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Preface 

 

This thesis is comprised of four chapters. Chapter 1 is a synthesised literature 

review, providing in-depth background about the development, prevalence, 

predictors and current interventions for hypertrophic scarring and burns scar 

contracture following burn injury. Chapter 2 investigates the prevalence of axilla 

contracture post burn and methods of axilla splinting described in literature. Chapter 

3 is a retrospective study exploring outcomes of end of range axilla splinting in 

children following burn injury. This chapter is presented in the format of the 

manuscript which has been submitted to Journal of Burn Care and Research. 

Chapter 4 systematically explores the findings of the thesis in greater detail and 

considers the implications for clinical practice and research. This chapter discusses 

limitations of the research as well as key recommendations. The references for 

Chapters 1, 2, and 4 are presented together after Chapter 4, while the references for 

Chapter 3 are presented at the end of the submitted manuscript. 
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Thesis aims 

 

This thesis aims to build upon the current knowledge regarding the prevalence and 

predictors of hypertrophic scarring and burns scar contracture following burn injury. 

Specifically, the outcomes associated with end of range splinting of the axilla post 

burn will be described and compared to current axilla splinting methods discussed in 

published literature. 

 

To achieve this, the objectives of this thesis are to:  

• Critically appraise the available literature regarding the prevalence and 

predictors of hypertrophic scarring and burns scar contracture following burn 

injury. Investigate the prevalence of axilla contracture post burn and current 

axilla splinting methods described in literature (Chapter 1 and 2).  

• Describe outcomes resulting from splinting the axilla at end of range shoulder 

abduction with 15-20 horizontal adduction over a 10 year period at one 

tertiary paediatric burn unit (Chapter 3).  

• Evaluate and explore the outcomes of end of range axilla splinting in relation 

to previous research of axilla splinting methods. In addition, to discuss 

implications for clinical practice, future research, limitations and key 

recommendations (Chapter 4). 
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Abstract 

 

This thesis explores the prevalence and predictors of hypertrophic scarring and burn 

scar contracture in adults and children. It builds upon the limited evidence base of 

axilla splinting as an intervention, which may be a valuable treatment strategy to 

prevent axilla contracture following burn injury to this area. To date, two randomised 

control trials have been completed into the effectiveness of axilla splinting at 90 

abduction post burn in adult cohorts. In children, the only available evidence is a 

case series of 23 children splinted between 90 and 160 abduction post burn, 

published in 1985. Anecdotally, at the Children’s Hospital at Westmead splinting the 

axilla at end of range post burn injury is well-tolerated with excellent range of 

movement outcomes.  

 

Therefore, a retrospective study was completed, exploring outcomes from January 

2006 to July 2016 in 76 children. No child developed contracture of the axilla for the 

duration of the 2 year study follow-up with no adverse events recorded. Children who 

required splinting 60 days to maintain full axilla range of movement had a higher 

frequency of deep burn, flame mechanism and burn distribution involving the anterior 

trunk, flank and arm compared to children who were splinted <60 days. Early signs 

of contracture, considered to be loss of full axilla range of movement or significant 

banding, developed in 9 children within the first 3 months post burn. All 9 children 

responded to intensive therapy with restoration of full axilla range by 9 months post 

burn.  

 

End of range splinting may be a valuable intervention to maintain axilla range of 

movement in children following a burn to this area. To provide better evidence of the 

efficacy, feasibility and safety of end of range axilla splinting, comparison of this 

intervention to other types of axilla splinting practice or exercise only is 

recommended. Future research should also focus on improving reporting of the 

prevalence and predictors of burn scar contracture and hypertrophic scarring. 
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1.Chapter One:                                     

Burns and the development of burn 

scar contracture 
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 Epidemiology of paediatric burn injury 

 

Burns are a leading cause of childhood injury. In Australia, young children aged 0-4 

years are significantly more likely to be hospitalised as a result of burn injury than 

any other age group.1,2 In children aged 12 months or younger, nearly 85% of burn 

injuries occur between the ages of 7 and 12 months.1 This is a reflection of the 

increasing mobility in this age group, the desire to explore their environment and 

their ability to reach and grasp.1 In children younger than five years, a quarter of all 

burns involve the wrist and hand, followed by the trunk (21%).2 In this age group, a 

scald injury is the most common mechanism of burn.1-3 With increasing age, different 

patterns emerge and in males aged 10 through to 29 years, there is a sharp increase 

in the incidence of flame burns, with a larger proportion of burns to the trunk, hip and 

lower limb.1,2 In all ages, there are greater numbers of hospitalised burn injury in 

males compared to females.1,2 This begins in early childhood and peaks during the 

teenage to middle age years.1,2  

 

Burn care has seen many advances over recent decades, with increasing survival 

rates resulting in an increased focus on quality of life and function post burn.4,5 Poor 

scar quality and joint contracture are significant impediments to quality of life 

following burn injury.6,7 Scarring remains an unavoidable result of deep dermal and 

full thickness burns and has wide ranging and significant long-term physical and 

functional implications. The development of fibrous, inextensible scar tissue across 

or in close proximity to a joint can result in joint contracture, defined as the inability of 

the joint to move through its full, expected range of movement (ROM).7-12 Adults with 

at least one post burn contracture have significantly lower self-perceived physical 

functioning.13 Individuals with moderate to severe contracture post burn have 

significantly poorer quality of life and an increased frequency of depression, 

compared to those without contracture.14  

 

The development of burn scar contracture (BSC) commonly occurs in the presence 

of hypertrophic scarring. Consequently, the development and prevalence of 

hypertrophic scarring, and therapy interventions utilised to improve scar outcomes, 



 3 

are essential to consider in the context of BSC. A retrospective review of adults 

treated through an outpatient burn unit found that 28% of patients post burn 

developed joint contracture in the presence of hypertrophic scarring.5 Full joint 

movement requires skin mobility over a large area around a joint.8 The development 

of thick, hypertrophic scar tissue in proximity to a joint can result in restricted joint 

ROM and therefore hypertrophic scarring and joint contracture are ultimately related.  

 

 

 Post burn hypertrophic scarring 

 

1.2.1.  Development of post burn hypertrophic scar tissue  

Hypertrophic scars are considered highly vascular, thick and raised above the 

surrounding skin, while remaining within the margin of the original wound.15,16 They 

develop as a result of a complex process of wound healing, activated by deep 

dermal fibroblasts, which proliferate and produce large amounts of collagen with low 

levels of collagenase synthesized to degrade the excess collagen.15 The deep 

dermal fibroblasts create a scaffold for cell migration and vascularisation, which in 

combination with the overproduction of collagen and loss of elastin creates scar 

tissue that is highly vascular with an abundant and disorganised matrix.15,17  

 

Scar tissue is considerably less extensible than normal skin. Its formation is an 

ongoing dynamic process, which generally reaches its peak around 6 months post 

burn.18 After this period the process slows and scar hypertrophy shows a tendency 

to regress until complete maturation at 18 to 24 months post burn.18,19 To achieve 

optimal outcomes, scar management with regular reassessment and modification 

should continue until maturation is complete and the scar is no longer amenable to 

therapy techniques.20  

 

1.2.2. Prevalence of post burn hypertrophic scarring 

Significant variation exists in the prevalence of post burn hypertrophic scarring, with 

published literature reporting prevalence data at varying time points during the scar 

maturation process. Current research reports the prevalence of hypertrophic scarring 

to be between 20% and 77% of adults following burn injury.5,21-24 There is less 
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variation in children, with hypertrophic scar development reported between 16% and 

41% of children following burn injury.16,24-27 The majority of authors considered a 

hypertrophic scar to be present if the scar met criteria at any point during follow-

up.22-27 Other authors considered a scar to be hypertrophic if it met criteria at 12 

months post burn.16,21 Comparability of prevalence data cannot be explored without 

first considering variations in literature on the definition of a hypertrophic scar, based 

on different subjective burn scar assessment scales. Many subjective burn scar 

assessment scales have been described with varying levels of validity and 

reliability.18,19,28-32 Currently, there is no consensus on the best subjective scale for 

burn scar assessment and as a result, the primary outcome measure to determine 

the presence of a hypertrophic scar is not consistent across research.33 In clinical 

and research settings, the ability to obtain a measure of a scar is essential to monitor 

scar progress in terms of vascularity, pliability, height and pigmentation, to evaluate 

the effectiveness of intervention and report on the prevalence of hypertrophic 

scarring post burn.34  

 

The two most commonly used validated subjective assessment scales are the 

Vancouver Scar Scale (VSS)18 and the Patient and Observer Scar Scale (POSAS)28. 

These are presented in Table 1.1 along with other subjective scar scales, which are 

predominately modifications to the VSS. 
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Table 1.1: Subjective burn scar scales 
 

Scar Scale Study 
design  
 

Subjects Scar assessment and timing Assessment 
parameters 

Score* Inter-rater and Intra-
rater reliability 

Vancouver 
Scar Scale 
(VSS) 
 
Sullivan et al18 
 
1990 
 

Cross 
sectional  
 
 

n = 73  
(Age 3-75 years) 
 
73 burn scars assessed 

Three occupational therapists (OT) 
assessed 4cm2 burn scars up to 100 
months post burn. 
 

Pigmentation 
Vascularity 
Pliability 
Height 
 

0-13 
 
 

Inter-rater; Cohen's k  
0.40 - 0.56  
(SE 0.08-0.10) 
 
Intra-rater; not assessed 
 
 
 
 

Modified 
Vancouver Scar 
scale (mVSS) 
 
Schwanholt et 
al29 
 
1994 
 

Prospective 
longitudinal 
 
 

n = 63  
(Age 6 months-16 years)  
 
63 burn scars assessed 
 

Two therapists (details not provided) 
independently assessed 1 inch2 burn 
scars every 1-3 months until scar 
maturity, up to 19 months post burn. 

VSS  
without 
pigmentation 
category 

0-11 Inter-rater; not assessed 
 
Intra-rater; not assessed 

mVSS 
 
Baryza and 
Baryza30 
 
1995 
 

Cross 
sectional  
 

Not specified PT’s and OT’s in the rehabilitation 
service assessed burn scars (number 
of assessors and details of 
assessment not provided). 
 

VSS plus 
administration of 
plexiglass tool to 
assist measure of 
pigmentation and 
height 
 

0-14 Inter-rater; ICC 0.81, k 
0.56-0.73 
 
Intra-rater; not assessed 

mVSS  
 
Nedlec et al31 
 
2000 

Prospective 
longitudinal 
 

n = 15  
(Age 10-49 years) 
 
18 burn scars assessed 
 

Three observers; untrained 
multidisciplinary professionals (nurse, 
OT, physician) assessed burn scars 
monthly up to 7-9 months post burn. 

VSS plus %TBSA, 
body chart and 
skin colour. 
Pigmentation 
assessed from 
normal to severe. 
Patient 
assessment of 
pain and itch. 
 

0-14 Inter-rater; ICC 0.53  
 
Intra-rater; not assessed 
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Scar Scale Study 
design  
 

Subjects Scar assessment and timing Assessment 
parameters 

Score* Inter-rater and Intra-
rater reliability 

mVSS  
 
Oliveira et al19 
 
2005 

Cross 
sectional  
 

n = 62  
(Age 2-17 years)  
 
62 burn scars assessed 
 

3 blinded observers (details about 
observers not provided) assessed 
photographs of burn scars 18-24 
months post injury. 
 

VSS plus mixed 
pigmentation 
category and pain 
and pruritis 
assessment 
 
 

0-18 Inter-rater; not assessed 
 
Intra-rater; not assessed 

mVSS  
 
Forbes- Duchart 
et al32 
 
2007 
 

Cross 
sectional  
 

n = 14  
(Age 1-16 years) 
 
32 burn scars assessed 
 
 

Three independent observers; 
OT with >10 years burn experience, 
OT with no scar experience, plastic 
surgeon experienced in burn care 

assessed 2 inch2 burn scars 1 year 
post burn injury. 

VSS plus two 
pictoral colour 
scales for 
Caucasian and 
Canadian 
Indigenous scars 
and the plexiglass 
tool by Baryza 
and Baryza30 
 
 

0-15 Inter-rater; ICC 0.76-0.84,  
p <0.05 
 
Intra-rater; not assessed 

Patient and 
Observer Scar 
Scale 
(POSAS) 
 
Draaijers et al28 
 
2004 

Cross 
sectional  
 

n = 20  
(Age 15-73 years) 
 
29 burn scars assessed 
 

Four independent observers (all 
physicians) assessed 3cm2 burn 
scars 3-360 months post burn. Each 
patient completed the Patient Scale 
for their scar area.  
 

VSS plus patient 
assessments of 
pain, itch, colour, 
stiffness, 
thickness and 
relief 

5-50 Inter-rater; Obs Scale 
ICC 0.92 
95% CI 0.87-0.95  
CV 18% 
SEmeas 3.14 
 
Intra-rater; Obs Scale 
ICC 0.73  
95% CI 0.62-0.82 
 

Minimum age for testing in children where information available; VSS (Sullivan et al18) 3 years; mVSS (Baryza and Baryza30) 16 years; mVSS (Nedlec et al31) 10 years; mVSS (Oliveira et al19) 2 
years; mVSS (Forbes-Duchart et al32) 1 year; POSAS (Draaijers et al28) 15 years. 
*Higher score indicates a more hypertrophic scar 
Abbreviations; CI, confidence interval; CV, coefficient of variation; ICC, intraclass correlation coefficient; k, kappa; mVSS, modified Vancouver Scar Scale; n, number; Obs, observer; OT, 
occupational therapist; POSAS, Patient and Observer Scar Assessment Scale; PT, physical therapist; SEmeas, standard error of measurement; SSS, split skin graft; TBSA, total body surface area; 
VSS, Vancouver Scar Scale. 
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The VSS was developed in 1990.18 It was the first validated scar scale to be used 

extensively in clinical practice and has been widely used in research.35,36 However, 

as demonstrated in Table 1.1, it has been found to have low internal consistency and 

low to moderate intraclass correlation coefficients (ICCs) with one observer and 

moderate ICC with four observers.28 A systematic review also found the VSS to have 

indeterminate evidence of validity, reliability and responsiveness.34 Further criticisms 

include the lack of focus on patient perception of the scar, the inability to capture 

variation across the whole scar surface and the limited sensitivity in detecting small 

changes as the scope of rating for each scar component is small.18,31,37 To address 

the perceived limitations of the VSS, several authors developed their own versions, 

referred to as modified Vancouver Scar Scale’s (mVSS).29-31 Despite various 

modifications and perceived improvements to the VSS, a systematic review found 

that no mVSS had any advantage over the original VSS, with all modified scales 

having low, indeterminate or no evidence of validity or reliability.34 

 

The POSAS was introduced in 2004 and includes patient assessment of scar quality, 

including perception of pain and itch.28 The POSAS has demonstrated good internal 

consistency for the patient and observer scales.28 Compared to the VSS, the POSAS 

has less variability and greater reliability for single observer assessments, making it 

more applicable to both the clinical and research settings.28 At present, the POSAS 

has not been assessed for test-retest reliability, with evidence only to support use at 

a single timepoint.34 It has also not been validated in children younger than 15 years 

and therefore is not a valid and reliable scar assessment for younger children.28 The 

inclusion of self-reported components in the POSAS requires thorough assessment 

to demonstrate its applicability to paediatric clinical or research settings before its 

use within these environments. 

 

Subjective scar assessment scales are widely used clinically and in research to 

determine the presence of a hypertrophic scar. However, no scar assessment scale 

has a well-defined cut-off value to indicate hypertrophic scarring and there is a lack 

of consensus on what score or value on each scale constitutes or defines the 

presence of a hypertrophic scar.36 A universally accepted definition based on a 

validated scar scale is essential to improve comparability of research, strengthen 

understanding of data and enable multi-unit trials.36  
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1.2.3. Predictors of hypertrophic scar development 

The ability to predict patients at increased risk of hypertrophic scar development is 

essential to guide clinical decision making and determine optimal scar management.  

To study outcomes achieved by scar management interventions, it is essential to be 

able to account for known hypertrophic scarring risk factors in study design and 

analysis. Studies investigating predictive factors for hypertrophic scarring in adults 

and children are presented in Table 1.2.  

 

Inconsistencies in the research methodologies employed within these studies result 

in difficulties when comparing the research findings and an inability to draw 

meaningful conclusions, due to the variations in defining a hypertrophic scar and the 

different population groups studied. The definition of a hypertrophic scar ranged from 

scars deemed to have increased elevation or thickness subjectively by the 

assessor,24 to varying scores on modifications to the VSS. 16,21,22,25 Two studies by 

Wallace et al16,21 selected scar height, a subscore of a mVSS, to determine the 

presence of a hypertrophic scar as this measure relates to the bulk of the scar above 

the level of unaffected skin. In these studies, a scar was considered hypertrophic if 

its height was deemed greater than 1mm by the assessor.16,21 Three retrospective 

studies were limited to information available from medical records and used scar 

description or the presence of scar management to determine whether a 

hypertrophic scar had developed.5,26,27 Consequently, it is likely that a scar could be 

considered hypertrophic in one study but not in another. 

 

The research studies were also conducted in different population groups. Several 

authors focused on determining risk factors in children,4,16,25-27 while others 

considered adults5,21-23 or patients of all ages.24 Clinical differences were also 

evident. Two studies excluded patients who required surgical management of the 

burn wound,24,25 two recruited scald injuries only26,27 while others included all 

mechanisms of injury and both conservative and surgical management of the 

wound.4,16,21 The timing of scar assessment also varied considerably, with scars 

deemed hypertrophic at a minimum of 3 months post burn in one study22 and up to 5 

years post burn in another.27 The effect of scar management on the prevalence of 

hypertrophic scarring was also often not considered. Treatment regimes were 

frequently poorly documented with either no specification of scar management or a 
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lack of detail regarding indications for commencement, interventions prescribed and 

patient adherence.16,21,25,22-24,26 

 

Despite variation in the study populations, common predictors of hypertrophic 

scarring were evident in the research. Clinical features related to severity of the burn 

injury were found to be statistically significant with larger percent total body surface 

area (TBSA) burn4,16,21,23 and longer time to heal4,16,25 all associated with an 

increased risk of hypertrophic scarring in multivariate analysis in adults and children. 

Longer hospital stay21 and wound complications such as graft loss or infection21 

were significant risk factors resulting from multivariate analysis in adults but not 

children. These findings suggest that factors directly influenced by both the injury 

and acute phase wound management are significant to future scar outcome, 

particularly in adult cohorts. 

 

In comparison to factors related specifically to the burn injury, less consistency is 

clear when assessing the relationship between intrinsic patient characteristics and 

hypertrophic scar development. In multivariate analyses, age and sex were not 

statistically significant in several studies,4,16,23 yet other studies reported a 

statistically significant association with female sex and younger aged adults.5,21 

Wallace et al,21 who found that adult females were more likely develop hypertrophic 

scarring than adult males, hypothesised that this finding may be in contrast to what is 

reported by other authors due to differences in study populations, outcome 

measures and statistical approaches. Darker skin types, including American Indian,23 

Alaskan23 and Fitzpatrick skin types 4-621 (brown to black skin) also demonstrated a 

statistically significant association with hypertrophic scarring within multivariate 

analyses. In univariate analysis in another study, African American and Asian race 

were also significantly associated with hypertrophic scarring.22 In children, no 

significant relationship has been demonstrated between race and hypertrophic scar 

development.16
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Table 1.2: Prevalence and predictors of post burn hypertrophic scarring 
 

Study Study 
design  

Subjects Therapy 
provided 

Classification of 
HTS 

Follow up                Results 
  

Prevalence 
of HTS 

 
Significant predictors of HTS*  
 

Wallace  
et al 21 
2017  
 

Prospective 
case control  
 
Study period 
2010-2015 
 
 

n = 616  
403 males 
>16y  
 
Inpatients/ 
outpatients 
 
Median TBSA 
2.8% 

Scar 
management 
provided, 
details not 
specified 

SH >1mm as 
subscore of mVSS 
at 12 months post 
burn 
 
Cases = SH >1mm 
Controls = SH 0-
1mm 
 

Assessed at 
3,6,12 months 
post burn 

20.1% 
 

Multivariate analysis to predict SH >1mm  
OR (95% CI); 
Female sex OR 2.5 (1.6-3.8) 
Age 45-60 years compared to <30 years OR 0.2 (0.1-
0.4)  
Wound complications OR 2.8 (1.8-4.4) 
Fitzpatrick skin type 4-6** OR 4.9 (3-8.1) 
Hospital stay 30-60 days compared to 0 days OR 5 
(1.3-18.7) 
Hospital stay >60 days compared to 0 days OR 11.6 
(1.1-124.7) 
%TBSA >20% compared to 0-5% OR 8.7 (3.2-23.7) 
 
 

Wallace  
et al16 
2017  
 

Prospective 
case control  
 
Study period 
2011-2015 
 
 
 

n = 186  
108 males 
0 - ≤16y   
 
Inpatients/ 
outpatients 
 
Median TBSA 3% 

Scar 
management 
provided, 
details not 
specified 

SH >1mm as a 
subscore of mVSS 
at 12 months post 
burn  
 
Cases = SH >1mm 
Controls = SH 0-
1mm 
 

Assessed at 
3,6,12 months 
post burn 

34.4% 
 
 

Multivariate analysis to predict SH >1mm  
OR (95% CI); 
Each 1% increase in %TBSA OR 1.16 (1.0-1.3) 
Healing time >14 days OR 11.6 (3.7-36.2) 
>1 Surgical procedure OR 11.5 (2.0-66.6) 
   
   
 

Chipp  
et al25 
2017 

Prospective 
longitudinal 
observational 
 
Study period 
2011-2013  
 
 

n = 383  
248 males 
0-<16y 
 
Conservative 
management 
(Inpatients/ 
outpatients) 
 
Mean TBSA 
2.33% 
 

Not specified SH >2mm and total 
score ≥5 on mVSS 
at any point during 
2 year follow-up of 
the study 

2 year study 
follow up. 
 
 

17.2% 
 
 

Multivariate analysis to predict SH >2mm and total 

mVSS 5  
OR (95% CI); 
Each additional day to heal after 8 days gives  
OR 1.138, (1.1-1.17) 
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Study Study 
design  

Subjects Therapy 
provided 

Classification of 
HTS 

Follow up                Results 
  

Prevalence 
of HTS 

 
Significant predictors of HTS*  
 

Lonie et al26 
2017 

Retrospective  
 
Data inclusion 
2011-2015  
 
 
 

n = 322  
sex not specified 
0 - ≤17y 
 
Outpatients with 
scald injury 
 
Mean TBSA not 
specified 

Not specified HTS or never HTS 
determined by 
clinical 
documentation of 
scar hypertrophy or 
presence of scar 
management at any 
point during 
treatment.  
 

Time of scar 
assessment 
not specified 

16.1% 
 

Time to heal 
15-21 days to heal; HTS 9.3% 
22-30 days to heal; HTS 63.6% 
>30 days to heal; HTS 86.2% 

Sood et al22 
2015 
 

Prospective   
 
Study period 
not specified 
 
 
 

n = 425    
sex not specified 
≥18y 
 
Inclusion criteria 
not specified 
 
Mean TBSA 7% 
 

Not specified VSS score >7 
at any point during 
follow up (range 3-
20 months post 
burn)  
 

Follow-up 
range 3-20 
months post 
burn 

49% 
 

Univariate analysis for VSS score >7 
Prevalence ratio (95% CI);  
%TBSA PR 1.1 (1.03-1.16)  
≥1 operation PR 1.3 (1.1-1.7) 
Asian race PR 1.5 (1.2-2.1) 
African American race PR 1.9 (1.4-2.5) 
 
Age (p=0.3) and female sex (p=0.7) did not 
demonstrate a statistically significant relationship with 
VSS >7  

Thompson 
et al23 
2013 

Prospective 
observational  
 
Study period 
not specified 
 
 
 

n = 300 
206 males 
≥18y 
 
Inclusion criteria 
not specified 
 
Median TBSA 
7.1% 
 

Not specified VSS score >7 
at either of the two 
follow up 
assessments 

Assessment at 
1-5 months 
post burn and 
6-12 months 
post burn 

42% 
 

Multivariate analysis for VSS score >7  
OR (95% CI); 
>20% TBSA OR 2.0 (1.0-3.6) 
Face OR 9.7 (1.1-83.6) 
American Indian/Alaskan OR 12 (1.4-100.8) 
 
Age (p=0.8) and male sex (p=0.6) did not demonstrate 
a statistically significant relationship with VSS score >7 

van der Wal 
et al4 
2012  
 

Prospective 
longitudinal 
observational 
 
Study period 
2004-2009 
 
 

n = 474  
289 males 
Adults and 
children 
 
Inpatients 
 
Mean TBSA 11% 

Silicone and 
compression 
garment 
prescribed 
depending 
on scar 
location and 
activity 

Mean POSAS score 
by observer (HTS 
not defined, 
relationship 
between variables 
and mean POSAS 
score analysed) 
 

Assessed at 
3,6,12 months 
post burn 

Not specified 
 

Multivariate analysis for higher mean POSAS score  
Regression Coefficient (95%CI); 
%TBSA RC 0.02 (0.01-0.04) 
Partial thickness depth RC -1.0 (-1.4 to -0.7) 
Time to heal RC -0.05 (-0.1 to -0.002) 
 
Age (p>0.2) and aetiology (p=0.8) have no influence on 
HTS development in multivariate analysis 
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Study Study 
design  

Subjects Therapy 
provided 

Classification of 
HTS 

Follow up                Results 
  

Prevalence 
of HTS 

 
Significant predictors of HTS*  
 

Gangemi et 
al5 
2008 

Retrospective  
 
Data inclusion 
period  
1994-2006 
 
 
 

n = 703 
412 males 
Adults 
 
Outpatients 
(2440 burn sites) 
 
Mean TBSA 20% 
 

79% of scar 
locations 
were treated 
with medical 
and 
rehabilitative 
therapy.  
 

Normotrophic 
scar*** or 
pathologic scar 
diagnosed on basis 
of typical signs and 
symptoms 
 
Timing of 
assessment not 
specified 
 

Not specified 
 
 

77% 
 

Univariate analysis for pathologic scar  
OR (95% CI); 
Full thickness burn %TBSA OR 2.48 (1.8-3.4) 
Burn site abdomen OR 0.67 (0.48-0.94)  
Number of surgical procedures OR 1.74 (1.43-2.13) 
Sheet graft OR 0.44 (0.25-0.78) 
 
Multivariate analysis for pathologic scar  
OR (95% CI); 
Older age OR 0.64 (0.5-0.9) 
Burn site abdomen OR 0.35, (0.19-0.62) 
 

Cubison  
et al27 
2006 

Retrospective  
 
Data inclusion 
period  
1997-1999 
 

n = 509  
296 males  

16y 
 
Inpatients with 
scald injury  
 
Mean TBSA 5.5% 
 

Not specified HTS or never HTS 
determined by 
clinical 
documentation of 
hypertrophy or 
presence of scar 
management at any 
point during follow 
up 

Minimum 
follow up of 4 
months post 
burn, up to 5 
years post 
burn 

35% 
 

Descriptive analysis (%); 
Time to heal 
10-14 days to heal; 8% developed HTS 
22-30 days to heal; 52% developed HTS 
>30 days to heal; 92% developed HTS 
 
If time to heal 26-30 days;  
75% managed conservatively developed HTS 
64% who underwent skin grafting developed HTS 

Deitch  
et al24 
1983 

Prospective  
 
Data inclusion 
period 1980-
1981 
 
  
 
 

n = 100 
Sex not specified  
Adults and 
children 
 
Conservative 
management 
(Inpatients/ 
outpatients)  
(245 burn sites) 
 
Mean %TBSA not 
specified 

Pressure 
garments 
used. 
Criteria for 
use not 
specified 

Increased scar 
thickness or 
elevation at any 
point during 2-year 
study follow up  
 
Site of burn 
elevation must be 
>2cm diameter to 
be considered 
abnormal 

Minimum 9 
months post 
burn and up to 
2 years post 
burn 

38% of 
cohort 
 
(41% 
children  
34% adults) 
 

Descriptive analysis (%); 
Time to heal 
14-21 days to heal; 33% developed HTS 
>21 days to heal; 78% developed HTS 
 
Upper extremity distribution 
22% children developed HTS 
22% adults developed HTS 
 
Chest distribution 
33% children developed HTS 
44% adults developed HTS 

*Predictors of hypertrophic scarring significant if p<0.05 
**Fitzpatrick skin type 1-3; white skin. Fitzpatrick skin type 4-6; brown to black skin. *** Normotrophic scar, scar which assumes thickness, colour and pliability similar to the surrounding healthy skin5 
Abbreviations: CI, confidence interval; HTS, hypertrophic scar; mVSS, modified Vancouver Scar Scale; n, number; OR, odds ratio; POSAS, Patient and Observer Scar Assessment Scale; PR, 
prevalence ratio; RC, regression coefficient; SH, scar height; TBSA, total body surface area; VSS, Vancouver scar scale; y, years. 
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1.2.4. Scar management 

Hypertrophic scarring following burn injury remains a significant challenge despite 

improvements in wound management. Optimal treatment of the burn wound, both 

conservative and surgical, is well documented in literature and is essential to achieve 

timely wound closure and therefore minimise hypertrophic scarring.38 International 

Practice Guidelines for Burn Care recommend commencing scar management if 

conservative wound healing has taken more than 3 weeks or if surgical closure of 

the wound was required.39 Literature to guide evidence-based scar management is 

limited. However, despite limited evidence to support all scar management 

strategies, burns therapists anecdotally report good outcomes when following best 

practice guidelines.39 

 

The use of compression to minimise hypertrophic scarring is a widely accepted 

component of scar management, despite limited evidence.38,40,41 Compression is 

frequently worn 23 hours per day until scar maturation and can be achieved through 

bandaging, tubular stocking and compression garments.38,41 There has been one 

published meta-analysis on compression therapy post burn, which included 6 

randomised control trials (RCT) involving 316 patients, predominately adults.42 The 

authors reported that while use of compression garments showed a small but 

statistically significant reduction in scar height, the available data did not support 

compression garment use for the prevention of hypertrophic scarring.42 They 

concluded that there is insufficient evidence to support the widespread use of 

compression garments post burn.42 In children, there have been no RCTs to 

evaluate the effectiveness of compression garments in the management of burns 

scars. 

 

Silicone is another widely used scar management intervention. Two RCTs have 

evaluated the effectiveness of silicone in the management of burn scars and found a 

significant reduction in pigmentation,43 vascularity,43 pliability43,44 and itch43,44 

associated with its use. However, both RCTs assessed scar results up to 6 months 

only, which given the long term process of scarring is inadequate to provide 

conclusive results regarding the effectiveness of silicone.43,44 Furthermore, a 

Cochrane analysis found weak evidence for the use of silicone in the prevention of 
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abnormal scarring in newly healed wounds, which included burn scars and post-

surgical scars.45 The authors found the studies to be highly susceptible to bias and 

concluded that there is a great amount of uncertainty around the effect of silicone on 

scar outcome.45 In children, there have been no RCTs to evaluate the effectiveness 

of silicone in the management of burns scars. 

 

 

 Burn scar contracture 

 

1.3.1. Development of burn scar contracture 

The development of thick, hypertrophic burn scar tissue across or in close proximity 

to a joint can result in BSC. The potential for contracture begins almost immediately 

post burn where oedema, tight eschar and pain can cause a reduction in joint ROM, 

facilitating early shortening of soft tissue.46,47 The tendency towards ROM loss 

continues with ongoing wound contraction, to reduce the surface area of the deficit 

and expedite its closure.48,49 Overcoming these contractile forces is made more 

difficult by challenges associated with positioning. The patient seeks a position of 

comfort and shows a tendency to hold burned extremities in flexion and adduction, 

therefore facilitating the position of contracture.13,50 Immobilisation to promote graft 

adherence can further contribute if the joint is not positioned with the graft in a 

lengthened position, as close to end of range as possible.8,51 In the paediatric 

population, strategies to prevent BSC are particularly important, due to the years of 

growth ahead and the inability of scarred skin to accommodate growth likely to result 

in contracture development over time. 

 

1.3.2. Prevalence of burn scar contracture  

It is difficult to determine the prevalence of BSC due to variations in study methods 

and populations. The current published prevalence of BSC is presented in Table 1.3. 

There is variability in reported prevalence with a range of 28% to 39% of individuals 

post burn described in adult cohorts.5,7,52,53 Only one study has analysed prevalence 

of BSC in children alone.46 In this study, the reported prevalence was 23% of 

children, despite children reported to be receiving optimal therapy interventions of 

positioning and splinting.46 Comparability of these studies is challenging for several 
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reasons. There is no consensus on the definition of BSC and therefore the criteria 

used to determine its development and categorise its severity is not consistent 

across the research.5,46,52,53 There is also a notable lack of long-term contracture 

prevalence data with several studies reporting prevalence of BSC at hospital 

discharge.7,46,53 Some have suggested that contracture rates are greatest at hospital 

discharge and therefore reporting at hospital discharge may in fact overestimate 

contracture prevalence.54 Given that scar development and maturation continues up 

to 2 years post burn, reporting contracture prevalence at 2 years post burn is more 

reflective of outcomes.  

 

In children, it is important to consider the effect of growth and development on the 

prevalence of BSC. Reporting outcomes at hospital discharge does not reflect the 

development of contracture associated with skeletal growth in the years following 

burn injury in children. Analysis of contracture prevalence in children at scar 

maturation 2 years post burn would provide valuable information regarding outcomes 

of post burn surgical management and therapy interventions. Additional analysis of 

contracture prevalence at skeletal maturity would provide more insight into the long-

term effects of burn injury.  

 

The prevalence of surgical release of BSC can be considered a surrogate for the 

prevalence of contracture post burn as it is likely to occur when there are limitations 

to joint ROM or function. Three studies have reported on the prevalence of surgical 

release of BSC.51,55,56 Huang et al51 reported the incidence to be 93% among adults 

who did not use splints and pressure for scar management post burn. Among those 

who had used splints and pressure for any length of time, the incidence was 

considerably reduced at 26.3%.51 Two studies where prophylactic therapy 

interventions were implemented, including scar management and splinting, reported 

a 3.7%55 incidence (7.8% in children, 2% in adults) and 13%56 incidence of surgical 

release of BSC. All studies were retrospective and only one reported on time to 

surgical release post burn.56 The inclusion criteria for all studies differed, ranging 

from all patients who presented to inpatient and outpatient settings for management 

of a burn injury55 to inclusion of only patients with a burn to the axilla, elbow, wrist or 

knee.51 Huang et al51 who reported the greatest incidence of surgical release, 

included only patients with a burn to specific joints. This may explain the larger 
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incidence of surgical release they reported compared to other authors as they only 

included patients who were at risk of contracture.  

 

1.3.3. Predictors of burn scar contracture 

The development of BSC is multifactorial. Predictors of 1 or more scar contractures 

post burn are presented in Table 1.3. Similar to hypertrophic scar development, 

factors related to injury severity and wound management were found to increase the 

risk of BSC with greater %TBSA burn,7,53 greater %TBSA grafted7,53 and greater 

number of surgical procedures5 all significant in multivariate analysis in adults. In 

children, only older age and longer intensive care unit (ICU) stay had a significant 

association with the development of BSC.46 In adult cohorts, intrinsic factors were 

not consistent across research with male sex statistically significant in multivariate 

analysis in one study,53 not significant in others5,7 or not assessed.51,52 Similarly, 

younger age was statistically significant in multivariate analysis in one study7, not 

significant in others5,53 or not assessed.51,52
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Table 1.3: Prevalence and predictors of burn scar contracture 
 

Study Study 
design   

Subjects Therapy 
provided 

Classification of 
contracture and severity 

Time of 
assessment 

                        Results 
  

Prevalence 
of BSC  

 

Significant predictors of 1 BSC*  

 

Goverman 
et al46 
2017  

Retrospective  
 
Data inclusion 
period  
1994-2003  
 
 
 
 

n = 1031 
681 males  
<18y 
 
Inpatients 
 
Mean TBSA 29.5%  
 

Not specified Active ROM at each joint 
measured using goniometer 
and inclinometer 
 
Severity determined by 
dividing normal ROM equally 
in thirds; mild, moderate, 
severe 

At hospital 
discharge  
(mean LOS 24 
days) 

237 patients 
post burn 
injury (23%)  
 

Multivariate analysis OR (95% CI); 
Older age OR 1.06 (1.04-1.09) 
ICU LOS OR 1.01 (1.0-1.03, p=0.013) 
 

Goverman 
et al53 
2017 

Retrospective   
 
Data inclusion 
period  
1994-2003  
 
 
 
  
 

n = 1865 
1445 males 

18y  
 
Inpatients  
 
Mean TBSA 18.3% 

Not specified Active ROM at each joint 
measured using goniometer 
and inclinometer 
 
Severity determined by 
dividing normal ROM equally 
in thirds; mild, moderate, 
severe 

At hospital 
discharge 
(mean LOS 25 
days) 

620 patients 
post burn 
injury (33%) 

Multivariate analysis OR (95% CI); 
Female OR 0.78 (0.67-0.91) 
Black race OR 2.17 (1.04-4.52) 
Medical problems OR 1.38 (1.12-1.69) 
%TBSA burn OR 1.06 (1.03-1.09) 
%TBSA grafted OR 1.07 (1.04-1.1) 
Neuropathy OR 1.7 (1.35-2.14) 

Gangemi 
et al5  
2008 

Retrospective  
 
Data inclusion 
period  
1994-2006  
 
 
 

n = 703 
412 males 
Adults  
 
Outpatients 
(2440 burn sites) 
 
Mean TBSA 20% 
 

79% of scar 
locations were 
treated with medical 
and rehabilitative 
therapy (type and 
timing of therapy 
not stated) 
 

General ROM criteria applied 
to all joints to determine 
contracture; visible skin 
coarctation or deformity, 
reduced ROM, subjective 
sensation of constriction 
 

Not specified 220 patients 
post burn 
injury (31%) 
 
 

Univariate analysis OR (95% CI); 
%TBSA burn OR 1.53 (1.27-1.85) 
Scald burn OR 0.46 (0.27-0.8) 
Number of surgical procedures OR 
2.46 (1.94-3.12) 
Time to heal OR 1.4 (1.16-1.68) 
Abdomen OR 0.07 (0.03-0.17) 
 
Multivariate Analysis OR (95% CI); 
Abdomen OR 0.02 (0.0-0.1) 
Neck OR 5.1 (1.5-17.7) 
Number of surgical procedures OR 
1.39 (1.1-1.8) 
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Study Study 
design   

Subjects Therapy 
provided 

Classification of 
contracture and severity 

Time of 
assessment 

                        Results 
  

Prevalence 
of BSC  

 

Significant predictors of 1 BSC*  

 

Schneider 
et al7  
2006 

Prospective 
 
Study period 
1993-2002  
 

n = 985 
769 males  

18y  
 
Inpatients  
 
Mean TBSA 25.1% 

Specialised 
occupational and 
physical therapy 
services provided 
for all burn patients 
(type and timing of 
therapy not stated) 
 

AROM at each joint 
measured using goniometer 
and inclinometer 
 
Severity determined by 
dividing normal ROM equally 
in thirds; mild, moderate, 
severe 

At hospital 
discharge  
Mean LOS 
21.7 (SD 22.9) 

381 patients 
post burn 
injury (39%) 
 
 

Multivariate analysis OR (95% CI); 
Younger age OR 0.99 (0.98-0.99) 
LOS OR 1.04 (1.02-1.07) 
%TBSA burn OR 1.03 (1.0-1.06) 
%TBSA grafted OR 1.07 (1.05-1.09) 

Huang et 
al51  
1978 

Retrospective 
 
Data inclusion 
period  
1964-1975  
 
 
 
 

n = 625 
 
Patient details not 
specified  
 
Only patients with 
burns to the axilla, 
elbow, wrist or knee 
included 
 

Treatment with 
splint and pressure 
(S&P) used from 
1968 on, not used 
prior to this  
 
Splinting** 
commenced on 
admission and 
remained in place 
all times except for 
exercise 
On discharge, 
patients instructed 
to wear 
continuously for 8-
12 months 

Severity classified into 4 
categories; 
None; no limitation in ROM 
Mild; <25% limitation in ROM 
Moderate: 50% limitation in 
ROM 
Severe: less than 25% of 
normal ROM  

Not specified Prevalence 
data not 
specified 
 
Contracture 
developed in;  
-83% of joints 
with no S&P  
-73% of joints 
with <6m S&P  
-35% of joints 
with 6-12m 
S&P  
-22% of joints 
with >12m 
S&P 
 

 Not determined 
 
 

Dobbs 
and 
Curreri52 
1972 

Retrospective 
 
Data inclusion 
period  
1967-1968  
 
 
 

n = 681 
 
Patient details not 
specified 

Program of PT, 
splinting and 
positioning 
commenced on 
admission and 
continued 
throughout 
hospitalisation 

Criteria used to determine 
BSC not specified 
 
Acceptable; >50% ROM 
Functional: 50% ROM 
Severe: <50% ROM  

>30 days after 
discharge 

188 patients 
post burn 
injury (28%) 
 
 

Descriptive analysis (%) 
Joint limitation developed in;  
8% of patients with 0-10% TBSA burn  
46% of patients 40%-50% TBSA burn 
100% of patients with 70%-80% TBSA 
burn 
 
 

*Predictors of 1 BSC significant if p<0.005 

**Splint designs – Hand; custom isoprene splint positioning wrist in neutral, metacarpal joints in 30 flexion, interphalangeal joints in extension with extend thumb abducted across the palm. Elbow; 

3-point extension splint. Axilla; 90 shoulder abduction via ‘airplane’ splint with layer of foam rubber around axilla. Knee; 3-point extension splint Abbreviations; BSC, burn scar contracture; CI, 
confidence interval; LOS, length of stay; m, months; n, number; NIDDR BMS, National Institute on Disability and Rehabilitation Research Burn Model System; OR, odds ratio; PT, physical therapy; 
ROM, range of movement; S&P, treatment with splint and pressure garment; TBSA, total body surface area; y, year
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1.3.4. Prevention and management of post burn contracture 

An important goal of post burn rehabilitation is prevention of BSC. It is paramount to 

recognise that long term outcomes begin to be established long before wound 

closure. Consequently, strategies to prevent BSC should begin as soon as possible 

following injury, to oppose the rapid and ongoing forces of contracture throughout 

wound healing and scar formation.8,13,47,57 Expert opinion reported that aside from full 

thickness burns with tendon or joint involvement, no other factor was more likely to 

cause ROM loss than delay of therapy.52 An early retrospective study reporting 

results of BSC management over 10 years found a relationship between contracture 

and length of time splints and pressure were used postburn.51 Patients who used 

splints and pressure for more than 12 months post burn had the lowest incidence of 

contracture, while patients who did not use splints and pressure had the highest 

incidence of contracture.51 Despite these early findings, the use of splinting to 

prevent BSC is yet to be universally implemented in clinical practice.  

 

No research has described the length of time a splint should be worn each day to 

maintain ROM at a joint post burn and consequently, there is no consensus on 

length of time to splint in the 24 hour period.58 In subjects with stiff proximal 

interphalangeal joints caused by orthopaedic conditions, a RCT comparing 3 and 6 

days of total end range positioning, found that 6 days of positioning resulted in twice 

the increase in passive ROM compared to 3 days of positioning.59 The increase in 

passive ROM was demonstrated to be directly proportional to the length of time the 

joint was held at end of range.59 While the findings of this study do not directly relate 

to BSC, the concept of total end range time can be applied to this patient group. 

Intensive splinting, involving periods of the day and overnight may assist with 

maintaining ROM post burn and in cases of BSC, serial casting may be an 

intervention to consider to restore ROM. Furthermore, investigation into the effect of 

mechanical stress on healing wounds in rats suggests that scar tissue may be 

responsive to the application of stress, and that the response is determined by a 

balance between scar age and the amount of stress applied.60 In the rat model, 

younger scars (<14 weeks old) were more responsive to stress remodelling than 

older scars.60 Therefore, early serial casting in patients with BSC may be a useful 

intervention to improve ROM. 
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Splinting is considered to play a critical role in the prevention of BSC by burn 

experts.13,20,47,49,58 International Practice Guidelines for Burn Care recommend splint 

use for at risk deep partial or full thickness burns, to aid oedema and pain reduction, 

protect new grafts and flaps, maintain ROM and correct joint deformity.39 Despite the 

general consensus that splinting assists with maintaining ROM, there is limited 

knowledge and ongoing debate regarding splint fabrication and protocols of 

use.20,47,51,55 A survey of splinting practice, completed by experienced burn therapists 

at 99 international burn centres in 1996, identified a trend of waiting until loss of 

ROM is identified before applying a splint.58,61 A more recent survey has not been 

completed.  

 

It has been suggested that static splinting is detrimental to maturing scar tissue as 

excessive mechanical tension theoretically increases hypertrophic scar formation 

and therefore increases the risk of BSC.49,62 Currently, there is no evidence as to 

what level and form of therapy causes excessive skin tension on the developing 

scar.49,54 However, early splinting may address the potential for BSC before it 

develops, eliminating the need for progressive serial casting and therefore, 

theoretically tension on the maturing scar should not be as great. A letter to the 

editor written in response to the suggestion that static splinting has a detrimental 

effect on maturing scar tissue, shared the results of reanalysis of splinting outcomes 

originally reported by Huang et al51 in 1978.63 They reemphasized the significant 

reduction in rates of contracture with splint use and found that the incidence of BSC 

decreased with increasing lengths of time of splint use.63 More specifically, axilla 

contracture was reported to occur in 90% of patients who used a splint for less than 

6 months compared to 32% of patients who used a splint for more than 12 months.63 

These results were statistically significant.  

 

In cases of severe BSC, particularly in mature scar tissue, surgical release to restore 

ROM and function may be required. Splinting is a valuable intervention following 

surgical release to prevent recurrence of contracture and interestingly, the survey of 

postburn splinting practice in 1996 found that therapists were more likely to splint 

following surgical release of contracture than after skin grafting of the initial 

injury.58,61 It is worth considering that perhaps earlier and more intensive intervention 
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would eliminate the need for reconstructive surgery as post burn scar tissue is 

amenable to conservative intervention to improve ROM, with good prognosis for 

resolution while scar tissue remains malleable and immature.64  
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2.Chapter Two:                                    

The shoulder joint and prevention of 

axilla contracture 
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 The shoulder joint 

 

The shoulder joint is the most mobile joint in the human body. It is a multidirectional 

joint with three angular degrees of freedom; flexion/extension, abduction/adduction 

and internal/external rotation.65 The primary function of the shoulder joint is to 

provide mobility, in synergy with the elbow and wrist, to enable the hand to move 

through many different positions and orientations in space.65,66 The shoulder’s wide 

arc of movement, resting position in adduction and concavity of the axilla all 

contribute to the joint’s uniqueness.67,68 It is within these parameters that the burns 

therapist must work to achieve a prolonged, end of range stretch and maintain 

shoulder ROM post burn. This is a significant challenge and the clinical picture 

becomes even more complicated when the elbow and hand are also affected.69 

 

The shoulder is the most frequent joint to develop contracture following burn injury, 

accounting for between 23% and 38% of all post burn contractures in adults and 

28% of all post burn contractures in children.5,7,46,51-53 This is outlined in Table 2.1, 

which expands on the scar contracture prevalence data presented in Table 1.3, as 

all but one of these studies reported on the prevalence of shoulder contracture post 

burn. As highlighted in Table 1.3, there is a notable lack of long term prevalence data 

with reported timing and inclusion of therapy to prevent and manage post burn 

contracture poorly reported. Huang et al51 were the only authors to describe splint 

design, commencement and regime. Furthermore, the prevalence of post burn 

shoulder contracture is reported as a percentage of all post burn joint contractures in 

all studies except one. Dobbs and Curreri52 were the only authors to report rates of 

shoulder contracture as a percentage of all shoulder burns. They reported that 

19.4% of all shoulder burns developed some degree of contracture.52 Despite 

prophylactic management with compression, positioning and exercise, the 

prevalence of surgical release required to improve BSC at the shoulder, reported as 

a percent of all post burn releases, was 17% in children and 27% in adults.55 The 

time from burn to surgical release was not specified. 
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Table 2.1: Prevalence of post burn shoulder contracture  
 

Study Study design 
and subjects 

Classification of 
shoulder 
contracture severity 
 

Prevalence of shoulder contracture as 
percentage of all burn scar contractures 

  

Goverman 
et al46 
2017 
 
 

Retrospective 
n=1031 
 
<18y 
 
Mean TBSA 29.5% 

Shoulder flexion and 
abduction contracture 
classified as;  

Mild 120-180 

Moderate 60-119 

Severe <60 

Of 787 BSCs, there were 219 shoulder 
contractures (28%) - shoulder most frequently 
contracted joint 
 
Of 219 shoulder contractures; 40% mild, 
35% moderate, 25% severe  

Goverman 
et al53  
2017 
 
 

Retrospective 
n=1865 
 

18y 
 
Mean TBSA 18.3% 
 

Shoulder flexion and 
abduction contracture 
classified as;  

Mild 120-180 

Moderate 60-119 

Severe <60 
 

Of 2097 BSCs, there were 482 shoulder 
contractures (23%) - shoulder was the most 
frequently contracted joint 
 
Of 482 shoulder contractures; 48% mild, 
39% moderate, 13% severe  
 

Schneider 
et al7 
2006 

Prospective 
n=985 
 

18y 

 
Mean TBSA 25.1% 

Shoulder flexion and 
abduction contracture 
classified as; 

Mild 120-180 

Moderate 60-119 

Severe <60 
 

Of 953 BSCs, there were 365 shoulder 
contractures (38%) - shoulder was most 
frequently contracted joint 
 
Of 365 patients who developed shoulder 
contracture; 54% mild, 40% moderate, 6% 
severe 
 

Huang et 
al51 
1978 

Retrospective 
n=625 
 
Patient details not 
specified 

Shoulder flexion and 
abduction contracture 
classified as; 

None: 180 

Mild: >135 

Moderate: 90 

Severe: <45 

Of 658 BSCs, there were 264 axilla 
contractures (40%) 
 
Of 358 axilla burns, 264 developed contracture 
(74%) 
Contracture developed in; 
95% of axilla burns which did not use S&P  
90% of axilla burns using S&P for <6months  
32% of axilla burns using S&P for >12 months  

Dobbs 
and 
Curreri52 
1972 

Retrospective  
n=681 
 
Patient details not 
specified 

Shoulder flexion and 
abduction contracture 
classified as; 

Acceptable: ROM > 90 

Functional: ROM ~ 90 

Severe: ROM <90 

Of 523 BSCs, there were 121 shoulder 
contractures 
(23%) 
 
Of 121 shoulder joints that developed 
contracture; 55%, acceptable, 23% functional, 
22% severe  
 
19.4% of all shoulder burns developed 
contracture* 
10% considered acceptable 
4.8% considered functional  
4.6% considered severe 
 

*Only study to report shoulder contracture as a percent of all shoulder burns  
Abbreviations; BSCs, burn scar contractures; n, number; ROM, range of movement; S&P, treatment with splint and pressure 
garment; TBSA, total body surface area; y, years. 
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Prevention of BSC of the shoulder is essential as loss of ROM at the shoulder has 

been demonstrated to adversely affect upper limb function and an individual’s ability 

to complete activities of daily living (ADLs).70,71 Functionally, loss of shoulder 

abduction or flexion has been demonstrated to contribute to poor body mechanics 

when completing a task.70 A prospective study by Palmieri et al70 evaluated the 

impact of post burn axilla contractures on shoulder movement during ADLs in 11 

children aged between 6 and 13 years, scheduled for surgical release of postburn 

axilla contracture. In comparison to normal controls, alterations in movement 

patterns during functional tasks were evident as a result of the BSC.70 During high 

reach, elbow flexion increased to compensate for significant reductions in shoulder 

flexion.70 Following surgical release of axilla contracture in children, the 

compensatory movements used to complete functional tasks before surgery 

decreased with increasing shoulder ROM.71 Significant improvements in shoulder 

flexion were found during high reach compared to presurgical values.71 However, 

there was still a significant reduction compared to normal subjects. Post release, 

shoulder abduction did not show a significant increase in comparison to pre-surgery 

measures.71 The authors hypothesised this was due to the tasks assessed not 

needing considerable shoulder abduction to be completed.71 The results of these 

studies give weight to the importance of contracture prevention as surgical release 

may not restore full function. 

 

 

  Postburn axilla splinting described in literature 

 

The International Society of Burn Injuries (ISBI) Practice Guidelines for Burn Care 

recommend positioning the axilla post burn at 90 abduction.39 However, there is 

limited high quality evidence available to support axilla splinting in this position, 

particularly in the paediatric population. Several authors have presented descriptions 

of splinting devices used to manage axilla burns.67,72-75 These articles provide a 

description of splint design, materials used and fabrication. No data regarding timing 

of splint commencement, regime or patient outcomes were reported. Typically, these 

splints immobilise the shoulder at 90 abduction, however, Manigandan et al67,72 

described axilla splints that can be adjusted up to 160 abduction. Similarly, a splint 
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described by Gorka et al73 can position the shoulder within an abduction range of 

90-130. A high-density foam aeroplane splint for use in unconscious or sedated 

children post burn has also been described.75 

 

Table 2.2 presents all available research of outcomes of splinting of individuals post 

axilla burn. All have reported short term results only, with the longest follow-up 12 

weeks post hospital discharge. To date, two prospective RCTs,76,77 a retrospective 

cohort study50 and two prospective case series78,79 have investigated outcomes of 

axilla splinting post burn. Mixed results have been reported, a RCT found no 

significant difference between subjects treated with and without an axilla splint, 

commencing on admission and continuing until 12 weeks postburn.76 In comparison, 

a case series reported full axilla ROM at hospital discharge (mean 2 weeks 

postburn), following splinting between 90-160 shoulder abduction in children.78 All 

studies involved axilla splinting at 90 shoulder abduction in adults50,76,77,79 except for 

a case series of children, which positioned the axilla at greater degrees of shoulder 

abduction (90-160).78 All reported short term results, ranging from mean 2 weeks 

postburn78 to 12 weeks post hospital discharge.79 No longer term outcomes of any 

axilla splinting has been reported in the literature. Given the long-term nature of post 

burn scar development and maturation, the short-term outcomes reported in these 

studies do not provide insight into the effect of splinting on the prevalence of axilla 

contracture in these individuals at scar maturation.  
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Table 2.2: Outcomes of postburn axilla splinting described in literature 
 

Splint Study 
design 

Subjects  Inclusion 
criteria 

Splint position and use   Time of 
assessment 

Results 
 

Multi-axis 
shoulder 
abduction 
splint 
 
Jang et al77  
2015 
 
 

Prospective 
RCT, parallel 
assessor 
blinded  
 
Study period 
not specified 
 
 

n = 24 
19 males 
Adults (age 
not 
specified) 
 
Mean TBSA 
Splint group  
32.9 % 
 
Mean TBSA 
Control 
group 38.4%  

(a) Burn 
around the 
shoulder joint  
 
(b) TBSA burn 
>10% and 
<80% 
 
(c) Date of 
burn <30 days 
prior to study 
inclusion 
 

Position: 

Shoulder abduction as close as possible to 90, 
commenced on admission. 
 
Regime (4 weeks): 
Splint group; splint removed for hygiene and medical 
procedures only, 30 minutes active and passive 
exercise, twice/day. 
Control group; no splint, 30 minutes active and 
passive exercise twice/day. 

Baseline and 
every week for 
4 weeks  
 

Mean (SD) shoulder ROM at 4 
weeks; 
Abduction ROM: splint group 

94.8 (22), control group 87 
(18.4) 

Flexion ROM: splint group 107.3 

(27.2), control group 100 (100) 
 

Foam 
abduction 
wedge  
 
Godleski et 
al50  
2013 

Retrospective 
cohort study  
 
Study period  
2011-2012 
 

n = 10  
7 males  
>18y 
 
Mean TBSA 
38.6%  
 

Admitted with 
a burn 
requiring 
grafting, which 
crossed the 
shoulder joint 
or included the 
region 
adjacent to the 
axilla 

Position: 

Shoulder: 90 abduction, 20- 30 horizontal adduction 

Elbow: full extension, 90 pronation 

Wedge commenced immediately post skin graft to 
shoulder 
Regime (duration of admission to BICU): 
24 hours/day until commencement of ROM exercises 
(usually 5 days post grafting). Following this, wedge on 
12 hours overnight and 4 hours on/off during day with 
30-60 minutes of scheduled therapy/day. 

Discharge 
from BICU 
(mean 41.5 
days postburn)  

Mean shoulder ROM at 
discharge; 

Abduction ROM: left 132  38, 

right 118  22 

Flexion ROM: left 132  31, 

right 123  29  
 
At discharge; 90% of subjects had 
>90 degrees shoulder abduction 
and shoulder flexion 

90 
Shoulder 
abduction 
splint 
 
Kolmus et 
al76  
2012 

Prospective 
RCT, single 
centre, 
assessor 
blinded 
 
Study period  
2008-2010 

n = 52 
34 males 
>18y 
 
Mean TBSA 
Splint group 
19.1% 
 
Mean TBSA 
Control 
group 18.6% 
 

(a) 
Consecutive 
patients 
admitted with 
an axilla burn 
 
(b) <50% 
TBSA  
 

Position: 

Shoulder immobilised at 90 abduction with shoulder 
splint commenced on admission. If grafting required, 
splint commenced after this time (typically 5 days). 
 
Regime (12 weeks): 
Splint group 
First 6 weeks; splint removed for hygiene, dressing 
changes and daily exercise only.  
Final 6 weeks; splint worn overnight only. 
Control group  
No splint. Daily shoulder exercise.  
 

Admission, 
week 6 and 12 

Mean (SD) shoulder ROM at end 
of week 12; 
Abduction ROM: splint group 

151.5 (7.77), control group 

151.5 (7.77), p=0.5 

Flexion ROM: splint group 153.8 

(7.15), control group 156 (7.15), 
p=0.3 
Splint adherence* 
week 1: 77% (n = 20) 
week 3: 50% (n = 13) 
week 6: 38% (n = 8) 
week 12:16% (n = 3) 
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Splint Study 
design 

Subjects  Inclusion 
criteria 

Splint position and use   Time of 
assessment 

Results 
 

Shoulder 
abduction 
brace  
 
Webb et al79 
2011 
 
 
 

Prospective 
case series 
 
Study period 
2006 -2007 

n = 20 
19 males 
>18y 
 
Median 
TBSA 20% 
 

Admitted with 
a burn to the 
axilla region 
 
10 patients 
classified as 
LCR** 
10 patients 
classified as 
HCR**  
 

Position:  

LCR**: Shoulder abduction pillow 45- 60 abduction  

HCR**: Shoulder abduction brace 90 abduction 
Both commenced immediately 
 
Regime:  

LCR**: If ROM >90; pillow overnight and 2 hours/day 

for first 3 weeks. After this time, if shoulder ROM >120; 

pillow was ceased. If shoulder ROM <120; pillow 

continued. If SSG required or ROM <90; abduction 
brace commenced and exercise increased. Once ROM 

90, abduction pillow used. 

HCR**: Shoulder abduction brace fitted and worn 24 
hours/day until 5 days after SSG, then worn overnight 
and 2x 3 hours/day until 7 weeks post injury, then 
overnight until 12 weeks post injury 
 
 

Admission, 
hospital 
discharge and 
12 weeks post 
hospital 
discharge 

Mean shoulder abduction 12 
weeks post hospital discharge 
(SD); 

LCR** group: 168 (22) 

HCR** group: 166 (28) 
 
Mean shoulder flexion 12 weeks 
post hospital discharge; 

LCR** group: 172 (20) 

HCR** group: 167 (31)  

Papoose 
device 
 
Macdonald 
et al78  
1985 
 

Prospective 
case series 
 
Study period 
not specified 

n = 23 
Sex not 
specified 

Age 6 years 
 
Mean TBSA 
15% 

Not specified Position:  

Shoulder: 90-160 abduction, 20 horizontal adduction, 
commenced early during hospitalisation 
 
Regime: Post grafting, papoose used 24 hours/day for 
5 days. ROM exercises commenced on day 5. When 

grafts healed, conventional 90 axilla splints used 
during day with papoose overnight for duration of 
admission. Papoose ceased on discharge 
 

At hospital 
discharge 
(mean 2 
weeks) 

All patients had full axilla ROM at 
discharge 

*Participants deemed adherent with splint use if they wore it ≥4 days/week for 6 hours and 4 nights/week for 4 hours. 

**Participants deemed low contracture risk (LCR) if they had superficial, localised burn with 1 area needing grafting and deemed high contracture risk (HCR) if they had deep, extensive burn with 

2 areas needing grafting 
Abbreviations; BICU, Burn Intensive Care Unit; HCR, high contracture risk; LCR, low contracture risk; n, number; RCT, randomised control trial; ROM, range of movement; SD, Standard deviation 
SSG, split skin graft; TBSA, total body surface area; y, years.
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There is consensus among experts that splinting the upper limb above 90 abduction 

should be avoided to prevent tension on the brachial plexus and peripheral nerves.47 

There is no robust research evidence supporting this opinion, with all studies 

investigating axilla splinting in shoulder abduction ranges greater than 90 reporting 

results of a case series or splint description only, with no adverse events 

reported.67,72,73 Research in healthy adults has demonstrated that specific positioning 

across multiple joints affects tension on the peripheral nerves.68,80,81 There is 

increasing strain on the ulnar and median nerves as the upper limb is positioned in a 

specific and sequential way from the shoulder to the digits.68,80 Shoulder abduction, 

extension and external rotation increase strain on the trunks of the brachial plexus.81 

Median nerve strain is increased when shoulder abduction and external rotation is 

combined with supination and extension at the elbow, wrist and digits (Figure 

2.1.1).81 In contrast, ulnar nerve strain is elicited with the addition of elbow flexion to 

shoulder abduction and external rotation (Figure 2.1.2).68,80  

  

Figure 2.1: Shoulder positions which elicit nerve tension   

 

   Figure 2.1.1 Median nerve tension  Figure 2.1.2 Ulnar nerve tension 

 

To evaluate the safety of upper limb positioning, the occurrence of pain, 

paraesthesia and tolerance was evaluated in four shoulder abduction positions 

(90,130,150 and 170) in healthy adults.68 The elbow was extended in all 

positions except 130 abduction, where the elbow was at 110 flexion.68 The study 

found that positioning the upper limb within normal physiologic range did not cause 

permanent damage to the peripheral nerves.68 Paraesthesia occurred in all positions 

but was transient, lasting less than 3 minutes on cessation of positioning.68 It 

occurred most frequently in the ulnar nerve distribution, followed by the median 
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nerve.68 The greatest frequency of ulnar nerve paraesthesia occurred at 130 

abduction with elbow flexion (27%).68 In contrast only 3.3% of subjects reported 

symptoms in this distribution at 150 and 170 abduction, which suggests it was the 

combination of shoulder abduction and elbow flexion that significantly contributed to 

ulnar nerve symptoms.68 Pain was frequently reported at 170 abduction and 

consequently the authors recommend positioning between 90 and 150 degrees in 

adults with regular repositioning.68 It is important to note that horizontal adduction 

was not incorporated into any of the positions described. Previous literature, 

published as early as 1985, hypothesised that brachial plexus tension can be 

alleviated if the patient is positioned in a degree of horizontal adduction, therefore 

suggesting that it is not the degree of shoulder abduction that increases neural 

tension but instead, the lack of horizontal adduction.49,78 Perhaps the four shoulder 

abduction positions described by Lester et al68 may have been better tolerated if this 

had been incorporated. The effect of positioning children in varying degrees of 

shoulder abduction has not been evaluated and the extent to which the findings by 

Lester et al68 can be applied to children, healthy or post burn, is unknown. 

 

 

 Therapy management of axilla burns at The Children’s Hospital at     

Westmead 

 

Standard clinical care at The Children’s Hospital at Westmead (CHW) involves 

splinting all children with burns to the axilla joint surface or in close proximity to the 

joint at end of range shoulder abduction (160-180) with 20 horizontal adduction 

(Appendix 1). This splint is applied as a plaster cast on presentation to the burns unit 

and is reapplied at subsequent dressing changes. Burns which heal in >14 days or 

require skin grafting to achieve wound closure continue this intervention with a 

thermoplastic splint moulded in the above position. At this point the splint is usually 

worn 12 hours overnight and 2 hours on / 2 hours off during the day. This day regime 

may be modified to incorporate splint use during sleep or rest times and enable 

active play out of the splint when the child is awake. However, it is important that the 

splint is worn at least 6 hours during the day in addition to the 12 hours overnight. 
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Splint use is likely to continue for at least a year with time spent in the splint 

gradually reduced according to scar development and progression.  

 

The ROM outcomes achieved with end of range splinting of the axilla in children has 

not yet been described in literature. Review of the outcomes of this splinting practice 

is therefore warranted. 
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3.Chapter Three:                            

Outcomes of end of range axilla 

splinting in children following burn 

injury 

 

 

This chapter is presented in the format of the manuscript which has been submitted to the Journal of 

Burn Care and Research, with the exception of tables and figures embedded throughout the 

manuscript (rather than in a separate document) for ease of reading. See Appendix 2 for submission 

guidelines for the Journal of Burn Care and Research. 
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Abstract 

 

Scar contracture is a significant complication of burn injury. This study aimed to 

describe outcomes of early splinting of the axilla at end of range abduction in 

children, following a burn to the axilla region. A retrospective review of 76 children 

(mean age 3.9 years (SD 3.6)) treated at a tertiary children’s hospital from 2006-

2016 was conducted. No child developed axilla contracture for the duration of the 2-

year study follow-up with no adverse events recorded. If splinting was ceased <60 

days post burn it was considered not an essential intervention to maintain range of 

movement, leaving 49 children receiving splinting 60 days. Compared to the 

children who ceased splinting in <60 days, children who were splinted 60 days had 

a significantly higher frequency of deep dermal burn (59% vs 25%, p=0.01), flame 

mechanism (25% vs 5%, p=0.03) and burn injury distribution involving the anterior 

trunk, flank and arm (18% vs 3%, p=0.03). Early signs of contracture, considered 

loss of full axilla range or significant banding, developed in 9 children within 3 

months post burn and with intensive therapy all returned to full axilla range by 9 

months post burn. Children with skin tension at end of range shoulder movement at 

the 1-month clinical assessment were 11 times more likely to develop early signs of 

contracture (95% CI 1.9-62.1, p=0.007). Intensive splinting at end of range shoulder 

abduction in children with axilla burns is well tolerated. When undertaken with 

ongoing burn therapist review, full axilla ROM can be maintained.  

Key words: burn, splinting, axilla, contracture, children 
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Introduction 

 

Significant advances in management of acute burn injuries have occurred over 

recent decades.1,2 Consequently, survival rates have improved and there is an 

increasing focus on quality of life and function post burn.1,2 Burn scar contracture, a 

significant complication of burn injury, can result in severe functional impairment.3 

The shoulder joint is the most frequently contracted joint post burn.4-6 Its wide arc of 

movement, resting position in adduction and concavity of the axilla make maintaining 

shoulder range of movement (ROM) a unique and significant challenge for burns 

therapists and patients.7 

 

Current burn care guidelines recommend positioning individuals with burns to the 

axilla region at 90 shoulder abduction with 15-20 of shoulder horizontal adduction 

to minimise loss of axilla ROM.8 There is consensus among experts that splinting the 

upper limb above 90 abduction should be avoided to prevent tension on the brachial 

plexus and peripheral nerves.9 However it has been suggested that splinting outside 

a strict frontal plane can avoid brachial plexus tension if >90 shoulder abduction is 

combined with slight horizontal adduction.9 

 

There is limited research regarding axilla splinting post burn, particularly in paediatric 

cohorts. There has been one case series in a small cohort of children, which 

reported that following burn injury to the axilla, children positioned between 90 and 

160 shoulder abduction with 20 horizontal adduction had full axilla ROM at hospital 

discharge (mean 2 weeks post burn).10 In adult cohorts, there have been three 

prospective studies11-13 and one retrospective study14 on axilla splinting. All studies, 

splinted the shoulder at 90 abduction as soon as possible following admission. 

Mixed results were reported, however loss of some degree of axilla ROM was 

reported in all studies. In light of these outcomes, it is important to consider whether 

ROM outcomes beyond the position of splinting can be expected. If the desired 

outcome is full abduction, consideration of a splint as close to this as possible is 

worthwhile. 
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There is ongoing debate amongst therapists regarding splinting protocols post burn. 

Some therapists advocate implementing strategies to maintain ROM immediately 

following injury, while others are in favour of delaying splinting until an observed loss 

of ROM.15,16 At the Children’s Hospital at Westmead (CHW), it has been standard 

clinical care for over 30 years, to splint all children presenting with a burn to the axilla 

joint surface or in close proximity to the area at end of range shoulder abduction with 

20 horizontal adduction. End of range axilla positioning is commenced as a plaster 

cast on initial presentation to the tertiary centre and is reapplied at subsequent 

dressing changes (Figure 1A). Burns which heal in >14 days or require skin grafting 

to achieve wound closure continue this therapy with a thermoplastic splint moulded 

in the above position (Figure 1B). If the flexor surface of the elbow joint is involved, 

the upper limb will be included to the wrist, with the elbow positioned in full extension 

(Figure 1C). At this point, the splint is usually worn 12 hours overnight and 2 hours 

on / 2 hours off during the day. Time in the splint is gradually reduced according to 

scar development and progression. Therefore, the aim of this study is to describe the 

outcomes of this splinting practice and whether baseline and clinical characteristics 

can predict the need for axilla splinting for 60 days post burn and the development 

of early signs of axilla contracture.   
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Figure 1: End of range axilla splint fabrication 
 

 

Figure 1A            Figure 1B                                              Figure 1C 
Plaster axilla splint             Thermoplastic axilla splint                    Thermoplastic axilla splint 
 
Parent consent provided for use of these images 

  

Figure1.1 Plaster axilla 

splint short arm

Figure 1.2 Thermoplastic 

axilla splint – short arm

Figure 1.3 Thermoplastic 

axilla splint – long arm
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Methods 

 

Study design, setting and participants 

A retrospective study was conducted to review ROM outcomes following end range 

axilla splinting in children who had sustained a burn injury to the axilla region. To 

ensure all children managed with an axilla splint were captured, the New South 

Wales (NSW) Severe Burn Injury Service (SBIS) provided data on all children who 

presented to the burns unit at CHW between January 2006 and July 2016, with a 

burn involving any of the following areas in isolation or combination; left axilla, right 

axilla, anterior trunk, posterior trunk, left flank, right flank, right arm and left arm. 

 

The NSW SBIS coordinates and provides treatment to severe burn injured patients 

who qualify for transfer to a tertiary level service. CHW forms the paediatric part of 

this service and all children in NSW who meet transfer criteria (involvement of major 

joints or burn >5% TBSA) are sent to this hospital. The SBIS collects and collates 

demographic, injury and management data on these children. As the only paediatric 

burn injury service in the state, physiotherapy management of children post burn 

injury is highly specialised. All physiotherapists working in the burns unit are trained 

to assess and treat burn injured children. 

 

Every potentially eligible child’s medical record was reviewed, to determine if they 

met the eligibility criteria. Children were included in this study if their burn involved 

the skin of the axilla surface or was in close proximity to that area, and therefore 

received management with an axilla splint. Children were excluded if their burn 

healed in less than 14 days and hence were deemed not at risk of scar development. 

Children with severe burns transferred from Pacific Island countries for acute 

management were also excluded as they returned home following wound closure 

and did not attend regular review and ongoing scar management at CHW. The 

remaining cohort were split into 2 groups; children who used an axilla splint <60 days 

and children who used an axilla splint 60 days. Based on clinical judgement, if 

splinting was ceased before 60 days it was considered not to have been an essential 

intervention to maintain ROM as it was no longer required in the period of high scar 

activity following wound closure.  
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Demographic and clinical data collected 

The child’s age at burn, sex, ethnicity, geographical location classified as 

metropolitan or non-metropolitan (based on postcode classification from Australian 

Standard Geographical Classification),17 mechanism of burn, worst depth of burn, 

affected areas within the axilla region, % total body surface area (TBSA) and where 

applicable, the number of grafting and re-grafting procedures, were recorded from 

the NSW SBIS database. Review of each child’s hospital medical record provided 

further clinical data; whether unilateral or bilateral axillae were affected (worst side 

used for analysis if bilateral), length of time to wound closure and if applicable, the 

length of hospital and paediatric intensive care unit (PICU) stay. 

 

Physiotherapy assessment data was collected at seven time points as close as 

possible to the following months post burn; 1, 3, 6, 9, 12, 18 and 24. Axilla ROM was 

collected as full or not full. Skin tension was recorded to be present if there was any 

sign of skin blanching, pulling or banding at end of range shoulder abduction or 

flexion. A modified Vancouver Scar Scale (mVSS) was recorded at each time point 

and the scar was deemed hypertrophic if the scar height of the worst area, 

regardless of size, was >1mm.18,19 Subjective reports of pain or tingling in the splint 

were recorded as positive signs of neural tension. Data collected on physiotherapy 

management included the number of days the splint was used, the number of hours 

the splint was used in a 24-hour period and if any modifications were required due to 

discomfort or signs of neural tension at each assessment point. Use of silicone 

products and compression garments were recorded as used or not used and where 

applicable, hours of silicone use in a 24-hour period was recorded at each 

assessment point.  

 

Loss of ROM or significant banding around the axilla region, which resulted in altered 

management, was recorded and considered to be an early sign of axilla contracture. 

Additional data collected included, the number of days to development of early signs 

of contracture and initiation of serial casting (if required), number of serial casts 

applied and number of days of serial casting.  
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Data analysis 

Data analysis was performed using SPSS statistics version 22.0.20 Descriptive 

analysis of demographic and baseline clinical variables was performed to describe 

the population of children who used an axilla splint for any length of time and their 

physiotherapy management and outcomes at 1, 3, 6, 9, 12, 18 and 24 months post 

burn. 

 

Univariate analyses using Pearson’s chi square (categorical variables) and 

independent T-tests (continuous variables) were conducted to determine any 

significant differences in the demographic and baseline clinical characteristics 

between children who did and did not require an axilla splint 60 days to prevent 

contracture, and those with and without early signs of contracture development (if 

splinted 60 days). 

  

Backward multiple regression was performed to determine the extent to which 

demographic and clinical characteristics can predict the number of days a child will 

wear the splint. Binary regression was performed to determine baseline variables 

and clinical characteristics at 1-month post burn that were significantly associated 

with the development of early signs of contracture in children splinted 60 days.  

 

This study was approved by the Sydney Children’s Hospital Network (SCHN) Human 

Research Ethics committee (LNR/18/SCHN/19) and Macquarie University (reference 

number 5201800330).  
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Results 

 

Demographic and baseline clinical characteristics 

Seventy-six children met inclusion criteria for this study. The flowchart of patient 

inclusion is shown in Figure 2. Demographic and baseline clinical characteristics of 

the cohort are displayed in Table 1. The mean age at burn was 3.9 years (SD 3.6), 

with burn injury occurring most frequently in children less than 2 years of age (43%). 

Characteristics of burn injury within the population varied across the age span. The 

mean overall %TBSA was 15.5% (SD 11.1), with a greater %TBSA in older children; 

12% in children 0-<2 years compared to 25% in children 12-18 years (Figure 3). 

Scald burns were the most common cause of burn in younger children, while flame 

burns became more prevalent with increasing age. Figure 3 shows the decreasing 

frequency of burn injury with increasing age and the corresponding change in 

distribution of burn mechanism. 
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Figure 2: Flowchart of patient inclusion 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Data obtained from NSW Severe Burn Injury Service database and CHW medical records 
on children presenting to Paediatric Burns Unit with any burn involving the arm and trunk 

from January 2006 to July 2016 
(n = 4158) 

 

      

          

 

 

 

 

Children excluded if  
    Burn did not involve the axilla region 
    (n = 4034) 
    Complete wound closure <14 days post    
    burn (n = 36) 
    Resided overseas and did not receive  
    follow up at CHW (n = 12) 

 

Children included if burn involved skin of the axilla joint surface or was in close proximity to 
the axilla, receiving management with an axilla splint 

(n = 76) 

Burn managed with axilla 
splint for <60 days post burn 

(n = 27) 

Burn managed with axilla 

splint for 60 days post burn 

(n = 49) 
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Table 1: Baseline and clinical characteristics of children splinted (categorical 
variables) 
 

Categorical 
variable  

 All 
children 
splinted 
n=76 
n (%) 

All children splinted 
n (% of n=76) 

p-value 
comparing 
children 
splinted 
<60 days 

to 60 

days 

 
Splint 
<60 days 
n=27 

 
Splint 

60 days 

n=49 

Sex Male 
Female 

40 (53) 
36 (47) 

15 (20) 
12 (16) 

25 (33) 
24 (31) 

0.71 

Age (years) <2  
2 - <5 
5 - <12 
12 - 18 

33 (43) 
21 (28) 
17 (22) 
5   (7) 

13 (17) 
10 (13) 
1   (1) 
3   (4) 

20 (26) 
11 (15) 
16 (21) 
2   (3) 

0.03* 

Ethnicity Caucasian  
Aboriginal  
Asian  
Arab and African  
Mixed  
Unknown 

37 (49) 
8   (10) 
9   (12) 
9   (12) 
9   (12) 
4   (5) 

13 (17) 
2   (3) 
2   (3) 
2   (3) 
5   (6) 
3   (4) 

24 (32) 
6   (8) 
7   (9) 
7   (9) 
4   (5) 
1   (1) 

0.3 

Geographical 
location 

Metropolitan  
Non-metropolitan 

51 (67) 
25 (33) 

19 (25) 
8   (11) 

32 (42) 
17 (22)         

0.65 

Mechanism Scald 
Flame 

53 (70) 
23 (30) 

23 (30) 
4   (5) 

30 (40) 
19 (25) 

0.03* 

TBSA affected <30% 

30% 

68 (89) 
8   (11) 

27 (35) 
0    

41 (54) 
8   (11) 

0.03* 

Worst burn depth Mid-dermal  
Deep-dermal 

12 (16) 
64 (84) 

8   (11) 
19 (25) 

4   (5) 
45 (59) 

0.01* 

Distribution of 
deep burn areas** 

Anterior trunk/ arm  
Anterior trunk/ flank/ arm 
Posterior trunk/ arm 
Posterior trunk/ flank/ 
arm 

19 (25) 
16 (21) 
4   (5) 
6   (8) 

5   (7) 
2   (3) 
1   (1) 
1   (1) 

14 (18) 
14 (18) 
3   (4) 
5   (7) 

0.33 
0.03* 
0.65 
0.32 

Splinting required Unilateral  
Bilateral 

68 (89) 
8   (11) 

26 (35) 
1   (1) 

42 (55) 
7   (9) 

0.15 

Hospital 
admission 

Admitted 
Not admitted 

66 (87) 
10 (13) 

22 (29) 
5   (7) 

44 (57) 
5   (7) 

0.31 

PICU admission Admitted  
Not admitted 

21 (28) 
55 (72) 

4   (5) 
23 (30) 

17 (23) 
32 (42) 

0.06 

Infection Infection  
No infection 

15 (20) 
61 (80) 

4   (5) 
23 (30) 

11 (15) 
38 (50) 

0.42 

*p-value <0.05 is significant 
**% does not add up to 100 as children with distribution in other category (n=13) are not accounted for  
Abbreviations; n, number; PICU, paediatric intensive care unit; TBSA, total body surface area 
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Figure 3: Frequency, mechanism and mean %TBSA of burn by age  
 

 

 

 

Burn management  

The mean time to wound closure for all children was 36 days (SD 21.9). Fifteen 

children (20%) developed infection. Eleven children (14%) did not require a skin 

graft, with all other children (86%) requiring one or more (mean 1.6, SD 1.0) skin 

grafting procedures to achieve wound closure. The mean time to axilla splint 

commencement was 6 days (SD 7.8). Sixty-six children (87%) required inpatient 

hospital admission for management of their burn injury. The mean length of stay 

(LOS) was 22 days (SD 23.8). Of these children, 21 (32%) were admitted to PICU 

due to burn severity (mean LOS 11 days, SD 10.1).  

 

All 76 children were considered to be at risk of axilla contracture on presentation to 

the burns unit and had an axilla splint applied. Twenty-seven children (36%) did not 

require an axilla splint beyond 59 days post burn (mean 27 days post burn, SD 15.2). 

These children all had full axilla ROM for the duration of their follow up (mean 396 

days post burn, SD 285.7). 
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Two children, both older males over 14 years old, reported symptoms while wearing 

the splint at 2 and 6 days post commencement of splinting. Symptoms were 

described as either pain or tingling in the upper limb and were indicative of neural 

tension. Symptoms were immediately resolved with removal and remoulding of the 

splint to increase horizontal adduction. Following remoulding, no further symptoms 

were reported and splinting was well tolerated. There were no other adverse events 

or long-term complications as a result of this splinting. 

 

Univariate analyses of demographic and clinical characteristics of children splinted 

<60 days and 60 days are presented in Table 1 and Table 2. Children splinted for 

<60 days had significantly smaller %TBSA burns and less frequently sustained flame 

burns compared to children splinted 60 days. Children requiring 60 days splinting 

underwent significantly more grafting procedures, had greater healing time and 

longer PICU and hospital admissions.  
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 Table 2: Characteristics of children according to length of time axilla splint 
used (continuous variables) 
 

Continuous 
variable 

Mean (SD) 
Splint <60 
days 
n=27 

Mean (SD) 

Splint 60 

days 
n=49 

Mean 
Difference 

95% CI p-value 

Age (years) 
 

3.5   (3.9) 4.1   (3.5) -0.6 -2.3 – 1.2 0.52 

TBSA (%) 
      

12.1 (6.9) 17.5 (12.5) -5.4 -9.9 – -1.0 0.02* 

Hospital LOS (days)       
      

12.1 (12.4) 26.5 (26.7) -14.3 -26.3 – -2.3 0.02* 

PICU LOS (days)  
 

3.8   (1.5) 12.4 (10.5) -8.7 -14.3 – -3.1 0.004* 

Number of skin 
graft procedures 

0.8   (0.7) 
 

1.7   (1.2) -0.8 -1.3 – -0.4 <0.001* 

Time to wound 
closure (days)     

27.4 (9.0) 
 

40.2 (25.4) -12.9 -20.9 – -4.8 0.002* 

*p-value <0.05 is significant 
Abbreviations; CI, confidence interval; LOS, length of stay; n, number; PICU, paediatric intensive care unit; SD, standard 
deviation; TBSA, total body surface area 

 

 

All baseline characteristics, which demonstrated significant differences between 

splint use <60 days and 60 days were entered into a backward multiple regression 

to predict the number of days a splint is required. Twenty-three percent of the 

variance (F=8.6, p<0.001) in the number of days a child wore a splint can be 

explained by the following equation; 

       Days splint worn = -67 - (14 x age) + (167 x mechanism) + (4 x %TBSA). 

In this equation, age is the child’s age in years at time of burn, mechanism is scald 

(1) or flame (2) and %TBSA is the burn %TBSA calculated on admission. Therefore, 

for every 1 year older, a child will wear a splint for 2 weeks less. A child who had a 

flame burn mechanism will wear a splint for 167 more days than a child who had a 

scald burn. For every 5% greater %TBSA they will wear a splint 20 more days. Worst 

burn depth and anterior trunk, flank, arm distribution was excluded from the final 

equation. 

 

Ongoing end of range axilla splinting  

Forty-nine children (64%) received axilla splinting 60 days post burn. The mean age 

of these children at burn was 4.1 years (SD 3.5) and mean %TBSA was 17.5% (SD 

12.5). Within this group, scar management was prescribed and implemented by a 

burns physiotherapist and included use of compression garments and silicone 
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products. Table 3 outlines the frequency of hypertrophic scar (HTS) development 

and scar management interventions at multiple assessment points post burn. The 

peak use of compression garments and silicone products occurred between 3 and 9 

months post burn. After 9 months, use of these interventions decreased as scars 

progressed towards maturation.   

 

Table 3: Physiotherapy interventions for scar management in children splinted 

60 days (n=49) 

 

Months 
post 
burn 

n (%) 
attending 
follow-up 

n (%) 
HTS 

n (%) 
splinted 
 

Mean (SD) 
hours splint 
worn in 24 
hour period 

n (%) using 
compression 
garment 

n (%) using 
silicone 

1 49 (100) 19 (39) 48 (98) 18 (3.7) 25 (51) 11 (22) 

3 49 (100) 45 (92) 43 (88) 16 (3.8) 47 (96) 38 (78) 

6 49 (100) 44 (90) 31 (63) 14 (3.2) 47 (96) 38 (78) 

9 47 (96) 41 (87) 14 (30) 14 (3.1) 38 (81) 35 (74) 

12 42 (86) 33 (79) 7   (17) 12 (0) 24 (57) 21 (50) 

18 33 (67) 21 (64) 0    0 9   (27) 9   (27) 

24 26 (53) 18 (69) 0 0 4   (15) 4   (15) 

Abbreviations; HTS, hypertrophic scar; n, number; SD, standard deviation 

 

 

The mean time to axilla splint commencement in this group was 7 days post burn 

(SD 9.4) and the mean number of days of splint use was 221 (SD 111.7), with all 

children ceasing splinting by 18 months post burn. All were splinted prophylactically, 

except one child who commenced splinting when skin tension was identified at day 

55 post burn. Forty-five percent of children commenced splinting within the first 3 

days of injury. Figure 4 shows axilla splint use at multiple assessment points and 

demonstrates the changing frequency of splint regimes and the decline in splint use 

as the scar progresses towards maturation. Hours of axilla splint use in a 24-hour 

period are presented in Table 3. The mean duration of follow-up in these children 

was 612 days (SD 255.6). 
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Figure 4: Hours end of range axilla splint worn in 24 hour period in children 

splinted 60 days (n=49) 
 

 

 

 

Outcomes of end of range axilla splinting  

At 9 months post burn all children attending review had full ROM, with no further loss 

of ROM for the duration of their follow up in this study. Examples of outcomes of end 

of range axilla splinting at 12 and 18 months post burn are demonstrated in Figure 5. 

Early signs of contracture developed in 9 of the children (18%) who had received 

splinting 60 days post burn; 7 (14%) had loss of ROM and 2 (4%) had significant 

banding. Figure 6 illustrates the flow of children with early signs of contracture 

development in the first 9 months post burn. No child who received splinting <60 

days demonstrated any early signs of contracture. 
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Figure 5: Children treated with end of range axilla splint 
 

Parent/Guardian consent provided for use of these images 

 

 

In the first 6 months post burn, 6 of the children who developed early signs of 

contracture underwent serial casting at a mean of 76 days (SD 24.7) post burn. The 

mean age of these children at burn was 5.4 years (SD 2.5) with a mean %TBSA of 

16.3% (SD 10.5) and a mean time to complete wound healing of 67.3 days (SD 

47.7). Two of these children required only 1 serial cast; which was applied for up to 4 

days. Three children required application of 2 serial casts, with a mean duration of 

casting of 8 days (SD 2.6). The remaining child had a daily serial cast applied for 3 

days. This child had persistent scar tension at end of range abduction and flexion 

throughout the first 6 months post burn, which following casting was managed with 

ongoing and intensive splinting and exercise. All children were transitioned back to 

an axilla splint following casting with a mean length of splinting post burn of 311 days 

(SD 107.7).  

 

The three other children who developed early signs of contracture (Figure 6) did not 

undergo serial casting. Two children improved axilla ROM with intensive exercises 

and ongoing axilla splinting. One child had loss of ROM and the axilla self-released 

12 months post burn 12 months post burn 18 months post burn
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while participating in physical activity. In this case, re-grafting was required to 

achieve wound closure.  

 

Figure 6: Flowchart depicting numbers of children with early signs of 
contracture development in the first 9 months post burn 
 

                   

 

 

Table 4 presents characteristics associated with early sign of contracture 

development. Older children were significantly more represented with 7 of the 9 

children who developed early signs of contracture between 5-<12 years old. In this 

age group, there were greater numbers of flame burns in the whole cohort and 

similarly, flame burns were also significantly more represented among those who 

developed early signs of contracture. Beyond baseline characteristics, children with 

skin tension at end of range shoulder abduction and flexion at 1-month post burn, 

were significantly more represented among those who developed early signs of 

contracture.  
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Table 4: Univariate analysis of characteristics at baseline and 1-month 
assessment associated with early signs of contracture development  
 

Categorical variable All children splinted  60 

days n (% of n=49) 

p-value 
comparing 
children 
who did 
and did not 
develop 
early signs 
of 
contracture 

 
 
Early signs of 
contracture 
development  
 
n=9 

 
 
No early 
sign of 
contracture 
development 
n=40 

Sex Male 
Female 

6 (12) 
3 (6) 

19 (39) 
21 (43) 

0.30 

Age <2 
2 - <5 
5 - <12 
12-18 

1 (2) 
0  
7 (14) 
1 (2) 

19 (39) 
11 (23) 
 9  (18) 
 1  (2) 

0.004* 

Ethnicity Caucasian 
Aboriginal 
Asian 
Arab and African 
Mixed 
Unknown 

4 (8) 
3 (6) 
0  
2 (4) 
0  
0  

20 (41) 
3   (6) 
7   (14) 
5   (10) 
4   (9) 
1   (2) 

0.20 

Geographical 
location 

Metropolitan 
Non-metropolitan 

4 (8) 
5 (10) 

28 (57) 
12 (25) 

0.15 

Mechanism Scald 
Flame 

1 (2) 
8 (16) 

29 (59) 
11 (23) 

0.001* 

TBSA <30% 

30% 

8 (16) 
1 (2) 

33 (67) 
7   (14) 

0.64 

Worst burn depth Mid-dermal 
Deep-dermal 

1 (2) 
8 (16) 

3   (6) 
37 (76) 

0.72 

Distribution of 
deep burn areas** 

Anterior trunk / arm 
Anterior trunk / flank / arm 
Posterior trunk / arm 
Posterior trunk / flank / arm 

1 (2) 
4 (8) 
1 (2) 
1 (2) 

13 (27) 
10 (20) 
2   (4) 
4   (8) 

0.2 
0.24 
0.49 
0.92 

Side affected Unilateral 
Bilateral 

9 (18) 
0  

33 (67) 
7   (14) 

0.18 

Hospital 
admission 

Admitted 
Not admitted 

9 (18) 
0  

35 (72) 
5   (10) 

0.26 

PICU admission Admitted  
Not admitted 

3 (6) 
6 (12) 

14 (29) 
26 (53) 

0.92 

Wound closure at 
1-month post burn 

Incomplete 
Complete 

7 (14) 
2 (4) 

20 (41) 
20 (41) 

0.13 

Skin tension at 1-
month post burn 

Present  
Not present 

5 (10) 
4 (8) 

4   (8) 
36 (74) 

0.001* 

*p-value <0.05 is significant 
**% does not add up to 100 as children with distribution in other category (n=13) are not accounted for 
Abbreviations; n, number; PICU, paediatric intensive care unit; ROM, range of movement; TBSA, total body surface area;  

 

 

Predicting who will develop early signs of contracture 

All baseline characteristics presented in Table 4 with p-value 0.15 demonstrating 

differences between children who did and did not develop early signs of contracture 
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were entered into a binary regression. The model contained 3 independent variables 

(mechanism, age at burn and geographical location). In this multivariate model (chi-

square 12.8, df 3, Nagelkerke R squared 37.5%), no variables remained 

independently statistically significant; mechanism OR 12, 95% CI 0.9-158.3, p=0.06; 

age at burn OR 1, 95% CI 0.8-1.5, p=0.41; geographical location OR 0.9, 95% CI 

0.1-5.7, p=0.9 and therefore baseline variables cannot predict who will develop early 

signs of contracture. 

 

To determine if characteristics presenting at the 1-month postburn clinical 

assessment were better able to predict which children would develop early signs of 

contracture compared to baseline variables, variables related to clinical assessment 

with p-value 0.15 were entered into a binary regression. The subsequent model 

explained 31% of the variance (Nagelkerke R squared) and correctly classified 86% 

of patients. The presence of skin tension at end of range shoulder movement at the 

1-month assessment made a unique statistically significant contribution to the model 

(OR 11, 95% CI 1.9-62.1, p=0.007), controlling for the absence of complete wound 

closure at 1-month (OR 3, 95% CI 0.5-21.5, p=0.2).  
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Discussion 

 

This is the first study to report on ROM outcomes associated with end of range 

splinting of the axilla, demonstrating positive long-term ROM results in children with 

burns to the axilla region who have received this intervention. Furthermore, in this 

cohort of children, end of range splinting of the axilla was well tolerated. Only two 

children (3%) developed signs of neural tension, which was immediately addressed 

and resolved with splint remoulding. No further symptoms were reported and there 

were no adverse events in the long term.  

 

Current literature reports contracture of the axilla accounts for 23%-40% of all 

postburn contracture, in all ages.4-6,21,22 In a cohort of children only, axilla contracture 

accounted for 28% of postburn contractures at hospital discharge, despite intensive 

therapy, including positioning and splinting.6 In our study, no child developed axilla 

contracture for the duration of their follow-up in the study. Development of early 

signs of contracture occurred in 9 children (18%) within the first three months of burn 

injury. These signs were amenable to early and intensive therapy and all children 

had restoration of full axilla ROM, which was retained for the remaining duration of 

their follow-up. Consequently, no child required surgical restoration of axilla ROM, 

however one child did require re-grafting as a result of an open wound from self-

release. Previously published literature has demonstrated surgical release rates of 

17% in children post axilla burn.21 Our results from early, intensive, end of range 

splinting are therefore encouraging and could be a valuable therapy option in 

reducing axilla contracture rates.   

 

Standard clinical practice at CHW is to splint all axilla burns on first presentation to 

the tertiary centre. A consequence of this model of care is that it will not be an 

essential intervention for all who receive it. One third of this cohort, ceased axilla 

splinting before 60 days postburn, when contracture was no longer considered a risk 

by the treating therapist. The 60-day cut off was selected as a defining timepoint as 

clinically we have noted this to be a time of highly active and dynamic scarring 

following complete wound closure, and if a splint was deemed not necessary at this 

time, then it is unlikely contracture would have ever resulted from the burn injury. 
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While prophylactic splinting requires considerable time and resources, prevention is 

an important aspect of our model of care and we believe that this approach, which 

captures and treats all children with any contracture risk, minimises the occurrence 

of poor outcomes as no one is missed. We acknowledge that this may not be 

suitable in settings where there is more demand on time and resources. 

 

Current literature reports a greater prevalence of post burn contracture among 

individuals with larger %TBSA burns2,4,5,23 and burns located in close proximity to a 

joint.2 However, these findings are not specific to paediatric axilla burns. Therefore, 

due to the difficulty predicting at initial presentation who will develop early signs of 

contracture, the prophylactic splinting approach described within this study is 

recommended. While univariate analysis suggests that at initial presentation, older 

children with flame burns are more likely to develop early signs of contracture, the 

ability to predict who will develop these signs becomes much clearer at the 1-month 

post burn assessment with the presence of skin tension significant in a multivariate 

model. Identification of skin tension facilitates prompt intervention and we concur 

with Godleski et al24 that early signs of contracture are amenable to intensive 

therapy without the need for surgical intervention. We found serial casting to be well 

tolerated and effective in restoring ROM and decreasing scar tension in the first 3 

months post burn. This is in line with literature by Richard et al25, who described a 

window of time of 2-months post burn, where contractures are amenable to therapy 

with good prognosis for resolution. Our findings highlight the importance of regular 

monitoring and clinical assessment, particularly in the first month post burn, to 

identify early warning signs of contracture development and facilitate prompt 

intervention. 

 

In all children who developed early signs of contracture, poor compliance with 

splinting regimes was documented within the medical records. Compliance is a 

difficult variable to measure, particularly retrospectively. Consequently, the effect of 

poor compliance on the development of contracture could not be quantified and 

incorporated into statistical analysis. Interestingly, children aged 5-<12 years were 

represented in greater numbers among those who developed early signs of 

contracture. Our clinical experience suggests it is more challenging to maintain 

active older children in a splint, which restricts ROM for the long periods required, 
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particularly in the initial months post burn. However, based on the results of this 

study, encouraging parents and children to adhere to end of range splinting regimes 

may minimise the need for additional therapy interventions such as serial casting. 

 

This study supports consideration of end of range splinting regimes well into the first-

year post burn; over half of children required a splint for at least 6 months with all 

splinting ceased by 18 months postburn. To date, five studies10-14 have reported 

results of axilla splinting post burn, however only one has reported outcomes in a 

cohort of children.10 These children were splinted between 90 and 160 of shoulder 

abduction and while the authors reported full axilla ROM in all children, the study 

follow-up was very short-term (mean of 2 weeks post burn).10 This does not account 

for scar development and subsequent contracture. The four studies with adult 

cohorts reported outcomes of axilla splinting at 90 shoulder abduction, also for short 

periods of time post burn only.11-14 Follow-up of participants within these studies 

ranged from 4 weeks post burn12 to 12 weeks post hospital discharge.13 In 

comparison to the five studies, our cohort of children were splinted at a greater 

degree of abduction and for considerably longer periods of time postburn. This is a 

treatment approach we believe necessary to oppose the active and ongoing 

contractile properties of scar tissue.9 This is in line with early work by Huang et al22 

who found contracture risk to be reduced if a splint was worn for at least six months. 

To date, we are not aware of any studies reporting longer term outcomes of any 

axilla splinting.  

 

The optimal length of splint use in a 24-hour period to achieve scar elongation is 

unknown.26,27 In this study, intensive splinting (12 hours overnight and 6 hours during 

the day), was highly prevalent in the first 3 months post burn but reduced markedly 

throughout follow-up. To facilitate intensive splinting well beyond hospital discharge, 

fabrication of a splint that allows ongoing ambulation is essential. Several axilla splint 

designs, which enable community ambulation are described in the literature.7,28,29 

Our end of range axilla splint allows mobility and physical activity to continue while 

the splint is worn. Where possible, splint use is incorporated into sleep or rest times 

to allow functional upper limb use during awake periods. This is particularly relevant 

in the periods of intense splinting early on.   
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There are several limitations to this study providing direction for future research. It is 

retrospective with a small sample size.  A novel splinting method is described, which 

has not been previously documented and consequently, it is hard to verify the results 

with any other centre. Only dichotomous axilla ROM outcomes were recorded in the 

medical record, whereas ROM as a continuous variable may yield more detailed 

results. Functional outcomes as a result of splint use were not assessed, therefore 

unable to be collected and remain unknown. In future, a prospective study is needed 

with outcomes beyond 24 months post burn. A measure of upper limb function 

throughout the period of splinting and at cessation of splinting would also be useful. 

To study greater numbers, development of a standardised protocol and multicentre 

trial would be a valid consideration.  

 

End of range axilla splinting is a well-tolerated and effective intervention to prevent 

contracture in children following a burn to the axilla region. In this study, no child 

developed contracture or required surgical restoration of axilla ROM for the duration 

of their follow-up. Early identification of children developing early signs of 

contracture, allows prompt and intensive intervention to restore full axilla ROM. Our 

findings suggest that the use of an end of range axilla splint is a valuable clinical tool 

to prevent axilla contracture and is worth consideration in settings where contracture 

rates are higher.  
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This thesis has explored the prevalence and predictors of burn scar contracture in 

adults and children and examined the methods and outcomes of current splinting 

techniques for axilla burns reported in published literature and in an original research 

study presented in Chapter 3. Early, end of range axilla splinting at The Children’s 

Hospital at Westmead over a 10-year period demonstrated positive outcomes and 

has been submitted to the Journal of Burn Care and Research. This final chapter 

explores the findings of this thesis in greater depth than covered in the paper 

presented in Chapter 3.  

 

Key Findings 

 

1. Early, end of range axilla splinting is well tolerated with excellent ROM 

outcomes achieved in children following burn injury to the axilla region. 

2. End of range splinting could be considered at other joints as an intervention to 

maintain joint ROM post burn injury. 

3. Functional consequences and outcomes of prolonged splinting require further 

consideration.  

4. There is limited evidence regarding the prevalence and predictors of burn scar 

contracture in published literature. 

5. There is a need for clear, agreed upon definitions of hypertrophic scarring and 

contracture.  

 

 

Finding 1: Early, end of range axilla splinting is well tolerated with excellent 

ROM outcomes achieved in children following burn injury to the axilla region. 

 

The study presented in Chapter 3 demonstrated that end of range splinting is a 

valuable intervention to maintain axilla ROM in children following a burn to this area. 

No child developed contracture of the axilla for the duration of their follow-up in the 

study. While 9 children developed early signs of contracture within the first 3 months 

post burn, these signs were amenable to early and intensive therapy and all children 

had full restoration of axilla ROM. This is in line with earlier work by Richard et al,64 
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who in a retrospective study found that scar contractures that developed within 2 

months of burn injury had good prognosis for resolution. Several case studies have 

also reported positive ROM outcomes following serial casting of post burn 

contractures at the elbow, knee and foot and ankle.82-84  

 

This study is the first to report 2-year outcomes of axilla splinting post burn. Previous 

research into the effectiveness of post burn axilla splinting assessed short-term 

outcomes only, with the longest study follow-up of 12 weeks post hospital 

discharge.79 Given that scar maturation occurs up to 2 years post burn, the 

previously reported short term outcomes do not provide a clear measure of the long 

term results of splinting in the prevention and management of BSC. The outcomes of 

this current study suggest that intensive splinting, for up to 12 months post burn can 

result in excellent ROM outcomes at 2 years post burn. Future research needs to 

focus on the long-term efficacy of splinting post burn injury. To do this, ROM 

outcomes need to be analysed at scar maturation, at least 2 years post burn with 

minimal loss to follow-up. 

 

It is important to acknowledge that there was considerable loss to follow up in the 

study presented in Chapter 3, particularly after 12 months post burn. Of the 49 

children splinted 60 days, 100% were assessed at 6 months post burn, 86% at 1 

year post burn and 53% at 2 years post burn. Consequently, there is a need for 

strategies to ensure greater rates of follow-up in future prospective research. In a 

study of orthopaedic patients, Sprague et al85 outlined multiple strategies to limit loss 

to follow-up in a RCT. These strategies included, obtaining detailed contact 

information for participants including alternate contacts, excluding individuals 

uncertain about their willingness to complete follow-up, designing the study follow-up 

schedule to coincide with normal follow-up visits to minimise inconvenience to 

participants, fully informing participants of their role in the research and discussing 

expectations for personal benefit from participation as well as how the research will 

benefit future patients.85 In future prospective research analysing the effectiveness of 

axilla splinting post burn, these strategies could be implemented to minimise loss to 

follow-up. 
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This study of end of range axilla splinting was retrospective, at one centre and 

involved one type of splinting practice only. To provide better evidence of the 

efficacy, feasibility and safety of end of range axilla splinting, this intervention should 

be compared to exercise only or other types of axilla splinting practice, through a 

prospective RCT. It is important to consider that a multicentre RCT may be unlikely 

to be agreed upon in centres where established clinical practice includes standard 

preventative splinting. This would certainly be the case at this tertiary children’s 

hospital as end of range axilla splinting post burn has been standard practice for 30 

years with excellent results. Consequently, while a multicentre RCT86 to compare 

end of range splinting to a regime of exercise only or a 90 axilla splint, would 

provide higher level evidence into the effectiveness of this type of splinting, it may 

not be a feasible option in centres where there is already established practice. 

However, training therapists who are inexperienced in splinting methods or currently 

do not splint prophylactically due to lack of evidence regarding efficacy, may be an 

option to enable a multicentre trial to be conducted.  

 

In a multicentre RCT, stratification of individuals according to known risk factors for 

contracture would be ideal. However, this remains a challenge, due to the lack of 

evidence regarding predictors of contracture in children. As presented in Table 1.3, 

Chapter 1, the only known risk factors for BSC in children, are older age and longer 

ICU length of stay.46 Factors related to injury severity are more predictive of BSC in 

adult cohorts.5,7,53 A recent development in the prediction of risk and extent of 

contracture post burn is the concept of cutaneous functional units (CFUs). This was 

first described by Richard et al12 and refers to fields of skin associated with 

movement at a joint. In skin unaffected by burn injury the greatest amount of skin 

movement occurs in close proximity to the joint, however skin movement is also 

evident at significant distances from the axis of movement.12 Parry et al87 found that 

in children with post burn axilla contracture, the greater the percent of CFUs 

affected, the greater the loss of ROM at the shoulder. Further prospective research 

is needed, to demonstrate whether factors related to injury severity, such as the 

number of CFUs affected are associated with an increased risk of contracture in 

children. Consequently, a prospective longitudinal study86 to enhance understanding 

of the tolerability and safety of end of range axilla splinting may be the first feasible 
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study design, until further knowledge regarding contracture predictors in children is 

gained.  

 

A unique aspect of this study was the end of range splinting position in abduction 

ranges well beyond 90. In this cohort of children, splinting in this position was not 

observed to cause any adverse events. Increased tension on the brachial plexus is a 

recognised concern of axilla splinting beyond 90 post burn to this area.47 Two older 

males did report symptoms consistent with positive neural tension, however this 

ceased immediately on remoulding the splint in greater horizontal adduction. This 

therefore suggests, in line with hypotheses by other authors, that 15-20 of 

horizontal adduction is integral to the safety of end of range axilla splinting.47,78 

Future research could consider inclusion of nerve conduction studies if concerns 

regarding splinting the shoulder in >90 abduction continue to preclude use of this 

splint design in clinical practice.  

 

 

Finding 2: End of range splinting could be considered at other joints as an 

intervention to maintain joint ROM post burn injury. 

 

In light of the positive outcomes demonstrated in this study, end of range splinting to 

manage other joints post burn warrants further research and consideration in clinical 

practice. There is very limited evidence regarding the efficacy, feasibility and safety 

of any type of splinting practice, across any joint post burn. Consequently, as 

discussed in Chapter 1.2, implementation of splinting post burn and approaches to 

prevention and management of BSC vary considerably between therapists and burn 

units.58,88 The potential role of end of range splinting across each limb joint will now 

be discussed. 

 

At the elbow and knee joints, end of range splinting is recommended clinical practice 

in burn care guidelines.39,89 To prevent contracture of the elbow and knee post burn, 

therapists are advised to position these joints in full extension, minus a few degrees 

to avoid joint trauma.39,89 It is important to recognise that the elbow and knee differ 

from the shoulder as they are both hinge joints, which move within the sagittal plane 
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only.90 In comparison, the shoulder is a multiplanar joint, moving within the frontal, 

transverse and sagittal planes.90 Consequently, splinting at end of range to prevent 

flexion contracture of the elbow and knee is considerably easier compared to the 

shoulder, as extension can be comfortably maintained with a splint, which can be 

worn for prolonged periods of the day and overnight. Furthermore, the elbow and 

knee move frequently into end of range extension with normal daily activities. In 

comparison, the shoulder moves to end of range abduction and flexion considerably 

less frequently. A study assessing upper limb position during 8 hours of daily activity 

found that 96% of the time, humeral position was <120 of flexion and abduction.91 

Concern regarding nerve injury caused by isolated end of range splinting at the 

elbow and knee has also not been raised in any published literature. At present, 

there have been no published RCTs analysing the effectiveness of any elbow or 

knee splinting techniques. Lower quality evidence is available but limited. Two case 

series reported improvements in elbow and knee ROM following serial casting83 and 

static progressive splinting.92 One case study, involving an adult patient with bilateral 

post burn elbow flexion contractures, reported that elbow extension improved with 

use of a dynamic elbow splint.93 

 

Prevention of contracture at the hip poses a similar challenge to the shoulder 

following burn injury as it is also a multiplanar, ball and socket joint.90 Clinical 

practice guidelines recommend positioning the hip, particularly when the burn 

involves the anterior surface, in full extension with 15-20 abduction and no 

rotation.39,89 This is achievable when the patient is supine or prone post burn injury, 

however becomes more challenging when the patient is mobile as the hip cannot be 

immobilised in this position when the patient is upright and walking. Furthermore, 

when the patient is sitting, the hip is positioned in flexion, therefore promoting the 

position of contracture. Consequently, regular stretching in prone into end of range 

hip extension is a valuable adjunct to hip splinting. A fundamental difference 

between the hip and shoulder is that the hip moves into end of range extension with 

mobility, a daily activity. In comparison, end of range shoulder abduction and flexion 

is not required in the same frequency to complete regular ADLs.91 This may explain 

why the shoulder accounts for 23%-40%7,46,51-53 of all post burn contractures, while 

the hip accounts for 5%-8%7,46,53 of all post burn contractures. Despite being similar 
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joints, the variation in contracture prevalence at the hip and shoulder suggest it is 

easier to maintain ROM at the hip post burn compared to the shoulder. At present, 

no prospective trials, splint descriptions or case studies regarding hip splinting 

techniques have been published.  

 

Clinical practice guidelines recommend positioning the foot and ankle at 

plantargrade to prevent equinus deformity, a common contracture in adults following 

burn injury to the foot and ankle.39,89 In children, burns to the feet commonly occur in 

the Australian population as a result of contact with a hot object, frequently campfire 

ash.94 These burns often involve the plantar surface of the foot and are optimally 

positioned in plantargrade or neutral. However, when the dorsal surface of the foot 

and ankle are involved, splinting at end of range plantarflexion is an intervention to 

consider, as it may assist with prevention of dorsiflexion contractures. At present, no 

end of range plantarflexion splinting to prevent dorsiflexion contracture has been 

described in published literature. Two case studies involving children with bilateral 

plantarflexion contractures, reported improvements in ankle dorsiflexion ROM 

following serial casting.82,84 At present, there have been no RCTs evaluating the 

effectiveness of one splint over another for burns involving the foot and ankle. 

 

Contracture of the hand and wrist can result in less than optimal hand function 

following burn injury.95 Similar to the effect of axilla contracture on upper limb 

function discussed in Chapter 2.1, BSC of the hand and wrist may impair an 

individual’s ability to perform manual tasks. Clinical practice guidelines recommend 

positioning the hand and wrist post burn injury with the metacarpophalangeal (MCP) 

joints in 70-90 flexion, the interphalangeal (IP) joints in full extension, the 

carpometacarpal (CMC) joint of the thumb in a combination of radial and palmar 

abduction and the wrist in neutral or slight extension.39,89,96 This positioning reflects 

the functional position of the adult hand, with the MCP joints positioned in flexion to 

maintain length of the extensor tendons. In children, a different approach to splinting 

the hand and wrist may be warranted due to the large incidence of burns to the 

palmar surface of the hand and wrist, anecdotally reported in published literature.97-99 

Young children actively engage with their environment, seeking out new experiences 

and different objects to touch and explore. Consequently, burns to the palmar 
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surface of the hand frequently occur and in young children isolated burns to the hand 

and wrist account for a quarter of all burns in children aged 0-4 years.2,100 The 

frequency of this distribution is not evident in adults.2 To address the potential for 

palmar contracture in the growing hand, clinical practice at CHW is to splint the hand 

in full IP, MCP and CMC extension with the wrist in 30-40 extension. This 

completely opens the palm and provides a sustained extension stretch to all joints of 

the hand and wrist, which may assist with the prevention of palmar contracture. This 

is particularly important in young children, due to the years of growth ahead and the 

potential for contracture development as a result of growth.  

 

At present, literature involving splinting of the wrist and hand post burn is limited. 

Two RCTs have been published involving adult patients with flexion contractures 

restricting extension at the MCP joints post burn.101,102 Choi et al101 found greater 

improvements in active MCP flexion in patients treated with a dynamic splint for 8 

weeks compared to no splint, while Kamal et al102 found patients treated with a 

dynamic splint for 8 weeks had greater improvements in ROM and hand function 

compared to those treated with a static splint. The timing of splinting commencement 

post burn was not specified in either study, although all patients in the study by Choi 

et al101 were within 6 months of burn injury. The only published literature to report 

outcomes of splinting paediatric palm burns is a case series published in 1992, 

which involved 11 children with palm burns splinted in MCP hyperextension with 30-

40 of wrist extension.103 The splint was worn continuously for the first 2-4 weeks 

post burn and reduced to overnight and day sleeps for an additional 3-6 months.103 

The authors reported that at 18 months post burn 75% of the cohort had normal 

ROM, while 25% were scheduled for reconstructive surgery.103  Anecdotally, 

splinting burns involving the palmar surface of the hand and wrist in a similar position 

at this tertiary children’s hospital, produces excellent ROM outcomes at scar 

maturation, which exceed those described in the case series above. Theoretically, 

this may be due continuous use of the splint throughout the day and night for greater 

periods of time than 2-4 weeks post burn.    

 

There is very limited research into the effectiveness, feasibility and safety of splinting 

to prevent post burn contracture, particularly at end of range. This leaves very limited 
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evidence-based treatment pathways for burns therapists to prevent and manage 

contracture. While splinting post burn is accepted as a treatment to oppose the 

ongoing contractile forces of maturing scar tissue, the utilisation of splinting varies 

considerably among burn therapists.9,58 In the proceedings of the Consensus 

Summit on Burn Rehabilitation, the authors hypothesised that this is due to a lack of 

objective data on intervention parameters and efficacy of splint use.9 Despite many 

splint designs described in the literature, RCTs evaluating the effectiveness of one 

splint over another are extremely limited. Similar to the short time frames described 

in axilla splinting literature, the two RCTs involving the MCP joints of the hand 

analysed the effectiveness of splinting for 8 weeks only.101,102 The timing of splint 

commencement post burn was not specified. Consequently, the long-term effect on 

ROM of these interventions remains unknown.   

 

Future research should focus on determining the efficacy, feasibility and safety of 

postburn splinting at the axilla and other joints.9 Outcomes should be analysed at 

least 2-years post burn with efforts to ensure minimal loss to follow up throughout the 

study period. This research will enable therapists to provide care to patients post 

burn, which is centred on solid evidence-based treatment instead of anecdotal 

evidence established from experience.   

 

 

Finding 3: Functional consequences and outcomes of prolonged splinting 

require further consideration. 

 

Post burn function needs improved evaluation, particularly following implementation 

of splinting interventions. In the study presented in Chapter 3, children were 

immobilised at end of range shoulder abduction for prolonged periods of time. While 

anecdotally no detrimental effects on upper limb function have been observed from 

this splinting practice at CHW, this is not definitively known. Although parents often 

subjectively report that upper limb use has returned to pre-burn level, no formal 

testing was conducted at this tertiary centre to substantiate this. Consequently, the 

functional outcomes of prolonged, end of range splinting could not be reported within 

the study presented in Chapter 3. 

 



 71 

During childhood, children have acquisition of skills, which may be limited by a lack 

of task specific practice while immobilised in the axilla splint. To assess potential 

detrimental effects of intensive and prolonged end of range axilla splinting, 

standardised assessments of fine motor function at predetermined time points, 

during and post periods of intensive splinting and in the years following scar 

maturation, could be considered. Assessment using The Peabody Developmental 

Motor Scales-2,104 the Nine-Hole Peg Test105 or the Functional Dexterity Test106 may 

be useful tools in these instances, to compare hand function of children splinted to 

normal values. If this demonstrated that during and following splinting, children 

performed poorly in comparison to normal, modification of splinting regimes or the 

addition of functional training when out of the splint, may be warranted. However, it is 

important to consider whether poor performance is solely attributed to splint use. To 

date, no research has been conducted analysing the effect of burn injury on 

children’s gross or fine motor skill attainment. However, it seems plausible that 

following significant injury, there is potential for delay in the acquisition of new skills, 

or even regression of fine and gross motor skills. Incorporating a functional measure 

of upper limb use in a multicentre RCT would assist with determining this.  

 

Another important area to explore is the perception of children and their families to 

prolonged and intensive splint use. Qualitative research methods to gauge the 

impact of splinting on families could provide useful information regarding the burden 

of care of intensive splinting regimes. Scar and contracture management post burn is 

invariably driven by the perspective of the burns therapist, which may not necessarily 

address what is important to the patient. Developing a greater understanding of the 

perception of post burn function and what is important to children and their families 

would assist with tailoring post burn therapy interventions to best meet patient goals. 

Reporting on patient reported outcomes is also increasingly recognised as important 

in clinical research, to inform a patient centred approach to care and clinical decision 

making.107 In providing care to children and their families post burn, is important to 

consider their perception, as splinting is time intensive and potentially increases the 

burden of care on families.  
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Finding 4: There is limited evidence regarding the prevalence and predictors of 

burns scar contracture in published literature. 

 

There is a need for a clear definition of BSC. Previous literature has defined 

contracture as loss of range of movement at a joint identified with goniometry or 

inclinometry7,46,53 or subjective assessment of visible skin coarctation, reduced ROM 

or sensation of constriction.5  Several studies presented in Table 1.3 provided 

additional classification of contracture according to severity, by dividing ROM equally 

into thirds7,46,53 or quarters.51 This current study of end of range splinting was 

retrospective and limited to information available in patient medical records. In 

contrast to other retrospective studies, where axilla ROM was measured with a 

goniometer and inclinometer,7,46,53 axilla ROM in the medical records accessed for 

this study was recorded as either full or not full. In some cases of early signs of 

contracture, an approximate measure of end of range abduction was provided. 

However, no objective ROM measures were routinely recorded clinically. This is a 

limitation of this study, as the improvement in ROM gained from serial casting or 

intensive exercise with ongoing splinting could not be quantified in the children who 

developed early signs of contracture and underwent intensive therapy. Future 

prospective research must include an objective measure of axilla ROM, such as 

goniometry or inclinometry to provide more accurate ROM outcomes. To enable 

comparison of results between studies, there is a need for a clear, agreed upon 

definition of contracture post burn, obtained with objective measurement tools widely 

available in the clinical setting. 

 

There is wide variation in the reported prevalence of postburn contracture. The study 

presented in Chapter 3 demonstrated no contracture at 2 years post burn. The 

children included in this study were all deemed on initial presentation to be at high 

risk of developing axilla contracture following a burn to this area. With the exception 

of Dobbs and Curreri,52 who did not specify inclusion criteria, and Huang et al,51 who 

included only individuals with burns involving specific joints, all other authors 

reported contracture prevalence in all individuals presenting to inpatient7,46,53 or 

outpatient burn units5 for management of a burn injury (Table 1.3, Chapter 1).5,7,46,53 

The prevalence of contracture reported in these studies therefore reflects the overall 
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risk of developing a contracture following a burn injury, as all individuals with a burn 

were assessed, including those without joint involvement.  

 

To gain greater knowledge of the prevalence of contracture post burn, understanding 

the risk of developing contracture at a particular joint following a burn across or in 

close proximity to the joint is essential. Currently, evidence regarding the prevalence 

of BSC by burn anatomical location is limited.9 Only one study, presented in Table 

2.1, reported on the prevalence of axilla contracture as a percent of all axilla burns.52  

All other studies5,7,46,51,53 reported the prevalence of axilla contracture in relation to 

all contracted joints. Consequently, it is unknown whether the risk of axilla 

contracture is the same as the risk of contracture at other joints post burn injury 

when the burn is across or in close proximity to that joint. In order to provide clearer 

prognostic information to patients and their families, more research into the risk of 

developing contracture at a specific joint following a burn across or in close proximity 

to that joint, is needed with prospective longitudinal studies. Clinically, this will enable 

better delivery of resources and aid prioritisation of patient care to target those most 

at risk.  

 

To date, there have been no studies to analyse the prevalence of post burn 

contracture at the point of scar maturation. The only study to report on the 

prevalence of post burn contracture in children, assessed ROM outcomes at hospital 

discharge.46 The lack of long-term prevalence data is particularly relevant in children, 

as there is an absence of knowledge regarding how contracture prevalence changes 

with normal growth and development. When normal skin is replaced with thick burn 

scar, which has decreased pliability and extensibility, the ability of the skin to 

accommodate growth is reduced.15,16 In order to provide better information to 

children and their families on the effect of future growth and development following a 

burn to a specific joint, the prevalence of BSC needs to be studied, not only to the 

time of scar maturation, but also over longer periods of time, while a child continues 

to grow.  

 

The ability to predict the development of BSC based on published literature is also 

limited. Understanding predictors of contracture is important, as knowing who is at 

risk of developing contracture can assist with guiding management and preventative 
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strategies. In children, only one study has analysed predictors of contracture.46 

These authors found that older children and increasing ICU length of stay were 

significantly associated with the development of 1 or more post burn joint 

contractures.46 In the study presented in Chapter 3, predictors of splint use 60 days 

could be considered a proxy for predictors of contracture, as these children used a 

splint as a preventative intervention for contracture. In univariate analysis, younger 

children, flame mechanism, deep dermal burn, burn TBSA 30% and burn 

distribution involving the anterior trunk, flank and arm demonstrated a significant 

relationship with splint use 60 days. In multivariate analysis, younger children, 

flame mechanism and increasing %TBSA remained significantly related to longer 

splint use. In terms of age, this is in contrast to the finding reported by Goverman et 

al46 as in their cohort, older children, not younger children were more likely to 

develop contracture. A possible explanation for this is that in the current study of end 

of range axilla splinting presented in Chapter 3, younger children were more tolerant 

of splint use and consequently continued to use a splint for longer periods of time. 

Clinically, it may be more difficult to maintain splint use over prolonged periods of 

time in older children, so compromise with regular exercise occurs earlier, hence 

excluding them from maintaining splinting 60 days. Another explanation for the 

greater prevalence of contracture in older children identified by Goverman et al,46 is 

that, as discussed in Chapter 1.1, there is an increasing incidence of flame burns in 

older children,1,2 which can result in more uniformly deep burns with larger 

distributions. In this current study of end of range axilla splinting, flame burns were 

identified as a predictive factor for longer splint use as well as development of early 

signs of contracture.  

 

The study presented in Chapter 3 highlights the importance of closely monitoring 

children presenting with flame burns, as children with this mechanism of burn injury 

were significantly more likely to require splinting 60days and were also significantly 

more likely to develop early signs of contracture. These children should be identified 

at the outset and closely monitored throughout the scar maturation process. This is 

particularly important in the first 3 months post burn, as this was demonstrated as 

the time when early signs of contracture developed.  
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The importance of regular monitoring and good clinical assessment at 1-month post 

burn has been highlighted in this study. The presence of skin tension at end of range 

shoulder abduction and flexion at 1-month post burn was significantly more likely to 

be present in children who developed early signs of contracture. Multivariate analysis 

determined that identifying skin tension at 1-month post burn was more important in 

predicting early signs of contracture than demographic and baseline clinical 

variables. Therefore, to facilitate timely intervention to address warning signs of 

contracture, good clinical assessment at 1-month post burn is essential.  

 

Nine children developed early signs of contracture in this current study. If prompt and 

intensive therapy intervention had not occurred, these early signs may have 

progressed to contracture and required surgical release to restore axilla ROM. Poor 

compliance with splinting was recorded in the medical record of all 9 children who 

developed early signs of contracture. Obtaining a measure of patient compliance can 

be difficult in both clinical and research settings. In this retrospective study, patient 

compliance was frequently not documented in the medical record, potentially due to 

poor compliance not being of concern to the therapist in most cases. Consequently, 

the study was unable to quantify the effect of poor compliance on the development of 

early signs of contracture. If compliance data had been available to incorporate into 

statistical analysis, it is hypothesised that this variable would have demonstrated a 

relationship with the development of early signs of contracture. In future prospective 

research, a record of daily compliance, kept by the parent or carer would provide 

valuable information regarding adherence to splint use. Other options could include 

use of pressure or temperature sensors in splints, to provide a more objective 

measure of compliance.108,109 

 

Greater understanding of the predictors of BSC at specific joints is an important 

direction of future research. Improving understanding of skin movement around a 

specific joint may assist prediction of which burn distributions require more 

concentrated efforts to prevent contracture. The concept of CFUs builds upon 

%TBSA as a predictor of contracture post burn as %TBSA alone cannot account for 

the proximity and subsequent impact of the scar on the surrounding joints.12 

Applying the concept of CFUs to other joints post burn may help to provide more 

detailed information regarding who is at risk of developing contracture post burn. 
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Future prospective research on end of range axilla splinting could aim to measure 

burn distribution according to CFUs. Potentially, the greater the number of CFUs 

affected, the greater the length of time a child will require an axilla splint, both in the 

24-hour period and months post burn. Additional information regarding contracture 

risk post burn may be gained by analysing hypertrophic scarring scores around the 

axilla within CFUs.  

 

More research is needed into the predictors of BSC. It is essential to be able to 

account for known risk factors of contracture in studies determining the efficacy of 

therapy interventions. Currently, limitations in published literature regarding 

predictors of contracture mean that we do not conclusively know what the risk factors 

for contracture are, particularly in children. As a consequence, a prophylactic 

approach to splinting is recommended as we do not know definitively who will 

develop contracture. In order to better target children at risk of developing BSC and 

tailor therapy needs accordingly, better information regarding predictors of 

contracture is needed.  

 

Improving evidence regarding therapy interventions will also enhance the clarity of 

reporting of therapy in the burn care setting. Currently, studies investigating the 

development of hypertrophic scarring and contracture post burn, presented in Table 

1.2 and 1.3, Chapter 1, frequently do not account for the effect of therapy on these 

common burn sequelae. Providing quality evidence on the role of compression, 

silicone products and splinting in postburn care will enable therapy interventions to 

be standardised in burn research and improve clarity around reported prevalence 

and predictors of BSC. For example, we need to consider whether long term 

outcomes of post burn surgical intervention can be evaluated without standardising 

therapy interventions that patients in the cohort receive.   

 

 

Finding 5: There is a need for clear, agreed upon definitions of hypertrophic 

scarring and contracture. 

 

Significant variation exists in the reporting of post burn hypertrophic scarring in 

published literature. In adults, the reported prevalence of hypertrophic scar 
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development is between 20% and 77% of individuals post burn injury.5,21-24 In 

children, the reported prevalence is between 16% and 41%16,24-27 (Table 1.2, 

Chapter 1). The studies presented in Table 1.2, Chapter 1, demonstrate that at 

present, the prevalence of hypertrophic scarring post burn is determined 

subjectively, with use of subjective scar assessment scales. These scales enable 

burns therapists to measure scar severity, monitor scar progression and subjectively 

evaluate the effectiveness of scar management interventions. In children, research is 

yet to determine which subjective scar assessment scale, presented in Table 1.1, 

Chapter 1, has the greatest inter and intra rater reliability. Furthermore, there is no 

consensus on what score on any scale actually constitutes a hypertrophic scar. As a 

result, there is significant variation in the reported prevalence of hypertrophic 

scarring post burn.  

 

In the study presented in Chapter 3, the mVSS was recorded at each assessment 

time point. The scar was deemed hypertrophic if the scar height of the worst area, 

regardless of size was >1mm. Consequently, a scar classified as hypertrophic may 

have only been small, with the remainder of the scar flat and pliable. This is a well-

known limitation of subjective scar assessment scales as the scale does not capture 

variation across the whole surface area and therefore cannot provide a true 

representation of a scar if it is not completely homogenous.18,31,37 The sub-score of 

scar height >1mm was considered by other authors to represent scar hypertrophy, 

as it demonstrates the presence of a raised scar.16,21 Consequently, this criteria was 

selected for use in this study. However, this may have over-represented hypertrophic 

scarring in the cohort. Additionally, where the scar was hypertrophic it may not have 

been relevant to shoulder ROM. 

 

This original research reported in Chapter 3, demonstrated a higher prevalence of 

hypertrophic scarring throughout the 2-year study period in comparison to the 

research presented in Table 1.2. The prevalence of hypertrophic scarring in this 

study, was recorded at each assessment throughout the 2-year study follow-up. The 

greatest prevalence of scar hypertrophy over the 2-year study follow-up was at 3 

months post burn, with 92% of the cohort considered to have a hypertrophic scar 

(Table 3, Chapter 3). This large prevalence of hypertrophic scarring may be 

explained by the study population. The study presented in Chapter 3 involved only 
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children with a burn injury to axilla and the prevalence of hypertrophic scarring was 

analysed only in children who were splinted for 60 days or more. These children 

were deemed by an experienced burns therapist to have significant potential to 

develop axilla contracture. Therefore, this current study had a population of more 

severe burns, compared to those described in Table 1.2, Chapter 1. The mean 

%TBSA in this study was 17.5%. In comparison, 6 of the 8 studies presented in 

Table 1.2, Chapter 1, which reported a mean %TBSA, had a mean less than 10% 

TBSA,16,21-23,25,27 the lowest of which was 2.33%.25 In contrast, the study by Gangemi 

et al,5 which reported a more similar 77% prevalence of hypertrophic scarring, had a 

mean %TBSA of 20%. Furthermore, other studies analysing the prevalence of 

hypertrophic scarring post burn, have reported wide variation in the timing of scar 

assessment (Table 1.2, Chapter 1) and broader inclusion criteria than the population 

presented in this current study. Several authors included all inpatients and 

outpatients,16,21 others included conservative management only24,25 or scald injury 

only26,27. In contrast, the study presented in Chapter 3 included only children with a 

burn to the axilla, deemed to have significant potential to contract by experienced 

burns therapists. The higher prevalence of hypertrophic scarring reported in the 

study presented in Chapter 3, is therefore likely to be explained by the greater 

severity of injury compared to the majority of studies presented in Table 1.2, Chapter 

1.  

 

Previous literature has theorised that static splinting has a detrimental effect on 

maturing scar tissue as the tension placed on the scar increases hypertrophic scar 

formation and therefore increases the potential for BSC.49,62 The high rates of 

hypertrophic scarring presented in this current study could provide an opportunity for 

this method of splinting to be criticised as an intervention that potentially promotes 

hypertrophic scar development. However, as discussed above, this was a specific 

population of children post burn. In the children splinted for 60 days in this study, 

92% had deep dermal burns, 90% required an inpatient hospital admission for 

management of their burn injury and 35% required admission to the paediatric 

intensive care unit. The mean time to complete wound closure in these children was 

40 days with a mean number of skin grafting procedures of almost 2. These statistics 

provide evidence of the severity of the burn injuries of this cohort and are in line with 
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the predictors of hypertrophic scar development presented in Table 1.2, Chapter 1. 

In children, healing time >14 days and more than one surgical procedure were 

significant predictors of hypertrophic scar development in multivariate analysis.16 

Furthermore, two descriptive analyses in cohorts of children reported that burns 

which took >30 days to heal had a prevalence of hypertrophic scarring of 92%27 and 

86.2%26. Consequently, it is evident that the children included in this current study of 

end of range axilla splinting were at increased risk of hypertrophic scar development 

at the outset of injury. Therefore, maintaining axilla ROM in the presence of 

hypertrophic scarring around the axilla is a testament to the value of this intervention 

in contracture prevention.  

 

 

Conclusion 

 

This thesis has built upon the very limited evidence base of axilla splinting in 

children. It has demonstrated that splinting the axilla post burn at end of range 

shoulder abduction, for prolonged periods within both the 24-hour period and months 

post burn is well tolerated and can maintain full axilla ROM in children who are at risk 

of axilla contracture following a burn injury.  

 

To maintain full ROM of the affected axilla, an intensive splinting regime should be 

considered, particularly in the first 3 months post burn. This requires the splint to be 

used 12 hours overnight and at least 6 hours during the day. Use of the splint during 

the day may be gradually reduced according to scar development and progression, 

however overnight use should continue at least 6 months.  

 

On initial presentation to the burn unit, it is important to identify and subsequently 

closely monitor children with flame burns as this mechanism demonstrated a 

statistically significant association with splinting 60 days as well as the development 

of early signs contracture. Younger children with deep dermal burns, burn %TBSA 

30% and burn distribution involving the anterior trunk, flank and arm should also be 

identified early as they may require splinting 60 days to maintain axilla ROM.  
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Early signs of contracture are amenable to intensive therapy. A thorough clinical 

assessment at 1-month post burn can identify children with skin tension at end of 

range shoulder abduction and flexion. Identification of skin tension is more predictive 

of imminent contracture development than baseline demographic and clinical factors.   

 

Future research should focus on improving reporting of the prevalence and 

predictors of BSC and hypertrophic scarring. Reporting the prevalence of BSC at a 

specific joint as a percent of all burns at that joint, instead of a percent of all 

contractures, would be valuable, to improve prognostic information regarding risk of 

contracture to a specific joint. Longer term outcomes on the prevalence of BSC, 

particularly in children, would be useful to develop understanding of the effect of 

growth on contracture development. Clearer definitions of hypertrophic scarring 

through validated scar assessment scales, would facilitate more uniform scar 

assessment across burn units and increase comparability of findings. 

 

The findings from this thesis provide valuable information to therapists managing 

axilla burns. It also identifies opportunities for future research.  
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Journal of Burn Care and Research manuscript preparation  

 

Journal of Burn Care and Research manuscript preparation available at 

https://academic.oup.com/jbcr/pages/general_instructions. Accessed 10 October 

2018. 

 

Manuscripts must be written in English. Original articles, editorials, historical and current 

reviews, case reports, and descriptions of clinical care, rehabilitation, and surgical techniques 

are sought. All submitted papers must not have been previously published.  

 

Manuscripts must be written in English. Original articles, editorials, historical and current 

reviews, case reports, and descriptions of clinical care, rehabilitation, and surgical techniques 

are sought. Previously published work cannot be submitted.  

 

Readers are urged to respond to articles and to share ideas about burn care in Letters to the 

Editor. Editors reserve the right to edit letters without changing meaning. All letters must be 

signed; no anonymous correspondence will be published.  

 

There are no length limits for Original Articles, Summary Articles, or Editorials; however, 

authors are encouraged to be as concise as possible and to use tables and figures only where 

essential. Case Reports cannot exceed 2,000 words (word count excludes abstract, references, 

figures, and tables), 25 references, and a total of 3 figures and tables. Letters to the Editor 

cannot exceed 300 words and 6 references, and they cannot have figures or tables.  

 

Please use standard 12-point font, double spacing, page numbers, and continuous line 

numbering throughout the manuscript.  

 

All manuscripts must meet applicable length limits, have required formatting, and be 

organized as detailed below. Those that do not adhere to these guidelines will be returned to 

the corresponding author for technical revision.  

 

https://academic.oup.com/jbcr/pages/general_instructions
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Title Page: 

The title page should be saved and submitted as a separate file. Include the following on the 

title page: 

(a) Complete manuscript title 

(b) All authors’ full names, highest academic degrees, and affiliations 

(c) Name and address for correspondence, including fax number, telephone number, and 

Email address 

(d) Address for reprints if different from that of the corresponding author 

(e) All possible conflicts of interest, as described above, and disclosure of funding 

received for the work from any source including the following: National Institutes of Health, 

Welcome Trust, and Howard Hughes Medical Institute 

(f) Total word count if a Case Report or Letter to the Editor 

 

Blinded Title Page: The blinded title page should be the first page of the manuscript. 

Include on this page only the complete manuscript title. No author or institutional 

information identifying the authors or supporting institution should appear on this 

page. This title page will be the one sent with the manuscript to the reviewers. 

Abstract and Key Words: Provide an unstructured abstract that does not exceed 250 words. It 

must be factual and concise. Do not use abbreviations and acronyms. After the abstract, list 3 

to 5 key words or phrases. Abbreviations and acronyms are not permitted. Letters and 

editorials do not require abstracts. 

 

Text: Organize manuscripts into journal-specific main headings: blinded title page, abstract 

and key words page, introduction, methods, results, discussion, acknowledgments, 

references, tables, and figure legends. All direct references to the parent institutions or 

specific individuals involved in the project (except for solicited papers) must be removed 

from the text of the manuscript. 

Define abbreviations at first mention in text as well as in each table and figure. Use generic 

names, whenever possible. If a brand name is cited, supply the manufacturer’s name and city, 

state/country. Report all forms of support, including pharmaceutical and industry support in 

an Acknowledgements paragraph. Also acknowledge all other forms of assistance, excluding 

clerical and secretarial help. 
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Abbreviations: For a list of standard abbreviations, consult the Council of Biology Editors 

Style Guide (available from the Council of Science Editors, 9650 Rockville Pike, Bethesda, 

MD 20814) or other standard sources. Write out the full term for each abbreviation at its first 

use, unless it is a standard unit of measure. 

 

References: The authors are responsible for the accuracy of the references. List the 

references (double-spaced) at the end of the manuscript. Cite references in text in the order of 

appearance. Incorporate unpublished data, such as papers submitted but not yet accepted for 

publication or personal communications, in parentheses in the text. If there are more than 3 

authors, name only the first 3 authors and then use et al. Refer to the List of Journals Indexed 

in Index Medicus for abbreviations of journal names, or access the list here. 

 

Figures: 

 

A) Creating Digital Artwork 

1. Create, scan, and save your artwork and compare your final figure to the Digital 

Artwork Guideline Checklist (below). 

2. Upload each figure to Editorial Manager in conjunction with your manuscript text and 

tables. 

 

B) Digital Artwork Guideline Checklist  

Here are the basics to have in place before submitting your digital artwork: 

• Artwork should be saved as TIFF, EPS, or MS Office (DOC, PPT, XLS) files. High 

resolution PDF files are also acceptable. 

• Crop out any white or black space surrounding the image. 

• Diagrams, drawings, graphs, and other line art must be vector or saved at a resolution 

of at least 1200 dpi. If created in an MS Office program, send the native (DOC, PPT, XLS) 

file. 

• Photographs, radiographs, and other halftone images must be saved at a resolution of 

at least 300 dpi. 

• Photographs and radiographs with text must be saved as postscript or at a resolution 

of at least 600 dpi. 

• Each figure must be saved and submitted as a separate file. Figures should not be 

https://www.nlm.nih.gov/archive/20130415/tsd/serials/lji.html
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embedded in the manuscript text file. 

 

Remember: 

• Cite figures consecutively in your manuscript. 

• Number figures in the figure legend in the order in which they are discussed. 

• Upload figures consecutively to the Editorial Manager Web site and enter figure 

numbers consecutively in the Description field when uploading the files. 

 

Figure Legends: Legends must be submitted for all figures. They should be brief and 

specific, and they should appear on a separate manuscript page after the references. Use scale 

markers in the image for electron micrographs, and indicate the type of stain used. 

 

Color Figures: The Journal will consider publishing a limited number of color figures that 

enhance an article. The Journal’s editors will let the author know whether the Journal will 

cover the cost of color reproduction if an author chooses to submit color art with a 

manuscript.See article charges for more information. 

 

Tables: Create tables using the table creating and editing feature of the word processing 

software (ie, Microsoft Word). Do not use Excel or comparable spreadsheet programs. Group 

all tables at the end of the manuscript or supply them together in a separate file. Cite tables 

consecutively in the text, and number them in that order. Key each on a separate sheet, and 

include the table title, appropriate column heads, and explanatory legends (including 

definitions of any abbreviations used). Do not embed tables within the body of the 

manuscript. They should be self-explanatory and should supplement, rather than duplicate, 

the material in the text. 

 

Style: Pattern manuscript style after the American Medical Association Manual of Style 

(10th edition). Stedman’s Medical Dictionary (28th edition) and Merriam Webster’s 

Collegiate Dictionary (11th edition) should be used as standard references. Refer to drugs and 

therapeutic agents by their accepted generic or chemical names, and do not abbreviate them. 

Use code numbers only when a generic name is not yet available. In that case, supply the 

chemical name and a figure giving the chemical structure of the drug. Capitalize the trade 

names of drugs and place them in parentheses after the generic names, only when necessary. 
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To comply with trademark law, include the name and location (city and state in the U.S.; city 

and country outside the U.S.) of the manufacturer of any drug, supply, or equipment 

mentioned in the manuscript. Use the metric system to express units of measure and degrees 

Celsius to express temperatures, and use SI units rather than conventional units. 
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