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ORIGINAL ARTICLE

Predictability of exercise capacity following pediatric burns: a preliminary
investigation

Moniek Akkermana,b , Leonora J. Moutona, Sonja de Groota, Anuschka S. Niemeijerb,c,
Sonja M. H. J. Scholten-Jaegersb, Margriet E. van Baard, Matthea M. Stoope, Lucas H. V. van der Woudea,f and
Marianne K. Nieuwenhuisa,b

aCenter for Human Movement Sciences, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands;
bAssociation of Dutch Burn Centres, Burn Centre Martini Hospital, Groningen, The Netherlands; cMartini Hospital, Martini Academy, Groningen,
The Netherlands; dAssociation of Dutch Burn Centres, Burn Centre Maasstad Hospital, Rotterdam, The Netherlands; eAssociation of Dutch Burn
Centres, Burn Centre Red Cross Hospital, Beverwijk, The Netherlands; fCenter for Rehabilitation, University of Groningen, University Medical
Center Groningen, Groningen, The Netherlands

ABSTRACT
Purpose: Describe the course of exercise capacity in pediatric burn patients during the initial 6 months
after hospital discharge, and examine whether its recovery can be predicted from burn characteristics,
sociodemographic characteristics, and/or prior assessment.
Materials and methods: Exercise capacity was assessed at discharge, and 6 weeks, 3 months, and 6
months after discharge using the Steep Ramp Test (SRT).
Results: Twenty-four pediatric patients with burns affecting 0.1–34% of total body surface area were
included. At group level, exercise capacity was low at discharge and did not reach healthy reference val-
ues within 6 months, despite significant improvement over time. At individual level, the course of exercise
capacity varied widely. Six months after discharge, 48% of participants scored more than one standard
deviation below healthy age- and sex-specific reference values. SRT outcomes at 6 weeks and 3 months
were the best predictors of exercise capacity 6 months after discharge, explaining, respectively, 76% and
93% of variance.
Conclusions: Forty-eight percent of participants did not achieve healthy reference values of exercise cap-
acity and were therefore considered “at risk” for diminished functioning. Our preliminary conclusion that
early assessment of exercise capacity with the SRT can timely identify those patients, needs to be
strengthened by further research.

� IMPLICATIONS FOR REHABILITATION
� Pediatric burns can be considered as a chronic medical condition because of the lifelong

consequences.
� Exercise capacity is reduced following- even minor -pediatric burns.
� Recovery patterns vary widely: some pediatric burn patients achieve healthy levels of exercise cap-

acity without specific intervention, while others do not.
� The Steep Ramp Test can be used to assess exercise capacity, identifying those “at risk” for adverse

outcomes at an early stage.
� Patients “at risk” should be encouraged to play sports and adopt an active lifestyle.
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Introduction

Burn injuries during childhood can have a tremendous impact.
The pathophysiology of burns generally leads to muscle wasting
and a decline in exercise capacity, which is exacerbated by the
long periods of hospital stay with bed rest and inactivity [1–3].
The primary focus of burn care is helping children to return to
the activities they were involved in before the burn injury, with
minimal functional limitations, psychological consequences, and
cosmetic alterations [4]. Recovery of exercise capacity is an
important prerequisite to achieve optimal levels of functioning,

participation, and quality of life [5–7]. Moreover, exercise capacity
is an important predictor of (long-term) health outcomes [8,9]. As
pediatric burn patients, even those with minor burns, already
have an increased risk for secondary health conditions in the long
term [10–13], it is important to ensure that every one of them
achieves and maintains healthy levels of exercise capacity.

The majority of evidence regarding exercise capacity after pedi-
atric burns originates from the Shriners Hospital for Children in
Galveston, U.S.A. [6,14–27]. These studies included children and
adolescents with extensive burns (>30% or >40% of total body
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surface area (TBSA)). In this exceptional group of patients, exercise
capacity was shown to be affected up to 5 years post-burn, despite
significant improvements caused by structured exercise and/or
drug interventions [14–16,20,21,24–27]. Fortunately, such extensive
pediatric burns are rare in both the Netherlands and the U.S.A.
[28], and this will also be the case in other developed countries.

In patients with less extensive burns, the general pediatric burn
population admitted to a burn center, a certain decline in exercise
capacity is assumed as well. It is often supposed, however, that
their exercise capacity will recover to healthy levels without spe-
cific intervention. Surprisingly, only two studies actually assessed
exercise capacity in the general pediatric burn population. Both
studies were cross-sectional and assessed exercise capacity beyond
the initial 6 months after hospital discharge. Valenciano et al. [29]
showed that pediatric burn patients (4–12.5%TBSA) obtained
healthy values of walking distance on the 6-minute walk test,
6–24months after discharge from the burn center. It is important
to note, however, that this test reflects the capacity to perform sub-
maximal exercise. Disseldorp et al. [28] assessed maximal exercise
capacity 1–5 years postburn, and showed that pediatric burn
patients (10–41% TBSA) did not perform significantly worse com-
pared to healthy peers. Individual assessment showed, however,
that one third of the participants scored more than one standard
deviation (SD) below age- and sex-specific healthy reference values
and was therefore considered “at risk” for diminished functioning,
participation, and quality of life. Additional data from these
patients showed that the majority of them (65%) did not achieve
the physical activity recommendation of the World Health
Organization [30]. Inactivity leads to a further decrease in exercise
capacity, and this downward spiral of deconditioning can cause
significant health problems in the long term [5].

To identify the potential rehabilitation needs of the general
pediatric burn population admitted to a burn center, it is essential
to determine the course of their exercise capacity after discharge.
Examining factors that can predict the recovery of exercise cap-
acity at an early stage, enables early intervention for those who
need this. Therefore, this study aimed (1) to describe the course
of exercise capacity in children and adolescents with a wide range
of burn characteristics during the initial 6 months after hospital
discharge, and (2) to examine whether exercise capacity 6 months
after discharge can be predicted from burn characteristics, socio-
demographic characteristics, and/or prior assessment of exer-
cise capacity.

Materials and methods

The data described in this study were obtained as part of a multi-
center prospective cohort study. During the initial 6 months after
discharge, exercise capacity was systematically assessed four
times: at discharge, and at 6 weeks, 3 months, and 6 months after
discharge. The total study comprised also the assessment of body
composition, joint range of motion, muscular strength, physical
activity and sedentary behavior, perceived fatigue, and health-
related quality of life. Results of these additional variables will be
presented in future publications. All assessments were conducted
as described by Disseldorp et al. [31], with the exception of exer-
cise capacity, for which the procedure is described below.
Assessments were performed at the burn center where regular
follow-up visits took place, usually also the center of admission.
All assessments were performed by trained physical therapists
and researchers from the burn centers. The Regional Committee
for Patient-Oriented Research Leeuwarden (in Dutch: Regionale
Toetsings-commissie Pati€entgebonden Onderzoek - RTPO)

approved the study (date November 18, 2013; protocol number
NL45917.099.13; chairperson Dr A. Wolthuis). The study has been
registered in the National Academic Research and Collaborations
Information System (trial registration number: OND1353942).

Study population

Eligible for this prospective cohort study were children and ado-
lescents aged 6–18 years who were hospitalized in one of the
three Dutch burn centers in the period from March 2014 till
February 2017, with burns affecting 5% TBSA or more, or a length
of hospital stay of more than 2 weeks, or both. Extensive (pre-
existing) comorbidity, (mental) disabilities, insufficient Dutch lan-
guage proficiency, and contra-indications for maximal exercise
testing, as identified by the Exercise Pre-participation Screening
form, were criteria for exclusion. Written informed consent was
provided by all parents (or legal representatives) as well as by
participants aged �12 years before enrollment; for participants
aged 18 parental informed consent was not required.

Data collection

Exercise capacity
Exercise capacity was assessed on an electronically braked bicycle
ergometer (Lode Corival, Lode, ProCare BV, Groningen) using the
Steep Ramp Test (SRT). Seat height was adjusted to a comfortable
leg length for each participant. To enable comparison with Dutch
age- and sex-matched reference values [32], the SRT protocol as
described by Bongers et al. [32] was used (realized using Lode
Ergometry Manager software, version 9.4.7). According to this
protocol, workload increased every two seconds with 2, 3, or 4
Watts (W), depending on the participant’s body height (<1.20m,
between 1.20 and 1.50m, and >1.50m, respectively). The protocol
applicable at discharge was used in all subsequent assessments of
that child. The children were instructed to maintain a pedaling
rate between 60 and 80 revolutions per minute (rpm) until they
could no longer maintain a pedaling rate of �60 rpm, despite
strong verbal encouragement. Peak power output (POpeak), the
main outcome parameter of the SRT, was defined as the max-
imum workload (in W) attained before the pedaling frequency
definitely dropped below 60 rpm. POpeak was expressed relative
to body weight (POpeak/kg) in order to adjust for body size [32].

The SRT has shown to be feasible, valid, and reliable for evaluat-
ing exercise capacity of children and adolescents in daily clinical
practice [33–35]. POpeak has been indicated as an appropriate
alternative to peak oxygen uptake assessment in pediatric popula-
tions [33]. Limits of agreement varied from 9% to �13% (smallest
detectable change ¼ 11%) in healthy children and adolescents,
which indicates that the SRT can be used to determine meaningful
improvements within a single individual [33]. Furthermore, in
healthy children and adolescents assessed twice within a period of
2 weeks, there was no evidence of a significant learning effect [33].

The investigator recorded whether subjective signs of intense
effort, like unsteady cycling, sweating, facial flushing, and clear
inability to continue despite strong verbal encouragement, were
present at the end stage of the test. Only assessments in which
the participant clearly showed subjective signs of intense effort at
the end stage of the test, were included in the analyses.

Burn and sociodemographic characteristics
Data on age, sex, extent of burn, number of surgeries, location of
burns, etiology, presence of inhalation injury, and date of injury,
admission, and discharge, were obtained from the national Dutch
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Burn Repository. Data regarding sports participation were obtained
from the Standard Questionnaire for Activity [36] and data regard-
ing parental education and behavioral problems were obtained
from the Dutch version of the American Burn Association/Shriners
Hospitals for Children Burn Outcome Questionnaire [37]. Low par-
ental education was assumed if both parents had finished only
elementary school or secondary school, without further education.
Socio-economic state (SES) was based on postal code areas, with
low SES defined as households within the lowest quintile.

Statistical analyses

Representativeness of participants
To evaluate whether the participants could be considered repre-
sentative for all eligible pediatric burn patients, participants and
non-participants were compared with regard to age, extent of
burn, length of hospital stay, and number of surgeries, using inde-
pendent samples t-tests. Non-participants were those patients
who were invited but declined to participate (n¼ 21) and the
patients who were eligible but not invited due to organizational
matters (n¼ 4).

Z-scores for comparison with age- and sex-matched refer-
ence values
Absolute scores of POpeak (in W/kg) and body weight were con-
verted to Z-scores. These standardized scores enable the compari-
son of individual scores to age- and sex-matched healthy
reference values obtained from the literature [32]. As such, Z-
scores are increasingly adopted in pediatric health care [38].
Individual Z-scores were obtained by calculating how many SDs
each individual POpeak/kg score deviated from the age- and sex-
specific reference value [32]. Group Z-scores were calculated as
the mean of individual Z-scores at each time point. In line with
previous studies, participants with a Z-score <�1.0 were consid-
ered “at risk” [39,40]. In a typically developing population, assum-
ing normal distribution, approximately 16% of the children will
score more than one, and 2.5% will score more than two SDs
below the population mean.

Body weight of each participant was compared to the healthy
body weight-for-height curve [41] in order to determine which
participants were (severely) underweight or (severely) overweight
(defined as >1 SD (or >2 SD) below or above the healthy body
weight-for-height curve, respectively) [42].

Group level analysis
To gain insight in the group results on exercise capacity over
time a multilevel regression model was applied, with burn center,
participant, and time point as levels. Only participants with two or
more valid SRT assessments were included in the multilevel
regression analyses. Time points were defined as dummy variables
with T1 (discharge) as reference. Additionally, analyses were per-
formed using T2 (6weeks after discharge) and T3 (3months after
discharge) as reference. By using multilevel regression models, it
was possible to correct for potential differences between
burn centers.

To enable comparison with existing literature regarding the
course of exercise capacity following pediatric burns [14–16], rate
of change (%) in POpeak/kg scores between assessments was cal-
culated. The following formula was used for this purpose:

100� POpeak W=kgð Þsubsequent– POpeak W=kgð Þprevious
� �

=

POpeak W=kgð Þprevious

Individual level analysis
To examine the course of exercise capacity at an individual level,
POpeak/kg scores of individual participants over time were plot-
ted against individual age- and sex-matched reference values [32].
Additionally, Z-score scatter plots were used to examine for each
time point how many participants scored more than one SD
below the age- and sex-specific healthy reference value and were
thus considered “at risk”.

Predictability of exercise capacity
To evaluate whether exercise capacity 6 months after discharge
could be predicted from burn characteristics, sociodemographic
characteristics, and/or prior assessment, univariate multilevel
regression analyses were performed. Extent of burn, length of
hospital stay, number of surgeries, location of burns (legs
involved), etiology, age, sex, weight status, sports participation,
behavioral problems, parental education, SES, and the SRT out-
come at discharge, 6 weeks, and 3 months were included as inde-
pendent variables in separate univariate multilevel regression
models, in order to assess the individual contribution of each vari-
able to exercise capacity 6 months after discharge.

IBM SPSS Statistics for Windows (Version 23.0. Armonk, NY:
IBM Corp.) was used for general statistical analyses, MLwin version
2.02 (Center for Multilevel Modeling, University of Bristol, UK) for
multilevel analyses, and Microsoft Excel 2010 for graphing. An
alpha-level of 5% was adopted, so p-values below 0.05 were con-
sidered statistically significant.

Results

In the period from March 2014 till February 2017, 53 pediatric
burn patients were eligible, 24 of them were included (Figure 1),
and 19 completed all four assessments. Comparison of partici-
pants and non-participants showed no significant differences with
regard to the distribution of sex, mean age at burn injury, extent
of burn, length of hospital stay, and number of surgeries
(Table 1).

Participant characteristics

The participants (n¼ 24) covered the age range between 6 and
18 years, had burns affecting 0.1–34% of TBSA, and a length of
hospital stay varying from 12 to 66 days (Table 1). Burns were
caused by hot liquid (n¼ 10) or fire/flames (n¼ 14), with one
patient from the latter group also having sustained an inhalation
injury. Two participants were referred for additional physical ther-
apy after discharge because of persisting restrictions in range of
motion over one or more joints. All participants were discharged
home. Two participants had one reconstructive surgery each dur-
ing the study period. Most participants had a body weight match-
ing their standing height. One participant was severely
underweight, four were overweight, and five were severely over-
weight, throughout the entire study period.

Assessments

Of the 96 SRT assessments that could have been performed (24
children, four assessments each), eight were not obtained due to
no show or loss to follow-up, and 14 were considered invalid
(Figure 1).
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The course of exercise capacity over time - group level

At discharge, group level exercise capacity was approximately two
SDs below age- and sex-specific healthy reference values (Figure 2).
Exercise capacity improved significantly over time, with the biggest
improvements observed during the initial 6 weeks after discharge
(Figure 2). Additional analyses, using T2 (6 weeks after discharge)
as reference, showed that the improvement observed in the period
from 6 weeks to 6 months after discharge was significant as well.
Despite the significant improvement over time, group level exercise

capacity remained more than one SD below age- and sex-specific
healthy reference values 6 months after discharge (Figure 2).

Examination of absolute SRT scores showed that POpeak/kg
had increased with 5.4 ± 13.6% after 6 weeks. In the period from 6
weeks to 3 months, less improvement was observed, that is
3.7 ± 8.5%. From 3 months to 6 months after discharge, exercise
capacity improved with 5.5 ± 6.3%.

The course of exercise capacity over time - individual level

Individual data showed that the course of exercise capacity varied
widely among participants. By visual inspection of the graphs in
which individual POpeak/kg scores were presented with respect
to age- and sex-specific healthy reference values, four patterns
could be distinguished, differing from each other with regard to
starting point (SRT outcome at discharge), endpoint (SRT outcome
6 months after discharge), and general course of SRT scores over
time (Figure 3). Five participants already had healthy reference
values of exercise capacity at discharge (Figure 3, pattern A) and
seven others achieved healthy reference values within 6 months
(Figure 3, pattern B). Eleven participants (48%) did not reach
healthy reference values of exercise capacity within 6 months, i.e.
SRT score 6 months after discharge more than one SD below the
age- and sex-specific healthy reference value (Figure 3, patterns
CþD), five of which showed no improvement over time (Figure
3, pattern D).

Table 1. Characteristics of participants and non-participants.

Parameter Participants Non-participants p-valueb

(n¼ 24) (n¼ 25)a

Male, n (%) 15 (62.5) 15 (60.0) 0.858
Age at burn injury (years) 12.6 ± 3.6 (6–18) 12.2 ± 4.4 (6–18) 0.778
%TBSA involved 11.8 ± 8.8 (0.1–34) 13.4 ± 11.7 (3–45) 0.600
<10%, n (%) 13 (54) 14 (56)
>20%, n (%) 5 (21) 5 (20)

Legs involved, n (%) 18 (75)
Length of hospital stay (days) 22.5 ± 13.8 (12–66) 23.9 ± 23.4 (6–115) 0.803
�2 weeks, n (%) 6 (25) 11 (44)
�4 weeks, n (%) 5 (21) 7 (28)

Number of surgeries 1.4 (0–5) 1.3 (0–8) 0.907

Results are shown as mean ± SD (range), unless specified otherwise. n: number;
%TBSA: percentage of total body surface area affected by burns.
aNon-participants were those patients who were invited but declined to partici-
pate (n¼ 21) and the patients who were eligible but not invited due to organ-
izational matters (n¼ 4).
bA chi-square test was used to compare sex distribution across groups.
Independent samples t-tests were used for all other comparisons.

Figure 1. Flow chart and number of valid assessments at each time point. FU: follow-up; SRT: Steep Ramp Test. †Malperformance due to limited range of motion of
one or both knees. ‡Another protocol than required for that participant, or using a manual instead of software-driven workload increment program.
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Individuals “at risk”

Analysis of individual Z-scores at different time points showed
that the majority of participants scored below age- and sex-
matched healthy reference values on exercise capacity at each

time point (Figure 4). At discharge, 15 of the 20 participants
(75%) scored more than one SD below the age- and sex-specific
healthy reference value and were thus considered “at risk” for
diminished functioning, participation, and quality of life. At 6
weeks, 3 months, and 6 months after discharge, these percen-
tages were 56, 59, and 44%, respectively.

Prediction of exercise capacity from burn characteristics

Univariate multilevel regression analyses showed that etiology
and location of burns were both significant predictors of exercise
capacity 6 months after discharge, whereas %TBSA affected,
length of hospital stay, and number of surgeries were not (Table
2). Of the predicting factors, etiology of the burns predicted
17.9% of the variance in exercise capacity 6 months after dis-
charge. Children with burns caused by hot liquids generally had
better exercise capacity than those suffering from fire/flame
burns. Leg involvement explained 23.4% of the variance and was
positively associated with exercise capacity 6 months
after discharge.

Prediction of exercise capacity from sociodemographic
characteristics

Univariate multilevel regression analyses showed that age, weight
status, behavioral problems, and SES were significant predictors of
exercise capacity 6 months after discharge, whereas sex, sports
participation, and low parental education were not (Table 2). Of
the predicting factors, younger age, being overweight, being
diagnosed with behavioral problems, and low SES were negatively
associated with exercise capacity 6 months after discharge (Table
2). Being overweight independently explained 45.9% of the

Figure 2. The course of exercise capacity in pediatric burn patients after dis-
charge—output from multilevel regression modeling (n¼ 21). Group Z-scores
represent the mean of individual Z-scores (each individual POpeak/kg score com-
pared to an age- and sex-specific reference value). A Z-score of 0 (solid black
line) indicates POpeak/kg equal to the mean score of age- and sex-matched
healthy controls [32]. A Z-score of �1 (dashed red line) represents POpeak/kg
one standard deviation below the age- and sex-specific healthy reference value.
POpeak/kg: peak power output (in W) attained during the Steep Ramp Test rela-
tive to body weight (in kg); �p< 0.05, ��p< 0.01, ���p< 0.001.

Figure 3. Different patterns in the course of exercise capacity in pediatric burn patients after discharge. The solid black line indicates the mean peak power output
(POpeak/kg) of age- and sex-matched healthy individuals (reference value) [32]. The dashed red line represents one standard deviation below the age- and sex-
matched reference value. Four different patterns were distinguished in the course of individual exercise capacity following pediatric burns: Pattern A - reference values
of exercise capacity at discharge and at all other assessments (n¼ 5); Pattern B - low exercise capacity at discharge, (consistent) improvement over time, and recovery
to reference values within six months (n¼ 7); Pattern C - low exercise capacity at discharge, (consistent) improvement over time, but not reaching reference values
within six months, i.e. “at risk” (n¼ 6); Pattern D - low exercise capacity at discharge, no (consistent) improvement over time, and not reaching reference values within
six months, i.e. “at risk” (n¼ 5). In case 6-month follow-up scores were not available, it was estimated whether the participant would reach reference values of exer-
cise capacity or not, based on previous scores and the trend observed during follow-up. POpeak/kg¼ peak power output (in W) attained during the Steep Ramp Test
relative to body weight (in kg); dis¼ discharge; 6w ¼ 6 weeks after discharge; 3m ¼ 3 months after discharge; 6m ¼ 6 months after discharge.
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variance in exercise capacity at 6 months, followed by low SES
(25.6%), age (22.9%), and behavioral problems (22.2%).

Prediction of exercise capacity from prior assessment

Univariate multilevel regression analyses performed to find out
whether prior assessments can independently predict exercise
capacity 6 months after discharge, showed that each prior SRT
assessment was a significant predictor. The SRT outcome at dis-
charge explained 36.9%, the SRT at 6 weeks 75.7%, and the SRT
at 3 months 93.1% of the variance in exercise capacity 6 months
after discharge (Table 2). Visual inspection of the graphs in which
individual POpeak/kg scores were presented with respect to age-
and sex-specific healthy reference values, showed that only two
out of the ten participants who were “at risk” at 6 weeks, did
achieve reference values of exercise capacity 6 months
after discharge.

Discussion

This study described the course of exercise capacity in pediatric
burn patients after discharge from the burn center. Group level
exercise capacity improved significantly over time in our study

population, but healthy reference values of exercise capacity were
not achieved within 6 months after discharge. Individual assess-
ment showed that 48% of the pediatric burn patients scored
more than one SD below the age- and sex-specific healthy refer-
ence value 6 months after discharge and was therefore consid-
ered “at risk” for diminished functioning, participation, and quality
of life [5–7]. Prior assessment of exercise capacity with the Steep
Ramp Test (SRT) predicted exercise capacity 6 months after dis-
charge, and can therefore be used to identify “at risk” patients at
an early stage.

Until now, all longitudinal studies on exercise capacity during
the first year after pediatric burns were performed by the research
group of the Shriners Hospital for Children in Galveston, U.S.A.
[6,14–18,22–27]. It is hard to make a fair comparison between
these studies and our findings, as the Galveston patients suffered
from more extensive burns compared to our participants (>30%
or >40% versus <35% TBSA burned, respectively). Moreover, the
Galveston studies focused primarily on the effects of exercise
therapy, either or not combined with drug therapy (e.g. oxandro-
lone, propranolol, metformin, growth hormone), and not on the
natural course of exercise capacity. The best option is to compare
our findings to the results of the Galveston patients who served
as control and did not participate in any structured exercise

Figure 4. Individual Z-scores of exercise capacity at discharge, and 6weeks, 3months, and 6months after discharge. A Z-score of 0 (solid black line) indicates relative
peak power output (POpeak/kg) equal to the mean score of age- and sex-matched healthy controls [32]. A Z-score of �1 (dashed red line) represents relative
POpeak/kg one standard deviation below the age- and sex-specific healthy reference value. �19 valid assessments of exercise capacity (POpeak), but body weight (kg)
was missing in one of them due to the absence of an electronic scale at the time of assessment. POpeak/kg: peak power output (in W) attained during the Steep
Ramp Test relative to body weight (in kg); FU: follow-up.

Table 2. Potential predictors of exercise capacity following pediatric burns, 6 months after discharge—output from univariate multilevel
regression modeling.

Potential predictors

POpeak/kg 6 months after discharge

n Constant b (SE) b (SE) p-value Explained variance

Burn characteristics
Extent of burn 18 4.607 (0.439) �0.005 (0.032) 0.876
Length of hospital stay 18 4.570 (0.505) �0.001 (0.018) 0.956
Number of surgeries 18 4.570 (0.505) �0.001 (0.018) 0.956
Legs involved 18 3.282 (0.374) 1.760 (0.441) <0.001 23.4%
Etiology hot liquids 18 3.950 (0.326) 1.206 (0.462) <0.01 17.9%

Sociodemographic characteristics
Age 18 1.735 (0.697) 0.236 (0.056) <0.001 22.9%
Gender 18 4.562 (0.347) �0.023 (0.556) 0.967
Overweight 18 5.139 (0.267) 21.508 (0.428) <0.001 45.9%
Sports participation 18 3.723 (0.530) 1.068 (0.601) 0.076
Behavioral problems 18 4.882 (0.283) 21.184 (0.537) <0.05 22.2%
Low parental education 18 4.718 (0.310) �0.594 (0.589) 0.313
Low SES 18 5.092 (0.280) 21.386 (0.450) <0.01 25.6%

Prior assessment
POpeak/kg at discharge 14 �0.244 (1.118) 1.182 (0.258) <0.00001 36.9%
POpeak/kg 6 weeks after discharge 14 0.093 (0.500) 1.036 (0.111) <0.00001 75.7%
POpeak/kg 3 months after discharge 14 0.080 (0.312) 1.036 (0.068) <0.00001 93.1%

Potential predictors in bold showed significant predictive value for exercise capacity six months after discharge. POpeak/kg: peak power out-
put (in W) attained during the Steep Ramp Test relative to body weight (in kg); SES: socio-economic state; ROM: range of motion.
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[14–16]. In these patients, exercise capacity improved with
3.12 ± 3.5% to 9.35 ± 16.8% from 3 to 6 months after discharge,
which is comparable to the 5.5 ± 6.3% improvement found in our
study population. Patients who participated in a 12-week struc-
tured exercise program during this period showed considerably
larger improvements in exercise capacity (up to 24.3 ± 4.7%)
[14–16]. In the more recent studies, the exercise program is
started immediately after discharge and is offered to all pediatric
burn patients (i.e. no control groups). This current exercise regime
leads to even larger improvements in exercise capacity (up to
30%) [22–27].

Given the obvious benefits of such a structured exercise pro-
gram after discharge [6,18,22–27], current practice guidelines state
that this should be prescribed to all pediatric burn patients aged
�7 years who score ‘below normal’ levels of exercise capacity [43].
However, such an in-hospital program is expensive and the child
is away from home, school, family, and friends for an extended
period of time. The question is, do all pediatric burn patients who
score ‘below normal’ at discharge from the burn center need this
kind of intensive rehabilitation? Thus far, the rehabilitation needs
of the general pediatric burn population were unknown. Hence,
this preliminary study offers essential new insights. We showed
that 75% of the patients scored ‘below normal’ on exercise cap-
acity at discharge, but half of them achieved healthy levels of
exercise capacity within 6 months without specific intervention.
The other half did not and these patients do need add-
itional attention.

The current study also showed that the course of exercise cap-
acity varied widely among patients. The large SDs in the rates of
change presented in the Galveston studies suggest that this was
also the case in their study populations. Unfortunately, none of
these studies reported individual scores, so it remains unclear if
some of their participants did reach, or approach, healthy refer-
ence values, or that exercise capacity was significantly reduced in
the entire study population.

To our knowledge, this preliminary study was the first to
examine potential predictors of exercise capacity following pediat-
ric burns. Burn severity characteristics, like %TBSA, number of sur-
geries, and length of hospital stay, did not predict exercise
capacity 6 months after discharge. These findings are in line with
previous research on functional outcome at 6 months post-burn
in patients of the same age and with similar burn characteristics
(<1–35% TBSA) [44]. The fact that sports participation was a bor-
derline non-significant predictor (p¼ 0.076), suggests a potential
better outcome for those who participated in formal sports activ-
ities compared to those who did not. Our finding that SES and
behavioral problems were significant predictors of exercise cap-
acity is also in agreement with previous findings, as both sociode-
mographic factors were also found to be significant predictors of
functional outcome [44]. However, as SES and behavioral prob-
lems are known to influence physical activity levels as well
[45–48], it could be the case that the patients with behavioral
problems and/or low SES already had low exercise capacity before
the burn injury. Likewise, the five children from our study sample
who already achieved healthy reference values of exercise cap-
acity at discharge, might have had excellent exercise capacity
before the injury. Nevertheless, no matter how big the decline in
exercise capacity after discharge, some improvement was to be
expected within 6 months, if only through ending the periods of
bed rest and through natural growth and development.
Therefore, the inconsistency or even decline in exercise capacity
observed in five of our participants is definitely worrying.

Undeniably the most important finding of the current study
was the predictive value of prior assessment of exercise capacity.
Prior SRT assessment could explain up to 93.1% of the variance in
exercise capacity 6 months after discharge. Although further
research is required to confirm these preliminary results, this short
and feasible bicycle exercise test appears valuable in identifying
patients who are likely not to achieve healthy reference values of
exercise capacity within 6 months. All pediatric burn patients who
are considered “at risk” at 6 weeks after discharge, should receive
additional attention.

What this additional attention should include, is still a point of
discussion. For now we recommend to encourage sports partici-
pation and an active lifestyle in these patients, and provide them
with the opportunity to enjoy physical activities in their own
environment, together with their family and friends. Regular
assessment of their exercise capacity at the burn center is essen-
tial though [43]. This might also be a good motivator for them.
Proper education of the patients and their parents, (physical edu-
cation) teachers, and sports trainers/coaches, might also be valu-
able, as they are not always aware of the benefits of, or even
need for, physical activity, and might fear a harmful effect [49].
An additional opportunity might be the use of telerehabilitation;
the use of virtual services to deliver health education, rehabilita-
tive exercises, and personalized support [49–51].

Although standard cardiopulmonary exercise testing (CPET)
remains the golden standard for the assessment of exercise cap-
acity, the SRT was chosen deliberately for this study, as it has sev-
eral advantages in daily clinical practice. First, the SRT is easier to
perform and does not require expensive equipment for respira-
tory gas analyses [33]. Participants do not have to wear a face
mask or mouthpiece, which makes the SRT more appropriate in
anxious young children and patients suffering from facial burns.
Second, the actual test duration is much shorter compared to the
CPET, 2–3min versus 8–12min, respectively [32]. Third, the test is
well tolerated by pediatric patients and when they were asked
about their preferential maximal exercise test, all patients indi-
cated that they favored performing the SRT over a traditional
CPET [34]. Accordingly, lower values for exhaustiveness were
reported after the SRT when compared to the CPET [33,34]. Last
but not least, POpeak, the primary outcome measure of the SRT,
seems to be a better indicator of daily life performance in chil-
dren and adolescents than maximal oxygen uptake [32,52]. The
only disadvantage of the SRT is that maximal effort cannot be
identified objectively, as POpeak is generally determined by local
muscle fatigue and maximal heart rate is not attained [33].

Strengths and limitations

Although this study should be seen as a pilot study considering
the limited number of 24 patients, it is a first and important start
to gain insight in the course of exercise capacity in the general
pediatric burn population and, morerover, the factors predicting
the recovery of exercise capacity. Our study population was con-
sidered representative for the Dutch pediatric burn population,
with a large variety in demographics and burn characteristics and
no differences between participants and non-participants were
found. The use of Z-scores enabled a valid comparison of this het-
erogeneous pediatric patient population with reference values
from healthy Dutch peers. Furthermore, our study highlights the
importance of focusing on individual scores. As group level exer-
cise capacity was not significantly reduced 6 months after dis-
charge, it might have seemed unnecessary to pay attention to
exercise capacity following pediatric burns affecting <35% of
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TBSA. However, group level performance is not of interest for
individual patients and their parents. Actually, it is important for
every individual patient to perform within healthy ranges, and
therefore, the eleven “at risk” patients deserve special attention.

Limitations of this study are, first of all, that selection bias
might have occurred with especially those who were already
interested in sports and physical activity willing to participate.
This implies that the proportion of pediatric burn patients who
are “at risk” might be even higher than the 48% presented in this
study. Secondly, some of the burn and/or sociodemographic char-
acteristics will be mutually related and, accordingly, a combin-
ation of characteristics in a multivariate regression model might
have been able to explain more of the variance in exercise cap-
acity 6 months after discharge. However, due to the small number
of subjects included in this study, it was not possible to perform
multivariate multilevel regression analyses. Further research,
including larger patient populations, is definitely required to gain
insight in the potential mutual dependency of burn and/or socio-
demographic characteristics and to enable generating a stronger
prediction model that enables identification of “at risk” patients at
an early stage. Moreover, if burns are included as a single factor
in the multilevel regression analysis, it would even be possible to
use data from other pediatric patient populations, e.g. juvenile
idiopathic arthritis or childhood cancer, to examine the predictive
value of sociodemographic characteristics on the recovery of exer-
cise capacity.

Implications for clinical practice

The current study showed that half of the pediatric patients with
burns affecting <35% TBSA did not reach healthy reference val-
ues of exercise capacity within 6 months after discharge and were
therefore considered “at risk” for diminished functioning, partici-
pation, and quality of life [5–7]. It should be clear that exercise
capacity following - even minor - pediatric burns deserves more
attention. As the SRT outcome at 6 weeks after discharge was
able to predict which children had a reduced recovery of exercise
capacity, we recommend incorporating the assessment of this
short and feasible exercise test during the regular 6-week follow-
up visit for all pediatric burn patients older than 6 years of age
who have been hospitalized for their burns. Patients who are
identified “at risk” should be encouraged to participate in sports
and active play on a regular basis, in order to prevent serious
deconditioning. Personal support in the form of education and
structured exercise using additional (tele)rehabilitation might be
valuable as well. Furthermore, it is important to continue to moni-
tor their exercise capacity beyond 6 months.

Implications for future research

The results of the current study are part of a larger multidimen-
sional study which also comprised the assessment of body com-
position, joint range of motion, muscular strength, physical
activity and sedentary behavior, perceived fatigue, and health-
related quality of life. These results have to be analyzed and will
be discussed in future publications, also in relation to the current
findings. Additionally, it would be interesting to assess how our
participants will do in several years, and when they reach adult-
hood. With regard to our speculations about encouraging sports
participation and adopting an active lifestyle, it should be eval-
uated to determine if this has the desired effect.

Further (international) research, including larger patient popu-
lations, is definitely required to confirm our preliminary finding

that early application of the SRT can identify patients who are
likely not to achieve healthy reference values of exercise capacity
within 6 months after discharge. We encourage the development
of a multivariate multilevel regression model, including burn char-
acteristics, sociodemographic characteristics, and the SRT outcome
at discharge, which enables the identification of “at risk” patients
already at the point of discharge.

Conclusion

Although group level exercise capacity improved significantly
within 6 months after discharge, 48% of the participants did not
achieve healthy reference values and was therefore considered “at
risk” for diminished functioning, participation, and quality of life.
Our results suggest that early application of the SRT can identify
those individuals. However, data from larger patient populations
are required to strengthen this preliminary conclusion.
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