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ABSTRACT

Contractures are a frequent consequence of burn injuries, yet our knowledge of associated risk
factors is limited. This paper provides an extensive review of relevant literature from both High-
Income Countries (HICs) and Low-Middle Income Countries (LMICs). Ninety-four papers (up to
June 2019) and eight subsequent publications (up to March 2022) were included, 76% of which
were from HICs. The majority of publications were either descriptive studies (4 from HICs, 9
from LMICs) or papers citing putative risk factors (37 from HICs, 10 from LMICs). Seventeen
publications (all from HICs) reported on the effects of individual non-surgical therapeutic in-
terventions, often with conflicting results. Two published systematic reviews emphasised the
poor quality of evidence available. Only fifteen studies (3 from LMICs) examined potential
contracture risk factors with statistical comparisons of outcomes; significant findings from
these included demographic, burn, comorbidities, and treatment risk factors. LMIC papers in-
cluded socioeconomic and healthcare system factors as potential risks for contracture; these
were rarely considered in HIC publications. Methodological issues identified from this review of
literature included differences in contracture definitions, populations studied, standards of care,
joints included and the timing and nature of contracture assessments.This review is the first to
collate existing knowledge on risk factors for burn contractures from both HIC and LMIC set-
tings, revealing a surprising lack of robust evidence for many accepted risk factors. In LMICs,
where burns are particularly common, universal health provision is lacking and specialist burn
care is both scarce and difficult to access; consequently, socioeconomic factors may have more
immediate impact on contracture outcomes than specific burn treatments or therapies. Much
more work is indicated to fully understand the relative impacts of risk factors in different set-
tings so that context-appropriate contracture prevention strategies can be developed.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Burns are a global problem, especially in low or lower-middle
income countries (LMICs) [1-4]| and burn contractures are a
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common post-burn morbidity. Contracture prevalence rates
of 18-85% have been reported [5-7]; with high rates identified
even amongst the leading burn care centres in the world.
Consequently, multidisciplinary burn care frequently focuses
on preventing or minimising contractures.

Contractures contribute significantly to the life changes
experienced by burn survivors and the costs of healthcare
systems. Contractures (i.e., scarring that limits range of
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altered appearance and disability, reduce quality of life, have
psychological consequences, cause individuals to withdraw
from their usual social interactions, and limit work oppor-
tunities [8-16]. Contractures that cannot be sufficiently re-
solved through conservative treatment methods may benefit
from reconstructive surgery.

Commonly cited risk factors for burn contracture forma-
tion are depth of burn, large total burn surface area (TBSA%),
skin grafting, and lack of therapy interventions such as
pressure and splinting [17-21], but current evidence comes
mainly from high income countries (HICs). Research into
contracture risk factors in LMICs is particularly lacking, de-
spite the particularly high incidence of burns and con-
tractures in these regions.

Published literature frequently states that contractures
are preventable [3,22]; sometimes statements of contracture
preventability are qualified by the availability of effective
burn care [23]. Other authors suggest that contractures are
not preventable even with the best care [5,21,24]. It is not
possible to clarify the extent to which contractures are pre-
ventable or develop comprehensive and effective prevention
strategies without detailed knowledge of risk factors.

The aim of this study was to collate existing knowledge of
risk factors for major joint burn contractures from published
literature from both HIC and LMIC sources, in order to better
inform contracture prevention policy development.

2. Method
2.1. Definition of key terms

The language around ‘risk’ and ‘cause’ in burn contracture
literature is diverse, inconsistent, and often misleading. For
this study a broad definition of what constitute a risk factor
was used: “any factor that is considered to increase the probability
of an adverse outcome” [25].

In addition there is no accepted or standardised oper-
ationalised definition of a burn contracture [5], therefore
papers with any reference to contracture were included even
where no definition of the term ‘contracture’ was given. The
presence of contracture release was taken to imply the pre-
sence of a contracture.

2.2. Search strategy

The main literature search included peer-reviewed publica-
tions available through electronic search tools up to June
2019. Search databases used were Cumulative Index to
Nursing and Allied Health Literature, Medical Literature
Analysis and Retrieval System Online, PUBMED, Scopus, Web
of Science, Safety Lit, Cochrane, PROSPERO, EThOS, EBSCO,
ProQuest dissertation and thesis, DART Europe E-theses
portal, Open Access Theses and Dissertations (OATD).

Search terms employed for titles and abstracts were: Burn
(MH Burn or Burn*) AND Contracture (contracture® or "range
of mo™) AND Risk (OR risk*, caus®, profile*, epidemiol®,
factor®, influenc*, determin®, contribut®, predispose®, pre-
vent*, outcome®.

Between July 2019 and March 2022 an alert was set up to
identify additional relevant publications, focusing on new
systematic reviews or those papers that collected primary
data in order to ensure the most recent findings were in-
cluded.

2.3. Inclusion and exclusion criteria

All causes of burns in all age groups were included. No date
filter was used. Non-English articles were manually filtered;
many abstracts were in English even if the full text was not.
This enabled a broader view of the literature; any key articles
on the topic, especially if from a LMIC source, could be
translated if necessary. Major joints were considered to be
the neck, shoulder, elbow, wrist, hip, knee and ankle.
Publications were excluded if they addressed:

® Contractures not caused by burns

® Contractures related to a burn injury but not as a direct
result of burn scarring, such as heterotopic ossification,
Volkmann’s contracture, peripheral nerve damage

® Reports of non-acute surgical management of con-
tractures (burn reconstruction) or any other treatment
given to fixed contractures that did not include a de-
scription or statistical analysis of any risk factors which
may have caused the contracture

® Reports of contractures only of non-major joints (i.e.,
hands, face, perineum, breasts, toes). Papers including
these features/joints along with major joints (neck,
shoulder, elbow, wrist, hip, knee and ankle) were included

® Reports on wound contraction or cellular level contraction

® Animal studies

2.4. Search results

Ninety-four publications addressing or mentioning risk fac-
tors for burn contractures were identified by the main lit-
erature search (up to June 2019, see Fig. 1), with a further 8
papers published up to 2022 (see Table 10). The country
sources of publications were classified according to the
World Bank Classification of countries at the time of the re-
view in 2019 [26].

No specific quality assessment tools were used to appraise
papers, however a single reviewer (RF) individually critiqued
each paper in detail with respect to methodology, data ana-
lyses and interpretation as part of a PhD thesis.

Risk factors identified from every paper were collated ac-
cording to the strength of evidence from which they were
extracted and subsequently categorised into one of five ca-
tegories - patient factors (including demographics, socio-
economic factors and co-morbidities), burn factors, medical/
surgical treatment factors, therapy factors and health system
factors.

3. Results

Papers from 1932 to 2019 were identified from the main re-
view covering both acute and reconstructive burn patients.
The majority of studies were hospital-based and addressed
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Fig. 1 - PRISMA Chart.

acute burn patients. Only one study (from a LMIC) collected
data at community level [27]. Most LMIC studies involved
both children and adults, but HIC studies tended to separate
children and adults with most including adult patients only.

All papers but one [28] included in this review were au-
thored by burn care clinicians. All papers written from LMIC
sources were written by medical doctors. The HIC studies
also have a predominance of medical authors but included
physiotherapists.

The papers identified used a wide range of methods and
were categorised into five groups: systematic reviews, risk
factor studies, descriptive papers, therapy intervention stu-
dies and papers reporting only putative risk factors (Table 1).
‘Risk factor studies’ included papers using inferential statis-
tical methods to identify risk factors for contractures.

‘Putative’ papers were those stating contracture risk factors
without reference to supporting data. The distribution of
publications according to category and source is shown in
Table 1.

Table 1 - Number of publications reviewed by category
and origin.

Category HIC LMIC Total
Systematic reviews 2 - 2
Risk factor studies 12 3 15
Descriptive 4 9 13
Interventional 17 - 17
Putative 37 10 47
TOTAL 72 22 94
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3.1. Systematic reviews

Two systematic reviews (both from HIC sources) specifically
addressed general risk factors for contracture formation [5,28].

Fergusson et al. [28] included all types of contractures, not
only burn contractures; only one of the 19 papers they in-
cluded pertained to burn contractures [29] and was appraised
separately in this review. Oosterwijk et al. [5] identified 7
papers; all were from HICs [17,18,21,29-32]. The risk factors
identified in these studies are found in Tables 2, 5 and 7. Both
systematic reviews concluded no clear standardised defini-
tion of contracture, which made identification of prevalence
and determinants difficult.

3.2 Risk factor studies

Fifteen papers were identified in this category, only three of
which were from LMICs (Tables 2 and 4), including one with
shared HIC/LMIC authorship [33]. The 12 HIC/UMIC (Table 2)
source articles included two conference abstracts [32,34| and
one Letter to the Editor [35] in relation to another publication;
this letter also included re-analysis of original data from prior
publications.

The conference abstracts and Letter to the Editor are not in-
cluded in Table 2, but the factors associated with contracture
identified in these publications were: Hispanic children, adults of
black race, patients with flame burns and those with high TBSA,
longer time splinted and longer duration of rehabilitation time. It
is likely that the latter two factors reflect a greater severity of
burn injury rather than being primary risks for contracture.The
statistically significant risk factors for contracture are sum-
marised and categorised in Table 3; this categorisation offers a
framework for future studies of contracture risk factors. The
three risk factor papers from LMICs did not specifically examine
risk factors for contracture, but rather for a range of adverse
outcomes including scarring, keloids, contracture, amputation
and disfigurement; no statistically significant risk factors for
contracture alone could be identified. All were retrospective
studies; two included both children and adults [33,40] and one
included only children [41]. The significant risk factors for all
adverse outcomes are summarised in Table 4.

Although not specific for contracture, the risk factors for
adverse outcomes in these LMIC papers introduce a number
of health system and socioeconomic factors which are not
generally considered in HIC publications, but may be im-
portant contributors to contracture formation in LMICs.

3.3. Descriptive studies

Thirteen papers (8 from LMICs) used only descriptive statistics to
examine their study populations in relation to a range of out-
comes, including contracture (Table 5). While such studies have
known limitations, they may give some clues or insight into the
nature of potential risks, particularly in LMIC settings where
more robust studies may be more difficult to undertake.

3.4. Studies of specific therapy interventions

Seventeen publications (all from HICs) addressed the impact
of specific non-surgical therapy intervention(s) on contracture

presence and/or severity (Tables 6-8). Case reports or small
series with less than five subjects were not included. If an in-
tervention has been demonstrated to reduce the prevalence or
severity of contracture after burn, then absence of, delay in, or
insufficient duration of that intervention during treatment could
be a risk factor for contracture in itself, and was therefore in-
cluded in the review.

Three publications were systematic reviews but one of
these also included contractures due to conditions other than
burns (Table 6). Exercise, particularly aerobic exercise with
resistance, was found to be associated with a significant re-
duction in the need for surgical release of post-burn con-
tractures in a meta-analysis [48]. However, the reviewers
emphasised the low quality of evidence and a high degree of
imprecision overall, particularly in relation to the use of the
need for surgical contracture release as an outcome. In gen-
eral, the quality of evidence found for any of the interven-
tions was considered poor; populations differed significantly
with variation and imprecision in methods used.

In addition to the systematic reviews, one literature re-
view addressed the benefits of static splinting in preventing
burn contractures [51]. The main conclusion of the review
was that although splinting is a core treatment in the pre-
vention of burn contractures, no good quality evidence sup-
ports static splinting prevents scar contracture and could
even worsen contracture formation through upregulation of
fibroblasts. The authors noted the wide variation in reported
contracture rates, with different rates evident at different
times of assessment and emphasised the need for a stan-
dardised definition and method of contracture measurement,
both are currently lacking in clinical practice.

Two subsequent letters challenged some of the conclu-
sions of that review [35,52], but both confirmed the need for
further rigorous investigation of the impact of commonly
used splinting. One response [35] presented the results of a
re-analysis of data from two articles, both included in this
review [29,53] showing the statistically significant impact of
splint use in neck contractures and the need for splints to be
worn for a minimum of 6 months. The four individual papers
on splinting are summarized in Table 7; only one used any
objective measure of ROM. Non-adherence was noted to be a
problem in two papers [29,54].

Six individual papers examined the effect of multimodal
programmes of exercise on contracture development and are
summarised in Table 8. All had methodological issues which
makes evaluation of their reliability difficult: these included low
numbers, lack of baseline or contracture measurements and
limited follow-up. Although exercise, particularly aerobic ex-
ercise with resistance, was found to be associated with a sig-
nificant reduction in the need for contracture release in the
systematic review by Flores et al. [48], only 2 of the 19 papers
reviewed in that analysis included contracture as an outcome.

3.5. Putative risk factors

The literature search identified forty-seven papers (37 from
HICs and 10 from LMICs) which included statements on pu-
tative contracture risk factors. Most papers which stated risk
factors for burn contractures were on topics of general burn
care management or burn rehabilitation. Arguably such
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Table 3 - Statistically significant risk factors identified from publications upto 2019.

Category of Risk
Factor

Significant Risk Factors for
Contracture

No of papers reporting factor

Demographic Male gender

Female gender - risk
Female gender - protective
Age at burn - children

Age at burn - younger adult
Older age

Ethnicity - black/Hispanic
Aetiology — flame/fire

TBSA burned

Burn Factors

1 Goverman et al. 2017[36]

1 Gangemi et al. 2008)[18]

1 Goverman et al. 2017(36]

3 Kraemer et al. 1988[37]; Kidd et al. 2013[30]; Goverman et al. 2017[36]

1 Gangemi et al. 2008|18]

1 Goverman et al. 2017(24]|

2 Goverman et al. 2017, Goverman et al. 2017[24,36]

2 Hop et al. 2014(37]; Goverman et al. 2017b|35]

9 Kraemer et al. 1988(37]; Kidd et al. 2013[29]; Hop et al. 2014|38]; Schneider

et al. 2006[21]; Gangemi et al. 2008[18]; Goverman et al. 2017[24,36];
Godleski et al. 2018[19]; Schouten et al. 2019|36]

Depth of burn
Anatomical location of burn

3 Kraemer et al. 1988(32|; Gangemi et al.2008|18]; Schouten et al. 2019[39]
5 Kraemer et al. 1988[37]; Gangemi et al. 2008[18]; Kidd et al. 2013[30]; Hop

et al. 2014(38]; Schouten et al. 2019(39]

Amputation®

Inhalation injury®

Pre-existing medical problems
Neuropathy

ICU length of stay”

TBSA grafted

Medical Factors

Treatment Factors

2 Schneider et al. 2006(21]; Goverman et al.[24]

1 Schneider et al. 2006[21]

1 Goverman et al. 2017b|36]

1 Goverman et al. 2017b|24]

1 Goverman et al. 2017a[24]

4 Schneider et al. 2006/21], Goverman et al. 2017/24,36]; Schouten et al.

2019[39]

Type of graft

Time to wound healing
Need/no. of surgical procedures
Length of stay

1 Gangemi et al. 2008(18]

1 Gangemi et al. 2008|18]

2 Hop et al. 2014(34]; Gangemi et al. 2008|18]

2 Schneider et al. 2006[21]; Godleski et al. 2018[19]

a

severity of contracture

statements reflect commonly accepted beliefs amongst burn
care professionals about the factors that influence burn
contracture formation.

From these 47 papers, 32 putative general risk factors (e.g.
location of burn/scar) and 83 more specific putative risk fac-
tors (e.g. scarring across a joint) were identified. The six most
frequently cited risk factors from HIC and LMIC sources are
reported here (Table 9).

Only two of the top six risk factors were the same in both
LMIC and HIC papers (lack of splinting and positioning); the
evidence for either of these is questionable, as described
above. LMIC sources include reference to ineffective treat-
ment and health system issues such as lack of healthcare
facilities and lack of physiotherapy; none of these were
mentioned in HIC publications, probably reflecting differ-
ences in burn care provision between these types of en-
vironment.

3.6. More recent publications

The updated review included relevant papers published be-
tween July 2019 and March 2022 (n=10) (Table 10). Six of
these specifically addressed risks or predictive factors for
contracture [3,62-66].

These studies largely confirmed risk factors already re-
ported in the literature, but two of the publications (both
from HIC/UMIC) also contributed three new statistically sig-
nificant risk factors not previously identified, namely longer
bed rest and greater weight gain [64] and being a blue-collar
(manual) worker [65].

All recent papers from LMICs [3,62,68] commented on the
lack of knowledge about contracture formation in such set-
tings. One of these papers, a systematic review that included
14 papers from LMICs [62], stated “there is a severe lack of
information on what happens between the early phase (of a
burn injury) and the late complication stage (contractures)....
this disconnect makes any correlations between early burn
care and late sequelae very difficult” [62, p. 1002].

3.7. Summary of knowledge on contracture risk factors

The literature search identified a total of 64 potential risk
factors for contracture. The five most frequently reported risk
factors, both overall and when putative sources are excluded,
are shown in Table 11. A list of all the risk factors identified in
the literature is available in the supplementary material.

4, Discussion

This literature review is a comprehensive collation of po-
tential contracture risk factors, covering many types of lit-
erature, study designs and populations. The potential risk
factors identified span many different categories, including
demographic, socioeconomic, medical, burn, treatment and
health system categories.

The review has identified few evidence-based and many pu-
tative risk factors for burn contractures. Few robust, well-con-
trolled, prospective studies are available on risk factors for
contracture development. Without robust supporting data it can
be difficult to reach agreement on the necessary treatment or
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policy changes to reduce the incidence and severity of burn
contractures. Schouten et al. [39] stated, “as burn scar con-
tractures are a common sequalae of burns it would be expected
that their prevalence and development had been extensively
studied. However, the opposite is true.” (p. 784).

The evidence base for contracture risk factors in LMICs is
particularly sparse. Nevertheless, LMIC publications report
some potential risk factors for contracture which are dif-
ferent from those reported in HIC papers. Risk factors from
HICs are largely burn- or treatment-related, whereas LMIC
authors emphasise non-medical factors, especially poor in-
come, access to care, education, and unemployment i.e., the
social determinants of health [69]. Although some areas
overlap (e.g., young age, TBSA, depth of burn, anatomical
location of burn and duration to wound healing), socio-
economic factors are rarely mentioned as potential risks for
contracture in HIC papers.

In LMICs, even if specialist burn care is available, socio-
economic factors may limit access for many patients, re-
sulting in poor outcomes. As the literature is predominately
from HIC sources it is possible that some of the most im-
portant risk factors in LMICs are overlooked and/or not
identified due to differences in access to and availability of
care and the influence of socioeconomic factors. In this
challenging environment, it is difficult to navigate and clarify
our understanding of risk factors for burn contractures,
especially in LMICs.

No difference in rates of wound infection, contracture, inhalation

injury or death between those with/without facial injury
head/neck)Social mockery, impact on carers finances and time,

facility visited (lower level), number of days of limitation, lack of
lack of supportive nuclear family

presented), contact with health facility (no contact), level of
maternal education, lack of first aid
Age < 10 years3rd degree burn depth, burn location (axilla or

trunk/back, depth-of burn - deeper, longer number of days for

Age at burn TBSA (no data presented), burn to head/neck and
healing, infection of burn wound (no definition or data

Risk factors for adverse outcomes

4.1. Key issues identified from current literature

A number of factors undermine confidence in the reported
findings of current literature and limit direct comparisons of
studies, (Fig. 2).

Outcomes in patients with or without

keloids, contracture and amputation
facial burns

Any impairment, including scarring,
Disability: scar +/- contracture +/-

Adverse outcomes studied
disfigurement
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(1] = . .
S Z a g < putative factors from LMIC sources), but rather because it
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Sy L 9B is not routinely available.
21 E 2829 " .
a3, SEZE ii) Health and social care system
% Q § a8 s4g The ease of access to general and specialist healthcare care
0o > — AN

is likely to affect the relative importance of several identi-
fied risk factors. In HIC settings where healthcare is either
free, provided by insurance or affordable by the majority,
family socioeconomic status may be less relevant to out-
come and the presence or absence of other risk factors such
as access to skin grafting, specialist burn care or pressure
garments. In LMIC settings, payments required for treat-
ment may significantly constrain the ability of patients to
access appropriate care at the optimal time.

The organisation of the health system and resource level is
also likely to affect available data. Several studies from HIC
settings used multi-centre databases for data collection; no

Retrospective, multisite
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Table 5 - Potential risk factors for contracture reported in descriptive papers.

Possible Risk Factors

Patient Factors

Source

HIC

LMIC

Female gender
Lack of education

Associated co-morbidity
Psycho-social problems

Burn Factors
Deep burn
Flame burn

Larger TBSA

Treatment Factors

Pegg et al. 1978|31]
Richard et al. 2017[42]

Richard et al. 2017[42]
Richard et al. 2017[42]

Dobbs & Curreri, 1972(17]

Dobbs & Curreri, 1972[17]; Richard

et al. 2017(42]

Incomplete initial burn care

Treatment in rural healthcare
Delayed referral to specialist care

Lack of skin grafting

Larger skin grafted area
Complicated hospital course
Inadequate hospital stay

Lack of physiotherapy

Lack of splinting

Delayed physiotherapy
Lack of daily rehabilitation time
Low ratio of rehabilitation to hospital days

Low pain tolerance

Low compliance with rehabilitation

Richard et al. 2017[42]
Richard et al. 2017[42]
Richard et al. 2017[42]

Dobbs & Curreri, 1972(17]
Richard et al. 2017(42]
Richard et al. 2017[42]

Richard et al. 2017[42]

Richard et al. 2017(42]

Armani et al. 2010[43]
Muguti & Fleming, 1992|44|; Armani et al. 2010[43];
Saaiq et al. 2012[14]

Muguti & Mhaka, 1994[45]; Saaiq et al. 2012[14]; Kim
et al. 2012[46]

Muguti & Mhaka, 1994[45]

Muguti & Fleming, 1992[44] Muguti & & Mhaka,
1994/45]

Muguti & Mhaka, 1994[45], Saaiq et al. 2012[14]; Kim
et al. 2012[46]

Saaiq et al., 2012[14]; Kim et al., 2012[46]
Saaiq et al. 2012[14]; Kim et al. 2012[46]
Muguti & Mhaka, 1994[45]; Ringo et al. 2014[47]

Table 6 - Summary of systematic reviews of non-surgical therapies for contractures.

Systematic
review

Intervention (s) studied

Papers included

Review conclusions

Harvey et al.
2017[49]

Zhang et al.
2017[50]

Flores et al.
2018]43]

Stretching therapy for up to 7 months
(by sustained passive stretch,
positioning, splinting or cast)

Mechanical stretching, massage and
splint

Exercise modalities (including aerobic
+/- resistance, vibration, isokinetic,
coordination and strength, range of
motion, and video game-assisted
exercises)

49 RCTs (only 2 on burns patients)
including 2135 adults with

Short term (< 7 months) stretching
had no impact on contractures

contractures due to various
neurological or non-neurological

conditions (only 76 burn
contractures)

9 studies (5 randomised controlled
trials) including 375 children/adults
with post-burn hypertrophic scars

19 papers (only 2 used contracture as
outcome) including 669 children/

adults after burn injury

Significant benefit from stretch in 3/5
papers using contracture as outcome
but evidence inconclusive due to
confounding factors and varying
regimens of stretching

Exercise regimens improve some
physical, physiological and
psychological outcomes after burns,
but quality of evidence poor and
imprecision very serious

LMIC studies report results from regional or national data-
bases and no LMIC studies were found which utilise data
from more than one centre. Most LMIC studies collect data
directly from patients/carers by interview, which has lim-

itations.

iii) Profile of the study population

The characteristics of the study population may also im-
pact final contracture rates, as many patient factors such
as age will affect predisposition to contracture, as will

burn injury factors such as TBSA and depth of burn.
These factors may be very different in different studies
and therefore may significantly alter the risk profile of the
group under investigation, thus reducing generalisability

of the findings and risks identified.
iv) Variables/risk factors examined

Different studies examine different risk factors. Risk fac-
tors are often not clearly defined, or are not standardised
across studies, making comparisons of findings difficult.
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Table 9 - Top 6 most frequently cited putative risk factors for contracture.

HIC sources

No of papers

LMIC sources

No of papers

Lack of splinting 34
Location or position of scar 14
Depth of burn 12
Lack of positioning 11
High TBSA 9
Younger age 6

Lack of splinting 13

Healing by secondary intention/lack of graft
Ineffective treatment

Lack of healthcare facilities

Lack of positioning

Lack of physiotherapy

W W Ww N

Table 10 - Additional relevant publications from July 2019- March 2022.

Article Origin Type of Study Sample Main Focus of Study

Meng et al. Canada (HIC) Systematic 14 papers included A systematic review of factors affecting contractures
(2019)[62] review in children in LMICs

Tan et al. China (UMIC) Descriptive 108 adults treated in ICU  Factors affecting incidence and severity of contracture
(2019)[63] retrospective for > 50% burns at 1 month in patients with burns > 50% TBSA

Puri et al. India (LMIC) Retrospective 486 patients undergoing Presumed causes of contracture and preventive action
(2019)[3] observational contracture reconstruction needed at clinical and health system level

Lensing et al. North Descriptive 300 patients on ACT Factors affecting limitation of ROM in affected joints at
(2020)[64] America (HIC) observational database (9 centres) hospital discharge

Zhu et al. China (UMIC) Retrospective 220,642 pts on national Prevalence and predictors of readmission for
(2020)(65] cross-sectional database contracture over 5 years

observational

Yelvington et al. North Retrospective 225 children with 1597 Severity of contracture at hospital discharge
(2021)[66| America (HIC) observational contractures

Schouten et al.  Holland (HIC) Prospective 117 patients, 353 operated Changes in limitation of joint ROM over 12 months
(2021)[67] joints during healing of burns after acute surgical Rx

Botman et al. Tanzania (LMIC)  Descriptive 67 (31 acute burns and 36  Factors contributing to delayed arrival of acute burn
(2021)[68] observational with contracture) patients at tertiary centre and reasons why patients

from hospital catchment still developing into severe
contractures

Table 11 - Top five contracture risk factors reported in the literature.

All Sources Frequency Ranking Sources excluding putative reports Frequency
Lack of Splinting 53 1 High TBSA 11
Location of Burn/Scar 24 2 Location of Burn/Scar

Lack of exercise 23 3 Lack of Exercise

High TBSA 20 4 Deep Burns

Deep burns 18 5 Age at time of burn

Lack of Splinting
Lack of /Delayed physiotherapy
Cause of burn

(V2 IV, IV, BV, B e) W) BN}

Note to Editor/Reviewer the full list of identified risk factors is available on request

The duration of studies vary, this impacts on which risk
factors can be examined (such as rehabilitation follow-up
interventions). It could be argued that some risk factors
are more appropriately examined at person level (e.g. age,
income, inhalation injury) and others at joint level (e.g.
skin grafting, splinting); the importance of this has not
yet been clearly articulated in the literature.

v) Methods of definition, timing, and measurement of con-
tracture and joints at risk

Perhaps the most significant variation amongst existing
studies is inconsistent definition and variable measurement
of contractures. As stated by Fergusson et al. [28] “Standard
definitions are necessary to reduce misclassification bias and
for comparing measures across populations” (p.28)”. In many
studies which wused contracture as an outcome, no

information was given about how contracture presence or
severity was determined. Only five risk factor studies con-
sidered the quantification of the contracture [17,19,21,24,36].
Severity of the outcome may facilite understanding of the
potency of various risk factors. No accepted classification of
contracture severity remains [67].

Similarly, only three risk factor studies [17,39,70] reported
the definition of a joint at risk, even though variation in its
definition could itself lead to widely differing contracture
rates and affect the identification and effect of risk factors.

Timing of assessment also varies widely, from the time of
acute hospital discharge (which is early in the contracture
maturation timeline [67,70]) to many years later. Measuring
the outcome at different points, particularly in contracture
formation which is a progressive outcome until a point post
scar maturation (longer for children who still grow), means
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Fig. 2 - Key areas of variation in published papers on
contracture formation.

prevalence and risk factors may not be accurately identified
and are not comparable across studies.

All HIC papers published before July 2019 assessed con-
tractures at individual joint level, but all LMIC factors con-
sidered risk factors at whole person level (i.e., whether the
patient had any contracture or not). In some studies, the lo-
cation of the contracture is not stated, particularly in LMIC
papers. It is apparent that some anatomical locations may be
at more risk of contracture than others; despite this studies
do not seem to stratify the analyses of risk factors by joint
location. Inclusion of patients with multiple joint involve-
ment may confound analyses of risk factors further because
of hierarchical errors.

Many unanswered questions remain, due to a lack of
adequately controlled prospective studies and an absence of
studies examining the relative potency of risk factors, how
they interact, and which have the greatest impact on severity
of contracture. Further work is indicated to differentiate be-
tween direct or proximal risks such as depth of wound and
peripheral (indirect) risk factors such as income levels, par-
ticularly in LMICs.

5. Limitations

A limitation of this review was that studies were not included
in the review if they only focussed on single non-major joints
e.g. hands, perineum. It is possible that published studies of
non-major joints could have yielded further information on
potential risk factors for contractures in general. As publica-
tions in all languages were not included, potential sources
from non-English speaking LMICs were not identified.
Additionally, it is recognised that World Bank source country
classifications could have changed between the date of

publication and the time of this review, due to the long period
covered; in fact only 2 publications from one country source
changed categories during this period (Iran moved from
classification as LMIC to UMIC in 2019).

Despite these limitations, this review includes a broader
range and greater numbers of articles than any other in-
vestigation of risk factors for burn contracture to date and
has produced a large number of factors for evaluation. Papers
were critiqued in detail, but no formal quality assessment
tools were used to determine the internal validity of the
various types of studies and no inter-rater evaluation of
identified risk factors was possible.

6. Conclusion

This literature review has consolidated and categorised cur-
rently cited contracture risk factors from all sources, differ-
entiated between HIC and LMIC publications and
demonstrated how little we actually know, especially about
risk factors pertinent to low-income environments.

We found methodological inconsistencies in many studies
(both from HICs and LMICs) including varying definitions of
contracture and joints at risk, differing times and methods of
measurement (of outcomes and of risk factors), mixed po-
pulations of participants, joints and burns, and non-stan-
dardised care, all of which make identifying genuine risk
factors in HICs and LMICs very difficult.

Despite these issues it appears that some risk factors in
LMICs may be different from, or of lesser importance than those
which operate in HICs. As most of the literature on burn con-
tractures is from HICs, existing knowledge may present only part
of the overall framework of contracture risk.

In view of the limited evidence on risk factors, the global
Burns community needs to reflect on the preventability of con-
tractures. Prevention of burn contractures is likely to be en-
vironment-dependent; prevention strategies will likely have to
differ in different situations, because the predominant risk fac-
tors are different. Without robust identification of local risk fac-
tors preventative efforts will be ineffective and inefficient.

Contractures cause huge misery, particularly in LMICs,
and reduce both personal and national productivity; it is
therefore imperative to identify the real risk factors for con-
tractures so that effective policies for their mitigation and
modification can be created. More research is urgently
needed to improve methodology and fully understand the
risk factors for burn contractures in LMIC settings.
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