Gait & Posture 98 (2022) 146-152

Contents lists available at ScienceDirect

=

1OPUSTURE

Gait & Posture

FI. SEVIER

journal homepage: www.elsevier.com/locate/gaitpost

t.)

Check for

Energy cost of gait in children and the effect of speed, age, and body size &&=

Yngvild Gagnat ™ " Laura M. Oudenhoven ¢, Siri Merete Brandvik >, Ellen Marie Bardal ®,
Karin Roeleveld *"

@ Orthopaedic Research Center, Clinic for Orthopaedics, Rheumatology and Skin Diseases, St. Olavs University Hospital, Trondheim, Norway

Y Department on Neuromedicine and Movement Science, Faculty of Medicine and Health Sciences, Norwegian University of Technology and Science, NTNU, Trondheim,
Norway

¢ Amsterdam UMC, Vrije University of Amsterdam, Department of Rehabilitation Medicine, Amsterdam, Movement Sciences, de Boelelaan 1117, Amsterdam,
Netherlands

4 Clinical Services, St. Olavs University Hospital, Trondheim, Norway

ARTICLE INFO ABSTRACT
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Background: Energy cost (EC) of comfortable walking is often used in clinical evaluation of children with altered
gait function. EC is presented as energy expenditure per kg bodyweight per meter, either in total (grossEC) or in
addition to resting energy expenditure (netEC). GrossEC is considered more reliable and netEC less affected by

lg}‘:irl‘;‘:::amn between-subject variations in speed, age, and body size. However, the effect of the individual child’s speed on EC
Speed is rarely considered, while altered gait function may affect both speed and EC.
Body size Research question: To what extent are grossEC and netEC affected by within-subject variation in speed and

between-subject variations in speed, age, and body size?

Methods: Forty-two typically developing children (7-15 y) were included in this cross-sectional study. Age,
height, and bodyweight were obtained. Breath-to-breath gas-exchange measures of VO2 and VCO, were con-
ducted during rest and five over-ground gait conditions: walking at slow, comfortable, and fast speed, jogging
and running. All conditions lasted 3-5 min. Body surface area, non-dimensional speed, grossEC, and netEC were
calculated. Regression analyses and mixed model analyses were conducted to explain the effect of speed, age, and
body size on variations in EC.

Results: GrossEC showed a non-significant, concave up relation to within-subject variation in speed, with a
minimum around comfortable/fast walking speed. NetEC had a strong positive linear relation to within-subject
variation in speed. For each gait condition, grossEC was more affected by between-subject variations in speed,
age, and body size compared to netEC. However, the effect of age and body size was not eliminated for netEC but
was quadratic.

Significance: Although normalised to speed and bodyweight, grossEC and netEC are still affected by those factors.
However, they are affected differently for within- and between-subject variations. This must be considered when
interpreting EC in children in relation to gait function.

1. Introduction

Energy expenditure during gait provides an indication of gait func-
tion and is often increased in children with movement disability [1-3].
Energy expenditure is regularly investigated for treatment evaluation as
reducing energy expenditure during gait is a frequently used treatment
goal [3-6]. Indirect calorimetry through gas-exchange measurements of
oxygen (VO;) and carbon dioxide (VCO3) is considered the gold

standard for investigating energy expenditure during gait [7]. To allow
for comparison between individuals, energy expenditure is commonly
normalised to body weight and presented in J/kg/min [8]. Energy
expenditure measurements from indirect calorimetry requires at least
one-minute steady state. To reach such a period with steady state during
gait from rest, usually takes five minutes. Due to time limits and possi-
bility of fatigue with longer periods of gait, clinical evaluation is usually
performed at only one gait condition, commonly at self-selected,

Abbreviations: BSA, Body surface area; EC, Energy cost; EE, Energy expenditure; RER, Respiratory exchange ratio; VO,, Oxygen uptake; VCO,, Carbon dioxide

production.
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comfortable speed. However, energy expenditure increases with speed
and self-selected speed decreases with movement disability [2,3,9-11].
Therefore, to quantify gait efficiency in children with disabilities, energy
expenditure is often normalised to speed and referred to as energy cost
(EC, J/kg/m).

Although EC is an objective, quantitative measure, there are several
methodological issues, especially when evaluating children in growth
[12]. While EC of gait is commonly normalised to weight and speed, this
normalised EC is still reported to be affected by speed and
growth-related subject characteristics, such as age, height, bodyweight,
and body surface area (BSA) [12-14]. This is partly thought to be caused
by the resting energy expenditure (restEE) which changes with matu-
ration [3,14]. RestEE consists of the basal metabolic rate and the resting
muscular consumption during sitting or standing. While grossEC rep-
resents the total cost required for movement, including restEE, netEC
represents the EC of gait after subtraction of restEE. Due to difficulties
measuring restEE in children, grossEC has shown greater reproducibility
compared to netEC [15,16]. However, subtracting restEE has shown to
reduce the effect of growth-related subject characteristics [1]. In an
attempt to remove the effect of anatomical and physiological variables, a
non-dimensional normalisation of netEC has been proposed [17].
However, a dimensionless outcome is more difficult to interpret and,
according to the normalisation scheme, the only difference between the
netEC and the non-dimensional netEC is determined by a constant fac-
tor, the gravitational force. Thus, its relation to speed and
growth-related subject characteristics is therefore the same as netEC [1].

Superiority of grossEC with respect to reproducibility and netEC with
respect to its relative independency of growth-related subject charac-
teristics seems to be largely accepted knowledge. However, the influ-
ence of individual variations in gait speed on EC is less systematically
investigated. Gait function may affect both speed and EC independently,
but the effect of the individual child’s speed on EC is rarely considered.
To establish a more complete basis for clinical interpretation of EC in
children, this study aims to evaluate to what extent grossEC and netEC
are affected by within-subject variations in speed, and by between-
subject variations in speed and growth-related subject characteristics,
in typically developing children.

2. Methods
2.1. Participants

The present study is part of a larger project evaluating activity and
energy expenditure in children. The children in this project were
recruited from a local elementary and junior high school. The tests were
performed at the school premises and within school hours. Data from 42
typically developing children, aged between seven and 15 years old,
without physical disability or medical conditions affecting their gait
were analysed in this study.

2.2. Procedure and equipment

Characteristics of the children were recorded prior to testing,
including age, height, and bodyweight. Body surface area (BSA, m?) was
calculated as follows [18]:

) bodyweight(kg) x height(cm)
BSA(m’) = \/ 3600

Energy expenditure was measured at rest and during gait tests.
During rest, the children were sitting and standing for three minutes
each. The gait tests lasted for five minutes each, and time of rest in
between the tests was determined by the children themselves. The
children wore shoes and were instructed to walk as you normally do, walk
slower than you normally do, walk faster than you normally do, jog, and run,
in that specific order. All speeds were self-selected, and the tests were
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conducted around a handball field of 40 times 20 m or on a 400-meter
track. A portable indirect calorimeter, Metamax, version II (Cortex
Biophysik GmbH, Leipzig, Germany) was carried as a backpack by the
children and used to measure oxygen uptake (VO3) and carbon dioxide
production (VCOy). Reliability and validity of this system as well as
comparable systems have been reported before [19,20]. Prior to testing,
the calorimeter was calibrated according to the manufacturer’s in-
structions. The children wore a facemask placed over nose and mouth
which was carefully inspected for leakage.

2.3. Data analyses

Speed (m/s) was calculated from the total distance over time during
each gait test. Non-dimensional speed was calculated using the
following equation [21]:

Non — dimensional speed = speed(m/s)/\/(9.81m/s2 x leg length(m) )

From the resting and gait tests, VO3 (1/min) and VCO5 (I/min) were
averaged over a two-minute visually inspected steady state period,
where fluctuations in VO3 and VCO, changed the least [1]. Respiratory
exchange ratio (RER) was calculated by dividing VO, by VCO,. The
mean VO, relative to bodyweight (ml/kg/min) and RER were used to
calculate resting and gross energy expenditure (restEE and grossEE, both
in J/kg/min) using the following equation [22]:

EE(J/kg/min) = (4.940 x RER + 16.040) x VO,(ml/kg/min)

Of the two resting tests, the test with the lowest restEE was sub-
tracted grossEE to obtain net energy expenditure (netEE, J/kg/min).
Gross and net energy cost (grossEC and netEC, J/kg/m) were calculated
by dividing grossEE and netEE by speed (m/min).

2.4. Statistical analyses

Normal distributions of the included variables were evaluated and
confirmed based on visual inspection of Q-Q-plots. To evaluate the dif-
ferences in non-dimensional speed between gait conditions, a mixed
model analysis was conducted with non-dimensional speed as depen-
dent variable, gait condition was set as factor and subject as random
factor to account for repeated measures. To evaluate the difference in
grossEC and netEC between gait conditions, and the effect of within-
subject variations of speed on grossEC and netEC, mixed model ana-
lyses were conducted. GrossEC and netEC were separately set as
dependent variables and non-dimensional speed as independent vari-
able. Gait condition was set as factor and subject as random factor to
account for repeated measures. Univariate regression analyses were
conducted to evaluate the relation between non-dimensional speed,
growth-related subject characteristics, grossEC and netEC for each gait
condition. Depending on the model, grossEC and netEC were set as
dependent variables and non-dimensional speed, age, height, body-
weight and BSA as independent variables. Where visual inspections
revealed curvilinear relations, quadratic terms were included in the
specific models. The most appropriate model for each dependent vari-
able is presented. Separate linear regression analyses were in addition
conducted for the ascending and descending parts of the quadratic
curves for growth-related subject characteristics, for comparisons to the
linear relations.

Statistical analyses were carried out using SPSS version 27 (IBM
Statistics). Statistical significance was set to p < 0.05.

3. Results

Characteristics of the children are reported in Table 1. Of the 42
participating children, 41 completed the gait conditions slow and
comfortable walking, 42 fast walking, 39 jogging and 32 running. One
child did not perform restEE measurements. Mean values, standard
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Table 1
Characteristics of the participating children, presented as mean + SD, 95%
confidence interval (CI) and/or frequencies (N).

Mean + SD 95% CI N
Gender (boys/girls) 23/19
Age (years) 106y +26y 10.2y-109y 42
Height (cm) 149.7 + 15.9 147.5-151.9 42
Bodyweight (kg) 43.4+ 125 41.7 -45.1 42
Body surface area (m?) 1.34 + 0.26 1.30-1.37 42

deviations, and the 95% confidence interval of restEE (J/kg/min), gait
speed (m/min), grossEC (J/kg/m) and netEC (J/kg/m) are presented in
Table 2.

Mixed model analyses showed that the non-dimensional speed
significantly increased between the gait conditions, from an average of
0.33 during slow walking to an average of 0.94 during running
(p < 0.001).

GrossEC showed a non-significant, concave up relation to within-
subject variation in speed, with a turning point around comfortable/
fast walking speed (p = 0.2, Fig. 1; Left column, Table 3). Testing be-
tween the gait conditions, did neither show a significant difference in
grossEC between comfortable and fast walking (p = 0.4), nor between
slow, walking, jogging, and running (p < 0.4). However, grossEC was
significantly higher during the three latter conditions compared to
comfortable and fast walking (p < 0.01).

NetEC showed a significant, linear relation to within-subject varia-
tion in speed, where non-dimensional speed explained 41% of the
variance in netEC and increased from slow walking to running
(p < 0.001, Fig. 1; Left column, Table 3). Testing between the gait
conditions also showed a significantly higher netEC during fast walking,
jogging, and running compared to slow and comfortable walking
(p < 0.006), and during jogging and running compared to fast walking
(p < 0.001). However, netEC was not significantly different between
slow and comfortable walking (p = 0.7) nor between jogging and
running (p = 0.5).

For each gait condition, grossEC was to a greater extent affected by
the between-subject variation in speed compared to netEC (Fig. 1; Right
column, Table 3). Linear regression analyses showed that non-
dimensional speed explained between 3% and 29% of the variance in
grossEC. With a one unit increase in non-dimensional speed, grossEC
decreased with 6.75 J/kg/m during slow walking (p = 0.006), 3.23 J/
kg/m during jogging (p = 0.007) and 3.97 J/kg/m during running

Table 2

Speed and energy expenditure measures during rest and during the five gait
conditions, presented as mean + SD and 95% confidence interval (CI) with
frequencies (N).

Condition Mean + SD 95% CI N
RestEE (J/kg/min)
Rest 155.2 £ 47.1 140.3 -170.1 41
Speed (m/min)
Slow walking 57.8 £ 14.9 53.1 -62.5 41
Comfortable walking 79.7 £ 11.6 76.0 — 83.4 41
Fast walking 92.5+13.4 88.3-96.7 42
Jogging 139.8 £+ 23.6 132.1 -147.4 39
Running 167.6 &+ 30.5 156.6 — 178.6 32
GrossEC (J/kg/m)
Slow walking 5.46 + 1.24 5.07 - 5.85 41
Comfortable walking 4.64 +£1.01 4.32 - 4.96 41
Fast walking 4.81 + 0.95 4.51 -5.11 42
Jogging 5.64 + 0.84 5.37 -5.92 39
Running 5.60 + 1.02 5.23 -5.97 32
NetEC (J/kg/m)
Slow walking 2.61 +0.75 2.37 - 2.85 40
Comfortable walking 2.66 + 0.66 2.45-2.88 40
Fast walking 3.08 + 0.68 2.87 -3.30 41
Jogging 4.48 + 0.69 4.25-4.70 38
Running 4.61 +£0.82 4.31-4.91 31
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(p = 0.002, Table 3). There were no significant relations between non-
dimensional speed and netEC during slow, comfortable, or fast
walking, nor jogging (p > 0.2). During running non-dimensional speed
explained 18% of the variance in netEC, where an increase in speed was
significantly related to decrease in netEC (p = 0.02).

GrossEC was highly affected by growth-related subject characteris-
tics, while netEC to a lesser extent, and with dissimilarity between the
gait conditions (Fig. 2). Linear regression analyses showed that grossEC
decreased with increase in age, height, bodyweight and BSA for all gait
conditions (Fig. 2; Left column, Table 4).

For every year increase in age, there was a decrease in grossEC with
the lowest value during jogging (0.15 J/kg/m) and the greatest value
during slow walking (0.28 J/kg/m, p < 0.006). For every cm increase in
height, there was a decrease in grossEC with the lowest value during
jogging (0.02 J/kg/m) and the greatest value during slow walking
(0.05 J/kg/m, p < 0.009). For every kg increase in bodyweight there
was a decrease in grossEC with the lowest value during jogging (0.03 J/
kg/m) and the greatest value during fast walking (0.05 J/kg/m,
p < 0.009). Also, for every m? increase in BSA, there was a decrease in
grossEC with the lowest value during jogging (1.4 J/kg/m) and the
greatest value during slow walking (2.6 J/kg/m, p < 0.007). During
slow walking, the growth-related subject characteristics explained be-
tween 25% and 35% of the variance in grossEC, during comfortable
walking between 35% and 42%, during fast walking between 39% and
45%, during jogging between 17% and 23% and during running be-
tween 20% and 23%.

Quadratic regression analyses showed that significant relations be-
tween netEC and growth-related subject characteristics were mainly
present during comfortable and fast walking (Fig. 2; Right column,
Table 4). During comfortable walking, age and age?, and BSA and BSA?,
explained 19% and 18% of the variance in netEC respectively
(p < 0.03). Height and height?, and bodyweight and bodyweight?,
explained 14% and 15% of the variance (borderline significant,
p < 0.06). During fast walking, all growth-related subject characteristics
in combination with their squared explained between 18% and 23% of
the variance in netEC (p < 0.03). While during jogging, age and age?
explained 15% of the variance (borderline significant, p = 0.055). The
significant relations followed a concave down shape, where netEC
increased until the turning point at approximately the age of ten years,
height of 140 cm, bodyweight of 40 kg and BSA of 1.2 m? Linear
regression analyses of the ascending and descending parts of the
quadratic curves showed that netEC was barely affected of growth-
related subject characteristics up to the turning points, while approxi-
mately half of the relations of the descending parts of the curves showed
significant decreases in netEC with increases in age, height, bodyweight
and BSA (Table 4).

4. Discussion

The aim of this study was to evaluate the effect of speed and growth-
related subject characteristics on gross and net energy cost in typically
developing children. Our findings show that grossEC was barely affected
by within-subject variation in speed, but netEC was highly affected.
Conversely grossEC was more affected by between-subject variations in
speed compared to netEC. GrossEC decreased as age and body size
increased, while this relation was less strong and non-linear for netEC.

The children participating in this study were instructed to walk slow,
comfortable, and fast, and to jog and run. Our findings show that the
speed significantly increased between the gait conditions, indicating
that the speed instructions were consistent with the implementations. To
walk at self-selected comfortable walking speed is thought to be close to
an optimal, where the combination of step length, frequency and width
diminishes the energy expenditure per meter [23]. Increasing deviations
of these parameters are expected to increase the energy expenditure per
meter and our findings of grossEC confirms this. Accordingly, grossEC
was significantly higher during slow walking, jogging, and running
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Fig. 1. GrossEC (top) and netEC (bottom, both in J/kg/m) as a function of non-dimensional speed, at individual level where each line represents one child (left
column) and for the five gait conditions with fit lines of each condition (right column).

Table 3

Explained variance (R?), statistical significance level (p-value) and slopes with standard errors (B (SE)) of regression models between gait speed and energy cost (EC).
For the quadratic regression model of within-subject variation for grossEC, the B(SE) of the independent variable’s squared is also presented. In addition, number of
participants is presented (N). Significant relations are presented in bold (p-value <0.05).

GrossEC (J/kg/m)

NetEC (J/kg/m)

R? p-value B (SE) N R? p-value B (SE) N
Within-subject variation
Non-dimensional speed 0.012 0.21 -2.02 (1.84) 42 0.41 < 0.001 3.03 (0.27) 141
Non-dimensional speed? 1.74 (1.38)
Between-subject variations
Slow walking 0.18 0.006 -6.75 (2.30) 41 0.03 0.3 -1.53 (1.56) 40
Comfortable walking 0.03 0.3 -2.77 (2.66) 41 0.00 0.9 -0.15 (1.84) 40
Fast walking 0.06 0.1 -3.72 (2.25) 42 0.03 0.3 -1.76 (1.70) 41
Jogging 0.18 0.007 -3.23 (1.14) 39 0.05 0.2 -1.35 (1.03) 38
Running 0.29 0.002 -3.97 (1.14) 32 0.18 0.02 -2.64 (1.03) 31

compared to comfortable walking. NetEC on the contrary, increased
from slow walking to running, implying comfortable walking speed is
not the most beneficial energetically. These differences may be
explained by the relative more prominent contribution of restEE to the
total cost required for movement during slow walking, and the
increasing relative contribution of cost required for movement with
increasing speed [14].

Conducting energy expenditure measurements during various gait
conditions makes it possible to evaluate how different gait speeds may
affect the different measures of EC. NetEC has been recommended over
grossEC due to its less effect of speed during comfortable walking [9].
However, gait speed is related to functional ability and may be a useful
measure of disability [24]. Indeed, improvement in gait speed after
treatment has been reported for children with cerebral palsy [25,26].
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Our findings indicate that a potential decrease in EC as a result of
increased gait speed, due to improved gait function, may be concealed
using netEC when evaluating individual treatment effects. GrossEC may
prove to be more robust against individual variations of speed and may
therefore be expected to be more reliable. This agrees with previous
studies, recommending grossEC as a more sensitive measure when
evaluating clinically relevant changes at individual levels in children
with cerebral palsy [15]. In addition, the observation that children with
higher self-selected speed during specific gait condition have reduced
grossEC, agrees with the expectation that children with better gait
function have reduced EC of gait and increased speed [2,26,27].
Normalising energy expenditure to bodyweight should in theory
allow for comparisons between different ages and body sizes, however
our results indicate that this is not applicable for children in growth. Our
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Table 4
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Explained variance (R?) and statistical significance level (p-value) of regression models between age, height, bodyweight, body surface area (BSA), and energy cost
(EC). Slopes with standard errors of linear regression models are presented for grossEC (B (SE)). For illustration in comparison, slopes with standard errors of linear
regression models for ascending (B; (SE;)) and descending (B, (SE»)) parts of the quadratic relations of netEC are presented. In addition, number of participants is
presented (N). Significant relations are presented in bold (p-value <0.05) and borderline significant relations are presented in italic (p < 0.08).

GrossEC (J/kg/m)

NetEC (J/kg/m)

R? p-value B (SE) N R? p-value B; (SE1) N B (SE2) N
Age (years) <=10y >=11y
Slow walking 0.35 < 0.001 -0.28 (0.06) 41 0.02 0.6 -0.05 (0.18) 20 -0.05 (0.12) 20
Comfortable walking 0.42 < 0.001 -0.25 (0.05) 41 0.19 0.02 0.02 (0.15) 20 -0.20 (0.09) 20
Fast walking 0.39 < 0.001 -0.23 (0.05) 42 0.20 0.02 0.08 (0.14) 20 -0.16 (0.09) 21
Jogging 0.23 0.002 -0.15 (0.05) 39 0.15 0.055 0.10 (0.17) 20 -0.28 (0.09) 18
Running 0.23 0.006 -0.18 (0.06) 32 0.13 0.1 0.14 (0.20) 16 -0.24 (0.15) 15
Height (cm) <= 140 cm >=141 cm
Slow walking 0.33 < 0.001 -0.05 (0.01) 41 0.07 0.2 0.03 (0.04) 13 -0.03 (0.01) 27
Comfortable walking 0.39 < 0.001 -0.04 (0.01) 41 0.14 0.059 -0.001 (0.04) 13 -0.03 (0.01) 27
Fast walking 0.40 < 0.001 -0.04 (0.01) 42 0.18 0.03 0.04 (0.03) 13 -0.03 (0.01) 28
Jogging 0.19 0.005 -0.02 (0.01) 39 0.11 0.1 0.04 (0.03) 13 -0.01 (0.01) 25
Running 0.20 0.009 -0.03 (0.01) 32 0.11 0.2 0.06 (0.04) 11 -0.02 (0.02) 20
Bodyweight (kg) <=40 kg >=41kg
Slow walking 0.25 < 0.001 -0.05 (0.01) 41 0.06 0.3 0.07 (0.04) 20 -0.02 (0.02) 20
Comfortable walking 0.35 < 0.001 -0.05 (0.01) 41 0.15 0.052 0.05 (0.03) 19 -0.03 (0.02) 21
Fast walking 0.43 < 0.001 -0.05 (0.01) 42 0.19 0.02 0.02 (0.03) 20 -0.05 (0.02) 21
Jogging 0.17 0.009 -0.03 (0.01) 39 0.04 0.5 0.04 (0.03) 19 -0.02 (0.02) 19
Running 0.21 0.008 -0.04 (0.01) 32 0.08 0.3 0.04 (0.05) 15 -0.03 (0.03) 16
BSA (m?) <=1.20 m* >=1.21m?
Slow walking 0.29 < 0.001 -2.62 (0.65) 41 0.08 0.2 1.91 (2.47) 14 -1.53 (0.73) 26
Comfortable walking 0.39 < 0.001 -2.42 (0.49) 41 0.18 0.03 0.80 (2.20) 13 -2.09 (0.58) 27
Fast walking 0.45 < 0.001 -2.47 (0.43) 42 0.23 0.008 1.73 (2.23) 14 -1.85 (0.58) 27
Jogging 0.19 0.005 -1.41 (0.48) 39 0.07 0.3 2.73 (2.22) 13 -0.94 (0.71) 25
Running 0.22 0.007 -1.78 (0.61) 32 0.11 0.2 3.35(2.52) 12 -1.11 (1.01) 19

findings agree with previous research reporting a decrease in grossEC
with increase in age and body size for children and adolescents [1,14,
28]. Additionally, our study shows that this applies to different speeds of
walking and running. Our findings confirm that grossEC is more affected
by growth-related subject characteristics, compared to netEC [1,12,17].
Although less strong, linear inverse relations have been reported during
self-selected comfortable walking speed for netEC, age and height [1].
However, even though the average speed, age and body size did not
differ significantly from our study sample, we revealed quadratic re-
lations, indicating that until a certain age and body size, gait gets less
energy efficient.

Doing separate linear regression analyses on ascending and
descending parts of the quadratic curves indicated that the older, taller,
and heavier children changed their netEC with growth roughly in be-
tween 50% and 75% of the amount of grossEC (Table 4; comparing By
with B). Although this not always reached statistical significance, the
amount would still be physiologically and clinically relevant. For the
younger and smaller children, netEC was less affected by growth, but
there was a greater spread in the data, like observed in other studies [1].
This may reflect the challenges of measuring restEE in the youngest
children.

There are some considerations to highlight. There was no randomi-
zation of order of the conditions in the gait test, and the children
themselves decided duration of rest in between the conditions. This
could potentially have affected the energy expenditure measurements if
they were more and more fatigued throughout the testing. However, the
children were visually observed to ensure proper rest in between the
conditions. Measuring resting energy expenditure in children may be
challenging, and high within-subject variability has been reported both
for typically developing children and children with cerebral palsy [15,
16]. As an attempt to provide valid measurements, the resting protocol
of the present study included both sitting and standing for three minutes
each, where the lowest resting energy expenditure measure was used for
subsequent calculations. Moreover, the procedures were carefully per-
formed by ensuring the face mask was properly attached, giving explicit
instructions, and monitoring of the measurements. However, this will be
an element of uncertainty when it comes to using netEC measurements
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in children.
4.1. Conclusion

Evaluating grossEC and netEC during five different gait conditions
showed that grossEC was less affected by within-subject variation in
speed compared to netEC, indicating grossEC is favourable evaluating
individual changes in EC. On the contrary, netEC was less affected by
between-subject variations in speed. Where grossEC had a strong
negative linear relation to growth-related subject characteristics during
all gait conditions, netEC was less affected, but the relations were
quadratic. NetEC showed the highest effect of growth-related subject
characteristics during comfortable and fast walking. Our findings un-
derpin the importance of being cautious when grossEC and netEC are
used to evaluate children of different ages and body sizes, even during
self-selected, comfortable walking speed.
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