Bond University
Research Repository

Effectiveness of topical silicone gel and pressure garment therapy for burn scar prevention
and management in children: Study protocol for a randomised controlled trial
Wiseman, Jodie; Simons, Megan; Kimble, Roy; Ware, Robert; McPhail, Steven; Tyack,
Zephanie
Published in:
Trials
DOI:
10.1186/s13063-017-1820-z
Licence:
CC BY
Link to output in Bond University research repository.

Recommended citation(APA):
Wiseman, J., Simons, M., Kimble, R., Ware, R., McPhail, S., & Tyack, Z. (2017). Effectiveness of topical silicone
gel and pressure garment therapy for burn scar prevention and management in children: Study protocol for a
randomised controlled trial. Trials, 18(1), [72]. https://doi.org/10.1186/s13063-017-1820-z

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
For more information, or if you believe that this document breaches copyright, please contact the Bond University research repository
coordinator.

Download date: 22 May 2022

Wiseman et al. Trials (2017) 18:72
DOI 10.1186/s13063-017-1820-z

STUDY PROTOCOL

Open Access

Effectiveness of topical silicone gel and
pressure garment therapy for burn scar
prevention and management in children:
study protocol for a randomised controlled
trial
Jodie Wiseman1* , Megan Simons2, Roy Kimble1,2, Robert Ware3, Steven McPhail4,5 and Zephanie Tyack1,5

Abstract
Background: Abnormal scar development following burn injury can cause substantial physical and psychological
distress to children and their families. Common burn scar prevention and management techniques include silicone
therapy, pressure garment therapy, or a combination of both.
Currently, no definitive, high-quality evidence is available for the effectiveness of topical silicone gel or pressure
garment therapy for the prevention and management of burn scars in the paediatric population. Thus, this study
aims to determine the effectiveness of these treatments in children.
Methods: A randomised controlled trial will be conducted at a large tertiary metropolitan children’s hospital in
Australia. Participants will be randomised to one of three groups: Strataderm® topical silicone gel only, pressure
garment therapy only, or combined Strataderm® topical silicone gel and pressure garment therapy. Participants will
include 135 children (45 per group) up to 16 years of age who are referred for scar management for a new burn.
Children up to 18 years of age will also be recruited following surgery for burn scar reconstruction. Primary
outcomes are scar itch intensity and scar thickness. Secondary outcomes include scar characteristics (e.g. colour,
pigmentation, pliability, pain), the patient’s, caregiver’s and therapist’s overall opinion of the scar, health service
costs, adherence, health-related quality of life, treatment satisfaction and adverse effects. Measures will be
completed on up to two sites per person at baseline and 1 week post scar management commencement,
3 months and 6 months post burn, or post burn scar reconstruction. Data will be analysed using descriptive
statistics and univariate and multivariate regression analyses.
Discussion: Results of this study will determine the effectiveness of three noninvasive scar interventions in children
at risk of, and with, scarring post burn or post reconstruction.
Trial registration: Australian New Zealand Clinical Trials Registry, ACTRN12616001100482. Registered on 5 August 2016.
Keywords: Burns, Scar management, Randomised controlled trial, Topical silicone gel, Pressure garment therapy, Children

* Correspondence: jodie.wiseman@uqconnect.edu.au
1
Centre for Children’s Burns and Trauma Research, Centre for Children’s
Health Research, The University of Queensland, Brisbane, QLD, Australia
Full list of author information is available at the end of the article
© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Wiseman et al. Trials (2017) 18:72

Introduction
The protocol for this study has been reported as per the
Standard Protocol Items: Recommendations for Interventional Trial (SPIRIT) guidelines (Additional File 1) [1].

Background
With post-burn mortality rates declining, the greatest
burden to burn centres is scarring [2–4]. In children,
scarring has substantial ramifications for the child’s
physical and psychological functioning as well as healthrelated costs for the family and the health care service
[5]. Factors associated with risk of scarring in children
include total body surface area (TBSA) burned, delayed
wound healing, deep burn injuries, skin type, anatomical
burn site and skin grafting [2, 6–9].
Abnormal scars have a documented prevalence rate
of 32 to 72% post burn [6, 10] and are defined as
scars with physical and sensory symptoms that impact
on health-related quality of life due to itch, raising,
pain, tightness and contracture formation [5, 10].
Qualitative research has also shown that the appearance and the impact of scars must be considered
from the patient’s perspective, not just the perspective
of the treating clinical team [11, 12]. Scar prevention
and management interventions are initiated with the
goal of preventing or reducing scar itch, thickness,
erythema and pliability with the ultimate goal of
maintaining or improving overall appearance of the
scar and quality of life [13–18].
Scar thickness has traditionally been one of several
characteristics used to define the severity of scarring and
is included in most scar rating scales. A meta-analysis of
studies of pressure garment therapy effectiveness, a recent systematic review of noninvasive scar interventions,
including silicone products and pressure garments and a
longitudinal study of scarring in people with burns receiving standard scar management, have supported the
importance of measuring scar thickness [2, 17, 19]. Scar
thickness has been found to be the characteristic that
most clearly distinguishes normal scar and normal skin
from hypertrophic scars up to 12 months post burn [19].
Itch has been found post discharge in approximately
80% of patients after burn injury and has been reported
to persist for a prolonged period post burn [20, 21]. This
symptom has a sustained debilitating impact on patients,
influencing wound healing, psychological wellbeing, and
engagement in activities of daily living [20, 21]. It is,
therefore, important that the prevention and management of burn scars is optimum to reduce the impact of
scar sequelae, such as itch, on psychosocial development
and health-related quality of life including the child’s
ability to independently complete daily activities; and to
prevent future invasive scar interventions.
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Burn scar prevention and management after skin healing in high-income countries currently includes the use
of silicone products or pressure garment therapy or
pressure garment therapy combined with silicone products [5]. These treatments have been routine practice for
burn scar prevention and management in high-income
countries for over 40 years though their effectiveness remains unclear, particularly in children [5, 10, 13].
Silicone products can include topical silicone gels, silicone gel sheets, silicone sprays and silicone oils [22]. A
film-forming topical silicone gel was selected for inclusion in this study as topical silicone gels have been recently recommended over other silicone products in
clinical practice guidelines as they are thought to result
in fewer adverse effects [23]. Strataderm® topical silicone
gel, a product used in the participating burns department prior to the trial commencing, has the advantage
of a reduced frequency of application (once per day as
opposed to twice per day) compared to other topical silicone gel products. It, therefore, has the potential to reduce the treatment burden to patients, improve
adherence and reduce the cost of scar prevention and
management compared to other scar therapies. Whilst
the exact mechanism of action of topical silicone gels
has not been confirmed [22–24], it is hypothesised that
the occlusive nature of the gel reduces transepidermal
water loss, thus increasing the hydration of the stratum
corneum [25, 26]. This results in a ‘normalising’ of the
cellular processes of the skin, consequently reducing collagen production [25, 26]. Topical silicone gel may also
provide a protective barrier against environmental contaminants [25, 26]. It is important to note, however, that
whilst there is a reduced risk of adverse effects with the
use of topical silicone gels there is still a risk of local
dermatological reactions [25].
Pressure garment therapy also works to normalise cellular processes; however, it does this through mechanical
pressure. Pressures of 15 to 25 mmHg are hypothesised to
reduce capillary flow [13, 18], thus limiting oxygen and
nutrients in the affected area and preventing collagen production [27]. The burden of pressure garment therapy to
patients and their families, however, can be high if recommended wearing times of 23 h per day for up to 18 months
or until scar maturation are followed [2, 28]. Adverse effects from pressure garment therapy can include skin
breakdown, altered bone growth and psychological distress from cosmetic differences [2, 5, 7, 29]. The burden of
treatment and the presence of adverse effects can impact
patient adherence to recommended prevention strategies
and requires careful consideration when evaluating the effectiveness of these interventions.
Previous studies have focused solely on the effectiveness of scar management interventions in relation to
physical scar characteristics such as itch, height, pain,
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erythema, and range of motion [17]. They have not considered the broader evaluation of treatment burden (including adverse events), health-related quality of life, or
cost-effectiveness [30]. Also, past studies evaluating the
effectiveness of topical silicone gels and pressure garments have either not included children, or where children have been included, the numbers have been small
or have been case study reports [16, 24, 31]. To overcome the limitations of the evidence in paediatrics, adequately powered, randomised controlled studies that
use a broad evaluation framework are required. Thus, a
randomised controlled trial (RCT) of the effectiveness of
topical silicone gel and pressure garment therapy in children will be conducted using such a framework.
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(HREC). A flow diagram of the data collection process is
displayed in Fig. 1.
A measure of fidelity will assist in determining
whether the outcomes are a result of the intervention
or the processes involved in delivering the intervention (e.g. the education of participants and caregivers
by therapists) [32]. Checklists will be used to record
whether the critical elements of the intervention have
been delivered as a measure of fidelity. The fidelity
checklist includes items regarding mechanism of action of allocated treatment, skin care, sun care, wear

Objectives

This study aims to determine the effectiveness of topical
silicone gel versus pressure garment therapy versus combined topical silicone gel and pressure garment therapy,
in the prevention and management of burn scars in children aged 0 to16 years post burn or 0 to18 years post
burn scar reconstruction. This will be investigated using
the primary outcomes of scar itch and thickness at
6 months post burn or burn scar reconstruction.
Current medical literature has been unable to demonstrate one treatment group as being superior to the
others; however, we hypothesise that there will be at
least one pairwise difference between the group means
for scar thickness at the 6-month endpoint.

Methods
Study design

A randomised controlled trial with three parallel arms will
be conducted to examine the effectiveness of Strataderm®
topical silicone gel, pressure garment therapy, and combined topical silicone gel and pressure garment therapy
for the prevention and management of burn scars in children. Individual randomisation by patient will be undertaken using computer-generated random numbers.
Randomisation will occur using a 1:1:1 ratio between
groups in blocks of 12 and will be stratified by surgical
intervention received (i.e. skin grafting in the acute phase,
spontaneous skin healing in the acute phase, post-acute
reconstructive surgery). Concealment of treatment allocation will be completed by the use of sealed, opaque, identical and serially numbered envelopes prepared in advance
by an independent party. All outcomes will be measured
at baseline (scar intervention commencement), 3 months
and 6 months post burn or reconstruction. The primary
outcome measures and the level of pressure beneath pressure garments will also be measured at 1 week post baseline. This project has ethics approval from the Child
Health Queensland Human Research Ethics Committee

Fig. 1 Flow diagram of data collection
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and care instructions of allocated treatment and potential adverse effects.
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(Child Safety) where the burns consultant and/or burn
team members consider study involvement to be
contraindicated.

Setting

The primary setting for data collection will be a burns
unit at a large tertiary metropolitan children’s hospital in
Australia. Children who access this unit are predominantly male (60%), under the age of 2 years and most frequently present with a scald or a contact burn injury.
The incidence of flame and friction burns increases with
age [33]. The primary setting provides outreach services
via telehealth and receives patients from the Pacific
Islands and interstate if required. If necessary, measurements may be taken at a colocated research centre, or
the hospital in the patient’s local health district, and/or
at the client’s home to reduce potential burden for participants (and their families) and minimise participant
dropout.
Participants
Inclusion criteria

The inclusion criteria are children with a burn injury
who are managed in the acute phase post burn (up to
16 years of age, as per current practice) or who receive
burn scar reconstructive surgery (up to 18 years of age,
as per current practice) at the participating burns centre
and who require attendance at a scar management clinic
after skin healing. Children who receive skin grafting,
children with wounds that have not healed by day 17
post burn and children receiving surgery for burn scar
reconstruction in all body locations with a TBSA burned
of less than or equal to 40% who are accompanied by a
parent or guardian, who is able to provide informed consent, will be eligible for inclusion. Up to two scar sites
per person will be recruited where possible with both
sites receiving the same intervention. Children with a
cognitive impairment that impedes their ability to communicate will be enrolled in the study, however, they will
not be required to complete self-report measures. Children and their families who do not speak English will be
approached to participate in the study with the use of an
interpreter but will only have objective scar measures
and the itch Numeric Rating Scale (NRS) administered.
Exclusion criteria

Exclusion criteria include children whose burns wounds
have healed spontaneously within 16 days and who have
not been referred for scar management; children with
isolated facial or ear burns; children with isolated genital
burns; children with comorbidities that might influence
the primary outcomes (such as a dermatological disorder); children who are referred to their local health
service before scar management is commenced and children involved with the Department of Communities

Intervention

Participants will receive standard care for the acute burn
injury as determined by the burns multidisciplinary
team. If a participant is recommended for scar management and their caregiver provides consent to participate,
baseline assessment will be completed. Participants will
then be randomly allocated into one of three scar management intervention groups according to the contents
of the sealed envelope opened by an independent party.
Group 1 will receive medical use topical silicone gel
(Strataderm®). Group 2 will receive pressure garment
therapy (Therapeutic Support Laboratory) only. Group 3
will receive a combination of topical silicone gel
(Strataderm®) and pressure garment therapy. The intervention products will be provided to the patient as per
standard practice once the skin is healed (e.g. sufficient
topical silicone gel will be provided to allow coverage of
the scar area until the next appointment and two sets of
pressure garments will be provided to each child participant at a new fitting).
The study follow-up time periods will match standard
occupational therapy review times (e.g. 3 months and
6 months post burn).
Procedures

It is anticipated that data collection will take approximately 20 min at baseline, 3 and 6 month post burn or
burn scar reconstruction appointments. It is expected
that data collection will not exceed 10 min at the 1-week
follow-up point.
Outcome measures
Primary outcome measures

Scar itch intensity and scar thickness will be measured as
primary outcomes. Itch intensity will be self-reported for
children aged 5 years and older using an 11-point NRS (0
to 10). The Toronto Pediatric Itch Scale is an observationbased scale rating itch behaviours on a scale of 0 (absence
of itch) to 4 (severe itch with significant disruption) and
will be completed by caregivers for children aged under
5 years [20]. Caregivers for children of all ages will also
complete the itch item of the Patient and Observer Scar
Assessment Scale (POSAS, 0 to 10 NRS). Numeric rating
scales have been recommended over visual analogue
scales due to improved adherence, increased responsiveness and fewer missing values in populations of adults
with pain and chronic itch [34, 35]. Numerical testing will
be conducted with all children aged under 8 years and any
children known to have learning difficulties to ensure they
have the capacity to use the NRS [36].
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Scar thickness will be measured using the GE Healthcare ultrasound. The GE Healthcare ultrasound system
has been found to have an intraclass correlation coefficient (ICC) of greater than 0.90 for test-retest reliability
when used with children with burn scars [37]. When
measuring scar thickness with the GE Healthcare ultrasound, an image will be taken centrally from the site of
interest (as opposed to peripherally on the scar border).
An average of three measurements will be recorded and
used in the analysis.
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The Brisbane Burn Scar Impact Profile will be used to
measure the intensity and frequency of sensations, such
as pain, tightness and discomfort as well as healthrelated quality of life specific to people with burn scars.
This measure was developed and tested for preliminary
validity in children with burn scars and is undergoing
further testing with children and caregivers [11]. In
adults with burn scars the Brisbane Burn Scar Impact
Profile has been found to have acceptable reproducibility, responsiveness and longitudinal validity (Tyack et al.
unpublished data).

Secondary outcome measures

Scar severity Scar severity will be measured using items
of the POSAS including observer-scale items of thickness, vascularity, pliability, pigmentation and relief and
patient scale items of itch, pain, colour, stiffness, thickness and irregularity. The POSAS has been found to be
a reliable scar assessment and has the advantage of including a patient-report scale [8]. The POSAS observer
scale has been found to have adequate test-retest reliability for pigmentation, pliability and overall opinion of
the scar appearance in children [37]. Participants over
the age of 8 years, caregivers and therapists will also
complete a questionnaire regarding their overall opinion
of the scar. The DSMII ColorMeter is an objective device
that uses tristimulus reflectance colourimetry and
narrow-band photometry to measure the lightness, redness or erythema, and pigmentation of a scar [4, 38].
The DSMII ColorMeter has been found to have an interobserver reliability ICC of 0.94 for lightness, 0.94 for
erythema and 0.83 for pigmentation when used on scars
[38]. At the participating burns centre, the DSMII ColorMeter has been found to have an ICC greater than 0.75
for immediate test-retest reliability on all scales when
used with children with burn scars [37].
Health-related quality of life The Child Health Utility
9D (CHU9D) (a preference-based utility measure) will
be used to measure health-related quality of life and economic evaluation of the interventions. Items covered by
the CHU9D include worry, sadness, pain, fatigue, annoyance, school work/homework, sleep, daily routine, and
ability to join in activities. Preference weights from these
are then converted to quality-adjusted life years for economic evaluation [39]. The CHU9D has been developed
with, and validated for, use with children aged 7 to
17 years including validation with an Australian adolescent population [39]. The CHU9D and the EuroQol 5D Youth (EQ5D-Y) have been found to have good levels of
agreement (ICC = 0.80) in an Australian adolescent
population [40]. Children will self-complete this assessment (from age 5 years) as able and a caregiver proxy report will be completed for children of all ages.

Resource use and costs Resource use and costs will be
recorded for each participant from the perspective of the
health service provider and costed at market rates. This
will include trial interventions costs (e.g. the number
and volume of topical silicone gel and pressure garment
therapy products), as well as other burn-related resource
use (and costs) that may be important to a health service
deciding which of the interventions to implement in
their model of care for patients with burns (e.g. moulds
and splinting, overheads and labour time). Labour time
(e.g. occupational therapists, physiotherapist, nurses and
surgeons) will be quantified for each patient (on the
basis of time duration utilised and number of appointments required) and costed at the relevant state award
rates for each respective discipline.
Patient adherence Patient adherence to wear and care
regimes will be defined as ‘the extent to which a person’s
behaviour coincides with medical or health advice’ [41].
Adherence will be measured using self-report questionnaires to child and caregiver participants, which
will include questions about the number of hours per
day of topical silicone gel and pressure garment therapy wear and reasons for nonadherence to interventions.
The percentage of patient-reported nonadherence (using
the actual hours of wear and recommended hours of wear)
will be measured for each intervention group at the 3and 6-month follow-up [42]. In addition, adherence will
be measured and reported by the numbers of patients randomly assigned to each intervention, receiving the
intended treatment, time to cessation of the intended
intervention, completing the intended intervention as per
the protocol, and analysed for the primary outcomes [42].
Treatment satisfaction Treatment satisfaction has been
reported to influence adherence to prescribed medical
interventions [43, 44] and so is important to monitor
over time. Treatment satisfaction will be measured using
a caregiver and treating therapist self-report 0 to 10
NRS.
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Discontinuation/adverse events

The proposed interventions are considered to be part of
standard care at the participating burns centre; therefore, minimal adverse events are expected. Known potential adverse events (e.g. a skin rash from topical
silicone gel or skin damage from friction caused by pressure garments) have a standardised management protocol at the participating health service. Adverse effects of
scar interventions will be monitored by reviewing patient medical records and by the self-report of caregivers, child participants (where appropriate) and
treating therapists. All adverse effects will be reported to
the clinical health service and the overseeing Human Research Ethics Committee. Discontinuation or alteration
of treatment will be at the discretion of the treating clinical team and will be monitored throughout the study.
At the conclusion of the study participants will receive
standard care.
Confounding factors

There are a number of potential confounding factors in
this study. These include surgical intervention received
(i.e. skin grafting in the acute phase, spontaneous skin
healing in the acute phase, post-acute reconstructive surgery), patient’s adherence to the treatment regime,
whether all essential elements of the intervention were
delivered by treating therapists (therapist fidelity), the
pressure beneath pressure garments, and/or adverse
events impacting on the allocated treatment.
Patient adherence and therapist fidelity will be monitored via self-report checklists of salient elements of the
intervention. Therapist fidelity will also be evaluated
through the use of audio recordings of 20% of patient
sessions [45]. Pressure beneath pressure garments will
be measured in millimetres of mercury (mmHg) at the
garment skin interface using the Pliance X device [46].
An ICC of 0.998 has been reported for static measures
of test-retest reliability and an ICC of 0.995 to 1.00 has
been reported for inter-rater reliability of the Pliance X
device [47].
Blinding

Baseline measures will be completed prior to randomisation. Due to the nature of the study double blinding will
not be possible as treating therapists and patients and
their families will be aware of the treatment modality.
Investigator blinding will be difficult to maintain within
this environment; therefore, the primary investigator will
complete all outcomes measures without blinding. Ultrasound images and the measurement of burn scar thickness using the images taken by the primary investigator
will be completed in real time at baseline, 1 week and 3and 6-month follow-up points. However, at the conclusion of data collection a second investigator (blinded to
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the results during data collection and to the patient’s
identity – nonidentifiable to the second investigator) will
measure burn scar thickness using the ultrasound images taken by the primary investigator. Only the results
of the blinded assessor will be used in data analysis. The
inter-rater variation between the investigators will be reported for the study.
Statistics
Sample size

The sample size estimate was calculated based on the
primary outcome of scar thickness at 6 months post
burn for one scar site. We assumed a pooled standard
deviation of 1.0 mm based on a retrospective audit of
data from our centre. To detect a statistically significant
between-group difference of 0.76 mm in scar thickness
with 80% power and an alpha value of 0.017 (due to
three pairwise comparisons), 36 participants are required
in each of the three groups. Assuming a 20% dropout,
the total number of participants who need to be recruited at baseline is 135 (45 participants per group).
Data analysis

Sociodemographic, clinical and intervention data will be
summarised using descriptive statistics. For continuous
outcomes either mean and standard deviation, or median and range will be used depending on the distribution of the variable. For categorical outcomes frequency
and percentage will be reported. Data related to intervention benefits will be analysed on the ‘intention-totreat’ (ITT) principle, defined as participants analysed
according to their randomly allocated study group regardless of treatment received who complete follow-up
data collection and who receive the recommended
length of intervention. Data related to intervention adverse effects will be analysed according to the ITT
principle as well as per protocol defined as those who
received and commenced the intervention. A sensitivity
analysis will be conducted to compare the ITT and perprotocol approaches if appropriate. Baseline characteristics will be compared to assess the compatibility of groups.
At baseline between-group differences will be investigated
using linear regression for continuous data and Fisher’s
exact test for categorical data. Post-baseline, betweengroup differences in adherence will also be investigated
using linear regression at each time point. Potential confounding variables for the primary outcomes are considered a priori to be: age, days to re-epithelialisation,
percentage maximum burn depth, days post burn when
scar management commenced, Fitzpatrick skin type, percentage TBSA burned, patient adherence, level of pressure
beneath garment (for the groups treated with pressure
garments), anatomical body site treated, surgical intervention received (skin grafting in the acute phase,
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spontaneous wound healing in the acute phase, post-acute
reconstructive surgery), wound complications (e.g. infection), other interventions received (e.g. massage) including
the use of medications for itch [8, 9, 48].
The primary outcomes will be analysed using mixed
effects regression analyses to examine differences at
6 months post burn, adjusting for the baseline value of
the outcomes. Mixed effect regression analyses will be
completed for each follow-up time point. Potential confounding variables that are identified as imbalanced between the groups will be entered into regression
analyses. The time-varying covariates are patient adherence, level of pressure beneath garments, and other interventions received. All of the other potential
confounding variables are non-time-dependent covariates. Sensitivity analyses will be completed for missing
data using multiple imputation of missing observations
by creating ten complete data sets [49] of missing
dependent and independent data. For participants from
whom data is collected from two scar sites, the multiple
sites on these individuals will be accounted for in analytic models by including the scar site as a random effect
nested within participant. Initially all participants will be
included in the analyses. The analyses will then be repeated after stratifying by surgical intervention (i.e. skin
grafting in the acute phase, spontaneous skin healing in
the acute phase, post-acute reconstructive surgery). Subsequently, the influence of sociodemographic, clinical
and intervention factors, and primary and secondary
outcomes not included as dependent variables, on primary and secondary outcomes will also be examined
using regression models. Differences in health-related
quality of life between the intervention group and respective normative comparison groups will be analysed
using t tests, z-scores, or equivalent nonparametric tests
where appropriate. Differences in self-reported outcomes
by children versus caregivers, between age groups and in
comparison to normative data will also be examined
using univariate statistics such as t tests, z-scores, or
nonparametric equivalents. Significance will be set at
less than 0.05. Data will be analysed using SPSS (SPSS
Inc., Chicago, IL, USA) or Stata (StataCorp, College
Station, TX, USA) where appropriate.
Data storage

All information collected as part of this study will be
stored safely in a locked filing cabinet in a locked office
and in password-protected computer files. Any information obtained in connection with this research project
that has the potential to reidentify participants will remain confidential and securely stored. The data collected
from this study will be kept for 15 years, as per the recommendations of the National Health and Medical Research Council Guidelines (NHMRC).
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Discussion
Silicone products and pressure garment therapy have
been accepted treatments for burn scar management in
high-income countries for over 40 years, though there is
minimal evidence to support their use [5, 7, 10, 13]. In
addition, minimal research has been completed with a
paediatric burns population or with any age group using
a broad evaluation that investigates the effectiveness of
scar prevention interventions, their impact on healthrelated quality of life, the burden of treatments on
patients and their families, or the paediatric patient’s adherence to these interventions.
Whilst little is known about adherence to recommended wear and care regimes for children using topical
silicone gel and/or pressure garments, adherence by children is likely less than optimal. In adults, adherence to
recommended pressure garment therapy has recently
been recorded as 15 to 80% with reasons for nonadherence including the cosmetic appearance of garments, insufficient education regarding garment use as well as
poor fit and discomfort [50]. Low rates of adherence to
recommended silicone gel sheeting use (24 h per day)
have also been reported in adults [51]. It is expected that
adherence will be greater when using topical silicone gel
(Strataderm®) compared to pressure garment therapy
due to its reduced application time and there being no
need for additional care/maintenance of the product.
The burden of topical silicone gel also appears lower
than pressure garment therapy due to recommended application of the product once or twice daily (depending
on scar location), fast drying time and durability. However, topical silicone gels may be time-consuming to
apply to an extensive body surface area and have been
documented to cause local dermatological reactions [25].
Thus, further investigation of their effectiveness is
required.
The burden of pressure garment therapy can be high
for patients and their families due to prolonged recommended wearing time, 23 h per day until scar maturation [2, 5], and the need for regular replacement of
garments. Pressure garments can also cause discomfort
when they are ill-fitting, can instigate changes in bone
growth, and can cause heat reactions and friction damage to new skin [2, 7]. In addition to these physical
symptoms, pressure garments may also result in emotional and psychological reactions in children with burn
scars through visible cosmetic differences, separate from
the visible difference that may result from scarring [11].
Significance of the study

This study will provide evidence of the effectiveness of
three burn scar interventions for the prevention and
management of burn scars in children. Specifically, evidence will be obtained regarding the effectiveness of
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topical silicone gel alone, pressure garment therapy
alone, and a combination of topical silicone gel and
pressure garment therapy. Future randomised control
trials will be required to confirm these results; however,
if consistent results are achieved, changes in clinical
practice may occur.
By using a broad evaluation framework in combination
with a design that carefully controls for confounding factors and investigates influencing factors, this study may
determine which children benefit most from the scar
management interventions of interest. Cost-effectiveness
from a health service perspective will also be examined,
which, to the knowledge of the authors, has not been examined in scar management intervention studies to date.
Examining and controlling for the influence of a range
of potential confounders will maximise the rigour of the
study and will inform future studies of the factors that
influence scar outcomes. Whilst this study will follow
patients up to 6 months post burn, it study will pave the
way for similar studies with follow-up to scar maturation
(which can extend to 18 months post burn or longer)
and multicentre trials.

Trial status
Recruitment commenced at the end of August 2016 and
it is expected that recruitment will take approximately
1 year to complete with final data collection occurring in
February 2018.
Additional file
Additional file 1: SPIRIT checklist. (DOC 120 kb)

Abbreviations
CHU9D: Child Health Utility 9D; EQ5D-Y: EuroQol 5D - Youth; HREC: Human
Research Ethics Committee; ICC: Intraclass correlation coefficient;
ITT: Intention-to-treat; NHMRC: National Health and Medical Research Council
Guidelines; NRS: Numeric rating scale; POSAS: Patient and Observer Scar
Assessment Scale; RCT: Randomised controlled trial; TBSA: Total body surface
area
Acknowledgements
The author’s would like to acknowledge all the children, families and health
professionals who will participate in this study and acknowledge all the staff
at the Pegg Leditschke Children’s Burns Centre at the Lady Cilento Children’s
Hospital, Brisbane, Australia for their support and assistance throughout data
collection. This study is funded by an Australian Government Research
Training Scholarship and a grant given to The University of Queensland by
Stratpharma.
Funding
This study is funded by an Australian Government Research Training
Scholarship to the PhD student and a research grant provided to The
University of Queensland by Stratpharma. Contact details for Stratpharma,
Darren Kerr, Chief Executive Officer, Centralbahnplatz 8, CH-4051 Basel,
Switzerland.
Availability of data and materials
Not applicable for protocol manuscript.

Page 8 of 9

Authors’ contributions
ZT, MS and RK all made substantial contributions to the design of this trial.
ZT, SM and RW made substantial contributions to the statistical design of
this study. JW wrote the draft manuscript with substantial input from ZT. All
authors provided critical review of the article and approved the final
manuscript.
Competing interests
Despite their financial support, Stratpharma had no part in the study design
of this project, nor will they have any involvement in the data collection,
analysis, or publication of results. Only the investigators will have access to
the final trial dataset. The principal researcher has no financial interest in
Strataderm® or the Stratpharma Company and is a PhD student (JW) of The
University of Queensland.
Consent for publication
Consent for publication is not applicable. Results will be presented at
relevant national and international conferences as well as being published in
peer-reviewed journals. Findings will be widely circulated to relevant
stakeholders.
Ethics approval and consent to participate
This study has received ethics approval from Children’s Health Queensland
Human Research Ethics Committee: HREC/15/QRCH/249 (Lady Cilento
Children’s Hospital: SSA/16/QRCH/217) and the University of Queensland’s
Human Research Ethics Committee: Approval number 2016000558. Study
investigators will provide potential participants with verbal and written
information prior to inclusion in the study. Consent will be provided by
parents, caregivers and health professionals for participation in the study.
Child assent will be obtained for children over 4 years of age.
Author details
1
Centre for Children’s Burns and Trauma Research, Centre for Children’s
Health Research, The University of Queensland, Brisbane, QLD, Australia.
2
Pegg Leditschke Children’s Burns Centre, Lady Cilento Children’s Hospital,
Brisbane, QLD, Australia. 3UQ Child Health Research Centre, The University of
Queensland, Brisbane, QLD, Australia. 4School of Public Health and Social
Work and Institute of Health and Biomedical Innovation, Queensland
University of Technology, Kelvin Grove, QLD, Australia. 5Centre for
Functioning and Health Research, Metro South Health, Buranda, QLD 4102,
Australia.
Received: 8 August 2016 Accepted: 26 January 2017

References
1. SPIRIT. Standard Protocol Items: Recommendations for Interventional Trials.
2013.
2. Anzarut A, Olson J, Singh P, Rowe BH, Tredget EE. The effectiveness of
pressure garment therapy for the prevention of abnormal scarring after
burn injury: a meta-analysis. J Plast Reconstr Aesthet Surg. 2009;62(1):77–84.
3. Brusselaers N, Pirayesh A, Hoeksema H, Verbelen J, Blot S, Monstrey S. Burn
scar assessment: a systematic review of objective scar assessment tools.
Burns. 2010;36(8):1157–64.
4. Lee KC, Dretzke J, Grover L, Logan A, Moiemen N. A systematic review of
objective burn scar measurements. Burns & Trauma 2016;4(1). doi:10.1186/
s41038-016-0036-x.
5. Friedstat J, Hultman S. Hypertrophic burn scar management: what does the
evidence show? A systematic review of randomized controlled trials. Ann
Plast Surg. 2014;72(6):S198–201.
6. Lawrence JW, Mason ST, Schomer K, Klein MB. Epidemiology and impact of
scarring after burn injury: a systematic review of the literature. J Burn Care
Res. 2012;33(1):136–46.
7. Atiyeh BS, El Khatib AM, Dibo SA. Pressure garment therapy (PGT) of burn
scars: evidence-based efficacy. Ann Burns Fire Disasters. 2013;26(4):205–12.
8. van der Wal M, Vloemans J, Tuinebreijer W, van de Ven P, van Unen E, van
Zuijlen P, et al. Outcome after burns: an observational study on burn scar
maturation and predictor for severe scarring. Wound Repair Regen. 2012;20:
676–87.

Wiseman et al. Trials (2017) 18:72

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.
25.
26.
27.

28.
29.
30.

31.
32.

Berchialla P, Gangemi E, Foltran F, Haxhiaj A, Buja A, Lazzarato F, et al.
Predicting severity of pathological scarring due to burn injuries: a clinical
decision making tool using Bayesian networks. Int Wound J. 2014;11(3):246–52.
Bombaro KM, Engrav LH, Carrougher GJ, Wiechman SA, Faucher L, Costa BA,
et al. What is the prevalence of hypertrophic scarring following burns?
Burns. 2003;29(4):299–302.
Tyack Z, Ziviani J, Kimble R, Plaza A, Jones A, Cuttle L, et al. Measuring the
impact of burn scarring on health-related quality of life: development and
preliminary content validation of the Brisbane Burn Scar Impact Profile
(BBSIP) for children and adults. Burns. 2015;41(7):1405–19.
Simons M, Price N, Kimble R, Tyack Z. Patient experiences of burn scars in
adults and children and development of a health-related quality of life
conceptual model: a qualitative study. Burns. 2016;42(3):620–32.
Engrav LH, Heimbach DM, Rivara FP, Moore ML, Wang J, Carrougher GJ, et
al. 12-year within-wound study of the effectiveness of custom pressure
garment therapy. Burns. 2010;36(7):975–83.
Steinstraesser L, Flak E, Witte B, Ring A, Tilkorn D, Hauser J, et al. Pressure
garment therapy alone and in combination with silicone for the prevention
of hypertrophic scarring: randomized controlled trial with intraindividual
comparison. Plast Reconstr Surg. 2011;128(4):306e–13.
van der Wal MB, van Zuijlen PP, van de Ven P, Middelkoop E. Topical
silicone gel versus placebo in promoting the maturation of burn scars: a
randomized controlled trial. Plast Reconstr Surg. 2010;126(2):524–31.
Li-Tsang CW, Zheng YP, Lau JC. A randomized clinical trial to study the
effect of silicone gel dressing and pressure therapy on posttraumatic
hypertrophic scars. J Burn Care Res. 2010;31(3):448–57.
Anthonissen M, Daly D, Janssens T, Van den Kerckhove E. The effects of
conservative treatments on burn scars: a systematic review. Burns. 2016;
42(3):508–18.
Van den Kerckhove E, Stappaerts K, Fieuws S, Laperre J. The assessment of
erythema and thickness on burn related scars during pressure garment therapy
as a preventive measure for hypertrophic scarring. Burns. 2005;31(6):696–702.
Nedelec B, Rachelska G, Parnell LK, LaSalle L. Double-blind, randomized,
pilot study assessing the resolution of postburn pruritus. J Burn Care Res.
2012;33(3):398–406.
Everett T, Parker K, Fish J, Pehora C, Budd D, Kelly C, et al. The construction
and implementation of a novel postburn pruritus scale for infants and
children aged five years or less: introducing the Toronto Pediatric Itch Scale.
J Burn Care Res. 2015;36(1):44–9.
Casaer M, Kums V, Wouters PJ, Van den Kerckhove R, Van den Berghe G.
Pruritus in patients with small burn injuries. Burns. 2008;34(2):185–91.
Hoeksema H, De Vos M, Verbelen J, Pirayesh A, Monstrey S. Scar
management by means of occlusion and hydration: a comparative study of
silicones versus a hydrating gel-cream. Burns. 2013;39(7):1437–48.
Nedelec B, Carter A, Forbes L, Hsu SC, McMahon M, Parry I, et al. Practice
guidelines for the application of nonsilicone or silicone gels and gel sheets
after burn injury. J Burn Care Res. 2015;36(3):345–74.
Momeni M, Hafezi F, Rahbar H, Karimi H. Effects of silicone gel on burn
scars. Burns. 2009;35(1):70–4.
Puri N, Talwar A. The efficacy of silicone gel for the treatment of
hypertrophic scars and keloids. J Cutan Aesthet Surg. 2009;2(2):104–6.
Mustoe TA. Evolution of silicone therapy and mechanism of action in scar
management. Aesthetic Plast Surg. 2008;32(1):82–92.
Atiyeh BS, Amm CA, El Musa KA. Improved scar quality following primary
and secondary healing of cutaneous wounds. Aesthetic Plast Surg. 2003;
27(5):411–7.
Staley M, Richard R. Use of pressure to treat hypertrophic burn scars.
Advanced Wound Care. 1997;10(3):44–6.
Ripper S, Renneerg B, Landmann C, Weigel G, Germann G. Adherence to
pressure garment therapy in adult burn patients. Burns. 2009;35:657–64.
Tyack Z, Wasiak J, Thynne A, Simons M. A systematic review of changes in
scar-related outcomes after surgical and non-surgical interventions postburns. In: International Society of Burn Injuries Conference, 12–16 October
2014; Sydney, Australia; 2014.
Patino O, Novick C, Merlo A, Benaim F. Massage in hypertrophic scars. Burn
Care Rehabil. 1998;19:268–71.
Schoenwald SK, Garland AF, Chapman JE, Frazier SL, Sheidow AJ, SouthamGerow MA. Toward the effective and efficient measurement of
implementation fidelity. Adm Policy Ment Health. 2011;38(1):32–43.

Page 9 of 9

33. Stockton KA, Harvey J, Kimble RM. A prospective observational study
investigating all children presenting to a specialty paediatric burns centre.
Burns. 2015;41(3):476–83.
34. Phan NQ, Blome C, Fritz F, Gerss J, Reich A, Ebata T, et al. Assessment of
pruritus intensity: prospective study on validity and reliability of the visual
analogue scale, numerical rating scale and verbal rating scale in 471
patients with chronic pruritus. Acta Derm Venereol. 2012;92(5):502–7.
35. Hjermstad MJ, Fayers PM, Haugen DF, Caraceni A, Hanks GW, Loge JH, et al.
Studies comparing numerical rating scales, verbal rating scales, and visual
analogue scales for assessment of pain intensity in adults: a systematic
literature review. J Pain Symptom Manage. 2011;41(6):1073–93.
36. Besenki L, Forsyth S, Von Baeyer C. Screening young children for their ability
to use self-report pain scales. Pediatric Pain Letter. 2007;9:1–7.
37. Simons M, Gee Kee E, Leung K, Tyack Z. Test-retest reliability of the POSAS,
colorimeter, 3D camera and ultrasound. In: International Society for Burn
Injuries 2014; Sydney, Australia; 2014.
38. van der Wal M, Bloemen M, Verhaegen P, Tuinebreijer W, de Vet H, van
Zuijlen P, et al. Objective color measurements: clinimetric performance of
three devices on normal skin and scar tissue. J Burn Care Res. 2013;34(3):
e187–94.
39. Stevens K, Ratcliffe J. Measuring and valuing health benefits for economic
evaluation in adolescence: an assessment of the practicality and validity of
the Child Health Utility 9D in the Australian adolescent population. Value
Health. 2012;15:1092–9.
40. Chen G, Flynn T, Stevens K, Brazier J, Huynh E, Sawyer M, et al. Assessing
the health-related quality of life of Australian adolescents: an empirical
comparison of the child health utility 9D and EQ-5D-Y instruments. Value
Health. 2015;18(4):432–8.
41. Horwitz R, Horwitz S. Adherence to treatment and health outcomes. Arch
Intern Med. 1993;153:1863–8.
42. Dodd S, White I, Williamson P. Nonadherence to treatment protocol in
published randomised controlled trials: a review. Trials. 2012;13(84).
doi:10.1186/1745-6215-13-84.
43. Atkinson M, Sinha A, Hass S, Colman S, Kumar R, Brod M, et al. Validation of
a general measure of treatment satisfaction, the Treatment Satisfaction
Questionnaire for Medication (TSQM), using a national panel study of
chronic disease. Health Qual Life Outcomes. 2004;2(12). doi: 10.1186/14777525-2-12.
44. Barbosa CD, Balp MM, Kulich K, Germain N, Rofail D. A literature review to
explore the link between treatment satisfaction and adherence, compliance,
and persistence. Patient Prefer Adherence. 2012;6:39–48.
45. Borrelli B. The assessment, monitoring, and enhancement of treatment fidelity
in public health clinical trials. J Public Health Dent. 2011;71(s1):S52–63.
46. novel. novel.de quality in measurement. Germany [updated October 201527/
10/2015]; Available from: http://www.novel.de/. Accessed 14 Feb 2016.
47. Lai CH, Li-Tsang CW. Validation of the Pliance X System in measuring
interface pressure generated by pressure garment. Burns. 2009;35(6):845–51.
48. Baker R, Townley W, McKkeon S, Linge C, Vijh V. Retrospective study of the
association between hypertrophic burn scarring and bacterial colonization.
J Burn Care Res. 2007;28:152–6.
49. Rubin DB, Little RJ. Statistical analysis with missing data. Hoboken: Wiley;
2002.
50. Szabo MM, Urich MA, Duncan CL, Aballay AM. Patient adherence to burn
care: a systematic review of the literature. Burns. 2016;42(3):484–91.
51. So K, Umraw N, Scott J, Campbell K, Musgrave M, Cartotto R. Effects of
enhanced patient education on compliance with silicone gel sheeting and
burn scar outcome: a randomized prospective study. J Burn Care Rehabil.
2003;24(6):411–7.

