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Two Exercise Interventions for the
Management of Patients with
Ankylosing Spondylitis

A Randomized Controlled Trial

Fernandez-de-las-Penas C, Alonso-Blanco C, Morales-Cabezas M, Miangolarra-Page JC:
Two exercise interventions for the management of patients with ankylosing spondylitis: A
randomized controlled trial. Am J Phys Med Rehabil 2005;84:407—-419.

Objective: The purpose of this clinical trial was to evaluate the impact of a 4-month
comprehensive protocol of strengthening and flexibility exercises developed by our research
group versus conventional exercises for patients with Ankylosing Spondylitis (AS) on functional
and mobility outcomes.

Design: Randomized controlled trial. Forty-five patients diagnosed with AS according to the
modified criteria of New York were allocated to control or experimental groups using a random
numbers table. The control group was treated with a conventional protocol of physical therapy
in AS, whereas the experimental group was treated with the protocol suggested by our
research group. The conventional intervention consisted of 20 exercises: motion and flexibility
exercises of the cervical, thoracic, and lumbar spine; stretching of the shortened muscles; and
chest expansion exercises. The experimental protocol is based on the postural affectation of the
AS and the treatment of the shortened muscle chains in these patients according to the Global
Posture Reeducation (GPR) method. This intervention employs specific strengthening and
flexibility exercises in which the shortened muscle chains are stretched and strengthened. The
study lasted 4 mos. During this period, patients received a weekly group session managed by
an experienced physiotherapist. Each session lasted an hour, and there were 15 total sessions.
Changes in activity, mobility, and functional capacity were evaluated by an assessor blinded to
the intervention, using the following previously validated scores from the Bath group: BASMI
(tragus to wall distance, modified Schéber test, cervical rotation, lumbar side flexion, and
intermalleolar distance), BASDAI (The Bath Ankylosing Spondylitis Disease Activity Index),
and BASFI (The Bath Ankylosing Spondylitis Functional Index).

Results: Both groups showed an improvement (prepost scores) in all the outcome mea-
sures, mobility measures of the BASMI index, as well as in BASFI and BASDAI indexes. In the
control group, the improvement in tragus to wall distance (P = 0.009) and in lumbar side
flexion (P = 0.02) was statistically significant. Although the rest of the outcomes also
improved, they did not reach a significant level (P > 0.05). In the experimental group, the
improvement in all the clinical measures of the BASMI index (P < 0.01) and in the BASFI
index (P = 0.003) was statistically significant. The intergroup comparison between the
improvement (prepost scores) in both groups showed that the experimental group obtained a
greater improvement than the control group in all the clinical measures of the BASMI index,
except in tragus to wall distance, as well as in the BASFI index.

Conclusions: The experimental protocol developed by our research group, based on the
GPR method and specific strengthening and flexibility exercises of the muscle chains,
offers promising results in the management of patients suffering from AS. Further trials on
this topic are required.

Key Words:  Ankylosing Spondylitis, Physical Therapy, Randomized Controlled Trial,
Functional Index, Activity Index, Metrology Index
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Ankylosing Spondylitis (AS) is a chronic rheu-
matic disorder affecting mainly the axial skeleton,
which progressively limits spinal and thoracic mo-
bility throughout the course of the disease.! Pain
and structural lesions within the evolutionary
frame of the disease force the patient to adopt
antialgical postures, leading to the typical distor-
tions frequently observed in these patients: protru-
sion of the jaw, thoracic kyphosis, loss of lumbar
curve, protraction of the scapular girdle, and flex-
jon and internal rotation of the pelvic girdle.? Ac-
cording to published series the prevalence of AS is
0.1% to 1.4%.>* The male to female ratio is about
2:1 to 3:1.° Based on available data, AS patients
have about a 50% increased risk of mortality.®
There is some evidence that the progression is
stronger in the first 10 yrs of the disease, but it is
also clear that the disease keeps on being active for
further decades. Early limitation of spinal mobility
has been identified as one of the most important
prognostic factors.®

There is no definitive treatment of AS, but
good control of the disease can be achieved.
Physical therapy is highly recommended. The
aim of the physiotherapy treatment in AS is to
maintain or improve general functioning and
quality of life. The long-term goal for the patient
is to try to maintain a good posture, with the
primary aim being to avoid stiffening in a flexed
position.” Previous trials have analyzed the ther-
apeutic effects of three modalities of physical
therapy interventions: supervised individualized
therapy,® group therapy supervised by a physical ther-
apist,’ and homework performed by the own pa-
tient.!'> All these studies have demonstrated that
physiotherapeutic exercise improves spinal mobility
and also reduces functional impairment in these pa-
tients. Ramos et al reported that the best results in
improving mobility and reducing functional impair-
ment were obtained with group therapy, while indi-
vidual therapy at home attained the worst results.!!
This conclusion has been confirmed by the review of
the Cochrane Musculoskeletal Group, which reported
that supervised physiotherapeutic exercises in group
have a greater short term beneficial effects than
home exercise programs.'? Otherwise, the Cochrane
Musculoskeletal Group has not found any random-
ized trial investigating different physical therapy pro-
tocols in patients with AS.'? Accordingly, we still do
not know which particular treatment protocol to use
when we meet a patient suffering from AS.'?

There are different exercises for AS. Conven-
tional protocols of physical therapy consist of
analytic flexibility exercises of the cervical, tho-
racic and lumbar spine, and analytic stretching
of the erector spine muscles, hamstring muscles,
and shoulder muscles. However, not all of these
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exercises are specific for patients with this dis-
ease. In France, Italy, and Spain there is a phys-
ical therapy method called “Global Posture Re-
education” (GPR), which was developed by
Phillipe Souchard®® based on 20 yrs of clinical
experience. This method deals with the existence
of different muscle chains: the posterior static
chain of the body (Fig. 1), the anterior diaphrag-
matic chain (Fig. 2), and the anterointernal
chain of the pelvic (Fig. 3) and scapular girdles
(Fig. 4).13 All these muscle chains are consti-
tuted by gravitational muscles (i.e., erector spine
muscles, piriformis muscle, scalene muscles,
suboccipital muscles, etc.) which work in syner-
gist function depending on the muscle chain
(e.g., the muscular function of the posterior
static chain of the body is to permit the standing
position against gravity). According to this
method, the analytic stretching of any muscle
could be expanded to include secondary adapta-
tive or maladaptative changes in the rest of the
muscle chain, so that the analytic stretching of
any individual muscle would be inefficient, if not
associated with a stretching of the whole muscle
chain.’® Therefore, the GPR method employs
specific strengthening and flexibility exercises in
which these shortened muscle chains are
stretched and strengthened.

From January to June of 2002, our research
group performed a biomechanical analysis, based

Posterior static chain of the body.”> The
posterior static chain is constituted by the
spinal posterior muscles (suboccipital
muscles, cervical posterior ligament, ilio-
costalis, latissimus dorsi), pelvic region
(pyriformis, obturators, gemellus), ham-
strings, and gastrocnemius muscles.

FIGURE 1
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ening of the posterior static chain of the body
(Fig. 1).

4. Protraction and internal rotation of the scap-
ular girdle, caused by the shortening of the
anterointernal chain of the scapular girdle
(Fig. 4).

5. Flexion and internal rotation of the pelvic gir-
dle, provoked by the shortening of the antero-
internal chain of the pelvic girdle (Fig. 3).

Based on that analysis, our research group
developed an experimental intervention in which
these muscle chains were strengthened according
to the principles of the GPR method. There are
many years of clinical experience in Europe and
South America in the management of AS with the
GPR method; however, we have not found any
oy B study in the peer-reviewed literature analyzing the
e TRy effectiveness of this method in AS. The GPR
FIGURE 2 Anterior diaphragmatic chain of the method probably is based primarily upon expert

body."? The anterior diaphragmatic chain ~ opinions and clinical experiences in different coun-

is constituted by the anterior deep muscle  tries. Therefore, the aim of this study was to assess,

of the cervical spine, sternocleidomastoid, in a randomized controlled trial, changes on mo-

scalenes, anterior fascial tissues of the tijlity and functional outcomes in AS patients who

thoracic spine, diaphragm, psoas, adduc-  yre treated with the GPR method. In addition, we

tors, and anterior tibialis muscle. expose the principles of this method in the man-

agement of patients suffering from AS. To our

knowledge, this is the first paper analyzing differ-

on the principles of the GPR method, of the typical ent physical therapy protocols in patients with
distortions frequently observed in AS patients:? AS.12

The purpose of this randomized controlled
trial was to evaluate the impact of a 4-month com-
prehensive protocol of strengthening and flexibility
exercises vs. conventional exercises for patients

1. Protrusion of the jaw, caused by the shorten-
ing of both the anterior diaphragmatic chain
(Fig. 2) and the posterior static chain of the

body (Eig. 1). . . with AS on functional and mobility outcomes. We
2. Thoracic kyphosis, caused by the shortening of  hypothesized that patients allocated to the compre-
the anterior diaphragmatic chain (Fig. 2). hensive exercise protocol would demonstrate

3. Loss of lumbar curve, provoked by the short- greater improvement in functional and mobility
outcomes than those receiving conventional exer-
cises.

MATERIALS AND METHODS
Subjects

Forty-five patients diagnosed with Ankylosing
Spondylitis (AS) according to the modified criteria
of New York! and classified into four levels of
functional affectation considered by the American
College of Rheumatology participated in the
present trial.!> Patients had been diagnosed and
classified by their rheumatologist. In addition,
functional classification for each patient was veri-
fied by the research group. All the included pa-
tients came from three hospitals in Madrid (Spain):
FIGURE 3 Anterointernal chain of the pelvic gir- Hospital Doce de Octubre, Hospital Severo Ochoa,

die.”? The anterior-internal chain of the ~and Fundacién Hospital Alcorcon. Patients were
pelvic girdle is constituted by the psoas excluded if they met criteria for functional class
and adductor muscles. level IV, had a medical condition that impaired
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Pt e
FIGURE 4 Anterointernal chain of the scapular girdle.”> The anterior-internal chain of the scapular girdle is constituted by
subscapular and mayor pectoralis muscles.

function more than their AS, had osteoporosis, or
had a history of fractures secondary to osteoporo-
sis. The health situation of the patients was clini-
cally stable, without current symptoms of any
other concomitant chronic disease. All patients
provided informed consent prior to beginning the
trial. A demographic questionnaire was completed
by all patients to assess clinical and demographic
data. Patients were allocated to control or experi-
mental groups using a random numbers table. The
control group was treated with a conventional pro-
tocol of physical therapy, whereas the experimental
group was treated with the protocol suggested by
our research group. Patients were blinded to the
physical therapy intervention.

The present clinical trial was supervised by the
Research and Teach Unit of Physical Therapy, Oc-
cupational Therapy, Physical Medicine and Reha-
bilitation of the Universidad Rey Juan Carlos. It was
approved by the Ethical Committee in Clinical Re-
search of the University.

Physical Therapy Interventions

The study lasted 4 mos. During this period,
patients received a weekly group session. Each ex-
perimental or control group comprised six to eight
patients. An experienced physical therapist super-
vised each intervention. The characteristics and
experience of the therapists will be exposed later.
Each session lasted an hour, and there were 15
total sessions. During the study patients were em-
phasized not to modify their life habits. Ninety

410 Ferniandez-de-las-Pefias et al.

percent of the patients had been practicing swim-
ming-pool exercises for 2 yrs. They were told not to
receive any other physical therapy intervention
during the study, which was an exclusion motive.
This circumstance was reminded in all sessions. All
the patients were taking different types of NSAID,
and the rheumatologist assured that the pharma-
cological treatment was the same during the trial.

The control group received a conventional
physical therapy intervention, which consisted of
20 exercises employed in previous studies®!'!1®
(see Appendix 1). This protocol included analytic
flexibility exercises of the cervical, thoracic, and
lumbar spine. The intervention also included
stretching of the erector spine muscle, hamstring
muscles, and shoulder muscles. At the end of each
session, chest expansion exercises and control ab-
dominal and diaphragm breathing exercises were
performed. This protocol was supervised by Phys-
iotherapist 1 (PT1).

The experimental group received a different
physical therapy intervention, according to the
postural affectation of the AS. This intervention
was based on the treatment of the shortened
muscle chains, following the guideline described
by the GPR method. This method employs spe-
cific strengthening and flexibility exercises in
which these muscle chains are stretched and
strengthened. Some of these exercises are: ec-
centric work of the erector spine muscles (Fig.
5), stretching of the posterior muscle chain in
the pelvic region (Fig. 6), and different specific

Am. J. Phys. Med. Rehabil. « Vol. 84, No. 6
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FIGURE 5 Eccentric work of the posterior erector muscles.”®

exercises aimed at stretching the shortened mus-
cle chains (Figs. 7 and 8). This protocol was
supervised by Physiotherapist 2 (PT2). Appendix
2 details the experimental intervention.

Each physical therapist had more than 2 yrs of
experience in this type of treatment. Moreover,
both therapists participated in developing the ex-
perimental protocol in these patients, and they had
been working together for more than 4 yrs with
patients suffering from AS. Therefore, the ability to
motivate patients to adhere to each protocol was
similar in both of them.

Outcome Measures

Each patient’s evolution was closely followed,
with two checks made during the study: one check
at the beginning (pretreatment) and a second
check at the end of the 15 sessions (posttreatment).
Checks during the trial were assessed by a third
assessor who was blinded to the intervention
group. This assessor was a physician with many
years of experience with patients suffering from
AS. He was trained during 1 month to assess
correctly the different outcomes. Outcome mea-
sures were assessed without any previous
warm-up and before any kind of exercise.
Changes in activity, mobility and functional ca-
pacity were evaluated using the following previ-
ously validated indexes from the Bath group:

e BASMI'? (The Bath Ankylosing Spondylitis Me-
trology Index). The BASMI consists of five clini-
cal measures used to assess the status of the axial
skeleton: tragus to wall distance,'®® the modi-
fied Schober test,?%?! cervical rotation,?*?? lum-
bar side flexion, and intermalleolar distance. A
cervical goniometric device manufactured by
Perfomance Attainment Associates (St. Paul,

June 2005
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MN) was employed for active cervical rotation
assessment. Both sides were measured and the
mean of the obtained values was calculated.?®
Psychometric properties of this index are good
interobserver reliability on each clinical measure
(r = 0.99; P < 0.001), and criterion validity (total
metrology score) of » = 0.092, P < 0.001. Original
authors of this index reported that these clinical
measures could be analyzed independently. Jones
et al subsequently established cut points on a 0-10
scale to assess a total score of the BASMI index.?* In
the present study, clinical measures were assessed
independently. Patients repeated all movements
three times, and the mean of these values was
employed in the analysis.

BASFI?® (The Bath Ankylosing Spondylitis Func-
tional Index). The BASFI consists of ten ques-
tions referring to the functional capacity of the
patient with AS to perform the daily activities
(see Appendix 3). All items are valued with a
10-cm horizontal visual analogue scale. The
score on the BASFI is obtained from the sum of
all values. Higher score of the BASFI reflects
greater limitation. Psychometric properties of
this index are good interobserver reliability (r =
0.87; P < 0.001) and good criterion validity.
BASDAI?® (The Bath Ankylosing Spondylitis Dis-
ease Activity Index). The BASDAI consists of six
questions related to five symptoms during the
last week: fatigue, spinal and joint pain, tender-
ness, and morning stiffness (see Appendix 4). All
items are valued with a 10-cm horizontal visual
analogue scale. The score on the BASDAI is ob-
tained from the sum of the values from the first
five questions. Higher score of the BASDAI re-

Exercise in Ankylosing Spondylitis
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FIGURE 6 Strefching exercise of the
posterior muscle chain in
the pelvic region.”®

flects greater disease activity. Psychometric
properties of this index are good test-retest reli-
ability (r = 0.93; P < 0.001), and face and con-
tent internal validity.

Readers might usefully explore psychometric
properties of these indexes elsewhere.?”

Statistical Analysis

Data were introduced in the SPSS package,
version 11.5. Mean and standard deviation of the
values were calculated for each variable. The Kol-
mogorov Smirnov test showed a normal distribu-
tion of the quantitative outcomes (P > 0.05). The
intragroup data within both groups were compared
with the paired ¢ test. The intergroup data between
both groups at the beginning of the trial were
assessed with the unpaired ¢ test. The intergroup
comparison between the improvement (prepost
scores) in both groups was also achieved with the
unpaired £ test. Statistical analysis was conducted
at a 95% confidence level. A P value less than 0.05
was considered as statistically significant.

RESULTS
Two patients suffering from osteoporosis were
excluded. On the other hand, three patients did not

finish the study for personal reasons. Therefore,
the analyzed sample size was 40 patients. The ini-
tial sample size in the control group was 22 pa-
tients. However, two did not finish the trial, so that
the final group sample comprised 20 patients. In
the same way, the initial sample size in the exper-
imental group was 21 patients, but one did not
finish the study, which means that 20 patients were
finally included.

At the beginning of the study, there were no
statistically significant differences in any outcome
of the BASMI index (tragus to wall distance P =
0.6; modified Schober test P = 0.1; cervical rota-
tion P = 0.1; lumbar side flexion P = 0.2 and
intermalleolar distance P = 0.1), as well as in the
BASFI (P = 0.4) and BASDAI (P = 0.7) indexes
between both groups. Furthermore, there were no
statistically significant differences on gender (P =
0.6), age (P = 0.6), length of the disease (P = 0.2),
or ACR classification (P = 0.1) between both study
groups. It could therefore be assumed that they
were comparable in all respects at the start of the
trial. Demographic data corresponding to each
group are given in Table 1. Clinical measures and
total scores of BASFI and BASDAI indexes are sum-
marized in Table 2.

FIGURE 7 Strefching exercise of the
posterior static chain of
the body wall seated.
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FIGURE 8 Different exercises for stretching the shortened muscle chains in ankylosing spondylitis. a) Stretching exercise of the

anterior muscle chain in supine. b) Strefching exercise of the posterior muscle chain seated. c) Stretching exercise of

the anterior muscle chain standing.

TABLE 1 Demographic data of each group

Control Experimental
Data Group Group

Number of cases 16/4 subjects  15/5 subjects

(M/F)
Age X (SD) 46 (8) yrs 45 (9) yrs
Length of the 7.6 yrs 8 yrs
disease
Grade ACR (I/TI/III) 5/9/6 3/10/7

M, male; F, female; Grade ACR, functional classification
considered by the American College of Rheumatology; X,
Mean; SD, standard deviation

The intragroup comparison (paired ¢ test anal-
ysis) showed an improvement in all the outcomes,
mobility measures of the BASMI index, as well as in
BASFI and BASDAI indexes within both groups. In
the control group, the improvement in tragus to
wall distance (P = 0.009) and in lumbar side flex-
ion (P = 0.02) was statistically significant. Al-
though the rest of the outcomes also improved,
they did not reach a significant level (P > 0.05). In
the experimental group, the improvement in all
the clinical measures of the BASMI index (P <
0.01) and in the BASFI index (P = 0.003) was
statistically significant. However, the improvement
in the activity index (BASDAI) was not significant.
Table 2 summarizes the intragroup comparison
between prepost scores within both groups.

The intergroup comparison (unpaired f test

June 2005
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analysis) between the improvement (prepost
scores) in both groups showed that the experimen-
tal group obtained a greater improvement than the
control group in all the clinical measures of the
BASMI index, except in tragus to wall distance, and
in the BASFI index. Table 3 summarizes the inter-
group comparison of prepost scores between both
groups.

DISCUSSION
Findings

The main purpose of previous trials was to
study the effectiveness of physical therapy in the
management of AS. Nevertheless, the interventions
were often poorly described and the exact content
of the programs remains partly unclear.'> To our
knowledge, this is the first paper analyzing differ-
ent1 2physical therapy protocols in patients with
AS.

Our results showed that the improvement ob-
tained with the experimental intervention was
greater than the improvement obtained with a con-
ventional physical therapy intervention. Both in-
terventions get an improvement in all the outcome
measures of the BASMI index, as well as in BASFI
and BASDAI indexes. Only the improvement in
tragus to wall distance and in lumbar side flexion
was statistically significant in the control group.
On the other hand, the improvement in all clinical
measures of the BASMI index and in the BASFI
index was statistically significant in the experimen-
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tal group. The intergroup comparison between pre-

. § é‘ L§ § § ‘é’ ) post scores between both groups showed that the
S3SS3S3~ experimental group obtained a greater improve-
ment than the control group in four clinical mea-
sures of the BASMI and in the BASFI index. Despite
cg g the apparent differences between groups at the
2|95 8g beginning of the trial, the intergroup comparison
= e (based on the unpaired ¢ test) did not reveal any
£ oo <= —o significant differences at the beginning of the trial.
= memae e Therefore, it might be assumed that the experi-
g mental intervention was the responsible of the
= greater improvement obtained in the experimental
S - =) group.

E| §/55 5254 Based I igh hat th
21 8122 _2xen ased our results, we might assume that the
;-’. = g: © 2 =82 treatment of the shortened muscle chains (Figs.
e I R L o 1-4), according to the GPR method, might be
S < more beneficial than conventional interventions in
patients with AS. We have to emphasize that the
difference between these interventions is the inte-
g gration of the affected muscles in different muscle

E E £ o . . . .
|99 Soo chains shortened in these patients. The analytic
£ masnida hing of f th I I -

5| i8NS sS S stretching of any of these muscles could be ex
£l Cxgpamxg panded to include secondary adaptative or malad-
YRS aptative changes in the rest of the muscle chain, so

that the analytic stretching of any gravitational
muscle would be inefficient. Further studies are
required to elucidate the role of the muscle chains
in AS patients.

Another purpose of the present trial was to
compare the results of the experimental group with
the results reported by previous papers. Although

Values are expressed in centimeters (cm) in tragus to wall distance, Schober test, lumbar side flexion and intermalleolar distance; in degrees (°) in cervical rotation; and total scores in BASFI and BASDAI
Pretreat, pretreatment values of each variable, values are expressed by mean (standard deviation); Posttreat, posttreatment values of each variable, values are expressed by mean (standard deviation);

Prepost value, values are expressed by mean (standard deviation); Intermal distance, intermalleolar distance. P values come from dependent samples Student’s ¢ test analysis. NS, no significance.

TABLE 2 Intragroup differences in functional and clinical outcomes following intervention by group in patients with ankylosing spondylitis

2 5§ §B§ _ previous studies®! 162829 haye analyzed the effects
fr-;« ffg:f; =% of the conventional intervention received by our
& > g; S S, control group, differences among patients, number
N e —aea of sessions, outcome measures, scores at the be-
2 ginning of the trial, and other such variables make
3 it difficult to make this comparison.
E .| EE EE A factor that influences the results is the group
g § -5 _@a-% session. A group session implies positive reinforce-
| | S x ment and an increase in the patients’ self-esteem
< REDAE SO Bk i B when coming by themselves and finding support
o from other people with the same disease. There is
some evidence suggesting that spinal mobility ob-
tains a greater improvement with a group physical
= §§ EE therapy program than with home exercises.”112-30
£ YmmRass Baumberger mentioned mutual encouragement,
E ;;g;::; reciprocal motivation, and exchange of experience
© g o as some advantages of group physical therapy in-
tervention.®! Therefore, future studies evaluating
the therapeutically effects of different physical
" therapy protocols should be performed in group
= RS sessions.
17} [«
S = S<8
% . §% z Outcome Measures
g I= g% Z’Té . N In the presc'ant study, ghanges in activity, mo-
Z éﬁg LE) _‘.; g < B g bility, anq functlongl capaglty were evaluated using
S Eé S3EZ8 -§ the previously validated indexes from the Bath
- - group: the BASMI,'” BASFI*®, and BASDAI?® in-
414 Fernindez-de-las-Pefas et al. Am. J. Phys. Med. Rehabil. « Vol. 84, No. 6
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TABLE 3 Intergroup comparison of the improvement (prepost scores) between both groups

Prepost Scores of Prepost Scores of F* (P score

Outcome Measures Control Group Experimental Group of Levene) P

Tragus to wall distance 1.9cm (95% CI2.8,1) 1.9 cm (95% CI 2.9, 0.9) 0.6 (0.8) NS
Modified Schéber test 0.2 cm (95% CI 0.5, —0.1) 0.6 cm (95% CI 0.9, 0.3) 0.1(0.7) 0.04
Cervical rotation 3°(95% CI 7, —1) 11°(95% CI 18, 4) 3.5 (0.06) 0.04
Lumbar side flexion 1.4 cm (95% CI 2, 0.8) 2.4 cm (95% CI3.1,1.7) 0.18 (0.6) 0.02
Intermalleolar distance 2.4 cm (95% CI6.3, —1.5) 9.1 cm (95% CI12.7,5.5) 0.03 (0.9) 0.01
Basfi index 0.5 (95% CI 4.5, —3.5) 6.1 (95% CI19.8,2.4) 0.26 (0.6) 0.04
Basdai index 2.3(95% CI5, —0.4) 1.6 (95% CI 4.3, —1.1) 0.002 (0.9) NS

samples Student’s £ test analysis.NS, not significant

Values are expressed in centimeters (cm) in tragus to wall distance, Schober test, lumbar side flexion and intermalleolar
distance; in degrees (°) in cervical rotation; and total scores in BASFI and BASDAI indexes.Data are expressed by mean (95%
confidence interval).* F, Levene test to assess the homogeneity of the variance.P values come from independent (unpaired)

dexes. The clinical measures considered in the
BASMI index reflect the axial status of patients with
AS.'7 This index had demonstrated sensitivity to
change across the whole disease spectrum includ-
ing patients with disease of long duration'” (see
psychometric properties of BASMI index in Meth-
ods section). Although Jones et al.?* established cut
points on a 0-10 scale to assess a total score of the
BASMI index, authors of the present trial preferred
to assess independently each clinical measure. Al-
though the BASMI has very good qualities, Heik-
kila et al.?* reported that several measures are not
sensitive and that others are. They suggested the
finger to floor distance, chest expansion, thoraco-
lumbar rotation, and lateral flexion as the most
sensitive mobility measures. Other measures that
might be used, but at a lower level of sensitivity,
are cervical rotation and intermalleolar distance.?’
Finally, they did not suggest the Schober test,
thoracolumbar flexion, or tragus to wall distance.?’
The BASMI index has one measure in the top level
(lumbar side flexion), two at the middle level (cer-
vical rotation and intermalleolar distance), and two
not suggested (Schober test and tragus to wall
distance). Therefore, conclusions from the study of
Heikkila et al.?® suggest changes in the mobility
measures of the BASMI index. The reason to assess
the BASMI index is that it is the only validated
index (criterion validity and interobserver reliabil-
ity determined) in the peer-reviewed literature that
assess the status of the axial skeleton in patients
with AS. However, that situation does not refute
the necessity of revision of these clinical measures.

The BASFI index?* showed to be sensitive to
demonstrate an improvement in the functional
ability in these patients (see psychometric proper-
ties of BASFI index in Methods section). Recently,
Falkenbach et al.>? have reported that the BASFI
index is also applicable to older patients experienc-
ing AS. Moreover, Eyres et al.*® reported that the
BASFI index had more items displaying differential
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item functioning than the Dougados Functional
Index. The problem with the Dougados Functional
Index includes the fact that patients often find
some questions difficult to answer without qualifi-
cation. Other functional indexes (HAQ-S, SIP) that
have been used in previous studies®® are not sen-
sitive to detect changes in patients with AS.

The items of the BASDAI index?® represent the
five major symptoms experienced by patients with
AS. Length of time in morning stiffness was in-
cluded in this index, but this item is not used to
calculate the total score (see psychometric proper-
ties of BASDAI index in Methods section). In the
present study, changes in the BASDAI index after
both interventions were not statistically signifi-
cant. This situation could be caused by the small
simple size. A greater number of patients might
show statistically significant differences in prepost
scores within both groups.

Further Research

The scientific literature shows different papers
which have analyzed the therapeutically effects at 8
mos,>* 9 mos,*®, and 3 yrs'! after the intervention.
Therefore, some questions remain to be answered.
First, how long will the improvement maintain?
The improvement would probably remain longer
with the experimental protocol, since better results
were achieved with this intervention. But, will the
effect disappear at the same rate in both groups?
Will the experimental group maintain a greater
proportion of clinical improvement? That is why
we propose to continue the study assessing patients
after 6 mos and 2 yrs after the intervention.

Limitations

The small sample size and the absence of a
control group, without any physical therapy inter-
vention, are some of the most significant limita-
tions of this study. We have to consider that this
trial has been comparative, taking an active control
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group treated with a physical therapy intervention
analyzed in previous papers.” 1162829 Ohyiously,
type 2 errors could have happened, so it is recom-
mended to repeat the same procedure with a
greater number of patients and with a control
group without any therapeutically intervention

Another topic to discuss is the possible influ-
ence of some clinical features such as age, sex,
work, length of the disease, and other circum-
stances. Any randomized controlled trial depends
on the demographic and clinical characteristics of
the sample, so it is difficult to obtain similar pa-
tients in different studies performed in different
countries.

Finally, we did not consider the effects of the
pharmacological treatment, which we know that
helped patients during the study. All patients had
been taking NSAID treatment for at least 10 yrs
(controlled by their rheumatologist); however, dur-
ing the trial all patients were asked not to modify
their pharmacological treatment. On the other
hand, something we positively thought could affect
the results was the swimming-pool exercise. The
whole sample size (90%) had already been doing it
for several years and it was included in their habit-
ual practice. Therefore, it was not modified because
the exercises were the same in all patients, so that
we considered that the obtained improvement
would affect both groups in the same way.

CONCLUSION

The experimental group obtained a greater im-
provement than the control group in all clinical
measures, except in tragus to wall distance, and in
the functional index (BASFI). The experimental
protocol developed by our research group, based on
the GPR method and specific strengthening and
flexibility exercises of the shortened muscle chains,
offers promising results in the management of
patients suffering from AS. Further trials are re-
quired.
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APPENDIX 1: Conventional physical therapy intervention

11 Kneeling
12 Lying supine
13 Lying supine

14 Lying supine
15 Lying supine
16 Lying supine
17 Lying on the side
18 Lying on the side

muscle
Psoas muscle stretching
Posterior pelvic girdle gliding
Active flexion of the upper cervical
spine
Superior abdominal strengthening
Inferior abdominal strengthening
Lumbar spine rotation
Coxofemoral abduction
Shoulder abduction

19 Kneeling—hand position Anteroposterior pelvic girdle
gliding
20 Kneeling—hand position ~Anteroposterior lumbar and

thoracic gliding

Number  Position of the Patient Exercise Repetitions
1 Seated Cervical lateral flexion 2 series of 10 repetitions each one
2 Seated Cervical rotation 2 series of 10 repetitions each one
3 Seated Cervical flexo-extension 2 series of 10 repetitions each one
4 Seated Thoracic rotation 2 series of 10 repetitions each one
5 Standing Thoracic lateral-flexion 2 series of 10 repetitions each one
6 Standing Thoracic flexo-extension 2 series of 10 repetitions each one
7 Standing Thoracic muscles stretching 2 repetitions of 45 second each one
8 Standing Hamstring muscles stretching 2 repetitions of 45 second each one
9 Standing Gastrocnemius muscle stretching 2 repetitions of 45 second each one
10 Standing Strengthening of quadriceps 2 series of 8 repetitions each one

2 repetitions of 45 second each one
2 series of 8 repetitions each one
2 series of 8 repetitions each one

2 series of 10 repetitions each one
2 series of 10 repetitions each one
2 series of 8 repetitions each one

2 series of 10 repetitions each one
2 series of 10 repetitions each one
2 series of 10 repetitions each one

2 series of 10 repetitions each one
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APPENDIX 2: Experimental physical therapy intervention

biomechanical aspects. Clin Biomech 2000;15 (1):9-14.

In this appendix we will expose the scheme of the experimental intervention (divided into six phases) and the exercises to
stretch the specific muscle chains. More details about these exercises may be found elsewhere®!. (*) Kleinrensink GJ,
Stoeckart R, Mulder PG, et al: Upper limb tension tests as tools in the diagnosis of nerve and plexus lesions. Anatomical and

Phase Purpose of Each Phase

Exercises

Repetitions

All exercises in this phase will
be performed standing and/or
walking

1. General warm-up

Exercises in this phase are
focussed on improving the
pelvic girdle mobility

2. Specific warm-up

Exercises in this phase will be
performed lying supine and
prone

3. Dynamic axial
exercise

Exercises in this phase are
focused on stretching and
strengthening the shortened
muscle chains

4, Static postural
exercise

All respiratory exercises will be
performed in a stretching
posture during phase 4

5. Specific respiratory
exercises

This phase will consist on
slightly neck and thoracic
exercises. All exercises will
be performed walking

6. Cool-down

—_

W DN =

=W DN =

. Stretching exercise of

the posterior muscle
chain.

. Stretching exercise of

the anterior muscle
chain.

. Neural mobilization of

the median nerve (*).

. Anteroposterior pelvic

girdle gliding.

. Extension-flexion motion

of the lumbar spine
(McKenzie method).

. Stretching exercise of

the anterior muscle
chain in the pelvic
region.

. Stretching exercise of

the posterior muscle
chain in the pelvic
region (Fig. 6).

. Prone exercises. Anterior

pelvic girdle gliding.

. Anteroposterior pelvic

girdle gliding in supine.

. Rotation stretching of

the posterior muscle
chain.

. Stretching exercise of the

anterior muscle chain in
supine (Fig. 8a).

. Stretching exercise of

the posterior muscle
chain seated (Fig. 8b).

. Stretching exercise of

the posterior muscle
chain seated on the wall
(Fig. 7).

Stretching exercise of
the anterior muscle
chain standing (Fig. 8c).
Eccentric work of the
erector spine muscles
(Fig. 5).

. Thoracic breathless.
. Expiratory breathless.
. Stretching of the

anterointernal muscle
chain of the scapular
girdle.

. Cervical flexo-extension.
. Cervical lateral-flexion.
. Cervical rotation.

. Circular motion of the

scapular girdle.

2 series of 8
repetitions each
one

2 series of 8
repetitions each
one

2 series of 10
repetitions each
one

Allstretching postures
have to be
maintained during
3-4 mins each one

2 series of 10
repetitions each
one

1 series of 5
repetitions each
one
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APPENDIX 3: The Bath Ankylosing Spondylitis Functional Index: The BASFI index?°
Please draw a mark on each line below to indicate your level of ability with each of the following
activities during the last week.
Putting on your socks or tights without help or aids (e.g., sock aid).
Easy Impossible___
Bending forward from the waist to pick up a pen from the floor without an aid.
Easy Impossible___
Reaching up to a high shelf without help or aids (e.g., helping hand).
Easy Impossible___
Getting up out of an armless dining room chair without using your hands or any other help.
Easy Impossible___
Getting up off the floor without help from lying in your back.
Easy Impossible___
Standing unsupported for 10 mins without discomfort.
Easy Impossible___
Climbing 12-15 steps without using a handrail or walking. One foot on each step.
Easy Impossible___
Looking over you shoulder without turning your body.
Easy Impossible___
Doing physically demanding activities (e.g., physiotherapy exercises, gardening, or sports).
Easy Impossible___
Doing a full day of activities, whether at home or at work.
Easy Impossible___

APPENDIX 4: The Bath Ankylosing Spondylitis Disease Activity Index: The BASDAI index?®
Please place a mark on each line below to indicate your answer to each question, relating to the past
week.

How would you describe the overall level of fatigue/tiredness you have experienced?

__ None _ Very severe
How would you describe the overall level of AS neck, back, or hip pain you have had?
__ None _ Very severe

How would you describe the overall level of pain/swelling you have had in joints other than the neck,
back, or hips?

__ None _ Very severe
How would you describe the overall level of discomfort you have had from any areas tender to touch
or pressure?

__ None _ Very severe
How would you describe the overall level of morning stiffness you have had from the time you wake
up?

__ None _ Very severe
How long does your morning stiffness last from the time you wake up?

_ Ohrs___1/2__ _1hr___ 11/2___ 2 or more hrs
Item 6 is not employed to assess the total score of the BASDAI index.
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