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Ankylosing spondylitis
Jürgen Braun, Joachim Sieper

Ankylosing spondylitis is a common infl ammatory rheumatic disease that aff ects the axial skeleton, causing 
characteristic infl ammatory back pain, which can lead to structural and functional impairments and a decrease in 
quality of life. New imaging techniques and therapies have substantially changed the management of this disease in 
the past decade. Whether inhibition of radiographic progression and structural damage can be reached with available 
drugs is as yet unclear. Furthermore, treatment with non-steroidal anti-infl ammatory agents and physiotherapy 
remains an important approach to long-term management of patients with ankylosing spondylitis. The new treatment 
options with tumour necrosis factor blockers seems a breakthrough for patients refractory to conventional treatment.

Ankylosing spondylitis is the major subtype and a main 
outcome of an inter-related group of rheumatic diseases 
now named spondyloarthritides. Clinical features of this 
group include infl ammatory back pain, asymmetrical 
peripheral oligoarthritis (predominantly of the lower 
limbs), enthesitis, and specifi c organ involvement such 
as anterior uveitis, psoriasis, and chronic infl ammatory 
bowel disease. Aortic root involvement and conduction 
abnormalities are rare complications of ankylosing 
spondylitis. Five subgroups are diff erentiated clinically: 
ankylosing spondylitis, psoriatic spondyloarthritis, 
reactive spondylo arthritis, spondyloarthritis associated 
with infl ammatory bowel disease, and undiff erentiated 
spondyloarthritis. The subgroups are genetically 
linked—the strongest known contributing factor is the 
MHC class I molecule HLA B27, although others still 
remain to be identifi ed.

Epidemiology
Ankylosing spondylitis is a disease that aff ects young 
people, who generally present at around 26 years of age. 
Men are more often aff ected than are women, with a ratio 
of roughly 2 to 1.1 About 80% of patients develop the fi rst 
symptoms at an age younger than 30 years, and less than 
5% of patients present at older than 45 years.1 There is a 
rough correlation between the prevalence of HLA B27 
and the incidence and pre valence of this disease in a 
specifi c population.2 HLA B27 is most prevalent in 
northern countries and some tribes (with up to 50% of 
cases), and is highest in Eskimo populations and Haida 
Indians. Overall, the prevalence of ankylosing spondylitis 
is between 0·1% and 1·4%, with most of these data 
coming from Europe. In mid-Europe a prevalence 
of 0·3–0·5% for ankylosing spondylitis3,4 and 1–2% for 
the whole group of spondyloarthritides seems probable, 
which is similar to that for rheumatoid arthritis.5 The 
incidence of ankylosing spondylitis is between 0·5 and 
14 per 100 000 people per year in studies from diff erent 
countries.6,7 Several factors contribute to these diff erences. 
First is the selection of the target populations; second, the 
selection of screening criteria such as back pain and the 
choice of diagnostic criteria to confi rm the diagnosis; and 
third, the prevalence of HLA B27 and the distribution of 
its subtypes, which diff ers in populations with ethnic 
background.

Functional restrictions in patients with ankylosing 
spondylitis and a disease duration of 20 years are greater in 
those with a history of physically demanding jobs, more 
comorbid conditions, and in smokers, than in those with 
higher levels of education and a family history of this 
disease.8 Young age at onset of symptoms is associated 
with worse functional outcomes.9 In juvenile patients with 
spondyloarthritides, clinical symptoms can be diff erent 
and include severe tarsitis.10 Male patients have more 
structural changes, including bamboo spine, than do 
female patients.

Clinical features
Irrespective of the spondyloarthritis subtype, the main 
clinical features of this group are infl ammatory back pain 
(panel 1) caused by sacroiliitis and infl ammation at other 
locations in the axial skeleton, peripheral arthritis, 
enthesitis,11 and anterior uveitis,12 whereas manifestations 
in other organs, such as the heart, are rare.13 Characteristic 
symptoms of ankylosing spondylitis are spinal stiff ness 
and loss of spinal mobility, which are explained by spinal 
infl ammation, structural damage, or both.14 Spinal 
infl ammation can arise as spondylitis, spondylodiscitis, 
or spondylarthritis. Structural changes are mainly caused 
by osteoproliferation rather than osteodestruction. 
Syndesmophytes and ankylosis are the most characteristic 
features of this disease, which are visible on conventional 
radiographs after some months to many years. Low bone 
density, osteoporosis,15 and an increased rate of fractures,16 
which may add to the hyperkyphosis predominantly seen 
in male patients,17 add to the burden of disease.

The peripheral arthritis is usually monoarticular or 
oligoarticular, and aff ects mainly but not exclusively the 
lower limbs.18 The hip and shoulder joints become aff  ect-
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Search strategy and selection criteria

The Cochrane Library and Medline were searched from 
2000–2006. The search terms “ankylosing spondylitis” and 
“spondyloarthritis” were used in combination with the terms 
“epidemiology”, “pathogenesis”, “genetics”, “diagnosis”, 
“management”, and “therapy”. Publications from the past 
6 years were preferentially selected but important ones from the 
past millennium were also included according to our judgment.
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ed in about 20% of patients with this disease. Hip involve-
ment is regarded as a bad prognostic sign,19 but there is no 
agreement on the defi nition of severe disease. Infl ammation 
of entheseal sites takes place not only at classic sites such 
as the Achilles tendon and the plantar fascia but at many 
locations, including the spine. Eye infl ammation in 
spondyloarthritides is largely restricted to the uvea and 
takes place usually unilaterally, but can switch from one 
side to the other.12 For reactive spondyloarthritis, the eye 
can be aff ected by con junctivitis.

Skin involvement (psoriasis) and colitis associated with 
infl ammatory bowel disease can be regarded as basic 
subtype-defi ning entities with their own genetic 
background, diff erent from HLA B27, rather than as 
disease manifestations. However, the spondyloarthritides 
have also been regarded as one disease with a common 
genetic background20 and two major phenotypes.21

There are no good studies of prognosis in ankylosing 
spondylitis. Two retrospective studies22,23 have suggested 
that much radiographic progression happens early in the 
fi rst 10 years of disease, and more recent studies have 
shown that structural damage at presentation is the best 
predictor of further damage.24 Amor and colleagues19 
proposed a list of prognostic items for the whole group of 
spondyloarthritis including hip involvement and early 
onset, which has been confi rmed.4

Pathogenesis
The cause of ankylosing spondylitis and other 
spondyloarthritides is unknown. The two central features 
that deserve explanation are infl ammation and new bone 
formation, especially in the spine. Although infl ammation 
is assumed to trigger new bone formation, there is no 
close correlation between infl ammation and osteo-
proliferation. There is a strong genetic eff ect in 
spondyloarthritides, especially in ankylosing spondylitis. 
About a third of this eff ect is explained by HLA B27; the 
remainder, as yet largely undefi ned, is associated with 
genes in and outside the MHC.25 90–95% of pa tients with 
ankylosing spondylitis are positive for HLA B27,26 and 
the risk of this disease developing is as high as about 5% 
in HLA B27-positive individuals, and substantially higher 
in HLA B27-positive relatives of patients.27 However, most 
HLA B27-positive individuals remain healthy.

The possible interaction between bacteria and HLA B27 
has a crucial role in models of the pathogenesis of 
spondyloarthritides. The fact that reactive arthritis is 
triggered by genitourinary infections with Chlamydia 
trachomatis or by enteritis caused by gram-negative 
enterobacteria, such as Shigella, Salmonella, Yersinia, and 
Campylobacter spp28 provides a solid background for this 
approach, but the eviden ce for trig ge ring infections in 
other spondyloarthritides is marginal. The presence of 
microbial antigens in the synovium of patients with 
reactive arthritis29 has suggested that persistence of 
microbial antigens could be essential for continuing joint 
infl ammation. About 10–20% of HLA B27-positive patients 
with reactive arthritis develop the full clinical picture of 
ankylosing spondylitis after 10–20 years.30 A possibly 
central role of bacteria in the pathogenesis of 
spondyloarthritides is further supported by the relation 
between Crohn’s disease, HLA B27 positivity, and 
ankylosing spondylitis: 54% of HLA B27-positive patients 
with Crohn’s disease develop ankylosing spondylitis, but 
only 2·6% of HLA B27-negative patients develop this 
disease.31 Leakage of the gut mucosa, a result of 
infl ammation caused by colitis such as found in Crohn’s 
disease, leads to an interaction of the immune system with 
gut bacteria. In about 50% of patients with ankylosing 
spondylitis but no known Crohn’s disease, macroscopic or 
microscopic mucosal chronic lesions resembling Crohn’s 
disease have been detected in the gut mucosa.32

Finally, some evidence of the importance of the 
B27-bacteria interaction comes from work in animals. 
HLA B27 transgenic rats develop spondyloarthritis-like 
features, but many transgene copies are needed to transfer 
disease. Environmental factors also have a role since 
HLA B27 transgenic rats bred in a germ-free environment 
do not develop disease,33 and gut fl ora contribute to the 
colitis.34 However, persistence of microbial antigens in 
human spondyloarthritis in typically associated locations 
seems unlikely, and no candidate bacteria were detected 
by PCR in biopsies from sacroiliac joints.35

Cartilagenous structures—collagen type II and 
proteoglycan—have been studied as probable targets of an 
autoimmune response in ankylosing spondylitis.11,36–39 
Although the collagen-II-induced arthritis model resembles 
rheumatoid arthritis, animals immunised with proteoglycan 
show features typical of ankylosing spondylitis.40 In patients 
with this disease, mononuclear cells invade cartilaginous 
structures of sacroiliac joints and intervertebral discs 
leading to destruction and ankylosis.41 T-cell responses to 
aggrecan have been seen not only in spondyloarthritides 
but also in other arthritides.42 Both CD4+43 and CD8+ T-cell 
responses44 to aggrecan and collagen-derived peptides have 
been reported in peripheral blood and synovial fl uid 
specimens of patients with ankylosing spondylitis.45 
Immunohistological studies on sacroiliac joint biopsies 
have shown cellular infi ltrates, including T cells and 
macrophages (fi gure 1).36,46 Immunohistological examin-
ation of femoral heads of patients with this disease 

Panel 1: Modifi ed New York criteria 1984 for ankylosing spondylitis 

Clinical criteria
• Low back pain and stiff ness for longer than 3 months, which improve with exercise, 

but are not relieved by rest
• Restriction of motion of the lumbar spine in both the sagittal and frontal planes
• Restriction of chest expansion relative to normal values correlated for age and sex

Radiological criterion
• Sacroiliitis grade ≥2 bilaterally, or grade 3–4 unilaterally

Defi nite ankylosing spondylitis is present if the radiological criterion is associated with at least one clinical criterion.70
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undergoing total hip replacement47 showed infi ltrates of 
CD4+ and CD8+ T cells at the cartilage-bone interface, 
which are possibly dependent on the presence of cartilage. 
Immuno histological examination of zygapophysal joints 
from patients with this disease undergoing spinal surgery 
because of severe kyphosis48 showed persistence of 
infl ammation even in longstanding disease (fi gure 1).

Both innate and adaptive immune responses could have 
a role in spondyloarthritides. The fi nding that tumour 
necrosis factor (TNF)-α is overexpressed in sacroiliac joints 
(fi gure 1)46 provided a strong rationale for the use of TNF-
inhibitors, which are very eff ective in spondyloarthritides.

The remodelling of bone that explains squaring of 
vertebral bodies in ankylosing spondylitis is histo lo gically 
based on acute and chronic spondylitis with destruction 
and simultaneous rebuilding of the cortex and spongiosa 
of the vertebral bodies. The development of square 
vertebral bodies is based on a combination of a destructive 
osteitis and repair.49 The process of joint ankylosis partly 
recapitulates embryonic endochondral bone formation in 
a spontaneous model of arthritis in DBA-1 mice. Bone 
growth factors such as bone morphogenetic protein 
signalling are key molecular pathways associated with 
pathological changes.50 Systemic gene transfer of noggin, 
an antagonist of bone morphogenetic protein, is eff ective 
both as a preventive and therapeutic strategy in this 
mouse model, since noggin interferes with enthesial 
progenitor cell proliferation. Immunohistochemical 
staining for phosphorylated smad1/5 in entheseal biopsies 
of patients with spondyloarthritides shows active bone 
morpho genetic protein signalling in similar target cells,51 
which suggests a role for these proteins in the pathogenesis 
of ankylosing spondylitis. In psoriatic arthritis52 and anky-
losing spondylitis,47 an increased osteoclast activity has 
been reported. Osteoclasts are key in infl ammation-
associated bone loss in rheumatic diseases.53

Patients with ankylosing spondylitis are frequently given 
non-steroidal anti-infl ammatory drugs (NSAIDs), in clud-
ing cyclo-oxygenase (COX)-2-selective inhibitors. COX-2 is 
an inducible enzyme that converts arachidonic acid to 
prostaglandin E2, a modulator of bone metabolism.54 The 
inhibition of radiographic progression by continuous 
intake of NSAIDs55 could be explained by the inhibition of 
prostaglandins by these drugs. However, this fi nding 
needs to be confi rmed. Several in-vitro studies and work 
in animals showed impaired bone healing in the presence 
of NSAIDs.56 The steps associated with bone healing 
include an infl ammatory response, bone resorption, and 
new bone formation. Prostaglandins have been shown to 
elicit and participate in infl ammatory responses, increase 
osteoclast activity and subsequent bone resorption, and 
raise osteo blast activity and new bone formation. Through 
inhibition of COX and subsequently prostaglandins, 
NSAIDs could inhibit new bone formation. This inhibition 
is clinically used to prevent ossifi cation after surgery, and 
there may be diff erences related to the degree of COX-1 
and COX-2 inhibition.57

A
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Figure 1: Immunohistology in ankylosing spondylitis
(A) T-cell infi ltrate in a biopsy specimen obtained from the sacroiliac joint of a 
patient with ankylosing spondylitis. Reproduced from Bollow et al36 with 
permission from BMJ Publishing Group. (B) Immunohistology of bone marrow 
close to a zygapophyseal joint of a patient with ankylosing spondylitis who 
underwent spinal surgery for correction of rigid hyperkyphosis. The presence 
of CD3+ T cell aggregates indicates ongoing infl ammation in longstanding 
disease. Reproduced from Appel et al48 with permission from Wiley-Liss, a 
subsidiary of John Wiley & Sons. (C) TNFa mRNA (in-situ hybridisation) in a 
biopsy specimen obtained from the sacroiliac joint of a patient with ankylosing 
spondylitis. Reproduced from Braun et al37 with permission from Wiley-Liss, a 
subsidiary of John Wiley & Sons.
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Genetics
Although HLA B27 itself is the most important gene 
predisposing to ankylosing spondylitis, there is clear 
evidence of association of other genes with susceptibility 
to this disease. Studies (in twins)25 suggest a contribution 
of HLA B27 of only about 20–30% of the total genetic risk 
in this disease, whereas the whole MHC contributes 
about 40–50%. The concordance rate is 63% for B27-
positive monozygotic twin pairs, and 23% for dizygotic 
twin pairs. Furthermore, HLA B27-positive individuals 
with a fi rst-degree relative having ankylosing spondylitis 
have a six to 16 times greater risk of developing the disease 
themselves than do B27-positive individuals with no 
family history.25,58 All these data suggest that non-B27 
familial factors have a strong eff ect on the risk of 
developing this disease.

Besides HLA B27, other MHC genes such as HLA B60 
and HLA DR1 seem to be associated with ankylosing 
spondylitis but they are of minor importance. The TNFα 
gene is another candidate gene located within the MHC, 
but a major role of TNF polymorphisms in patients with 
this disease is unlikely.59 Genome-wide linkage screens 
have suggested several additional genetic markers 
distributed on diff erent chromosomes,60,61 none of which is 
conclusive. There is some evidence for the presence of a 
non-MHC susceptibility locus for spondyloarthritides 
mapping to 9q31-34.62 No linkage of the X chromosome 
(suspected to be a candidate gene because of the sex bias of 
ankylosing spondylitis), has been reported.63 Suggestive 
gene markers include genes associated with diseases that 
predispose to spondyloarthritides such as psoriasis and 
infl ammatory bowel disease, or markers that could 
encompass genes relevant for immune responses, such as 
antigen processing and presentation or cytokine responses. 
For example, occurrence of acute anterior uveitis might be 
associated with a gene region located on chromosome 9.64 
The interleukin-1 gene cluster located on chromo some 2 is 
involved in ankylosing spondylitis,65 but which exact genes 
are causatively involved is as yet unclear. NOD 2 
(nucleotide-binding oligomerisation domain protein 2, 
CARD15) genotypes located on chromosome 16 are 
associated with Crohn’s disease but not with primary 
ankylosing spondylitis.66 Other candidate gene analyses in 
this disease, such as on TGFβ (transforming growth factor 
β) and interleukin-6 polymorphisms, were negative. Thus, 
there is a defi nite contribution of genes other than 
HLA B27. Most genetic studies are on susceptibility but 
there are also some on severity that also suggest a strong 
genetic rather than an environmental eff ect.67

Diagnosis and classifi cation
Radiography
Sacroiliitis is a hallmark of ankylosing spondylitis, especially 
in earlier disease stages. It has become a major means for 
the development of classifi cation criteria because of its very 
high prevalence in patients with ankylosing spondylitis. 
The fi rst criteria set for classifi cation, developed in 1961 in 
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Figure 2: Pelvic radiograph and MRI of the sacroiliac joint in two 
diff erent patients with spondyloarthritis
Radiograph showing chronic changes in the sacroiliac joints in a patient with 
ankylosing spondylitis (A) and MRI (STIR technique) showing active changes 
(sacroiliitis) in a patient with undiff erentiated spondyloarthritis (B).

Possible combination of clinical, laboratory, or imaging SpA features Post-test probability

IBP plus family history 51%

IBP plus heel pain 35%

IBP plus uveitis 54%

IBP plus synovitis 39%

IBP plus dactylitis 42%

IBP plus family history plus heel pain 78%

IBP plus uveitis plus NSAID* 85%

IBP plus heel pain plus synovitis plus alternating buttock pain 89%

IBP plus family history plus heel pain plus NSAID* 95%

IBP plus heel pain plus HLA-B27 83%

IBP plus NSAIDs* plus HLA-B27 88%

IBP plus heel pain without HLA-B27 6%

IBP plus NSAIDs* without HLA-B27 8%

IBP plus dactylitis plus ESR/CRP 62%

IBP plus HLA-B27 plus ESR/CRP 78%

IBP plus HLA-B27 without ESR/CRP 47%

IBP plus HLA-B27 plus MRI 93%

IBP plus HLA-B27 without MRI 14%

IBP plus heel pain plus HLA-B27 without MRI 35%

The pretest probability of low back pain is assumed to be 5%. IBP-infl ammatory back pain. SpA=axial spondylarthritis. 
CRP=C-reactive protein. *A good response to NSAIDs is needed. Adapted from Radwaleit et al76 with permission of 
BMJ Publishing Group.

Table: Probability of axial spondylitis with or without various combinaions of features in patients with 
low back pain
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Rome, Italy,68 did not need radiographs of the sacroiliac 
joints to make a diagnosis, but in the 1966 New York (USA) 
criteria radiographic evidence of sacroiliac joint changes 
were included.69 The proposed grading system scored a 
healthy radiograph of the sacroiliac joints as 0, suspicious 
changes as 1, minor changes as 2, moderate changes 
as 3 (fi gure 2), and ankylosis as 4. The last modifi cation of 
the New York criteria70 introduced the clinical parameter of 
infl ammatory back pain, and changed the criterion 
restriction of chest expansion by age and sex adjustment of 
the normal values (panel 1). These 1984 criteria are used not 
only for classifi cation, but also for diagnosis of patients 
with ankylosing spondylitis.

Since radiographs of the sacroiliac joints could appear 
normal in the early phase of disease, structural changes 
might become apparent only after some years, which is 
relevant for a rather large proportion of patients with this 
disease.71,72 With the introduction of MRI the fact that 
radiography of the sacroiliac joints detects the structural 
results of infl ammation (cartilage and bone damage) 
rather than infl ammation itself has become obvious. 
Accordingly, the MRI technique allows for the detection 
of infl ammation in the sacroiliac joints in patients early 
in the course of their disease when no chronic changes 
are detectable.37 This latency in the radiographic detection 
of chronic changes in the sacroiliac joints contributes to 
the diagnostic delay in ankylosing spondylitis.1,73

Clinical criteria
To allow for an earlier diagnosis of spondyloarthritides for 
patients with predominant axial or peripheral mani-
festations of disease, two sets of criteria were developed 
about 15 years ago which are more clinically based—the 
European Spondyloarthropathy Study Group18 and the 
Amor criteria.74 Radiographic evidence of sacroiliitis was 
included in both criteria sets as an optional item but not 
as a prerequsite for diagnosis. Both sets work well as 
classifi cation criteria—validation studies in various popu-
lations showed a sensitivity and specifi city of about 85%.75 
However, even though these criteria sets have also been 
used to make a diagnosis in clinical practice because of 
few alternatives, all sets for ankylosing spondylitis and 
spon dylo arthritis were developed for classifi cation but not 
for diagnostic purposes. The process of classifi cation 
implies a diagnostic selection beforehand, and, by contrast 
with diag nostic criteria, knowledge of the pretest 
probability of having the disease is not necessary.72 The 
use of classi fi  cation criteria for diagnosis could result in 
an over esti mation or underestimation of the frequency of 
the disease.

A systematic approach to diagnose patients presenting 
with early predominantly axial spondyloarthritis has been 
developed.72,76 The fi rst step is an estimation of the pretest 
probability of the disease.77 In a cohort of patients with 
chronic low back pain in a primary care physician setting, 
spondyloarthritis was diagnosed in 5% of cases, which is 
the assumed pretest probability of this disease.78 The 

likelihood of a diagnosis of spondyloarthritis is best if at 
least three clinical, laboratory, or imaging indices are 
positive (table).72,76 The pretest probability could be 
diff erent in other settings.

The clinical symptom of infl ammatory back pain is 
important for the diagnosis of spondyloarthritis and 
ankylosing spondylitis,79 including early and late stages, 
and also classifi cation.18,70,74 However, because of restricted 
sensitivity and specifi city of infl ammatory back pain, a 
combination with other indices suggestive of spondylo-
arthritis is needed. A novel set of classifi cation criteria for 
infl ammatory back pain has been developed on the basis 
of a controlled study showing a specifi city of 81% and a 
sensitivity of 70% if two of four indices are positive.80 
However, the diagnostic yield is better than this result 
when three of four indices are fulfi lled (panel 2).

The development of criteria allowing for an early 
diagnosis of ankylosing spondylitis is important to alert 
primary care physicians to consider spondyloarthritis in 
patients with chronic back pain. To establish when to refer 
patients to a rheumatologist for diagnosis is of similar 
relevance. Screening indices for early referral of patients 
with ankylosing spondylitis by primary care physicians 
have been proposed.81 A diagnosis of spondyloarthritis 
was predicted in every third to fi fth patient with chronic 
(>3 months) low back pain that started at an age younger 
than 45 years who either has the clinical symptom of 
infl ammatory back pain, carries HLA B27, or has 
sacroiliitis shown by imaging. How such criteria perform 
in daily clinical practice remains to be seen.

Laboratory tests
There are two main laboratory indices that are potentially 
relevant for a diagnosis of spondyloarthritis—HLA B27 and 
C-reactive protein.76 However, the role of the erythrocyte 
sedimentation rate is less clear. HLA B27 is an important 
factor for diagnosis of early spondyloarthritis. The 
performance of the HLA-B27 test depends on the population 
prevalence of HLA B27, which varies for diff erent races. 
There is no need to measure HLA-B27 subtypes in white 
patients, but subtyping might be needed for Chinese 
patients, in whom some subtypes (eg, HLA-B*2706) are not 
associated with ankylosing spondylitis. The correlation of 
disease activity with laboratory indices of infl amma tion is 
restricted. Only half of patients with this disease have raised 
C-reactive protein concentrations.82

Panel 2: New criteria for infl ammatory back pain in young to middle-aged adults 
(<50 years) with chronic back pain. 

• Morning stiff ness >30 minutes
• Improvement in back pain with exercise but not with rest
• Awakening because of back pain during the second half of the night only
• Alternating buttock pain 

The criteria are fulfi lled if at least two of four of the parameters are present (sensitivity 70·3%, specifi city 81·2%). 
Adapted from Rudwaleit et al80 with permission from Wiley-Liss, a subsidiary of John Wiley & Sons.
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Imaging
Imaging is crucial for the diagnosis and classifi cation of 
spondyloarthritides, especially ankylosing spondylitis, 
because conventional radiography is suffi  ciently sensitive 
in established disease since more than 95% of patients 
have structural changes in the sacroiliac joints (fi gure 2).83 
Furthermore, the detection of typical syndesmophytes 
(fi gure 3) could be useful for diagnosis in individual 
patients. These possible osteoproliferative changes, 
however, do not tend to take place early in the course of 
the disease. Therefore, MRI, with its capacity to visualise 
active infl ammation, has been of much additional 
diagnostic benefi t in early disease when a fi eld strength of 
T2 for fat saturated and short T1 inversion recovery (STIR) 
or a fi eld strength of T1 after application of contrast agents 
such as gadolinium-diethylenetriamine penta-acetic acid 
are used. For screening purposes, contrast agents are not 
necessary since the STIR technique is suffi  cient.84

MRI has proved especially useful for identifi cation of 
early sacroiliitis (fi gure 2)37 and spondylitis (fi gure 3),85 
including patients with undiff erentiated spondyloarthritis.86 
MRI of the sacroiliac joints can predict the development of 
structural radiographic changes in these joints with a 
positive predictive value of 60% 3 years before they occur.87 
MRI measurements of the spine (fi gure 3)88 as assessed by 
a new scoring system are sensitive to change in patients 
with ankylosing spondylitis and infl ammatory back pain 
on antiTNF therapy.89,90 The assessment of chronic changes 
by MRI91 is still under investigation, but conventional 
radiography is more sensitive to detect structural changes 
than is MRI.92 Therefore, a radiograph of the sacroiliac 
joints is always needed, especially at early disease stages 
because 20–30% of patients within the fi rst 2 years of 
infl ammatory back pain will already have developed 
structural changes. MRI is not only useful for detection of 
enthesitis and synovitis in the axial skeleton but also in 

peripheral joints and entheses,93 which are also well 
assessed by ultrasonography.94

The cost-eff ectiveness of these imaging techniques in 
early disease has not yet been assessed. Nevertheless, from 
a clinical point of view there seems little doubt that MRI 
should be included in future classifi cation and diagnostic 
criteria for early spondyloarthritides. In the assessment of 
patients with possible spondyloarthritides and low back 
pain, diff erentiation between the search for active and acute 
changes from chronic changes is important. For active and 
acute changes, MRI with appropriate sequences such as 
STIR are useful, and in centres of excellence scintigraphy is 
also of use, especially when the indication includes 
screening for other aff ected sites. For the detection of 
chronic changes in the sacroiliac joints CT is most useful;95 
however, the technique should not be used routinely because 
of a high exposure to radiation. Conventional radiography is 
still the gold standard for the detection of chronic structural 
changes in the sacroiliac joints and spine. The modi fi ed 
Stoke ankylosing spondylitis spinal score is the most useful 
scoring method for assessment of spinal damage in clinical 
studies.96 In this system, syndesmophytes are most 
important. Radiographic damage at baseline is the strongest 
predictor of future structural changes.97

Management
Ten main recommendations for the management of 
ankylosing spondylitis have been proposed by a combined 
ASsessment in Ankylosing Spondylitis working group 
(ASAS) and European League Against Rheumatism 
(EULAR) task force (fi gure 4).98 Briefl y, the treatment of 
ankylosing spondylitis should be tailored according to the 
manifestations of the disease at presentation, severity of 
symptoms, and several other features that include the 
wishes and expectations of the patient. The disease 
monitoring of patients should include history, clinical 
features, laboratory tests, and imaging. The frequency of 
monitoring should be decided on an individual basis 
depending on symptoms, severity, and drugs. The best 
treatment needs a combination of non-pharmacological 

A B

Figure 3: Chronic and active changes in the lumbar spine of a patient with 
ankylosing spondylitis
Syndesmophytes shown on radiograph (A) and spondylitis and spondylodiscitis 
shown by T2 weighted MRI (B).
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Figure 4: Flow chart of the ASsessment of Ankylosing Spondylitis (ASAS) and 
European League Against Rheumatism (EULAR) recommendations for the 
management of ankylosing spondylitis.
Adpated from Zochling et al98 with permission from BMJ Publishing Group.
NSAIDs=non-steroidal anti-infl ammatory drugs.
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and pharmacological treatment methods, including edu-
cation and physical therapy. AntiTNF therapy should be 
given according to ASAS recommendations.99 Joint 
replacement has to be considered in patients with radio-
graphic evidence of advanced hip involvement who have 
refractory pain and disability. Spinal surgery is useful in 
selected patients with symptoms and disability because of 
disabilitating posture or instable spine.

Basic principles of treatment
The standard treatment of spinal symptoms for patients 
with ankylosing spondylitis has consisted of NSAIDs100and 
structured exercise programmes101 for decades. Whether 
and to what extent physical therapy and exercise are 
benefi cial in every stage of the disease (eg, in very active 
disease) is unknown. Disease activity, especially the degree 
of spinal infl ammation, function, and damage, probably 
aff ects the outcome of physical therapy and regular exercise. 
Non-pharmacological therapy consists of spa treatment,102 
education, and self-help groups, as well as physical therapy. 
A Cochrane review103 showed that there is little evidence for 
eff ectiveness of non-pharmacological intervention, but 
there is strongly positive expert opinion. Although the 
general eff ect size is believed to be rather small, it is clear 
from clinical experience that individual patients with 
ankylosing spondylitis may have defi nite benefi t from 
intensive physiotherapy. Intensive spa therapy has proved 
more eff ective than standard prescriptions of exercises in 
an outpatient setting, especially after several months.102

NSAIDs
In general, NSAIDs work rather well in patients with 
ankylosing spondylitis. A good response to NSAIDs has 
even been identifi ed as a diagnostic sign for spondylo-
arthritides,74 although a state of non-responsiveness to 
these drugs might identify those with a poor prognosis.19 
Clinical experience suggests that patients with active 
disease should be continuously given NSAIDs in a dose 
suffi  cient to control pain and stiff ness. Some researchers55 
have even suggested that continuous dosing with NSAIDs 
rather than the usual on-demand prescription decelerates 
radiographic progression over 2 years. However, NSAIDs, 
including COX-2 inhibitors, are known to have 
gastrointestinal and possible cardiovascular toxic eff ects,104 
which could restrict their use. Furthermore, about half of 
patients with this disease report insuffi  cient control of 
their symptoms by NSAIDs alone.98

Disease-modifying antirheumatic drugs
The use of disease-modifying antirheumatic drugs for the 
treatment of axial disease in spondyloarthritides has been 
rather disappointing. Treatments that are eff ective in 
suppression of disease activity and slowing of progression 
in rheumatoid arthritis have notably failed to aff ect 
patients with spondyloarthritides, especially those with 
spinal disease.90,98 Sulfasalazine improves peripheral 
arthritis associated with spondyloarthritis, but not spinal 

pain.105,106 However, there are diff erences between the trials 
related to disease duration and the proportion of patients 
with peripheral arthritis. Thus, the eff ectiveness of 
sulfasalazine in earlier disease stages might diff er from 
that at later stages. Indeed, in a controlled trial107 of 
sulfasalazine in undiff erentiated spondyloarthritis and 
early ankylosing spondylitis, some improvement of spinal 
pain was noted since patients with infl ammatory back 
pain but no peripheral arthritis had substantially more 
improvement in disease activity than did the placebo 
group despite use of fewer NSAIDs.107 However, all patients 
improved, and defi nite conclusions are diffi  cult to draw.

Methotrexate is generally used in patients with 
rheumatoid arthritis to improve symptoms and slow 
progression of erosive disease. However, such improve-
ment is not seen in ankylosing spondylitis, suggesting 

Panel 3: Updated assessment in ankylosing spondylitis (ASAS) criteria for antiTNF 
therapy in ankylosing spondylitis

Diagnosis
Patients who usually fulfi l modifi ed New York criteria (panel 1) for defi nitive AS

Active disease
Active disease for at least 4 weeks
BASDAI ≥4 (range 0–10) and an expert opinion*

Treatment failure
All patients should have had adequate therapeutic trials of at least two NSAIDs. An 
adequate therapeutic trial is defi ned as: 
• Treatment for at least 3 months at maximum recommended or tolerated anti-

infl ammatory dose unless contraindicated
• Treatment for <3 months where treatment was withdrawn because of intolerance, 

toxicity, or contraindications
Patients with pure axial features do not have to take DMARDs before antiTNF therapy can 
be started
Patients with symptomatic peripheral arthritis should have undergone at least one local 
corticosteroid injection if appropriate and should have responded insuffi  ciently
Patients with persistent peripheral arthritis must have had a therapeutic trial of sulfasalazine†
Patients with symptomatic enthesitis must have failed appropriate local treatment

All three of the above points have to be fulfi lled before treatment with TNF blockers is started.

Contraindication
Women who are pregnant or breastfeeding; eff ective contraception must be practised
Active infection
Patients at high risk of infection including:
• Chronic leg ulcer
• Previous tuberculosis
• Septic arthritis of a native joint within the past 12 months
• Sepsis of a prosthetic joint within the past 12 months, or indefi nitely if the joint remains 

in situ
• Persistent or recurrent chest infections
• Indwelling urinary catheter
History of lupus or multiple sclerosis
Malignant disease or premalignant states excluding: 
• Basal cell carcinoma
• Malignant diseases diagnosed and treated more than 10 years previously (where the 

probability of total cure is very high)
(Continues on next page) 
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another pathomechanism. A systematic review108 of the 
use of methotrexate in ankylosing spondylitis showed 
that there was no evidence for an eff ect on infl ammatory 
back pain and inconclusive evidence of eff ectiveness for 
peripheral joint disease. The only randomised controlled 
trial109 of this drug in patients with ankylosing spondylitis 
failed to show a signifi cant eff ect of oral methotrexate 
(7·5 mg per week) on spondylitis, but there was some 
improvement of peripheral arthritis. A 16-week open 
label trial110 of methotrexate, 20 mg subcutaneously, in 
20 patients with ankylosing spondylitis did not show any 
eff ect on axial symptoms and only some improvement in 
peripheral symptoms. In contrast to these fi ndings, many 
rheuma tologists are still using methotrexate for 
ankylosing spondylitis because there used to be no other 
options. The diff erences in response between peripheral 
and axial symptoms might be explained by predominant 
synovitis for peripheral manifestations and predominant 
enthesitis for axial manifestations.

Similarly, lefl unomide is eff ective in treatment of 
symptoms and slowing radiographic change in rheumatoid 

arthritis. In ankylosing spondylitis, lefl unomide was not 
eff ective for axial manifestations,111,112 but patients with 
peripheral arthritis had some benefi t.111 However, this drug 
is eff ective in patients with psoriatic arthritis.113 
Maksymowych and co-workers114 suggested that bis-
phosphonates could be useful for spinal symptoms for 
patients with ankylosing spondylitis. However, other 
studies with pamidronate failed to show a similar eff ect.115 
Thalidomide was also used with some success116 but is 
regarded as too toxic for widespread use.

TNF blockers
The introduction of TNF blockers has been the most 
substantial development in the treatment of ankylosing 
spondylitis and other spondyloarthritides in the past few 
years.98 Three such agents are now approved for ankylosing 
spondylitis: the monoclonal chimeric antibody infl iximab, 
which is given intravenously in a dose of 3–5 mg per kg 
every 6–8 weeks (approved regimen is 5 mg/kg every 
6–8 weeks), the fully humanised monoclonal adalimumab 
which is given subcutaneously in a dose of 40 mg every 
other week, and the 75 kD TNF receptor fusion protein 
etanercept given subcutaneously in a dose of 50 mg once 
per week or 25 mg twice per week. The success of antiTNF 
treatment in spondyloarthritis is probably a class eff ect. 
There is some evidence that this treatment works even 
better in spondyloarthritis than in rheumatoid arthritis.117

Large randomised, placebo-controlled trials118,119 of 
infl iximab, etanercept,120,121 and adalimumab122,123 in patients 
with ankylosing spondylitis have shown impressive 
short-term improvements in spinal pain, function, and 
infl ammatory markers. As experience with these therapies 
increases to 2–5-year trials,124,125 eff ectiveness could persist 
with continuing treatment, and more than a third of 
patients are in remission. These trials show substantial 
improvement of pain, function, and disease activity in 
patients with active disease compared with placebo. 
Indeed, all outcome measures including Bath ankylosing 
spondylitis disease activity index (BASDAI), functional 
index (BASFI), and metrology index (BASMI), and the 
physical component of the SF-36 health survey improved 
greatly after 24 and 102 weeks. The improvement usually 
starts within 2 weeks of therapy and C-reactive protein 
concentrations also tend to decrease rapidly.

Alongside the reported long-term eff ectiveness and safety 
of TNF blockers in ankylosing spondylitis, the loss of 
response after cessation of continuous therapy with infl ixi-
mab for 3 years is important,126 but readministration has 
been successful and has not caused problems. Treat ment 
with infl iximab decreases active spinal infl ammation as 
detected by MRI.89,90 No substantial radiological pro gression 
of disease as assessed by the modifi ed Stoke ankylosing 
spondylitis spine score (SASSS), which scores radiographs 
in ankylosing spondylitis,127 was seen in a few patients with 
this disease who were given infl iximab for 2 years.128

The eff ectiveness of etanercept in this disease was also 
seen,129 and the higher percentage of assessment of 

(Continued from previous page)

Assessment of disease
ASsessment of Ankylosing Spondylitis (ASAS) core set for daily practice
• Physical function (BASFI or Dougados functional index)
• Pain (VAS, last week, pain at night and spine pain in general) 
• Spinal mobility (chest expansion and modifi ed Schober and occiput to wall distance 

and lateral lumbar fl exion)
• Patient’s general assessment (VAS, last week)
• Stiff ness (duration of morning stiff ness, spine, last week)
• Peripheral joints and entheses (number of swollen joints [44 joints count], enthesitis 

score such as developed in Maastricht, Berlin, or San Francisco)
• Acute phase reactants (ESR or CRP)
• Fatigue (VAS)

BASDAI
• VAS overall level of fatigue/tiredness past week
• VAS overall level of AS neck, back, or hip pain past week
• VAS overall level of pain/swelling in joints other than neck, back, or hips past week
• VAS overall discomfort from any areas tender to touch or pressure past week
• VAS overall level of morning stiff ness from time of awakening past week
• Duration and intensity (VAS) of morning stiff ness from time of awakening 

(up to 120 mins)

Assessment of response
Responder criteria
• BASDAI: 50% relative change or absolute improvement of 20 mm (0–100) and expert 

opinion: continuation yes/no
Time of assessment
• Between 6 and 12 weeks

VAS=visual analogue scale; all VAS can be replaced by a numerical rating scale (NRS). BASDAI=Bath ankylosing spondylitis disease 
activity index. BASFI=Bath ankylosing spondylitis functional index. AS=ankylosing spondylitis.  *A physician, usually a rheumatolo-
gist, with expertise in infl ammatory back pain and the use of biological substances. Expert should be locally defi ned. An expert 
opinion consists of both clinical features (history and examination) and either serum acute-phase reactant concentrations or imag-
ing results, such as radiographs showing rapid progression or MRI scans indicating continuing infl ammation. †Treatment for at 
least 4 months at standard target dose or maximum tolerated dose unless contraindicated or not tolerated. Treatment for less than 
4 months, in which treatment was withdrawn because of intolerance or toxicity or contraindicated. Adapted from Braun et al99 with 
permission from BMJ Publishing Group.
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ankylosing spondylitis responders in the active therapy 
group was confi rmed in randomised controlled trials,120,121 
in which 20–30% of patients continued treatment with 
disease-modifying antirheumatic drugs and corticosteroids. 
After several months without etanercept therapy129,130 all 
patients had had a relapse of disease activity, but 
reintroduction of the treatment was eff ective and safe. The 
clinical eff ectiveness of etanercept was also confi rmed by 
MRI.131 Adalimumab was also proved eff ective in patients 
with ankylosing spondylitis in a pilot study,122 and this 
result was confi rmed in a randomised controlled trial123 in 
which the pain of some patients with even advanced spinal 
ankylosis also improved.

The fi rst pilot studies129,132 of infl iximab and etanercept 
in undiff erentiated spondyloarthritis have also been 
successful. Similarly to infl iximab, etanercept and 
adalimumab are eff ective for peripheral joint and skin 
symptoms in patients with psoriatic arthritis.133 Etanercept 
is eff ective for rheumatic manifestations in infl ammatory 
bowel disease for joint and spine but not gut symptoms.134 
Furthermore, etanercept has no eff ect on infl ammatory 
bowel disease,135 unlike infl iximab, which is approved for 
Crohn’s disease136 and ulcerative colitis.137 Thus, etanercept 
is not recommended for the small spondyloarthritis 
subgroup with concomitant infl ammatory bowel disease. 
There could also be a diff erence in the prevention and 
treatment of anterior uveitis.138

Clinical disease activity and spinal infl ammation as 
detected by MRI are substantially reduced by TNF blockers, 
as shown after short-term and long-term antiTNF 
therapy.122,131,139 Whether antiTNF treatment is able to stop 
radiographic progression has not yet been proven. In a 
disease with pronounced long-term functional disability 
due to the development of syndesmophytes and spinal 
ankylosis,14 any treatment that does not only suppress 
disease activity but also prevents or decelerates structural 
damage and decline of function will be of great importance 
for patient care. Recommendations on which patients with 
ankylosing spondylitis should be given TNF-blockers are 
especially needed because of possible side-eff ects and the 
high costs of these drugs. Thus, patients with the best risk 
to benefi t ratio should be treated preferentially. An 
international assessment of ankylosing spondylitis 
consensus statement for the use of antiTNF agents in 
patients with this disease was reported in 2003140 and 
updated in 2006.99 Panel 3 shows a summary of these 
recommendations for the initiation of antiTNF α therapy. 
Prediction of response is diffi  cult. However, it seems clear 
that patients early in the course of their disease, with raised 
C-reactive protein concentrations,141 positive MRI fi ndings, 
or less structural damage are more likely to respond than 
are patients with advanced disease, but overall all patient 
subgroups could benefi t from this treatment.

Anakinra is a recombinant human interleukin-1 receptor 
antagonist, which is directed at a diff erent cytokine in the 
infl ammatory response than TNF blockers. By contrast 
with TNF, whether interleukin-1 is present in sacroiliac 

joints is unclear. Two open studies142,143 of anakinra in 
ankylosing spondylitis showed partly confl icting results. 
Other biological compounds have not been tested so far.

Socioeconomics
Cost-eff ectiveness is an issue when expensive treatments 
are discussed. Despite the high costs, the clinical benefi ts118 
and improvements in quality of life in patients with 
ankylosing spondylitis given infl iximab result in lower 
disease-associated costs than does standard care, which 
translates to a short-term cost of about US$70 000 
(GB£35 000) per quality-adjusted life year (QALY) 
gained144—an amount societies might be willing to pay. 
However, the calculated costs were higher than this fi gure 
in other analyses.145 When modelling for long-term 
therapy, with yearly disease progression of 0·07 of the 
BASFI in the sensitivity analysis, the cost per QALY 
gained is reduced to less than $20 000 (£10 000).144 Until 
long-term data on disease progression with antiTNF 
therapy in patients with ankylosing spondylitis are 
available, these conclusions remain hypothetical, but the 
costs for antiTNF therapy seem to fall well inside what is 
thought of as cost eff ective. Furthermore, the daily 
productivity of patients with active disease, which was 
substantially associated with functional impairment and 
disease activity, greatly improved with infl iximab, and this 
was associated with reduced workday loss in employed 
patients.146
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