cal-
ibration trials of 40 to 50 steps were
conducted to compare step count data
from the StepWatch monitor to a hand-
held step counter to ensure that the sen-
sitivity was adjusted properly for each
participant. Data were processed using
the StepWatch proprietary software (ver-
sion 3.1).26

BodyMedia SenseWear Pro
Armband. This monitor is a small (5.5
cm � 6.2 cm � 1.3 cm), lightweight
(45.4 g) triaxial device that has a cali-
brated range of �1.0 g with a minimum
resolution of 0.01 g and a 2-standard
deviation error of �0.08 g on all axes.
The SenseWear uses multiple sensor
technology and pattern-recognition
equations to estimate energy cost in
PA.37,38 The SenseWear provides several
types of data, including step counts,
energy expenditure, galvanic skin
response, and temperature. For the cur-
rent study, step counts were analyzed.
Data were processed using the
SenseWear proprietary software (profes-
sional version 7.0).

Data Processing
Oxygen consumption and accelerometer
output values were calculated by averag-
ing data from the middle portion of each
trial. For the 5-minute activity trials, data
from minutes 2 through 4 were analyzed.
For each of the three 6MWT trials, data
from minutes 2 through 5 were analyzed.
For each of the 2.5-minute active video
gaming trials, data from the middle 1
minute were analyzed. Data from the
middle portion of each activity trial were
used to ensure that the participants were
at a steady pace and were not building
up speed or cadence at the beginning or
slowing down on speed or cadence
toward the end of each trial.

Data Analysis
Descriptive statistics were calculated for
accelerometer and V̇O2 output. Differ-
ences in V̇O2 and accelerometer output
across PA trials were examined using
Friedman 2-way analysis of variance and
post hoc pair-wise comparisons (Wil-
coxon signed ranks test). These nonpara-
metric statistics were chosen because
the accelerometry data were not nor-
mally distributed. Intraclass correlation
coefficients and 95% confidence inter-
vals (CIs) were calculated to examine
inter-instrument reliability between left-
and right-side accelerometer placement.
Spearman rho correlation coefficients
were calculated to evaluate concurrent
validity between accelerometer and V̇O2

output.

Role of the Funding Source
Funding for this project was provided by
an NIH R24 Resource-Related Research
Projects Grant awarded to Boston Uni-
versity, Boston Rehabilitation Outcomes
Center (Boston ROC), titled “Improving
Outcome Measurement for Medical
Rehabilitation Clinical Trials.”

Results
Table 2 presents the descriptive statistics
(medians and interquartile ranges
[IQRs]) for accelerometer output (activ-
ity and step counts) for both left- and
right-side devices and indirect calorime-
try output (V̇O2, in mL/kg/min). Results
from the Friedman analyses of variance
confirmed that V̇O2 and accelerometer
output increased significantly in a dose-
response manner as the intensity of the
activity trials increased.

Table 3 shows the inter-instrument reli-
ability for left and right accelerometer
placement and for step and activity
count data. All 3 accelerometers demon-
strated good reliability, with coefficient
values above .75.43 ActiGraph and Step-
Watch accelerometers demonstrated the
highest levels of inter-instrument reliabil-
ity, with ICCs exceeding .975, whereas
inter-instrument reliability for the
SenseWear monitor was slightly lower
(ICC�.94).

Table 4 shows the concurrent validity
between the accelerometer and V̇O2 out-
put. The ActiGraph and StepWatch
accelerometers demonstrated good con-
current validity, with correlations above
.75, and the SenseWear accelerometer
demonstrated fair to good concurrent
validity.43

Discussion
Physical therapists provide services to
promote functional mobility and PA par-
ticipation in youth with CP. Reliable and
valid objective measures of PA are
needed in research and clinical settings
to evaluate changes in PA levels and
intervention effectiveness. Findings indi-
cate that the 3 accelerometers examined
in this study have strong interrater reli-
ability and fair to good concurrent valid-
ity. The ActiGraph GT3X exhibited mar-
ginally higher reliability and validity
coefficients. These findings suggest that,
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despite the differences in data acquisi-
tion, each accelerometer is stable in data
collection on the left and right sides of
the body, indicating that movement
asymmetries may not influence PA
measures.

All 3 accelerometers provide step count
data. Median values for step counts were
similar for each accelerometer across PA
trials, suggesting that step count data are
consistent regardless of accelerometer
type or placement. The ActiGraph pro-
vides activity counts on 3 axes, and the
output from the vertical axis and VM are
usually reported. Results indicate that
the ICCs and Spearman correlation coef-
ficients were the same for both mea-

sures, suggesting that activity count data
recorded by the VM and vertical axis are
strongly correlated and that the VM does
not give additional information than that
provided by the vertical axis.

Because all 3 accelerometer models
exhibited excellent inter-instrument reli-
ability for measuring PA in a variety of
real-world activities, it may be appropri-
ate for youth with CP to follow the stan-
dard protocol used by youth with TD and
to wear accelerometers on the right
side.17 Accelerometers exhibited fair
(StepWatch and SenseWear) and good
(ActiGraph GT3X) concurrent validity;
therefore, it is recommended that accel-
erometers be used to measure PA inten-

sity in youth with CP.42 Considerations
when choosing an activity monitor
include the outcome of interest (ie, step
versus activity counts), participant toler-
ance, and placement that is least obtru-
sive for the participant and the activity. A
major strength of this study is the PA
protocol design, which incorporated
activities of daily living across a range of
PA intensities. These activities represent
a wide variety of daily tasks in which
youth with CP are likely to participate.
The activities include upper and lower
extremity movement, bilateral and one-
handed activities, and full-body move-
ments. To date, studies that examined PA
intensity in youth with CP have been
limited to walking protocols.24,25,38,39

Table 2.
Descriptive Data From V̇O2 and Accelerometer Output for Each Activity Trial in the PA Protocola

Trial No.

METs
V̇O2 (mL/kg/

min)
ActiGraph: Vertical Axis Activity Counts

(per Minute)
ActiGraph: Vector Magnitude Activity

Counts (per Minute)

Median (IQR) Median (IQR) L Median (IQR) R Median (IQR) L Median (IQR) R Median (IQR)

1: Supine rest 1.1 (0.94–1.3) 5.1a (4.0–6.1) 0a (0–0) 0a (0–0) 0a (0–0) 0a (0–0)

2: Write at desk 1.2 (1.0–1.4) 5.2a (4.5–6.3) 0a (0–0) 0a (0–0) 11b (0–39) 6b (0–32)

3: Clean counter 2.7 (2.4–3.2) 12.6b (10.0–14.4) 329b (190–554) 278b (193–524) 2,023c (1,582–2,668) 2,196c (1,589–2,502)

4: Fold and carry laundry 2.3 (2.0–2.7) 10.1c (8.7–13.3) 149c (70–268) 125c (58–277) 1,094d (689–1,578) 1,179d (618–1,552)

5: Active video game:
“River Rush”b

3.0 (2.5–3.8) 14.0d (10.8–16.9) 1,534d (850–3,298) 1,462d (672–2,884) 3,107e (2,159–4,969) 3,171e (2,062–5,140)

6: Active video game:
“Space Pop”b

3.3 (2.6–3.8) 14.0d (11.1–19.5) 941e (277–2,623) 774e (247–2,400) 2,600c (1,851–4,246) 2,485c (1,594–4,404)

7: 6MWT: slow/comfortable 2.9 (2.6–3.4) 13.5d (12.1–15.5) 2,057d (1,178–2,517) 1,749d (1,254–2,308) 3,439e (2,850–4,221) 3,471e (2,707–4,019)

8: 6MWT: brisk 3.8 (3.2–4.5) 17.3e (15.0–19.7) 3,445f (2,359–4,072) 3,262f (2,498–3,969) 4,864f (4,054–5,968) 4,861f (3,903–5,556)

9: 6MWT: fast 4.7 (4.0–5.2) 20.6f (18.4–23.1) 4,088f (3,160–5,216) 4,163g (3,386–4,901) 6,048g (4,994–7,224) 5,763g (4,965–6,623)

Table 2.
Continued

Trial No.

ActiGraph: Step Counts (per
Minute)

StepWatch: Step Counts (per
Minute)

SenseWear: Step Counts (per
Minute)

L Median (IQR) R Median (IQR) L Median (IQR) R Median (IQR) L Median (IQR) R Median (IQR)

1: Supine rest 0a (0–0) 0a (0–0) 0a (0–0) 0a (0–0) 0a (0–0) 0a (0–0)

2: Write at desk 0a (0–0) 0a (0–0) 0a (0–0) 0a (0–0) 0a (0–0.2) 0a (0–0.6)

3: Clean counter 13b (8–19) 14b (7–18) 19b (7–31) 24b (13–33) 23b (6–41) 23b (12–39)

4: Fold and carry laundry 6c (3–9) 5c (2–9) 7c (4–10) 7c (4–12) 15c (9–29) 16c (8–29)

5: Active video game:
“River Rush”b

31d (19–44) 29d (18–42) 32d (17–46) 38d (22–52) 32b (21–52) 32b (18–54)

6: Active video game:
“Space Pop”b

28d (13–46) 28d (10–46) 30d (18–46) 37d (18–52) 35b (23–50) 29b (15–49)

7: 6MWT: slow/comfortable 82e (57–99) 76e (52–99) 99e (63–107) 98e (85–107) 86d (67–100) 86d (59–97)

8: 6MWT: brisk) 108f (82–118) 108f (79–118) 112f (89–123) 111f (97–123) 99d (77–113) 102d (80–113

9: 6MWT: fast 121g (91–128) 118g (96–128) 122f (100–130) 122f (102–132) 109d (81–123) 106d (84–120)

a Within each column, median values with different letters are significantly different. V̇O2�oxygen consumption, METs�metabolic equivalents, 6MWT�Six-
Minute Walk Test, IQR�interquartile range, L�left, R�right.
b Xbox Kinect (Microsoft Corp, Redmond, Washington).
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Thus, this study contributes new infor-
mation on reliability and validity of accel-
erometers in measuring PA across a wide
variety of activities, including novel tasks
such as active video gaming. Another
strength of the study is that it provides
information on inter-instrument reliabil-
ity and concurrent validity for 3 different
accelerometers worn in 3 different areas
of the body. Although each accelerome-
ter is reliable and valid for the full sam-
ple, it may be important to examine reli-
ability and validity of each accelerometer
by GMFCS level or clinical diagnosis.

There are several limitations to this study
that warrant mention. First, the study
was conducted in a clinical setting and
not in the real world. This was a neces-
sary choice due to the trials in the PA
protocol and because of the measure-

ment instrumentation needed to deter-
mine PA intensity for each trial. How-
ever, as mentioned above, the PA
protocol was designed to resemble real-
world activities as much as possible. Sec-
ond, although the PA protocol included
activity trials that, on average, ranged
from sedentary to moderate-to-vigorous
intensity, we did not have any activity
trials that reached vigorous-intensity lev-
els. This design decision was based on
real-world activities in which youth with
CP participate regularly and ensured that
all participants (GMFCS levels I, II, and
III) were successful in completing the
full PA protocol. Also, youth with CP at
GMFCS III often can run only short dis-
tances and for limited time, so we did not
include a running trial in the PA proto-
col. A third limitation is that, due to the
short duration of the video game trials,

participants may not have achieved true
steady state. However, there is little con-
sensus on the length of time required to
achieve steady state in children. Further-
more, V̇O2 was assessed breath by breath
with the data averaged over 6 consecu-
tive 10-second epochs and thus present a
reasonable estimate of oxygen uptake for
this activity trial. Finally, the number of
devices the participant wore during the
protocol may have interfered with the
participant’s ability to perform each trial.
However, the light weight of the porta-
ble metabolic system and position of the
monitors did not appear to impede
movement.

Future studies should address the limita-
tions mentioned above. For example, it is
important to measure PA intensity in nat-
ural environments to document PA inten-
sity in real-world activities. This informa-
tion will be very useful for planning PA
strategies in physical therapy interven-
tions. Also, future studies should include
vigorous-intensity activities for all partic-
ipants. Because the current study was a
measurement study, it did not examine
responsiveness of accelerometers.
Future intervention studies are needed to
determine responsiveness of accelerom-
eters as outcome measures.

Physical therapy interventions continue
to adopt strategies to increase functional
mobility and PA participation. It is
extremely important that research and
clinical outcomes include reliable, valid,
and objective measures of PA frequency,
duration, and intensity to determine
intervention effectiveness. Findings from
this study provide evidence that acceler-
ometers have interrater reliability and
concurrent validity and are appropriate
PA measures for youth with CP.

Dr O’Neil, Dr Fragala-Pinkham, and Dr Trost
provided concept/idea/research design. Dr
O’Neil, Dr Fragala-Pinkham, Ms Lennon, and
Dr Trost provided writing and project man-
agement. Dr O’Neil, Dr Fragala-Pinkham, Ms
Lennon, and Ms George provided data col-
lection. Dr O’Neil, Dr Fragala-Pinkham, Ms
Lennon, Ms George, and Dr Trost provided
data analysis. Dr O’Neil and Dr Fragala-
Pinkham provided fund procurement. Dr
Fragala-Pinkham, Ms Lennon, and Dr For-
man provided participants, facilities/equip-
ment, institutional liaisons, and consultation

Table 3.
Inter-instrument Reliabilitya

Model/Variable ICC
Lower Boundary of

95% CI
Upper Boundary of

95% CI

ActiGraph

Step counts .986 .983 .989

Activity counts: vertical axis .985 .982 .987

Activity counts: vector magnitude .981 .978 .984

StepWatch

Step counts .977 .969 .982

SenseWear

Step counts .940 .929 .950

a Degree of absolute agreement among measurements. ICC�intraclass correlation coefficient,
CI�confidence interval.

Table 4.
Concurrent Validity: Accelerometer to Oxygen Consumption Output

Model/Variable

Spearman Correlationa

Left Right

ActiGraph

Step counts .82 .82

Activity counts: vertical axis .83 .84

Activity counts: vector magnitude .83 .85

StepWatch

Step counts .77 .79

SenseWear

Step counts .73 .75

a All Spearman correlations are significant at P�.001.
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(including review of manuscript before
submission).
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dren (Brighton, Massachusetts), Drexel Uni-
versity (Philadelphia, Pennsylvania), and
Nemours/Alfred I. duPont Hospital for Chil-
dren (Wilmington, Delaware).
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