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ABSTRACT

OFTEDAL, S., K. L. BELL, P. S. W. DAVIES, R. S. WARE, AND R. N. BOYD. Validation of Accelerometer Cut Points in Toddlers

with and without Cerebral Palsy. Med. Sci. Sports Exerc., Vol. 46, No. 9, pp. 1808–1815, 2014. Aim: The purpose of this study was to

validate uni- and triaxial ActiGraph cut points for sedentary time in toddlers with cerebral palsy (CP) and typically developing children

(TDC).Methods: Children (n = 103, 61 boys, mean age = 2 yr, SD = 6 months, range = 1 yr 6 months–3 yr) were divided into calibration

(n = 65) and validation (n = 38) samples with separate analyses for TDC (n = 28) and ambulant (Gross Motor Function Classification

System I–III, n = 51) and nonambulant (Gross Motor Function Classification System IV–V, n = 25) children with CP. An ActiGraph

was worn during a videotaped assessment. Behavior was coded as sedentary or nonsedentary. Receiver operating characteristic–area

under the curve analysis determined the classification accuracy of accelerometer data. Predictive validity was determined using the

Bland–Altman analysis. Results: Classification accuracy for uniaxial data was fair for the ambulatory CP and TDC group but poor for

the nonambulatory CP group. Triaxial data showed good classification accuracy for all groups. The uniaxial ambulatory CP and

TDC cut points significantly overestimated sedentary time (bias = j10.5%, 95% limits of agreement [LoA] = j30.2% to 9.1%; bias =

j17.3%, 95% LoA =j44.3% to 8.3%). The triaxial ambulatory and nonambulatory CP and TDC cut points provided accurate group-level

measures of sedentary time (bias = j1.5%, 95% LoA = j20% to 16.8%; bias = 2.1%, 95% LoA = j17.3% to 21.5%; bias =j5.1%,

95% LoA = j27.5% to 16.1%). Conclusion: Triaxial accelerometers provide useful group-level measures of sedentary time in children

with CP across the spectrum of functional abilities and TDC. Uniaxial cut points are not recommended. Key Words:

SEDENTARY BEHAVIOR, PHYSICAL ACTIVITY, MOTOR IMPAIRMENT, YOUNG CHILDREN, DISABILITY

C
erebral palsy (CP) is the most common cause of
physical disability in childhood with an incidence of
around 2 per 1000 live births (21). It is an umbrella

term for a group of permanent disorders of movement and
posture, which cause activity limitation ranging from mini-
mal to severe (25). The severity of gross motor impairment
is classified using the Gross Motor Function Classification
System (GMFCS I–V) (22).

The preschool years are a period of rapid gross motor
development in children with CP, and most reach 90% of
their functional capacity by the age of 4–5 yr (26). The un-
derlying brain injury causing CP is nonprogressive, but the
clinical manifestations change through the life span (25).
Evidence of a peak in functional abilities around the age of
7 yr and a clinically significant decline during adolescence

has been found for some marginally and nonambulatory
children with CP (GMFCS III–V) (13). This potential de-
cline is of importance as it could be the difference between
having the capacity to sit, crawl, stand, or walk with support
and not being able to perform these activities (13). Not all
children in this group experience this decline (13), and fur-
ther research is required to determine which children will
progress to a loss of functional ability.

Habitual physical activity (HPA) has been suggested as
crucial to maintaining functional abilities as children with
CP reach adolescence as it is thought (i) to prevent second-
ary musculoskeletal impairments and maximize functioning;
(ii) to foster cognitive, social, and emotional development of
children; and (iii) to develop and maintain neural structures
and pathways (10,12,13). It is therefore of concern that
school-age children and adolescents with CP participate in
less HPA than children with typical development (6). The
prevention of obesity is also of particular importance for
children with CP, not only because of the long-term health
risks associated with excess body fat but also because of the
increased impairment to functional mobility related to being
obese (14,23). An increased prevalence of obesity has been
identified in children with CP classified as GMFCS I–II (24)
while those classified as GMFCS IV–V have been found to
have above average fat mass and below average muscle
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mass when compared with typically developing children
(TDC) (32). The overall prevalence of overweight and obe-
sity has been reported between 16% and 29% of children with
CP across all GMFCS levels, depending on the population
studied (9,17).

Sedentary behavior has been defined as ‘‘any waking be-
havior characterized by an energy expenditure e1.5 metabolic
equivalent of task (MET) while in a sitting or reclining pos-
ture’’ (31). Emerging evidence suggests sedentary behavior
has an independent influence on health, separate from that
due to lack of sufficient moderate-to-vigorous physical ac-
tivity (35). HPA includes all planned and unplanned physical
activity a child undertakes throughout the day (3). Acceler-
ometers have been used extensively in typically develop-
ing preschoolers in an attempt to quantify HPA by using
intensity-related count thresholds (8,11). Only one study has
attempted to calibrate and validate a uniaxial accelerometer in
toddlers using 15-s sampling intervals and found poor valid-
ity for predicting sedentary time (39). It is possible that the
immature movement patterns and short duration of activity
bouts that are characteristic of toddlers may be better mea-
sured using shorter sampling intervals and three rather than
one axis (2,7,20).

There is a methodological challenge in measuring physi-
cal activity intensity using activity monitors in toddlers with
CP. The relationship between activity monitor output and
activity intensity is unpredictable because of the disordered
movement patterns and atypical postures, which are some
of the core features of CP (25). The relationship is further
complicated by diverse modes of ambulation: crawling,
cruising, rolling, bottom shuffling, and atypical gait patterns.
Each mode of ambulation might elicit a highly variable
output from the activity monitor independent of intensity.
The relationship between the level of intensity and activity
monitor output may not be as easily inferred from data
output as it would from a child who is primarily walking,
jogging, or running using a typical gait pattern, and this
makes deriving an intensity cut point difficult. A recent
study of typically developing toddlers used lying/sitting,
standing, walking slow or moderate, and running to classify
activity intensity (39), but these activity descriptors may not
apply to children with CP for several reasons. First, children
with CP may not have the ability to perform these skills.
Second, the metabolic equivalent of task (MET) values
assigned to activities as a measure of activity intensity to
separate light activity from moderate-to-vigorous physical
activity might not truly represent the true exertion experi-
enced by a child with CP. It has been shown that school-
age children with CP have a greater energy cost of walking
than TDC, and this could be an issue in a younger popula-
tion as well, although it has not been confirmed (34). Mea-
surement of oxygen consumption during specific physical
tasks to determine MET values for children with CP using a
portable indirect calorimeter would be difficult, if not im-
possible, in toddlers with CP. The influence of the apparatus
on movement during activities such as rolling, crawling, and

bottom shuffling as well as compliance issues in the young
age group would all affect the ability to obtain the required
measurements. Focusing instead on the measurement of
sedentary versus nonsedentary behavior eliminates much of
this ambiguity while still allowing the assessment of a
measure that can be linked to important health outcomes.

This study aimed (i) to develop uniaxial and triaxial
ActiGraph cut points for determining time spent sedentary
and (ii) to evaluate and compare the predictive validity of
these cut points in children age 18 to 36 months with CP
across the spectrum of functional severity (GMFCS I–V)
and TDC.

METHODS

Participants

Children were assessed as part of two overlapping pro-
spective longitudinal cohort studies: the Queensland CP
Child Study of Motor Function and Brain Development
(NHMRC 465128) (5) and the Queensland CP Child Study
of Growth, Nutrition and Physical Activity (NHMRC
569605) (4). Detailed descriptions of study design and in-
clusion and exclusion criteria have been published else-
where (4,5). Informed consent was obtained from the child’s
primary caretaker. For the present study, only assessments
conducted between 18 and 36 months were included. Not
all appointments in this age range were for the Growth Nu-
trition and Physical Activity Study; therefore, height and
weight measures were not available for all children. Ethical
approvals were received from the University of Queensland
Medical Research Ethics Committee (2008002260), the
Children’s Health Services District’s Ethics Committee
(HREC/08/QRCH/122), and the Queensland CP League
(CPLQ 2008/2010 1029).

Children with typical development age 18 to 36 months
were recruited through the University of Queensland and
Royal Children Hospital staff. Ethical approvals were re-
ceived from the University of Queensland Medical Research
Ethics Committee (2008002260 amendment 7/3/13) and
the Children’s Health Services District’s Ethics Committee
(HREC/08/QRCH/122/AM05). Healthy children were in-
cluded if they were born at term (937 wk gestation), had
no admissions to the neonatal care unit, had no diagnosis
receiving medical/allied health care, were not on regular
medications, and had an informed consent from their pri-
mary caretaker.

Children with CP were divided into an ambulatory
(GMFCS I–III) and nonambulatory (GMFCS IV–V) group.
The GMFCS is a five-level ordinal grading system based on
the assessment of self-initiated movement with emphasis
on function with regard to sitting and walking (22). The type
of CP and motor distribution (unilateral, bilateral, and num-
ber of limbs involved) was determined by two independent
physiotherapists, and analysis was undertaken to assess dif-
ferences between groups (29,33).
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For the CP group, 96 assessments were performed on
75 children. Some children contributed data at several age
points to allow more epochs for analysis over a wider age
range. The number of individual children versus number of
included assessments has been noted in Tables 1–4. Partic-
ipants were randomly divided into calibration and validation
groups at a 2:1 ratio to allow a larger sample for calibrating
cut points. Separate analysis was performed for ambulatory
and nonambulatory children with CP and TDC.

Data collection started in 2009 before the release of
the triaxial ActiGraph. Consequently, some assessments of
children with CP only have data from uniaxial monitors
(GT1M) available (n = 36), whereas some assessments have
data from monitors that provide both uniaxial and triaxial
measurement (GT3X and GT3X+) (n = 60). Uniaxial data
are therefore available for all 96 assessments, whereas tri-
axial data are only available for 60 assessments for children
with CP. All TDC wore monitors, which provide both uni-
axial and triaxial measurement (n = 28). The participant’s
weight was measured to the nearest 100 g using portable
electronic scales (Homemaker, Australia) or chair scales
(Seca Ltd., Germany). Height or recumbent length was
measured to the last completed millimeter with a portable
stadiometer (Shorr Productions, LLC, Olney, MD). Body
mass index was determined as weight (kg) / height (m)2.

Activity Monitoring

All children with CP had their functional abilities assessed
by an experienced physiotherapist using the Gross Motor
Function Measure 66 (GMFM-66) (28).The GMFM as-
sessment was play based, with the therapist using toys and
games to encourage the child to show the range of their
gross motor skills in a natural, self-initiated manner. This

ensured the transition from sedentary to active in a range of
situations (e.g., changing from sitting unsupported on a floor
doing a puzzle to crawling to retrieve a piece of the puzzle
placed out of reach) could be observed. The length of valid
wear time was determined as the time taken to complete the
assessment less any time the child was carried or was out of
view from the camera. The children with typical develop-
ment were also videotaped while wearing the ActiGraph
during a 20- to 30-min play session and were encouraged to
partake in activities including quiet floor play, walking,
running, and jumping in a similar manner to the children
with CP. Children wore an ActiGraph accelerometer during
the assessment, which was videotaped to enable direct ob-
servation scoring of their activity level.

Two ActiGraph models (Shalimar, FL) were used, the
GT1M and the GT3X (original GT3X and GT3X+). The
GT1M is a biaxial accelerometer and measures magnitude
of movement in the vertical (X) and anterioposterior (Y)
planes. The GT3X is a triaxial accelerometer that measures
movement in an additional third mediolateral plane (Z) and
computes a composite vector magnitude (VM: ¾(X2 + Y2 +
Z2)) of the three axes. The GT3X+ is the same as the GT3X
but also provides raw accelerometer data in addition to count
per user-specified epoch output. The vertical axis of the
GT1M and GT3X can be used interchangeably (30). For the
uniaxial analysis, a cut point for the vertical axis was de-
termined and applied, whereas for the triaxial analysis, a cut
point for vector magnitude was determined and applied.
Comparisons were made between the classification accu-
racy, sensitivity, specificity, and predictive validity of the
uniaxial and triaxial cut points for each study group (TDC,
GMFCS I–III, and GMFCS IV–V). The accelerometer was
attached to a neoprene belt worn around the waist, centered
at the child’s back. The hip or the lower back has been

TABLE 1. Characteristics of the calibration and validation samples for children with CP and TDC.

Calibration Sample Validation Sample

Group TDCa I–IIIb IV–Vb TDCa I–IIIb IV–Vb

Children (n)
Uniaxial 18 33 14 10 18 11
Triaxial 18 21 6 10 16 7

Ax (n)
Uniaxial 18 39 21 10 23 13
Triaxial 18 18 11 10 18 7

Age (year:months) 2:3 (0:6) 2:4 (0:6) 2:4 (0:7) 2:5 (0:6) 2:6 (0:7) 2:5 (0:7)
GMFM-66 score (%) — 51 T 9 26 T 6 — 50 T 8 28 T 7
GMFM-66 range (%) — 42–65 20–33 — 39–63 20–39
Sex

Boys 8 13 9 5 8 8
Girls 10 26 12 5 15 5

Anthropometry

Height (cm) 88.0 T 1.1 86.2 T 3.7 84.9 T 7.9 88.6 T 5.9 84.1 T 6.3 86.5 T 8.5
Height (z-score) 0.0 T 1.1 j0.6 T 1.0 j0.9 T 1.8 j0.1 T 1.1 j1.3 T 1.5 j0.5 T 0.8
Weight (kg) 13.4 T 1.6 12.2 T 1.4 11.4 T 2.1 13.9 T 1.7 11.3 T 2.1 12.6 T 1.9
Weight (z-score) 0.4 T 0.9 j0.6 T 1.0 j1.2 T 1.4 0.4 T 1.1 j1.5 T 1.7 j0.2 T 0.5
BMI (kgImj2) 17.3 T 1.3 16.5 T 1.2 15.8 T 1.6 17.8 T 1.9 16.9 T 1.0 15.7 T 1.3
BMI (z-score) 1.0 T 0.9 0.1 T 1.1 j0.3 T 1.3 1.2 T 1.2 j0.4 T 1.1 0.8 T 0.7

Values are presented as mean T SD or n, unless otherwise noted.
aTDC, typically developing children.
bGMFCS, Gross Motor Function Classification System.
Children, number of individual children; Ax, number of assessments; GMFM, Gross Motor Function Measure; BMI: body mass index.
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suggested as the best placement of an accelerometer in
children (38). The lower back placement was chosen for this
group of toddlers as it was deemed less obtrusive for the
variety of ambulation methods used, and to minimize the
effect of asymmetry due to their physical impairments. Ac-
celeration data were reported as counts per 5-s epoch.

Observed behavior was classified as either sedentary or
nonsedentary in real time using the computerized direct
observation software Behavioral Evaluation Strategy and
Taxonomy (Educational Consulting, Inc., FL) (40). For
coding purposes, sedentary behavior was identified as lying
or sitting with or without limb movement, or standing
completely still due to the inability of the accelerometer to
distinguish between lying, sitting, and standing still (all re-
cording zero counts per epoch). If a child was out of view
or moved by the physiotherapist or parent, this was scored
as a zero and excluded from analysis. A single observer
conducted all video coding. Intrarater reliability was estab-
lished by duplicate scoring of 20 videos (four children
from each GMFCS level). Percent agreement for 2163 5-s

epochs of duplicate scores was 87% with a kappa score of
0.82 (P G 0.001). Four videos of TDC were also scored
twice, and the percent agreement of 453 5-s epochs was 91%
with a kappa score of 0.84 (P G 0.001). Both of these kappa
scores were classified as ‘‘almost perfect agreement’’ (18).

Second-by-second direct observation activity scores were
averaged over each 5-s epoch to allow matching with the ac-
celerometer data output. The ActiGraph was initialized to a
digital watch shown at the start of the videotape to allow syn-
chronization. If a 5-s epoch was exclusively sedentary (activity
score = 1.0), it was classified as sedentary; if it contained any
activity (activity score 9 1.0), it was classified as nonsedentary.

Analysis

Participants. Differences in characteristics were ex-
plored within samples (calibration and validation) and be-
tween groups (GMFCS I–III, GMFCS IV–V, and TDC)
using a one-way ANOVA with a Bonferroni post hoc test at
a 5% significance level.

TABLE 2. Classification accuracy, sensitivity, and specificity of cut points for sedentary time.

Sample Age n Ax ROC-AUC 95% CI Cut Point SE % SP %

Uniaxial

I–IIIa 18–36 33 39 0.77 0.76–0.78 2 71 77
IV–Va 18–36 14 21 0.68 0.66–0.71 2 49 77
TDC 18–36 18 18 0.77 0.75–0.80 2 67 85

Triaxial

I–IIIa 18–36 21 24 0.81 0.80–0.82 40 75 76
IV–Va 18–36 6 11 0.81 0.78–0.84 10 75 77
TDC 18–36 18 18 0.82 0.79–0.84 40 77 73

aGMFCS, Gross Motor Function Classification System.
n, number of individual children; Ax, number of total assessments included; ROC-AUC, receiver operator characteristic–area under the curve; CI, confidence interval; SE, sensitivity; SP,
specificity.

TABLE 3. Comparison of classification accuracy, sensitivity, and specificity of identified cut points for sedentary time for GMFCS (I–V) and age groups.

Sample Age n Ax ROC-AUC 95% CI Cut Point SE % SP %

Uniaxial

Ia 18–36 8 9 0.78 0.75–0.80 2 70 80
IIa 18–36 9 12 0.74 0.71–0.76 2 64 79
IIIa 18–36 15 18 0.73 0.70–0.75 2 61 80
I–IIIa 18–24 15 19 0.78 0.75–0.80 2 71 79
I–IIIa 30–36 17 20 0.73 0.71–0.75 2 64 82
IVa 18–36 7 11 0.72 0.68–0.76 2 56 86
Va 18–36 7 10 0.61 0.54–0.68 2 30 91
IV–Va 18–24 7 11 0.67 0.60–0.75 2 40 99
IV–Va 30–36 7 10 0.71 0.67–0.75 2 51 88
TDC 18–24 8 8 0.81 0.78–0.84 2 73 87
TDC 30–36 10 10 0.74 0.70–0.78 2 64 80

Triaxial

Ia 18–36 7 8 0.83 0.81–0.85 40 82 73
IIa 18–36 7 7 0.79 0.77–0.82 40 70 77
IIIa 18–36 7 9 0.81 0.79–0.83 40 70 80
I–IIIa 18–24 8 9 0.84 0.82–0.86 40 80 74
I–IIIa 30–36 13 15 0.80 0.78–0.82 40 71 78
IVa 18–36 1 2 0.86 0.83–0.89 10 77 82
Va 18–36 5 7 0.71 0.65–0.77 10 65 70
IV–Va 18–24 2 4 0.83 0.77–0.89 10 72 99
IV–Va 30–36 4 7 0.81 0.78–0.85 10 75 74
TDC 18–24 8 8 0.86 0.83–0.88 40 82 75
TDC 30–36 10 10 0.78 0.74–0.81 40 74 70

aGMFCS level, Gross Motor Function Classification System.
TDC, typically developing children; cut point: counts per 5 s; Ax, number of assessments included; n, number of individual children included; ROC-AUC, receiver operator characteristic–
area under the curve; CI, confidence interval; SE, sensitivity; SP, specificity.
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Calibration of cut points. A receiver operator char-
acteristic–area under the curve (ROC-AUC) analysis (19)
was conducted to derive cut points that maximize sensitivity
and specificity. Counts per 5 s served as the independent
variable. The dependent variable was the indicator (0, 1),
where 1 = nonsedentary and 0 = sedentary. An ROC-AUC
value of 1 represents perfect classification, whereas an area
of 0.5 represents a complete absence of classification accu-
racy. ROC-AUC values of Q0.90 are considered excellent,
0.80–0.90 good, 0.70–0.80 fair, and G0.70 poor (19). The
cut point that maximized sensitivity and specificity was
chosen and applied in the validation sample. Sensitivity
analysis, where one child was included at only one age point
in the ROC-AUC analysis, was performed to assess the ef-
fect of including some children at more than one age point.
Separate analyses of the GMFCS levels (I–V) as well as ages
18–24 yr versus 30–36 months for all groups was completed
to ensure age groups and GMFCS levels could be grouped
together. A separate calibration analysis of children with
unilateral and bilateral CP was conducted to explore any
differences.

Validation of cut points. To assess the predictive
validity of the cut points, sensitivity and specificity were de-
termined in an independent sample of children. The Bland–
Altman analysis was used to determine the bias and 95%
limits of agreement between observed and predicted time
spent sedentary. A paired t-test was used to test the signifi-
cance differences between observed and predicted time spent
sedentary at a 5% significance level. Linear regression anal-
ysis was used to test for systematic bias in prediction of time
spent sedentary. The design effect of including multiple
assessments from some children in the Bland–Altman anal-
ysis as well as the true sample size was calculated. Sensi-
tivity analysis where only one assessment from each child
was included was performed to assess if this altered valida-
tion results.

RESULTS

Participants. No significant differences in age, gender,
GMFM, height/recumbent length, weight, or anthropometry
z-scores between the calibration and the validation samples
within the GMFCS I–III and IV–V and TDC groups were
found (Table 1). There was no difference between the
GMFCS I–III and the GMFCS IV–V groups, but the
GMFCS I–III group was significantly lighter (P G 0.01)
and shorter (P G 0.05) than the TDC group, and the GMFCS
IV–V group was significantly lighter than the TDC group
(P G 0.01). For the GMFCS I–III group, the primary motor
type was bilateral spasticity (61%) with two limbs involved
(i.e., spastic diplegia; 35%), followed by unilateral spasticity
(i.e., hemiplegia; 30%). One child had dyskinesia (2%), and
three children had hypotonia (6%). For the GMFCS IV–V
group, the primary motor type was bilateral spasticity (80%)
with four limbs involved (i.e., quadriplegia; 68%). The re-
maining five children had dyskinesia (20%).

Calibration of cut points. Results of calibration anal-
ysis can be found in Table 2. The cut point, which maxi-
mized sensitivity and specificity for all groups when using
the uniaxial accelerometer, was two counts per 5-s epoch.
Classification accuracy was fair for the GMFCS I–III and
TDC groups and poor for the GMFCS IV–V group. For the
triaxial accelerometer classification, accuracy was good for
all groups, and the cut point identified for the GMFCS I–III
and TDC groups was 40 counts per 5-s epoch and 10 counts
per 5-s epoch for the GMFCS IV–V group. Sensitivity
analysis where only one assessment for each child was in-
cluded showed no difference in classification accuracy rat-
ing and the same cut point allowed sensitivity and specificity
to be maximized (data not shown).

The following results can be found in Table 3. When sepa-
rated according to GMFCS, there was no difference in classi-
fication accuracy rating (excellent/good/fair/poor) between the

TABLE 4. Estimates of time spent sedentary and bias between observed and predicted time spent sedentary (min).

Total Valid Time
(min)a

Sedentary Time
(min) Bland Altman Analysis

n Ax Method SE SP Mean Range Mean Range Biasb 95% LoA Pc

Uniaxial Accelerometer
I–IIId 23 18 Observation — — 18.3 7.4–34.0 7.8 0.3–24.9 — — —

Cut point 74% 80% — — 9.4 1.8–23.4 j10.5% j30.2% to 9.1% G0.001
IV–Vd 13 12 Observation — — 9.6 1.5–43.0 6.8 1.4–30.7 — — —

Cut point 69% 93% — — 7.8 1.3–40.8 j1.8% j31.0% to 27.4% 0.230
TDC 10 10 Observation — — 11.0 3.6–21.8 4.8 0.2–14.2 — — —

Cut point 76% 93% — — 6.6 0.5–13.6 j17.3% j44.3% to 8.3% G0.011

Triaxial accelerometer

I–IIId 18 16 Observation — — 17.1 7.5–29.1 6.9 0.6–17.3 — — —
Cut point 79% 72% — — 7.0 0.8–13.7 j1.5% j20.0% to 16.8% 0.965

IV–Vd 7 7 Observation — — 11.6 1.5–42.9 7.7 1.4–30.7 — — —
Cut point 68% 91% — — 8.3 1.1–36.2 2.1% j17.3% to 21.5% 0.381

TDC 10 10 Observation — — 11.0 3.6–21.8 4.8 0.2–14.2 — — —
Cut point 82% 83% — — 5.2 0.5–11.0 j5.1% j27.5% to 16.1% 0.524

aTotal valid time = total time coded j excluded time due to therapist/parent handling.
bBias = difference between observed and cut point predicted time spent sedentary as percentage of time spent sedentary.
cP value: paired t-test for significant difference between observed and predicted time spent sedentary.
dGMFCS level, Gross Motor Function Classification System.
min, minutes (1 min = 12 epochs); LoA, limits of agreement; TDC, typically developing children; Ax: number of assessments included; n: number of individual children included.
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GMFCS I, II, and III levels. The same cut points for all three
GMFCS levels allowed maximization of sensitivity and speci-
ficity, and the three GMFCS levels were combined as one
subgroup (GMFCS I–III). There was a difference between the
classification accuracy rating of the GMFCS IV and V levels;
however, the same cut points allowed maximization of sensi-
tivity and specificity. Therefore, the two GMFCS levels were
grouped together (GMFCS IV–V). There was no difference
in classification accuracy rating between the two age bands
(18–24 and 30–36 months) in the GMFCS I–III group, and
they were grouped together (18–36 months). Although there
was a difference in classification accuracy rating between
age bands for the GMFCS IV–V group, the same cut point
allowed maximization of sensitivity and specificity, and they
were grouped together. For the TDC sample, there was a dif-
ference in classification accuracy rating between the two age
bands, but the same cut point allowed maximization of sen-
sitivity and specificity so the age bands were combined.

A separate analyses for children with unilateral and bilateral
CP for the GMFCS I–III group also revealed no difference in
the classification accuracy rating, and the same cut point
allowed maximization of sensitivity and specificity (data not
shown). The GMFCS IV–V group consisted primarily of chil-
dren with bilateral spasticity, whereas other CP motor types
had small sample sizes and therefore could not be compared.

Validation of cut points. The identified cut points
were applied to independent samples of children, and the
resulting sensitivity and specificity can be found in Table 4.
The bias and 95% limits of agreement as a percentage of
scored time between directly observed and accelerometer
predicted time spent sedentary in the validation sample are
shown in Table 4. The uniaxial GMFCS I–III and TDC cut
point significantly overestimated time spent sedentary, whereas
the GMFCS IV–V cut point only showed a small bias. The
difference between observed and predicted time spent sedentary
for the triaxial GMFCS I–III, GMFCS IV–V, and TDC cut
points were minimal and nonsignificant, with similar limits of
agreement. The design effect (Deff) of including multiple as-
sessments from some children with CP in the Bland–Altman
analysis was minimal for all groups (Deff = 1.05–1.11) with a
true sample size of 20 and 17 children, respectively, for the
GMFCS I–III uniaxial and triaxial groups, and 13 children for
the uniaxial GMFCS IV–V group. The triaxial GMFCS IV–V
group did not have any children where multiple assessments
were used. The minimal design effect was reflected in the
sensitivity analysis where only one assessment for each child
was included as it showed minimal difference in bias or limits
of agreement (data not shown).

In Table 4, it can be observed that children wore the
ActiGraph for varying amount of time due to the length of
their assessment, their level of tolerance of the ActiGraph,
and the varying amounts of excluded time due to handling
from the physiotherapist. Children also spent varying amounts
of time sedentary as the assessment was not scripted but an
assessment of self-initiated movement. Both of these factors
may introduce a bias in the data as some children contributed

more epochs to analysis than others. The percentage of time
spent sedentary was therefore chosen as a measure over the
absolute number of time spent sedentary to minimize this bias.
A linear regression analysis showed the relationship between
total scored time and percentage of time spent sedentary was
not significant for any group of children (P 9 0.05). Further-
more, the observed time spent sedentary and the difference
between observed and predicted time spent sedentary was not
significant for any group of children (P 9 0.05).

DISCUSSION

Australian and Canadian physical activity guidelines state
children age from 1 to 5 yr should engage in active play for
at least 3 h throughout the day and should not be sedentary,
restrained, or kept inactive for more than 1 h at a time, ex-
cept sleeping (1,36,37). There is no specific recommenda-
tion regarding the intensity of activity for this age group but
rather emphasizing total volume of activity and limiting
periods of sedentary behavior. One study of typically de-
veloping toddlers and several studies of typically developing
preschoolers have therefore used total accelerometer wear
time less time spent sedentary as a measure of total activity
time (light, moderate, or vigorous) to assess whether chil-
dren meet the recommendations (8,15,16).

To our knowledge, this study is the first to identify and
validate ActiGraph cut points in toddlers with CP across the
spectrum of functional abilities and compare it to a TDC
reference group. The derived triaxial cut points for all
groups (GMFCS I–III, GMFCS IV–V, and TDC) showed
good classification accuracy in the calibration study, and no
significant difference between observed and predicted time
spent sedentary was identified in the validation sample.
Because of the small group bias but wide limits of agree-
ment (T20%) for individual children, it is recommended that
the cut point is applied on a group-level basis only. Apply-
ing the cut points to collected data for each individual child
but using the group mean and standard deviation for out-
come measures such as time spent sedentary will allow the
comparison of groups (e.g., intervention vs nonintervention
group or TDC vs GMFCS I vs GMFCS III groups). The use
of uniaxial accelerometer cut points is not recommended for
any of the three groups studied. The uniaxial accelerometer
cut point significantly overestimated time spent sedentary
for children in GMFCS I–III and had wider limits of
agreement than the triaxial cut point for children in GMFCS
IV–V. The results align with the results of the previously
discussed study of the uniaxial ActiGraph used in typically
developing toddlers, as a significant overestimation of time
spent sedentary and the wide limits of agreement were
identified (39).

A study comparing the GT1M and older ActiGraph
models indicates that the introduction of a low-frequency
filter in the GT1M and subsequent monitors causes them to
require a larger acceleration to record a nonzero activity
count response (27). The filter was introduced to reduce

ACCELEROMETER CUT POINTS IN TODDLERS Medicine & Science in Sports & Exercised 1813

A
PPLIED

SC
IEN

C
ES

Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



error in the data caused by nonhuman movement such as car
riding. The GT3X+ model records raw accelerometry data
in addition to the count per epoch data available in the
GT1M and original GT3X, and so it allows inclusion of low-
frequency accelerations in the counts per epoch data output if
this is desired. Removing the low-frequency filter could po-
tentially improve the sensitivity of the vertical axis as it would
require less movement to record nonzero activity counts. The
GT3X+ accelerometer was released toward the end of this
present study, so for most of children, raw accelerometry data
were not available. Triaxial data use vector magnitude, which
includes movement in three axes and requires significant
movement in one axis or slight movement in several axes for
an epoch to be classified as ‘‘nonsedentary.’’ This allows slight
movement in sedentary pursuits while still being able to dif-
ferentiate between sedentary and nonsedentary behavior.

The strengths of this study include the use of a real-time
direct observation criterion measure, the inclusion of an in-
dependent validation group, and the inclusion of children
with CP across the spectrum of gross motor abilities, and a
typically developing comparison group. Limitations include
the lack of raw accelerometry data for investigation of
whether removing the low-frequency filter improves the
sensitivity of the vertical axis and the lack of an inclinometer
to distinguish between lying, sitting, and standing still. In
addition, the establishment of within-subject reliability
would further improve the clinical utility of the developed
cut points as they could be used to reliably establish an in-
dividual child’s level of sedentary behavior and enable it to
be tracked over time.

Evidence-based recommendations regarding recommended
amounts of physical activity for improving or maintaining
motor function promote a healthy body composition and fos-
ter cognitive, social, and emotional development are currently
lacking in the clinical management of children with CP. The
use of the triaxial cut points in ambulatory (GMFCS I–III) and
nonambulatory (GMFCS IV–V) toddlers with CP and TDC

will make it possible for researchers to compare the amounts
of sedentary time and time in total physical activity between
children with CP and TDC, as well as the duration and number
of sedentary bouts for comparison to current physical activity
guidelines. This allows a description of HPA and sedentary
behavior patterns and enables longitudinal studies of the re-
lationship between these modifiable lifestyle factors and
health outcomes to guide physical activity recommendations
specific to this population for use in clinical practice and
health promotion initiatives.

CONCLUSIONS

Triaxial ActiGraph accelerometer cut points are valid for
measurement of time spent sedentary in ambulatory and
nonambulatory toddlers with CP and in typically developing
toddlers. The use of triaxial cut points for group-level mea-
surement of time spent sedentary in these groups of children
demonstrated good classification accuracy and no signifi-
cant difference between observed and predicted time spent
sedentary. The use of uniaxial ActiGraph accelerometer data
is not recommended for use in toddlers with CP or typically
developing toddlers based on the findings of this study.
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