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Abstract The present study investigated the use of a triaxial accelerometer, Tracmor2, for the measurement of
physical activity in children. Eleven children [age 6.9
(2.2) years, body mass 19.5 (5.3) kg and height 112.3
(14.4) cm] were studied. Total daily energy expenditure
(TDEE) was measured using the doubly labeled water
method over a 2-week period. In addition, basal metabolic rate (BMR) was determined by the ventilated hood
system. Physical activity level (PAL) was deﬁned as
TDEE/BMR. Tracmor2 was worn during the same
2-week period throughout waking hours after which
average counts per day were calculated. The average
counts per day were shown to be highly correlated
to PAL values measured by doubly labeled water:
PAL = 1.156·10)5·Tracmor2 average counts day)1
+ 0.978 (r=0.79, P<0.01). In conclusion, Tracmor2
is a valid instrument to measure physical activity in
children under free-living conditions.
Keywords Total daily energy expenditure Æ
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Introduction
Physical activity and physical ﬁtness are important for
health and development. Inactivity increases the risk of
diseases associated with our modern lifestyle. Because
physical inactivity in childhood has been found to continue into adulthood, the promotion of regular physical
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activity in children could serve as a preventive health
strategy. Bringing about changes in habitual lifestyles
requires an understanding of the current levels and
patterns of physical activity.
The doubly labeled water (DLW) method is regarded
as the ‘gold standard’ for the measurement of physical
activity. It estimates physical activity under free-living
conditions over a period of 1–2 weeks. However labeled
water is expensive, not always available and cannot be
used for the measurement of physical activity patterns.
Accelerometers, validated against DLW, are a good
alternative for the measurement of physical activity
patterns.
Accelerometers register the occurrence and intensity
of body movement. Two classes of accelerometers are
described in the literature: uni-axial and tri-axial accelerometers. Johnson et al. (1998) validated the Caltrac
device, which measures accelerations in one direction.
Compared with the DLW method the Caltrac was found
to be inaccurate. Ekelund et al. (2000) used a Computer
Science and Applications (CSA) activity monitor, which
is also a uni-axial accelerometer, and found a good
correlation between the accelerometer and DLW data.
In contrast, Leenders et al. showed an underestimation
of physical activity expressed as kilocalories per day
measured by the CSA (Leenders et al. 2001) and the
Tritrac, a tri-axial accelerometer. Another tri-axial
accelerometer, the Tracmor did prove to be a reliable
tool for assessing physical activity in adults (Bouten et al.
1996).
The present study validates the Tracmor2 in children.
The Tracmor2 is, in contrast to the Tracmor used by
Bouten et al. (1996), a much smaller and lighter device,
which minimizes subject discomfort.

Methods
Subjects and study design
Eleven children in the age range of 3–12 years were selected. The
children were healthy and free from any medical condition that
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could restrict their physical activity. The children visited the hospital early in the morning for basal metabolic rate (BMR) measurements. From that moment, the Tracmor2 was worn for a
period of 2 weeks. The evening preceding the BMR measurement
the children received a dose of 2H218O. During the 2-week period,
urine samples were collected and stored at )20C until 2H and 18O
enrichments were measured. Parents and children were informed
about the study before informed consent was obtained. The study
was approved by the Ethical Committee of the University Hospital
Maastricht.

integrated acceleration curves from the anteroposterior, mediolateral and vertical directions of the trunk. The integration period
was set at 1 min and the ﬁnal output is expressed as counts per
minute (cpm) (Bouten et al. 1996).
The Tracmor2 was worn during waking hours, except while
showering and during swimming. The parents of the children recorded the moments when the children woke up, put the Tracmor2
on and oﬀ and went to bed. If the time during which they wore the
device and the time spent sleeping did not add up to at least 22 h,
the day was excluded from the analysis (mean number of recorded
days 11). Average daily counts were calculated.

DLW and ventilated hood
Estimating physical activity by DLW requires information about
total daily energy expenditure (TDEE) and BMR. TDEE was
measured by the DLW method according to the Maastricht protocol (Westerterp et al. 1995). A weighed dose of water with a
measured enrichment of about 5 at% 2H and 10 at% 18O was
ingested during the evening preceding the BMR measurement. This
dose results in an initial excess body water enrichment of 150 ppm
for 2H and 300 ppm for 18O. A baseline urine sample was collected
before dosing. Additional urine samples were collected in the
mornings and evenings of days 1, 8 and 15. Samples were analyzed
on an isotope-ratio mass spectrometer (Optima; VG Isogas, Middlewich, Cheshire, UK).
The hydrogen isotope is eliminated from the body as water,
while the oxygen isotope is eliminated as both water and carbon
dioxide. The diﬀerence between the two elimination rates is therefore a measure of carbon dioxide production. Total daily energy
expenditure was calculated, using Weir’s equations (Weir 1949),
from carbon dioxide production assuming a respiratory quotient of
0.85.
BMR was measured using an open-circuit, ventilated hood
system in the morning after an overnight fast. The subjects were
asked to lie in supine position for 30 min. Gas analyses were made
with a paramagnetic oxygen analyzer (Servomex type 500A,
Crowborough, Sussex, UK) and with an infrared carbon dioxide
analyzer (Servomex type 500A), similar to the system described by
Schoﬀelen et al. (1997). Oxygen consumption and carbon dioxide
production were calculated using the ﬂow through the hood and
the oxygen and carbon dioxide concentrations in the incoming and
outgoing air. Weir’s equations were used to calculate BMR (Weir
1949). Knowing TDEE and BMR, physical activity level (PAL) can
be calculated as: TDEE/BMR.
Accelerometer
The Tracmor2 (Tracmor2, Philips Research, Eindhoven, The
Netherlands), a tri-axial accelerometer, was worn for 2 weeks. The
Tracmor2 is a small (7·2.8·0.8 cm) and light (30 g) device, which
is worn attached to an elastic belt at the back of the waist. The
tri-axial accelerometer calculates the sum of the rectiﬁed and

Statistics
A linear regression analysis was performed for the PAL (TDEE/
BMR) measured with the DLW method and the Tracmor2 (average counts per day) output.

Results
Subject characteristics are given in Table 1. The mean
age (SD) of the children was 6.9 (2.2) years, body mass
was 19.5 (5.3) kg and height was 112.3 (14.4) cm. Linear
regression analysis resulted in the following equation for
the calculation of PAL values (Fig. 1): PAL=
1.156·10)5 · Tracmor2 average counts day)1 + 0.978
(r=0.79, P<0.01).

Discussion
As our awareness of the eﬀect of inactivity on health,
growth and development increases, so does the interest
in methods to measure physical activity. Because physical inactivity in children continues into adulthood,
prevention of inactivity is especially in this age group of
great importance. When measuring physical activity,
one has to be sure that the measurement does not
interfere with the child’s lifestyle. Accelerometers are
therefore a good alternative for the DLW method, which
is considered to be the ’gold standard’.
The present study showed the Tracmor2 to be a
valuable instrument for the evaluation of physical
activity in children. Bouten et al. (1996) compared activity
counts from the Tracmor with energy expenditure in

Table 1 Subject characteristics. TDEE Total daily energy expenditure; BMR basal metabolic rate
Subject no.

Age (years)

Sex (M/F)

Height (cm)

Mass (kg)

k Counts day)1

TDEE (MJ)

BMR (MJ)

1
2
3
4
5
6
7
8
9
10
11

5.9
6.8
5.8
11.1
6.6
3.4
8.3
5.9
4.9
9.8
7.1

F
F
F
M
F
F
F
F
M
M
F

100.3
103.8
95.9
130.9
103.7
97.4
129.3
115.0
101.7
128.8
128.6

18.0
15.0
12.3
25.2
14.8
15.4
27.5
19.7
16.7
23.5
26.4

30.7
34.3
39.9
60.8
34.1
39.2
31.0
53.8
48.3
53.4
58.7

5.06
5.45
5.07
8.29
4.64
5.26
6.57
5.60
6.25
7.27
7.57

3.69
4.40
3.49
4.54
3.43
3.56
4.58
4.03
4.00
4.47
4.64
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Fig. 1 Physical activity levels (PAL = total daily energy expenditure/basal metabolic rate) measured by the doubly labeled water
technique plotted against the average daily Tracmor2 counts. The
solid line represents the regression line: PAL = 1.156·10)5·Tracmor2 average counts day)1 + 0.978 (r=0.79. P<0.01)

adult subjects. A correlation coeﬃcient of 0.58
(P<0.001) was found. The correlation improved to a
value comparable with those of the present study (0.73)
when counts were corrected for counts that were the
results of vibrations produced by transportation. Because these vibrations are removed by a low-pass ﬁlter in
Tracmor2, this correction is not necessary when using
the device.
Two other studies in children describe the validation
of an accelerometer. Johnson et al. (1998) did not ﬁnd a
relation between Caltrac and DLW data. Ekelund et al.
(2000) found a correlation of 0.54 between average
activity counts and physical activity measured by DLW
using the CSA. Another study in women did not ﬁnd a
relation between CSA and DLW data (Leenders et al.
2001). Like Johnson et al. (1998) this study converted
accelerometer output to kilocalories per day on the basis
of an equation including age, height, mass and gender.
In addition to the CSA, the study showed the Trictrac, a tri-axial accelerometer, to underestimate physical
activity. Also Tritrac output was converted to kcalories
per day with use of equations based on mass, height, sex
and age. This means that the measurement of physical
activity depends in addition to accelerometer output on
subject characteristics.
The lower correlation found by Ekelund et al. (2000)
compared with the present study can probably be
contributed to the fact that Ekelund used the CSA

accelerometer, which is a uni-axial accelerometer. This
device only registers movements in the vertical plane in
contrast to the Tracmor, which measures movements in
three directions.
The position of attachment to the body can also
inﬂuence accelerometer output. Ideally several accelerometers are used attached to diﬀerent sites to the body;
however this is very unpleasant for the subject. Therefore the Tracmor, CSA and Tritrac are attached to the
waist, which is close to the center of gravity. The Caltrac
was not attached to the waist, but to the hip.
When measuring physical activity it is important not
to disturb the regular pattern of physical activity.
Therefore it is important to minimize the subject’s discomfort. The Tracmor2 is worn around the waist attached to an elastic belt. Because the Tracmor2 is a small
device it can be covered invisible with clothing. In
addition the Tracmor2 is a light device compared with
other accelerometers.
We conclude that because the Tracmor2 can be used
under free-living conditions, does not interfere with the
child’s habitual activity pattern and it was shown to be
highly correlated to the DLW method, it is a valuable
device for the assessment of physical activity in children.
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