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Abstract To evaluate the effects of therapeutic exercise
on pain, stiffness, quality of life, physical function, dis-
ease activity, health-related fitness and cardiovascular risk
factors in adults with spondyloarthritis (SpA). Electronic
databases (Cochrane Central Register of Controlled Trials,
EMBASE, MEDLINE/PubMed, PEDro, AMED, CINAHL)
were systematically searched from inception to October
2013 using medical subject headings and keywords. This
was supplemented by searching conference abstracts and
a hand search of reference lists of included studies. Ran-
domised and quasi-randomised studies of adults with SpA
in which at least one of the comparison groups received an
exercise intervention were included. Outcomes of interest
were pain, stiffness, quality of life, physical function and
disease activity. Secondary outcomes were health-related
fitness and cardiovascular risk factors. Two reviewers inde-
pendently screened studies for inclusion. Methodological
quality was assessed by two reviewers using the Cochrane
risk of bias tool and the PEDro scale. Twenty-four studies,
involving 1,498 participants, were included. Meta-analyses
were not undertaken due to clinical heterogeneity, and this
review focuses on qualitative synthesis. Moderate evidence
supports exercise interventions in improving physical
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function, disease activity and chest expansion compared
to controls; there is low-level evidence of improved pain,
stiffness, spinal mobility and cardiorespiratory function.
Supervised group exercise yields better outcomes than
unsupervised home exercise. The addition of aerobic com-
ponents to flexibility programmes improves cardiorespi-
ratory outcomes, but not cardiovascular risk factors. The
most effective exercise protocol remains unclear. Current
evidence suggests that therapeutic exercises are beneficial
for adults with ankylosing spondylitis; effects on other SpA
subtypes are unknown.

Keywords Ankylosing spondylitis - Spondyloarthritis -
Exercise - Fitness - Cardiovascular risk

Introduction

The spondyloarthropathies (SpA) are a heterogeneous
group of inflammatory arthritides that include ankylos-
ing spondylitis (AS), reactive arthritis (ReA), enteropathic
spondylitis or arthritis associated with irritable bowel dis-
ease (IBD), psoriatic arthritis (PsA) and undifferentiated
spondyloarthropathy (uSpA) [1]. They are characterised by
sacroiliitis with inflammatory back pain, peripheral joint
pain, enthesitis, dactylitis and extra-articular manifestations
including uveitis, psoriasis and IBD. SpA are associated
with decreased physical function and lower health-related
quality of life (QoL) [2, 3]. Depending on clinical features
and imaging, SpA can be classified as predominantly axial
SpA or predominantly peripheral SpA [4, 5].

Current practice guidelines recommend a combination
of pharmacological and non-pharmacological treatment
modalities for optimal management of patients with AS
and PsA [6, 7]. Exercise programmes have shown small
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but beneficial effects on spinal mobility and physical func-
tion in adults with AS [8]. To our knowledge, no review has
systematically examined the effect of exercise in other SpA
subtypes, although exercise is frequently advised as part of
their management.

Epidemiological evidence suggests that AS and PsA are
associated with elevated cardiovascular risk factors and
increased cardiovascular morbidity and mortality [9, 10];
however, to date, studies have not explored the effects of
therapeutic exercise on cardiovascular risk factors and
physical fitness parameters in SpA. The aims of this review
were to assess the effects of exercise on pain, stiffness,
QoL, physical function, health-related fitness and cardio-
vascular risk factors in adults with SpA.

Materials and methods

A protocol outlining the review strategy and methods
of analysis was registered with a registry of systematic
reviews (available at http://www.crd.york.ac.uk/PROS-
PERO/display_record.asp?ID=CRD42013004015).

Eligibility criteria

Adults diagnosed by a rheumatologist as having AS, ReA,
PsA, uSpA or enteropathic spondylitis were included. Par-
ticipants under 18 years of age or with juvenile-onset SpA
were excluded. Quasi-randomised and randomised con-
trolled trials (RCT) in which at least one of the groups
received exercise therapy were included. Review articles,
observational studies without controls, case reports, cross-
sectional studies and commentaries were excluded.

For the purpose of this review, exercise-based inter-
ventions comprised one or more of the following com-
ponents: range of motion (stretching), strengthening or
aerobic exercise. Any dosages of exercise prescription
(i.e. any frequency, intensity, mode or duration) were con-
sidered. However, interventions offering general advice
to exercise without prescribing specific exercises were
excluded. Exercise-based interventions delivered in an
inpatient setting were excluded, unless being compared
to a distinct outpatient exercise group. Studies in which
exercise-based interventions were administered in con-
junction with other modalities (e.g. manual therapy) were
excluded.

The primary outcomes of interest to this review were
pain, stiffness, disease activity, physical function and QoL.
Secondary outcome variables were health-related fitness
measures (cardiorespiratory, muscular strength, flexibil-
ity and body composition) and cardiovascular risk factors
(blood pressure, glycaemia, metabolic syndrome, body
mass index and lipid profile).

@ Springer

Information sources and study selection

Studies were retrieved by searching electronic databases
(MEDLINE/PubMed, EMBASE, PEDro, AMED, CINAHL
and The Cochrane Central Register of Controlled Trials)
from their inception to October 2013. Search terms were
adapted for use with each database. Common keywords
and medical subject headings related to three components:
(1) the condition (e.g. spondyloarthritis), (2) the interven-
tion (e.g. exercise) and (3) the study design (e.g. clinical
trial) (See Supplement 1). No search restrictions (date or
language) were imposed. The electronic database search
was supplemented by searching abstracts of the annual
meetings of the World Confederation for Physical Ther-
apy (2003-2011), the American College of Rheumatology
(2006-2012), the European League Against Rheumatism
(2002-2013) and the American Physical Therapy Associa-
tion (2002-2013). When only abstracts were available in
the published literature, authors were contacted seeking full
texts of relevant studies. Finally, a hand search of the refer-
ence lists of included studies was conducted.

Two reviewers (TOD and FW) independently screened
titles and abstracts to identify studies that potentially met
the eligibility criteria. Full texts of these reports were
retrieved and independently assessed for eligibility by the
same two reviewers. Any disagreements on inclusion were
resolved by discussion to achieve consensus, and failing
agreement, a third reviewer (FOS) was consulted.

Data collection and analysis

A data extraction template based on Cochrane guidelines
[11] was adapted and piloted on five randomly selected
studies and modified accordingly. One reviewer (TOD)
recorded (1) participant characteristics, (2) details of
interventions and (3) relevant outcome data (group means
and standard deviations). For continuous data, the differ-
ences in group means (with 95 % CI) were calculated at
clinically relevant time points (i.e. post-intervention and
at follow-up). For continuous data reported on differ-
ent scales, standardised mean differences with 95 % ClIs
were used. The calculations employed a random effects
model. In trials comparing two similar exercise groups
and one control group, the exercise group results were
pooled for comparative purposes [12, 13]. In the event
that the published data from included studies were insuf-
ficient to calculate pooled effects, study authors were
contacted requesting additional data. Meta-analyses were
planned but ultimately deemed inappropriate due to the
heterogeneity of study designs and interventions. Due to
the absence of studies exploring the effects of exercise
interventions on predominantly axial and predominantly
peripheral SpA, this proposed subgroup analysis was
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not completed. Statistical analysis was conducted using
Review Manager 5.2 and SPSS 21.

Risk of bias and levels of evidence

A risk of bias appraisal of included studies was performed
independently by two reviewers (TOD and FW). Disagree-
ments between the reviewers were resolved through discus-
sion to achieve consensus. Failing agreement, a third reviewer
(FOS) arbitrated. The Cochrane Collaboration’s risk of bias
tool rated risk of bias across six domains as low, high or
unclear [11]. The Physiotherapy Evidence Database (PEDro)
scale rated methodological quality from O (low) to 10 (high)
[14]. Fair-to-good reliability has been established for the
total PEDro score [15]. Each study was ascribed a level of
evidence according to the criteria of the Oxford Centre for
Evidence-based Medicine [16] (Table 1). These levels of evi-
dence provide a hierarchy of the likely best evidence. Quality
of evidence for key outcomes across comparisons was evalu-
ated following the GRADE levels of evidence [17] (Table 2).

Results
Study selection

The electronic database search returned 450 records (after
the removal of duplicates), and an additional nine reports

Table 1 Oxford Centre for Evidence-based Medicine 2011 levels of
evidence

Level of evidence Description

Level I Systematic review of randomised trials or n-of-1
trials

Level I Randomised trial or observational study with
dramatic effect

Level 111 Non-randomised controlled cohort/follow-up
study

Level IV Case—series, case—control or historically con-
trolled studies

Level V Mechanism-based reasoning

Table 2 GRADE levels of evidence

were identified from the search of conference abstracts.
One unpublished full-text report of a conference abstract
was provided [18]; attempts to obtain full texts of other
published abstracts from the authors were unsuccessful.
The search strategy and selection process are summarised
in Fig. 1. A total of 24 studies (18 RCT) published between
1993 and 2013 were included in this review.

Study characteristics

Study characteristics and findings are summarised in
Table 3. A total of 1,460 participants with AS and 38 fulfill-
ing the Amor criteria for SpA were included. No other SpA
subtypes were examined in the included studies. The mean
study sample size was 62 (SD 37; range 20—155). The ratio
of participants was approximately 3:1 (male:female). Sub-
ject characteristics varied in age, disease duration, disease
severity and medication use.

Exercise intervention duration ranged from 3 weeks
[19] to 3 years [20]. Frequency of exercise varied from
twice daily [19] to once weekly [21-23], with individual
session duration ranging from 30 min [18, 24-29] to 3 h
[13]. Traditional therapeutic exercises targeting flexibility,
posture and respiration predominated. Other exercise pro-
tocols included aerobic exercise, strength training, propri-
oceptive exercise, the Global Posture Re-education (GPR)
method, the Pilates method, hydrotherapy and sporting
activities. Seven studies compared the effect of exercise to
controls, twelve compared two or more types of exercise-
based interventions, and five compared therapeutic exer-
cise to another treatment modality (inpatient rehabilita-
tion, balneotherapy, incentive spirometry or spa-exercise
therapy).

Self-report measures of physical function, QoL, dis-
ease activity, pain and stiffness were identified as primary
outcomes. Flexibility was the most commonly examined
health-related fitness component; fewer studies examined
cardiorespiratory fitness, while no studies examined body
composition or muscular strength. Cardiovascular risk fac-
tors (cholesterol and triglycerides) were assessed in one
study [29]. Follow-up measures were recorded in five stud-
ies [24, 30-33].

Quality level Definition

High We are confident that the true effect lies close to that of the estimate of the effect

Moderate We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is the
possibility that it is substantially different

Low Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect

Very low We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of

effect
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Fig. 1 PRISMA flow diagram
of study selection process

Databases: EMBASE, PubMed, the
Cochrane Library, PEDro, CINAHL, AMED

Limits: Human

Literature search (n=605)

Additional Sources (n=16)

Conference proceedings: EULAR, ACR,
WCPT, APTA

Risk of bias within studies

The methodological quality of included studies was
mixed (summarised in Fig. 2), with the overall risk of
bias unclear. Seven studies were deemed to have a low
risk of selection bias [13, 24, 25, 29-31, 34]. Six studies
used methods other than randomisation to allocate par-
ticipants to groups [12, 21-23, 26, 35]. There was a high
risk of performance bias due to inherent difficulties in
blinding participants to exercise-based treatments. Ten
studies met the criteria for blinding of outcome assess-
ment [19, 22, 24, 27-31, 33, 36], and five studies met
the criteria for reporting outcome data [13, 19, 23, 29,
34]. Reporting bias across studies is generally low or
unclear; only two studies preregistered their study pro-
tocols [25, 29]. The mean PEDro score of the 18 RCTs
included was 5.8 (SD 1.4; range 4-8). The six non-ran-
domised controlled trials had a mean PEDro score of 3.5
(SD 0.5; range 3-4) (Supplement 2).
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after duplicates
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_,|401 records excluded

Excluded (n=34)

- Heterogeneous
intervention (n=7)

- Not primary study
(n=5)
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controlled trial (n = 6)

- Insufficient outcome
reporting (n=5)

- Mixed cohort (n=3)
- Abstract only (n=7)

¥ - Follow-up papers
58 full-text articles combined with original
assessed for eligibility study (n=1)

|

¥
I24 studies included in review ]

Synthesis of results

This review focused on a qualitative synthesis of the
studies. A meta-analysis was not undertaken due to the
heterogeneity of study designs, participants, interven-
tions and reported outcome measures. When sufficient
data were reported, individual effect sizes were calcu-
lated and presented on forest plots to provide a visual
overview of results. Study results are summarised in
Table 3.

Comparison 1: therapeutic exercise compared to controls

Seven studies compared therapeutic exercise interventions
with controls. Three of these examined home exercise pro-
grammes (HEP) [28, 35, 37], two implemented supervised
group exercise (GE) [30, 36], and one study conducted
Pilates training [34]. One three-armed study compared an
unsupervised GPR programme to a HEP and to controls;
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Fig. 2 Risk of bias of included

. Random sequence generation (selection bias)
studies

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)
Other bias -

% 25%

50% 75%  100%

oT

[ Low risk of bias

[Junciearrisk of bias

[l High risk of bias

results from both exercise groups were pooled for compari-
son with controls [12].

Function, QoL, disease activity, pain and stiffness

Physical function was measured using the Bath Ankylos-
ing Spondylitis Functional Index (BASFI) in six of the
seven studies. Four of these are presented in Fig. 3; only
the study by Durmus et al. [35] significantly favoured exer-
cise. The other two studies did not report mean and stand-
ard deviations and are not included in the figure; their find-
ings favoured exercise over controls [28, 30]. Benefits were
maintained at 6-month follow-up [30].

The results of four studies measuring disease activ-
ity on the Bath Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI) are presented in Fig. 3; the study
by Durmus et al. [35] significantly favoured the exercise
group. Masiero et al. [30] also found BASDATI scores to
be significantly improved immediately after GE, and at
6-month follow-up, compared to controls. Compared to
controls, spinal mobility scores on the Bath Ankylos-
ing Spondylitis Metrology Index (BASMI) were signifi-
cantly lower following a rehabilitation programme [30],
but not significantly different after a Pilates intervention
[34].

In comparison with controls, QoL was significantly
improved following a HEP [35], but not following a
Pilates-based intervention [34]. Pain and stiffness scores
were significantly lower following exercise interventions
and at 6-month follow-up [28, 30].

Health-related fitness outcomes

Following a 3-month multimodal GE intervention, a signif-
icant improvement was observed in physical work capac-
ity on a bicycle ergometer and predicted vital capacity [36].
Durmus et al. [12] reported a significant increase in dis-
tance walked in a 6-min walk test (6MWT) following exer-
cise compared to controls; no significant between-group

@ Springer

Study or Subgroup
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Altan et al [34]
Durmus et al [12]
Durmus et al [35]
Sweeney et al [37]
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Mean Difference
IV, Random, 95% CI

Altan et al[34] ——
Durmus et al [12] _—1
Durmus et al [35] —
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C HEP compared to GE in physical function

Fig. 3 Forest plot of between-group comparisons. Std standardised

differences were observed in pulmonary function tests
(PFTs).

The majority of individual mobility tests were signifi-
cantly improved after exercise compared to controls [28,
36]. Inclinometer and pocket goniometry assessment found
significant improvements favouring exercise groups in
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cervical, shoulder and knee range of motion (ROM), but
results for thoraco-lumbar mobility were conflicting [28,
30, 36]. Chest expansion (CE) was significantly greater in
a HEP group [12], a group undergoing a multimodal inter-
vention [36], a rehabilitation group [30], but not in a Pilates
group [34], compared to controls.

Therapeutic exercise is effective for improving physical
function, disease activity and CE compared to controls, and
the level of evidence is moderate coming from six, five and
four studies, respectively. Exercise programmes are effec-
tive at improving joint mobility, cardiorespiratory function,
pain and stiffness, and the level of evidence is low. There is
conflicting evidence as to the effect of therapeutic exercise
on QoL.

Comparison 2.1: unsupervised HEP compared
to supervised GE

Three studies compared the effectiveness of unsupervised
HEP with supervised GE [26, 31, 32]. One study evaluated
the effects of adding weekly GE to a HEP [27]. One three-
armed study compared regular supervised GE, infrequent
supervised individual exercise supplemented with a HEP
and unsupervised HEP [20].

Function, QoL, disease activity, pain and stiffness

Physical function was assessed in four studies using differ-
ent outcome measures (Fig. 3). Cagliyan et al. [32] found a
significant difference favouring the GE, which was main-
tained at 3-month follow-up. They also found that QoL sig-
nificantly favoured GE immediately after a 3-month inter-
vention; only physical role difficulty subscore remained
significantly superior at follow-up. Karapolat et al. [26]
found GE to be equivalent to HEP in QoL, except in the
sleep subscore in which GE was significantly superior.

Disease activity (BASDAI) was significantly lower fol-
lowing GE compared to HEP in the study by Cagliyan et al.
[32]; however, Karapolat et al. [26] found no significant
between-group differences. The effects of GE and HEP on
resting pain, pain during activities and duration of morning
stiffness were comparable [27, 31, 32].

Health-related fitness outcomes

No intergroup differences in spinal mobility were found
across a variety of measures [20, 26, 31]. Cagliyan et al. [32]
found that CE and finger-to-floor distance favoured HEP over
GE, whereas intermalleolar distance was superior following
GE; no differences were found at follow-up. Thoraco-lumbar
flexion/extension was significantly superior following the
addition of weekly GE to a HEP compared to HEP alone.
Cervical rotation and CE were similar across groups [20, 27].

Hidding et al. [27] measured aerobic power with a
maximal, incremental exercise test on a cycle ergometer.
Maximum workload was significantly higher following GE
compared to HEP. Analay et al. [31] compared VOy,ax
values obtained by the Astrand test and found no signifi-
cant between-group differences after exercise interventions
or at follow-up.

Group exercise is more beneficial than HEP in improv-
ing QoL, and the level of evidence is moderate coming
from two studies. There is no difference between super-
vised GE and HEP in physical function, pain and stiffness,
and the level of evidence is moderate. There is no differ-
ence between GE and HEP for most spinal mobility, but the
level of evidence is low. The findings of studies assessing
disease activity and cardiorespiratory fitness are conflicting.

Comparison 2.2: global postural re-education
Function, QoL, disease activity, pain and stiffness

Three studies compared group GPR to GE [21, 22, 33], and
one study compared individual GPR with GE [23]. This
latter study favoured individual GPR over GE in physical
function, physical aspects of QoL, pain scores and morn-
ing stiffness duration, but the level of evidence is very low
coming from this single level III study. There was no signif-
icant difference between-group GPR and GE programmes
in physical function and disease activity outcomes, and the
level of evidence is moderate from one level II study [33].
There was no difference in the effectiveness of group GPR
and GE programmes in QoL, but the level of evidence was
very low coming from one level 111 study [21].

Health-related fitness outcomes

There is very low evidence coming from one level III study
[23] that individual GPR is superior to conventional GE in
improving spinal mobility and CE. No significant between-
group differences in spinal mobility or PFTs were reported;
the level of evidence for no difference is moderate and very
low, respectively [22, 33].

Comparison 2.3: aerobic exercise

Karapolat et al. [38] investigated the effects of adding aer-
obic exercise to a stretching and mobility HEP. The addi-
tion of swimming to a HEP significantly increased walk-
ing distance on 6MWT test compared to HEP alone, but
no significant between-group differences were observed in
cardiorespiratory variables. Niedermann et al. [29] found
that the addition of aerobic training to a flexibility pro-
gramme increased cardiorespiratory fitness measured with
a submaximal bicycle test, but did not result in a significant
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difference in cardiovascular risk factors (cholesterol and
triglycerides). There is no significant between-group dif-
ferences in disease activity, quality of life or spinal mobil-
ity, and the level of evidence is moderate coming from two
level II studies.

Comparison 2.4: multimodal exercise programmes

Rosu et al. [39] compared two multimodal HEP. A group
performing a multimodal HEP of breathing, postural and
stretching exercises (based on the Pilates, Heckscher and
McKenzie methods) had significantly improved disease
activity, physical function, spinal mobility and vital capac-
ity compared to an exercise programme that combined
step-aerobics and stretching. The risk of bias within this
study is high, and the quality of evidence is low.

Comparison 3: therapeutic exercise compared to other
modalities

Inpatient rehabilitation

Figen et al. [19] compared a 3-week HEP with 3 weeks of
inpatient rehabilitation. Will et al. [18] compared high-fre-
quency inpatient exercise with supervised outpatient exercise,
both supplemented by HEP. Comprehensive inpatient rehabil-
itation did not significantly change physical function, disease
activity or spinal mobility compared to outpatient exercise;
the level of evidence of no difference between HEP and inpa-
tient rehabilitation is moderate coming from two studies.

Balneotherapy

Altan et al. [24] compared the effect of balneotherapy and
HEP to HEP alone. Disease activity and QoL were signifi-
cantly improved in the balneotherapy and HEP groups imme-
diately after intervention, but equivalent at 24-week follow-up.
No significant group differences were found in physical func-
tion, pain, morning stiffness duration or spinal mobility. The
level of evidence is moderate coming from one level II study.

Incentive spirometry

The addition of incentive spirometry exercises to a HEP
did not significantly improve physical function (BASFI or
6MWT), disease activity, PFTs or spinal mobility com-
pared to HEP alone [25]; the level of evidence of no differ-
ence is moderate coming from one level II study.

Spa-exercise

Van Tubergen et al. [13] compared the effects of two differ-
ent, 3-week spa-exercise protocols (followed by 37 weeks
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of GE) with supervised GE. Data for the spa-exercise
groups were pooled and compared to the supervised GE
group. Pain and HAQ-S scores favoured the spa-exercise
groups after the initial 3-week treatment at the spa centres.
Pain remained significantly improved at 16 weeks, but this
difference was no longer present 28 and 40 weeks into the
intervention. The level of evidence from this single level II
study is moderate.

Discussion

This review found evidence that therapeutic exercise has
greater benefits than no intervention in improving physical
function, disease activity, pain, stiffness, joint mobility and
cardiovascular performance in adults with AS; evidence
from trials examining QoL is conflicting. Exercise con-
ducted under supervision has benefits over unsupervised
HEP for QoL, but there is evidence of no difference, and
conflicting evidence, across other outcomes. Spa-exercise
and balneotherapy programmes have short-term benefits in
QoL outcomes compared to GE; spa-exercise is also supe-
rior in pain relief, while balneotherapy further improves
disease activity. Results from inpatient rehabilitation pro-
tocols were comparable to outpatient exercise protocols.
These findings are in keeping with previous reviews [8, 40].

In comparisons of different exercise regimes, the addi-
tion of aerobic exercise to conventional stretching and
mobility HEP results in superior functional fitness. Sup-
plementing HEP with daily incentive spirometry does not
yield additional benefits. Studies investigating different
flexibility programmes have a high risk of bias; the GPR
method delivered on an individual basis and a multimodal
stretching and mobility programme appear superior to con-
ventional exercise programmes.

The heterogeneity of exercise protocols and outcome
measures employed preclude firm conclusions being drawn
on the most effective exercise prescription. Vague descrip-
tions of exercise protocols coupled with suboptimal dosage
of exercise prescription, below that recommended to elicit
physiological changes, add to the difficulty in assessing the
impact of therapeutic exercise on SpA [41]. Furthermore,
under-reporting of adherence to programmes was a feature
of the included studies, making determining the efficacy of
interventions problematic.

The outcome measures reported are principally self-
report in nature, with few studies assessing physiological
measures. The investigation of the effects of exercise inter-
ventions on health-related fitness has centred on flexibility
and cardiorespiratory domains; the effect of exercise on
muscular strength and endurance, and body composition
has not been investigated. Despite the increase in cardio-
vascular morbidity and mortality among SpA populations,
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the potential benefits of therapeutic exercise programmes
on cardiovascular risk factor are yet to be adequately inves-
tigated in SpA [9].

Most benefits observed immediately post-intervention
were not maintained at follow-up. The chronic nature of
SpA requires ongoing, regular exercise; however, the opti-
mal frequency necessary to maintain benefits is unknown.
In the last two decades, the emergence of biologics has dra-
matically changed pharmacological approaches to the man-
agement of SpA. With improved management of inflamma-
tory symptoms, there has been decreased compliance with
exercise [42]. Regular involvement in exercise also declines
with increased disease duration [43]; long-term compliance
with exercise, particularly in people with lower disability
levels, presents a clinical challenge.

Study limitations and future research

Non-randomised controlled trials were included in this
review to increase the scope of the review, but simultane-
ously increased the risk of bias. It is a further constraint
that data extraction was performed by one reviewer. In
practice, therapeutic exercise is frequently prescribed as
part of a multimodal treatment plan [30, 44]; this review
excluded studies examining exercise therapy in combina-
tion with other modalities as the relative effect of exercise
therapy would be unknown. Combining exercise prescrip-
tion with other modalities may yield different outcomes.

Participants in the included studies were almost exclu-
sively diagnosed with AS; extrapolating findings to other
SpA subtypes should be undertaken cautiously. Future stud-
ies should account for the evolving classification of SpA (e.g.
predominantly axial SpA or predominantly peripheral SpA)
and explore the effects of exercise on other SpA subtypes.
Furthermore, comprehensive reporting of exercise proto-
cols and participant adherence rates in studies is essential to
understanding the effectiveness of exercise therapy. Targeted
exercise prescription should meet the dosage recommended
to achieve physiological changes. Methodological quality
among studies in this review was mixed. Random sequence
generation, adequate allocation concealment and blinding
of outcome assessment in future RCTs would go some way
towards addressing methodological shortcomings.

Conclusions

Current evidence shows therapeutic exercise to be benefi-
cial for adults with AS, although the effects on other SpA
subtypes are unknown. Expanding traditional programmes
of flexibility exercises to include aerobic components may
improve clinical outcomes, although the most effective
exercise protocol remains unclear.
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