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Abstract

Background: Juvenile dermatomyositis (JDM) is a rare, often chronic, systemic autoimmune disease of childhood,
characterized by inflammation of the microvasculature of the skeletal muscle and skin. Prominent clinical features
include significant exercise intolerance, muscle weakness, and fatigue. Despite pharmacological improvements,
these clinical features continue to affect patients with JDM, even when the disease is in remission. Exercise training
is increasingly utilized as a non-pharmacological intervention in the clinical management of (adult) patients with
chronic inflammatory conditions; however no randomized controlled trials (RCT) have been performed in JDM. In
the current study, the efficacy and feasibility of an exercise training program in patients with JDM will be examined.

Methods/design: Subjects (n= 30) will include 8–18 year olds diagnosed with JDM. The intervention consists of an
individually tailored 12-weeks home-based exercise training program in which interval training on a treadmill is
alternated with strength training during each session. The program is based on previous literature and designed
with a defined frequency, intensity, time, and type of exercise (FITT principles). Primary outcome measures include
aerobic exercise capacity, isometric muscle strength, and perception of fatigue. The study methodology has been
conceived according to the standards of the CONSORT guidelines. The current study will be a multi-center (4 Dutch
University Medical Centers) RCT, with the control group also entering the training arm directly after completion of
the initial protocol. Randomization is stratified according to age and gender.

Discussion: The current study will provide evidence on the efficacy and feasibility of an individually tailored 12-week
home-based exercise training program in youth with JDM.

Trial registration: Medical Ethics Committee of the University Medical Center Utrecht, the Netherlands: 11–336;
Netherlands Trial Register (NTR): NTR 3184.
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Background
The pediatric forms of inflammatory idiopathic myop-
athies (IIM) embody a group of rare systemic autoimmune
conditions, characterized by chronic skeletal muscle in-
flammation with an age of onset of <18 years. Despite
being a rare condition, juvenile dermatomyositis (JDM) is
the most common type of pediatric IIM, representing
about 85% of IIM diagnoses in childhood [1]. JDM is char-
acterized by inflammation of the microvasculature of the
skeletal muscle and skin. While the etiology of the disease
remains largely unknown, environmental and genetic fac-
tors are thought to play a role in its development [2].
Prominent clinical features are significant muscle weak-
ness [3], anaerobic- and aerobic exercise intolerance [4-8],
and fatigue [9]. Furthermore, the patients show a skin rash
commonly seen on the face and extremities [10]. Less
frequently, the gastrointestinal tract, lungs, heart, and
rarely the central nervous system may also be involved
[10-12]. Despite pharmacological improvements, these
clinical features are persistently experienced in patients
with JDM, even when the disease is in remission [12-14].
Exercise training is increasingly utilized as a non-

pharmacological intervention in the clinical management
of patients with chronic inflammatory conditions. As
opposed to typically developing healthy children, those
with chronic illness are often restricted in their partici-
pation in physical activity as a consequence of real or
perceived limitations imposed by their condition. The
chronic condition itself often causes hypoactivity leading
to a deconditioning effect and a reduction in functional
ability, which ultimately results in a downward spiral of
further hypoactivity and deteriorating health [15]. Fur-
ther, children who are hypoactive are also thought to be
at high risk of developing a number of secondary health
complications commonly associated with a sedentary
lifestyle including cardiovascular disease, obesity, and
pre-diabetes [15]. Exercise training might prevent or
slow down the deconditioning as a result of hypoactivity,
but it might also reduce the systemic inflammation. To
date, very little is known about the effects of exercise
training in chronic pediatric conditions, including JDM.
In fact, only one study has examined the effect of exer-
cise training in one child with JDM in remission. Omori
et al. reported improvements in muscle strength, aerobic
exercise capacity, and muscle function in this child after
completing a 16-week exercise training program [16]. In
adults with active as well as inactive stable dermatomyo-
sitis, exercise training has been shown to improve aer-
obic exercise capacity, muscle strength, functional ability,
fatigue, and health status [17]. These improvements may
theoretically be explained by the role of chronic exercise
in inducing changes at the origins of the observed exer-
cise intolerance, which include decreased capillary dens-
ity, perivascular atrophy of type I and II muscle fibers,
and reduction of key enzymes essential for producing
ATP [18].
Studies in patients with adult and juvenile dermato-

myositis suggest that exercise training is safe since it has
not been associated with any increases in the degree of
inflammation after a single bout of exercise in JDM [19],
or after an exercise training program in one patient with
JDM [16], as well as in a number of adult patients with
dermatomyositis [17].
While there is limited evidence to support the role of

exercise training in the management of patients with
JDM, definitive evidence is still lacking. In fact, to our
knowledge, no randomized controlled trials (RCT) of ex-
ercise training in JDM have been performed, which may
be secondary to limited patient availability and other
feasibility issues.
As such, we designed a RCT to study the feasibility of

an individually tailored 12-week home-based exercise
training program, and to assess its efficacy in children
and adolescents with JDM. The wash-out effects of this
program after another 12 weeks will also be examined.

Methods/design
Study design
The current study is a multi-center (4 sites) randomized
controlled trial, with the control group also entering the
training arm directly following completion of the initial
protocol. After randomization (1:1), subjects in both groups
will perform a test battery of exercise tests, questionnaires,
and other measurements (see study outcomes) (T0 meas-
urement). Thereafter, subjects in the intervention group will
receive an exercise training regimen, while the subjects in
the control group will continue to receive standard care
over a 12-week period. Subsequently, subjects in both
groups will repeat the battery of tests from T0 (T1 meas-
urement). Subjects in the intervention group will then
receive individual advice based on their T1 results and
educated on the physical activity guidelines for children
[20] in order to help maintain fitness levels following the
intervention. Subjects in the control group will enroll in the
exercise training program. Following this 12-week period,
subjects in both groups will repeat the battery of tests from
T0 and T1 (T2 measurement) and the subjects in the
control group will receive individual feedback in the same
manner as the intervention group at T1. After 12 weeks,
the subjects in the control group will repeat the battery of
tests from T0, T1, and T2 (T3 measurement). See Figure 1
for a flow diagram of the study design.

Subjects
All patients diagnosed with JDM by a pediatric
rheumatologist/immunologist according to the Bohan
and Peter criteria between the ages of 8 and 18 years
from 4 outpatient clinics in the Netherlands will be



Figure 1 Flow diagram of the study design.
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assessed for eligibility. The 4 outpatient clinics include
the Wilhelmina Children’s Hospital University Medical
Center (UMC) in Utrecht, the Beatrix Children’s Hospital
UMC in Groningen, the Sophia Children’s Hospital Eras-
mus Medical Center in Rotterdam, and the St. Radboud
Children’s Hospital UMC in Nijmegen.
Patients will be excluded for eligibility upon (1) a

medical status that contraindicates any form of exercise
testing; (2) an insufficient understanding of the Dutch lan-
guage in the patient and/or the parents/caregivers; (3) the
presence of medical events that might intervene with the
outcome of testing and/or the trial (such as a planned
operation) and/or (4) a negative advise from the rheuma-
tologist and/or physiotherapist based on resent relapse or
no limitations in exercise tolerance (in other words: the
patient was either not good enough or too good). All
eligible patients will be asked to participate in the study.
All parents/caregivers as well as subjects >12 years of age
years must provide informed consent before enrolment in
this study, which is approved by the Medical Ethics
Committee of the UMC Utrecht, the Netherlands.
The flow of the subjects in the study will be depicted

in the CONSORT Flowchart format [21]. The reasons
for non-eligibility, declination to participate, and non-
completion of the study will be reported in this flow-
chart as well.

Exercise training program
The intervention comprises of an individually tailored
12-week home-based exercise training program, combining
interval training on the treadmill (DKN Technology,
T210, Belgium) with strength training. Both types of
training are selected based on recommendations for
patients with chronic conditions [22], as well as to
specifically target the impaired exercise capacity and
muscle strength observed in patients with JDM. The
home-based nature of the intervention is selected to
minimize the burden and costs associated with travel
for both the patients and their parents. The training
program is divided in 3 phases of 4 weeks each as
shown in Table 1. Concerning the FITT factors
(frequency, intensity, time, and type) [23] and additional
parameters, the following selections are made.
Type – interval training on treadmill
The aim of the interval training is to improve the
aerobic exercise capacity as it has previously been shown
to increase peak oxygen uptake in healthy children and
adolescents [24]. Moreover, compared with prolonged
continuous training, the short intermittent nature of
the exercise better simulates natural physical activities
of children [25] and it is more likely to be perceived as
enjoyable in a pediatric population. During the progres-
sion of the exercise training program, the intensity of
the intervals will increase simultaneously with a
decrease in the duration of each bout. The interval
training will be performed on the treadmill since
walking and running correspond closely to activities of
daily living that may be impaired in patients with JDM.



Table 1 Description of the exercise training program

Phase 1 2 3

Aim - Familiarizing the patient with
the treadmill

- Improving aerobic exercise
capacity

- Improving aerobic exercise as in
phase 2 albeit with a higher intensity

- Improving muscle strength - Improving muscle strength
as in phase 2

- Improving aerobic exercise capacity
- Developing proper strength training
techniques

Frequency [week-1] 3 3 2

Time/session [minutes] 40-60 45-60 50-60

Type Light interval training on
treadmill and strength training.

Moderate interval training on
treadmill and strength training.

Vigorous interval training on
treadmill and strength training.

Interval training on treadmill

Intensity [HR as % of HRpeak] 65-70 70-80 80-90

Interval duration [minutes] 3 2-2.5 1-2

Number of intervals 4-7 6-10 10-12

Strength training

Number of exercises 3 3 3

Number of sets/exercise 3 3 3

Number of repetitions
or time/set

Week 1: 3 repetitions As much repetitions in 20 or
30 seconds.

As much repetitions in 20 or
30 seconds.

Week 2–12: as much repetitions
in 20 or 30 seconds.
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Type - strength training
The aim of the strength training program is to improve
the muscle strength of proximal muscle groups, since
these tend to be most affected in JDM. Along with the
recommendation that strength training in youth should
include large muscle groups [3], the following 3 exercises
are included: squat, abdominal crunch, and push-up. To
prevent muscle damage, the exercises are concentric in
nature and against gravity (no additional weight lifting).
A ball is implemented in some of the exercises to main-
tain the playfulness of the exercise.
Interval training on the treadmill and strength training

will be performed in an alternating fashion during each
session.
Frequency
In order to improve aerobic exercise capacity and
muscle strength in children and adolescents, a training
frequency of 3-4 [24] and 2-3 [24,26] times per week,
respectively, is recommended. By taking these guide-
lines into account, as well as the time requirement for
the patient and parents to complete the session, the
training frequency during phase 1 and 2 is set at 3
sessions per week and it is reduced to 2 times per
week during phase 3 together with an increase in both
intensity and session duration. Consequently, the total
training program consists of 32 training sessions. Sub-
jects will be instructed to perform these sessions on
non-consecutive days.
Intensity – interval training on treadmill
It is important that the intensity of the exercise training
is similar in all subjects [24]. Because of the large inter-
individual variability in peak heart rate (HRpeak) among
children [24], the intensity of the treadmill training in
the current study will be defined by HR as percentage of
HRpeak, which will be assessed prior to training at T0
(intervention group) or T1 (control group). In this way,
the standardization of the intervention is guaranteed.
Baquet et al. [24] state that training at a HR> 80% of

HRpeak may be essential in order to improve aerobic
exercise capacity in healthy children and adolescents.
However, this threshold intensity is likely to be reduced
for most deconditioned patiens with a chronic condition.
Durstine et al. [22] suggested a training intensity with an
oxygen uptake of 10-60% of peak oxygen uptake in these
chronic patients, which corresponds to approximately a
HR of about 66% of HRpeak [27]. Taking these guidelines
into account, exercise intensity in the current training
program will begin at a HR of 65% of HRpeak and
increase to a HR of 90% of HRpeak by the end of the
program. Further, periods of high intensity exercise (3–
1 minutes at HR of 65-90% of HRpeak) will alternate
with short periods of low intensity exercise (1 minute at
a HR of 50-60% of HRpeak).
The intensity of the intervals is ascertained in advance

(see Table 1) and it is constant for intervals during a sin-
gle training session. The initial gradient of the treadmill
during the intervals is set at 0% for each subject. The
speed will be adjusted individually in such a way that the
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HR during the intervals is approximately 65% of HRpeak.
This combination of gradient and speed is called level 1.
In total, 24 levels are formulated in which the next level
is either characterized by an increase in speed (alternately
0.6 and 0.4 km�h-1) or an increase in gradient of 1%.
During the intervals, subjects and parents will monitor

their HR using a heart rate monitor (DKN Technology,
Belgium). If HR does not fall within the predefined train-
ing range, the intensity of the next training session will
be increased or decreased by 1 level so as to maintain
the proper intensity.

Intensity - strength training
For strength training in healthy children and adoles-
cents, 1–3 sets of 6–15 repetitions are recommended
[26,28]. In the current training program, each of the 3
exercises consists of 3 sets. During the first week, only 3
repetitions are prescribed per set so as to ensure the
subjects develops proper strength exercise techniques
[26]. Over the course of the subsequent 11 weeks, the
intensity of the strength training is set by time. Squats
will be performed for 30 s per set and both the abdom-
inal crunches and push-ups will be performed for 20 s
per set. All exercises have 2 possible extensions in which
the exercise load becomes heavier and more challenging.
An extension will be prescribed when the subject shows
proper techniques and describes the exercise as light or
easy.
Subjects will be given a 1 min rest period between sets

according to the recommendations of Faigenbaum et al.
[26]. Such a short period allows for the development of
muscular endurance [29], which is highly desired in this
patient group.

Time and duration
The total time per session, which includes treadmill
training, strength training, warming-up, cooling-down,
and rest periods, is 40–60 minutes. Each session consists
of 15–25 minutes at or above the threshold intensity, as
recommended by Takken et al. [23] The program dur-
ation is set at 12 weeks according to the recommenda-
tions for exercise training in children with chronic
conditions [30].

Warming-up and cooling-down
Each exercise session starts and ends with a 5-min dur-
ing low intensity walk on the treadmill at a HR of 50-60
% of HRpeak [26].

Supervision
Each subject will receive a detailed and individualized
description of the exercise program and will be asked to
keep track of every completed stage. Parents will be
asked to be present at each training session to provide
their child with support and motivation, to ensure
proper strength training techniques, as well as to assist
them with the use of the treadmill and the HR monitor.
Furthermore, the subjects will be asked to keep a day-
to-day journal for training compliance. Every 2 weeks, a
researcher or physiotherapist will conduct a home visit
to observe the training session, to ensure compliance, to
motivate the subject, as well as to make adjustments to
the training prescription as needed.
Randomization and blinding
Included subjects will be stratified according to age (≤ or
>12 years) and gender after which they will be rando-
mized to either the intervention or the control group.
The randomization process will be performed by a per-
son with no clinical involvement in the trial. Blocking is
used to ensure close balance of the numbers in each
group at any time during the trial. Randomly varying the
block size (2 or 4) reserves the unpredictability of the se-
quence. The sequences will be concealed until interven-
tions are assigned. The researchers performing the
assessments, as well as those charged with data analyzes
will be blinded to treatment allocation.
Baseline description of groups
The baseline descriptors of the groups are age, gender,
anthropometrics and disease characteristics. The an-
thropometrics include maturity offset (years), height
(M), body mass (kg), body mass index (kg�m-2), and fat
free mass (kg). The disease characteristics include age at
diagnosis (years), disease duration at inclusion (years),
disease course (monocyclic/ polycyclic/ chronic), and
medication usage. These descriptors will be compared
between the treatment group and the control group at
T0. Maturity offset will be determined with gender-
specific equations including chronological age, height,
body mass, and sitting height [31]. Fat free mass will be
measured with BODYSTATW QuadScan 4000. Disease
duration at inclusion will be defined as the time from
diagnosis to inclusion. Disease course will be classified
as monocyclic (no signs of disease activity 2 years after
diagnosis), polycyclic (recurrence of active disease after a
definite remission (>6 months), followed by one or
more flares), or chronic (persistent disease activity
>2 years after diagnosis)[32].
Study outcomes
Efficacy
The primary and secondary efficacy outcome measures
along with the tools for these assessments are described
below and in Table 2.
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Primary study outcomes
Aerobic exercise capacity will be measured with a
treadmill-based (RAM, Accuramed BVBA, Lummen,
Belgium) incremental maximal exercise test according
the protocol set out by the German Society for Pediatric
Cardiology [33]. Briefly, the test starts at a speed of
2 km�h-1 with a 0% grade; the speed increases by 0.5 km�h-1
and the grade by 3%, up to a maximum of 21%, every 90 s.
The test is terminated upon voluntary exhaustion, despite
strong verbal encouragement.
Throughout the test, the subject will wear a facemask

(Hans Rudolph Inc, Kansas City, MO) connected to a gas
analysis system (ZAN 600, Accuramed BVBA, Lummen,
Belgium), which will allow for a sample of expired gases to
pass to a flowmeter, an oxygen analyzer, and a carbon
dioxide analyzer. Volume calibration and gas analysis
calibration will be performed before each testing ses-
sion. The flow meter and gas analyzers are connected
to a computer that calculate breath-by-breath minute
ventilation (VE), oxygen uptake (VO2), carbon dioxide
output (VCO2), and the respiratory exchange ratio
(RER=VCO2/VO2) using conventional equations. HR
will be measured continuously via a 12-lead electrocar-
diogram (CardioPerfect, IT medical, the Netherlands).
The test will be deemed maximal when the HR is >180
beats�min-1 and/or the RER >1.0.
The outcome measures related to aerobic exercise cap-

acity that will be assessed include: VO2peak [l�min-1]: the
average volume of the absolute oxygen uptake during the
last 30-s period of the test; VO2peak/kg [ml�kg-1�min-1]: the
absolute VO2peak divided by body mass. This variable was
used for the power calculation; VO2VAT [l�min-1]: the
absolute VO2 eliciting the ventilatory anaerobic threshold
(VAT). The VAT will be determined as defined by an
increase in both the ventilatory equivalent of oxygen
(=VE/VO2) and end-tidal pressure of oxygen with no
concurrent increase in the ventilatory equivalent of
carbon dioxide (=VE/VCO2); VO2VAT/kg [ml�kg-1�min-1]:
the absolute VO2VAT divided by body mass; O2 pulse
[ml�beat-1]; and endurance time [min]: the time from the
start to the end of the protocol.
Isometric muscle strength of the proximal muscle

groups in the lower extremities will be measured on
both the right and left sides with a calibrated CITEC
hand-held dynamometer (C.I.T. Technics, Groningen, the
Netherlands). Both the extensors of the knee joint and the
flexors of the hip joint will be assessed with 3 consecutive
measurements according to the ‘break method’, wherein
the examiner gradually overcomes the muscle force and
stops at the moment the extremity gives way [34]. The
highest value of the 3 repetitions will be recorded. All
within-subject tests will be performed by the same asses-
sor using the same hand-held dynamometer to prevent
inter-observer and inter-instrument bias [34].
Perception of fatigue will be measured with the Dutch
translated PedsQL Multidimensional Fatigue Scale. This
scale, designed to measure fatigue in pediatric patients,
reflects 3 subscales: general fatigue, sleep/rest fatigue,
and cognitive fatigue [35-37].

Secondary outcome measures
Muscle soreness will be measured using a 10-cm Visual
Analogue Scale (VAS). Muscle function will be assessed
via Subscale 8 (Strength) of the Bruininks-Osteretsky
Test of Motor Proficiency, Second Edition (BOT-2),
which include 5 items that are related to the strength
training program of the subjects [38]. The Childhood
Myositis Assessment Scale (CMAS) is specially designed
to assess the functional consequences of proximal
muscle strength and endurance, and will also be utilized
as a marker of muscle function in our subjects [39].
Functional sub maximal aerobic exercise capacity will be
assessed by examining walking distance at the 6-min
walk test (6MWT) [40]. This will be followed by an as-
sessment of physical activity enjoyment using the Phys-
ical Activity Enjoyment Scale (PACES) [41]. Quality of
life will be measured with the patient form of the Dutch
translated PedsQL Generic Core Scale [36,42,43]. Func-
tional ability will be measured with the Childhood
Health Assessment Questionnaire (CHAQ), a disease
specific questionnaire that measures the grade of disabil-
ity in performing activities of daily living as observed by
the parents [44-46]. The VAS discomfort items of the
CHAQ will be filled in by the subjects. Finally, habitual
levels of physical activity will be monitored via accelero-
metry (Actical) [47] and a Bouchard activity journal
[48,49] over a 7 day period.

Power calculation
A power calculation was performed based on previously
published data relating to one of the primary outcome
measures: VO2peak/kg. The mean ± standard deviation
VO2peak/kg of patients with JDM (in remission) is
33 ± 8 ml�kg-1�min-1 [13]. The aim of this training inter-
vention is to improve VO2peak/kg by at least 22%, which
is the weighted mean improvement in exercise training
studies in adults with inflammatory myositis [17]. Given
an 80% probability of detecting a treatment effect, with
significance set at 0.05 (two-tailed), the required number
of total subjects is 22; 11 in each of the 2 groups. Upon
factoring in a 20% (n= 5) chance of missing observations
and/or drop-outs, the total sample size increase to 27
patients. For simplicity in the randomization process, we
want to include 30 patients.

Statistical analysis
Data will be checked for normal distribution. Three dif-
ferent types of analysis will be performed.



Table 2 The primary and secondary study outcomes and the accompanying measurement tools used

Items Range +/−

Aerobic exercise capacity (Maximal exercise test on treadmill)

VO2peak [l�min-1] na >0 +

VO2peak/kg [ml�kg-1�min-1] 1 na >0 +

O2 pulse [ml�beat-1] na >0 +

Endurance time [min] na >0 +

VO2VAT [l�min-1] na >0 +

VO2VAT/kg [ml�kg-1�min-1] na >0 +

Isometric muscle strength (Hand-held dynamometry – Break method)

Maximal force right knee extensors [N] na >0 +

Maximal force left knee extensors [N] na >0 +

Maximal force right hip flexors [N] na >0 +

Maximal force left hip flexors [N] na >0 +

Perception of fatigue (PedsQL Multidimensional Fatigue Scale – patient form)

Total score 18 0-100 +

Subscale General Fatigue score 6 0-100 +

Subscale Sleep/Rest Fatigue score 6 0-100 +

Subscale Cognitive Fatigue score 6 0-100 +

Muscle soreness (10-cm Visual Analogue Scale muscle soreness)

Visual Analogue Scale muscle soreness [cm] na 0-10 -

Muscle function (BOT-2 Subscale 8 – Strength)

Total score 5 0-42 +

Item Distance standing long jump [m] na >0 +

Item Amount of sit-ups in 30 s na ≥0 +

Item Amount of push-ups in 30 s na ≥0 +

Item Time wall sit [s] na 0-60 +

Item Time V-up [s] na 0-60 +

Muscle function (Childhood Myositis Assessment Scale)

Total score 14 0-52 +

Functional sub maximal aerobic exercise capacity (6-Minute Walk Test)

Distance [m] na >0 +

Physical activity enjoyment (Physical Activity Enjoyment Scale)

Total score 17 17-119 +

Quality of life (PedsQL Generic Core Scale – patient form)

Total score 23 0-100 +

Subscale Physical Functioning score 8 0-100 +

Subscale Emotional Functioning score 5 0-100 +

Subscale Social Functional score 5 0-100 +

Subscale School Functioning score 5 0-100 +

Functional ability (Childhood Health Assessment Questionnaire 30 + 8)

Subscale Dressing score 4 0-3 -

Subscale Arising score 2 0-3 -

Subscale Eating score 3 0-3 -

Subscale Walking score 2 0-3 -

Subscale Hygiene score 5 0-3 -

Subscale Reach score 4 0-3 -
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Table 2 The primary and secondary study outcomes and the accompanying measurement tools used (Continued)

Subscale Grip score 5 0-3 -

Subscale Activities score 5 0-3 -

Subscale School/Extracurricular score 8 0-3 -

Disability score [%] 38 0-100 -

Visual Analogue Scale pain [cm] na 0-10 -

Visual Analogue Scale global disease severity [cm] na 0-10 -

Physical activity (Actical accelerometer for 7 days)

na >0 +

Physical activity (Activity journal for 2 weekdays + 1 Saturday)

Time inactive [%] na 0-100 -

Time light active [%] na 0-100 −/+

Time moderate active [%] na 0-100 −/+

Time vigorous active [%] na 0-100 +

Abbreviation: na: not applicable.
1 the primary outcome measure on which power calculation was performed.
+: an increase in value denotes an improvement -: a decrease in value denotes an improvement.
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Intervention group Vs control group
To examine the efficacy of the intervention, the outcome
measures of the intervention group and control group
will be compared at each of time points T0 and T1 using
mixed linear regression analysis with group (intervention/
control) as independent variable and the outcome mea-
sures (see Table 2) as separate dependent variables.
Intervention in control group
To examine the efficacy of the intervention in the con-
trol group, changes in outcome measures between T0
and T1 (usual care) will be compared with the changes
in outcome measures between T1 and T2 (intervention)
using a paired samples T-test.
“Wash-out” effect in intervention and control group
Repeated measures ANOVA analyzes will be performed
to examine whether the effects of the intervention are
maintained after 12 weeks. Specifically, the outcome
measures of both groups will be compared between
post-12-week usual care after intervention vs. post-
intervention and post-12-week usual care after interven-
tion vs. pre-intervention.
Results will be presented as linear regression coeffi-

cients representing mean group differences with their
corresponding 95% confidence intervals (CI). Statistical
significance will be defined as cases in which the 95% CI
does not include the null value. Nominal variables will
be analyzed using chi-square analysis. All results will be
analyzed using the modified intention to treat approach
which means that all subjects will be included in the
groups to which they are randomized, and the researchers
make efforts to obtain outcome data for all subjects, even
if they do not complete the full intervention [50].

Feasibility
Feasibility will be assessed by examining the amount of
training sessions each subject performed during the
intervention. Every week, the subject has to start the ex-
ercise training program of a new week, independent
whether the proposed amount of training sessions of the
previous week is reached. When the subject is not able
to train for at least 7 consecutive days (e.g. due to illness
or holiday), the subject will be asked to resume the exer-
cise training program where he/she was ended.

Discussion
This paper presents the design of a randomized con-
trolled study that will provide evidence on the efficacy
and feasibility of an individually tailored 12-week home-
based exercise training program for children and adoles-
cents with JDM. The wash-out effects of this program
after another 12 weeks will also be examined.
Among the many strength of this study is first, the fact

that this will be the first RCT to assess the effects of exer-
cise training in patients with JDM. Second, evidence from
literature is used to design the treadmill training as well as
the strength training program. Third, the focus of the
intervention, as well as the primary outcome measures,
corresponds to the major clinical concerns of patients
with JDM. Finally, and perhaps most importantly, the
intervention is a home-based program, which minimizes
the load for the patients and their parents while likely
stimulating the patient’s desire and motivation to continue
exercising upon completion of the intervention.
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The study methodology has been conceived according
to the standards of the CONSORT guidelines [21].

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors contributed in designing, drafting, and revising the manuscript,
and they all have given approval of the final version. All authors read and
approved the final manuscript.

Acknowledgments
The study is funded by the Dutch Arthritis Association (project 11-1-202). The
Dutch Arthritis Association has no role in study design, collection of data,
analysis, interpretation of data, or in writing of the manuscript. We want to
thank Patrick van der Torre and Bart Bartels for their advice with respect to
the development of the exercise training program. We also want to thank
Joyce Obeid for reviewing the manuscript. Furthermore, we would like to
thank the Beatrix Children’s Hospital UMC in Groningen, the Sophia
Children’s Hospital Erasmus Medical Center in Rotterdam, and the St.
Radboud Children’s Hospital UMC in Nijmegen for their collaboration in this
project.

Author details
1Child Development & Exercise Center, Wilhelmina Children’s Hospital,
University Medical Center Utrecht, Room KB.02.056.0, P.O. Box 85090,
NL-3508 AB Utrecht, the Netherlands. 2Faculty Center for Human Movement
Sciences, University of Groningen, University Medical Center Groningen,
Groningen, the Netherlands. 3Department of Pediatric Immunology and
Rheumatology, Wilhelmina Children’s Hospital, University Medical Center
Utrecht, Utrecht, the Netherlands.

Received: 25 April 2012 Accepted: 8 June 2012
Published: 21 June 2012

References
1. Rider LG, Miller FW: Classification and treatment of the juvenile idiopathic

inflammatory myopathies. Rheum Dis Clin North Am 1997, 23:619–655.
2. Feldman BM, Rider LG, Reed AM, Pachman LM: Juvenile dermatomyositis

and other idiopathic inflammatory myopathies of childhood. Lancet 2008,
371:2201–2212.

3. Harris-Love MO, Shrader JA, Koziol D, Pahlajani N, Jain M, Smith M, et al:
Distribution and severity of weakness among patients with polymyositis,
dermatomyositis and juvenile dermatomyositis. Rheumatology (Oxford)
2009, 48:134–139.

4. Drinkard BE, Hicks J, Danoff J, Rider LG: Fitness as a determinant of the
oxygen uptake/work rate slope in healthy children and children with
inflammatory myopathy. Can J Appl Physiol 2003, 28:888–897.

5. Groen WG, Hulzebos HJ, Helders PJ, Takken T: Oxygen uptake to work rate
slope in children with a heart, lung or muscle disease. Int J Sports Med
2010, 31:202–206.

6. Hicks JE, Drinkard B, Summers RM, Rider LG: Decreased aerobic capacity in
children with juvenile dermatomyositis. Arthritis Rheum 2002, 47:118–123.

7. Takken T, Spermon N, Helders PJ, Prakken AB, van der Net J: Aerobic
exercise capacity in patients with juvenile dermatomyositis. J Rheumatol
2003, 30:1075–1080.

8. Takken T, van der Net J, Helders PJ: Anaerobic exercise capacity in
patients with juvenile-onset idiopathic inflammatory myopathies. Arthritis
Rheum 2005, 53:173–177.

9. Butbul AY, Stremler R, Benseler SM, Cameron B, Laxer RM, Ota S, et al: Sleep
and fatigue and the relationship to pain, disease activity and quality of
life in juvenile idiopathic arthritis and juvenile dermatomyositis.
Rheumatology (Oxford) 2011, 50:2051–2060.

10. Batthish M, Feldman BM: Juvenile dermatomyositis. Curr Rheumatol Rep
2011, 13:216–224.

11. Ravelli A, Ruperto N, Trail L, Felici E, Sala E, Martini A: Clinical assessment in
juvenile dermatomyositis. Autoimmunity 2006, 39:197–203.

12. Mathiesen P, Hegaard H, Herlin T, Zak M, Pedersen FK, Nielsen S: Long-term
outcome in patients with juvenile dermatomyositis: a cross-sectional
follow-up study. Scand J Rheumatol 2012, 41:50–58.
13. Takken T, van der Net J, Engelbert RH, Pater S, Helders PJ: Responsiveness
of exercise parameters in children with inflammatory myositis. Arthritis
Rheum 2008, 59:59–64.

14. Sanner H, Kirkhus E, Merckoll E, Tollisen A, Roisland M, Lie BA, et al: Long-
term muscular outcome and predisposing and prognostic factors in
juvenile dermatomyositis: A case–control study. Arthritis Care Res
(Hoboken) 2010, 62:1103–1111.

15. Bar-Or O, Rowland TW: Pediatric exercise medicine: from physiologic principles
to health care application. Champaign, IL: Human Kinetics; 2004.

16. Omori C, Prado DM, Gualano B, Sallum AM, Sa-Pinto AL, Roschel H, et al:
Responsiveness to exercise training in juvenile dermatomyositis: a twin
case study. BMC Musculoskelet Disord 2010, 11:270.

17. Habers GEA, Takken T: Safety and efficacy of exercise training in patients
with an idiopathic inflammatory myopathy–a systematic review.
Rheumatology (Oxford) 2011, 50:2113–2124.

18. Takken T, Elst EF, van der Net J: Pathophysiological factors which
determine the exercise intolerance in patients with juvenile
dermatomyositis. Curr Rheumatol Rev 2005, 1:91–99.

19. Maillard SM, Jones R, Owens CM, Pilkington C, Woo PM, Wedderburn LR, et al:
Quantitative assessments of the effects of a single exercise session on
muscles in juvenile dermatomyositis. Arthritis Rheum 2005, 53:558–564.

20. Children's activity pyramid. http://www.classbrain.com/artread/publish/
article_31.shtml. 2008. Ref Type: Electronic Citation.

21. Schulz KF, Altman DG, Moher D: CONSORT 2010 statement: updated
guidelines for reporting parallel group randomised trials. BMJ 2010,
340:c332.

22. Durstine JL, Painter P, Franklin BA, Morgan D, Pitetti KH, Roberts SO:
Physical activity for the chronically ill and disabled. Sports Med 2000,
30:207–219.

23. Takken T, van Brussel M, Hulzebos HJ: Inspanningsfysiologie bij kinderen.
Houten: Bohn Stafleu van Loghum; 2008:62–92.

24. Baquet G, Van Praagh E, Berthoin S: Endurance training and aerobic
fitness in young people. Sports Med 2003, 33:1127–1143.

25. Bailey RC, Olson J, Pepper SL, Porszasz J, Barstow TJ, Cooper DM: The level
and tempo of children's physical activities: an observational study. Med
Sci Sports Exerc 1995, 27:1033–1041.

26. Faigenbaum AD, Myer GD: Pediatric resistance training: benefits, concerns,
and program design considerations. Curr Sports Med Rep 2010,
9:161–168.

27. Hui SS, Chan JW: The relationship between heart rate reserve and
oxygen uptake reserve in children and adolescents. Res Q Exerc Sport
2006, 77:41–49.

28. McCambridge TM, Stricker PR: Strength training by children and
adolescents. Pediatrics 2008, 121:835–840.

29. de Salles BF, Simao R, Miranda F, Novaes JS, Lemos A, Willardson JM: Rest
interval between sets in strength training. Sports Med 2009,
39:765–777.

30. van Brussel M, van der Net J, Hulzebos E, Helders PJ, Takken T: The Utrecht
approach to exercise in chronic childhood conditions: the decade in
review. Pediatr Phys Ther 2011, 23:2–14.

31. Mirwald RL, Baxter-Jones AD, Bailey DA, Beunen GP: An assessment of
maturity from anthropometric measurements. Med Sci Sports Exerc 2002,
34:689–694.

32. Spencer CH, Hanson V, Singsen BH, Bernstein BH, Kornreich HK, King KK:
Course of treated juvenile dermatomyositis. J Pediatr 1984, 105:399–408.

33. Dubowy KO, Baden W, Bernitzki S, Peters B: A practical and transferable
new protocol for treadmill testing of children and adults. Cardiol Young
2008, 18:615–623.

34. Backman E: Methods for measurement of muscle function.
Methodological aspects, reference values for children, and clinical
applications. Scand J Rehabil Med Suppl 1988, 20:9–95.

35. Gordijn SM, Cremers EM, Kaspers GJ, Gemke RJ: Fatigue in children:
reliability and validity of the Dutch PedsQL Multidimensional Fatigue
Scale. Qual Life Res 2011, 20:1103–1108.

36. Ringold S, Wallace CA, Rivara FP: Health-related quality of life, physical
function, fatigue, and disease activity in children with established
polyarticular juvenile idiopathic arthritis. J Rheumatol 2009,
36:1330–1336.

37. Varni JW, Burwinkle TM, Szer IS: The PedsQL Multidimensional Fatigue
Scale in pediatric rheumatology: reliability and validity. J Rheumatol 2004,
31:2494–2500.



Habers et al. BMC Musculoskeletal Disorders 2012, 13:108 Page 10 of 10
http://www.biomedcentral.com/1471-2474/13/108
38. Deitz JC, Kartin D, Kopp K: Review of the Bruininks-Oseretsky Test of
Motor Proficiency, Second Edition (BOT-2). Phys Occup Ther Pediatr 2007,
27:87–102.

39. Huber AM, Feldman BM, Rennebohm RM, Hicks JE, Lindsley CB, Perez MD,
et al: Validation and clinical significance of the Childhood Myositis
Assessment Scale for assessment of muscle function in the juvenile
idiopathic inflammatory myopathies. Arthritis Rheum 2004, 50:1595–1603.

40. ATS statement: guidelines for the six-minute walk test. Am J Respir Crit
Care Med 2002, 166:111–117.

41. Moore J, et al: Measuring Enjoyment of Physical Activity in Children:
Validation of the Physical Activity Enjoyment Scale. J Appl Sport Psychol
2009, S116–S129.

42. Varni JW, Seid M, Smith KT, Burwinkle T, Brown J, Szer IS: The PedsQL in
pediatric rheumatology: reliability, validity, and responsiveness of the
Pediatric Quality of Life Inventory Generic Core Scales and
Rheumatology Module. Arthritis Rheum 2002, 46:714–725.

43. Engelen V, Haentjens MM, Detmar SB, Koopman HM, Grootenhuis MA:
Health related quality of life of Dutch children: psychometric properties
of the PedsQL in the Netherlands. BMC Pediatr 2009, 9:68.

44. Feldman BM, yling-Campos A, Luy L, Stevens D, Silverman ED, Laxer RM:
Measuring disability in juvenile dermatomyositis: validity of the childhood
health assessment questionnaire. J Rheumatol 1995, 22:326–331.

45. Singh G, Athreya BH, Fries JF, Goldsmith DP: Measurement of health status
in children with juvenile rheumatoid arthritis. Arthritis Rheum 1994,
37:1761–1769.

46. Huber AM, Hicks JE, Lachenbruch PA, Perez MD, Zemel LS, Rennebohm RM,
et al: Validation of the Childhood Health Assessment Questionnaire in
the juvenile idiopathic myopathies. Juvenile Dermatomyositis Disease
Activity Collaborative Study Group. J Rheumatol 2001, 28:1106–1111.

47. John D, Freedson P: ActiGraph and Actical physical activity monitors: a
peek under the hood. Med Sci Sports Exerc 2012, 44:S86–S89.

48. Wickel EE, Welk GJ, Eisenmann JC: Concurrent validation of the Bouchard
Diary with an accelerometry-based monitor. Med Sci Sports Exerc 2006,
38:373–379.

49. Bouchard C, Tremblay A, Leblanc C, Lortie G, Savard R, Theriault G: A
method to assess energy expenditure in children and adults. Am J Clin
Nutr 1983, 37:461–467.

50. Polit DF, Gillespie BM: Intention-to-treat in randomized controlled trials:
recommendations for a total trial strategy. Res Nurs Health 2010, 33:355–368.

doi:10.1186/1471-2474-13-108
Cite this article as: Habers et al.: Design of the muscles in motion study:
a randomized controlled trial to evaluate the efficacy and feasibility of
an individually tailored home-based exercise training program for
children and adolescents with juvenile dermatomyositis. BMC
Musculoskeletal Disorders 2012 13:108.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Study design
	Subjects
	Exercise training program
	Type &ndash; interval training on treadmill

	link_Fig1
	Type &b_k;-&e_k;&b_k;&e_k; strength training
	Frequency
	Intensity &ndash; interval training on treadmill

	link_Tab1
	Intensity &b_k;-&e_k;&b_k;&e_k; strength training
	Time and duration
	Warming-up and &b_k;cooling-&e_k;&b_k;down&e_k;
	Supervision
	Randomization and blinding
	Baseline description of groups
	Study outcomes
	Efficacy

	Primary study outcomes
	Secondary outcome measures
	Power calculation
	Statistical analysis

	link_Tab2
	Outline placeholder
	Intervention group Vs control group
	Intervention in control group
	&ldquo;Wash-out&rdquo; effect in intervention and control group

	Feasibility

	Discussion
	Competing interests
	Authors´ contributions
	Acknowledgments
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49
	link_CR50

