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Abstract The objective of this study was to investigate
the eVects of Pilates on pain, functional status, and quality
of life in patients with ankylosing spondylitis. The study
was performed as a randomized, prospective, controlled,
and single-blind trial. Fifty-Wve participants (30 men, 25
women) who were under a regular follow-up protocol in
our Rheumatology Clinic with the diagnosis of AS according to the modiWed New York criteria were included in the
study. The participants were randomly assigned into two
groups: in group I, Pilates exercise program of 1 h was
given by a certiWed trainer to 30 participants 3 times a week
for 12 weeks, and in group II, designed as the control
group, 25 participants continued previous standard treatment programs. In groups, pre-(week 0) and post treatment
(week 12 and week 24) evaluation was performed by one of
the authors who was blind to the group allocation. Primary
outcome measure was functional capacity. Evaluation was
done using the Bath Ankylosing Spondylitis Functional
Index (BASFI). Exploratory outcome measures were Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI),
Bath Ankylosing Spondylitis Metrology Index (BASMI),
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Chest expansion, and ankylosing spondylitis quality of life
(ASQOL) questionnaire. In group I, BASFI showed signiWcant improvement at week 12 (P = 0.031) and week 24
(P = 0.007). In group II, this parameter was not found to
have signiWcantly changed at week 12 and week 24. Comparison of the groups showed signiWcantly superior results
for group I at week 24 (P = 0.023). We suggest Pilates
exercises as an eVective and safe method to improve physical capacity in AS patients. Our study is the Wrst clinical
study designed to investigate the role of Pilates method in
AS treatment. We believe that further research with more
participants and longer follow-up periods could help assess
the therapeutic value of this popular physical exercise
method in AS.
Keywords Ankylosing spondylitis · Exercise ·
Pilates method

Introduction
Ankylosing spondylitis (AS) is a chronic, inXammatory disorder characterized by pain and stiVness of the back and the
sacroiliac joints [1]. Pain, reduced spine mobility, and
decreased physical functioning are the major manifestations of AS. The basic goal of AS therapy should focus on
reducing pain and morning stiVness, preventing skeletal
deformity and maintaining correct posture, physical condition, and psychosocial health [2]. While pharmacological
agents such as non-steroidal anti-inXammatory drugs
(NSAID) and sulfasalazine have been traditionally used
with varying therapeutic eYciency, the TNF antagonists,
introduced and popularized more recently, have been a true
milestone in AS treatment by reducing spinal inXammation
and signiWcantly improving quality of life as well as relieving
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pain [3, 4]. However, medical therapy alone has never
been considered suYcient in clinical management of AS
patients without physical therapy or exercise [5–8]. Exercise is known to contribute substantially to AS treatment
by preserving spinal Xexibility, preventing postural deformities, improving muscle strength, and reducing pain [6, 7].
“The importance of exercise in AS has been emphasized in
the ASAS/EULAR (Assessment of SpondyloArthritis international Society/European League Against Rheumatism)
recommendations for the management of AS [1] where
exercise therapy is included in the 10 recommendations.”
While there is consensus on the role of exercise in AS
treatment, the review of the literature reveals that strict
and precise guidelines with regard to the type and frequency of the exercises have not been delineated yet. In a
recent review of six diVerent physiotherapy interventions
for AS reported during the last 5 years, one of the most
striking conclusions was the importance of including core
exercises in the modalities to preserve or enhance spinal
mobility [9].
The Pilates body conditioning method, which was developed by Joseph H. Pilates during the First World War and
enhanced and reWned over the next 50 years, contains over
500 stretching and strengthening exercises [10]. Joseph
Pilates believed that all muscles of the body should be
strengthened and stretched, with the major emphasis placed
upon the muscles of the center, or core, of the body, which
he referred to as the powerhouse of the body [11].
While Pilates exercises mostly take place in training
programs designated for healthy people as part of general
Wtness programs, it has recently been suggested as a therapeutic modality for several musculoskeletal disorders
[12, 13]. La Touch et al. [14] have reported in a recent
review that there were two randomized controlled trials
and one clinical controlled trial studying the eVects of
Pilates on low back pain. Positive results have been
reported in chronic low back pain (LBP) patients who
enrolled in Pilates training programs in these studies
[14, 15]. The positive results were attributed to the speciWc
training applied to the core (abdomen and back) musculature and the resultant increase in the spinal resilience and
improved mobility in the joints. All researchers studying
the clinical eVects of Pilates agreed that additional
research in Pilates was necessary. In a study performed in
our clinic, we observed improvement of quality of life and
pain relief in Fibromyalgia syndrome (FMS) patients who
were given a course of supervised Pilates exercises for a
period of 3 months [16].
The purpose of this study is to investigate the eVect of
Pilates method on improving the functional capacity as a
primarily goal and also secondarily on disease activity,
spinal mobility, and quality of life of AS patients by
stretching and strengthening the body core muscles.
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Participants and method
A total of 55 participants (30 men, 25 women) who were
under a regular follow-up protocol in our Rheumatology
Clinic with the diagnosis of AS according to the modiWed
New York criteria were included in the study. Their ages
ranged between 28 and 69 (mean: 45.23 § 10.73) and the
duration of disease was 2–22 years (mean: 8.84).
None of the patients had any systemic problem contraindicating exercising. Patients who had active peripheral
arthritis, total spinal ankylosis, ESR over 50 mm/h, or CRP
more than 10 times the normal value were excluded. The
patients whose treatment regimens were changed during
the last 2 months prior to the study were not included. The
patients were allowed to continue their previous medication. However, they were requested not to use supplementary drugs or change the usual dosages throughout the study
period, and for a more accurate pain assessment, they were
asked not to take any pain killers in the morning of the
assessment day. The participants were fully informed about
the nature and purpose of the study and an informed consent was obtained from each of them. Approval by the local
ethic committee for the study was obtained.
Treatment protocol
The participants were assigned randomly into two groups
using random number table by the researcher other than the
one who performed the evaluation throughout the study.
In group I, Pilates exercise program of 1 h was given by
a certiWed trainer to 30 participants 3 times a week for
12 weeks. Exercise program followed the basic principles
of Pilates method but particularly movements with low and
medium diYculty levels were chosen to adapt the program
to the physical capacity of the patients. Our protocol comprised 9 modules: postural education, search for neutral
position, sitting exercise, antalgic exercises, stretching
exercises, proprioceptivity improvement exercises, and
breathing education. Resistance bands and 26 cm Pilates
balls were used as supportive equipment.
In group II, designed as the control group, 25 participants continued previous standard treatment programs. The
patients in the control group received usual care and were
instructed to continue participating in their usual physical
activity.
Pilates exercise was stopped at the end of the 12 week,
and all participants were reevaluated at the end of the 24
week following the period of 12 weeks free from exercise.
Evaluation parameters
Evaluations were performed just before (week 0), immediately after (week 12), and 12 weeks following the treatment
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(week 24) by the same researcher who was totally unaware
of the groups the participants belonged to, and all participants were requested not to give information to the examiner about their treatment protocol.

increase in chest circumference at the level of the fourth
intercostal after maximum inspiration following previous
forced expiration.
Health quality

Primary outcome measure
Functional capacity
Evaluation was done using the Bath Ankylosing Spondylitis
Functional Index (BASFI) for which the adaptation to the
native language of the patients has been shown to be valid
and reliable [17].
The BASFI is a set of 10 questions designed to determine the degree of functional limitation in people with AS.
The participants were asked to indicate their level of ability
with each of the activities during the past week on a horizontal 10 cm line (easy-to-impossible). BASFI score was
calculated by dividing the sum of the scores obtained from
10 questions by 10 [18].
Exploratory outcome measures
Disease activity
Evaluation was done using the Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) comprising a set of 6
questions for which the adaptation to the native language of
the patients has been shown to be valid and reliable
[19, 20]. This questionnaire includes the entire spectrum of
AS symptoms related to fatigue, pain, swelling, and morning stiVness. The patients responded to each item indicating
a point on the 10 cm line considering their status during the
last week only. Since the items 5 and 6 were both related to
morning stiVness, the average score was Wrst calculated
between them and then added to the scores of the Wrst 4
items. The Wnal average score, a value between 0 and 10,
was found by dividing the total sum by 5.
Spinal mobility
Bath Ankylosing Spondylitis Metrology Index (BASMI),
which was developed to assess spinal mobility in AS
patients, was used [21]. BASMI index was obtained by
measuring cervical rotation, tragus to wall distance, lumbar
side Xexion, modiWed Schober’s, intermalleolar distance,
and scoring the limitations for each criterion between 0 and
2. Total score changed between 0 and 10.
Chest expansion
Chest expansion, which is a parameter not included in
BASMI, was evaluated separately by measuring the

ASQOL (Ankylosing spondylitis quality of life) is a questionnaire speciWc for AS patients [22]. It has 18 questions
to which the patients are asked to respond as yes or no
depending on which answer applies best to them at the
moment. All item scores are summed to give a total score
or index which may range from 0 (good QoL) to 18 (poor
QoL).
Statistical analysis
We did all statistical calculations under the supervision of
the staV biostatistician using the SPSS 16.0 program. We
tested the normality of the parameters by Shapiro–Wilk
test. We used Wilcoxon test for the intra-group comparisons and T test and Mann–Whitney U test for comparisons
between the groups after calculating the percent changes
for measured values and the diVerence scores for overall
score values. Categorical variables were compared using
chi-square test and Fischer’s exact test. Any P value less
than 0.05 was considered signiWcant.

Results
One participant in group I was excluded from the study
after he complained from increased back pain and 1 patient
in group II was excluded since he failed to come for control
evaluations. Evaluation was done in the remaining 53 participants. Table 1 shows data for age and week 0 values for
the evaluation parameters in both groups. Pre treatment
data showed no signiWcant diVerence between two groups
for any parameter.
Thirty-one percent of the patients received NSAID, 32%
sulfasalazine, and 21% biological agent treatment regularly,

Table 1 Pre treatment data in both groups

Age (years)
BASFI

Group I
(n = 29)

Group II
(n = 24)

P value

46.5 (11.2)

43.6 (10.1)

0.457

2.4 (1.6)

2.2 (1.6)

0.661

BASMI

8.8 (1.8)

8.9 (1.7)

0.993

BASDAI

2.8 (1.7)

2.6 (1.8)

0.549

ASQoL

3.7 (4.6)

3.5 (3.3)

0.684

Chest expansion (cm)

3.9 (1.9)

3.6 (1.2)

0.569

The values were given as mean value (SD)
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Comparison of the two groups on the basis of the post
treatment (both week 12 and week 24) percent changes and
diVerence scores relative to pre treatment (week 0) values
showed a signiWcant diVerence for BASDAI at 12 week
(P = 0.003) and BASMI at 24 week (P = 0.013) in favor of
group I.

while 17% percent did not use regular medication. Distribution of the patients according to medications did not show a
signiWcant diVerence between the groups (P > 0.05).
Primary outcome measure
In group I, BASFI showed signiWcant improvement at
week12 (P = 0.031) and week 24 (P = 0.007). In group II,
this parameter was not found to have signiWcantly changed
at week 12 and week 24 (Table 2). Comparison of the
groups showed signiWcantly superior results for group I at
week 24 (P = 0.023) (Table 3).

Discussion
The results of our study showed improvement for a period
of up to 6 months in functional capacity, the primary outcome of the study, in AS patients who were given a course
of Pilates exercises while no change in functional capacity
was observed in the control group. Comparison of these
two groups showed signiWcant improvement in Pilates
group at 24 week, but no statistically signiWcant diVerence
between the two groups at 12 week, suggesting that the
beneWcial eVect of Pilates exercises has been evident in the
longer term.
Functional capacity is known to decrease gradually in
AS patients since the disease aVects the joints of the spinal
and peripheral joints such as the shoulder, hip, knee, and
ankle [23]. InXammation of the spinal and extraspinal joints
and enthesis are evident even in the early stages of AS and

Exploratory outcome measures
In group I, BASMI, BASDAI, and chest expansion
showed signiWcant improvement (P = 0.005, P = 0.036,
P = 0.002), while there was no signiWcant change for
ASQoL at week 12. In group II, no signiWcant change was
observed at week 12. Evaluations at week 24 showed
improvement compared with week 0 only for BASMI in
group I (P = 0.009) and worsening for BASDAI in group
II while there was no signiWcant change for other parameters in either group. (i.e., the parameters returned toward
the baseline state of week 0).

Table 2 The results and statistical comparisons of the pre treatment (week 0), and post treatment (week 12 and week 24) evaluation parameters
in group I and group II

BASFI
BASMI
BASDAI
ASQoL
Chest expansion (cm)

Week 0

Week 12

Week 24

P (week 12
vs. week 0)

P (week 24
vs. week 0)

Group I

2.4 (1.6)

1.7 (1.6)

1.7 (1.6)

0.031

0.007

Group II

2.2 (1.6)

2.3 (1.7)

2.3 (2.1)

0.702

0.626

Group I

8.8 (1.8)

8.4 (1.9)

8.4 (1.8)

0.005

0.009

Group II

8.9 (1.7)

8.7 (1.8)

9.1 (1.7)

0.317

0.371

Group I

2.8 (1.7)

2.1 (2)

2.4 (1.7)

0.036

0.374

Group II

2.6 (1.8)

3.1 (1.7)

3.1 (2)

0.059

0.028

Group I

3.7 (4.6)

4 (4.9)

4 (4.8)

0.843

0.920

Group II

3.5 (3.3)

3.2 (3.2)

3 (3.4)

0.399

0.272

Group I

3.9 (1.9)

4.5 (2)

Group II

3.6 (1.2)

4 (1.2)

4.2 (1.8)

0.002

0.072

3.7 (1.2)

0.102

0.745

The values were given as mean value (SD)

Table 3 Comparison of the two
groups on the basis of the post
treatment (both week 12 and
week 24) diVerence scores relative to pre treatment (week 0)
values

The values were given as mean
value (SD)
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Week 12
Group I

Week 24
Group II

P value

Group I

Group II

P value

BASFI

¡0.7 (1.5)

0.1 (0.9)

0.059

¡0.7 (1.2)

0.1 (1.1)

0.023

BASMI

¡0.4 (0.7)

¡0.2 (0.8)

0.304

¡0.4 (0.8)

0.2 (1.1)

0.013

BASDAI

¡0.7 (1.8)

0.5 (1.1)

0.003

¡0.4 (2.1)

0.4 (0.9)

0.106

ASQoL

0.3 (2.9)

¡0.2 (1.5)

0.620

0.1 (3.4)

¡0.4 (1.7)

0.808

Chest expansion (cm)

0.2 (0.3)

0.2 (0.4)

0.343

0.2 (0.4)

0.1 (0.5)

0.121
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this condition frequently leads to ankylosis of the vertebrae
and severe limitation of spinal mobility. Importance of regular exercise programs supplementing medical therapy for
improvement in functional capacity has been previously
emphasized, and several studies investigating therapeutic
eVect of various exercise methods in AS patients have been
reported [24–31]. Ince et al. [24] found a multimodal program of aerobic, stretching, and pulmonary exercises was
superior to the control group without any physiotherapy in
spinal mobility, work capacity, and chest expansion. Kraag
et al. [28] compared the eVectiveness of a group exercise
program of 4 months and home therapy. They stated that
there was a signiWcant decrease in Wngertip-to-Xoor distance in the study group, but no signiWcant diVerence in
pain, occiput-to-wall distances, and morning stiVness duration between the groups. Hidding et al. [30] compared the
eVectiveness of group and individualized therapies and
reported that group therapy had more positive impact on
global health and function, but did not provide a signiWcant
improvement in spinal mobility. Analay et al. [31] reported
signiWcant improvement in BASFI in the supervised exercise group in a study where they compared a standard home
program group with an intensive exercise program under
the supervision of a physiotherapist. On the other hand, in a
more recent study, Karapolat et al. [28] failed to observe
signiWcant improvement in BASFI in either group (groupbased exercise versus home-based exercise), while they
obtained signiWcantly positive results for BASDAI, BASMI,
and pain, energy level, sleep, and emotional reaction
parameters of Nottingham health proWle in both groups.
As a result, they suggested that home programs could be
eVective as well, easier to apply, and less expensive.
Whereas swimming is frequently recommended as a daily
exercise for AS patients, we could Wnd only one related study
in the literature [32]. In this study, the patients were given a
conventional exercise program in one group, conventional
exercise plus swimming in another group, and conventional
plus walking exercises in the last group. None of these
groups showed improved functional capacity according to
BASFI, while signiWcant improvement in chest expansion
(CE) was obtained in the swimming group. The researchers
attributed their results to the lower BASFI scores compared
with those of the other studies. Here, we should note that our
study gave signiWcantly better results with Pilates although
the average BASFI scores were also relatively low.
According to Fernandez-de-Las-Penas et al. [33], not all
exercises are beneWcial for AS. They proposed the “global
posture reeducation” (GPR), which is a physical therapy
method dealing with the existence of diVerent muscle
chains that work in synergist function, may be eVective for
AS patients. At the end of their program, they found signiWcantly better results for improvement in BASFI, BASDAI,
and BASMI in the GPR group compared with the control

group where only standard Xexibility and pulmonary exercises were employed. The review of the literature on the
role of exercise in AS treatment has suggested that further
research is necessary to establish standardized and eVective
exercise programs [7–9].
Pilates, which has been gaining in popularity over the
last decade, is a mind–body exercise intervention that
addresses both the physical and mental aspects of pain with
core strengthening, Xexibility, and relaxation [10, 11, 34].
Pilates method gives precedence to the spine and focuses
on controlled movement, posture, and breathing, which are
obviously the basic goals of AS treatment [35]. Joseph
Pilates believed that a stiV spine made people feel older and
even if the limbs were Wne, they would not function desirably unless one could comfortably control or move the
spine, the center core of the body [36].
The increase in functional capacity observed in our study
might have been obtained as a result of this speciWc focus
of Pilates on the muscles supporting the spine [37].
Increased Xexibility is thought to have led to improvement
in BASFI scores by enabling the patients to perform better
in movements such as unassisted sock-wearing, reaching
upward, and bending forward that provided overall
improvement in functional capacity [38, 39]. The essence
of the Pilates technique is to strengthen and lengthen the
body simultaneously while exerting complete control over
it. You stretch the spine using the abdominal muscles and,
conversely, stretch the abdominals using the muscles of the
back. The hamstrings are stretched using the buttock muscles and buttocks using the hamstrings and so on. This
sequential “dynamic stretching” has proven to be a safe and
functional way to increase the Xexibility [36].
While the functional capacity was the primary outcome
of our study, we also employed the BASDAI scale to assess
the role of Pilates on the disease activity of the patients as a
secondary outcome. BASDAI scores showed improvement
in the Pilates group immediately after the program but were
not signiWcantly diVerent from pre treatment values at 24
week, while an increase in BASDAI scores were observed
in the control group at 24 week compared with the pre treatment values. The negative result in the latter may be speculated to have been due to the possible negative eVect of the
awareness of the patients of the non-treatment group they
belonged to. Improvement in BASDAI in the Pilates group
may be attributed to the positive eVect of Pilates on pain
and fatigue. In a previous study, we observed these latter
beneWcial eVects of Pilates in patients with Wbromyalgia
syndrome [16]. However, failure to observe sustained
improvement 12 weeks after cessation of the exercise program obviously suggests that these patients should be given
this exercise program regularly and continuously, corroborating our observation in FMS study where similar results
were obtained in the long-term evaluations.
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We also compared the BASMI scores in order to investigate more objectively the eVect of Pilates exercises on
restriction of joint range of motion (ROM) in addition to
evaluation of the overall function assessed with BASFI.
Our results showed signiWcantly improved ROM in the
Pilates group both at 12 and 24 weeks compared with pre
treatment values and at 24 weeks compared with the control
group.
Diminished chest expansion developing secondary to
involvement of thoracic vertebrae and inXammation of the
costovertebral, costosternal, and manubriosternal joints
observed in AS patients results in restrictive respiratory
failure that may present a challenging problem in AS treatment [40]. Since chest expansion (CE) is not included in
BASMI parameters, we separately employed exploratory
outcome CE in order to assess respiratory eVect of Pilates.
We observed signiWcant improvement in chest expansion in
Pilates patients immediately after the program. This Wnding
is not unexpected since special emphasis has been made on
correct and conscious breathing in the theory of Pilates and
constant breath control accompanying and aiding the movements is an integral part of this method [36, 41]. However,
comparison of the results in the two groups at 24 weeks
showed that the improvement in respiration was not maintained in the longer term, suggesting longer exercise periods are necessary to observe more lasting positive results
for chest expansion.
Decreased daily activity and quality of life may be
observed in AS patients as a result of pain and emotional
factors as well as functional limitations. The eVect of
Pilates on the quality of life was assessed using ASQoL
which is a speciWc questionnaire for AS, and the results
showed no signiWcant improvement in quality of life of the
patients in either Pilates or control group. However, it
would not be realistic to expect better results in quality of
life that depends on several factors such as pain, stiVness,
sleep disorders, social isolation, and emotional problems
with a relatively short period of exercise program particularly in an early onset chronic rheumatoid disease such as
AS. The eVect of exercise on AS has been addressed in a
number of studies where generic quality scales such as
health assessment questionnaire and Nottingham health
proWle were employed. Positive results for subscores of
energy, pain, and emotional reaction of Nottingham health
proWle were reported in these studies [28, 42]. Since we
could not Wnd any study using ASQoL for the evaluation of
quality of life in AS patients, we cannot compare our
results with those of others for this parameter.
Compliance of the patients with the program has been at
a high level with only one patient from each group quitting
the study and no record of an inadvertent eVect of the exercises except for one patient in Pilates group who complained of increased back pain at the end of the Wrst month
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and was excluded. The MRI of the latter patient did not
show any acute pathology and his pain was relieved by an
analgesic treatment protocol in 2 weeks.
Before the conclusion, we must mention some limitations of our study model. First and the foremost limitation
is the failure to design a study model where Pilates would
be the sole therapeutic modality owing to the ethical principles which would not permit interruption of the ongoing
medication of the patients. However, only the patients who
had been given the same regimen for the last 2 months were
included, and the regimen of each patient was kept
unchanged during the study period. Relatively small participant number and short follow-up period may also be noted
as the other limitation of the study.
In the light of the results of our study, we suggest Pilates
exercises as an eVective and safe method to improve physical capacity in AS patients. Our study is the Wrst clinical
study designed to investigate the role of Pilates method in
AS treatment. We believe that further research with more
participants and longer follow-up periods could help assess
the therapeutic value of this popular physical exercise
method in AS.
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