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Abstract

Introduction ‘Syndromic hypermobility’ encompasses heritable connective tissue disorders such as hypermobile Ehlers-Danlos
syndrome and hypermobility spectrum disorders which are characterised by excessive joint range of motion and pain.
Conservative interventions such as exercise are the cornerstone of management, yet their effectiveness is unclear.

Aim To systematically appraise the effectiveness of conservative management for people with syndromic hypermobility.
Method A systematic online database search was conducted (AMED, BND, CINAHL Plus, MEDLINE, PEDro, PsychINFO
and SportDiscus). Potential articles were assessed for eligibility by two researchers against the following criteria: adults and
children with a hEDS/HSD diagnosis (or equivalent diagnosis using specific criteria); non-pharmacological or non-surgical
interventions; outcomes related to pain, physical function, psychological well-being or quality of life. Controlled trials and cohort
studies were included. Critical Appraisal Skills Programme checklists were used to assess methodological quality.

Results Eleven studies were included, comprising eight controlled trials and three cohort studies. All studies investigated
interventions that had exercise as the primary component. Three small controlled studies demonstrated superior effects of
conservative management relative to a control group. However, those studies only focused on a single area of the body, only
recruited women, and had no long-term follow-up. All studies reported improvements in a wide range of outcomes over time.
Conclusion Controlled trial evidence for the superiority of conservative management over comparators is weak. There is some
evidence that people improve over time. Robust randomised controlled trial research of the long-term effectiveness of ‘whole-
body’ (rather than individual joints or body areas) conservative management is required.

Keywords Conservative treatment - Ehlers-Danlos Syndrome - Hypermobility - Systematic review

Key Points

 Conservative management is the cornerstone of management of syndromic hypermobility.

* The review found that evidence for the effectiveness of conservative management relative to no treatment or other conservative comparators was weak.
* However, there was consistent evidence for effectiveness from pre- to post-treatment.

 Further robust randomised controlled trial evidence is required.

Introduction

‘Hypermobility’ defines the ability of one joint or multiple
joints to move beyond what might be considered a normal
range of motion [1]. In some cases, hypermobility can be an
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asset, such as in sport and the performance arts. However, it is
also a feature of heritable connective tissue disorders such as
hypermobile Ehlers-Danlos syndrome (hEDS) [2] and hyper-
mobility spectrum disorders (HSD) [1]. The terms hEDS/HSD
have replaced previous diagnostic categories of Ehlers-Danlos
syndrome hypermobility type (EDS-HT) (Villefranche criteria
[3]) and joint hypermobility syndrome (JHS) (Brighton
criteria [4]). Within this manuscript, we will refer to
‘syndromic hypermobility’ as an umbrella term to cover the
new and historical diagnoses. Syndromic hypermobility is
commonly associated with pain, fatigue, cycles of injury and
recovery [5] in addition to a wide range of other symptoms
affecting the musculoskeletal, gastrointestinal, cardiovascular
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and autonomic nervous systems [6]. Symptoms can have a
negative impact upon strength, proprioception, function and
quality of life [7]. The prevalence of the new diagnostic cate-
gories of hEDS [2] and HSD [1] have yet to be established;
however, 30% of people referred to a musculoskeletal triage
service in the UK met the historical Brighton criteria for JHS
[8]. Similar high prevalence rates for JHS were reported for
UK pain management (39.1%), rheumatology (37.0%) and
orthopaedic lower limb (10.9%) clinic referrals [9].
Syndromic hypermobility is therefore likely to be more com-
mon within musculoskeletal services than traditionally be-
lieved, although it should be noted that a much smaller pro-
portion of people are likely to meet the new stricter hEDS
diagnostic criteria [2].

Syndromic hypermobility is under-recognised and poorly
understood and its assessment and management are deemed
complex [1]. A multidisciplinary and patient-centred ap-
proach is recommended [10]. The British Society of
Paediatric and Adolescent Rheumatology [11] highlighted
the ineffectiveness of current medical management for
hypermobility-related pain in young children and adolescents,
recommending a multi-systemic approach. Surgery should be
considered as a last resort when other interventions have been
unsuccessful because syndromic hypermobility patients have
a higher risk of surgical complications, such as reduced effec-
tiveness of local anaesthesia and delayed wound healing [12].
Rombaut et al. [13] reported that only 33.9% of EDS-HT
patients who had surgery reported a positive effect, compared
to 63.4% of those receiving physiotherapy. Care needs to be
taken in interpreting those figures as the circumstances and
indications for such interventions were likely to have been
very different and thus they are not directly comparable.
Nonetheless, it is clear that the effectiveness of conservative
management in people with syndromic hypermobility war-
rants systematic exploration.

Previous systematic reviews in this area provided some
support for the use of conservative management. For exam-
ple, Smith et al. [14] explored the effectiveness of physio-
therapy and occupational therapy management, Palmer
et al. [15] investigated the effects of therapeutic exercise,
and Peterson et al. [16] reviewed mechanical and physical
interventions for lower limb symptoms specifically in chil-
dren. Findings were mostly positive, with results particu-
larly suggesting that exercise, as a component of manage-
ment, can be effective in improving symptoms. However,
the need for further high-quality evidence was consistently
identified, with a lack of randomised controlled trial (RCT)
evidence and methodological limitations of the included
studies. Several more recent potentially relevant RCTs
(e.g. 17, 18) and cohort studies (e.g. 19) have since been
published. An updated review that explores a wider range
of conservative interventions in both children and adults is
therefore required.

@ Springer

Rombaut et al. [13] emphasised the need for evidence-
based recommendations for optimal management. For
healthcare professionals managing people with EDS, a lack
of high-quality clinical guidelines have been reported, limiting
evidence-based practice [17]. Palmer et al. [7] highlighted a
lack of knowledge and understanding regarding diagnosis and
management among physiotherapists. The current systematic
review therefore aims to systematically identify and appraise
the existing research evidence relating to the effectiveness of
conservative management for syndromic hypermobility.

Methodology

The review was conducted and reported according to
PRISMA guidelines [18]. The protocol was not registered
with the international prospective register of systematic re-
views (PROSPERO).

A librarian with systematic reviewing expertise advised on
the choice of electronic databases and construction of the
search strategy. The electronic databases chosen were
AMED (Allied & Complementary Medicine), CINAHL Plus
(Cumulative Index to Nursing & Allied Health Literature),
MEDLINE, PsychINFO and SportDiscus (all via EBSCO);
BND (British Nursing Database); and PEDro (Physiotherapy
Evidence Database).

The research question was refined using the PICO format
(Table 1) to ensure a focused and comprehensive search [19].
Consultation with the librarian led to the development of a
simple and inclusive search strategy, focussing only on the
‘population’ and ‘intervention’ due to the relatively limited
range of literature available in this area (Table 2).

A Boolean search strategy was used on EBSCO and BND
to search for relevant articles. The ‘OR’ operation was used
within each search to identify one or more terms, with ‘AND’
being used to combine the search terms [20]. Where possible
within each electronic database, the search was limited to ar-
ticles in the English language published from 1998 onwards.
A simplified search strategy of ‘hypermobil*’ was used for
PEDro to ensure the retrieval of all relevant articles. The elec-
tronic literature search was conducted on 27 February 2019
and updated on 1 June 2020.

Inclusion and exclusion criteria (Table 3) were developed a
priori to reflect the PICO research question. Duplicates were
removed and the remaining articles were independently eval-
uated by two researchers against the eligibility criteria to de-
termine the appropriateness of titles, abstracts and full-text
articles. Any disagreements between reviewers were
discussed by the wider research group and agreed by consen-
sus. All articles included for full-text review and relevant pre-
viously published systematic reviews [14—16] were also
‘snowballed’ by one researcher. Snowballing is the process
of identifying additional research from reference lists to
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Table 1 PICO components

associated with the research PICO component

Details

question
Participant (P)

Intervention (I)
Comparison (C)

Outcome (O)

Hypermobile Ehlers-Danlos syndrome (hEDS) or
hypermobility spectrum disorders (HSD) (or
previous diagnoses of EDS-HT or JHS)

Conservative management

No intervention, ‘usual care’ or another intervention
(randomised controlled trials); or before-after
treatment comparison (cohort studies)

Pain, physical function, psychological well-being and quality of life

reduce the risk of missing preliminary evidence [23]. The
articles included and excluded, with reasons, were reported
according to PRISMA guidelines [18].

The methodological quality and risk of bias of the included
studies was appraised using Critical Appraisal Skills
Programme (CASP) checklists for RCTs [24] and cohort stud-
ies [25]. CASP checklists are recommended for group work
within healthcare, ensuring succinct and effective consider-
ation of the components needed for critical appraisal of evi-
dence [26]. Two researchers appraised the included articles
independently and then agreed a shared interpretation of the
quality of each article. Any discrepancies were discussed with
the wider research group until consensus was found. The re-
sults were then tabulated. Following critical appraisal, key
data was extracted (including participants, sample size, loca-
tion/setting, intervention, outcome measures and findings)
and this was also tabulated. This informed a narrative synthe-
sis of the findings. Meta-analysis was not attempted due to
substantial heterogeneity in study design, interventions and
outcome measures.

Results

Eleven studies were included in the final review. Figure 1
outlines the process of article identification and assessment
of eligibility according to PRISMA guidance [18].

Key characteristics of each of the controlled trials and co-
hort studies are reported in Tables 4 and 5. There were eight
controlled trials (including seven RCTs and a pilot RCT) and
three cohort studies (one of which was a pilot study).

Of the controlled studies, only Celenay and Kaya [29],
Daman et al. [30] and Reychler et al. [35] found consistent
evidence of the superiority of conservative interventions rela-
tive to no-treatment controls post-treatment. However, those

studies only focused on a single area of the body, only recruit-
ed women, and had no long-term follow-up. Unfortunately,
Sahin et al. [36] failed to report a direct head-to-head statistical
comparison between trial arms following treatment. Two con-
trolled studies [32, 33] reported inconsistent findings, with
only parent-reported outcomes demonstrating differences be-
tween groups. For example, Pacey et al. [33] found that the
parent-reported physical quality of life score favoured exercise
to neutral, whilst the parent-reported psychosocial score
favoured exercise into the hypermobile range. Kemp et al.
[32] found that parental global assessment favoured targeted
physiotherapy rather than generalised physiotherapy, but only
at 5 months. None of the other child-reported or physical
outcome measures reported by these studies [32, 33] differed
between groups. Bale et al. [27] found no difference on any
outcome between a multidisciplinary intervention and usual
care. The final controlled trial [34] was clearly identified as a
pilot study, aimed at informing a future definitive trial of
physiotherapy. It was therefore not explicitly designed to de-
termine the effectiveness of the intervention and, as a result,
did not conduct between-group statistical analyses. In summa-
ry, the evidence for the effectiveness of conservative manage-
ment relative to comparators is weak and contradictory.

There was much more consistent evidence from the con-
trolled studies and cohort studies of positive effects of conser-
vative management from pre- to post-treatment. This included
a very wide variety of patient-reported, parent-reported and
objective outcomes across impairment, activity and participa-
tion levels.

Five studies were conducted in the UK, two in Turkey, and
one each in Australia, Iran and Norway. Three studies were
with children [27, 32, 33], with the remainder being in adult
participants. Bathen et al. [28], Celenay and Kaya [29],
Daman et al. [30] and Reychler et al. [35] recruited only wom-
en, whilst the others had both sexes. Total samples sizes

Table 2 Final search terms
Search number

Search terms

Search 1
Search 2

hypermobil* OR Ehlers-Danlos type 11 OR Ehlers-Danlos type 3
treatment OR management OR intervention OR therapy
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Table 3 Inclusion and exclusion
criteria

Inclusion

Exclusion

hEDS, HSD, EDS-HT, JHS.

In adults: specific diagnostic criteria for hEDS [2],
HSD [1], EDS-HT [3] or JHS [4].

In children: Beighton score in combination with other

Other subtypes of EDS [2, 3].
Beighton score in isolation.

symptoms is acceptable as Villefranche [3] and
Brighton [4] criteria not validated in children.

Adults and children.

Conservative management.

Pregnant women as peripheral and pelvic joint laxity
increases during pregnancy [21], increasing the
prevalence of hypermobility [22].

Pharmacological or surgical interventions.

Quantitative assessment of pain, physical function,
psychological wellbeing or quality of life.
RCTs and cohort studies, including feasibility, pilot

and preliminary studies.

Peer-reviewed academic journal articles.

Articles published from 1998 onwards as the
international Villefranche (EDS) and Brighton
(JHS) criteria were published from 1998.

English language.

recruited ranged fromn=12ton=119, withn=10 to n =59
allocated to the conservative intervention groups.

The intervention duration ranged from 4 weeks to 4 months,
with the final outcomes being at the end of treatment in seven
of the 11 studies. Bale et al. [27] had the longest follow-up
(12 months following baseline). All conservative

interventions featured exercise as a core component, accom-
panied in some cases by a range of additional interventions
such as occupational therapy [27], discussions and lectures
[28] or information and advice [34]. Some interventions
(and associated outcomes) were specific to a single body area
such as the spine [29], inspiratory muscles [35] or the knee

. . '
Fig. 1 PRISMA flow diagram Records identified: n=1148
s EBSCO (Medline, CINAHL,
= SPORTDiscus, AMED, PsycINFO)
< (n=1028)
S BND (n=96)
S PEDro (simple search) (n=24)
N—
)
2 Records following removal of N Records excluded: n=765
= - >
o duplicates: n=789
3]
(%]
—
'
> Y — Full-text articles excluded: n=13
E Full-texts assessed for eligibility: > Study design (n=9)
2 n=24 No specific diagnosis (n=3)
w Pharmacological intervention (n=1)
N—
'
A 4
o Articles included in review: n=11
S
=2
o
£
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Table 7

Critical Appraisal Skills Programme checklist for cohort studies. v'= Yes, X = No, ?=Can’t Tell, CIs = Confidence Intervals

CASP Checklist Question

Bathen et al.
(2013) [34]

To & Alexander
(2018) [19]

Ferrell et al.
(2004) [35]

1. Did the trial address a clearly focused issue? v v v

2. Was the cohort recruited in an acceptable way? ? ? v

3. Was the exposure accurately measured to minimise bias? X X v

4. Was the outcome accurately measuredXto minimise bias? v v v

5(a) Have the authors identified all important confounding factors? ? ? v

5(b) Have they taken account of the confounding factors in X X v

the design and/or analysis?

6(a) Was the follow-up of subjects complete enough? X X X

6(b) Was the follow-up of subjects long enough? X X X

7. What are the results of this study? See Table 5 See Table 5 See Table 5
8. How precise are the results? No ClIs reported No CIs reported 95% Cls reported
9. Do you believe the results? X X v

10. Can the results be applied to the local population? X v v

11. Do the results of this study fit with other available evidence? v X X

12. What are the implications of this study for practice?

See Discussion section

See Discussion section See Discussion section

[36] lacked clarity and detail regarding the randomisation
process.

Of the controlled trials, Bale et al. [27], Celenay and Kaya
[29], Daman et al. [30], Kemp et al. [32] and Sahin et al. [36]
reported that randomisation resulted in no significant differ-
ences between group characteristics at baseline. However,
Reychler et al. [35] and Pacey et al. [33] found a difference
in age and Palmer et al. [34] found a difference in age and sex
between groups following randomisation.

Due to the study design, randomisation was not appropriate
in the three cohort studies. Ferrell et al. [31] and Bathen et al.
[28] conducted single group cohort studies, in which all par-
ticipants were exposed to the same intervention, whereas To
and Alexander [37] conducted a three-group cohort study
(JHS, generalised joint hypermobility (GJH) and normal mo-
bility). Cohort studies can be advantageous in collecting spe-
cific exposure data; however, they are often criticised for be-
ing vulnerable to influences from confounding variables [41].

Blinding

Six of the eight controlled trials reported blinding. Pacey et al.
[33] performed a double-blind trial, with the treating therapist
blinded to the results of assessment and patients blinded to the
difference between the two exercise programmes. Bale et al.
[27], Daman et al. [30], Celenay and Kaya [29] and Reychler
et al. [35] performed single-blind studies, blinding outcome
assessors to intervention groups. Kemp et al. [32] also used a
single-blind method, blinding the physiotherapist delivering
sessions to participant demographic data, diagnostic criteria,
symptom scores, joint range, strength and fitness assessments.

Palmer et al. [34] reported being unable to blind partici-
pants or assessors due to the nature of the intervention. This is
recognised as a limitation in evaluating conservative treat-
ments [42, 43]. Blinding was not discussed or reported by
Ferrell et al. [31], Sahin et al. [36], To and Alexander [37]
or Bathen et al. [28].

Confounding variables

Confounding variables are external factors that affect the true
relationship between an intervention (the independent vari-
able) and the study outcome (the dependent variable) [44].
Consideration of confounding variables is particularly impor-
tant in cohort studies as they reduce the internal validity of the
study [45]. To and Alexander [37] recognised that pain was
likely to confound their investigation, and therefore ensured
that anterior knee pain was a feature of all groups. Detailed
eligibility criteria were also documented, which reduces the
risk that the recruited population had other confounding var-
iables that may negatively affect the outcomes [46]. However,
Bathen et al. [28] and Ferrell et al. [31] both lacked detail
regarding the presence or control of confounding variables,
meaning that external factors, such as comorbidities, may
have influenced findings. Bathen et al. [28] reported only
the demographics and characteristics of the participants, and
Ferrell et al. [31] reported only their age and Beighton score. If
confounding variables are not controlled for during selection,
they can be accounted for during statistical analysis [46].
However, neither Bathen et al. [28] nor Ferrell et al. [31]
reported doing so, limiting interpretation of their findings as
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the effect of the interventions may have been obscured by
external factors [47].

Participants

The majority of studies used convenience sampling to recruit
participants from hospital physiotherapy, rheumatology or hy-
permobility clinics. Convenience sampling refers to selecting
participants based on accessibility; although considered the
least rigorous sampling method, it is widely used within clin-
ical research as it is easy and affordable [48, 49]. To and
Alexander [37] recruited from a variety of sources, including
support groups. Such sources risk recruitment of an unrepre-
sentative sample as support group members are likely to be
more compliant and proactive in managing their condition
[50]. Bathen et al. [28] did not clearly state from where par-
ticipants were recruited.

Clear eligibility criteria were outlined in nine studies, with
the exception of Bathen et al. [28] and Ferrell et al. [31]. It is
essential to consider how eligibility criteria might impact the
validity of the research [51]. For example, very strict eligibil-
ity criteria can limit external validity [52]. Six of the nine
studies that clearly reported eligibility criteria excluded partic-
ipants that had a history of other musculoskeletal pathology,
including osteoarthritis, previous surgery and ligament dam-
age, particularly at the knee joint. The remaining three studies
excluded participants based on refusal to give consent or the
presence of other chronic conditions. Exclusion based on co-
morbidities is likely to strengthen claims of a causal path
between exposure and outcome [53]. However, patients with
syndromic hypermobility are at higher risk of musculoskeletal
complications, chronic pain and joint degeneration [54].
Therefore, exclusion of comorbidities may create a sample
that is unrepresentative, limiting external validity and clinical
relevance.

Sample size and retention

Researchers use sample size calculations to determine how
many participants are required to answer their research ques-
tion [55]. An adequate sample size is required to detect statis-
tically significant treatment effects [S6]. Small sample sizes
are vulnerable to type two statistical errors, and larger than
required sample sizes risk wasting limited resources [57]. Of
the eight controlled trials, only two [27, 30] performed pro-
spective sample size calculations and then managed to recruit
and retain the number of participants identified. The other six
controlled trials either did not report a prospective sample size
[34, 36], failed to recruit the required sample [32, 33] or re-
cruited to the required sample but were unable to retain that
number in the trial [29, 35]. Of the three cohort studies, only
To and Alexander [37] recruited and retained participants in

@ Springer

excess of a prospectively calculated sample size. The others
did not report prospective sample size calculations [28, 31].

Although Bathen et al. [28], Sahin et al. [36] and Ferrell
et al. [31] did not perform sample size calculations, they all
found statistically significant improvements in some out-
comes over time in the conservative intervention groups.
Type Il errors for the outcomes that did not improve over time
cannot be discounted. Palmer et al. [34] did not perform a
sample size calculation as it was clearly identified as a pilot
study with no inferential statistical analysis. It should also be
noted that a direct head-to-head statistical comparison of the
intervention and control groups post-treatment was not report-
ed by Sahin et al. [36] and thus, it is not certain if that study
was powerful enough to detect such a difference.

Follow-up

Long-term follow-up is important in demonstrating effective-
ness beyond the period of active therapeutic intervention,
something that is of particular relevance to life-long condi-
tions such as syndromic hypermobility. In eight of the 11
studies, the final study outcomes were completed immediately
at the end of treatment, with no long-term follow-up at all. The
longest follow-up was observed in Bale et al. [27] who
assessed patients at 3-month (only 6% attrition) and 12-
month post-intervention (12% attrition). Completeness of
follow-up is an important determinant of validity [58].
Attrition rates were generally low, with only two of the in-
cluded studies exceeding 30% attrition (33% [34] and 44%
[32]).

Outcome measures

A very wide range of outcome measures were explored, in-
corporating impairment, activity and participation. This is im-
portant as it evidences the comprehensive effects of the inter-
ventions investigated. Ten of the 11 studies investigated pain
intensity. With the exception of Bathen et al. [28] and Palmer
et al. [34], all reported statistically significant improvements
in pain intensity from pre- to post-treatment.

Strengths and limitations of the review

Key strengths of the review were the very robust search strat-
egy, and the group processes for identifying, screening and
critically appraising studies. The two reviewers experienced
less agreement when using the CASP cohort study checklist
than with the RCT checklist. This led to more discussion with
the wider research group to agree an interpretation of those
studies. Whilst this consensus might be seen as a strength, the
interpretation and application of the cohort study checklist
may still be open to debate. It should be acknowledged that
only three of the studies included were with children, thereby
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limiting the application of findings to paediatric syndromic
hypermobility populations. All studies included exercise as a
core component of the interventions evaluated and thus the
effectiveness of other conservative interventions is unknown.

Clinical implications

This review provides valuable insight into the potential im-
pacts of conservative management in syndromic hypermo-
bility. Inspiratory muscle training [35], spinal stabilisation
exercises [29] and a combined exercise programme (closed
kinetic chain exercises and proprioception exercises) [30]
all demonstrated effects that were superior to no-treatment
controls. However, no clear recommendations can be made
about the superiority of particular types of conservative
interventions over other conservative management
approaches.

Although positive findings were reported in the included
studies, it is important to consider the intensity of the inter-
ventions and how well these might be integrated into
healthcare delivery. For example, two of the three RCTs that
demonstrated superior effects of exercise over no-treatment
controls [29, 30, 35] both used rather intensive interventions.
In Daman et al. [30], patients attended 3 days per week for
4 weeks, supervised by an expert physiotherapist, and in
Celenay and Kaya [29], patients attended 3 days per week
for 8 weeks, again supervised by an experienced physiother-
apist (although that intervention was delivered as a group pro-
gramme). It remains to be seen whether less therapist-
intensive interventions, which employ a greater emphasis on
supported self-management, can demonstrate clinical effec-
tiveness within the context of an RCT. Interventions such as
that piloted by Palmer et al. [34] might translate more easily
into clinical practice as they match common physiotherapy
delivery patterns, at least within a UK context [7]. Such self-
management approaches are coherent with recommendations
for long-term conditions [59] and enhancing capability to self-
manage has been associated with lower healthcare utilisation
[60].

Recommendations for future research

Further rigorous RCTs are required. Other recommenda-
tions for future research include ensuring a priori sample
size calculations; employing effective blinding and
randomisation techniques to reduce the risk of bias;
selecting outcome measures that capture the multidimen-
sional impact of syndromic hypermobility; and investigat-
ing ‘whole body’ management (rather than individual joints
or body areas), including conservative management ap-
proaches other than exercise.

Conclusion

This systematic review provides weak evidence for the effec-
tiveness of conservative management for the management of
syndromic hypermobility. This is based on three small RCTs
(n=20-46) that demonstrated superior effects relative to no
treatment on outcomes such as joint position sense, muscle
endurance, pain, physical function and postural stability.
However, those studies only recruited women, focused on a
single area of the body and had no long-term follow-up. The
review found no evidence for superior effects of specific con-
servative interventions when compared with other such inter-
ventions. All studies (including cohort studies) observed im-
provements from pre- to post-treatment in adults and children
in a very wide range of impairment, activity and participation
level outcomes. The reviewed evidence related to interven-
tions that had exercise as a core component.

Evidence included in the review should be interpreted with
caution due to a range of methodological limitations. There
remains a need for more rigorous randomised controlled stud-
ies to better inform clinical practice. Future studies should pay
particular attention to issues related to sample size, blinding,
long-term follow-up, the evaluation of ‘whole body’ manage-
ment (rather than individual joints or body areas) and the
inclusion of adequate comparators.
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