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Abstract

Background: Every year, many infants are infected with the respiratory syncytial virus (RSV) or other agents and
need hospitalisation due to bronchiolitis. The disease causes much suffering and high costs. Thus, it is important
that the treatment methods are both effective and cost-efficient. The use of different physiotherapy treatment
methods is debated, and not all methods are evaluated scientifically. The clinical praxis in Sweden that includes
frequent changes of body position and stimulation to physical activity has not previously been evaluated. The aim
of this clinical study is to evaluate this praxis.

Methods: This study is a clinical two-centre individually randomised controlled trial (RCT) with three parallel groups.
The participants will be randomly assigned to an individualised physiotherapy intervention, a non-individualised
intervention, or a control group. All three groups will receive the standard care at the ward, and the two
intervention groups will receive additional treatment, including different movements of the body. The primary
outcome measure is a clinical index based on determinants for hospitalisation. Baseline assessments will be
compared with the assessments after 24 h. The secondary outcome measures include vital signs, the parents’
observations, time spent at the hospital ward, and referrals to an intensive care unit. We also want see if there is
any immediate effect of the first intervention, after 20 min.

Discussion: This study will add knowledge about the effect of two physiotherapy interventions that are commonly
in use in Swedish hospitals for infants with bronchiolitis or other acute lower respiratory tract infections.

Trial registration: ClinicalTrials.gov NCT03575091. Registered July 2, 2018—retrospectively registered.

Keywords: Physiotherapy, Chest physiotherapy, Infants, Bronchiolitis, Pneumonia, Treatment, Randomised controlled
trial
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Background
Infants with acute breathing difficulties due to a lower re-
spiratory tract infection such as bronchiolitis or pneumo-
nia often have obstruction of the smaller airways caused
by oedema and excess mucus production [1]. This can
lead to increased work of breathing with exhaustion of re-
spiratory muscles, feeding difficulties, and increases the
risk of developing respiratory distress. Affected infants
may need treatment at an intensive care unit (ICU). The
hospital care for the children with bronchiolitis involves a
high cost for families and health care organisations around
the world [2], as this is a common illness in the winter
season [3]. The treatment in hospitals is most often sup-
portive, such as supplementing oxygen and fluids [4].
Sometimes, physiotherapy treatment is used to reduce the

symptoms of infants who are hospitalised with bronchiolitis.
Physiotherapy methods aim at moving and evacuating
mucus from the airways in order to reduce work of breath-
ing, increase gas exchange, and increase lung volumes [5–7].
The aim of physiotherapy treatment has also been to reduce
time to clinical stability or reduce the duration of a hospital
stay [8, 9]. There is no clear consensus about the efficiency
of physiotherapy treatment on the whole for this patient
group, and some of the treatment methods are questioned
or not recommended at all [10, 11].
Many of the physiotherapeutic interventions that are de-

scribed in international literature for infants hospitalised
with breathing difficulties such as bronchiolitis or pneu-
monia can be described as passive: the physiotherapist
places the child in different drainage or resting positions,
applies manual pressure to the child’s chest wall, or uses
technical devices like continuous positive airway pressure
(CPAP) or positive expiratory pressure (PEP) [5, 8, 9, 12–
21]. In Sweden, however, physiotherapy for infants in hos-
pital with acute airway infections most often involves
stimulation to physical activity and frequent changes of
the body position combined with other methods [22]. This
praxis is supported by general physiological principles of
the positive effect on lung function of the change of body
positions and physical activity [23–25], but these methods
have not been evaluated scientifically for this patient
group before, and that is why this study was designed.
There are studies that indicate a positive effect of

prone position (lying on their stomach) for children with
respiratory problems. Most of these studies, however,
are made on premature infants who are mechanically
ventilated [26, 27]. The present study aims at investigat-
ing changes of body position on full-term children who
breathe spontaneously.

Methods/design
Aim
The present study protocol describes a randomised con-
trol trial that aims to compare the effect of an

individualised physiotherapy intervention, a non-
individualised intervention and a control group receiving
standard care, in hospitalised infants 0–24months of age.

Study design
This is a clinical two-centre individually randomised
controlled trial with three parallel groups.
We plan to include 162 infants who will be randomised

to either the individualised physiotherapy intervention
group, the non-individualised intervention group, or the
control group, 54 in each group. In the flow chart (Fig. 1)
and in the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) figure (Fig. 2), the overall
study design is described, which is in agreement with the
SPIRIT 2013 checklist (see Additional file 1). Any signifi-
cant changes of the protocol will be registered at Clinical-
Trials.gov and communicated to the staff involved
through the contact staff on the both sites.

Setting
The study will take place at the children’s wards in two
hospitals in the south of Sweden (Malmö and Växjö).
One hospital has a catchment area of about 500,000 in-
habitants, the other of about 100,000 inhabitants. The
two hospitals are situated about 200 km apart.

Inclusion of participants
Potential participants will be identified and recruited by
the staff in the paediatric wards. Inclusion criteria are as
follows: age 0–24months, hospitalised on the basis of
acute airway infection, born in gestational week 35 or
later. Patients must be included within 24 h of hospital
admission. At least one of the parents/guardians needs
to understand written Swedish, English, Arabic, or Per-
sian. Exclusion criteria are as follows: previous respira-
tory or cardiac diagnoses.
To include adequate participants, the study will be

mentioned at two pulse meetings a day in the wards,
and all staff members will be trained in the study design.
Some staff members will get additional training to sup-
port their colleagues. The main investigator will regu-
larly visit the wards in person and will have telephone
communication in between the visits to remind the staff
and to answer questions.
First, the parents will receive written information

about the study (text in Swedish, Arabic, English, or Per-
sian). At that time and when they have had the oppor-
tunity to read the information, they may ask questions
and get additional information from the staff. In order to
admit their child into the study, the parent/s will sign a
written consent form. The participation in the study will
end when the infant is either discharged to the home or
referred to an intensive care unit or if the parents decide
to withdraw the participation of their child.
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Randomisation
When a child is included in the study, it will be individually
randomised to one of the three groups. A statistician who is
independent of the study has performed randomisation in
blocks, stratified by the two sites. The statistician prepared
sealed paper envelopes, numbered in sequence, that are kept
in a locked safe accessible only for the researchers respon-
sible for the study. A small number of envelopes will be
brought to the study binders at the two hospital wards when
needed. The staff that will include an infant in the study after

parental consent is instructed to open the envelope with the
lowest number, which will be the top envelope in the binder.

Outcome measures and assessors
Baseline data
Participant characteristics will be collected from (i)
interview with parents (heredity for atopic diseases, pas-
sive smoking habits, duration of the infection) and (ii)
medical record (gender, age, possible viral agent: respira-
tory syncytial virus or influenza).

Fig. 1 Flow chart of the study design
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To collect the main data, the nursing staff will make a
clinical assessment at study start (t1) and the second as-
sessment 20 min later (t2), following directly after the
intervention/interval. See also Fig. 1. The same person
will perform these two assessments. The following as-
sessments will be performed every three hours for the
rest of the infant’s hospital stay. They will be performed
by the clinical staff available at that time. In the inter-
vention groups, it will be a different member of staff
who will perform the intervention from the one who
makes the first two assessments. All members of the
staff will be trained on how to perform the assessments,

which in many aspects are identical to the standard
protocol at the ward. Once daily, the clinical staff will re-
port if the infant has received any inhalations (in which
case the medical record is scanned for more information
on this) and also if the infant is actively moving about in
the room or not. See Additional file 2 for the assessment
protocol in Swedish.

Primary outcome measures
A clinical index combining levels of oxygen saturation,
oxygen concentration (need for oxygen supplementa-
tion), high nasal flow treatment, and oral fluid intake

Fig. 2 The SPIRIT figure of enrolment, interventions, assessments, and outcomes
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(compared to tube feeding) was constructed; see Table 1.
It is possible to achieve a total score between 0 (worst
condition) and 11. The primary outcome is a composite
index that the research group constructed for this study,
based on the factors that determine whether the infant
needs hospitalisation [28]. The items in the index were
chosen because of their clinical implication. They are
based on objective values and are therefore not likely to
differ between different assessors. The index has not
been validated, but was tested in a small pilot study (un-
published material), where the clinically relevant change
of two points was determined by clinical reasoning.
The daily fluid need will be calculated according to

nutrition guidelines [29, 30]. The oral fluid intake for
analysis at hour 24 will be the collected intake during
the first 24 h in the study.

Secondary outcome measures
The clinical status of the participants will be assessed by
the nursing staff and the parents using the measures in
Table 2. Wang score [31] is an observational scale where
the nursing staff scores the infants 0–3 where 3 is most
severe. The scoring system includes respiratory rate,
wheezing, retractions/nasal flaring, and general condi-
tion. It has been validated in clinical studies [31–33].
The respiratory rate, retractions, and wheezing is com-
monly used in studies of bronchiolitis, and the inter-
observer agreement is good: 93.1% with a weighted
kappa of 0.72 (95% CI 0.66–0.78) [33].
The infant’s food intake will be reported by the par-

ents by a custom-made three-level scale 0–2 where 0 =
no self-contained eating at all, 1 = eats less than usual,
and 2 = eats as usual. The infant’s general condition will
be reported by the parents using a visual numeric rating
scale 0–10 where 0 = as usual and 10 = very affected/ill.
The numeric rating scale 0–10 has been validated for
assessing pain [34], for cancer-related symptoms such as
pain and severe tiredness [35], and for postoperative
nausea [36] and patient-specific function [37]. It has also
been used to assess different symptoms in studies al-
though not validated for this, like well-being, depression,
fatigue, and anxiety [38].
Body weight will be used to calculate the daily food/

fluid need, and heart rate might show cardiorespiratory
load or stress.
Time at hospital and referrals to ICU as a measure of se-

verity of the disease have also been used in other studies [5].

Interventions
The position for all infants at baseline is supine on the
bed, that is, lying on their backs. Directly following the
baseline assessment, there will be 20min of interventions
for the two intervention groups and 20min of no extra
intervention for the controls. All participants will receive
the standard care at the ward without limitation, and the
participants in the intervention groups will have physio-
therapy treatment in addition to the standard care.
The standard care at the wards is information to the

parents about the importance of fluid intake for their in-
fant, oxygen supplementation, nose drops and suction-
ing, high nasal flow, inhalations, fluid supplementation,
and analgesics, according to need.
The different interventions were chosen based on what

is routinely carried out by physiotherapists or nursing
staff in hospitals in Sweden [22], including an individua-
lised physiotherapy treatment and a reduced non-
individualised treatment. We expect that the individual
intervention might be more efficient, but at the same
time want to know whether the non-individualised treat-
ment would be sufficient for these patients, indicated by
outcomes in the non-individualised group showing a

Table 1 The components of the clinical index used as the
primary outcome measure

Outcome Definition Measure Registration
time

Score

Oxygen
saturation

% By pulse oximetry At t1, t2, and
every
subsequent 3rd
hour

≥ 96 2

90–95 1

≤ 89 0

Oxygen
concentration

% At t1, t2, and
every
subsequent 3rd
hour

21 4

22–30 3

31–40 2

41–50 1

≥ 51 0

High nasal
flow

Litres/kg/
min

At t1, t2, and
every
subsequent 3rd
hour

0 2

0.1–1 1

1.1–2 0

Oral fluid
intake

%a g (weight when
breast feeding) or
ml (by bottle)

At every
feeding session

100 3

51–99 2

1–50 1

0 0
aPer cent of the calculated daily need

Andersson-Marforio et al. Trials          (2020) 21:803 Page 5 of 10



both statistically and clinically relevant improvement
compared to the control arm.
In the individualised intervention group, the interven-

tion is minimally given once daily by the physiotherapist,
and in the non-individualised intervention group, the
intervention is minimally given by the staff once. The
randomised treatment, or indeed what will be performed
in the control group, will not be monitored, so there
might be differences in adherence to the interventions
between parents. Our intention, however, is to evaluate
the current practice that includes instructions and en-
couragements to the parents. This attitude is in accord-
ance with a so-called pragmatic RCT, as our intention is
to apply the results to the usual care setting [39].

Controls
In the control group, the infants will receive no add-
itional body movements, and the parents will not be
given extra encouragement to lift up their child.

The individualised intervention
The individualised physiotherapy intervention consists of
a standardised and individualised programme for 20min.
The individualised intervention will be performed by the
physiotherapist once daily, or more often according to his
or her judgement. The physiotherapist will lift up the in-
fant in their arms and place the infant in different posi-
tions in their arms while bouncing on a large ball; see
Fig. 3. The physiotherapist will also stimulate to physical
activity by placing the infant in a prone position (lying on
their stomach), stimulate the infant to actively move their
arms or legs, move the infant’s arms or legs, and supply
thoracic compressions, and they may give inhalations and
manual cough support on the infant’s belly and chest. The
physiotherapist may also suggest other treatments, such as

different inhalations or CPAP. They will also teach the
parents how to continue this procedure by themselves and
will encourage them to do the programme every other
hour during the infant’s waking time. The written infor-
mation to the parents is supplemented in Additional file 3.

The non-individualised intervention
The non-individualised intervention can be described as
a reduced version of the individualised intervention,
without using the large ball, and inhalations given typic-
ally only in the upright position, not in frequently chan-
ging positions in the arms. The intensity of the
treatment will also typically be reduced, as the staff will
only have to perform the intervention once, but can
choose to repeat it. One member of the clinical staff re-
sponsible for the patient at the ward will perform a stan-
dardised programme that includes lifting up the infant
in their arms to change the body position of the infant,
moving the arms and legs of the infant, and giving man-
ual cough support on the belly and chest; see Fig. 4.
They will teach the parents to continue to regularly
change the infant’s body position themselves. The writ-
ten information to the parents is supplemented in Add-
itional file 4. The intervention will be performed once at
the beginning of the study. The nursing staff can opt to
repeat the intervention more times or encourage the
parents as often they wish or not at all. All nursing staff
at the ward will be trained in the programme. The non-
individualised intervention is based on what is com-
monly performed by the nursing-staff in Swedish hospi-
tals, as instructed by physiotherapists.

Statistical and sample size calculations
Descriptive statistics will be shown as mean with stand-
ard deviation or median with minimum and maximum

Table 2 The secondary outcome measures, reported by the clinical staff unless otherwise stated

Secondary outcome Measure Registration time

Wang respiratory score [31]

Respiratory rate Manual count, per minute. Scale 0–3 where 3 is worst At baseline, 20 min later and every 3rd hour

Wheezing sound Clinical observation. Scale 0–3 where 3 is worst At baseline, 20 min later and every 3rd hour

Retractions/nasal flaring Clinical observation. Scale 0–3 where 3 is worst At baseline, 20 min later and every 3rd hour

General condition Clinical observation. Scale 0–3 where 3 is worst At baseline, 20 min later and every 3rd hour

General condition (parents’
report)

Observation. Scale 0–10 where 10 is worst At baseline, 20 min later and every 3rd hour during
daytime

Food intake (parents’ report) Observation. Scale 0–2 where 2 is worst At baseline, 20 min later and every 3rd hour during
daytime

Body weight Naked weight on scales, g Once daily

Heart rate Counts per minute, by pulse-oximetry, probe on the
foot

At baseline, 20 min later and every 3rd hour

Time to recovery Time at hospital, hours At the end of the study

Lung complications Referral to intensive care unit—yes/no At the end of the study
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values for continuous and ordinal variables where appro-
priate. Number with percent will be shown for categor-
ical variables.
The primary outcome is clinical index at 24 h. The time

is chosen since our experience is that most infants will re-
main at hospital at that time and an effect should have
been shown. The effect of the individualised physiotherapy
intervention, the non-individualised intervention, and a
control group receiving standard care on clinical index at
24 h will be assessed by an ANCOVA model with adjust-
ment for baseline clinical index, and post hoc test for the
different group combinations will be performed.
The secondary outcomes, including clinical index at

20 min, will first be assessed by an overall test and if the
overall test is shown significant post-hoc tests will be
performed. A p value below 0.05 will be considered sig-
nificant for the overall test. Continuous and ordinal vari-
ables will be assessed by ANCOVA model with
adjustment for baseline values where possible, ANOVA,

or Kruskal-Wallis test, with t test or Mann-Whitney U
test as post hoc tests, where appropriate. Categorical
variables will be assessed by Fisher’s exact test. Explora-
tive subgroup analyses by gender will be performed. To
increase the knowledge about what time the infants will
recover, data are collected every 3 h. We will analyse the
time the infants recover by means of Fisher’ exact test
and Kaplan-Meier analysis. IBM SPSS Statistics 24, or
higher, Windows (IBM Corporation, Armonk, NY, USA)
will be used to perform the statistical analyses.
The primary analysis will include all participants with

available outcome data at 24 h. Drop-outs will not be in-
cluded in this analysis. A dataset with the imputed
values might also be analysed. Simple imputation, mean
of the value before and after the missing value or last
value carried forward from the assessment three hours
earlier, will be performed if data is missing at hour 24
and the patient is still at hospital. If an infant will be dis-
charged from the ward before hour 24, that participant
will be excluded from this analysis and will be analysed
in the same way as the other potential drop-outs.
The sample size is calculated on a two-sided two sam-

ple t test with equal variance. The mean difference that
we want to be able to detect in clinical index at 24 h is 2.
A previous pilot study (unpublished material) has shown
that the standard deviation is approximately 2.8. The
power probability for the test is 0.80, and to be able to
correct for the three primary tests, comparing the
individualised physiotherapy intervention, the non-
individualised intervention, and a control group receiv-
ing standard care with each other, the type I error prob-
ability in the calculation is 0.016, confidence interval

Fig. 3 Example of movement in the individualised intervention
group. The physiotherapist bounces on a large ball while holding
the infant in different body positions approximately 20 s in
each position

Fig. 4 Example of body position in the non-individualised
intervention group, where the nursing staff changes the infant’s
body position in their arms
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0.95. To be able to detect the difference, 43 evaluable
patients in each group is needed. The calculation is per-
formed in SAS Enterprise Guide 6.1 for Windows (SAS
Institute Inc., Cary, NC, USA). Incomplete observations
and drop-outs are expected to amount to about 20%.
Thus, a total of 162 patients are needed to be included
in the study. The drop-outs will be analysed according
to age, possible viral infection, gender, allocation group,
and severity of illness at admission to the ward (satur-
ation, respiratory rate and heart rate or more data if col-
lected). We plan to perform an interim analysis of the
data obtained after inclusion of 50% of the estimated
sample size in order to check the assumptions about the
standard deviation and recalculate the sample size. In
that analysis, we will also be able to address possible
safety concerns in the study, although we do not antici-
pate any harmful outcome. That analysis will be per-
formed by a statistician independent of the study, and
the result will only be presented to the research group at
this stage if any harmful outcome will be detected in the
intervention groups, such as significant inferior out-
comes in the intervention groups compared to the con-
trol arm. Further instructions will be discussed by the
trial team before the interim analysis.

Data management
Data from all assessments will be decoded and stored in
an external hard drive that is kept in a safe to which only
the researchers responsible have access. The hard drive
has no connection to the Internet. The data from the
paper protocols will be manually entered onto the data-
base by the primary investigator (SAM). The accuracy of
the data in randomly chosen protocols will be double-
checked by two other researchers in the group. During
the period of entering data, the hard drive will be regu-
larly backed-up to a USB memory, which will also be
kept in a safe. All files will be saved for at least 10 years
after completion of the study. The data will be dissemi-
nated by publication in scientific journals.

Discussion
Infants hospitalised due to acute respiratory failure
caused by bronchiolitis and pneumonia is a recurring
group of patients in paediatric departments. Hospitalisa-
tion is a burden for both the families and for society,
and possible treatments that reduce the need for hospi-
talisation by reducing the work of breathing and increase
the general condition of the infant are called for, as well
as finding treatments that alleviate the current situation
for these infants during hospitalisation.
Our study focuses on a possible effect of an individua-

lised physiotherapy intervention and a non-individualised
intervention compared to the standard care (without add-
itional movements).

We chose to include infants without previously diag-
nosed respiratory and cardiac diseases, in order to evalu-
ate the effect of physiotherapy in a homogenous group
of patients, in a real-life setting in two departments.
We chose the individualised physiotherapy intervention

because that is the most common physiotherapy treatment
method in Sweden [22] and previously not evaluated. The
non-individualised physiotherapy intervention can be used
by the nursing staff and is less time-consuming and often
used, while the control group will receive treatment as rec-
ommended in earlier studies [4, 40].
Blinding a physiotherapy study is difficult. In some

studies, this problem was solved by bringing all infants
to a closed room to do the physiotherapy intervention or
nothing, without the parents and nursing staff knowing
what was done [5, 8, 19]. In our study, we wanted to
evaluate the commonly used methods that often involve
parents’ actions, and blinding of parents to participants,
care providers, or assessors was not possible due to the
nature of the intervention. To minimise possible bias,
one person will perform the intervention and another
person will evaluate the result of the different interven-
tions (make the assessment). The statistician involved in
the analyses will be blinded.
Block randomisation was chosen to ensure equal num-

bers of participants in the three groups over time as this
can compensate for possible differences in treatment in
the two sites, but even for possible changes in the sur-
roundings over time (learning curve, change of staff or
temporary severity of the infection). A drawback with
equal numbers in the three groups is that exclusions from
the physiotherapy intervention group is more likely to be
made than from the other groups due to absence of a
physiotherapist on occasions, for example at nights and
absence due to leave. We have, however, calculated gener-
ously on the drop-out rate to compensate for this, and the
drop-outs will be closely analysed as described earlier.
There is a need for an easy and clinically relevant scor-

ing system for assessing infants with breathing difficul-
ties in hospitals. Our primary outcome is a clinical index
that the research group constructed, based on the factors
that determine whether the infant needs hospitalisation
[28]. The items in the clinical index were chosen be-
cause of their clinical implication. They are based on ob-
jective values and are therefore not likely to differ
between different assessors. Similar outcome measures
were also used by Rochat et al. [9].
For secondary outcomes, we included the Wang score,

since it is often used in other studies of infants with acute
respiratory infections [5, 8, 19] and has been validated.
Furthermore, the parents’ report on the infants’ well-being
and eating ability was included. The parents have unique
knowledge of their own child, which we thought could
make a valuable addition to the nursing staff’s assessment.
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The parents’ report has not, to our knowledge, been used
before in studies of infants with breathing difficulties in
hospitals. These two scores were constructed by the re-
search group for this purpose and are not validated for
this use. The numeric rating scale 0–10 has been used be-
fore to assess different symptoms although not validated
for this, like well-being, depression, fatigue, and anxiety
[38], and by using it in this study, we hope to gain at least
some information about the parents’ assessment of their
infant’s general well-being. The outcome measures were
chosen with the aim to detect many different types of
change in the infants’ status.
The result from this RCT will add new knowledge

about the effect of physiotherapy interventions on in-
fants hospitalised with acute breathing difficulties due to
respiratory infections. It may also contribute to an in-
creased understanding of how to perform studies on in-
fants in a clinical setting in hospitals.

Trial status
The recruitment of participants started on 1 Novem-
ber 2017 and the trial is expected to continue until
May 2021.
On submission for publication, version 1.0 of the

protocol was being used. April 2020.
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