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AbsTRACT 

Ankylosing spondylitis is a systemic rheumatic disease
that affects the axial skeleton, causing inflammatory
back pain, structural and functional changes which de-
crease quality of life. Several treatments for ankylosing
spondylitis have been proposed and among them the
use of exercise. The present study aims to synthesize in-
formation from the literature and identify the results of
controlled clinical trials on exercise in patients with an-
kylosing spondylitis with the New York modified
diagnos tic criteria and to assess whether exercise is
more effective than physical activity to reduce functio-
nal impairment. The sources of studies used were: 
LILACS, Pubmed, EBSCOhost, B-on, personal com-
munication, manual research and lists of references.
The criteria used for the studies selection was control-
led clinical trials, participants with New York modified
diagnostic criteria for ankylosing spondylitis, and with
interventions through exercise. The variables studied
were related to primary outcomes such as BASFI (Bath
Ankylosing Spondylitis Functional Index) as a functio -
nal index, BASDAI (Bath Ankylosing Spondylitis Di-
sease Activity Index) as an index of intensity of disease
activity and BASMI (Bath Ankylosing Spondylitis Me-
trology Index) as a metrological index assessing pa-
tient’s limitation on movement. From the 603 studies
identified after screening only 37 articles were selected
for eligibility, from which 18 studies were included.
The methodological quality was assessed to select tho-
se with an high methodological expressiveness using

Martins NA1, Furtado GE1, Campos MJ1, Leitão JC2, Filaire E3, Ferreira JP1

the PEDro scale. A cumulative meta-analysis was subse -
quently performed to compare exercise versus usual le-
vel of physical activity. Exercise shows significant sta-
tistical outcomes for the BASFI, BASDAI and BASMI,
higher than those found for usual level of physical 
activity.

Keywords: Exercise; Ankylosing Spondylitis; New
York Modified Criteria; Review. 

INTRODUCTION

Ankylosing spondylitis (AS) is a common inflammato-
ry rheumatic disease that afects the axial skeleton, cau-
sing characteristic inflammatory back pain, which can
lead to structural and functional impairments and a de-
crease in quality of life1. The involvement of other joints
as the complex articulation of the hip may be present2,3.
The evolution of the signs and symptoms is very much
related with pain, decrease of spinal mobility, column
stiffness and function4. As other rheumatic diseases, AS
provides a chronic inflammation resulting in the de-
gradation of the axial skeleton, the spinal column and
adjacent joints1,3, and its progression leads to a decline
in the functional capacity of the individual.

The term AS suggests a disease which can gradually
cause a curvature through the inflammation and 
ossification of the spine. It has an ascending cha racter,
reaching all the vertebral segments, with a limited 
range of motion and a decrease in functionality. The
initial position is characterized by flexed hips and knees
to keep the center of gravity in the support base. The
progressive involvement of the cervical spine contri-
butes to the development of the "skier posture", cha-
racterized by straightening of the lumbar lordosis and
increase of the dorsal kyphosis and forward head5. On
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average, AS incidence rates range from 0.2% to 1% of
the adult population, which makes AS a disease as
common as rheumatoid arthritis6. Symptoms of the di-
sease appear in average around 23 years of age 7 and
men are 2 to 3 times more likely to be affected than wo-
men8. 

The disease has no cure, but there are a number of
treatments available to help the patients and to relieve
the symptoms including medications and physical the-
rapy9-11, however a few studies examined other inter-
ventions such as electrotherapy, manual therapy and
spa therapy12. Immobilization previously prescribed
by physicians in rheumatic diseases has fallen into dis -
use. Nowadays, international guidelines and scientific
societies recommend exercise as a tool to improve or
maintain range of motion, muscle strength and well-
being13 and it is the most studied physical interven-
tion in AS.

Exercise is a sub-category of physical activity that is
conducted in a planned, structured and repetitive way,
aiming to maintain or improve one or more compo-
nents of physical fitness important to health, educa-
tion, recreation and well-being. To produce more ef-
fective results, exercise should be supervised, planned
in advance by a specialist, targeted accurately and cor-
rected if necessary14, however there are other types of
informal exercise such as home exercise and
balneothe rapy that are frequently used for therapeutic
purposes in AS.

Regular physical exercise seems to be beneficial for
those affected by AS, in particular when it is planned
according to the needs of the individual aiming to
maintain or improve the level of physical fitness15-17.
Nevertheless, there is a lack of studies showing evi-
dence for the positive effects of exercise intervention
programs in patients with AS and adequate exercise
protocols to be used with these patients.

Ankylosing spondylitis research in clinical practice
depends on knowledge about the different indicators
of the disease and its measurements18. Different AS as-
sessment tools are available in the literature to quanti-
fy the disease activity, functional impairment, degree
of structural damage, patient outcomes and quality of
life, including the BASFI (Bath Ankylosing Spondyli-
tis Functional Index) for functional assessment, the
BASDAI (Bath Ankylosing Spondylitis Disease Activi-
ty Index) as intensity of disease activity measurement
index and the BASMI (Bath Ankylosing Spondylitis
Metrology Index) as a metrology index assessing pa-
tient’s limitation on movement18.

The BASFI contains 10 questions referring to the
functional capacity of patients with AS and about their
performance of daily life activities. The items must be
marked in a numeric rating scale, which can be used
in an alternatively visual analog scale from 0 to 100.
The result is the arithmetic mean of completed items.
The higher the score, the higher the disability level2.
The BASDAI index is a composite measure of disease
progression to evaluate the intensity of fatigue, pain in
peripheral joints and in the spine as well as the severi-
ty of morning stiffness. High scores mean higher seve-
rity or higher disease activity2. The BASMI is a metro-
logical index that uses measurement to assess cervical
rotation, tragus to wall distance, lumbar side flexion,
lumbar flexion (modified Schober’s test) and intermal-
leolar distance. The conversion of each measure uses a
score of 0 to 10. The higher the BASMI score the more
severe the patient’s limitation of movement due to their
AS19.

The aim of this study is to perform a systematic re-
view followed by a meta-analysis and summarize in-
formation about the results of controlled clinical trials
on exercise in patients with AS with New York modi-
fied diagnostic criteria and assess whether exercise is
more effective than physical activity as a treatment to
improve functionality, to reduce intensity of disease ac-
tivity and to increase mobility in patients with AS.

METHODs

IDENTIfICATION Of THE sTUDIEs

The methodological design of the present study was
based on a systematic review using theoretical recom-
mendations suggested by Moher, Liberati, Tetzlaff, Alt-
man and The Prisma Group20. We searched in several
electronic databases (LILACS, Pubmed, EBSCO host
and B-On), using terms taken from Medical Subject
Headings (MeSH) that included the following words:
“ankylosing spondylitis”, “exercise”, “physical thera-
py”, “randomized controlled trial”, and "controlled cli-
nical trial”. The searches were performed within a pre-
defined period of publication, excluding all studies
prior to 1995 (search range from 1995 to 2012). We
also examined bibliographies from articles included in
the search and contacted experts through e-mail as well
as performed a manual review in monographs and in
Master and PhD thesis at the National Library of Por-
tugal and in proceedings and abstract books of inter-
national scientific conferences and meetings. Two re-
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sTATIsTICAl ANAlysIs

Studies results comparing exercise versus physical ac-
tivity as a treatment to improve functionality in AS
were homogeneous so for meta-analysis purposes we
used the fixed effects inverse variance method22. The
Kappa index was used to assess the inter-observer
agreement in the selection of the studies included, thus
reducing the possibility of bias23. This measure of
agreement has the maximum value of 1, where this va-
lue represents a complete agreement. Values   close to
and below 0, indicate no agreement or that the agree-
ment was exactly as expected by chance.

REsUlTs

sTUDy INClUsION AND CHARACTERIsTICs

According to the defined search strategy, the literatu-
re search identified 603 articles, summarized in Figu-
re 1. In the screening, 542 articles were excluded lea-
ving 61 records screened and 24 due to duplications.
By reading the title and abstract, 37 studies were iden-
tified for full text analyses. However, from these 37
studies, 19 did not meet the inclusion criteria due to:
i) series of cases (n = 7)24-31; ii) observational studies are
cross-sectional (n=4)32-34 (Rodrigues S, Master dis -
sertation, Coimbra: University of Coimbra); iii) stu-
dies with intervention without exercise in both groups
(n = 2)35,36; iv) studies that did not meet the inclusion
criteria for participants (n = 4)37-39; v) the paper pre-
sented a clinical outcome outside the inclusion crite-
ria (n = 1)40; and finally, vi) that corresponded to a fol-
low-up of a study already included in the sample 
(n = 1)41. Thus, 19 articles of controlled trials of exer-
cise intervention fulfilled the inclusion criteria and
were selected for qualitative review. In our study the-
re was concordance between the two reviewers, with
kappa = 1.

Nineteen articles were evaluated for their metho-
dological quality (see Table I). The characteristics of
included studies are summarized in Table I, according
to authorship, year of publication, country, diagnostic
criteria used in the study, sample size, age and gender
ratio. Eighteen (94.73%) of the 19 studies included
were published in the twenty-first century, since the
year 2001. Of these 18 studies, 12 were from Turkey
(63.15%), 2 from South Korea (10.52%), and one each
in different countries such as Spain, England, Brazil,
Sweden and the Netherlands (5.26%). There were 858
individuals participating in these studies. The average

searchers independently reviewed titles and available
abstracts to retrieve potentially relevant studies. Stu-
dies needed to be identified by only one person to be
retrieved.

INClUsION CRITERIA

Studies were included in the review for full analysis of
the manuscript if they: i) include participants diagno-
sed with ankylosing spondylitis according to the mo-
dified New York criteria, ii) include controlled clinical
trials and iii) include interventions with exercise. Stu-
dies in other languages rather than English or Portu-
guese, observational case series, follow-up studies
where the first study has already been included, con-
trolled trials when the type of clinical outcome was not
proposed by the inclusion criteria, and outcome stu-
dies that used pain medication for pain relief conco-
mitant with physical exercise were excluded from the
review. Two authors independently extracted data (stu-
dy identification, diagnostic criteria, participant de-
tails, intervention details, outcome measures, and the
quality criteria), using a structured data extraction
form. Discrepancies were resolved by referring to the
original papers and discussion.

sTUDIEs qUAlITy

The methodological quality of the studies was assessed
using the PEDro Scale developed by Moseley, Maher,
Sherrington and Herbert21. The first criteria (criteria
for selecting the sample) should not be scored accor-
ding to the scale. The scale assesses 11 different crite-
ria on the studys internal validity. Two of the three cri-
teria for the use of procedures, such as masking, were
not classified (criteria 5 and 6) because it is very diffi-
cult, if not impossible to apply it as exercise cannot be
hidden. Thus, eight (2, 3, 4, 7, 8, 9, 10 and 11) of the
eleven criteria of quality were evaluated for this syste-
matic review. Articles with a score equal to or greater
than five points on PEDro’s Scale were considered as
highly methodologically relevant.

OUTCOME MEAsUREs

Primary clinical outcomes used different scales such
as the BASFI (Bath Ankylosing Spondylitis Functional
Index), the BASDAI (Bath Ankylosing Spondylitis Di-
sease Activity Index) and the BASMI (Bath Ankylosing
Spondylitis Metrology Index) as quantitative indica-
tors of functionality, intensity of disease activity and
patient’s movement limitations were very useful to
measure therapeutic interventions.
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number of subjects per sample was 48. The study with
a larger sample had 120 participants42 and the smallest
30 participants43. In terms of gender, males prevailed
to females in every study.

TypE Of ExERCIsE, pROGRAM lENGTH AND 

sEssION DURATION

The type of exercise ranged between balneotherapy as-
sociated with home exercise (consisting of postural
exercises, stretching, strength and breathing), aquatic
exercise combined with home exercise, home exerci-
se associated with swimming, biking associated with
home exercise, pilates, GPR (global postural reeduca-
tion) and Tai Chi. The comparative form of interven-

tion used was the home exercise (non-supervised) ver-
sus supervised exercise (n=4, 21.05%)43-46. Other stu-
dies compared home exercise and usual physical acti-
vity (n=3, 15.78%)39,47,48 and balneotherapy associated
with home exercise compared with home exercise
(n=2, 10.52%)42,49.We also did a comparison between
conventional GPR and supervised exercise (n=2,
10.52%)50.

The duration of the studies ranged from 3-16 weeks,
with an average of 8 weeks. The frequency of doing
exercise ranged from 1-7 times per week. The du  ration
of the exercise sessions ranged between 20 and 120 mi-
nutes per session. Few studies mentioned any variables
related with exercise intensity pres cription (n=17,

598 records identified through database searching  LILACS (n= 9)Pubmed (n= 461)EBSCOhost (n= 70)B-On (n= 58) 5 additional records identified through other sources IDENTIFICATION

SCREENING

ELIGIBILITY

INCLUDED

603 total records identified 542 records excluded

61 records screened 24 duplicated records removed 

37 full-text articles assessed for eligibility 19 full-text articles excluded due to different reasons18 studies included in qualitative synthesis13 methodologically highly relevant studies

BASFI (n=3)BASDAI (n=3)BASMI (n=2)

3 studies included in quantitative synthesis Exercise x Usual physical activity (n = 3) 39,48,59
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19 full-text articles excluded 
due to different reasons

18 studies included in 
qualitative synthesis

13 methodologically 
highly relevant studies

BASFI (n=3)

BASDAI (n=3)

BASMI (n=2)
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fIGURE 1. Progress of search for relevant studies. Adapted from Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group (2009)20.
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.
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89.47%). Clinical outcomes evaluated more than one
variable (n = 12, 63.15%)37,39,43,45,47,49,50-52,46,53. The most
common were BASFI for functionality and BASMI for
patient’s movement limitations (n = 13, 68.42%) whi-
le the visual analogue scale (VAS) and the evaluation
of the spine mobility occurred twice (n = 2, 10.52%).
The total number of points to assess methodological
quality for each one of the studies analysed using the
PEDro’s scale ranged from 3 to 8 points.

ExERCIsE vERsUs UsUAl pHysICAl ACTIvITy As

A TREATMENT TO IMpROvE fUNCTIONAlITy, 

DECREAsE INTENsITy Of DIsEAsE ACTIvITy AND

INCREAsE MObIlITy IN pATIENTs wITH As

From all the studies analyzed, four of them were high-
-quality studies to compare exercise versus usual phy-
sical activity in ankylosing spondylitis36,39,50,54. For the
exercise subgroup we considered the following stu-
dies: exercise at home (unsupervised)36,43, exercise su-
pervised50 and pilates39. Three of these studies had

BASFI and BASDAI outcomes in common39,43,53, two
studies had BASMI outcomes in common39,55. From
the 138 patients enrolled, 70 participated in exercise
and 58 in usual physical activity. The patients in the
exercise group were compared with those from the
usual physical activity group.

Figure 2 shows the standardised mean differences in
effect size of the 3 studies that provided these data for
BASFI outcomes as a functional index39,43,55. 

Pooling studies according to exercise versus physi-
cal activity intervention effects on BASFI outcomes re-
vealed standardised mean differences, calculated using
the fixed effects model, a cumulative analysis [weight -
ed mean deviation= -0.438 (95%; CI= - 0.791 to 
-0.085)] and obtained a significant estimated effect size
of Z= -2.429 (p = 0.015). 

Figure 3 shows the standardised mean differences in
effect size of the 3 studies that provided these data for
BASDAI outcomes as a intensity of disease activity in-
dex38,44,55.

 Cumulative Statistics  Standard  Lower UpperStudy name Point error Variance limit limit Z-Value p-Value Exercício ControleWidberg et al., 2009 -0,145 0,354 0,125 -0,839 0,549 -0,410 0,682 16 16Durmus et al., 2009a -0,404 0,236 0,056 -0,866 0,058 -1,713 0,087 41 34Altan et al., 2011 -0,438 0,180 0,033 -0,791 -0,085 -2,429 0,015 70 58 -0,438 0,180 0,033 -0,791 -0,085 -2,429 0,015

Cumulative std stiff in means (95% CI)

-1,00 -1,50

Favours A

Meta Analysis

Favours B

0,00 0,50 1,00
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Durmus et al., 2009a -0,404 0,236 0,056 -0,866 0,058 -1,713 0,087 41 34
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fIGURE 2. Standardized mean difference in size of effect of exercise compared with usual physical activity intervention for treatment
to improve functionality in AS using BASFI

 Cumulative Statistics  Standard  Lower UpperStudy name Point error Variance limit limit Z-Value p-Value Exercício ControleWidberg et al., 2009 0,000 0,354 0,125 -0,693 0,693 0,000 1,000 16 16Durmus et al., 2009a -0,537 0,240 0,058 -1,008 -0,066 -2,235 0,025 41 34Altan et al., 2011 -0,581 0,183 0,034 -0,940 -0,222 -3,172 0,002 70 58 -0,581 0,183 0,034 -0,940 -0,222 -3,172 0,002
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Meta Analysis
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 Cumulative Statistics
  Standard  Lower Upper
Study name Point error Variance limit limit Z-Value p-Value Exercício Controle
Widberg et al., 2009 0,000 0,354 0,125 -0,693 0,693 0,000 1,000 16 16
Durmus et al., 2009a -0,537 0,240 0,058 -1,008 -0,066 -2,235 0,025 41 34
Altan et al., 2011 -0,581 0,183 0,034 -0,940 -0,222 -3,172 0,002 70 58
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fIGURE 3. Standardized mean difference in size of effect of exercise compared with usual physical activity for treatment to reduce
intensity of disease activity in AS using BASDAI
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Pooling studies according to exercise versus physi-
cal activity intervention effects on BASDAI outcomes
revealed standardised mean differences, calculated
using the fixed effects model, a cumulative analysis
[weighted mean deviation= -0.581 (95%; CI= -0,940
to -0.222)] and obtained a significant estimated effect
size of Z=-3,172 (p = 0,002). 

Finally, and for the two studies that showed BASMI
outcomes in common as an index to assess patient’s li-
mitation on movement44,55, from the 85 subjects en-
rolled 45 were involved in exercise and 40 in usual
physical activity. Similarly, the patients in the exercise
group were compared to those in the usual physical
activity group. Figure 4 shows the standardised mean
differences in effect size for these 2 studies.

Pooling studies according to exercise versus physi-
cal activity intervention effects on BASMI outcomes,
revealed standardised mean differences, calculated
using the fixed effects model, a cumulative analysis
[weighted mean deviation= -0.513 [(95%; CI= -0,948
to -0,078)] and obtained a significant estimated effect
size of Z=-2,313 (p =0,021). 

DIsCUssION

This systematic review aimed to investigate the effects
of exercise versus physical activity in AS and provide
evidence that exercise is more effective than physical
activity as a treatment to improve the level of functio-
nality, to reduce intensity of disease activity and to in-
crease mobility in patients with AS. However, different
effects were obtained when different types of exercise
were analyzed. Publications on this particular topic are
recent and most of them were published after 2001

(18 out of 19 studies). This increase shows an impor-
tant direction to support evidence-based practice in
health sciences.

The disease predominantly affects males1 and that
was confirmed in all the samples from the studies in-
cluded in the systematic review, however structural
changes are different in females with AS8 and symp-
toms appear slightly later56. Further research is requi-
red on this particular topic. Studies also show diffe-
rences between the results obtained with exercises for
men and women.

Sampling techniques used in the studies are im-
portant to assure the quality of data and to provide evi-
dence that participants were selected using the ade-
quate procedures. When we classify the participants as
part of an homogeneous sample we are referring that
patients have AS using the diagnostic criteria of New
York Modified, however it is very important to take in
consideration the time of disease for each patient as
the disease is a progressive one with an associated evo-
lution of both signs and symptoms.

The articles analysed in the present study showed
high values for standard deviation as a dispersion pa-
rameter. Standard deviation values show how much
variation or dispersion from the average exists in a spe-
cific sample and a high standard deviation indicates
that the data points are spread out over a large range
of values. In the Karapolat’s and colleges study57, the
mean and standard deviation values for age in group
1 are 47.5 ±11.78 and in group 2 are 46.6 ± 14.8. Being
a progressive disease, the analysis of structural chan-
ges of the individual with AS is different over the years.

The type of exercise used with AS patients is broad
and low impact, according to the majority of the ana-
lyzed studies. An important problem identified by re-

 Cumulative Statistics  Standard  Lower UpperStudy name Point error Variance limit limit Z-Value p-Value Exercício ControleWidberg et al., 2009 -0,813 0,368 0,135 -1,534 -0,092 -2,209 0,027 16 16Altan et al., 2011 -0,513 0,222 0,049 -0,948 -0,078 -2,313 0,021 45 40 -0,513 0,222 0,049 -0,948 -0,078 -2,313 0,021

Cumulative std stiff in means (95% CI)

-1,00 -0,50

Favours A

Meta Analysis

Favours B

0,00 0,50 1,00

 Cumulative Statistics
  Standard  Lower Upper
Study name Point error Variance limit limit Z-Value p-Value Exercício Controle
Widberg et al., 2009 -0,813 0,368 0,135 -1,534 -0,092 -2,209 0,027 16 16
Altan et al., 2011 -0,513 0,222 0,049 -0,948 -0,078 -2,313 0,021 45 40
 -0,513 0,222 0,049 -0,948 -0,078 -2,313 0,021

Cumulative std stiff in means (95% CI)

-1,00 -0,50

Favours A

Meta Analysis
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0,00 0,50 1,00

fIGURE 4. Standardized mean difference in size of effect of exercise compared with usual physical activity for treatment to improve
mobility in AS using BASMI
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searchers58 is the limited information about the type
and intensity of exercise/physical activity used. The
criteria for the appropriate exercise intensity prescrip-
tion are practically nonexistent in the majority of the
studies. Only one study explains the different compo-
nents of the exercise program, including aerobic resis-
tance, strength and flexibility52. Ince and colleges49 stu-
dy mentions that the intensity of aerobic exercise is
controlled individually using Karvonen’s formula and
the Borg scale but no further information is provided
about the intensity interval used in the study. It is also
not easy to calculate the precise energy expenditure
for a specific exercise and individual. There are many
factors that may influence exercise intensity and dura-
tion, however exercise must be properly prescribed
within an appropriate intensity and a minimal duration
interval as not all types of exercise have positive effects
on patient’s health and well-being42,59.

Some limitations were identified for the present stu-
dy. First was the moderate heterogeneity of the exerci-
se programs used by the authors, in each one of the stu-
dies included. Most of the studies reported very diffe-
rent types of exercise interventions, mainly informal
and self-administrated, with no accurate information
about volume or intensity, making comparability very
difficult. Moreover, such heterogeneity did not allow
us to perform a meta-analysis comparing all types of
exercise used and conditioned our decision to perform
more than one meta-analysis according to the different
types of exercise, however decreasing the reliability of
the meta-analysis results. A second limitation is due to
the language criteria for inclusion in the data search.
In spite of the extensive search of the databases, we
may have missed some other studies, in other langua-
ges rather than English and Portuguese. This metho-
dological procedure may have reduced the number of
studies selected for analysis.

CONClUsIONs

Our aim was to assess clinical effectiveness - exercise
versus usual physical activity as a more effective treat-
ment tool to improve functionality in AS. According to
the results of our study and based on BASFI, BASDAI
and BASMI outcomes for clinical practice, physical
exercise is a better therapeutic tool to improve func-
tionality, to reduce intensity of disease activity and to
improve mobility in patients with AS than usual phy-
sical activity. In spite of this positive therapeutic effect

it is not possible to identify which type of exercise and
which major guidelines should be used to maximize it.

Many of the problems identified in the present stu-
dy highlighted the need for a better quality research in
the area of exercise in patients with AS. Most of the
studies analyzed showed important methodological li-
mitations in the research design used to assess and mo-
nitoring exercise intensity, duration or frequency du-
ring the intervention program. This type of informa-
tion is vital to understand which are the most appro-
priate programs and the most effective type of exercises
to be used with patients with AS. It is necessary that
future studies may include further detailed informa-
tion about the main characteristics of the exercise pro-
grams used: i) type of exercise (ex: aerobic exercise,
yoga, strength training), ii) major guidelines for exer-
cise prescription (ex: method, intensity, frequency, du-
ration and progression), since presently most of them
omitted this important information. We hope this stu-
dy encourages further researchers to improve the qua-
lity of their research in exercise and AS area.
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