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ABSTRACT

Purpose: The primary objective of the review was to collate the available evidence on factors associated
with joint contractures in adults.

Methods: A systematic literature search was conducted on MEDLINE, CINAHL, AMED, and EMBASE.
Studies that involved participants aged >18 and assessed joint contracture as a primary or secondary
outcome were included. Two independent reviewers screened studies against the eligibility criteria, per-
formed data extraction, and assessed the quality of evidence. A narrative synthesis by domain and sub-
domain was undertaken. The protocol was registered on PROSPERO: CRD42019145079.

Results: Forty-seven studies were included in the review. Identified factors were broadly classified into
three major domains: sociodemographic factors, physical factors, and proxies for bed confinement.
Sociodemographic factors were not associated with joint contractures. Functional ability, pain, muscle
weakness, physical mobility, and bed confinement provided the most consistent evidence of association
with joint contractures. The evidence regarding the relationship between spasticity and joint contractures
remains unclear. Other factors might be important, but there was insufficient evidence to
make inferences.

Conclusions: The review identified and collated evidence on factors associated with joint contractures,
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which can be utilised to develop effective prevention and management strategies.

> IMPLICATIONS FOR REHABILITATION

e Clinical interventions based on the timely identification of risks related to joint contractures in vulner-
able adults have the potential to prevent or ameliorate their development or progression.

e Quality and consistency of care for vulnerable adults would be enhanced by developing effective
joint contracture prevention and rehabilitation strategies based on the evidence presented in

this review.

e As many vulnerable adults are located in the community or non-acute care settings, strategies should

target these loci of care.

e Structured risk assessments that can support non-physiotherapy staff working in these loci of care to
identify risks related to joint contractures would provide an important resource for risk management.

Introduction

Joint contractures, commonly defined as a limitation in the pas-
sive joint range of motion (PROM), usually develop following
structural alterations within the periarticular connective tissue(s)
[1]. The connective tissue changes prevent movement of the
involved joint(s) through its full available range of motion (ROM).
Both intra-articular tissues involving bone, cartilage, and capsules,
as well as extra-articular tissues, such as muscles, tendons, and
skin, can restrict a joint from moving through its full available
ROM [2]. The type of connective tissue involved in joint move-
ment restriction usually defines the type of contracture devel-
oped; however, multiple tissues can have underlying involvement,
and it is often difficult to identify a single origin of joint

restriction [2]. As a result, contractures can further increase the
risk of physical impairments; consequently, there is difficulty in
performing self-care, restrictions in physical mobility, and social
activities [3]. This, in turn, leads to a vicious cycle of further immo-
bility, exacerbation of existing or formation of new joint contrac-
tures, and decreased quality of life (QOL) [4].

There are three different types of joint contractures based on
the underlying tissue involved: myogenic, arthrogenic, and soft
tissue contractures. Myogenic contractures denote a reduction in
muscle length leading to a limitation in both active and PROM
[2], commonly seen in neurological conditions, e.g., brain and spi-
nal cord injury (SCI), multiple sclerosis (MS), and cerebral palsy
(CP) or after a prolonged period of immobility such as bed con-
finement in the intensive care unit (ICU). Arthrogenic contractures
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are usually coupled with pain and involve prominent changes in
bone, cartilage, and the joint capsule [5]. This may result from
damage and/or tightening of connective tissue, such as in osteo-
arthritis (OA), systemic sclerosis (SSc), osteochondritis, and intra-
articular fractures [6]. Finally, soft tissue contractures, also known
as scar contractures, involve cutaneous, subcutaneous, and loose
connective tissue around the joint [2]. These are frequently seen
in soft-tissue injuries like burns and open wounds. Regardless of
tissue involvement, all types of contractures significantly impact
functional ability and physical mobility [7].

Depending upon the underlying pathology, joint contractures
can also be classified as progressive or non-progressive.
Progressive contractures are acquired, associated with chronic
conditions like an injury to the brain, or spinal cord, arthritic dis-
eases, and surgical repair procedures such as total knee arthro-
plasty (TKA), and are usually associated with extrinsic factors.
Examples of extrinsic factors encompass restricted joint ROM,
reduced physical mobility, muscle weakness, spasticity, impaired
cognition, and pain [8-10]. In contrast, non-progressive contrac-
tures are usually congenital, affect multiple joints and limbs and
are associated with genetic causation, e.g., arthrogryposis multi-
plex congenita.

This review will focus on progressive myogenic and arthro-
genic joint contractures and their associated factors.

Epidemiology of contractures

Data regarding the epidemiology of contractures are under-
reported and record a wide range of prevalence and incidence. It
is likely that this large variation is partially artifactual and attribut-
able to the lack of a universally accepted definition of contrac-
tures, poorly understood aetiology, and/or lack of a standardised
measure for the screening and assessment of contractures [8].
However, there is also evidence of an objective variance in preva-
lence related to different conditions [11].

The development of contractures is a commonly reported sec-
ondary impairment associated with chronic neurological and mus-
culoskeletal conditions. The prevalence of contractures in brain
injuries ranges from 16.2% up to 67% [12-16]; overall incidence
of contractures in at least one joint in SCl was reported to be
66% [17]; 56% in MS [18], and 24% in Alzheimer's disease [19].
Ritter et al. [20], in their large retrospective cohort study, reported
that 93% of patients with knee contractures who presented for
the TKA had a diagnosis of OA, 5% had rheumatoid arthritis (RA),
and 1.1% had osteonecrosis [20]. The prevalence of joint involve-
ment in SSc, including the occurrence of contractures, also ranges
widely between 46% and 97% [21].

Impact of joint contractures on function and quality of life

The presence of joint contractures is a self-limiting problem that
leads to sequelae of further decline in mobility, function, and
complications such as abnormal positioning, pain, pressure sores,
skin breakdown, depressive symptoms, osteoporosis, and frac-
tures, ultimately affecting the overall QOL [22,23]. In addition,
upper limb joint contractures decrease the ability to perform self-
care activities such as eating, dressing, and bathing, whereas
lower limb joint contractures might limit one’s ability to walk
independently, entailing a higher risk of fall and bed confine-
ment [7,22,24].

A study by Heise et al. [4] on 294 older individuals residing in
geriatric settings demonstrated a significant association between
functioning, disability, and QOL among individuals living with

joint contractures. Recent studies have identified several domains
of limitations relevant to contractures using the biopsychosocial
model provided by the International Classification of Functioning
(ICF) [3,4,8]. The most frequently identified problems with joint
contractures were associated with activity limitation, participation
restriction [4], mobility, muscle power, and pain [25]. Fischer et al.
[26] described the impact of joint contractures from the patients’
perspective on multidimensional components of functioning and
disability. These included pain, emotional distress, difficulty in per-
forming activities of daily living (ADLs) like walking, climbing
stairs, house chores, shopping, etc., and increased dependency on
assistive devices and caregivers [26].

Rationale for the systematic review

Although the primary literature on joint contractures is growing,
it still lacks an in-depth understanding of the role of proximate,
ultimate, and associated factors [8]. Previous reviews have
explored the risk factors associated with joint contractures; how-
ever, they were limited in the scope of the search restricted to
one database [11] or restricted to exploring only the elderly popu-
lation [24]. The lack of evidence limits the ability of caregivers
and health care clinicians to identify the risk of joint contracture
development in a timely fashion and thus early diagnosis and ini-
tiation of early intervention [24].

This systematic review aims to identify and collate the factors
associated with progressive myogenic or arthrogenic contractures.
It is hoped that its findings will aid the identification of individu-
als at risk of contracture development or progression. Earlier iden-
tification and management of contractures may impact an
individual’s ability to maintain independence with ADLs and func-
tional mobility contributing to improved QOL.

Methods

This systematic review conforms to the updated guidance on
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses-Protocols (PRISMA-P) checklist [27]. The protocol of this
review was registered on the International Prospective Register of
Systematic Reviews (PROSPERO) database: CRD42019145079.

The following bibliographic electronic databases were
searched: MEDLINE, CINAHL, EMBASE, and AMED from January
1999 to January 2022. Individual search strategies were developed
for each database to account for differences in Thesaurus termin-
ology and indexing. A complete search strategy for MEDLINE can
be found in Supplementary information (A). Restrictions were
applied for date of publication, age (adults), and humans where
applicable. The reference lists of all relevant papers and docu-
ments were also screened for references not identified in the
database search.

Study eligibility

The selection of studies was based on the Population, Exposure,
and Outcome (PEO) framework [28].

Population

Studies involving human participants aged 18 years or above who
developed progressive arthrogenic or myogenic contracture(s) as
a secondary consequence of a primary condition (e.g., brain and
SCl, OA, etc), orthopaedic surgery, or a period of prolonged
immobility were included. Studies involving children, non-
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progressive contractures, and scar contractures were excluded as
the underlying aetiology in these populations is mostly congenital
and intrinsic, and do not fall into the scope of this review. Studies
that included both children and adults as participants were only
considered if the results for adults were presented separately.
Moreover, studies on conditions in which contractures formed a
part of the primary diagnostic criteria, especially in idiopathic con-
ditions such as Dupuytren’s disease and adhesive capsulitis, were
also excluded.

Exposure of interest

The exposure of interest was factors associated with joint contrac-
tures, for example, physical mobility, pain, cognition, or functional
ability. Intrinsic or disease-specific factors, genetic, congenital,
pharmacological, and surgical factors were excluded.

Outcome

Studies which included joint contractures as a primary or second-
ary outcome were included. Joint contractures in this review are
operationally defined as a limitation or reduction in the
joint PROM.

Types of studies

The review included prospective and retrospective cohort studies,
case-control studies, and cross-sectional analytical studies.
Secondary analysis of interventional studies where baseline data
were obtained were also included. Biological and qualitative stud-
ies were excluded, as were case series, individual case reports,
theses, conference abstracts, letters, commentaries, or books with-
out primary data or quantitative outcomes. Studies published in
languages other than English were also excluded due to a lack of
resources for the translation of data.

Study selection

Studies retrieved from the electronic search were collated and
uploaded into Endnote reference manager v9 (Clarivate Analytics,
Philadelphia, PA), and duplicates were removed. A database
record was also maintained using Microsoft Excel (Redmond, WA),
detailing each review stage. Two independent reviewers then
screened the titles (HT and KC/JD), abstracts, and full texts (HT
and SA) based on the inclusion criteria. Where necessary, any dis-
crepancies or disagreements were resolved through discussion or
using a third reviewer (SP/KC/JD). Reasons for exclusion at the
full-text stage are documented in the PRISMA flowchart (Figure 1).

Assessment of methodological quality

The methodological quality of the eligible studies was assessed
by two independent reviewers (HT and SA) using methodologic-
ally appropriate critical appraisal checklists from the Joanna
Briggs Institute (JBI) [29]. These included checklists for cohort
studies, case-control studies, analytical cross-sectional studies,
randomised controlled trials, and quasi-experimental studies. The
discrepancies and disagreements were resolved through discus-
sion or using a third reviewer where necessary (KC/JD).
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Data extraction and synthesis

Data from the included studies were extracted by two independ-
ent reviewers (HT and SA) in an excel sheet in accordance with
the PRISMA guidelines [30]. The extracted information included
but was not limited to the following: author names, publication
date, country of origin, study characteristics (e.g., study design,
setting), participant characteristics (e.g., sample size, age, gender),
the definition of contractures, methods of assessment used for
outcomes and exposures, and relevant study findings. If consen-
sus was not reached, the discrepancies or disagreements were
resolved through discussion or using a third reviewer (KC/JD). A
meta-analysis of the data was not possible because of a lack of
homogeneity between the studies regarding the study popula-
tion, setting, and outcomes; therefore, a narrative synthesis
was conducted.

Results

A step-by-step process of study screening and selection and the
reasons for exclusion are given in the PRISMA flow diagram
(Figure 1).

The electronic database searching retrieved 10 026 citations:
An additional 16 citations were identified from other sources,
such as hand-searching reference lists of included studies, rele-
vant systematic reviews, and book chapters. After removing dupli-
cates, title, and abstract screening, full texts of 183 studies were
assessed for inclusion in detail, of which additional 136 studies
were excluded, with reasons recorded. Forty-seven studies met
the inclusion criteria and were included in the review
[9,12,15-18,21,31-70].

Characteristics of included studies

A summary of the characteristics of the included studies is pre-
sented in Table 1. Of the 47 studies included, 20 studies used a
cross-sectional design [18,31,33,36,37,39-41,44,47,48,51, 53-55,59,
62,64,66,68], 13 were prospective cohort studies [12,16,17,32,
34,35,38,45,50,57,58,69,70], six were retrospective registry review-
based cohort studies [42,43,49,52,56,61], and three were case-con-
trol studies [15,21,65]. The remaining five publications were a sec-
ondary analysis of previously conducted studies [9,46,60,63,671.
The included studies were conducted in various countries.
Sixteen studies were conducted in North America [9,38-44,47,
49,51,52,61,62,68,69], 12 in the UK and Europe [15,21,34-37,
45,55,60,63,65,671, six in Australia [12,17,18,31,32,66], eight in Asia
[33,48,50,53,54,56,58,64], one in Brazil [16], and the remaining four
had participants from different parts of the world [46,57,59,701.

Participants

A total of 275,631 participants were included in 47 studies; the
sample size ranged from 21 to 254 519, the participants’ age
ranged from 18 to 93, and had both male and female partici-
pants. It is important to note that three papers [42-44] included
the same cohort of participants in their studies. Therefore, these
papers were treated as one study to avoid spurious multiplication
of the number of participants. The findings of the papers, how-
ever, are reported separately as each of them evaluated differ-
ent factors.

The study patient population included a variety of specific
diagnostic groups. Twenty-two studies included patients with
neurological conditions, of which 12 were on brain injuries
[12,15,16,31-34,46,50,60,63,65], six were on SCl [17,36,45,47,51,68],
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Figure 1. PRISMA flow diagram.

three were on CP [37,53,62], and one study was on MS [18].
Seventeen studies included participants with different musculo-
skeletal conditions out of which seven studies included patients
with SSc [21,35,38,57,59,69,70], five studies evaluated patients
who underwent orthopaedic surgery [49,52,54,56,61], four studies
examined patients with OA [39,40,55,66], and one study included
transtibial amputees [48]. The remaining eight studies targeted
patients with mixed diagnoses [9,41-44,58,64,67].

Joints assessed

Twenty-one studies assessed single joints
[15,31-34,36,39,40,45,48-50,52,54,56,60-63,65,66], 21 studies
assessed  multiple  joints  [9,12,16-18,21,35,37,38,42-44,46,
47,51,55,57,58,68-70], and the remaining five studies did not spe-
cify the number of joints assessed [41,53,59,64,67]. The most com-
monly assessed single joint was knee (eight studies)
[39,40,48,49,52,54,56,65], followed by the shoulder (four studies)
[15,33,36,45], elbow (three studies) [31,32,61], wrist [60,63], ankle
[34,50], and hip [62,66] (two studies each). Sixteen studies
assessed joints of the upper extremity [15,16,21,31-33,

36,38,45,46,51,57,60,61,63,70], 14 studies assessed joints of the
lower extremity [34,37,39,40,48-50,52,54-56,62,65,66], 12 studies
assessed both joints of wupper and lower extremities
[9,12,17,18,35,42-44,47,58,68,69], and the remaining five did not
specify the joints assessed [41,53,59,64,67].

Contracture definition

Out of the total 47 studies, 37 studies provided an operational
definition of contracture [12,15-18,31-38,40-52,55-62,65,66]. Of
these, 12 studies categorised them according to their severity
[12,15,17,18,33,35,36,40,44,51,57,59]; eight studies used a different
term for contractures: limitation in joint ROM [33,66], limited
PROM [37,47], impaired ROM [45], and arthrofibrosis [49,52,61].
Ten studies did not specify any operational definition for contrac-
tures [9,21,53,54,63,64,67-70].

Contracture identification and documentation

The most common method to identify contractures was goniom-
etry which measured the PROM (14 studies) [16,33,37,39,
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40,45,47,49-51,54-56,61]. Of these, one also utilised a gravity
inclinometer along with the goniometer [16]. The second most
common mode of identification of contractures was utilisation of
either an ordinal or nominal scale to establish the presence and/
or severity of contractures [12,17,18,36,41,44,46,57-59,67,70] (12
studies). Four studies utilised photographic or radiographic meas-
urement method to identify contractures [21,31,32,65]; three stud-
ies used a custom-built device to measure the PROM [34,60,63];
two studies utilised physical examination to assess the PROM
[35,62]; two studies used a manual measurement method [15,38];
one study used a digital inclinometer to quantify PROM [66]; one
study in addition to using an ordinal scale also assessed PROM of
specific joints at standardised torque [17]. Seven studies docu-
mented contractures through the patient medical records
[42,43,52,61], filled survey responses of participants [44,48], and
telephonic interviews of patients [68]. Four studies did not specify
the methods used to identify or document contrac-
tures [9,53,64,69].

Methodological quality

Table 2 provides the risk of bias and quality assessment of the
included studies with scores according to the research design.
The overall score was calculated for each checklist and expressed
in percentage. Ten studies were rated with an average score
between 80 and 100% (excellent) [16,39-41,55,56,59,61,65,66],
22 studies were rated between 60 and 79% (good)
[9,12,17,18,33-37,43,45-54,60,63], 13 were rated between 40 and
59% (fair) [15,21,32,42,44,57,58,62,64,67-70], and two studies were
rated below an average score of 40% (poor) [31,38]. The most
common area for high risk of bias for studies with low average
scores was the lack or unclear use of valid and reliable tools for
outcomes and exposures and the lack of identification of the con-
founding factors.

Identified factors

A detailed list of factors evaluated in the included studies with
their statistical findings is provided in the Supplementary informa-
tion (B). The identified factors were broadly grouped into three
main domains: sociodemographic factors, physical factors, and
proxies for bed confinement. A summary of the review findings
according to the evidence is presented in Table 3.

Domain 1: sociodemographic factors

Age

Out of a total of 47, 18 studies included ageing as a potential
factor [9,12,17,38-40,42,44-46,48-51,53,56,58,61] of which two
reported a significant association of age with contractures [40,46].
In two studies, the association depended on specific planes of
movement [17,45], e.g., significant association with shoulder flex-
ion and abduction but not external rotation [45]. One study dem-
onstrated no significant association between age and the severity
of contracture but a moderate positive correlation with any con-
tracture [51]. One study demonstrated that older age was an
independent risk factor for the development of a new contracture
for participants who already had a contracture [58]. The remaining
12 studies failed to establish any significant association of con-
tractures with age [9,12,38,39,42,44,48-50,53,56,61].
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Gender

Fourteen studies included gender as a possible associated factor
[9,35,38-40,42,45,49,50,54,56,58,61,68]. Of these, 12 studies found
no association of either gender with contractures. One study dem-
onstrated that males are more likely to develop new joint contrac-
ture through univariate analysis, but multivariate analysis showed
that the male gender was not an independent risk factor for con-
tractures [58]. One study found no correlation of contractures
with gender after TKA; however, it demonstrated that the recur-
rence rate of flexion contracture (FC) after TKA was significantly
higher in males than in females [54].

Ethnicity

Five studies evaluated ethnicity as a potential factor
[9,38,40,50,68]. One study identified a statistically significant asso-
ciation between the occurrence of contractures among African
American participants compared to white American participants
[9]. The remaining four studies found no association with the eth-
nic backgrounds of participants [38,40,50,68].

Weight, height, and body mass index
Three studies investigated weight, height, and body mass index
(BMI) as potential factors [39,40,56]. One study reported that par-
ticipants with FC were heavier, taller, and had a greater BMI than
those without FC [40]. The remaining two studies reported no
association with contractures [39,56].

Education and employment status

One study evaluated the association of education status (illiterate,
literate, primary school, high school, or university graduate) and
employment status (unemployed, working part-time, or working
full-time) with joint contractures and reported moderate correla-
tions for both [53].

Accommodation

One study evaluated accommodation (whether the participants
lived alone, with their family, spouse, or caregiver) as an associ-
ated factor for joint contractures and reported no significant cor-
relation [53].

Laterality

One study evaluated laterality (dominant vs. non-dominant side)
as a potential factor and reported a significant positive association
with small hand contractures [35].

Healthcare insurance

One study evaluated healthcare insurance as a potential factor in
nursing homes and reported that residents with healthcare insur-
ance (Medicaid) were significantly more likely to have contrac-
tures [9].

Domain 2: physical factors

Functional ability

Functional ability in this review is operationally defined as the
ability to perform basic and instrumental ADLs. Nineteen studies
evaluated the association of functional ability with contractures
[9,12,16,21,32,35,38,44,46,47,51,55-57,60,63,66,68,69]. Fourteen
studies reported significant association of poor or reduced overall
functional ability with contractures [9,16,21,32,35,38,
46,47,51,55,57,60,63,66]. Among others, Kwah et al. [12] reported
a significant association of contractures with poor combined
upper limb motor function and “sit-to-stand” activity but did not
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Table 3. Summary of review findings.

Evidence for association with contractures Factors

Bed confinement
Functional ability
Muscle weakness

Pain

Physical mobility

Age

Spasticity

Gender

Ethnicity

Height

Weight

BMI

Laterality

Education and employment status
Healthcare insurance
Level of cognition
Clonus

Spastic dystonia
Ethnicity

Urinary incontinence
Pressure ulcers
Manual dexterity
Accommodation status
Involuntary muscle activity
Anxiety

Behavioural symptoms
Quality of life

Consistent evidence

Inconsistent evidence

Weak evidence

No evidence

report any significant relationship between reduced walking func-
tion and contracture. Two studies reported differences between
the types of joints affected by lack of function; Vogel et al. [68]
reported a significant association of poor functional ability with
hip and elbow contractures but not with ankle contractures. The
remaining three studies did not report any significant association
of functional ability with contractures [44,56,69].

Pain

Of the 18 studies that examined the relationship of pain with con-
tractures  [9,12,16,17,33,36,39,44-46,52,56,58,59,62,64,66,70], 13
reported significant association between pain and contractures
[9,16,33,36,39,45,46,56,59,62,64,66,70]; one reported that the asso-
ciation depended on specific plane of movement, i.e., significant
association with ankle dorsiflexion but not with wrist and elbow
extension [12]. The remaining four studies did not report any sig-
nificant association of pain with contractures [17,44,52,58].

Muscle weakness

Nine studies evaluated the association of muscle weakness with
contractures [12,16-18,32,45,51,66,68]. Eight out of nine studies
reported significant association of contractures with muscle weak-
ness [12,16-18,32,51,66,68]. Of these, one reported a significant
association of contractures with muscle weakness but not with
innervation status [51]. The remaining study did not report any
significant association between the two [45].

Muscle tone

Spasticity: Nine studies evaluated the association of spasticity with
the development of contractures [12,15,17,32,45,50,68]. Six studies
reported significant associations with contractures
[12,15,17,32,45,50]; however, two of these only identified joint-
specific positive associations: a significant association between
spasticity with elbow and wrist contractures was identified in one
study [17] but was non-significant in another study [12].
Interestingly, one study reported an inverse relationship between
spasticity and contractures [34]. The remaining two studies

reported no significant association of spasticity with contractures
[16,68]. Spastic dystonia and clonus: One study evaluated spastic
dystonia and clonus as potential factors and reported a statistic-
ally significant association with contractures [50].

Physical mobility

Physical mobility in this review is operationally defined as an indi-
vidual's ability to move independently and safely in different envi-
ronments to perform ADLs. Eight studies evaluated the
association of reduced physical mobility with contractures
[9,18,37,40,43,44,53,58], and all of them reported a significant
association.

Skin changes

Three studies evaluated the association of changes in the skin
with the occurrence of contractures [35,62,67]. Balint et al. [35]
included skin hypo/hyperpigmentation as a possible associated
factor; however, no statistically significant association was found.
Noonan et al. [62] and Vanderwee et al. [67] evaluated the associ-
ation of pressure ulcers with the development of contractures,
and both studies demonstrated a significant association.

Involuntary muscle activity

Two studies investigated the association between contractures
and involuntary muscle activity/associated reactions and showed
no significant association [31,65].

Psycho-cognitive functions

Cognition: Wagner et al. [9] evaluated the association of level of
cognition with contractures; univariate analysis demonstrated a
significant association of cognitive decline with contractures.
Learning disability: icagas: @lu et al. [53] evaluated the association
of mental retardation with contractures in adults with CP and
found a moderate correlation between the two. Anxiety: Clavet
et al. [44] assessed the association of anxiety with contractures
and demonstrated no significant association. Behavioural symp-
toms: Wagner et al. [9] included behavioural symptoms as a pos-
sible associated factor for contractures, but the findings did not
reach significance.

Urinary incontinence

Wagner et al. [9] included urinary incontinence as a potential
associated factor. Univariate analysis revealed a significant associ-
ation with contractures, but multivariate analysis showed no sig-
nificant association.

Manual dexterity

Matozinho et al. [16] evaluated manual dexterity as a potential
risk factor. It was reported to be an independent predictor for the
development of joint contractures.

Domain 3: proxies for bed confinement

In this review, proxies for bed confinement are operationally
defined as any extrinsic factors limiting an individual’'s mobility or
confining them to bed.

Seven studies evaluated different proxies for bed confinement
as potential associated factors for joint contractures
[9,41-43,50,58,61]. Marchand et al. [61] evaluated the association
of length of immobilisation with contractures and demonstrated a
statistically significant association. Clavet et al. [43] investigated
the difference in contracture occurrence between patients mobi-
lised in the ICU and those who were not; they reported a



significant difference between them. Lam et al. [58] evaluated
dependency for bed mobility as a possible risk factor and demon-
strated it to be an independent predictor of new upper limb con-
tractures. Three studies investigated physical restraints as a
potential factor associated with joint contractures in long-term
care residents [9,40,57]. All of them reported that physically
restrained residents have a significantly higher chance of develop-
ing contractures. Wagner et al. [9] identified nursing home length
of stay (LOS) as a potential factor. There was a statistically signifi-
cant difference between the mean LOS of residents who devel-
oped contractures and those who did not. Two studies evaluated
the association of the LOS in ICU with contractures identifying a
significant association between the two [42,43]. Two studies inves-
tigated the association of the LOS in hospital with the develop-
ment of contractures [42,50]; one of which [42] reported a weak
association, and the other reported no significant association [50].
Two studies evaluated the association of the duration of invasive
mechanical ventilation with the development of contractures
within the ICU setting [42,50]. One study demonstrated that the
odds of developing contractures were 7.7 times higher in mech-
anically ventilated patients for more than two weeks than those
who were mechanically ventilated for two or less weeks [50]. The
other study showed a weak association between contractures and
the duration of mechanical ventilation [42].

Discussion

The identified factors in this review were broadly categorised into
three main domains: sociodemographic factors, physical factors,
and proxies for bed confinement. The factors which provided the
most consistent evidence for association with contractures were
poor functional ability, pain, muscle weakness, reduced physical
mobility, and bed confinement.

Methodological quality

The overall methodological quality of the studies was rated good,
with an average of 66.8%. The most frequent area of the potential
risk of bias in the low-quality studies was the unclear use of gold-
standard tools to assess contractures and the failure to identify
confounding factors. The assessment of contractures was variable
across the studies because no gold standard assessment tool
exists to identify their presence. However, most studies defined
and documented contractures as a limitation in the joint PROM.
Therefore, the variability of the assessment methods does not dir-
ectly influence the identification of factors associated with con-
tractures. On the other hand, confounding factors play an
essential role in a multifactorial condition such as joint contrac-
ture. Therefore, it is difficult to make inferences about the direct
causal implications of most of the factors associated with contrac-
tures when other potential influences are not accounted for.
Therefore, the findings of the review should be interpreted
with caution.

Factors with consistent evidence of association

Findings across studies on reduced functional ability, pain, muscle
weakness or paralysis, physical mobility, and bed confinement
were generally consistent and found strong correlations with joint
contractures. In theory, the relationship of contractures with these
factors could be explained by the notion that the presence of any
of the above-mentioned factors reduces the overall functionality
and places the joint(s) in a static position for extended periods
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due to a lack of active movement. This leads to a reduced num-
ber of sarcomeres, decreasing the overall muscle mass and length.
The connective tissues, in turn, lose their elasticity and undergo
fibrosis, potentially predisposing the muscle to shorten and form
a contracture [7,22,24,71]. In case of pain, the patients tend to
adopt a particular position that relieves the associated discomfort.
For instance, patients with anterior knee pain tend to adopt a
position of partial flexion for prolonged periods to avoid pain and
discomfort, potentially leading to the reduced functional use of
the knee joint and the potential development of knee FCs [56].

Factors with inconsistent evidence of association

Age

Evidence regarding age was inconsistent across the studies. The
associations identified in five studies [17,40,45,46,51] could be
attributed to other musculoskeletal disorders and typical degen-
erative changes associated with increasing age leading to reduced
joint ROM rather than contractures occurring as a part of the nor-
mal ageing process [24].

Spasticity
Spasticity was identified as a potential factor for contractures in
six out of nine studies that evaluated the relationship between
the two variables. This is supported by the underlying theory that
abnormal muscle activity associated with spasticity could lead to
abnormal posturing resulting in muscle and soft-tissue shortening
and, consequently, forming a contracture [72]. However, the evi-
dence provided by these studies is questionable because the
methods utilised to measure or evaluate the presence of spasticity
were not consistent. There is sufficient evidence that while con-
ventional clinical scales are easy to administer, they also lack clin-
ical sensitivity and have limited validity and reliability to
document the abnormal muscle activity associated with spasticity
[73,74]. On the contrary, neurophysiological measurements pro-
vide a direct measure of muscle activity to quantify spasticity
according to the existing definition [74]. In this review, the only
study that utilised a neurophysiological measure to identify the
presence of spasticity and found a significant association with
contractures lacked statistical power (n< 30) [32]. In addition, the
study failed to consider the evaluation of confounders alongside
spasticity and weakness, such as upper limb function, which could
be the primary factor for the development of contractures [60].
Additionally, because current neurophysiological measures are
not feasible as assessment tools for clinicians in everyday practice,
the relationship between spasticity and contractures remains
inconclusive. Further evidence is required, and this is likely to
depend on developing a practical assessment method of spasti-
city that «can also differentiate between contractures
and spasticity.

Factors with weak or no evidence of association

Sociodemographic factors like gender, ethnicity, height, weight,
BMI, laterality, education and employment status, healthcare
insurance, and accommodation status showed either no or insuffi-
cient evidence of association with contractures. Among physical
factors, involuntary muscle activity, anxiety, QOL, and behavioural
symptoms also failed to provide any evidence of association with
contractures. Other physical factors like clonus, dystonia, manual
dexterity, pressure ulcers, urinary incontinence, and level of cogni-
tion demonstrated correlations with contractures, but there was
insufficient evidence to make any inferences.
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Strengths and limitations of the review

This is the first systematic review to identify the factors associated
with joint contractures targeting adults aged 18 and above.

The development and progression of joint contractures usually
involve a complex interplay of factors. Once developed, contrac-
tures are followed by a chain of physical impairments such as loss
of function, limited mobility, pain, and deconditioning. This poten-
tially leads to further immobility, predisposing to exacerbating
existing or developing new contractures resulting in a vicious
cycle [75]. For this reason, this review was not just limited to lon-
gitudinal studies which aim to establish the risk factors and tem-
poral relationships. Rather, all types of studies that addressed
ultimate, proximate, or associated factors linked with progressive
joint contractures were included, regardless of their temporal
occurrence. The associations found in this review, therefore, could
arise from factors either contributing to or occurring as a conse-
quence of joint contractures.

A comprehensive search strategy was employed as part of this
review to capture most of the evidence. However, it may be sub-
jected to retrieval bias as the search was limited to the year 1999
and the English language only. This might have led to the exclu-
sion of substantial evidence published before this date and in
other languages.

There was a lack of consistency in the definitions and outcome
measures used for contractures and the associated factors; the
lack of a uniform definition and assessment methods made it dif-
ficult to compare the findings across the studies and understand
the direction of the relationship.

Conclusions

The factors which provided consistent evidence on association
with joint contractures in this review were poor functional ability,
pain, muscle weakness, reduced physical mobility, and bed con-
finement. These factors do not necessarily qualify as independent
predictors for the development of joint contractures. However,
considering the multifactorial aetiology of joint contractures, the
evidence for different associations can be used to design targeted
and effective prevention and management strategies to reduce
the incidence of joint contractures.
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