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ABSTRACT 
 
Ankylosing spondylitis (AS) is a disease characterized by chronic inflammation 
and osteoproliferation in the spine, leading to bony fusion (ankylosis) of the 
sacroiliacal joints, the growth of bony spurs (syndesmophytes) between the 
vertebras and impairment of back-mobility. Paradoxically AS patients also have 
an increased risk of osteoporosis and vertebral fractures. 
 
In this cross-sectional study on 210 included AS patients (New York criteria) 
from West Sweden we found that osteoporosis and vertebral fractures were 
common but often not diagnosed or treated. Osteoporosis (WHO definition) was 
found in 21 % and osteopenia in 44 % of patients 50 years or older and bone 
mineral density (BMD) below expected range for age was found in 5% of 
patients younger than 50 years. Totally 42 vertebral fractures were diagnosed in 
24 patients (12%). Osteoporosis was associated with old age, long disease 
duration, advanced chronic AS related changes in the spine, impairment of back- 
mobility, history of coxitis, glucocorticoid use, elevated inflammatory 
parameters, low BMI and menopause. Vertebral fractures were associated with 
old age, long disease duration, advanced chronic AS related changes in the 
spine, impairment of back-mobility, poor self-estimated general health, 
smoking, menopause and low BMD. 
 
The osteoproliferation in AS can cause artifactual increase of lumbar BMD 
when measured in anteroposterior (AP) projection with dual-energy x-ray 
absorptiometry (DXA). Lumbar BMD can also be measured in the vertebral 
bodies using lateral projection. Comparing lateral with AP DXA we found that 
lateral lumbar DXA was more sensitive in detecting low BMD, less affected by 
the osteoproliferation in AS and more closely associated with vertebral 
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fractures. Combining AP and lateral lumbar DXA also allows for the estimation 
of volumetric BMD (vBMD). 
 
There is a lack of biomarkers for osteoproliferation and osteoporosis in AS. We 
analysed serum levels of the following biomarkers for bone metabolism in 
relation to disease activity, back mobility, osteoproliferation and BMD: 
Wingless proteins (Wnt-3a, Wnt-5a), Dickkopf-1 (Dkk-1), sclerostin, soluble 
receptor activator for nuclear factor-κΒ ligand (sRANKL) and osteoprotegerin 
(OPG). We found that the AS patients in comparison with healthy controls had 
significantly higher serum levels of Wnt-3a, but lower serum levels of sclerostin 
and sRANKL. Elevated serum levels of Wnt-3a were associated with 
osteoproliferation and impairment of back-mobility, independent of age, 
suggesting that Wnt-3a could be a marker for the osteoproliferative process. 
High CRP was associated with lower levels of the Wnt inhibitors Dkk-1 and 
sclerostin. BMD of femoral neck was negatively correlated with Wnt3a and 
OPG and positively correlated with sRANKL in the univariate analyses, but 
positively associated with sclerostin after adjusting for age in multiple 
regression. Osteoproliferation and impairment of back mobility and function 
were in addition associated with smoking. 
 
To study peripheral bone microarchitecture in relation to osteoproliferation, 
fractures and vBMD of the spine 69 male AS patients were randomized to 
undergo assessment with High Resolution peripheral Quantitative Computed 
Tomography (HRpQCT) of the ultra-distal radius and tibia and QCT of the 
lumbar spine. We found strong correlations between trabecular vBMD in lumbar 
spine and radius and tibia, indicating coupling of trabecular bone loss in axial 
and peripheral skeleton. Low lumbar vBMD, vertebral fractures and 
osteoproliferation were in addition associated with deterioration of the bone 
microarchitecture of the peripheral skeleton. In lumbar spine decreasing 
trabecular vBMD was associated with increasing cortical vBMD, suggesting that 
cortical bone is appositioned as part of the osteoproliferative process meanwhile 
trabecular bone is lost in the vertebral bodies. 
 
AS is closely related to inflammatory bowel disease (IBD) and subclinical 
intestinal inflammation has been detected in many AS patients. We measured 
fecal calprotectin, a marker for neutrophil inflammation, to indirectly study the 
prevalence of gut inflammation in AS. We found elevated levels of fecal 
calprotectin in 68% of the AS patients, without association with gastrointestinal 
symptoms. Fecal calprotectin was higher in users of non-steroidal anti-
inflammatory drugs (NSAIDs) in a dose dependent manner, but lower in patients 
treated with methotrexate or TNFα-blockers. No association was found between 
fecal calprotectin and BMD. 
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INTRODUCTION 
 
Ankylosing spondylitis 
 
Ankylosing spondylitis (AS) is a chronic inflammatory rheumatic disease which 
predominantly affects the spinal column. The name derives from the Greek 
words anchylosis meaning “bent” or “crooked” and spondyl meaning “vertebra”. 
The term ankylosis is used for bony fusions. 
 
The earliest known humans with AS were found in the ancient Egypt. 
Radiographic examinations of the royal Egyptian mummies have revealed 
chronic AS related changes in at least three of the pharaohs, including Ramses II 
(1314-1224 B.C.), who is considered contemporary with Moses and the creator 
of many great temples in for example Luxor, Karnak and Abu Simbel.[1] 
The disease was first described in 1693 by Bernard Connor (1666-1698), an 
Irish physician who wrote a report on a skeleton, probably found in a church 
grave yard, with a completely ankylosed spine and the iliac bones fused to the 
sacrum. [2] Vladimir Bechterew (1857-1927), was a Russian psychiatrist and 
neurologist, who in 1892 presented five cases with spinal stiffness and sensory 
and motoric neurologic deficiencies. Although the described symptoms were not 
typical for AS, the disease is often called Bechterew’s disease. In 1927 
Bechterew suddenly died, short after having diagnosed Josef Stalin as paranoiac. 
Allegedly Bechterew was murdered by poisoning. [3]  
 
AS belongs to a group of inter-related diseases named the spondyloarhtritides. 
Other diseases belonging to the same entity are psoriatic arthritis, reactive 
arthritis, arthritis associated with inflammatory bowel disease (IBD), juvenil 
spondylarthritis (SpA) and undifferentiated SpA.[4] 
 
Epidemiology 
 
The prevalence of AS in different regions correlates with the presence of HLA-
B27 positivity in the local population, with a peak prevalence of 6% among 
male individuals of the Canadian Haida Indians, where HLA-B27 positivity is 
found in about 50%.[5] In the north of Norway where HLA-B27 positivity is 
frequent (14-16%) two studies from 1985 and 2005 reported the AS prevalence 
to be 1.1-1.4% and 0.4% respectively.[6, 7] In mid-Europe a prevalence in the 
range of 0.3 to 0.5% has been found.[8] The disease is uncommon in African 
sub-Saharan populations.[9] A south Swedish study from 2011 based on the 
health care register found the prevalence of Spa and AS to be 0.45% and 0.14% 
respectively.[10] The diverging results from different studies regarding 
epidemiology can, besides presence of HLA-B27, be explained by differences in 
target populations, recruitment methods and diagnosis criteria. 
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AS is more common in males than in females with a ratio of about 2-3:1. Onset 
of disease occurs before the age of 45 in 95%, with mean age at onset of 26 
years.[11]  
 
 
Clinical presentation 
 
Spine  
 
The onset of disease is classically insidious and chronic back pain (lasting more 
than three months) is the first symptom in most of the cases. The pain typically 
comes at night, is worsen by rest, relieved by exercise and is accompanied by 
morning stiffness. This pattern of back pain is named inflammatory back pain 
(IBP), a concept defined in a subsequent chapter (4.4.1.). The pain is caused by 
inflammation, which often starts at the sacroiliacal joints and may translocate 
cranially to other parts of the spine during the course of the disease. The disease 
process eventually leads to pathologic new bone formation with obliteration of 
the sacroiliacal joints (ankylosis) and growth of bone spurs (syndesmophytes) 
between the vertebras, resulting in impairment of back-mobility and an often 
bent forward habitus. Spinal stiffness and successive impairment of function is 
caused both by osteoproliferation, inflammation and alterations in muscular 
tonicity. [12]  
 
Peripheral joints 
 
The peripheral arthritis in AS is typically a mono-arthritis or asymmetrical 
oligo-arthritis and is predominantly found in the lower limbs.[13] Arthritis 
affects approximately 25% of the AS population. Involvement of the hip joints 
occurs in 10%, can lead to joint destruction,  need for prosthetic surgery and is a 
negative prognostic factor.[14]   
Inflammations of entheses are also typical features of the disease including 
Achilles tendinitis, plantar fasciitis, heel pain, epicondylitis, trochanteritis and 
shoulder tendinitis.  
The peripheral joint inflammation in AS is accompanied by an anabolic bone 
response (subchondral sclerosis) and the growth of bone spurs in joints 
(osteophytes) and in tendon insertions (enthesophytes).[15]  
 
Gut 
 
A close relationship exists between AS and intestinal inflammation. In IBD, 
sacroiliitis is seen in 10–20% of the patients and peripheral joint disease in 17–
20%. Of patients with SpA, 6% eventually develop IBD.[16, 17] 
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Ileo-colonoscopic studies have demonstrated that 40-60% of AS patients have 
microscopic or macroscopic signs of inflammation in the gut.[18-21] The 
inflammation is often localized to the terminal ileum or colon and is in most 
cases asymptomatic. Histopathologically the inflammation can resemble 
Crohn’s disease, with microgranulomas, giant cells and aphthoid ulceration, but 
the inflammation does not lead to strictures and has not been proven to 
exacerbate due to treatment with non-steroidal anti-inflammatory drugs 
(NSAIDs). Patients with subclinical gut inflammation are at increased risk of 
developing overt Crohn’s disease.[22, 23] An increased prevalence of intestinal 
inflammation has also been found in first-degree relatives to patients with 
AS.[24]  
 
Calprotectin belongs to the family of calcium binding calgranulins (or S-100 
proteins) and consists of heterodimers of the two proteins S100A8 and S100A9. 
Calgranulins have anti-microbial and both pro-inflammatory and regulatory 
properties. Calprotectin is an abundant protein in the neutrophils constituting up 
to 40–60% of the cytosolic protein content. It is also found in gut epithelial cells, 
monocytes and macrophages.[25, 26]    
The level of calprotectin in feces is proportional to the level of neutrophil 
inflammation in the gut. Fecal calprotectin is elevated in IBD, gut 
adenocarcinomas and in NSAID-users. Fecal calprotectin is clinically used to 
discriminate IBD from irritable bowel syndrome and correlates well with 
clinical, endoscopic and histologic measures of disease activity in IBD.[27, 28] 
Fecal calprotectin is resistant to bacterial degradation, homogenously distributed 
and stable in stool for up to one week in room temperature.[29] 
We found elevation of fecal calprotectin in 68% of the AS patients. Elevated 
levels of fecal calprotectin were found in both users and non-users of NSAIDs, 
but were significantly higher in the NSAID-users. The levels of serum 
calprotectin were normal in most AS patients. (Paper V)[30]  
 
Eye 
 
Patients with AS have a 20–30% risk of developing an uveitis during the course 
of their disease.[31] Anterior uveitis is an inflammation that involves the iris or 
ciliary body and accounts for 90% of the cases of uveitis in AS. Typical 
symptoms of an anterior uveitis are recurrent unilateral eye-pain, redness and 
photophobia. If inadequately treated, it can result in synechia, hypopyon, 
cataract, glaucoma and reduction of sight. Posterior uveitis, which engages the 
choroidea and the retina, occurs in AS, but is unusual. Uveitis is highly 
associated with HLA-B27. Recurrent episodes occur more frequently in the 
male patients.[32]  
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Heart 
 
Cardiac involvement, typically consisting of conduction abnormalities and/or 
lone aortic valve insufficiency (without stenosis) has been reported in 10-30 % 
of AS patients. Typical conduction abnormalities in AS are bundle-branch 
blocks, intra-ventricular blocks and atrio-ventricular (AV) blocks, which can 
require pacemaker treatment.[33] The aortic valve insufficiency can be caused 
either by aortic dilatation, fibrotic thickening and retraction of the cusps or 
inward rolling of the edges of the cusps.[34] Fibrosis and an obliterative 
(occlusive) endarteritis of small vessels have been found in the aortic root and 
the AV-node histologically.[35, 36] 
In comparison with the general population patients with AS have an increased 
mortality, which predominantly is caused by cardiovascular comorbidity.[37-39] 
The prevalence of myocardial infarctions is increased about 2-3 fold compared 
with the general population.[40]   
 
Diagnosis 
 
The diagnosis of AS is in many cases delayed. The time span between onset of 
symptoms and time of diagnosis is in average 7-10 years.[6] In the current study 
the diagnosis of AS was in average delayed 9.5 years. One reason is that it takes 
several years until structural changes appear on radiographs. The magnetic 
resonance imaging (MRI) technique however allows the detection of 
inflammation in the sacroiliac joints earlier in the disease course, when no 
structural changes are visible on conventional radiographs.   
 
Inflammatory back pain 
 
The first definition of IBP was made by Calin et al in 1977.[41] The criteria 
were revised by the Assessment of SpondyloArthritis international Society 
(ASAS) in 2009.[42] The current ASAS Inflammatory Back Pain Criteria have a 
sensitivity of 80% and a specificity of 72%. Table 1.  
 
 
Table 1: The ASAS Inflammatory Back Pain Criteria (2009) 

IBP is present if at least 4 of 5 criteria are fulfilled. 
 
 Age at onset < 40 years 
 Insidious onset 
 Improvement by exercise 
 No improvement with rest 
 Pain at night (with improvement upon getting up) 
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AS 
 
Diagnostic criteria for AS were specified at the Rome conference in 1963.[43] 
The criteria were later revised and the New York Clinical Criteria for 
Ankylosing Spondylitis were formulated in 1966. In 1984 another revision was 
made and the current Modified New York criteria for Ankylosing Spondylitis, 
which are used in the present study, were defined.[44] (Table 2)  
 
 
 
Table 2:  
The Modified New York Criteria for Ankylosing Spondylitis (1984) 
 
1. Clinical criteria: 
a. Low back pain and stiffness for more than 3 months which improves with 
exercise, but is not relieved by rest 
b. Limitation of motion of the lumbar spine in both the sagittal and frontal 
planes 
c. Limitation of chest expansion relative to normal values correlated for age 
 and sex 
 
2. Radiological criterion: 
Sacroileitis grade ≥ 2 bilaterally or grade 3-4 unilaterally 
 
Definite ankylosing spondylitis if the radiological criterion is associated with  
at least one clinical criterion. 
 
 
Grading of Radiographic Sacroileitis (1966) 
 
 Grade 0: normal 
 Grade 1: suspicious changes 
 Grade 2: minimal abnormality – small localized areas with erosion or 

sclerosis, without alteration in the joint width 
 Grade 3: unequivocal abnormality – moderate or advanced sacroileitis  

with one or more of: erosions, evidence of sclerosis, widening, narrowing,   
or partial ankylosis 

 Grade 4: severe abnormality- total ankylosis 
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Classification Criteria for Spondyloarthritis (Spa) 
 
The first diagnostic criteria for SpA were elaborated in 1991 by the European 
Spondylarthropathy Study Group (ESSG).[13] Diagnostic criteria already 
existed for most disorders belonging to the SpA group, but the new SpA criteria 
were constructed in order to also encompass patients with undifferentiated SpA. 
The current ASAS Classification Criteria for Axial Spondyloarthritis were 
developed in 2009 in order to include patients with both radiographic and non-
radiographic SpA and to enable diagnosing earlier in the course of the 
disease.[45, 46] The new criteria were shown to have a sensitivity of 83% and 
specificity of 84%. New items introduced were MRI, CRP-levels and HLA-B27.  
 
Table 3: 
The ASAS Classification Criteria for Axial Spondyloarthritis (SpA) (2009) 
 
In patients with ≥3 months back pain and age at onset <45 years 
 
 

 Sacroiliitis on imaging plus ≥1 Spa feature 
 

or 
 

 HLA-B27 plus ≥2 other Spa features 
 
 
SpA features 

 inflammatory back pain 
 arthritis 
 enthesitis (heel) 
 uveitis 
 dactylitis 
 psoriasis 
 Crohn’s/colitis 
 good response to NSAIDs 
 family history for SpA 
 HLA-B27 
 elevated CRP 

 
Sacroiliitis on imaging 

o active (acute) inflammation on MRI highly suggestive of sacroiliitis 
associated with SpA 

o definite radiographic sacroiliitis according to modified New York criteria 
 

19 
 

 
Table 4: 
The ASAS Classification Criteria for Peripheral Spondyloarthritis (2011) 
 
 
 
Arthritis or enthesitis or dactylitis  

 
 
plus 
 
≥ 1 SpA feature 
 

 uveitis 
 psoriasis 
 Crohn’s/colitis 
 preceding infection 
 HLA-B27 
 sacroiliitis on imaging 

 
 
or 
 
≥ 2 other SpA features 
 

 arthritis 
 enthesitis 
 dactylitis 
 inflammatory back pain 
 family history of SpA 
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Table 4: 
The ASAS Classification Criteria for Peripheral Spondyloarthritis (2011) 
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Pathogenesis 
 
HLA-B27 
 
Approximately 95 to 98% of AS patients display human leukocyte antigen-B27 
(HLA-B27), a striking association first reported in 1973.[47, 48] HLA-B27 
belongs to the major histocompatibility complex (MHC) class I receptors, 
present on all nucleated cells and responsible for antigen presentation for CD8+ 
cytotoxic T-cells and NK-cells. There are at present 100 known subtypes of 
HLA-B27, of which several subtypes including B2702, B2704 and B2705 are 
strongly associated with AS. [49] HLA-B2705 is considered to be the original 
form of the molecule and is the most common type, present in 90% of HLA-B27 
positive individuals in Northern Europe.[50] 
 
HLA-B27 is the strongest known genetic factor for AS, contributing to 20-40% 
of the genetic susceptibility of the disease. HLA-B27 positive individuals have 
about 5% risk of developing AS, whereas HLA-B27 positive first degree 
relatives of AS patients have approximately 20-40% risk of developing the 
disease.[51] The concordance for AS in monozygotic twins is about 63% and 
23% in dizygotic twins.  
 
Figure 1: The HLA-B27 molecule 
 

 
 
 
The HLA-B27 molecule consisting of three α-helixes and β2-microglobuline 
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Various theories for the pathogenic role of HLA-B27 have been presented. 
Molecular mimicry between foreign and self-peptide can cause a cross-reaction 
where cytotoxic T-cells activated by an “arthritogenic peptide” start an 
autoimmune destruction of self-tissue. A number of viral and bacterial species 
have been proven to evoke such a response, including Chlamydia trachomatis, 
Campylobacter, Yersinia, Shigella and Epstein-Barr virus. The concept of a 
cross-reaction between infectious antigens and self-peptides is supported by 
various observations: Disease causing HLA-B27-subtypes differ from non-
disease associated B27-subtypes only by a few residues in the protein-binding 
groove of the molecule. The difference at these residuals alters the antigen 
presentation properties of the receptor and also affect T cell recognition.[50] 
HLA-B27 transgenic rats raised in a germfree environment do not develop 
inflammatory intestinal or peripheral joint disease, but their skin and nail disease 
is unaffected. [52, 53] Grouped caging of male DBA-1 and HLA-B27 transgenic 
mice (mouse models for SpA) increases their liability to develop inflammatory 
joint disease. [54] About 10% of HLA-B27 positive patients with reactive 
arthritis develop AS. The finding that disease can develop in HLA-B27 
transgenic rats without functioning CD8+ T-cells has however cast doubt on the 
molecular mimicry hypothesis.[55]  
 
Intestinal inflammation leads to increased permeability and leakage from the gut 
mucosa, which amplifies the interaction between the immune system and gut 
bacteria. HLA-B27 positive patients with Crohn’s disease have about 50% risk 
of developing AS, whereas only 3% of HLA-B27 negative Crohn’s patients 
develop the disease.[56]  
Increased incidence of Klebsiella pneumonia has been found in the intestinal 
flora of AS patients with active disease.[57] Monoclonal antibodies against 
HLA-B27 have also been found to cross-react with antigens from the Klebsiella 
bacteria.[58] 
 
After reaching the cell surface HLA-B27 molecules can also form heavy chain 
disulphide-linked dimers which can be recognized by cell pattern recognition 
receptors and trigger an autoinflammatory response.  
 
HLA-B27 has a tendency to be processed more slowly than other class 1 MHC 
molecules in the endoplasmic reticulum (ER), which may cause misfolding of 
the molecule.[59] This can result in a reaction called the “unfolding protein 
response” (UPR), a control mechanism of the ER which reduces protein 
synthesis and upregulates enzymes and structural components in the ER, as 
observed in HLAB27 transgenic rats.[52] Chronic UPR activation leads to a pro-
inflammatory status and increased expression of IL-23.  
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Cytokines 
 
Elevated serum levels of TNF-α, interleukine (IL) -6 and IL-1 have been 
demonstrated in AS. TNF-inhibitors are well-established as treatment for AS 
with good effect on back pain, arthritis, back mobility, inflammatory parameters, 
quality of life, working ability and inflammation visible on MRI.[60, 61] Trials 
on blockers of IL-6 (tocilizumab) and IL-1 (anakinra) have however been 
disappointing.[62]  
Elevated serum levels of IL-23 and IL-17 have also been demonstrated in AS 
and in addition polymorphisms in the IL-23 receptor.[63, 64] T-cells responsive 
to IL-23 have recently been found in the entheses and the aortic root in a mouse 
model for SpA. Overexpression of IL-23 resulted in enthesitis in these mice.[65] 
IL-23 is produced by the gut and up-regulation of IL-23 transcription has been 
found in gut biopsies from AS and Crohn’s patients.[66]  Trials on inhibition of 
IL-17 (secukinumab) and IL-23/IL-12 (ustekinumab) in AS are on-going. 
Preliminary reports on the effect of secukinumab have been positive.[62] 
 
The enthesis 
 
The inflammation in AS is often located to entheses, which are the attachments 
of tendons, ligaments or joint capsules to bone or cartilage. The enthesis 
provides anchorage for the tendon by spicules extending like the roots of a tree 
into the trabecular bone, where it also comes in contact with the bone marrow 
and the immune system. The terminal end of a tendon contains fibrocartilage, 
which serves as an absorber of stress in the junction between hard and soft 
tissue.[67] The entheses are regions of “wear and tear” where stress concentrates 
and micro damage frequently occurs. A synovio-entheseal complex (SEC) is a 
concept of entheseal and synovial tissue in close vicinity affecting one another. 
[68] In this concept the pathogenesis of SpA is biomechanical and 
autoinflammatory rather than autoimmune. The damage and subsequent repair 
response in the enthesis are thought to induce inflammation in the nearby 
synovium. MRI studies have shown that enthesitis precedes synovitis especially 
in the knee joint in SpA.[69] Mice models of SpA have also shown evidence of 
enthesitis in combination with synovitis. Unloading of the hind limbs by tail 
suspension in TNFΔARE mice, a mouse model which develops colitis, 
spondylitis, peripheral arthritis and sacroileitis, resulted in abolishment of new 
bone formation and arthritis.  
Both endochondral, membranous and chondroidal ossification in tendons are 
normal age-related changes as evidenced by cadaver studies of entheseal 
spurs.[70, 71] (Different mechanism for bone formation is described in chapter. 
4.6.4.)[62]  
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Inflammation  
 
The inflammation in AS is typically accompanied by a local bone marrow 
oedema which is detectable on MRI.  Immunohistological studies have shown 
oedema and invasion of inflammatory infiltrates in the bone marrow component 
of the enthesis of SpA patients, with CD8+ and CD3+ T-cells being 
predominant.[72] Biopsy studies of femoral heads, intervertebral discs, 
sacroiliacal joints and the manubriosternal junction have shown inflammation 
with macrophages, osteoclasts and CD4+, CD8+ and CD3+ T-cells located in 
the interface between bone and cartilage, which led to the hypothesis that the 
disease is caused by an autoimmune reaction to cartilage, especially 
fibrocartilage.[73-76]  
 
Osteoproliferation 
 
Osteoproliferation is the formation of new bone outside the borders of the 
normal shape. In AS new bone is built at the outer surface of the cortical bone in 
the spine, meanwhile trabecular  bone is degraded in the central parts of the 
vertebral bodies. Both endochondral and membranous bone formation contribute 
to the ankylosis in AS.[77]  
The arthritis in AS is different from the one of rheumatoid arthritis (RA). 
Whereas the synovitis in RA leads to erosions and periarticular bone loss, the 
arthritis in AS gives rise to an anabolic response and osteoproliferation. 
Mechanical forces are considered as important triggers for the 
osteoproliferation. 
 
Inflammation and new bone formation are at least partially uncoupled events in 
AS, as osteoproliferation can occur even if the inflammatory activity is low. 
New syndesmophytes sometimes evolve from vertebral corners where 
inflammation has been visible on MRI, but do frequently develop from vertebral 
corners without inflammation too.[78] TNF-inhibition has not been proven to 
prevent radiographic progression in AS, although it’s an effective treatment for 
inflammation.[79, 80] TNF-inhibition does not affect the severity of joint 
ankylosis in DBA-1 mice either.[81] In fact syndesmophytes have been shown 
to develop more frequently where inflammation has resolved after TNF-
inhibition.[78, 82, 83] It has been hypothesised that this could be caused by 
increased Wingless protein (Wnt) signalling and that TNF acts as a brake on 
bone repair and remodelling by stimulating the expression of the Wnt antagonist 
Dickkopf-1 (Dkk-1). TNF-inhibition loosens this brake by lowering the levels of 
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Dkk-1. [84, 85] Blocking of Dkk-1 in TNF transgenic mice resulted in 
protection from inflammatory bone loss, increased expression of β-cathenin and 
osteoprotegerin and lowered expression of sclerostin. [86]  
There has however not been any evidence of an accelerated osteoproliferation in 
patients treated with TNF-inhibition. It is speculated that early and sustained 
treatment with TNF-blockers could prevent the initial inflammatory lesions and 
thereby hamper osteoproliferation and studies with TNF-inhibition in early axial 
SpA are on-going.[87]  
Until now, daily or high use of NSAIDs is the only treatment which has been 
associated with retardation of syndesmophyte growth.[88-90] Prostaglandin E2 
(PGE2) is produced by osteocytes in response to mechanical load. PGE2 
promotes osteocyte viability and stimulates osteoblast maturation by activating 
the Wnt/β-catenin pathway (described in chapter 4.7.3.).[91, 92] In orthopaedics 
NSAIDs are known to retard early bone formation following fractures, delay 
fracture healing and increase the risk of endoprostethic loosening. Heterotopic 
ossification is ectopic bone formation in soft tissue which can develop after 
trauma. NSAIDs have been shown to impede heterotopic ossification after 
prosthetic hip surgery.[93] 
 
Bone formation is governed by several protein mediators which affect gene 
transcription via intracellular signalling pathways, including the Wnts (described 
in chapter 4.7.3.), the bone morphogenic proteins (BMPs) and the Hedgehogs 
(Hh). 
BMPs are members of the transforming growth factor β (TGF-β) superfamily. 
BMPs are important regulators of cell proliferation, differentiation and 
death.[94] BMPs can induce ectopic endochondral bone formation. BMP 
signalling is enhanced by cytokines such as TNFα  an IL-1 and inhibited by 
extracellular antagonists, including noggin.[95] Increased expression of BMPs 
has been found in biopsies of Achilles tendons from SpA patients and in 
ankylosing enthesitis in DBA-1 mice. Overexpression of noggin reduced the 
development of bone formation and joint ankylosis and severity of arthritis in 
DBA-1 mice.[96] Pro-inflammatory cytokines such as TNF-α and IL-1β 
enhance the expression of BMPs in arthritic synovia.[97]        
Hhs are a protein family consisting of Sonic hedgehog (Shh), Indian hedgehog 
(Ihh) and Desert hedgehog (Dhh). Hhs govern embryonic skeletal development 
and growth via the promotion of endochondral ossification. Hhs could be 
interesting targets for therapies against osteoproliferation, since they influence 
endochondral ossification, which only occurs as pathologic new bone formation 
in adult life, but have no effect on physiologic bone remodelling. Blocking of 
Hh signalling in C57/BL6 mice, another mouse model for SpA, resulted in 
inhibition of osteophyte formation without affecting severity of arthritis or bone 
density.[98]    

25 
 

Bone 
 
Bone physiology 
  
The skeleton has many important functions including providing mechanical 
support to soft tissues and serving as levers for muscle action, enabling 
longitudinal growth and maintaining the calcium homeostasis, housing of the 
bone marrow and providing protection for organs such as the brain, spinal cord, 
heart and lungs.  
Bones consist of trabecular and cortical bone tissue. The trabecular bone (also 
called spongious or cancellous), is located in the inner zones of the bones, 
comprises a lattice of small criss-crossing laths (trabeculae) and harbours the 
bone marrow. Due to its great total surface area the trabecular bone is very 
metabolically active and the first site of bone loss.  The cortical bone (also 
called compact bone) is located in the outer zoon (cortex) and consists of dense 
bone tissue. The cortical bone is lined by two thin layers of fibrous tissue 
containing osteoblast precursors; the periosteum on the outer surface and the 
endosteum on the inner surface.  
 
Mechanical strength of the skeleton 
 
The mechanical strength of the skeleton depends on the bone microarchitecture, 
bone geometry and bone mineral content (BMC). Important microarchitectural 
features are the number, thickness and connectivity of the trabeculae and the 
thickness and porosity of the cortex.[99] Geometrical factors of importance for 
biomechanical strength in the spine are the cross-sectional area of the vertebral 
bodies and the length of the processus spinosus lever. The cross-sectional area, 
neck-shaft angle and the length of the femoral neck are of importance for 
femoral neck fractures, whereas the outer diameter of the long bones is an 
important factor for bending strength and long-bone fractures.[100]  
 
The bone cells 
 
The bone cells come from two mayor cell lines; the osteoblast and the osteoclast 
lineage. The osteoblast lineage has mesenchymal origin and comprises the 
preosteoblasts, osteoblasts, bone-lining cells and osteocytes.[101]  
The osteoblasts, which are located at the bone surfaces, synthesize osteoid, the 
organic part of the bone matrix, consisting largely of type 1 collagen and 
chondroitin sulphate, but also containing alkaline phosphatase and osteocalcin. 
As the osteoid becomes mineralized by deposition of hydroxyapatite (calcium 
and phosphate ions) the osteoblasts are embedded in bone matrix and some 
develop into osteocytes which lie in small chambers (lacunae) within in the 
bone. Others turn into resting bone-lining cells.  
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The osteocytes have long dendritic processes which stretch out through small 
canals (canaliculi) out on the bone surface and in to the bone marrow.[91] 
Osteocytes are mechanosensors which react upon mechanic strain or fluid flow 
within the canaliculi; additionally they are reactive to inflammatory mediators. 
They translate mechanical loading into biochemical signals that regulate bone 
remodelling.[91]  
The osteoclasts have bone marrow origin and derive from the monocyte lineage. 
The osteoclasts are multinucleated cells located on the bone surface in small 
cavities and are responsible for bone resorption.[102] The cells pump hydrogen 
ions into the sealed cavity through a specialized folded cell membrane, called 
the ruffled border, and hereby dissolve the bone minerals. Degrading enzymes, 
such as cathepsin K and matrix metalloproteinases, are also released via 
lysosomes to catabolise the organic components of the matrix. 
 
Bone modeling  
 
Bone modeling is the formation of bones during development and skeletal 
growth. Bones form via two different mechanisms; endochondral and 
intramembranous ossification. During endochondral bone formation, 
mesenchymal progenitor cells condense and differentiate into chondroblasts and 
chondrocytes forming a cartilage template. As the chondrocytes later undergo 
hypertrophy, the template is invaded by vessels and the cartilage is successively 
degraded by osteoclast-like cells (chondroclasts) and replaced by osteoid 
forming osteoblasts.[101] In intramembranous bone formation, which occurs 
only in certain locations like the skull and clavicles, condensed mesenchymal 
progenitor cells differentiate directly into osteoblasts.  
 
Bone remodeling 
 
Bone remodeling is the continuous renewal of bone by which 10% of the 
skeleton is replaced by new bone yearly. A bone remodelling cycle starts with 
bone resorption followed by bone deposition, which are locally coupled events 
in so called basic multicellular units (BMU). When resorption increases, 
deposition usually follows, but the resorption is much faster than the deposition. 
It takes about 4-6 months to rebuild bone resorbed in 4-6 weeks, which explains 
why increased remodelling rate often results in bone loss. The balance between 
osteoclastic bone resorption and osteoblastic bone formation is tightly regulated 
by only partly known paracrine, endocrine, neurologic and mechanic feedback 
mechanisms.  
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Sexual differences during growth and ageing  
 
The greater strength in bones in men compared with women depends on bone 
size and geometry rather than bone density.[100] During childhood and 
adolescence boys grow larger long bones and vertebras than girls, but 
volumetric bone mineral density (vBMD) is almost constant and equal between 
sexes.(vBMD is defined in chapter 4.9.1.) [103] Androgens, growth hormone 
and insulin-like growth factor-1 stimulate periosteal apposition in males, 
whereas estrogens inhibit periosteal bone apposition resulting in narrower bones 
in females. At puberty vertebral trabecular vBMD increases due to increased 
trabecular width, but not number. The bone balance in the BMU is positive 
during growth and until the third decade, when the peak bone mass is reached. 
Bone loss begins in young adulthood but the loss is slow in the beginning, 
because the remodelling rate is low. During ageing the bone turnover rate 
increases. In men bone loss due to trabecular thinning dominates, whereas loss 
of trabecular number and connectivity dominates in women.[104] As the 
trabeculae disappear, more bone is lost from the cortical compartment resulting 
in increased cortical porosity. Periosteal bone apposition continues however to 
be greater in men than in women during ageing. 
 

Biomarkers of bone metabolism (Fig 2) 
 
Receptor activator of nuclear factor-κΒ  and its ligand 
 
The maturation of osteoclasts requires macrophage colony stimulating factor 
(M-CSF) and receptor activator of nuclear factor-κΒ ligand (RANKL), which is 
expressed both as a secreted protein, soluble RANKL (s-RANKL) and a 
membrane-bound protein by various cell types including osteocytes, osteoblasts, 
synovial cells, T- and B cells.[102, 105] RANKL binds to RANK on osteoclast 
precursors, inducing their transformation into mature osteoclasts and has thus a 
resorptive effect on bone. The RANKL expression is enhanced by pro-
inflammatory cytokines, parathyroid hormone, 1,25-hydroxy vitamin-D and 
dexamethasone. Denosumab, a human monoclonal antibody to RANKL, has 
emerged as a new treatment option for osteoporosis.[106] RANKL knockout 
mouse develop osteopetrosis, a condition characterized by very high bone mass 
and dense skeleton. [101] 
 
Osteoprotegerin 
 
The RANK-RANKL interaction is inhibited by osteoprotegerin (OPG), a decoy 
receptor for RANKL, synthesized by many cell types including osteoblasts. 
OPG has an anti-resorptive effect on bone. The expression of OPG in 
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The osteocytes have long dendritic processes which stretch out through small 
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osteoblasts is enhanced by TGFβ, oestrogens, calcitonin, BMPs and Wnt-
signalling.[102] 
 
Wingless proteins 
 
Wingless proteins (Wnts) are a family of 19 known secreted palmitoylated 
glycoproteins, which play important roles in embryogenesis, cell differentiation, 
apoptosis, gene expression and cancer development. The name “wingless” 
comes from a phenotype of Drosophila with no wings which had mutations in a 
gene, subsequently called wingless.[107] Mutations in Wnt genes in mouse 
cause serious malformations.[108] Wnts signal through at least four different 
pathways, of which the Wnt/β-catenin pathway, also known as the “canonical 
pathway”, is best described. In the canonical pathway Wnts bind to cell surface 
receptors named Frizzled, low-density lipoprotein receptor-related protein 5/6 
(LRP 5/6) and Kremen. The binding of Wnt to its’ receptors stabilises β-catenin 
via inhibition of the kinase GSK-3β which otherwise would phosphorylate β-
catenin and direct it to degradation. β-catenin accumulates in the cytoplasm and 
translocates to the cell nucleus, where it affects gene transcription.[109]  
The canonical Wnt pathway is important for osteoblast differentiation, 
proliferation and survival. Gain or loss-of-function mutations in the LRP 5 
receptor gene in mouse models have been shown to lead to high bone mass or 
osteoporosis respectively. [110] Wnt activation also blocks osteoclast 
maturation by increasing the synthesis of OPG in the osteoblasts. [111] 
 
In this thesis the serum levels of two types of Wnts were measured; Wnt3a and 
Wnt5a. 
Wnt3a was the first of the Wnts which could be isolated from cell cultures in its 
active form and characterised.[112] Wnt3a has been shown to activate both 
canonical and non-canonical Wnt pathways in mesenchymal stem cells and 
promote osteoblast differentiation, proliferation and survival.[113-115] Total 
knock-out (KO) of Wnt3a causes embryonic lethality in mice, but heterozygote 
KO mice display bone loss and low BMD and trabecular number.[116] 
Mutations in the Wnt3a gene in humans is known to cause Tetra-Amelia, a 
syndrome characterized by the complete absence of all four limbs and serious 
anomalies involving the cranium and inner organs.[117] Wnt3a has also been 
shown to inhibit chondrogenesis and to induce matrix loss and increased 
expression of catabolic proteases in cultured articular chondrocytes.[118] The 
effect of Wnt3a on chondrocytes has been showed to be enhanced by 
mechanical load.[119] Wnt3a activity is however reduced in osteoarthritis.[118, 
120] 
Wnt5a signals via non-canonical pathways.[121] Heterozygote Wnt5a KO mice 
also display bone loss.[116] Wnt5a has been shown to have inhibitory effects on 
chondrocytes.[118] Wnt5a was recently also shown to enhance RANK 
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expression on osteoclast precursors and promote osteoclastogenesis.[122] In 
rheumatoid arthritis (RA) an increased expression of Wnt-5a has been observed 
in synovial tissue, where it also has been shown to activate the pannus formation 
and increase the expression of inflammatory cytokines.[123, 124]  
Wnt signalling is regulated by several secreted receptor antagonists including 
secreted frizzled related proteins (Sfrps), the Dickkopfs and sclerostin.  
 
Dickkopf-1 
 
Dickkopf-1 (Dkk-1) binds to the LRP 5 and Kremen receptors with high affinity 
and promotes the internalization of the complex, thus making the receptor 
unavailable for Wnt signalling. Dkk-1 is expressed in osteoblasts and 
osteocytes.[125] Dkk-1 expression is stimulated by TNF-α. In RA high levels of 
RANKL (activating osteoclasts), together with high levels of Dkk-1 (inhibiting 
osteoblast proliferation) switches the balance towards bone resorption, with 
articular erosions and periarticular osteoporosis as a result. Blocking of Dkk-1 
by antibodies in a mouse arthritis models resulted in abolishment of erosions, 
despite persistent synovial inflammation. In one mouse model the Dkk-1 
blocking reversed the RA-like bone-destructive pattern to a more osteoarthritis 
like bone-forming pattern with growth of osteophytes in the inflamed joints.[85]  
Blockage of Dkk-1 by antibodies has been shown to induce fusion of 
sacroiliacal joints in mice transgenic for TNF.[126]  
 
Sclerostin 
 
Sclerostin is another receptor inhibitor expressed exclusively in osteocytes. 
Mutation of the SOST gene, which encodes for sclerostin, causes sclerosteosis 
in humans, a rare condition characterized by endosteal hyperostosis of the 
mandible and skull in the absence of sclerostin secretion.[127] Mechanical 
loading on osteocytes reduces their expression of sclerostin and Dkk-1 thus 
promoting bone proliferation. [91, 128, 129]  
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Figure 2:  Biomarkers for bone metabolism 
 
 

 
 
M-CSF and interaction between RANK and RANKL are required to induce 
expression of genes essential for osteoclastogenesis. OPG can bind and 
neutralize RANKL. The expression of RANKL is enhanced by cytokines, 
including IL-1,-6,-7,-17 and TNFα. 
Wnt proteins bind to the frizzled/LRP receptor complex. As a result the 
degrading of β-cathenin is inhibited and the protein accumulates in the 
cytoplasm and nucleus, where it affects gene transcription. Wnt/β-cathenin 
signalling stimulates the differentiation and proliferation of osteoblasts. Wnt 
signalling is inhibited by receptor-antagonists Dkk-1 and sclerostin. Dkk-1 
expression is enhanced by TNFα. 
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Osteoporosis  
 
Definition 
 
An internationally agreed description of osteoporosis is: “a systemic skeletal 
disease characterized by low bone mass and microarchitectural deterioration of 
bone tissue, with a consequent increase in bone fragility and susceptibility to 
fracture”.[130] The condition is asymptomatic until the occurrence of a fracture.  
Primary osteoporosis is caused by natural ageing, menopause or life style 
factors. Secondary osteoporosis is caused by drug treatment, such as 
glucocorticoids, or certain diseases, including inflammatory rheumatic diseases, 
IBD, malabsorption or thyroid illness. 
The WHO definition of osteoporosis formulated in 1994 first only regarded 
postmenopausal women, but was later extended to also comprise men over the 
age of 50.[131, 132] (Table 5)  The definition uses bone mineral density (BMD) 
measured with dual energy x-ray absorptiometry (DXA). The patients’ BMD-
value is compared with a standard score made from measurements of healthy 
young adults of the same sex, where zero represents the mean BMD-value of the 
reference population. The patients’ BMD is converted into a T-score, which is 
the deviation from the mean of the standard score expressed in standard 
deviations (SD). The lowest T-score in lumbar spine, total hip or femoral neck is 
used to diagnose osteoporosis. Measurements of the radius should only be used 
in certain circumstances. The cut-off value of a T-score of 2.5 SD below the 
average BMD of healthy young adults identifies approximately 30% of 
postmenopausal women as having osteoporosis, which is equivalent to the 
lifetime risk of fractures at the hip, spine or forearm.[132] The age adjusted 
fracture risk increases 1.5- to 3-fold for each SD decrease in BMD in both sexes. 
 

 

Table 5: The WHO-definition of osteoporosis for postmenopausal 

women and men older than 50 years 

Normal BMD: T-score > -1.0 SD 

Osteopenia: T-score ≤ - 1.0 to > - 2.5 SD 

Osteoporosis: T-score ≤ - 2.5 SD 

Severe/established osteoporosis: T-score ≤ - 2.5 SD in the presence  

of one or more fragility fractures. 
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Figure 2:  Biomarkers for bone metabolism 
 
 

 
 
M-CSF and interaction between RANK and RANKL are required to induce 
expression of genes essential for osteoclastogenesis. OPG can bind and 
neutralize RANKL. The expression of RANKL is enhanced by cytokines, 
including IL-1,-6,-7,-17 and TNFα. 
Wnt proteins bind to the frizzled/LRP receptor complex. As a result the 
degrading of β-cathenin is inhibited and the protein accumulates in the 
cytoplasm and nucleus, where it affects gene transcription. Wnt/β-cathenin 
signalling stimulates the differentiation and proliferation of osteoblasts. Wnt 
signalling is inhibited by receptor-antagonists Dkk-1 and sclerostin. Dkk-1 
expression is enhanced by TNFα. 
 
 
 
 
 
 
 

31 
 

 
Osteoporosis  
 
Definition 
 
An internationally agreed description of osteoporosis is: “a systemic skeletal 
disease characterized by low bone mass and microarchitectural deterioration of 
bone tissue, with a consequent increase in bone fragility and susceptibility to 
fracture”.[130] The condition is asymptomatic until the occurrence of a fracture.  
Primary osteoporosis is caused by natural ageing, menopause or life style 
factors. Secondary osteoporosis is caused by drug treatment, such as 
glucocorticoids, or certain diseases, including inflammatory rheumatic diseases, 
IBD, malabsorption or thyroid illness. 
The WHO definition of osteoporosis formulated in 1994 first only regarded 
postmenopausal women, but was later extended to also comprise men over the 
age of 50.[131, 132] (Table 5)  The definition uses bone mineral density (BMD) 
measured with dual energy x-ray absorptiometry (DXA). The patients’ BMD-
value is compared with a standard score made from measurements of healthy 
young adults of the same sex, where zero represents the mean BMD-value of the 
reference population. The patients’ BMD is converted into a T-score, which is 
the deviation from the mean of the standard score expressed in standard 
deviations (SD). The lowest T-score in lumbar spine, total hip or femoral neck is 
used to diagnose osteoporosis. Measurements of the radius should only be used 
in certain circumstances. The cut-off value of a T-score of 2.5 SD below the 
average BMD of healthy young adults identifies approximately 30% of 
postmenopausal women as having osteoporosis, which is equivalent to the 
lifetime risk of fractures at the hip, spine or forearm.[132] The age adjusted 
fracture risk increases 1.5- to 3-fold for each SD decrease in BMD in both sexes. 
 

 

Table 5: The WHO-definition of osteoporosis for postmenopausal 

women and men older than 50 years 

Normal BMD: T-score > -1.0 SD 

Osteopenia: T-score ≤ - 1.0 to > - 2.5 SD 

Osteoporosis: T-score ≤ - 2.5 SD 

Severe/established osteoporosis: T-score ≤ - 2.5 SD in the presence  

of one or more fragility fractures. 



32 
 

The WHO definition only applies to patients older than 50 years. For individuals 
below the age of 50 the International Society for Clinical Densitometry (ISCD) 
recommends the following definition of low BMD based on Z-scores (the 
patients BMD compared with the average BMD of healthy age matched controls 
of the same sex): Table 6 [133]  
 
 

 

Table 6:  

BMD below expected range for age in patients below the age of 50 

BMD within the expected range for age:  Z-score above -2.0 SD 

BMD below the expected range for age:  Z-score of -2.0 SD or lower 

 

 
 
Epidemiology 
 
Osteoporosis and fragility fractures are major health problems in the western 
world, causing considerable suffering, disability and mortality and in addition 
high costs for the health care systems. One third of all Swedish women aged 70-
79 are estimated to have osteoporosis when assessed in the hip. A total of 70 000 
osteoporosis related fractures, whereof 18 000 hip fractures, occur yearly in 
Sweden.[134] 
The incidence of hip fractures is sometimes used as an indicator of the 
prevalence of osteoporosis in a country. The hip fracture incidence has increased 
during the last 50 years, partly due to increased age expectancy, but varies about 
10-fold between countries.[135] Sweden and the Scandinavian countries top the 
ranking list of 10-year probabilities for hip fracture.[136] At the age of 50 the 
lifetime risk for a hip fracture in Sweden has been estimated to be 28.5% for 
women and 13.1% for men.     
Only about one third of all vertebral fractures come to clinical attention. The 
rates of vertebral fractures in Sweden have also been shown to be higher than in 
the rest of Europe.[137] The age-standardized yearly incidence of morphometric 
vertebral fractures in individuals older than 50 has been shown to be 10.7/1000 
in women and 5.7/1000 in men in Europe.    
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Pathogenesis of osteoporosis 
 
The bone mass of an individual in later life is the result of the peak bone mass 
accrued during childhood and adolescence as well as the subsequent rate of bone 
loss. The peak bone mass depends both on genetic factors and environmental 
conditions, such as nutritional status, physical activity and general health during 
childhood. Loss of trabecular bone starts already in the third decade, whereas 
cortical bone is lost from the fifth decade.[138]  
In women the bone loss is accelerated after menopause in the estrogen deficient 
state. Estrogens and androgens are important for bone mass since they slow the 
rate of bone remodelling and prevent bone loss. The sex-hormones have a pro-
apoptotic effect on osteoclasts and an anti-apoptotic effect on osteoblasts and 
osteocytes. Estrogens inhibit osteoclast maturation by stimulating the expression 
of OPG in osteoblasts and reducing the levels of inflammatory cytokines, such 
as IL-1, IL-6 and TNF, with a following decrease in RANK-RANKL 
interaction.[139]  Estrogen loss leads to both increased osteblastogenesis and 
osteclastogenesis and rice in the rate of initiation of new bone remodelling 
cycles, which tilts the balance towards increased bone resorption. In addition the 
working life of the bone-resorbing osteoclasts is prolonged, whereas the 
working life of the bone-forming osteoblasts is shortened.  
Estrogen deficiency plays an important role for bone loss also in men.[140] 
Estrogen receptors (ERα and β) and androgen receptors (AR) are expressed in 
chondrocytes, osteoclasts, osteoblasts and osteocytes in similar levels in women 
and men.[139] Sex hormone binding globulin (SHBG) increases with age in 
men and bioavailable (non-SHBG bound) levels of estradiol and testosterone 
decline.[141] Low serum estradiol is a better predictor for BMD and fracture 
risk in men than testosterone.[142, 143] Testosterone is however also important 
for bone formation and provides the necessary substrate for aromatization to 
estradiol in the testes and peripheral tissues in men. Testosterone is also 
essential for muscle strength and balance which impact the risk of falls.[144] 
 
Risk factors for osteoporosis and fractures 
 
Age is a strong risk factor for both osteoporosis and fragility fractures. The age-
related increase in fracture risk cannot only be explained by the decline in bone 
density, but is also due to lower muscle strength, comorbidities and poorer 
balance leading to greater falling hazard. Other constitutional risk factors are 
previous fractures, heredity to fracture, female sex, early menopause, ethnicity 
and high body length. 
Life style related risk factors for osteoporosis and fractures include smoking, 
physical inactivity, alcohol abuse, low calcium intake, underweight, low sun 
exposure and propensity to fall.[134] 
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The WHO definition only applies to patients older than 50 years. For individuals 
below the age of 50 the International Society for Clinical Densitometry (ISCD) 
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Life style related risk factors for osteoporosis and fractures include smoking, 
physical inactivity, alcohol abuse, low calcium intake, underweight, low sun 
exposure and propensity to fall.[134] 
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Osteoporosis in ankylosing spondylitis 
 
Patients with AS have an increased risk of developing osteoporosis compared 
with the general population.[145, 146] The bone loss can evolve already in early 
disease and affect young individuals.[147] A prevalence of osteoporosis from 19 
to 62 % has been reported in earlier studies. [145, 148-151].  The diverging 
results between the studies can be explained by differences in the study cohorts 
regarding factors such as age, disease duration and severity of the rheumatic 
disease. We found a prevalence of osteoporosis of 20.8% and of osteopenia of 
43.6% among AS patients of 50 years or older recruited from West Swedish 
rheumatology clinics. The prevalence of BMD below expected range for age 
was 5% in patients younger than 50. (Paper I)[152].  
 
AS-specific risk factors for osteoporosis shown in earlier studies have been long 
disease duration, advanced syndesmophyte formation or ankylosis of the spine, 
poor back mobility, high disease activity and elevated serum markers of 
inflammation.[153-157] Low physical activity has not been proved to be a 
specific risk factor, as physical activity is not exceptionally low in AS in 
general. 
The cause of osteoporosis in AS is multifactorial. Like in other inflammatory 
diseases increased levels of pro-inflammatory cytokines (IL-1, IL-6, IL-17, 
TNF-α), act on osteoblasts to promote RANKL expression, with subsequent 
osteoclast activation.[158] TNFα also inhibits proliferation and differentiation 
and increases apoptosis of osteoblasts.[159] Therapeutic blocking of TNF has 
been shown to improve BMD and to lower the serum levels of cross-linked c-
telopeptides (CTX), a biomarker for bone resorption in Spa.[160-163] We found 
that TNF-inhibition was associated with increased serum levels of Wnt3a. 
(Paper III) [164] Spinal immobility and alterations of the biomechanical 
conditions of the spine could also contribute to the local osteoporosis in the 
vertebras. Subclinical gut inflammation leading to calcium and vitamin D 
malabsorption has been pointed out as another contributing factor. Additionally 
a polymorphisms of the vitamin D receptor gene has been shown to have 
association with lumbar BMD in AS.[165] Serum levels of 
dehydroepiandrosterone sulfate (DHEAS) are lower in osteoporotic males with 
AS, but conflicting results have been reported regarding the levels of 
testosterone.[166-169] Glucocorticoids are known to cause osteoporosis in AS 
and other diseases, but steroid use is however limited in AS.     
Prior studies have reported that the osteoporosis in AS is primarily confined to 
the central skeleton.[155, 170, 171] In contrast we found almost as many 
patients with osteoporosis or BMD below the expected range for age at the 
radius (n = 17, 8%) as in the lumbar spine (n = 24, 12%) and also strong 
correlations between vBMD in lumbar spine and ultra-distal radius (rS=0.762; 
p<0.001) and tibia (rS=0.712; p<0.001) (Paper I and IV).[152, 172] Earlier 
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studies have shown increased incidence of vertebral, but not non-vertebral 
fractures in AS. We found 24 patients with vertebral fractures but only one 
patient with a hip fracture in our study. (Paper II)[173] 
The bone disease in AS is paradoxical; pathologic new bone formation and 
enhanced bone loss are taking place in close vicinity. This creates diagnostic 
problems, since the syndesmophytes cause artifactual increase of lumbar bone 
mineral density (BMD) especially when measured in anteroposterior projection 
(AP). Using lumbar DXA in lateral projection or measuring vBMD with 
quantitative computed tomography (QCT) could be ways to diminish this 
problem. (These methods are described in chapter 4.9.1-2) 
 
Vertebral fractures in ankylosing spondylitis 
 
AS patients have an increased risk of vertebral fractures, with a reported 
prevalence from 9 to 42 % in studies on different AS cohorts. (Table 7) We 
identified a total of 42 vertebral fractures (Th4-L4) in 24 patients (11.8%) by 
radiography (Paper II).[173] The vertebral fractures often go undiagnosed since 
the symptoms may be disregarded as disease flares. The fractures can also be 
difficult to visualise in radiographs, due to unusual localisations or disturbing 
AS related changes.[149]  
Unlike the stable compression fractures seen in age-related osteoporosis, the 
vertebral fractures in AS can be unstable and complicated with neurologic 
damage.  Osteoporosis in combination with bridging syndesmophytes and 
ankylosis of the zygapophyseal joints leads to a rigid but brittle spine, with a 
propensity to fracture even after minor trauma. The fractures can run thru the 
intervertebral spaces, the dorsal arch or predicles resulting in injuries to the 
spinal cord or nerve roots and give rise to intra-spinal hematomas.[174-176]   
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Assessment methods for BMD and bone morphology 
 
BMD and bone morphology can be studied using different methods. Herein 
follows a description of the methods used in this thesis.  
 
Dual energy X-ray Absorptiometry (DXA) 
 
DXA is the most commonly used method to measure BMD and the basis for the 
WHO definition of osteoporosis. It measures areal BMD (aBMD) using two x-
ray beams with different energy levels. The low energy beam is absorbed in the 
soft tissue, whereas the high energy beam gets absorbed by both soft tissue and 
the skeleton. The soft tissue absorption is then subtracted out from the high 
energy beam to calculate the amount of x-ray which is absorbed by bone alone, 
which is subsequently converted into the BMC by the software of the DXA-
apparatus. The radiation dose for measurements in the hip and lumbar spine is 
approximately 0.01 mSv. 
aBMD is the BMC divided per area of bone (mg/cm2). It is measured in 2D 
without taking the depth of bone in the third dimension in account and depends 
both of bone density, mineralisation and bone size. Men have bigger bones than 
women and consequently higher aBMD.[177]  
Volumetric BMD (vBMD) (expressed in mg/cm3) is the BMC divided by the 
measured bone volume (cm3).  vBMD, a 3D mode to measure bone density, can 
be assessed by computed tomography or estimated using DXA in two 
perpendicular projections. vBMD is typically equal between the sexes.     
Lumbar DXA is generally measured in AP or posterior-anterior projection. In 
AS the new bone formation particularly takes place on the anterior parts of the 
vertebral body and in the zygapophyseal joints, areas which are included in the 
scanning region when using AP DXA. This makes AP lumbar DXA unreliable, 
especially in patients with advanced ankylosis. The lateral sides of the vertebra 
bodies are however less affected by osteoproliferative changes.  Lumbar DXA 
with lateral scanning measures BMD only in the vertebral body from a side view 
and the posterior vertebral parts are excluded, hence less AS specific 
osteoproliferative changes are included in this measurement. (Figure 3) Aortic 
calcifications and osteoarthritic changes in degenerative spinal disease are also 
excluded. Lateral lumbar DXA primarily assesses trabecular bone, since the 
vertebral body mainly consists of trabecular bone, whereas the posterior parts 
are rich in cortical bone. Consequently lateral lumbar BMD is lower than AP 
lumbar BMD. In addition, combining the two perpendicular areas from AP and 
lateral DXA creates a volume of interest in the vertebral body, in which vBMD 
can be estimated. The mayor disadvantage of lateral lumbar DXA is that it 
should not be used for diagnostic purposes, since the WHO definition of 
osteoporosis is based on posterior-anterior or AP scanning. Other drawbacks are 
availability problems and the current lack of a male reference data base.    
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Table 7. The prevalence of vertebral fractures found in different studies 
 

Authors 
et al 

Publ 
year 

Land Patients 
N 

Men 
% 

Diagnosis Age 
years 

 
 

Disease 
duration 

years 
 

Prevalence 
of vertebral 

fractures 
% 

Comment 

Ralston 1990 UK 111 88 Spa median 41 median 17 21 
 

Morphometric 
fractures 

Cooper 1994 USA 158 77 AS* mean 34 no data 11 Clinical 
fractures 

Donelly 
 

1994 UK 87 71 Spa mean 44 mean 16 9 Morphometric 
fractures 

Sivri 1996 
 

Turkey 22 91 AS* mean 37 mean 10 41 Morphometric 
fractures 

Mitra 
 

2000 UK 66 100 AS* median 38 median 10 17 Morphometric 
fractures 

Lange 2005 
 

Germany 84 63 AS* mean 32-56 
4 groups 

mean 9-32 
4 groups 

11 Morphometric 
fractures 

Jun 2006 South Korea 68 100 AS* mean 31 mean 7 16 Morphometric 
fractures 

Vosse 2006 Netherlands 135 
 

67 AS* mean 50 mean 9 31 Morphometric 
fractures 

Ghozlani 
 

2009 Morocco 80 84 AS* mean 39 mean 11 42 Morphometric 
fractures VFA 

Mermerci 
Baskan 

2010 Turkey 100 75 AS* mean 40 mean 11 19 Morphometric 
fractures 

Klingberg  
 

2012 Sweden 204 57 AS* mean 50 mean 15 12 Morphometric 
fractures 

 
*AS fulfilling the Modified New York criteria, VFA = vertebral fracture assessment using DXA. Morphometric fractures are vertebral fractures 
found on radiography when examining all study patients. Clinical fractures include only fractures which have come to clinical attention and are 
found in medical registers. 
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Figure 3: Lumbar DXA in anteroposterior (AP) and lateral projections 
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It has been recommended to use BMD measured in the hip region (femoral neck 
or total hip) in AS patients with extensive syndesmophyte formation.[149, 154] 
Hip BMD continues to descend during the development of osteoporosis, 
whereas AP lumbar BMD sometimes inaccurately increases due to 
osteoproliferation.    
 
Quantitative Computed Tomography (QCT) 
 
Lumbar QCT measures vBMD (expressed in mg/ cm3 of calciumhydroxy-
apatite) in 10 mm thick slices of each vertebra. The scanning is performed with 
a water- and bone-equivalent calibration phantom placed below the patient. The 
boundaries of the trabecular and cortical bone in each vertebra is outlined and 
separated in different regions of interest (ROIs). The radiation dose is 0.51 mSv 
for men and 0.81 mSv for women. (Figure 4)   
Earlier studies have shown that vBMD measured with QCT is less affected by 
the osteoproliferative changes in AS than AP lumbar DXA and more sensitive in 
detecting osteoporosis.[150, 167, 178, 179]  
 
High Resolution peripheral Quantitative Computed Tomography (HRpQCT) 
 
HRpQCT is a new method to study bone morphology. It gives a highly detailed 
3D representation of bone and enables the study of bone microarchitecture in 
vivo without biopsy. (Figure 5) During the procedure the patient’s forearm and 
leg are immobilized in especially designed carbon fibre shells. The radiation 
dose is approximately 0.01 mSv.  
The volumes of interest, 9 mm sections of radius and tibia, are examined in 110 
parallel slices (voxel size 82μm) and automatically separated into a trabecular 
and a cortical region. Some of the parameters are measured directly during the 
procedure and others are derived. The trabecular vBMD (DTrab; mg/cm3) is 
measured directly and the trabecular bone volume/total volume (BV/TV; %) is 
derived assuming a mineral density of fully mineralized bone of 1.2 g 
hydroxyapatite/ cm3. The trabecular number (TbN; 1/mm) is detected in the 
images using advanced data processing methods. The trabecular thickness 
(TbTh; μm) is calculated using the formula BV/TV ⁄ TbN and the trabecular 
separation or spacing (TbSp; μm) using the formula (1-BV/TV) /TbN.  The 
cortical vBMD (DCort; mg/cm3), cortical bone cross-sectional area (CortCSA; 
mm2) and the cortical periosteal circumference (CortPm; mm) are measured. 
The cortical thickness (CortTh; mm) is derived using the formula CortCSA 
/CortPm.    
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Figure 3: Lumbar DXA in anteroposterior (AP) and lateral projections 
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Figure 4: Quantitative computed tomography (QCT) of lumbar spine       
Published with permission from the patient. 
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Figure 5: High Resolution peripheral Quantitative Computed Tomography 
(HRpQCT) 
Published with permission from the patients. 
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Figure 4: Quantitative computed tomography (QCT) of lumbar spine       
Published with permission from the patient. 
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AIMS 

The main objective of this thesis were to study the prevalence of bone disease – 
both osteoporosis and osteoproliferation - in patients with ankylosing spondylitis 
and the association with disease activity, disease manifestations and risk factors 
using both conventional and new imaging techniques and biomarkers.   
 
The specific aims were to study: 
 

A. the prevalence of osteoporosis and vertebral fractures in a cohort of AS 
patients recruited from rheumatology clinics in West Sweden 

 
B. demographic and disease related factors of importance for osteoporosis, 

osteoproliferation and vertebral fractures in AS 
 
C. lumbar BMD measured with different techniques – QCT and DXA in 

anteroposterior and lateral projection- and to compare the different 
methods 

 
D. serum levels of biomarkers reflecting bone metabolism in AS compared 

with the levels in healthy controls and investigate the relationship 
between these biomarkers and disease activity, back-mobility, chronic AS 
related changes in the spine and BMD 

 
E. peripheral volumetric BMD in AS patients in comparison with healthy 

controls and explore the associations between bone microarchitecture 
assessed with HRpQCT and presence of vertebral fractures, 
syndesmophytes and lumbar BMD measures with DXA and QCT  

 
F. the prevalence of intestinal inflammation in AS indirectly by measuring 

fecal calprotectin and to correlate the concentrations of calprotectin in 
feces and serum with reported gastrointestinal symptoms, medication, and 
measures of disease activity 
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METHODS 

 
This thesis is based on a cross-sectional observation study. 
 
Patients 
 
Paper I-V. The patients were recruited from three participating centres in West 
Sweden; Sahlgrenska University Hospital and the Rheumatology Clinics in 
Borås and Alingsås. The patients were retrieved from the hospitals’ databases. 
The medical records of all patients diagnosed with ankylosing spondylitis were 
checked and all patients fulfilling the modified New York criteria for ankylosing 
spondylitis were eligible for inclusion. Exclusion criteria were psoriasis, IBD, 
dementia, pregnancy and having another rheumatologic diagnosis. Due to the 
extensive questionnaires included in the study, patients with difficulties in 
understanding Swedish, needing an interpreter, were also excluded. The 
procedure of the trial, number of excluded patients, drop-outs and included 
patients are shown in figure 6. In short: 204 AS patients were included in the 
studies on BMD, vertebral fractures and biomarkers of bone metabolism, 205 
patients in the calprotectin study and 69 male patients were randomised in  an 
age-adjusted way to also undergo measurement of lumbar vBMD with QCT and 
assessment of peripheral vBMD and bone microarchitecture with HRpQCT. 
The patients were all enrolled between February to April 2009. They underwent 
physical examination by the same physician (E.K.), including back mobility 
tests and 68/66 joints count for number of tender and swollen joints. The Bath 
Ankylosing Spondylitis Metrology Index (BASMI) was calculated using five 
clinical measurements that reflect axial mobility as described in the ASAS 
handbook: the cervical rotation, tragus to wall distance, intermalleolar distance, 
lateral lumbar flexion and lumbar flexion (modified Schobers test).[4, 180] 
Blood samples were drawn.  
Demographics and disease related parameters of the study population are 
demonstrated in table 8.  
Controls 
Paper III and V. Blood samples from 80 healthy blood donors were collected to 
use as controls to the AS patients. The blood donors were recruited when giving 
blood at Sahlgrenska University Hospital and answered questionnaires stating 
that they were in full health and not on medication. 
Paper IV. The results of healthy male controls that had undergone measurement 
of peripheral vBMD with HRpQCT were provided by the Mayo Clinic, 
Rochester, Minnesota, USA in scientific collaboration. The controls were 
matched for age, length, weight BMI and race. The HRpQCT devise at the two 
centers, which are similar models from the same manufacturer, were calibrated 
with a phantom for vBMD measurements sent from Gothenburg to Rochester.  
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Table 8: Characteristics of 204 patients with ankylosing spondylitis in western Sweden 

 Number of patients 
(%) 

Median(range) Mean±SD 

Demographic variables     
Sex Women 87 (43)   

Men 117 (57)   
Age, years  49 (17, 78) 50±13 
Postmenopausal women 45/87 (52)    
Heredity for fractures 57 (28)   
Current smokers 24 (12)   
Ever smokers (> 6 months) 101 (49.5)   
Daily calcium intake from dairy 
products 

 600 (0, 2640) 668±397 

BMI  25 (19, 46) 26±4 
LTPAI total, hours  6 (0, 42) 7.5±6 
PAHWI total, hours  45 (0, 160) 40±21 
Disease related variables    
Years since symptom onset   24 (2, 55) 24±13 
Years since diagnosis  12 (1, 47) 15 ±11 
Present or past anterior uveitis  102 (50)   
Present or past peripheral arthritis 120 (59)   
Present or past coxitis 17 (8)   
BASMI, score   3.0 (0.6, 7.4) 3.1±1.6 
BASDAI, score  3.5 (0, 9.6) 3.6±2.1 
BASFI, score  2.3 (0, 8.7) 2.7±2.1 
BAS-G1, score  2.9 (0, 10) 3.4±2.6 
BAS-G2, score  3.4 (0, 9.7) 3.8±2.6 
ASDAS, score  2.3 (0.8, 5.9) 2.4±0.9 
mSASSS, score  5.5 (0, 72) 14.2±19.2 
Mean ESR 2004-2008, mm/h  16 (2, 102) 19±15 
ESR, mm/h  11 (2, 105) 15±14 
CRP, mg/L  5 (3, 80) 9±10 
Hemoglobin, g/L  139 (105, 166)  139±13 
WBC, x109 /L  6.7 (2.7, 18.1) 7.0±2.1 
PLT, x109 /L  287 (133, 506) 299±75 
Creatinine, μmol/L  70 (43, 148)  71±15 
HLA-B27 positive 178 (87)   
Patients on NSAID 158 (77)   
Patients on DMARD 62 (30)   
Patients on TNF inhibitor 42 (21)   
Patients on glucocorticoids 7 (3)   
Prednisolone lifetime use, mg  100 (0, 56390) 1397±5775 
Patients on bisphosphonates before 
study 

8 (4)   

Patients on HRT  5 (2)   
Patients on calcium and vitamin D   
before study 

24 (12)   
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Ethics 
Paper I-V. The study was approved by the regional ethics committee in 
Gothenburg and carried out in accordance with the principles of the Declaration 
of Helsinki. All the patients and blood donor controls gave their informed 
written consent. 
 
Questionnaires 
Paper I-V. The patients were asked to fill in an extensive questionnaire with 
queries concerning medical history, AS manifestations, current and previous 
medication, gastrointestinal symptoms and risk factors for osteoporosis 
including tobacco and alcohol use, daily intake of dairy products, hormonal 
treatments and menopausal status. The questionnaire also contained questions 
about educational, occupational and socioeconomic status. 
Physical activity was divided into three levels of intensity (light, moderate and 
heavy) and reported in hours per week for leisure time, at home and at work, 
using two validated questionnaires; the Leisure Time Physical Activity 
Instrument (LTPAI) and Physical Activity at Home and Work Instrument 
(PAHWI).[181] 
 
Questionnaires concerning disease activity and function  
 
Paper I-V. The study protocol also contained the following questionnaires, in 
which the patients graded their symptoms from 0-100 using visual analogue 
scales (VAS): 
The Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), with 
questions about pain in the back and peripheral joints, tenderness, fatigue and 
morning stiffness during the last week.[182] (Table 9) 
The Bath Ankylosing Spondylitis patient Global score (BAS-G) where the 
patients grade their general health during the last week (BAS-G1) and last six 
months (BAS-G2).[183] (Table 10) 
The Ankylosing Spondylitis Disease Activity Score (ASDAS) calculated using 
BASDAI questions 2, 3, 6, BAS-G and CRP. [184, 185] (Table 11) 
The Bath Ankylosing Spondylitis Functional Index (BASFI), with questions 
concerning mobility and ability to perform tasks in daily life during the last 
week.[186] (Table 12) 
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Table 9. Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) 

        

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

        

 

2. How would you describe the overall level of AS neck, back or hip pain you have had? 

3. How would you describe the overall level of pain/swelling in joints other than neck, 

back or hip you have had? 

4. How would you describe the level of discomfort you have had from an area tender to 

touch or pressure? 

5. How would you describe the level of morning stiffness you have had from the time 

you wake up? 

6. How long does the morning stiffness last from the time you wake up? 

 

              

 
Table 10.  Bath Ankylosing Spondylitis patient Global score (BAS-G) 
 
 
BAS-G1 
 

1. How active was your spondylitis on average during the last week? 
 
        

 
 
BASG-2 
 

2. How active was your spondylitis on average during the last 6 months? 

None Very severe 100 mm 

Not active Very active 100 mm 
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Table 11. The Ankylosing Spondylitis Disease Activity Score (ASDAS) 

The calculation of ASDASCRP:  

(0.12 x BASDAI Q2) + (0.07 x BASDAI Q3) + (0.06 x BASDAI Q6) + (0.11 x BAS-G1) + 

0.58 x Ln(CRP+1) 

BASDAI Q2 = question 2 from BASDAI (see table 9) 

 

Table 12: The Bath Ankylosing Spondylitis Functional Index (BASFI) 

The questions regard the situation during last week. 

Items to be scored by the patient: 

1. Putting on your socks or tights without help or aids (eg, sock aid). 

        

 
 

2. Bending forward from the waist to pick up a pen from the floor without an aid. 

3. Reaching up to a high shelf without help or aids (eg, helping hand). 

4. Getting up out of an armless dining room chair without using your hands or any other 

help. 

5. Getting up off the floor without help from lying on your back. 

6. Standing unsupported for 10 min without discomfort. 

7. Climbing 12 to 15 steps without using a handrail or walking aid. One foot at each step. 

8. Looking over your shoulder without turning your body. 

9. Doing physically demanding activities (eg, physiotherapy, exercises, gardening or 

sports). 

10. Doing a full day’s activities, whether it be at home or at work. 

The BASFI is the mean of the 10 item scores.  

Easy Impossible 100 mm 

49 
 

Review of medical records  
 
Paper I-V. The medical records of the patients were checked to verify that the 
inclusion criteria were fulfilled.  
The lifetime use of glucocorticoids, converted into milligrams of prednisolone, 
was estimated both by reviewing patients’ medical records and by asking the 
patients about previous glucocorticoid injections and oral prednisolone use. 
The mean erythrocyte sedimentation rate (ESR) during the previous 5 years 
(2004-2008) was calculated using the first-noted ESR each year. An ESR test 
was excluded and the next consecutive ESR test was used if the medical records 
showed that the patient had had an infection at the time of the ESR test. 
 
Laboratory analyses 
 
Standard analyses 
Paper I, II, III and V. Erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), hemoglobin (Hb), white blood cell count (WBC), platelet count (PLT), 
creatinine, and alanine aminotransferase (ALT) were analyzed consecutively by 
standard laboratory techniques in the hospitals. Serum and plasma samples were 
obtained and stored at -20°C and -80°C until needed for analyses. 
 
Biomarkers of bone metabolism 
Paper III. Serum samples were assayed for biomarkers of bone metabolism 
using specific enzyme-linked immunosorbent assay (ELISA) kits according to 
manufacturers’ instructions. The biomarkers measured were Wnt-3a and Wnt-5a 
(Uscn, Houston, Texas, US), Dkk-1 (R&D systems, Minneapolis, Minnesota, 
US), sclerostin (Biomedica gruppe, Vienna, Austria), sRANKL (Biovendor, 
Brno, Czech Republic) and OPG (Immunodiagnostic systems, Boldon, UK). 
The following values of sensitivity were reported by the manufacturers: Wnt3a 
lower limits of detection (LLD) =0,055 ng/mL; Wnt5a LLD=0,053 ng/mL; Dkk-
1 LLD=4.2 pg/mL; sclerostin LLD=2.6 pmol/l; sRANKL LLD=0.4 pmol/L; 
OPG LLD=14 pmol/L. 
Absorbance was read at 450 nm in SpectraMax 340PC384 spectrophotometer 
(Molecular Devices). The software SoftMax Pro 5.2 was used to calculate the 
biomarker concentrations. 
 
Calprotectin in feces and serum 
Paper V. Stool samples were obtained for analysis of fecal calprotectin, using 
the standard laboratory technique of the hospital, a monoclonal antibody against 
calprotectin in an ELISA kit (Bühlmann Laboratories AG, Schönenbuch Basel, 
Switzerland). Normal range for fecal calprotectin is <50 mg/kg according to the 
manufacturer of the kit.  
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The patients who had a fecal calprotectin level above 500 mg/kg were asked to 
deliver another stool sample. If the level of fecal calprotectin remained over 500 
mg/kg the patient was referred to colonoscopy. 
Serum calprotectin was analyzed by ELISA (PhiCal, Immundiagnostic AG, 
Bensheim, Germany). Normal range for serum calprotectin using this kit is 500–
3000 ng/mL. 
 
 
Radiography 
Paper I-V. All the patients underwent radiography of cervical-, thoracic- and 
lumbar spine.  
 
Chronic AS related changes 
Chronic AS related changes of the spine were estimated using the modified 
Stoke Ankylosing Spondylitis Spine Score (mSASSS), which assesses the 
anterior corners of vertebra C2 to T1 and T12 to S1. The corners are graded with 
0-3 points each (0= normal, 1= erosion, sclerosis or squaring, 2= 
syndesmophyte, 3= bridging syndesmophyte) and the scale ranges from 0 to 72. 
The thoracic spine is excluded.[187] (Figure 7) 
 
Vertebral fractures Genant score 
Vertebral fractures were evaluated using the Genant score, which scores the 
vertebras Th4 to L4.[188] The vertebras are scored on visual inspection as 
normal (grade 0), mildly deformed (grade 1, 20%−25% reduction of the anterior, 
middle, or posterior height), moderately deformed (grade 2, 25%−40% reduction 
in any height), or severely deformed (grade 3, over 40% reduction in any 
height). The cervical spine excluded in this analysis. (Figure 8) 
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Figure 7: The mSASSS- score 
 

 
The score includes the anterior corners of vertebrae C2 to T1 and T12 to S1, 
which are graded with 0 to 3 points each (0 = normal, 1 = erosion, sclerosis or 
squaring, 2 = obvious syndesmophyte, 3 = bridging syndesmophyte). The 
remaining thoracic spine is not included in the score. The scoring scale ranges 
from 0 to 72. 
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height). The cervical spine excluded in this analysis. (Figure 8) 
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Figure 7: The mSASSS- score 
 

 
The score includes the anterior corners of vertebrae C2 to T1 and T12 to S1, 
which are graded with 0 to 3 points each (0 = normal, 1 = erosion, sclerosis or 
squaring, 2 = obvious syndesmophyte, 3 = bridging syndesmophyte). The 
remaining thoracic spine is not included in the score. The scoring scale ranges 
from 0 to 72. 
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Bone mineral density 

 
Dual energy X-ray Absorptiometry (DXA) 
Paper I-V. BMD was measured with DXA (Hologic Discovery A, Hologic Inc, 
Bedford, MA, USA) in the non-dominant forearm, left hip (femoral neck and 
total hip regions) and in lumbar spine in anteroposterior (AP) (vertebras L1-L4) 
and lateral (L2-L4) projections with estimation of volumetric BMD. 
 
Quantitative Computed Tomography (QCT) 
Paper IV. A total of 69 male patients were randomised in an age-adjusted way to 
also measure lumbar vBMD in the vertebras L1-L4 with QCT (Siemens 
Somatom Sensation 16 with application Syngo Osteo CT, Siemens AG, Munich, 
Germany). 
 
High Resolution peripheral Quantitative Computed Tomography (HRpQCT) 
Paper IV. The 69 randomised male patients also underwent assessment of 
peripheral vBMD and bone microarchitecture with HRpQCT in the non-
dominant ultra-distal radius and tibia (XtremeCT, Scanco Medical AG, 
Brüttisellen, Switzerland). 
 
 
Statistical analysis 
 
Paper I-V. Statistical analyses were performed using PASW Statistics 18.0 
(SPSS Inc., IBM, Chicago USA). Descriptive statistics are presented as median 
and range and/or mean and standard deviation (SD). The t-test was used for 
comparison of normally distributed demographic and disease-related variables 
and the Mann-Whitney U-test was used to analyse variables that were not 
normally distributed. The chi-square test was used to compare categorical 
variables. Correlations were calculated using Spearman’s correlation (rs). For 
dichotomous variables, yes was coded 1 and no was coded 0. All tests were two-
tailed and p < 0.05 was considered statistically significant. 
Multiple linear regressions were run with continuous variables as outcome and 
logistic regression with categorical variables as outcome. 
Paper I:  Linear regression was run with BMD at different measurement sites as 
the outcome and logistic regression was run with the categorical variable low 
BMD T-score < -1.0 (yes/no) as the outcome. Covariates in both calculations 
were the variables that were significantly correlated with BMD in the first 
analyses. 
Paper II: Logistic regression with a forward stepwise conditional method was 
run with the presence of a vertebral fracture as binary outcome. BMD and the 
demographic and disease-related variables significantly correlated with vertebral 
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fractures were entered as covariates. To elucidate the effect of vertebral fractures 
and chronic AS related changes of the spine on back-mobility multiple linear 
regression was run with BASMI as dependent variable and age, Genant score 
and mSASSS as independent covariates.  
Paper III: Multiple linear regressions were run using a stepwise method with 
BASMI, mSASSS and BMD at different measuring sites as outcome. In the 
model where mSASSS was the outcome, mSASSS was normalised using a log-
transformation and patients with only sacroileitis (mSASSS=0) were excluded, 
leaving data from 148 patients ready to analyse. Covariates in all multiple linear 
regressions were age, sex, pack-years of cigarettes, CRP and the analysed 
biomarkers.  
Paper IV: Logistic regressions with a forward conditional method were run with 
presence of a syndesmophyte (yes/no) as the binary outcome.  
Paper V: A log transformation of fecal calprotectin and serum calprotectin was 
made, to convert them into normally distributed variables. Multiple linear 
regression analyses were performed in a stepwise method, to explore the 
relationship between log-transformed calprotectin and the demographic and 
disease-related variables, which had shown significant correlations in the first 
analyses. 
 
Follow-up and treatment after the study 
 
The results from the DXA measurements and radiography were communicated 
to the patients by mail. A flow-chart for the follow-up and treatment of the 
patients is shown in fig 9. After the study treatment with a bisphosphonate in 
combination with calcium/vitamin D was initiated in 30 patients (14.2%) and 
calcium/vitamin D alone in 28 patients (13.2%9). 
The patients who had indication for bisphosphonate treatment were invited to 
participate in a prospective study on alendronate and calcium/vitamin D during 
24 months. The objectives of the Alendronate study were to study the treatment 
effects on BMD, bone microarchitecture, osteoproliferation, disease activity and 
biomarkers for bone metabolism.  
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MAIN FINDINGS OF THE THESIS 
 
Paper I: Osteoporosis in ankylosing spondylitis - prevalence, risk factors and 
methods of assessment. 
 
This study showed that osteoporosis was common, but often undiagnosed and 
untreated in AS. Osteoporosis was found in 20.8% and osteopenia in 43.6% of 
patients 50 years or older. BMD below expected range for age was found in 5% 
of patients younger than 50. Low BMD was found both in the axial and the 
peripheral skeleton. A total of 36% of women, but only 8% of the men had ever 
done a BMD measurement before the study. Most cases of low BMD were 
undiagnosed and untreated.  
Men had significantly higher aBMD at all measurement sites (p < 0.001 for 
every location), but there was no significant difference in lumbar vBMD 
between the sexes 
Low BMD was associated with several disease-related parameters, such as long 
disease duration, high BASMI, high mSASSS, history of coxitis, high lifetime 
use of prednisolone, low hemoglobin and elevated inflammatory parameters 
(mean ESR during 2004-2008, CRP, WBC and PLT). The most important 
factors associated with low BMD in multiple linear regression analyses were old 
age, long disease duration, high BASMI, low BMI and menopause.  
The study also showed that lateral lumbar DXA was more sensitive than AP 
lumbar DXA in diagnosing low BMD in AS. Significantly more women had a 
lumbar spine BMD T-score ≤ -2.5 SD (age ≥ 50) or Z-score ≤ -2.0 SD (age < 
50) when measured with lateral DXA than when measured with AP DXA 
(totally 23, 26% vs. totally 14, 16%; p = < 0.001). T-scores and Z-scores for 
lateral lumbar DXA were not available for the men, due to the lack of a male 
reference data base.  
In addition the results from the study indicated that lateral and volumetric 
lumbar BMD were less affected by syndesmophyte formation compared with 
AP lumbar BMD. mSASSS was negatively correlated with lateral and 
volumetric lumbar BMD and with BMD of the hip and radius, whereas AP 
lumbar BMD had a tendency to increase with increasing mSASSS. Lumbar 
BMD (g/cm2) was also significantly lower when measured in lateral projection 
compared with AP projection (p<0.001).The difference between AP and lateral 
lumbar BMD increased with increasing mSASSS (rS=0.389; p<0.001) and 
BASMI (rS=0.296; p=0.001) in the men, but not in the women. 
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Paper II: Vertebral fractures in ankylosing spondylitis are associated with lower 
bone mineral density in both central and peripheral skeleton. 
 
This study showed that the diagnosis of a vertebral fracture in AS is often 
missed in the clinical practice. A total of 42 vertebral fractures were found by 
radiography (Th4-L4) in 24 patients (11.8%). In 21 of these patients the 
fractures had not come to clinical attention before the study. In addition totally 5 
cervical fractures were found in 3 patients. In contrast only a few non-vertebral 
low trauma fractures were noted, including one hip fracture. The prevalence of 
vertebral fractures was equal between the sexes, but the men with fractures were 
significantly younger than the women (53.2 ± 10.2 vs. 63.4 ± 5.8 years; p = 
0.012), the youngest man being 31 years, indicating an increased risk for 
vertebral fractures in younger male patients.  
The most important determinants for vertebral fractures were high age, long 
disease duration, impairment of back mobility, advanced syndesmophyte 
formation, smoking, menopause and low BMD in both the axial and peripheral 
skeleton.  
Lateral and volumetric lumbar BMD showed stronger correlation with number 
of vertebral fractures (Genant score) than AP lumbar BMD. Low lumbar 
volumetric BMD and femoral neck BMD together with low self-estimated 
general health (BAS-G2) were the strongest determinants for a vertebral fracture 
in age-adjusted logistic regression. 
 
Paper III: Biomarkers of bone metabolism in ankylosing spondylitis in relation 
to osteoproliferation and osteoporosis 
 
The following biomarkers of bone metabolism were measured in serum: Wnt3a, 
Wnt5a, Dkk-1, sclerostin, sRANKL and OPG. 
This study showed that in comparison with healthy age- and sex-matched blood 
donor controls the AS patients had significantly higher serum levels of Wnt3a 
(3.72±0.99 ng/mL vs. 2.88±0.84; p<0.001) and lower serum levels of sclerostin 
(35.33±21.54 pmol/L vs. 38.33±13.96; p=0.014) and sRANKL (223.98±254.03 
pmol/L vs. 274.64±270.44; p=0.047). 
BMD of femoral neck was negatively correlated with Wnt3a and OPG and 
positively correlated with sRANKL in the univariate analyses. 
The serum levels of Wnt3a were positively correlated with mSASSS (rS=0.196; 
p=0.005) and BASMI (rS=0.219; p=0.002), but not with age, indicating that 
Wnt3a could be a marker for the osteoproliferative process in AS.  
OPG and sclerostin were also positively associated with mSASSS and BASMI, 
but this could be attributable to their association with age. CRP was negatively 
correlated with both sclerostin (rS= - 0.208; p=0.003) and Dkk-1 (rS= -0.140; 
p=0.045), but no other significant associations were found between the 
biomarkers and disease activity parameters. 
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Paper II: Vertebral fractures in ankylosing spondylitis are associated with lower 
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The study also showed that tobacco smoking was associated with 
osteoproliferation, impairment of back mobility and physical performance in 
AS. A total of 12% of the patients were current tobacco smokers and 46% were 
ever-smokers, defined as being a current smoker or having smoked during at 
least 6 months previously. The ever-smokers had significantly higher mSASSS 
(mean±SD, 20±22 vs. 9±15; p<0.001), BASMI (3.6±1.6 vs. 2.6±1.4; p<0.001), 
BASFI (3.2±2.2 vs. 2.2±1.9; p=0.001) and age (53±12 vs. 47±13; p=0.001) than 
the never-smokers.  
In addition the study showed that the men had significantly higher mSASSS 
than the women (median 8, range 0-72 vs. median 2, range 0-46; p<0.001).  
 
Multiple linear regression analyses were run with BASMI, BASFI, mSASSS 
and BMD of femoral neck as outcome.  In these analyses BASMI was 
independently associated with high age, male sex, high smoking pack years, 
high CRP and elevated serum levels of Wnt-3a, whereas BASFI was associated 
with high age and high smoking pack years. High mSASSS was independently 
associated with high age, male sex, high CRP and elevated serum levels of 
Wnt3a. Low BMD of femoral neck was associated with high age, female sex, 
high mSASSS and low serum levels of sclerostin.   
 
Paper IV: Bone microarchitecture in ankylosing spondylitis and the association 
with bone mineral density, fractures and syndesmophyte formation. 
 
This study on 69 male AS patients indicated that the patients had lower vBMD 
in the peripheral skeleton than healthy age-matched controls. The AS patients 
had significantly lower vBMD in cortical bone of ultra-distal radius (850±55 
mg/cm3 vs. 875±41; p=0.004) and in trabecular bone of ultra-distal tibia (187±35 
mg/cm3 vs. 201±41; p=0.033) when measured with HRpQCT.  
Furthermore the results from the study showed that trabecular bone loss in axial 
and peripheral skeleton were associated events in AS. Strong correlations were 
found between lumbar trabecular vBMD measured with QCT and peripheral 
trabecular vBMD measured with HRpQCT in ultra-distal radius (rS=0.762; 
p<0.001) and tibia (rS=0.712; p<0.001). Low lumbar trabecular vBMD was in 
addition associated with deterioration of the microarchitecture of peripheral 
bone; thinner and fewer trabeculae, thinner cortex, lower cortical vBMD and 
increased cortical porosity.  
The study also showed that vertebral fractures were associated with lower 
vBMD in both the axial and peripheral skeleton and in addition coupled with 
poorer peripheral bone microarchitecture. The AS patients with a vertebral 
fracture had, in comparison with age-matched AS controls, lower cortical 
vBMD in lumbar spine, lower trabecular and cortical vBMD in ultradistal radius 
and in addition reduced cortical cross-sectional area and thinner cortical bone 
and trabeculae in both ultra-distal radius and tibia. We also found that 
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syndesmophyte formation was associated with decreasing trabecular but 
increasing cortical vBMD in lumbar spine after adjusting for age in logistic 
regression. The increasing cortical vBMD was presumably reflecting 
hyperostosis in the cortical part of the vertebral bodies.   
Furthermore the study showed that lumbar QCT was more sensitive in detecting 
low BMD than AP lumbar DXA. QCT revealed significantly more cases with T-
score ≤ - 2.5 SD (n=26; 38%) and T-score < - 1.0 SD (n=21; 30%) than AP 
DXA, showing considerably less osteoporosis (n=4; 6%) and osteopenia (n=13; 
19%), (p<0.001). Estimated lumbar vBMD by DXA correlated well with vBMD 
measured with QCT (rS=0.636; p<0.001). 
 
Paper V: Calprotectin in ankylosing spondylitis - frequently elevated in feces, 
but normal in serum. 
 
This study showed that elevation of fecal calprotectin was common in AS, 
although not associated with gastrointestinal symptoms. A total of 68% (n=140) 
of the patients had fecal calprotectin above the threshold value 50mg/kg, 
whereof 62 patients had levels above 200 mg/kg, which is considered clinically 
more significant. The percentage of patients with elevated fecal calprotectin was 
not significantly different between users and non-users of NSAIDs (71% vs. 
63%), but the NSAID users had higher fecal calprotectin levels (median, range 
109, 0-1229 mg/kg vs. 63, 10-510; p=0.003). Furthermore the elevation of fecal 
calprotectin in NSAID-users followed a dose dependent pattern. Fecal 
calprotectin was also higher in users of proton pump inhibitors (PPI), for 
unexplained reasons. Conversely users of methotrexate and infliximab displayed 
lower levels of fecal calprotectin than non-users, which is consistent with their 
effect on intestinal inflammation in IBD.  
A small series of ileo-colonoscopies were performed in patients with fecal 
calprotectin >500 mg/ml, showing macroscopic or histologic signs of chronic 
inflammation in 5 out of 8 patients.  
Fecal calprotectin showed weak correlations with disease activity parameters, 
ESR, CRP and ASDAS, but was not associated with chronic AS related changes 
in the spine or disease manifestations, such as uveitis or swollen joint count.  
Furthermore unpublished data showed that the levels of fecal calprotectin were 
not convincingly associated with osteoporosis. Although fecal calprotectin was 
weakly correlated with vBMD of lumbar spine (rS= - 0.160; p=0.025), no 
significant correlations were found with AP or lateral lumbar BMD or BMD 
measured in the hip or radius. The data is arguing against the hypothesis of 
intestinal inflammation as an important contributor to the osteoporosis in AS. 
The study also showed that the serum levels of calprotectin were normal in 98% 
of the patients and not different from the levels of healthy controls. Serum 
calprotectin was positively associated with WBC, ESR, CRP, fecal calprotectin 
and ASDAS.      
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DISCUSSION  
 
This thesis on osteoporosis and osteoproliferation in AS is based on a cross-
sectional study with 210 included patients recruited from three rheumatology 
clinics in West Sweden; the Sahlgrenska University Hospital and the 
Departments of Rheumatology at the Hospitals of Borås and Alingsås. 
 
Generalizability of the results 
 
Were the patients representative for other AS patients followed at the three study 
centers? To analyze this we compared the medical records of the included 
patients (n=210) with the AS patients who were eligible for inclusion but 
declined participation or did not respond to invitation (n=132). (Fig 3) The 
patients who declined participation or did not respond to invitation were 
significantly younger than the included patients (46±13 years vs. 50±13 years; 
p=0.007) and had shorter disease duration (12±10 years vs. 15±11 years; 
p=0.035), but there was no significant difference in sex distribution or 
medication between included and not included patients. Our conclusion was that 
apart from the differences in age the included patients were representative for 
other AS patients followed at three study centers.  
Possible reasons for the age difference could be that younger patients declined 
participation more often due to lack of time or lower interest in having their 
BMD measured compared with older patients, but this is only speculation.  
 
Can the results regarding prevalence and risk factors for osteoporosis and 
vertebral fractures be generalized to encompass all Swedish AS patients, 
including patients followed in the primary health care? Not automatically. 
Patients followed at rheumatology clinics in Sweden usually have a more severe 
disease, with increased need of disease modifying anti-rheumatic drugs 
(DMARDs), compared with patients followed in the primary health care. The 
patients in the study reported a relatively high frequency of different disease 
manifestations such as uveitis (50%), arthritis (59%) and coxitis (8%) at present 
or in the past, but in many patients the disease activity was moderate (mean±SD 
BASDAI 3.6±2.1, ASDAS 2.4±0.9, BASFI 2.7±2.1) and inflammatory 
parameters were often normal (mean±SD CRP 9±10, ESR 15±14, mean ESR 
during 2004-2008 19±15). At radiography 27.5% of the patients had a disease 
restricted to the sacroiliacal joints and 72.5 % had any detectable chronic AS 
related change in cervical or lumbar spine. A total of 47% had syndesmophytes. 
Impairment of back-mobility and advanced ankylosis are however not 
indications to start treatment with DMARDs at present; hence many patients 
with advanced ankylosis but absence of high inflammatory activity are referred 
to the primary health care. Consequently patients who suffer from 
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osteoproliferation at high risk of osteoporosis and vertebral fractures are found 
in the primary health care as well. 
 
Prevalence and risk factors for osteoporosis and vertebral fractures – clinical 
implications 
 
One of the principal findings of this thesis was that both osteoporosis and 
vertebral fractures were common, but very often not diagnosed or treated in AS 
patients followed at rheumatology clinics in West Sweden. The first reports 
regarding osteoporosis in AS came already in 1970’Th, but the knowledge 
seems not to have been implemented in clinical practice. A total of 36% of the 
women, but only 8% of the men included in the study had ever done a BMD 
measurement before the study. Eight patients were on a bisphosphonate before 
the study, but treatment was initiated in additionally 30 patients after the study. 
Thus 14.2% of the study population had a low BMD which was insufficiently 
treated. Accordingly there is room for improvement in the diagnosing and 
management of osteoporosis in AS.  
 
High age and long disease duration were important risk factors for vertebral 
fractures and low BMD, but vertebral fractures and low BMD were found in 
patients aged 30-50 years too. The results from this thesis show that 
osteoporosis and vertebral fractures should be suspected in patients of both 
sexes with signs of high disease burden, such as impaired back-mobility, 
advanced syndesmophyte formation or ankylosis, elevated ESR and CRP, hip 
involvement or high lifetime use of glucocorticoids.  
 
Vertebral fractures are important to diagnose in AS for several reasons. Firstly, 
it’s important to distinguish fractures from disease flares caused by 
inflammatory activity, since this has major implications on the choice of 
treatment. Secondly, vertebral fractures can increase the kyphosis and contribute 
to the impairment of back-mobility in AS.[189] Thirdly, spinal fractures can be 
complicated by neurologic injuries.[176] Fourthly, the presence of vertebral 
fractures can be an indication for osteoporosis treatment regardless of 
BMD.[190] Fifthly, because studies on the general population have shown that a 
prevalent vertebral fracture is a strong indicator for the risk of a subsequent one 
and that vertebral fractures are associated with increased morbidity and 
mortality.[191-193]  
 
Which AS patients should be evaluated for osteoporosis? 
 
Based on the results from this thesis it’s recommendable to measure BMD 
regularly in all female and male AS patients from the age of 50. If BMD is 
normal the assessment should be repeated within five or ten years, since BMD is 
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likely to decrease by time. BMD assessment should be considered also in 
younger patients with impaired back-mobility, advanced AS related changes in 
the spine or high inflammatory activity.  
 
Could fracture risk assessment (FRAX®) be used in selecting AS patients for 
BMD evaluation?  We compared the FRAX® values for patients with and 
without a vertebral fracture and found that both FRAX® for the % ten-year 
probability of major osteoporotic and hip fracture were significantly higher in 
the patients with a vertebral fracture. The FRAX® tool is however not based on 
individuals with AS and the questionnaire does not contain questions concerning 
disease activity, back-mobility and osteoproliferation, which are relevant for AS. 
In the FRAX® tool female sex is a risk factor for fracture. In AS however, male 
patients have been shown to have the same or greater risk for osteoporosis and 
fractures than women. Consequently the FRAX® tool is not very well suited for 
the evaluation of AS patients. 
 
Which AS patients should be evaluated for vertebral fractures? 
 
The presence of a vertebral fracture should also be investigated at more regular 
intervals. The risk of a vertebral fracture should be considered in patients with 
impaired back-mobility, increasing tragus to wall distance, loss of body height 
of more than 3 cm, increased back pain and in patients who have been subject to 
trauma, even minor injury. Vertebral fractures can be assessed with lateral 
radiographs of the cervical, thoracic or lumbar spine. Vertebral fracture 
assessment (VFA), which is done using images obtained during the DXA 
procedure, could be another alternative in the screening for vertebral 
fractures.[194, 195] VFA gives minimal radiation doses and has the advantage 
of being done in conjunction with the DXA assessment. The method needs 
however further evaluation in AS. VFA usually includes vertebra Th4-L4, but 
not the entire columna.   
In patients with persistent back pain after any type of trauma an evaluation with 
CT or MRI should be considered if the initial plain radiograph is negative. This 
is imperative if the patient has any neurological symptoms. 
 
Assessment methods for BMD - what could be recommended? 
 
We used only conventional methods to identify the patients in whom 
bisphosphonate treatment was initiated after the study; that is ordinary DXA 
assessment in combination with spinal radiography applying the WHO-
definition of osteoporosis and using national guidelines for treatment. 
Thus, by using ordinary assessment methods which are well accessible it’s 
possible to find many AS patients with need of osteoporosis treatment. 
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There are however some problems in the diagnosing of osteoporosis in AS. 
Lumbar BMD measured with AP lumbar DXA can be difficult to interpret, since 
the osteoproliferative process causes falsely elevated BMD values. In the 
present thesis we show that lateral lumbar DXA is more sensitive in detecting 
low BMD, is less affected by the osteoproliferation in AS and more closely 
correlated with vertebral fractures 
Limitations of lateral lumbar DXA are however that reference values for men 
are missing and that the reference data base for women is based on a limited 
number of individuals at present. In addition the current WHO definition of 
osteoporosis, with the threshold set at a T-score of -2.5 SD using AP lumbar 
DXA, cannot be applied to lateral DXA directly, since this could risk over 
diagnosing of osteoporosis and that substantially more individuals would get the 
diagnose of osteoporosis.[196] At present there is no evidence supporting 
osteoporosis treatment in patients with low lateral lumbar BMD if AP lumbar 
BMD and BMD of the hip is normal. 
 
It’s advisable to use BMD of both total hip and femoral neck in the assessment 
of AS patients. In patients with advanced ankylosis, where AP lumbar spine 
measurements cannot be interpreted, measurements of the forearm should also 
be used.[133] At present lateral lumbar DXA and estimated lumbar vBMD can 
only be used for follow-up of treatment. Estimated vBMD is the first to decline 
when bone is lost and the first to improve following osteoporosis treatment. 
Measuring lumbar vBMD with QCT can be considered in a patient with bilateral 
hip prosthesis or in patients with advanced ankylosis of the spine. Lumbar QCT 
measurements can be used in therapeutic decisions in conjunction with clinical 
risk factors, according to the official standpoints of ISCD.[133] 
 
Treatment of osteoporosis in AS 
 
Bisphosphonates are used for treatment of osteoporosis in AS, but there is a lack 
of prospective studies on the effects of bisphosphonates on BMD and 
osteoproliferation. Therefore the patients with indication for bisphosphonate 
treatment in the current study were invited to participate in a prospective 
interventional trial with alendronate and calcium/vitamin D during 24 months. 
   
There is one retrospective study, were AS patients with different treatments for 
osteoporosis were followed during a mean time of 15 months. The patients 
treated with bisphosphonates showed a significant improvement of BMD in 
lumbar spine, but not in the hip. The follow up time was however too short to 
demonstrate a difference. It was concluded that the best effect on BMD was 
found in patients treated with a bisphosphonate in combination with a TNF-
inhibitor.[197] Treatment with zoledronic acid in DBA/1 mice has also been 
shown to improve BMD, without affecting arthritis or ankylosis.[198]   



62 
 

likely to decrease by time. BMD assessment should be considered also in 
younger patients with impaired back-mobility, advanced AS related changes in 
the spine or high inflammatory activity.  
 
Could fracture risk assessment (FRAX®) be used in selecting AS patients for 
BMD evaluation?  We compared the FRAX® values for patients with and 
without a vertebral fracture and found that both FRAX® for the % ten-year 
probability of major osteoporotic and hip fracture were significantly higher in 
the patients with a vertebral fracture. The FRAX® tool is however not based on 
individuals with AS and the questionnaire does not contain questions concerning 
disease activity, back-mobility and osteoproliferation, which are relevant for AS. 
In the FRAX® tool female sex is a risk factor for fracture. In AS however, male 
patients have been shown to have the same or greater risk for osteoporosis and 
fractures than women. Consequently the FRAX® tool is not very well suited for 
the evaluation of AS patients. 
 
Which AS patients should be evaluated for vertebral fractures? 
 
The presence of a vertebral fracture should also be investigated at more regular 
intervals. The risk of a vertebral fracture should be considered in patients with 
impaired back-mobility, increasing tragus to wall distance, loss of body height 
of more than 3 cm, increased back pain and in patients who have been subject to 
trauma, even minor injury. Vertebral fractures can be assessed with lateral 
radiographs of the cervical, thoracic or lumbar spine. Vertebral fracture 
assessment (VFA), which is done using images obtained during the DXA 
procedure, could be another alternative in the screening for vertebral 
fractures.[194, 195] VFA gives minimal radiation doses and has the advantage 
of being done in conjunction with the DXA assessment. The method needs 
however further evaluation in AS. VFA usually includes vertebra Th4-L4, but 
not the entire columna.   
In patients with persistent back pain after any type of trauma an evaluation with 
CT or MRI should be considered if the initial plain radiograph is negative. This 
is imperative if the patient has any neurological symptoms. 
 
Assessment methods for BMD - what could be recommended? 
 
We used only conventional methods to identify the patients in whom 
bisphosphonate treatment was initiated after the study; that is ordinary DXA 
assessment in combination with spinal radiography applying the WHO-
definition of osteoporosis and using national guidelines for treatment. 
Thus, by using ordinary assessment methods which are well accessible it’s 
possible to find many AS patients with need of osteoporosis treatment. 
 

63 
 

There are however some problems in the diagnosing of osteoporosis in AS. 
Lumbar BMD measured with AP lumbar DXA can be difficult to interpret, since 
the osteoproliferative process causes falsely elevated BMD values. In the 
present thesis we show that lateral lumbar DXA is more sensitive in detecting 
low BMD, is less affected by the osteoproliferation in AS and more closely 
correlated with vertebral fractures 
Limitations of lateral lumbar DXA are however that reference values for men 
are missing and that the reference data base for women is based on a limited 
number of individuals at present. In addition the current WHO definition of 
osteoporosis, with the threshold set at a T-score of -2.5 SD using AP lumbar 
DXA, cannot be applied to lateral DXA directly, since this could risk over 
diagnosing of osteoporosis and that substantially more individuals would get the 
diagnose of osteoporosis.[196] At present there is no evidence supporting 
osteoporosis treatment in patients with low lateral lumbar BMD if AP lumbar 
BMD and BMD of the hip is normal. 
 
It’s advisable to use BMD of both total hip and femoral neck in the assessment 
of AS patients. In patients with advanced ankylosis, where AP lumbar spine 
measurements cannot be interpreted, measurements of the forearm should also 
be used.[133] At present lateral lumbar DXA and estimated lumbar vBMD can 
only be used for follow-up of treatment. Estimated vBMD is the first to decline 
when bone is lost and the first to improve following osteoporosis treatment. 
Measuring lumbar vBMD with QCT can be considered in a patient with bilateral 
hip prosthesis or in patients with advanced ankylosis of the spine. Lumbar QCT 
measurements can be used in therapeutic decisions in conjunction with clinical 
risk factors, according to the official standpoints of ISCD.[133] 
 
Treatment of osteoporosis in AS 
 
Bisphosphonates are used for treatment of osteoporosis in AS, but there is a lack 
of prospective studies on the effects of bisphosphonates on BMD and 
osteoproliferation. Therefore the patients with indication for bisphosphonate 
treatment in the current study were invited to participate in a prospective 
interventional trial with alendronate and calcium/vitamin D during 24 months. 
   
There is one retrospective study, were AS patients with different treatments for 
osteoporosis were followed during a mean time of 15 months. The patients 
treated with bisphosphonates showed a significant improvement of BMD in 
lumbar spine, but not in the hip. The follow up time was however too short to 
demonstrate a difference. It was concluded that the best effect on BMD was 
found in patients treated with a bisphosphonate in combination with a TNF-
inhibitor.[197] Treatment with zoledronic acid in DBA/1 mice has also been 
shown to improve BMD, without affecting arthritis or ankylosis.[198]   



64 
 

 
Bisphosphonates have anti-inflammatory effects. Pamidronate has been reported 
to have effect on disease activity in AS.[199, 200] A randomized placebo 
controlled trial on alendronate in AS could however not show any effects on 
disease activity as presented in an abstract in 2011.[201] Both pamidronate and 
zoledronic acid have shown beneficial effects on symptoms, without increased 
osteoproliferation, in synovitis, pustulosis, hyperostosis and osteitis (SAPHO) 
syndrome, which like AS is a disease characterized by new bone formation.[202, 
203] 
It is also noteworthy that several open label studies have shown that TNFα –
blocking agents have positive effects on BMD in AS.[159, 163] The effect is 
however not sufficient to merit the use of a TNFα-blocker in mono-therapy for 
osteoporosis. 
  
In the current study we noted that many AS patients had a low intake of dairy 
products. Totally 63% of the patients had a calcium intake of less than the 
recommended 800 mg daily, based on their reported intake of dairy products and 
calcium substitution. AS patients may thus need more information about 
calcium intake, since they are at high risk of developing osteoporosis.  
 
Trabecular bone loss affects the whole skeleton in AS, but fractures mainly 
occur in the spine- why?  
 
The findings in this thesis indicate that osteoporosis in AS is a systemic process 
and that loss of trabecular bone in axial and peripheral bone is coupled. 
We found almost as many patients with peripheral as axial osteoporosis or 
osteopenia. Furthermore trabecular vBMD in lumbar spine and ultra-distal 
radius and tibia were strongly correlated. Vertebral fractures, low lumbar vBMD 
and chronic AS related changes in the spine were in addition associated with a 
deterioration of the peripheral bone microarchitecture.   
 
There are several factors which influence bone tissue in the whole skeleton, such 
as heredity, ageing, hormonal deficiency, smoking, vitamin D deficiency, 
physical activity, alterations of the calcium homeostasis and malnutrition. The 
increased expression of inflammatory mediators in AS, such as TNFα, IL-1, IL-
6 and IL-17 also exerts effects on all bone tissue.  
 
Nevertheless, elevated frequencies of vertebral fractures, but not non-vertebral 
fractures have been observed in AS. This has led to the view that the 
osteoporosis mainly affects the axial skeleton. In our study there was also a 
discrepancy between the number of vertebral fractures (n=42) and hip fractures 
(n=1). How could this be explained if osteoporosis is a systemic process?  
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Hip fractures occur late in life. In Sweden the mean age at time of a hip fracture 
is 80 years for women and 76 years for men.[136] The patients in the current 
study were younger, with a mean age of 50. In addition the data on the 
prevalence of peripheral fractures in the study was based on questionnaires filled 
in by the patients and there is a risk that peripheral fractures were underreported. 
 
Reasons for the increased prevalence of vertebral fractures may be sought in 
mechanical and inflammatory factors in the local environment of the spine in 
AS. The biomechanical properties of the spine are altered in several aspects in 
AS. The growth of syndesmophytes between the vertebras and the apposition of 
cortical bone can result in an unloading of the trabecular bone and further 
enhancement of trabecular bone loss in the vertebral bodies. We found that 
vBMD of trabecular and cortical bone was correlated in ultra-distal radius and 
tibia, but not in lumbar spine in accordance with the above mentioned 
hypothesis. After adjusting for age, trabecular bone loss was in fact associated 
with increasing density in cortical bone in lumbar spine.  
Furthermore the degeneration of the intervertebral discs during the course of the 
disease can reduce their shock-absorbing capacity resulting in increased risk of 
fractures. In addition bridging syndesmophytes and ankylosis makes the spine 
react more like a stiff long-bone rather than a flexible vertebral column upon 
trauma; instead of absorbing force by bending the tissues brake. It has also been 
hypothesized that the rigidity in the SI-joints and spine would result in a 
disturbance of the muscle tonicity in AS, which also could increase the 
propensity to fracture. 
It is also possible that trabecular bone loss is enhanced in the vertebras due to 
the proximity to inflammation, with locally elevated levels of inflammatory 
mediators.   
    
Biomarkers for osteoporosis and osteoproliferation - clinical utility 
 
In the cross-sectional setting of this study we found that Wnt-3a was elevated in 
AS in comparison with healthy controls and associated with poor back-mobility 
and advanced chronic AS related changes in the spine. We also found that low 
serum levels of sclerostin were associated with low BMD of femoral neck. Does 
this make Wnt-3a and sclerostin ideal biomarkers for osteoproliferation and 
osteoporosis respectively in AS?  
 
The outcome measures in rheumatology (OMERACT), an independent 
organization of health professionals which strives to improve health outcome 
measures in rheumatic diseases, has developed a filter by which new outcome 
measures can be validated. The filter includes questions of truth, discrimination 
and feasibility. The following questions should be posed to apply the 
OMERACT filter on our results regarding Wnt-3a and sclerostin:   
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measures in rheumatic diseases, has developed a filter by which new outcome 
measures can be validated. The filter includes questions of truth, discrimination 
and feasibility. The following questions should be posed to apply the 
OMERACT filter on our results regarding Wnt-3a and sclerostin:   
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I) Is the measure truthful; does it measure what it intends to measure? 
Bone modeling, remodeling and osteoproliferation are governed by paracrine 
and autocrine signals from several regulatory mediators which build up 
concentration gradients in the local extracellular milieu. The serum levels of 
these mediators may not reflect the concentrations in the periphery. Wnts are in 
addition hydrophobic molecules due to palmitoylation and difficult to 
dissolve.[204] It has been speculated that the hydrophobic properties of the 
molecule helps building up a concentration gradient towards cell membranes. 
Wnt-3a was the first Wnt to be isolated in an active form and 
characterized.[112] Wnt-3a can be secreted in a soluble active form into cell 
suspensions by cells overexpressing Wnt-3a.[205] Wnt-3a harvested from such 
cell media has been used in a large number of experiments. Sclerostin is 
predominantly expressed in osteocytes and the level of sclerostin in serum has 
been measured in many studies.  
We cannot prove that the elevated serum levels of Wnt-3a we found in the AS 
patients emanate from bone tissue and osteoproliferation. We only report the 
association between serum levels of Wnt-3a and chronic AS related changes in 
the spine and reduction of back-mobility. Coherently we cannot prove if lower 
levels of sclerostin are associated with osteoproliferation or osteoporosis in AS.   
 
II) Does the measure discriminate between situations that are of interest? 
It is of great interest to find biomarkers for osteoporosis and osteoproliferation 
in AS. Such biomarkers could be used to study the pathogenesis of the disease, 
to help in the finding of new treatments against osteoporosis and 
osteoproliferation, to prognosticate and select patients for medication and to 
follow up the therapy. Wnts and sclerostin are interesting to study in AS due to 
their effects on osteoblasts. 
The results regarding Wnt-3a and sclerostin have to be repeated in a setting 
where the serum levels are studied in relation to radiographic progression and 
progression of osteoporosis in AS over time. 
 
III) Can the measure be applied easily, given constrains of time, money and 
interpretability? 
Even if the levels in serum may not reflect what is happening locally at the sites 
of inflammation and osteoproliferation, useful biomarkers in AS have to be 
measurable in blood samples. Biopsy material is particularly difficult to obtain 
in this disease characterized by inflammation in SI-joints and vertebras and 
would not be a feasible alternative. Measuring levels of Wnt-3a and sclerostin 
with ELISA in serum are easy and inexpensive methods. Serum levels of 
sclerostin can be difficult to interpret since sclerostin is positively associated 
with age. It is too early to give an opinion on interpretability of Wnt3a. 
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Factors associated with spinal osteoproliferation in AS   
 
In the current thesis we found that impairment of back mobility and chronic AS 
related changes in the spine were associated with male sex, long disease 
duration, smoking and elevated levels of CRP and Wnt-3a. 
 
AS is a disease which affects more men than women, with a prevalence ratio of 
2-3:1. Male sex is also a risk factor for radiographic severity, for reasons 
incompletely understood. It has been shown that women with AS have more 
peripheral arthritis and are more often HLA-B27 negative, but no gender 
difference in functional impairment has been shown.[206] There is evidence of 
differences in the way women and men inherit the disease, but no linkage 
between the X chromosome and susceptibility to AS has been found.[207] Men 
with AS have been shown to have higher levels of DHEA, but no other 
differences regarding levels of sex hormones have been found between those 
with and without AS within each sex.[208]     
  
A problem of the currently most used score for back mobility, BASMI, is that 
the reference values are not adjusted for sex, age or body height. Men are 
usually taller than women and there is a risk for overestimating the back 
mobility in taller individuals.  
 
Several studies have shown that smoking is associated with deterioration of 
function and back-mobility in AS.[209-211] In part this may be explained by 
smokers doing less exercise and having more comorbid conditions. Smokers 
have on the other hand been shown to have more physically demanding jobs 
than non-smokers in general.[212] Smoking has also been associated with 
radiologic progression in AS.[211, 213] A recent study reported that smoking 
was associated with earlier onset of IBP, higher disease activity and increased 
axial inflammation on MRI in early axial Spa.[214]  
Tobacco smoke contains a mixture of substances which may trigger immune 
responses. It is not known by which mechanisms smoking is linked to 
inflammation and osteoproliferation in AS.  
Smoking can induce citrullination of proteins in the lung and is a risk factor for 
anti-citrulline positive RA. Tobacco use has furthermore been associated with 
radiographic progression and poorer response to biologics in RA.[215]In 
contrast to RA, synovial biopsies from AS patients have not been positive to 
staining for citrullinated proteins.[216] Anti-citrullin antibodies are however 
occasionally  seen in AS (4%) and were in a recent study reported to be 
associated with peripheral arthritis.[217] In another recent study serum levels of 
citrullinated and degraded fragments of vimentin (VICM) were shown to be 
associated with radiographic progression in AS.[218] Tobacco use has also been 
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associated with the development of anti-dsDNA antibodies in SLE.[219] 
Smoking causes opposing effects on ulcerative colitis and Crohn’s disease. 
Whereas smoking is protective for ulcerative colitis, smokers with Crohn’s 
disease have a more aggressive course of the illness. The cessation of smoking 
reduces the risk of relapse in Crohn’s in similar magnitude to what is obtained 
with immunosuppressives.[220]  
Smoking is a risk factor for osteoproliferation and cardiovascular diseases which 
can be influenced, hence AS patients should be encouraged to stop smoking. In 
the present study 11.8% (n=24) were current smokers, but 33.8% (n=69) 
answered that they had smoked during at least 6 months before and that they 
now had stopped! In 2009, 10.2 % of the Swedish population was daily smokers. 
(www.sorad.su.se) 
 
Calprotectin - clinical aspects 
 
We found that 68% of the AS patients had elevated fecal calprotectin using the 
clinical standard assay of the time of the study and that levels of fecal 
calprotectin were associated with NSAID use, ESR and CRP.  
 
Fecal calprotectin can be used to help distinguish between functional and 
organic gut disease in AS patients with gastrointestinal symptoms. A normal 
fecal calprotectin value speaks strongly against IBD as the cause of the 
symptoms. Elevated levels in the range of 150 to 200 mg/kg should lead to 
further examinations, often by colonoscopy. NSAIDs should if possible be 
stopped before the assessment.  
Assessing fecal calprotectin in AS patients who lack gastrointestinal symptoms 
can however cause some trouble of mind in clinical practice. In many cases the 
fecal calprotectin levels will be elevated, caused by NSAIDs and/or subclinical 
gut inflammation and there are no clear recommendations how this should be 
dealt with.  
 
AS patients with subclinical intestinal inflammation verified by biopsy have an 
increased risk of developing overt IBD.[22, 23] There is however at present no 
evidence in how to treat the subclinical gut inflammation and how to prevent the 
evolvement of IBD. In the current study treatment with methotrexate and TNFα-
blockers where associated with lower levels of fecal calprotectin. It would be of 
interest to further study the effects of DMARDs on fecal calprotectin and gut 
inflammation in AS. 
 
Daily NSAID use in AS - Pros and Cons 
 
NSAIDs have good effect on inflammatory back pain and morning stiffness in 
AS.[87] Three different studies have in addition shown that daily or high use of 
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NSAIDs is associated with retardation of radiologic progression in AS. [88-90]  
Low dose or on-demand regime of NSAIDs has less effect on syndesmophyte 
formation. The effect of NSAIDs on bone formation may be mediated via 
hampering of PGE2 expression in osteocytes in response to mechanical load. 
[91]  
 
On the other hand we demonstrate that daily NSAID use is associated with 
significantly increased levels of fecal calprotectin, as compared with on-demand 
use of NSAIDs or no use. The elevation of fecal calprotectin could reflect either 
intestinal inflammation or gastrointestinal pathology caused by the NSAIDs. A 
study with capsule enteroscopy, before and after two weeks medication with 
diclofenac 150 mg daily, revealed new mucosal pathology and rise in fecal 
calprotectin in 68% of healthy volunteers.[221] NSAIDs are also known to 
cause disease flares in IBD and to cause side effects in oesophagus and 
ventricle, such as esophagitis, gastritis and ulcers.[222] It has been hypothesised 
that intestinal inflammation in HLA-B27 positive individuals can trigger 
spondyloarthritis. In this perspective daily use of NSAIDs could even be 
deleterious in AS. 
Furthermore NSAID are associated with hypertension, renal insufficiency and 
cardiovascular morbidity and mortality. 
 
So which patients should be put on continuous NSAID treatment? It has been 
shown that the presence of an existing syndesmophyte on radiography is a 
strong predictor for the development of new syndesmophytes.[213, 223] Patients 
with elevated CRP or ESR have been shown to benefit more from daily NSAID-
use than patients with normal inflammatory parameters .[89]  
A reasonable approach could be to recommend continuous daily NSAID 
treatment to younger and middle-age AS patients with radiographic 
syndesmophytes or elevated CRP or ESR and to avoid continuous NSAID in 
non-radiographic spondylarthritis, in elderly and in patients with increased 
cardiovascular risk or traits of IBD. 
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FUTURE PERSPECTIVES 
 
On-going projects in association with the current study are: 
 

 The treatment study with Alendronate in AS.  
 

 A study on presence and risk factors for cardiac involvement in AS using 
electrocardiograms (ECG) and echocardiograms.   

 
 A genetic project on single nucleotide polymorphisms (SNP) in the 

CARD8 and NLRP3 regions in AS.  
 
  
The continuation of the research project 
 
In 2014 we are planning to do a five-year follow-up, in which all patients 
included in the current study will be invited to participate. A new PhD student 
will be involved in this investigation. Radiography and BMD assessments will 
be repeated to study progression of osteoporosis and osteoproliferation in 
relation to variables of importance observed in 2009, biomarkers, medication, 
disease activity and life-style related factors during the five year follow-up 
period.  
 
Other topics that would be interesting to study are: 
 

 Vertebral fracture assessment with radiography compared with DXA 
VFA in AS. 

 The effects of TNF-inhibition on biomarkers for bone metabolism 
prospectively.  

 Gut inflammation in AS verified by colonoscopy in relation to fecal 
calprotectin.  

 The effect of DMARDs on gut inflammation in AS. 
 The progress of aortic valve insufficiency in AS over time in relation to 

disease activity, biomarkers and medication. 
 Serum levels of vitamin D in relation to osteoporosis and disease activity 

in AS. 
 HLA-B27 subtypes in relation to osteoporosis, osteoproliferation and 

disease manifestations. 
 Genetic aspects of Wnts and Wnt-inhibitors in AS.  
 Pathogenic effects of smoking in AS.  
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POPULÄRVETENSKAPLIG SAMMANFATTNING PÅ SVENSKA  
 
BAKGRUND 
Ankyloserande spondylit (AS) är en relativt vanlig kronisk reumatisk sjukdom 
som återfinns hos cirka 0.16-0.5 % av befolkningen i Sverige. Sjukdomen är två 
till tre gånger vanligare hos män än hos kvinnor. Insjuknandet sker oftast runt 25 
års ålder och nästan aldrig efter 45 års ålder. Första symptom på sjukdomen 
brukar vara ryggsmärta och stelhet som orsakas av inflammation. Sjukdomen 
leder till en ökad förbeningstendens, med utväxt av bennabbar mellan kotor och 
i leder. I uttalade fall kan bäckenlederna förbenas helt och växa ihop, drabbas av 
”ankylos”. Många patienter får problem med nedsatt rörlighet i ryggen, dels 
beroende förbeningstendensen, men också på grund av smärta och 
muskelspänningar.   
Sjukdomen kan också ge inflammation och svullnad av leder, såsom knäleder, 
fotleder och höftleder. Inflammation i muskel-, ligaments- och senfästen är 
vanligt förkommande. Andra organ utanför ledapparaten som också kan drabbas 
är ögon och hjärta.  
Trots att sjukdomen ger ökad bennybildning har patienter med AS en ökad risk 
för benskörhet (osteoporos) och kotfrakturer. Kotfrakturer vid AS kan vara 
instabila och medföra risk för skador på ryggmärg och nerver. Vanlig 
bentäthetsmätning med dual energy x-ray absorptiometry (DXA) i ländrygg är 
inte tillförlitlig vid svår AS, eftersom bennybildningen utanför kotkropparna gör 
att bentätheten blir falskt för hög. Vid konventionell DXA mäts bentäthet i 
ländryggen framifrån. Om man mäter bentätheten i kotkropparna från sidan 
kommer mindre av bennybildningen med i beräkningen. Bentäthet kan också 
mätas med datortomografi, Quantitative Computed Tomography (QCT). 
Högupplösande perifer kvantitativ datortomografi (HRpQCT) är en ny 
röntgenmetod för bentäthetsmätning och avbildning av skelettdelar i tre 
dimensioner. Vid HRpQCT röntgas skelettet i mycket tunna skikt, mer än 100 
snitt per cm, vilka därefter sammanställs med digital teknik så att man får en 
detaljerad avbildning av skelettdelen.  
Sjukdomen AS har många gemensamma drag med inflammatorisk 
tarmsjukdom, dvs. med ulcerös colit och Crohns sjukdom. Patienter med 
inflammatorisk tarmsjukdom kan utveckla en bild som liknar AS och vid 
tarmundersökningar (koloskopier) av AS patienter har man funnit att många har 
en tyst låggradig inflammation i tarmen. Calprotectin är ett ämne som finns i den 
vanligaste typen av vita blodkroppar, s.k. neutrofila granulocyter, som ansamlas 
i tarmväggen vid tarminflammation. Calprotectin mätt i avföring, s.k. fekalt 
calprotectin, används för att upptäcka tarminflammation och mäta hur aktiv och 
omfattande tarminflammationen är. 
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SYFTEN 
Huvudsyften med studien var att undersöka förekomsten av benpåverkan, såväl 
osteoporos som bennybildning, hos patienter med AS och att studera samband 
mellan benpåverkan och sjukdomsaktivitet, sjukdomsmanifestationer och 
livsstilsfaktorer. 
Specifika syften var  

A. Att undersöka förekomsten är av osteoporos och kotfrakturer hos AS-
patienter i Västra Götalandsregionen  

B. Att identifiera faktorer av betydelse för utveckling av osteoporos, 
kotfrakturer och bennybildning vid AS. 

C. Att jämföra olika metoder för mätning av bentäthet i ländryggen; DXA 
mätt framifrån eller från sidan och QCT 

D. Att mäta nivåer av kemiska markörer, s.k. biomarkörer, för osteoporos 
och bennybildning i blodet hos AS patienter jämfört med friska 
kontrollpersoner och studera samband mellan biomarkörer och 
sjukdomsaktivitet, ryggrörlighet, bentäthet och bennybildning.  

E. Att med hjälp av HRpQCT jämföra bentäthet i perifert skelett hos AS 
patienter och friska  kontrollpersoner och att studera samband mellan 
mikroarkitektur i perifert skelett och kotfrakturer, bennybildning samt 
bentäthet i ländrygg mätt med DXA and QCT. 

F. Att, med provtagning av fekalt calprotectin, indirekt studera förekomst av 
tarminflammation hos AS patienter i relation till sjukdomsaktivitet, 
sjukdomsmanifestationer och bentäthet. 

 
METOD 
 
Alla patienter med AS som var registrerade vid Reumatologkliniken på 
Sahlgrenska Universitetssjukhuset och Reumatologmottagningarna i Borås och 
Alingsås erbjöds att delta i studien.  
Patienterna fyllde i enkäter och lämnade prover. De undersöktes och 
ryggrörligheten mättes. Röntgenundersökning gjordes av nack-, bröst- och 
ländrygg för bedömning av förbeningstendens och förekomst av kotfrakturer. 
Bentäthetsmätning med DXA gjordes i vänster underarm och höft och i 
ländryggen både framifrån och från sidan. 
Totalt 69 män blev slumpmässigt utvalda för att även göra bentäthetsmätning 
med QCT i ländryggen och HRpQCT i vänster underarm och underben. 
HRpQCT resultaten från AS patienterna jämfördes med värden från friska 
kontroller undersökta med samma typ av HRpQCT apparat på Mayokliniken i 
Rochester Minnesota USA.  
Blodprover från 80 friska blodgivare insamlades för att kunna jämföra 
koncentrationer av olika biomarkörer i blodet hos AS patienter och friska.  
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RESULTAT 
I studien inkluderades totalt 210 patienter, 43 % kvinnor och 57 % män, med 
ålder från 17 till 78 år. Medelåldern hos patienterna var 50 år. I medeltal hade 
det gått 24 år sedan insjuknandet och 15 år sedan diagnosen AS ställdes.  
Hos patienter som var 50 år eller äldre diagnosticerades osteoporos hos 21 % 
och nedsatt bentäthet (osteopeni) hos ytterligare 44 %. Totalt 5 % av de patienter 
som var yngre än 50 år hade bentäthet som var lägre än förväntat för åldern. 
Totalt 24 patienter (12 %) hade kotfrakturer som upptäcktes vid röntgen. Hos 21 
av dessa patienter var kotfrakturerna inte kända sedan tidigare. I hela gruppen 
upptäcktes 42 frakturerade kotor, eftersom vissa patienter hade flera 
kotfrakturer. Förekomsten av kotfrakturer var lika mellan könen, men män med 
kotfraktur var yngre än kvinnor med kotfraktur.  
Totalt 36 % av kvinnorna hade gjort en bentäthetsmätning tidigare, men bland 
männen var motsvarande siffra bara 8 %. Efter studien startades 
osteoporosbehandling med en s.k. bisfosfonat i kombination med calcium och 
D-vitamin hos 30 patienter (14 %) och ytterligare 28 patienter (13 %) fick 
behandling med enbart calcium och D-vitamin. 
Faktorer associerade med osteoporos var hög ålder, lång sjukdomsduration, 
dålig ryggrörlighet, hög förekomst av förbeningar vid ryggröntgen, hög sänka, 
kortisonanvändning, rökning, låg body mass index (BMI) och menopaus. 
Faktorer associerade med kotfrakturer var hög ålder, lång sjukdomsduration, 
dålig ryggrörlighet, hög förekomst av förbeningar vid ryggröntgen, dålig 
självskattad allmän hälsa, rökning, menopaus och låg bentäthet.  
 
Vid jämförelser av bentäthet mätt med DXA framifrån och från sidan fann vi att 
DXA mätt från sidan var en känsligare metod för att upptäcka låg bentäthet, 
påverkades mindre av bennybildningen vid AS och hade ett högre samband med 
kotfrakturer.  
 
Det viktigaste fyndet i studien av biomarkörer för bennybildning och osteoporos 
var resultat talande för att biomarkören Wnt-3a kan ha samband med 
bennybildning vid AS. Wnt-3a tillhör en grupp proteiner som kallas Wingless 
(Wnt), vilka har betydelse för utveckling och celldelning hos benceller 
(osteoblaster). Vi fann att AS patienterna hade signifikant högre koncentration 
av Wnt-3a i blodet än kontrollpersonerna. Höga nivåer av Wnt-3a i blodet var 
kopplat till sämre ryggrörlighet och mer uttalad bennybildning i ryggen. Låg 
bentäthet i lårbenshalsen hade samband med låga nivåer sclerostin. 
 
Undersökningarna med HRpQCT i underarm och underben, samt QCT i 
ländrygg visade starka samband mellan bentätheten i det trabekulära benet i 
underarm, underben och ländrygg, talande för en koppling mellan benförlust i 
kotor och i perifert skelett.  
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Låg bentäthet i ländrygg, kotkompressioner och ökad bennybildning i ryggen 
var också associerat till försämring av mikroarkitekturen i perifert skelett, med 
färre och tunnare trabekler, större avstånd mellan trabekler och tunnare skikt av 
kompakt ben. Vid ökad förbeningstendens i ryggen såg man minskande 
bentäthet i det trabekulära benet i kotornas mitt, men ökad bentäthet i det 
kompakta benet i kotkropparnas periferi. 
 
Totalt 68 % av AS patienterna hade förhöjt fekalt calprotectin som indirekt 
tecken på tarminflammation eller läkemedelspåverkan, men det fanns inget 
samband mellan nivåerna av fekalt calprotectin och tarmsymptom. Högre värden 
av fekalt calprotectin sågs hos patienter som medicinerade med 
inflammationsdämpande smärtstillande (antiflogistika/NSAID-preparat) och 
lägre värden sågs hos dem som medicinerade med metotrexat eller TNF-
hämmare. Det fanns inget samband mellan fekalt calprotectin och bentäthet. 
 
SLUTSATSER 
 
Osteoporos och kotfrakturer är vanligt förekommande, men ofta 
odiagnostiserade och obehandlade hos patienter med AS som följs på 
reumatologkliniker i Västra Götaland. Viktiga riskfaktorer för osteoporos och 
kotfrakturer är hög ålder, lång sjukdomsduration, förbeningar vid ryggröntgen 
och dålig ryggrörlighet. 
Bentäthet mätt med DXA i ländryggen från sidan kan vara ett bättre alternativ 
än mätning med DXA framifrån vid AS, men metoden behöver utvärderas mer 
och normalvärden för både kvinnor och män behöver utarbetas. 
Patienter med AS har högre värden av Wnt-3a i serum än friska 
kontrollpersoner. Nivåer av Wnt-3a kan ha samband med bennybildning vid AS.   
Osteoporos vid AS är en systemisk/utbredd process som drabbar både kotpelare 
och perifert skelett. Osteoporos, bennybildning och frakturer i ryggen är kopplat 
till försämring av mikroarkitekturen i det perifera skelettet. 
Två tredjedelar av patienter med AS har förhöjt värde av fekalt calprotectin, 
talande för tyst tarminflammation eller läkemedelsbiverkan av 
inflammationsdämpande smärtstillande mediciner.       
 
 
 
 
 
 
 
 
 
 
 

75 
 

Acknowledgements 
 
I sincerely want to thank everyone who has helped and contributed in different ways to this 
thesis. I am very grateful to all the patients and the blood donors who participated in the 
study. 
 
I especially want to thank: 
 
Helena Forsblad-d’Elia, my supervisor, who has led this research project with enthusiasm, 
patience, wisdom and accuracy using her broad experience in clinical research. Helena has 
been my supervisor already since 1999, first during my internship as rheumatologist and later 
as a PhD student. She has always been a very dear friend and a fantastic support in times of 
trouble. 
 
Hans Carlsten, my co-supervisor, for expertise, guidance, enthusiasm and encouragement 
 
Martin Hedberg, Camilla Johansson, Elisabet Hilme and Birgitta Sharma who helped in the 
finding and inclusion of patients in Borås and Alingsås 
 
Gunilla Håwi and Ingela Carlberg for keeping track of the patients, contacting them and 
helping out when we included the patients in Gothenburg 
 
Dan Mellström and Mattias Lorentzon for excellent cooperation regarding the DXA and 
HRpQCT measurements and for help in the interpretation of the results  
 
Mats Geijer and Jan Göthlin for assessing the radiographs, helping us with the QCT 
measurements and for excellent cooperation 
 
Claes Ohlsson for support and helping us get in contact with Sundeep Khosla and Elizabeth 
Atkinson  
Sundeep Khosla and Elizabeth Atkinson for letting us use their HRpQCT measurements of 
healthy controls 
 
Merja Nurkkala for all her work with the ELISA analyses of the biomarkers for bone 
metabolism 
Annica Andersson for her work with the blood donor samples and the ELISA analyses of 
serum calprotectin. 
 
Angelica Jarlert, Marie-Louise Lindqvist and Ulrika Hjertonsson for the DXA- and HRpQCT 
measurements and for providing me with images and data files   
 
My colleagues at the Rheumatology Department at Sahlgrenska University Hospital for good 
times and friendship 
 
My mother Ingrid, my father Lennart in his heaven and my sisters Anna and Gunilla for help 
and support 
 
Göran for being my companion of life and travel during 22 years  
Our three beloved children Erik, Elin and Anna - please take good care, live for long and 
make the most of your lives! 



74 
 

Låg bentäthet i ländrygg, kotkompressioner och ökad bennybildning i ryggen 
var också associerat till försämring av mikroarkitekturen i perifert skelett, med 
färre och tunnare trabekler, större avstånd mellan trabekler och tunnare skikt av 
kompakt ben. Vid ökad förbeningstendens i ryggen såg man minskande 
bentäthet i det trabekulära benet i kotornas mitt, men ökad bentäthet i det 
kompakta benet i kotkropparnas periferi. 
 
Totalt 68 % av AS patienterna hade förhöjt fekalt calprotectin som indirekt 
tecken på tarminflammation eller läkemedelspåverkan, men det fanns inget 
samband mellan nivåerna av fekalt calprotectin och tarmsymptom. Högre värden 
av fekalt calprotectin sågs hos patienter som medicinerade med 
inflammationsdämpande smärtstillande (antiflogistika/NSAID-preparat) och 
lägre värden sågs hos dem som medicinerade med metotrexat eller TNF-
hämmare. Det fanns inget samband mellan fekalt calprotectin och bentäthet. 
 
SLUTSATSER 
 
Osteoporos och kotfrakturer är vanligt förekommande, men ofta 
odiagnostiserade och obehandlade hos patienter med AS som följs på 
reumatologkliniker i Västra Götaland. Viktiga riskfaktorer för osteoporos och 
kotfrakturer är hög ålder, lång sjukdomsduration, förbeningar vid ryggröntgen 
och dålig ryggrörlighet. 
Bentäthet mätt med DXA i ländryggen från sidan kan vara ett bättre alternativ 
än mätning med DXA framifrån vid AS, men metoden behöver utvärderas mer 
och normalvärden för både kvinnor och män behöver utarbetas. 
Patienter med AS har högre värden av Wnt-3a i serum än friska 
kontrollpersoner. Nivåer av Wnt-3a kan ha samband med bennybildning vid AS.   
Osteoporos vid AS är en systemisk/utbredd process som drabbar både kotpelare 
och perifert skelett. Osteoporos, bennybildning och frakturer i ryggen är kopplat 
till försämring av mikroarkitekturen i det perifera skelettet. 
Två tredjedelar av patienter med AS har förhöjt värde av fekalt calprotectin, 
talande för tyst tarminflammation eller läkemedelsbiverkan av 
inflammationsdämpande smärtstillande mediciner.       
 
 
 
 
 
 
 
 
 
 
 

75 
 

Acknowledgements 
 
I sincerely want to thank everyone who has helped and contributed in different ways to this 
thesis. I am very grateful to all the patients and the blood donors who participated in the 
study. 
 
I especially want to thank: 
 
Helena Forsblad-d’Elia, my supervisor, who has led this research project with enthusiasm, 
patience, wisdom and accuracy using her broad experience in clinical research. Helena has 
been my supervisor already since 1999, first during my internship as rheumatologist and later 
as a PhD student. She has always been a very dear friend and a fantastic support in times of 
trouble. 
 
Hans Carlsten, my co-supervisor, for expertise, guidance, enthusiasm and encouragement 
 
Martin Hedberg, Camilla Johansson, Elisabet Hilme and Birgitta Sharma who helped in the 
finding and inclusion of patients in Borås and Alingsås 
 
Gunilla Håwi and Ingela Carlberg for keeping track of the patients, contacting them and 
helping out when we included the patients in Gothenburg 
 
Dan Mellström and Mattias Lorentzon for excellent cooperation regarding the DXA and 
HRpQCT measurements and for help in the interpretation of the results  
 
Mats Geijer and Jan Göthlin for assessing the radiographs, helping us with the QCT 
measurements and for excellent cooperation 
 
Claes Ohlsson for support and helping us get in contact with Sundeep Khosla and Elizabeth 
Atkinson  
Sundeep Khosla and Elizabeth Atkinson for letting us use their HRpQCT measurements of 
healthy controls 
 
Merja Nurkkala for all her work with the ELISA analyses of the biomarkers for bone 
metabolism 
Annica Andersson for her work with the blood donor samples and the ELISA analyses of 
serum calprotectin. 
 
Angelica Jarlert, Marie-Louise Lindqvist and Ulrika Hjertonsson for the DXA- and HRpQCT 
measurements and for providing me with images and data files   
 
My colleagues at the Rheumatology Department at Sahlgrenska University Hospital for good 
times and friendship 
 
My mother Ingrid, my father Lennart in his heaven and my sisters Anna and Gunilla for help 
and support 
 
Göran for being my companion of life and travel during 22 years  
Our three beloved children Erik, Elin and Anna - please take good care, live for long and 
make the most of your lives! 



76 
 

Funding 
 
This thesis was supported by grants from The Health and Medical Care Executive Board of 
the Västra Götaland, Rune and Ulla Amlövs foundation for Rheumatology Research, 
Göteborg’s Association Against Rheumatism, The Medical Society of Göteborg, the Medical 
Society of Göteborg and the Region Västra Götaland (agreement concerning research and 
education of doctors), COMBINE, the Margareta Rheuma research foundation, the Inger 
Bendix foundation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

77 
 

REFERENCES 
  

1. Feldtkeller E, Lemmel EM, Russell AS: Ankylosing spondylitis in the pharaohs of 
ancient Egypt. Rheumatology international 2003, 23(1):1-5. 

2. Pugh MT: Bernard Connor (1666-1698). Rheumatology (Oxford, England) 2002, 
41(8):942-943. 

3. Rekand T: [Vladimir Bechterew--the professor stopped by Stalin]. Tidsskrift for 
den Norske laegeforening : tidsskrift for praktisk medicin, ny raekke 2007, 
127(24):3264-3266. 

4. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J, Burgos-Vargas R, Dougados 
M, Hermann KG, Landewe R, Maksymowych W et al: The Assessment of 
SpondyloArthritis international Society (ASAS) handbook: a guide to assess 
spondyloarthritis. Annals of the rheumatic diseases 2009, 68 Suppl 2:ii1-44. 

5. Gofton JP, Robinson HS, Trueman GE: Ankylosing spondylitis in a Canadian 
Indian population. Annals of the rheumatic diseases 1966, 25(6):525-527. 

6. Bakland G, Nossent HC, Gran JT: Incidence and prevalence of ankylosing 
spondylitis in Northern Norway. Arthritis and rheumatism 2005, 53(6):850-855. 

7. Gran JT, Mellby AS, Husby G: The prevalence of HLA-B27 in Northern Norway. 
Scandinavian journal of rheumatology 1984, 13(2):173-176. 

8. Braun J, Sieper J: Ankylosing spondylitis. Lancet 2007, 369(9570):1379-1390. 
9. Mijiyawa M, Oniankitan O, Khan MA: Spondyloarthropathies in sub-Saharan 

Africa. Current opinion in rheumatology 2000, 12(4):281-286. 
10. Haglund E, Bremander AB, Petersson IF, Strombeck B, Bergman S, Jacobsson LT, 

Turkiewicz A, Geborek P, Englund M: Prevalence of spondyloarthritis and its 
subtypes in southern Sweden. Annals of the rheumatic diseases 2011, 70(6):943-
948. 

11. Feldtkeller E, Khan MA, van der Heijde D, van der Linden S, Braun J: Age at disease 
onset and diagnosis delay in HLA-B27 negative vs. positive patients with 
ankylosing spondylitis. Rheumatology international 2003, 23(2):61-66. 

12. Landewe R, Dougados M, Mielants H, van der Tempel H, van der Heijde D: Physical 
function in ankylosing spondylitis is independently determined by both disease 
activity and radiographic damage of the spine. Annals of the rheumatic diseases 
2009, 68(6):863-867. 

13. Dougados M, van der Linden S, Juhlin R, Huitfeldt B, Amor B, Calin A, Cats A, 
Dijkmans B, Olivieri I, Pasero G et al: The European Spondylarthropathy Study 
Group preliminary criteria for the classification of spondylarthropathy. Arthritis 
and rheumatism 1991, 34(10):1218-1227. 

14. Amor B, Santos RS, Nahal R, Listrat V, Dougados M: Predictive factors for the 
longterm outcome of spondyloarthropathies. The Journal of rheumatology 1994, 
21(10):1883-1887. 

15. Schett G, Sieper J: Inflammation and repair mechanisms. Clinical and experimental 
rheumatology 2009, 27(4 Suppl 55):S33-35. 

16. Baeten D, De Keyser F, Mielants H, Veys EM: Ankylosing spondylitis and bowel 
disease. Best practice & research 2002, 16(4):537-549. 

17. Smale S, Natt RS, Orchard TR, Russell AS, Bjarnason I: Inflammatory bowel 
disease and spondylarthropathy. Arthritis and rheumatism 2001, 44(12):2728-2736. 

18. Lee YH, Ji JD, Kim JS, Bak YT, Lee CH, Kim CH, Chae YS, Song GG: 
Ileocolonoscopic and histologic studies of Korean patients with ankylosing 
spondylitis. Scandinavian journal of rheumatology 1997, 26(6):473-476. 



76 
 

Funding 
 
This thesis was supported by grants from The Health and Medical Care Executive Board of 
the Västra Götaland, Rune and Ulla Amlövs foundation for Rheumatology Research, 
Göteborg’s Association Against Rheumatism, The Medical Society of Göteborg, the Medical 
Society of Göteborg and the Region Västra Götaland (agreement concerning research and 
education of doctors), COMBINE, the Margareta Rheuma research foundation, the Inger 
Bendix foundation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

77 
 

REFERENCES 
  

1. Feldtkeller E, Lemmel EM, Russell AS: Ankylosing spondylitis in the pharaohs of 
ancient Egypt. Rheumatology international 2003, 23(1):1-5. 

2. Pugh MT: Bernard Connor (1666-1698). Rheumatology (Oxford, England) 2002, 
41(8):942-943. 

3. Rekand T: [Vladimir Bechterew--the professor stopped by Stalin]. Tidsskrift for 
den Norske laegeforening : tidsskrift for praktisk medicin, ny raekke 2007, 
127(24):3264-3266. 

4. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J, Burgos-Vargas R, Dougados 
M, Hermann KG, Landewe R, Maksymowych W et al: The Assessment of 
SpondyloArthritis international Society (ASAS) handbook: a guide to assess 
spondyloarthritis. Annals of the rheumatic diseases 2009, 68 Suppl 2:ii1-44. 

5. Gofton JP, Robinson HS, Trueman GE: Ankylosing spondylitis in a Canadian 
Indian population. Annals of the rheumatic diseases 1966, 25(6):525-527. 

6. Bakland G, Nossent HC, Gran JT: Incidence and prevalence of ankylosing 
spondylitis in Northern Norway. Arthritis and rheumatism 2005, 53(6):850-855. 

7. Gran JT, Mellby AS, Husby G: The prevalence of HLA-B27 in Northern Norway. 
Scandinavian journal of rheumatology 1984, 13(2):173-176. 

8. Braun J, Sieper J: Ankylosing spondylitis. Lancet 2007, 369(9570):1379-1390. 
9. Mijiyawa M, Oniankitan O, Khan MA: Spondyloarthropathies in sub-Saharan 

Africa. Current opinion in rheumatology 2000, 12(4):281-286. 
10. Haglund E, Bremander AB, Petersson IF, Strombeck B, Bergman S, Jacobsson LT, 

Turkiewicz A, Geborek P, Englund M: Prevalence of spondyloarthritis and its 
subtypes in southern Sweden. Annals of the rheumatic diseases 2011, 70(6):943-
948. 

11. Feldtkeller E, Khan MA, van der Heijde D, van der Linden S, Braun J: Age at disease 
onset and diagnosis delay in HLA-B27 negative vs. positive patients with 
ankylosing spondylitis. Rheumatology international 2003, 23(2):61-66. 

12. Landewe R, Dougados M, Mielants H, van der Tempel H, van der Heijde D: Physical 
function in ankylosing spondylitis is independently determined by both disease 
activity and radiographic damage of the spine. Annals of the rheumatic diseases 
2009, 68(6):863-867. 

13. Dougados M, van der Linden S, Juhlin R, Huitfeldt B, Amor B, Calin A, Cats A, 
Dijkmans B, Olivieri I, Pasero G et al: The European Spondylarthropathy Study 
Group preliminary criteria for the classification of spondylarthropathy. Arthritis 
and rheumatism 1991, 34(10):1218-1227. 

14. Amor B, Santos RS, Nahal R, Listrat V, Dougados M: Predictive factors for the 
longterm outcome of spondyloarthropathies. The Journal of rheumatology 1994, 
21(10):1883-1887. 

15. Schett G, Sieper J: Inflammation and repair mechanisms. Clinical and experimental 
rheumatology 2009, 27(4 Suppl 55):S33-35. 

16. Baeten D, De Keyser F, Mielants H, Veys EM: Ankylosing spondylitis and bowel 
disease. Best practice & research 2002, 16(4):537-549. 

17. Smale S, Natt RS, Orchard TR, Russell AS, Bjarnason I: Inflammatory bowel 
disease and spondylarthropathy. Arthritis and rheumatism 2001, 44(12):2728-2736. 

18. Lee YH, Ji JD, Kim JS, Bak YT, Lee CH, Kim CH, Chae YS, Song GG: 
Ileocolonoscopic and histologic studies of Korean patients with ankylosing 
spondylitis. Scandinavian journal of rheumatology 1997, 26(6):473-476. 



78 
 

19. Leirisalo-Repo M, Turunen U, Stenman S, Helenius P, Seppala K: High frequency of 
silent inflammatory bowel disease in spondylarthropathy. Arthritis and 
rheumatism 1994, 37(1):23-31. 

20. Mielants H, Veys EM, Cuvelier C, de Vos M: Ileocolonoscopic findings in 
seronegative spondylarthropathies. British journal of rheumatology 1988, 27 Suppl 
2:95-105. 

21. Van Praet L, Van den Bosch FE, Jacques P, Carron P, Jans L, Colman R, Glorieus E, 
Peeters H, Mielants H, De Vos M et al: Microscopic gut inflammation in axial 
spondyloarthritis: a multiparametric predictive model. Annals of the rheumatic 
diseases 2012. 

22. Mielants H, Veys EM, Cuvelier C, De Vos M, Goemaere S, De Clercq L, Schatteman 
L, Elewaut D: The evolution of spondyloarthropathies in relation to gut histology. 
II. Histological aspects. The Journal of rheumatology 1995, 22(12):2273-2278. 

23. De Vos M, Mielants H, Cuvelier C, Elewaut A, Veys E: Long-term evolution of gut 
inflammation in patients with spondyloarthropathy. Gastroenterology 1996, 
110(6):1696-1703. 

24. Bjarnason I, Helgason KO, Geirsson AJ, Sigthorsson G, Reynisdottir I, Gudbjartsson 
D, Einarsdottir AS, Sherwood R, Kristjansson K, Kjartansson O et al: Subclinical 
intestinal inflammation and sacroiliac changes in relatives of patients with 
ankylosing spondylitis. Gastroenterology 2003, 125(6):1598-1605. 

25. Heizmann CW, Fritz G, Schafer BW: S100 proteins: structure, functions and 
pathology. Front Biosci 2002, 7:d1356-1368. 

26. Leukert N, Vogl T, Strupat K, Reichelt R, Sorg C, Roth J: Calcium-dependent 
tetramer formation of S100A8 and S100A9 is essential for biological activity. 
Journal of molecular biology 2006, 359(4):961-972. 

27. Foell D, Wittkowski H, Roth J: Monitoring disease activity by stool analyses: from 
occult blood to molecular markers of intestinal inflammation and damage. Gut 
2009, 58(6):859-868. 

28. Gisbert JP, McNicholl AG: Questions and answers on the role of faecal 
calprotectin as a biological marker in inflammatory bowel disease. Dig Liver Dis 
2009, 41(1):56-66. 

29. Sutherland AD, Gearry RB, Frizelle FA: Review of fecal biomarkers in 
inflammatory bowel disease. Diseases of the colon and rectum 2008, 51(8):1283-
1291. 

30. Klingberg E, Carlsten H, Hilme E, Hedberg M, Forsblad-d'Elia H: Calprotectin in 
ankylosing spondylitis - frequently elevated in feces, but normal in serum. Scand 
J Gastroenterol 2012. 

31. El Maghraoui A: Extra-articular manifestations of ankylosing spondylitis: 
prevalence, characteristics and therapeutic implications. European journal of 
internal medicine 2011, 22(6):554-560. 

32. Agnani S, Choi D, Martin TM, Austin CR, Smith JR, Lutt JR, Rosenbaum JT: Gender 
and laterality affect recurrences of acute anterior uveitis. The British journal of 
ophthalmology 2010, 94(12):1643-1647. 

33. Dik VK, Peters MJ, Dijkmans PA, Van der Weijden MA, De Vries MK, Dijkmans 
BA, Van der Horst-Bruinsma IE, Nurmohamed MT: The relationship between 
disease-related characteristics and conduction disturbances in ankylosing 
spondylitis. Scandinavian journal of rheumatology 2010, 39(1):38-41. 

34. Bergfeldt L: HLA-B27-associated cardiac disease. Annals of internal medicine 1997, 
127(8 Pt 1):621-629. 

79 
 

35. Brewerton DA, Gibson DG, Goddard DH, Jones TJ, Moore RB, Pease CT, Revell PA, 
Shapiro LM, Swettenham KV: The myocardium in ankylosing spondylitis. A 
clinical, echocardiographic, and histopathological study. Lancet 1987, 
1(8540):995-998. 

36. Roldan CA: Valvular and coronary heart disease in systemic inflammatory 
diseases: Systemic Disorders in heart disease. Heart 2008, 94(8):1089-1101. 

37. Bakland G, Gran JT, Nossent JC: Increased mortality in ankylosing spondylitis is 
related to disease activity. Annals of the rheumatic diseases 2011, 70(11):1921-1925. 

38. Szabo SM, Levy AR, Rao SR, Kirbach SE, Lacaille D, Cifaldi M, Maksymowych 
WP: Increased risk of cardiovascular and cerebrovascular diseases in individuals 
with ankylosing spondylitis: a population-based study. Arthritis and rheumatism 
2011, 63(11):3294-3304. 

39. Mathieu S, Gossec L, Dougados M, Soubrier M: Cardiovascular profile in 
ankylosing spondylitis: a systematic review and meta-analysis. Arthritis care & 
research 2011, 63(4):557-563. 

40. Peters MJ, Visman I, Nielen MM, Van Dillen N, Verheij RA, van der Horst-Bruinsma 
IE, Dijkmans BA, Nurmohamed MT: Ankylosing spondylitis: a risk factor for 
myocardial infarction? Annals of the rheumatic diseases 2010, 69(3):579-581. 

41. Calin A, Porta J, Fries JF, Schurman DJ: Clinical history as a screening test for 
ankylosing spondylitis. JAMA 1977, 237(24):2613-2614. 

42. Sieper J, van der Heijde D, Landewe R, Brandt J, Burgos-Vagas R, Collantes-Estevez 
E, Dijkmans B, Dougados M, Khan MA, Leirisalo-Repo M et al: New criteria for 
inflammatory back pain in patients with chronic back pain: a real patient 
exercise by experts from the Assessment of SpondyloArthritis international 
Society (ASAS). Annals of the rheumatic diseases 2009, 68(6):784-788. 

43. Kellgren JH: The Epidemiology of Rheumatic Diseases. Annals of the rheumatic 
diseases 1964, 23:109-122. 

44. van der Linden S, Valkenburg HA, Cats A: Evaluation of diagnostic criteria for 
ankylosing spondylitis. A proposal for modification of the New York criteria. 
Arthritis and rheumatism 1984, 27(4):361-368. 

45. Rudwaleit M, Landewe R, van der Heijde D, Listing J, Brandt J, Braun J, Burgos-
Vargas R, Collantes-Estevez E, Davis J, Dijkmans B et al: The development of 
Assessment of SpondyloArthritis international Society classification criteria for 
axial spondyloarthritis (part I): classification of paper patients by expert opinion 
including uncertainty appraisal. Annals of the rheumatic diseases 2009, 68(6):770-
776. 

46. Rudwaleit M, van der Heijde D, Landewe R, Listing J, Akkoc N, Brandt J, Braun J, 
Chou CT, Collantes-Estevez E, Dougados M et al: The development of Assessment 
of SpondyloArthritis international Society classification criteria for axial 
spondyloarthritis (part II): validation and final selection. Annals of the rheumatic 
diseases 2009, 68(6):777-783. 

47. Brewerton DA, Hart FD, Nicholls A, Caffrey M, James DC, Sturrock RD: 
Ankylosing spondylitis and HL-A 27. Lancet 1973, 1(7809):904-907. 

48. Caffrey MF, James DC: Human lymphocyte antigen association in ankylosing 
spondylitis. Nature 1973, 242(5393):121. 

49. Institute ANR: HLA nomenclature. In. http://hla.alleles.org/alleles/class1.html; 2013. 
50. Khan MA, Mathieu A, Sorrentino R, Akkoc N: The pathogenetic role of HLA-B27 

and its subtypes. Autoimmunity reviews 2007, 6(3):183-189. 
51. van der Linden SM, Valkenburg HA, de Jongh BM, Cats A: The risk of developing 

ankylosing spondylitis in HLA-B27 positive individuals. A comparison of 



78 
 

19. Leirisalo-Repo M, Turunen U, Stenman S, Helenius P, Seppala K: High frequency of 
silent inflammatory bowel disease in spondylarthropathy. Arthritis and 
rheumatism 1994, 37(1):23-31. 

20. Mielants H, Veys EM, Cuvelier C, de Vos M: Ileocolonoscopic findings in 
seronegative spondylarthropathies. British journal of rheumatology 1988, 27 Suppl 
2:95-105. 

21. Van Praet L, Van den Bosch FE, Jacques P, Carron P, Jans L, Colman R, Glorieus E, 
Peeters H, Mielants H, De Vos M et al: Microscopic gut inflammation in axial 
spondyloarthritis: a multiparametric predictive model. Annals of the rheumatic 
diseases 2012. 

22. Mielants H, Veys EM, Cuvelier C, De Vos M, Goemaere S, De Clercq L, Schatteman 
L, Elewaut D: The evolution of spondyloarthropathies in relation to gut histology. 
II. Histological aspects. The Journal of rheumatology 1995, 22(12):2273-2278. 

23. De Vos M, Mielants H, Cuvelier C, Elewaut A, Veys E: Long-term evolution of gut 
inflammation in patients with spondyloarthropathy. Gastroenterology 1996, 
110(6):1696-1703. 

24. Bjarnason I, Helgason KO, Geirsson AJ, Sigthorsson G, Reynisdottir I, Gudbjartsson 
D, Einarsdottir AS, Sherwood R, Kristjansson K, Kjartansson O et al: Subclinical 
intestinal inflammation and sacroiliac changes in relatives of patients with 
ankylosing spondylitis. Gastroenterology 2003, 125(6):1598-1605. 

25. Heizmann CW, Fritz G, Schafer BW: S100 proteins: structure, functions and 
pathology. Front Biosci 2002, 7:d1356-1368. 

26. Leukert N, Vogl T, Strupat K, Reichelt R, Sorg C, Roth J: Calcium-dependent 
tetramer formation of S100A8 and S100A9 is essential for biological activity. 
Journal of molecular biology 2006, 359(4):961-972. 

27. Foell D, Wittkowski H, Roth J: Monitoring disease activity by stool analyses: from 
occult blood to molecular markers of intestinal inflammation and damage. Gut 
2009, 58(6):859-868. 

28. Gisbert JP, McNicholl AG: Questions and answers on the role of faecal 
calprotectin as a biological marker in inflammatory bowel disease. Dig Liver Dis 
2009, 41(1):56-66. 

29. Sutherland AD, Gearry RB, Frizelle FA: Review of fecal biomarkers in 
inflammatory bowel disease. Diseases of the colon and rectum 2008, 51(8):1283-
1291. 

30. Klingberg E, Carlsten H, Hilme E, Hedberg M, Forsblad-d'Elia H: Calprotectin in 
ankylosing spondylitis - frequently elevated in feces, but normal in serum. Scand 
J Gastroenterol 2012. 

31. El Maghraoui A: Extra-articular manifestations of ankylosing spondylitis: 
prevalence, characteristics and therapeutic implications. European journal of 
internal medicine 2011, 22(6):554-560. 

32. Agnani S, Choi D, Martin TM, Austin CR, Smith JR, Lutt JR, Rosenbaum JT: Gender 
and laterality affect recurrences of acute anterior uveitis. The British journal of 
ophthalmology 2010, 94(12):1643-1647. 

33. Dik VK, Peters MJ, Dijkmans PA, Van der Weijden MA, De Vries MK, Dijkmans 
BA, Van der Horst-Bruinsma IE, Nurmohamed MT: The relationship between 
disease-related characteristics and conduction disturbances in ankylosing 
spondylitis. Scandinavian journal of rheumatology 2010, 39(1):38-41. 

34. Bergfeldt L: HLA-B27-associated cardiac disease. Annals of internal medicine 1997, 
127(8 Pt 1):621-629. 

79 
 

35. Brewerton DA, Gibson DG, Goddard DH, Jones TJ, Moore RB, Pease CT, Revell PA, 
Shapiro LM, Swettenham KV: The myocardium in ankylosing spondylitis. A 
clinical, echocardiographic, and histopathological study. Lancet 1987, 
1(8540):995-998. 

36. Roldan CA: Valvular and coronary heart disease in systemic inflammatory 
diseases: Systemic Disorders in heart disease. Heart 2008, 94(8):1089-1101. 

37. Bakland G, Gran JT, Nossent JC: Increased mortality in ankylosing spondylitis is 
related to disease activity. Annals of the rheumatic diseases 2011, 70(11):1921-1925. 

38. Szabo SM, Levy AR, Rao SR, Kirbach SE, Lacaille D, Cifaldi M, Maksymowych 
WP: Increased risk of cardiovascular and cerebrovascular diseases in individuals 
with ankylosing spondylitis: a population-based study. Arthritis and rheumatism 
2011, 63(11):3294-3304. 

39. Mathieu S, Gossec L, Dougados M, Soubrier M: Cardiovascular profile in 
ankylosing spondylitis: a systematic review and meta-analysis. Arthritis care & 
research 2011, 63(4):557-563. 

40. Peters MJ, Visman I, Nielen MM, Van Dillen N, Verheij RA, van der Horst-Bruinsma 
IE, Dijkmans BA, Nurmohamed MT: Ankylosing spondylitis: a risk factor for 
myocardial infarction? Annals of the rheumatic diseases 2010, 69(3):579-581. 

41. Calin A, Porta J, Fries JF, Schurman DJ: Clinical history as a screening test for 
ankylosing spondylitis. JAMA 1977, 237(24):2613-2614. 

42. Sieper J, van der Heijde D, Landewe R, Brandt J, Burgos-Vagas R, Collantes-Estevez 
E, Dijkmans B, Dougados M, Khan MA, Leirisalo-Repo M et al: New criteria for 
inflammatory back pain in patients with chronic back pain: a real patient 
exercise by experts from the Assessment of SpondyloArthritis international 
Society (ASAS). Annals of the rheumatic diseases 2009, 68(6):784-788. 

43. Kellgren JH: The Epidemiology of Rheumatic Diseases. Annals of the rheumatic 
diseases 1964, 23:109-122. 

44. van der Linden S, Valkenburg HA, Cats A: Evaluation of diagnostic criteria for 
ankylosing spondylitis. A proposal for modification of the New York criteria. 
Arthritis and rheumatism 1984, 27(4):361-368. 

45. Rudwaleit M, Landewe R, van der Heijde D, Listing J, Brandt J, Braun J, Burgos-
Vargas R, Collantes-Estevez E, Davis J, Dijkmans B et al: The development of 
Assessment of SpondyloArthritis international Society classification criteria for 
axial spondyloarthritis (part I): classification of paper patients by expert opinion 
including uncertainty appraisal. Annals of the rheumatic diseases 2009, 68(6):770-
776. 

46. Rudwaleit M, van der Heijde D, Landewe R, Listing J, Akkoc N, Brandt J, Braun J, 
Chou CT, Collantes-Estevez E, Dougados M et al: The development of Assessment 
of SpondyloArthritis international Society classification criteria for axial 
spondyloarthritis (part II): validation and final selection. Annals of the rheumatic 
diseases 2009, 68(6):777-783. 

47. Brewerton DA, Hart FD, Nicholls A, Caffrey M, James DC, Sturrock RD: 
Ankylosing spondylitis and HL-A 27. Lancet 1973, 1(7809):904-907. 

48. Caffrey MF, James DC: Human lymphocyte antigen association in ankylosing 
spondylitis. Nature 1973, 242(5393):121. 

49. Institute ANR: HLA nomenclature. In. http://hla.alleles.org/alleles/class1.html; 2013. 
50. Khan MA, Mathieu A, Sorrentino R, Akkoc N: The pathogenetic role of HLA-B27 

and its subtypes. Autoimmunity reviews 2007, 6(3):183-189. 
51. van der Linden SM, Valkenburg HA, de Jongh BM, Cats A: The risk of developing 

ankylosing spondylitis in HLA-B27 positive individuals. A comparison of 



80 
 

relatives of spondylitis patients with the general population. Arthritis and 
rheumatism 1984, 27(3):241-249. 

52. Braem K, Lories RJ: Insights into the pathophysiology of ankylosing spondylitis: 
contributions from animal models. Joint Bone Spine 2012, 79(3):243-248. 

53. Taurog JD, Richardson JA, Croft JT, Simmons WA, Zhou M, Fernandez-Sueiro JL, 
Balish E, Hammer RE: The germfree state prevents development of gut and joint 
inflammatory disease in HLA-B27 transgenic rats. The Journal of experimental 
medicine 1994, 180(6):2359-2364. 

54. Weinreich S, Capkova J, Hoebe-Hewryk B, Boog C, Ivanyi P: Grouped caging 
predisposes male mice to ankylosing enthesopathy. Annals of the rheumatic 
diseases 1996, 55(9):645-647. 

55. Taurog JD, Dorris ML, Satumtira N, Tran TM, Sharma R, Dressel R, van den Brandt 
J, Reichardt HM: Spondylarthritis in HLA-B27/human beta2-microglobulin-
transgenic rats is not prevented by lack of CD8. Arthritis and rheumatism 2009, 
60(7):1977-1984. 

56. Purrmann J, Zeidler H, Bertrams J, Juli E, Cleveland S, Berges W, Gemsa R, Specker 
C, Reis HE: HLA antigens in ankylosing spondylitis associated with Crohn's 
disease. Increased frequency of the HLA phenotype B27,B44. The Journal of 
rheumatology 1988, 15(11):1658-1661. 

57. Ebringer RW, Cawdell DR, Cowling P, Ebringer A: Sequential studies in ankylosing 
spondylitis. Association of Klebsiella pneumoniae with active disease. Annals of 
the rheumatic diseases 1978, 37(2):146-151. 

58. Ogasawara M, Kono DH, Yu DT: Mimicry of human histocompatibility HLA-B27 
antigens by Klebsiella pneumoniae. Infection and immunity 1986, 51(3):901-908. 

59. Colbert RA, DeLay ML, Klenk EI, Layh-Schmitt G: From HLA-B27 to 
spondyloarthritis: a journey through the ER. Immunological reviews 2010, 
233(1):181-202. 

60. Baraliakos X, Listing J, Fritz C, Haibel H, Alten R, Burmester GR, Krause A, Schewe 
S, Schneider M, Sorensen H et al: Persistent clinical efficacy and safety of 
infliximab in ankylosing spondylitis after 8 years--early clinical response predicts 
long-term outcome. Rheumatology (Oxford, England) 2011, 50(9):1690-1699. 

61. Rudwaleit M, Claudepierre P, Wordsworth P, Cortina EL, Sieper J, Kron M, 
Carcereri-De-Prati R, Kupper H, Kary S: Effectiveness, safety, and predictors of 
good clinical response in 1250 patients treated with adalimumab for active 
ankylosing spondylitis. The Journal of rheumatology 2009, 36(4):801-808. 

62. Kiltz U, Heldmann F, Baraliakos X, Braun J: Treatment of ankylosing spondylitis in 
patients refractory to TNF-inhibition: are there alternatives? Current opinion in 
rheumatology 2012, 24(3):252-260. 

63. Burton PR, Clayton DG, Cardon LR, Craddock N, Deloukas P, Duncanson A, 
Kwiatkowski DP, McCarthy MI, Ouwehand WH, Samani NJ et al: Association scan 
of 14,500 nonsynonymous SNPs in four diseases identifies autoimmunity variants. 
Nature genetics 2007, 39(11):1329-1337. 

64. Mei Y, Pan F, Gao J, Ge R, Duan Z, Zeng Z, Liao F, Xia G, Wang S, Xu S et al: 
Increased serum IL-17 and IL-23 in the patient with ankylosing spondylitis. 
Clinical rheumatology 2011, 30(2):269-273. 

65. Sherlock JP, Joyce-Shaikh B, Turner SP, Chao CC, Sathe M, Grein J, Gorman DM, 
Bowman EP, McClanahan TK, Yearley JH et al: IL-23 induces 
spondyloarthropathy by acting on ROR-gammat+ CD3+CD4-CD8- entheseal 
resident T cells. Nat Med 2012, 18(7):1069-1076. 

81 
 

66. Ciccia F, Bombardieri M, Principato A, Giardina A, Tripodo C, Porcasi R, Peralta S, 
Franco V, Giardina E, Craxi A et al: Overexpression of interleukin-23, but not 
interleukin-17, as an immunologic signature of subclinical intestinal 
inflammation in ankylosing spondylitis. Arthritis and rheumatism 2009, 60(4):955-
965. 

67. Benjamin M, McGonagle D: Basic concepts of enthesis biology and immunology. 
The Journal of rheumatology Supplement 2009, 83:12-13. 

68. McGonagle D, Lories RJ, Tan AL, Benjamin M: The concept of a "synovio-
entheseal complex" and its implications for understanding joint inflammation 
and damage in psoriatic arthritis and beyond. Arthritis and rheumatism 2007, 
56(8):2482-2491. 

69. McGonagle D, Gibbon W, O'Connor P, Green M, Pease C, Emery P: Characteristic 
magnetic resonance imaging entheseal changes of knee synovitis in 
spondylarthropathy. Arthritis and rheumatism 1998, 41(4):694-700. 

70. Benjamin M, Toumi H, Suzuki D, Hayashi K, McGonagle D: Evidence for a 
distinctive pattern of bone formation in enthesophytes. Annals of the rheumatic 
diseases 2009, 68(6):1003-1010. 

71. Benjamin M, Toumi H, Suzuki D, Redman S, Emery P, McGonagle D: Microdamage 
and altered vascularity at the enthesis-bone interface provides an anatomic 
explanation for bone involvement in the HLA-B27-associated spondylarthritides 
and allied disorders. Arthritis and rheumatism 2007, 56(1):224-233. 

72. Laloux L, Voisin MC, Allain J, Martin N, Kerboull L, Chevalier X, Claudepierre P: 
Immunohistological study of entheses in spondyloarthropathies: comparison in 
rheumatoid arthritis and osteoarthritis. Annals of the rheumatic diseases 2001, 
60(4):316-321. 

73. Appel H, Kuhne M, Spiekermann S, Kohler D, Zacher J, Stein H, Sieper J, 
Loddenkemper C: Immunohistochemical analysis of hip arthritis in ankylosing 
spondylitis: evaluation of the bone-cartilage interface and subchondral bone 
marrow. Arthritis and rheumatism 2006, 54(6):1805-1813. 

74. Savill DL: The manubrio-sternal joint in ankylosing spondylitis. The Journal of 
bone and joint surgery British volume 1951, 33-B(1):56-64. 

75. Francois RJ, Gardner DL, Degrave EJ, Bywaters EG: Histopathologic evidence that 
sacroiliitis in ankylosing spondylitis is not merely enthesitis. Arthritis and 
rheumatism 2000, 43(9):2011-2024. 

76. Maksymowych WP: Ankylosing spondylitis--at the interface of bone and cartilage. 
The Journal of rheumatology 2000, 27(10):2295-2301. 

77. Lories RJ, Schett G: Pathophysiology of new bone formation and ankylosis in 
spondyloarthritis. Rheumatic diseases clinics of North America 2012, 38(3):555-567. 

78. Maksymowych WP, Chiowchanwisawakit P, Clare T, Pedersen SJ, Ostergaard M, 
Lambert RG: Inflammatory lesions of the spine on magnetic resonance imaging 
predict the development of new syndesmophytes in ankylosing spondylitis: 
evidence of a relationship between inflammation and new bone formation. 
Arthritis and rheumatism 2009, 60(1):93-102. 

79. van der Heijde D, Landewe R, Baraliakos X, Houben H, van Tubergen A, Williamson 
P, Xu W, Baker D, Goldstein N, Braun J: Radiographic findings following two 
years of infliximab therapy in patients with ankylosing spondylitis. Arthritis and 
rheumatism 2008, 58(10):3063-3070. 

80. van der Heijde D, Landewe R, Einstein S, Ory P, Vosse D, Ni L, Lin SL, Tsuji W, 
Davis JC, Jr.: Radiographic progression of ankylosing spondylitis after up to two 



80 
 

relatives of spondylitis patients with the general population. Arthritis and 
rheumatism 1984, 27(3):241-249. 

52. Braem K, Lories RJ: Insights into the pathophysiology of ankylosing spondylitis: 
contributions from animal models. Joint Bone Spine 2012, 79(3):243-248. 

53. Taurog JD, Richardson JA, Croft JT, Simmons WA, Zhou M, Fernandez-Sueiro JL, 
Balish E, Hammer RE: The germfree state prevents development of gut and joint 
inflammatory disease in HLA-B27 transgenic rats. The Journal of experimental 
medicine 1994, 180(6):2359-2364. 

54. Weinreich S, Capkova J, Hoebe-Hewryk B, Boog C, Ivanyi P: Grouped caging 
predisposes male mice to ankylosing enthesopathy. Annals of the rheumatic 
diseases 1996, 55(9):645-647. 

55. Taurog JD, Dorris ML, Satumtira N, Tran TM, Sharma R, Dressel R, van den Brandt 
J, Reichardt HM: Spondylarthritis in HLA-B27/human beta2-microglobulin-
transgenic rats is not prevented by lack of CD8. Arthritis and rheumatism 2009, 
60(7):1977-1984. 

56. Purrmann J, Zeidler H, Bertrams J, Juli E, Cleveland S, Berges W, Gemsa R, Specker 
C, Reis HE: HLA antigens in ankylosing spondylitis associated with Crohn's 
disease. Increased frequency of the HLA phenotype B27,B44. The Journal of 
rheumatology 1988, 15(11):1658-1661. 

57. Ebringer RW, Cawdell DR, Cowling P, Ebringer A: Sequential studies in ankylosing 
spondylitis. Association of Klebsiella pneumoniae with active disease. Annals of 
the rheumatic diseases 1978, 37(2):146-151. 

58. Ogasawara M, Kono DH, Yu DT: Mimicry of human histocompatibility HLA-B27 
antigens by Klebsiella pneumoniae. Infection and immunity 1986, 51(3):901-908. 

59. Colbert RA, DeLay ML, Klenk EI, Layh-Schmitt G: From HLA-B27 to 
spondyloarthritis: a journey through the ER. Immunological reviews 2010, 
233(1):181-202. 

60. Baraliakos X, Listing J, Fritz C, Haibel H, Alten R, Burmester GR, Krause A, Schewe 
S, Schneider M, Sorensen H et al: Persistent clinical efficacy and safety of 
infliximab in ankylosing spondylitis after 8 years--early clinical response predicts 
long-term outcome. Rheumatology (Oxford, England) 2011, 50(9):1690-1699. 

61. Rudwaleit M, Claudepierre P, Wordsworth P, Cortina EL, Sieper J, Kron M, 
Carcereri-De-Prati R, Kupper H, Kary S: Effectiveness, safety, and predictors of 
good clinical response in 1250 patients treated with adalimumab for active 
ankylosing spondylitis. The Journal of rheumatology 2009, 36(4):801-808. 

62. Kiltz U, Heldmann F, Baraliakos X, Braun J: Treatment of ankylosing spondylitis in 
patients refractory to TNF-inhibition: are there alternatives? Current opinion in 
rheumatology 2012, 24(3):252-260. 

63. Burton PR, Clayton DG, Cardon LR, Craddock N, Deloukas P, Duncanson A, 
Kwiatkowski DP, McCarthy MI, Ouwehand WH, Samani NJ et al: Association scan 
of 14,500 nonsynonymous SNPs in four diseases identifies autoimmunity variants. 
Nature genetics 2007, 39(11):1329-1337. 

64. Mei Y, Pan F, Gao J, Ge R, Duan Z, Zeng Z, Liao F, Xia G, Wang S, Xu S et al: 
Increased serum IL-17 and IL-23 in the patient with ankylosing spondylitis. 
Clinical rheumatology 2011, 30(2):269-273. 

65. Sherlock JP, Joyce-Shaikh B, Turner SP, Chao CC, Sathe M, Grein J, Gorman DM, 
Bowman EP, McClanahan TK, Yearley JH et al: IL-23 induces 
spondyloarthropathy by acting on ROR-gammat+ CD3+CD4-CD8- entheseal 
resident T cells. Nat Med 2012, 18(7):1069-1076. 

81 
 

66. Ciccia F, Bombardieri M, Principato A, Giardina A, Tripodo C, Porcasi R, Peralta S, 
Franco V, Giardina E, Craxi A et al: Overexpression of interleukin-23, but not 
interleukin-17, as an immunologic signature of subclinical intestinal 
inflammation in ankylosing spondylitis. Arthritis and rheumatism 2009, 60(4):955-
965. 

67. Benjamin M, McGonagle D: Basic concepts of enthesis biology and immunology. 
The Journal of rheumatology Supplement 2009, 83:12-13. 

68. McGonagle D, Lories RJ, Tan AL, Benjamin M: The concept of a "synovio-
entheseal complex" and its implications for understanding joint inflammation 
and damage in psoriatic arthritis and beyond. Arthritis and rheumatism 2007, 
56(8):2482-2491. 

69. McGonagle D, Gibbon W, O'Connor P, Green M, Pease C, Emery P: Characteristic 
magnetic resonance imaging entheseal changes of knee synovitis in 
spondylarthropathy. Arthritis and rheumatism 1998, 41(4):694-700. 

70. Benjamin M, Toumi H, Suzuki D, Hayashi K, McGonagle D: Evidence for a 
distinctive pattern of bone formation in enthesophytes. Annals of the rheumatic 
diseases 2009, 68(6):1003-1010. 

71. Benjamin M, Toumi H, Suzuki D, Redman S, Emery P, McGonagle D: Microdamage 
and altered vascularity at the enthesis-bone interface provides an anatomic 
explanation for bone involvement in the HLA-B27-associated spondylarthritides 
and allied disorders. Arthritis and rheumatism 2007, 56(1):224-233. 

72. Laloux L, Voisin MC, Allain J, Martin N, Kerboull L, Chevalier X, Claudepierre P: 
Immunohistological study of entheses in spondyloarthropathies: comparison in 
rheumatoid arthritis and osteoarthritis. Annals of the rheumatic diseases 2001, 
60(4):316-321. 

73. Appel H, Kuhne M, Spiekermann S, Kohler D, Zacher J, Stein H, Sieper J, 
Loddenkemper C: Immunohistochemical analysis of hip arthritis in ankylosing 
spondylitis: evaluation of the bone-cartilage interface and subchondral bone 
marrow. Arthritis and rheumatism 2006, 54(6):1805-1813. 

74. Savill DL: The manubrio-sternal joint in ankylosing spondylitis. The Journal of 
bone and joint surgery British volume 1951, 33-B(1):56-64. 

75. Francois RJ, Gardner DL, Degrave EJ, Bywaters EG: Histopathologic evidence that 
sacroiliitis in ankylosing spondylitis is not merely enthesitis. Arthritis and 
rheumatism 2000, 43(9):2011-2024. 

76. Maksymowych WP: Ankylosing spondylitis--at the interface of bone and cartilage. 
The Journal of rheumatology 2000, 27(10):2295-2301. 

77. Lories RJ, Schett G: Pathophysiology of new bone formation and ankylosis in 
spondyloarthritis. Rheumatic diseases clinics of North America 2012, 38(3):555-567. 

78. Maksymowych WP, Chiowchanwisawakit P, Clare T, Pedersen SJ, Ostergaard M, 
Lambert RG: Inflammatory lesions of the spine on magnetic resonance imaging 
predict the development of new syndesmophytes in ankylosing spondylitis: 
evidence of a relationship between inflammation and new bone formation. 
Arthritis and rheumatism 2009, 60(1):93-102. 

79. van der Heijde D, Landewe R, Baraliakos X, Houben H, van Tubergen A, Williamson 
P, Xu W, Baker D, Goldstein N, Braun J: Radiographic findings following two 
years of infliximab therapy in patients with ankylosing spondylitis. Arthritis and 
rheumatism 2008, 58(10):3063-3070. 

80. van der Heijde D, Landewe R, Einstein S, Ory P, Vosse D, Ni L, Lin SL, Tsuji W, 
Davis JC, Jr.: Radiographic progression of ankylosing spondylitis after up to two 



82 
 

years of treatment with etanercept. Arthritis and rheumatism 2008, 58(5):1324-
1331. 

81. Lories RJ, Derese I, de Bari C, Luyten FP: Evidence for uncoupling of 
inflammation and joint remodeling in a mouse model of spondylarthritis. Arthritis 
and rheumatism 2007, 56(2):489-497. 

82. Song IH, Hermann KG, Haibel H, Althoff CE, Poddubnyy D, Listing J, Weiss A, 
Freundlich B, Rudwaleit M, Sieper J: Relationship between active inflammatory 
lesions in the spine and sacroiliac joints and new development of chronic lesions 
on whole-body MRI in early axial spondyloarthritis: results of the ESTHER trial 
at week 48. Annals of the rheumatic diseases 2011, 70(7):1257-1263. 

83. Pedersen SJ, Chiowchanwisawakit P, Lambert RG, Ostergaard M, Maksymowych 
WP: Resolution of inflammation following treatment of ankylosing spondylitis is 
associated with new bone formation. The Journal of rheumatology 2011, 
38(7):1349-1354. 

84. Maksymowych WP: Disease modification in ankylosing spondylitis. Nature reviews 
Rheumatology 2010, 6(2):75-81. 

85. Diarra D, Stolina M, Polzer K, Zwerina J, Ominsky MS, Dwyer D, Korb A, Smolen J, 
Hoffmann M, Scheinecker C et al: Dickkopf-1 is a master regulator of joint 
remodeling. Nat Med 2007, 13(2):156-163. 

86. Heiland GR, Zwerina K, Baum W, Kireva T, Distler JH, Grisanti M, Asuncion F, Li 
X, Ominsky M, Richards W et al: Neutralisation of Dkk-1 protects from systemic 
bone loss during inflammation and reduces sclerostin expression. Annals of the 
rheumatic diseases 2010, 69(12):2152-2159. 

87. Sieper J: Developments in therapies for spondyloarthritis. Nature reviews 
Rheumatology 2012, 8(5):280-287. 

88. Poddubnyy D, Rudwaleit M, Haibel H, Listing J, Marker-Hermann E, Zeidler H, 
Braun J, Sieper J: Effect of non-steroidal anti-inflammatory drugs on 
radiographic spinal progression in patients with axial spondyloarthritis: results 
from the German Spondyloarthritis Inception Cohort. Annals of the rheumatic 
diseases 2012. 

89. Kroon F, Landewe R, Dougados M, van der Heijde D: Continuous NSAID use 
reverts the effects of inflammation on radiographic progression in patients with 
ankylosing spondylitis. Annals of the rheumatic diseases 2012. 

90. Wanders A, Heijde D, Landewe R, Behier JM, Calin A, Olivieri I, Zeidler H, 
Dougados M: Nonsteroidal antiinflammatory drugs reduce radiographic 
progression in patients with ankylosing spondylitis: a randomized clinical trial. 
Arthritis and rheumatism 2005, 52(6):1756-1765. 

91. Neve A, Corrado A, Cantatore FP: Osteocytes: central conductors of bone biology 
in normal and pathological conditions. Acta Physiol (Oxf) 2012, 204(3):317-330. 

92. Kitase Y, Barragan L, Qing H, Kondoh S, Jiang JX, Johnson ML, Bonewald LF: 
Mechanical induction of PGE2 in osteocytes blocks glucocorticoid-induced 
apoptosis through both the beta-catenin and PKA pathways. J Bone Miner Res 
2010, 25(12):2657-2668. 

93. Vuolteenaho K, Moilanen T, Moilanen E: Non-steroidal anti-inflammatory drugs, 
cyclooxygenase-2 and the bone healing process. Basic & clinical pharmacology & 
toxicology 2008, 102(1):10-14. 

94. Chen G, Deng C, Li YP: TGF-beta and BMP signaling in osteoblast differentiation 
and bone formation. International journal of biological sciences 2012, 8(2):272-288. 

95. Carter S, Braem K, Lories RJ: The role of bone morphogenetic proteins in 
ankylosing spondylitis. Ther Adv Musculoskelet Dis 2012, 4(4):293-299. 

83 
 

96. Lories RJ, Derese I, Luyten FP: Modulation of bone morphogenetic protein 
signaling inhibits the onset and progression of ankylosing enthesitis. J Clin Invest 
2005, 115(6):1571-1579. 

97. Lories RJ, Derese I, Ceuppens JL, Luyten FP: Bone morphogenetic proteins 2 and 
6, expressed in arthritic synovium, are regulated by proinflammatory cytokines 
and differentially modulate fibroblast-like synoviocyte apoptosis. Arthritis and 
rheumatism 2003, 48(10):2807-2818. 

98. Ruiz-Heiland G, Horn A, Zerr P, Hofstetter W, Baum W, Stock M, Distler JH, 
Nimmerjahn F, Schett G, Zwerina J: Blockade of the hedgehog pathway inhibits 
osteophyte formation in arthritis. Annals of the rheumatic diseases 2012, 71(3):400-
407. 

99. Szulc P, Boutroy S, Vilayphiou N, Chaitou A, Delmas PD, Chapurlat R: Cross-
sectional analysis of the association between fragility fractures and bone 
microarchitecture in older men: the STRAMBO study. J Bone Miner Res 2011, 
26(6):1358-1367. 

100. Szulc P: Bone density, geometry, and fracture in elderly men. Curr Osteoporos 
Rep 2006, 4(2):57-63. 

101. Long F: Building strong bones: molecular regulation of the osteoblast lineage. Nat 
Rev Mol Cell Biol 2012, 13(1):27-38. 

102. Boyle WJ, Simonet WS, Lacey DL: Osteoclast differentiation and activation. 
Nature 2003, 423(6937):337-342. 

103. Seeman E: The growth and age-related origins of bone fragility in men. Calcif 
Tissue Int 2004, 75(2):100-109. 

104. Amin S, Khosla S: Sex- and age-related differences in bone microarchitecture in 
men relative to women assessed by high-resolution peripheral quantitative 
computed tomography. J Osteoporos 2012, 2012:129760. 

105. Boyce BF, Xing L: Biology of RANK, RANKL, and osteoprotegerin. Arthritis 
research & therapy 2007, 9 Suppl 1:S1. 

106. Miller PD: A review of the efficacy and safety of denosumab in postmenopausal 
women with osteoporosis. Ther Adv Musculoskelet Dis 2011, 3(6):271-282. 

107. Willert K, Logan CY, Arora A, Fish M, Nusse R: A Drosophila Axin homolog, 
Daxin, inhibits Wnt signaling. Development 1999, 126(18):4165-4173. 

108. Logan CY, Nusse R: The Wnt signaling pathway in development and disease. 
Annu Rev Cell Dev Biol 2004, 20:781-810. 

109. Nusse R: Wnt signaling and stem cell control. Cell Res 2008, 18(5):523-527. 
110. Westendorf JJ, Kahler RA, Schroeder TM: Wnt signaling in osteoblasts and bone 

diseases. Gene 2004, 341:19-39. 
111. Glass DA, 2nd, Bialek P, Ahn JD, Starbuck M, Patel MS, Clevers H, Taketo MM, 

Long F, McMahon AP, Lang RA et al: Canonical Wnt signaling in differentiated 
osteoblasts controls osteoclast differentiation. Dev Cell 2005, 8(5):751-764. 

112. Willert K, Brown JD, Danenberg E, Duncan AW, Weissman IL, Reya T, Yates JR, 
3rd, Nusse R: Wnt proteins are lipid-modified and can act as stem cell growth 
factors. Nature 2003, 423(6938):448-452. 

113. Qiu W, Chen L, Kassem M: Activation of non-canonical Wnt/JNK pathway by 
Wnt3a is associated with differentiation fate determination of human bone 
marrow stromal (mesenchymal) stem cells. Biochem Biophys Res Commun 2011, 
413(1):98-104. 

114. Almeida M, Han L, Bellido T, Manolagas SC, Kousteni S: Wnt proteins prevent 
apoptosis of both uncommitted osteoblast progenitors and differentiated 
osteoblasts by beta-catenin-dependent and -independent signaling cascades 



82 
 

years of treatment with etanercept. Arthritis and rheumatism 2008, 58(5):1324-
1331. 

81. Lories RJ, Derese I, de Bari C, Luyten FP: Evidence for uncoupling of 
inflammation and joint remodeling in a mouse model of spondylarthritis. Arthritis 
and rheumatism 2007, 56(2):489-497. 

82. Song IH, Hermann KG, Haibel H, Althoff CE, Poddubnyy D, Listing J, Weiss A, 
Freundlich B, Rudwaleit M, Sieper J: Relationship between active inflammatory 
lesions in the spine and sacroiliac joints and new development of chronic lesions 
on whole-body MRI in early axial spondyloarthritis: results of the ESTHER trial 
at week 48. Annals of the rheumatic diseases 2011, 70(7):1257-1263. 

83. Pedersen SJ, Chiowchanwisawakit P, Lambert RG, Ostergaard M, Maksymowych 
WP: Resolution of inflammation following treatment of ankylosing spondylitis is 
associated with new bone formation. The Journal of rheumatology 2011, 
38(7):1349-1354. 

84. Maksymowych WP: Disease modification in ankylosing spondylitis. Nature reviews 
Rheumatology 2010, 6(2):75-81. 

85. Diarra D, Stolina M, Polzer K, Zwerina J, Ominsky MS, Dwyer D, Korb A, Smolen J, 
Hoffmann M, Scheinecker C et al: Dickkopf-1 is a master regulator of joint 
remodeling. Nat Med 2007, 13(2):156-163. 

86. Heiland GR, Zwerina K, Baum W, Kireva T, Distler JH, Grisanti M, Asuncion F, Li 
X, Ominsky M, Richards W et al: Neutralisation of Dkk-1 protects from systemic 
bone loss during inflammation and reduces sclerostin expression. Annals of the 
rheumatic diseases 2010, 69(12):2152-2159. 

87. Sieper J: Developments in therapies for spondyloarthritis. Nature reviews 
Rheumatology 2012, 8(5):280-287. 

88. Poddubnyy D, Rudwaleit M, Haibel H, Listing J, Marker-Hermann E, Zeidler H, 
Braun J, Sieper J: Effect of non-steroidal anti-inflammatory drugs on 
radiographic spinal progression in patients with axial spondyloarthritis: results 
from the German Spondyloarthritis Inception Cohort. Annals of the rheumatic 
diseases 2012. 

89. Kroon F, Landewe R, Dougados M, van der Heijde D: Continuous NSAID use 
reverts the effects of inflammation on radiographic progression in patients with 
ankylosing spondylitis. Annals of the rheumatic diseases 2012. 

90. Wanders A, Heijde D, Landewe R, Behier JM, Calin A, Olivieri I, Zeidler H, 
Dougados M: Nonsteroidal antiinflammatory drugs reduce radiographic 
progression in patients with ankylosing spondylitis: a randomized clinical trial. 
Arthritis and rheumatism 2005, 52(6):1756-1765. 

91. Neve A, Corrado A, Cantatore FP: Osteocytes: central conductors of bone biology 
in normal and pathological conditions. Acta Physiol (Oxf) 2012, 204(3):317-330. 

92. Kitase Y, Barragan L, Qing H, Kondoh S, Jiang JX, Johnson ML, Bonewald LF: 
Mechanical induction of PGE2 in osteocytes blocks glucocorticoid-induced 
apoptosis through both the beta-catenin and PKA pathways. J Bone Miner Res 
2010, 25(12):2657-2668. 

93. Vuolteenaho K, Moilanen T, Moilanen E: Non-steroidal anti-inflammatory drugs, 
cyclooxygenase-2 and the bone healing process. Basic & clinical pharmacology & 
toxicology 2008, 102(1):10-14. 

94. Chen G, Deng C, Li YP: TGF-beta and BMP signaling in osteoblast differentiation 
and bone formation. International journal of biological sciences 2012, 8(2):272-288. 

95. Carter S, Braem K, Lories RJ: The role of bone morphogenetic proteins in 
ankylosing spondylitis. Ther Adv Musculoskelet Dis 2012, 4(4):293-299. 

83 
 

96. Lories RJ, Derese I, Luyten FP: Modulation of bone morphogenetic protein 
signaling inhibits the onset and progression of ankylosing enthesitis. J Clin Invest 
2005, 115(6):1571-1579. 

97. Lories RJ, Derese I, Ceuppens JL, Luyten FP: Bone morphogenetic proteins 2 and 
6, expressed in arthritic synovium, are regulated by proinflammatory cytokines 
and differentially modulate fibroblast-like synoviocyte apoptosis. Arthritis and 
rheumatism 2003, 48(10):2807-2818. 

98. Ruiz-Heiland G, Horn A, Zerr P, Hofstetter W, Baum W, Stock M, Distler JH, 
Nimmerjahn F, Schett G, Zwerina J: Blockade of the hedgehog pathway inhibits 
osteophyte formation in arthritis. Annals of the rheumatic diseases 2012, 71(3):400-
407. 

99. Szulc P, Boutroy S, Vilayphiou N, Chaitou A, Delmas PD, Chapurlat R: Cross-
sectional analysis of the association between fragility fractures and bone 
microarchitecture in older men: the STRAMBO study. J Bone Miner Res 2011, 
26(6):1358-1367. 

100. Szulc P: Bone density, geometry, and fracture in elderly men. Curr Osteoporos 
Rep 2006, 4(2):57-63. 

101. Long F: Building strong bones: molecular regulation of the osteoblast lineage. Nat 
Rev Mol Cell Biol 2012, 13(1):27-38. 

102. Boyle WJ, Simonet WS, Lacey DL: Osteoclast differentiation and activation. 
Nature 2003, 423(6937):337-342. 

103. Seeman E: The growth and age-related origins of bone fragility in men. Calcif 
Tissue Int 2004, 75(2):100-109. 

104. Amin S, Khosla S: Sex- and age-related differences in bone microarchitecture in 
men relative to women assessed by high-resolution peripheral quantitative 
computed tomography. J Osteoporos 2012, 2012:129760. 

105. Boyce BF, Xing L: Biology of RANK, RANKL, and osteoprotegerin. Arthritis 
research & therapy 2007, 9 Suppl 1:S1. 

106. Miller PD: A review of the efficacy and safety of denosumab in postmenopausal 
women with osteoporosis. Ther Adv Musculoskelet Dis 2011, 3(6):271-282. 

107. Willert K, Logan CY, Arora A, Fish M, Nusse R: A Drosophila Axin homolog, 
Daxin, inhibits Wnt signaling. Development 1999, 126(18):4165-4173. 

108. Logan CY, Nusse R: The Wnt signaling pathway in development and disease. 
Annu Rev Cell Dev Biol 2004, 20:781-810. 

109. Nusse R: Wnt signaling and stem cell control. Cell Res 2008, 18(5):523-527. 
110. Westendorf JJ, Kahler RA, Schroeder TM: Wnt signaling in osteoblasts and bone 

diseases. Gene 2004, 341:19-39. 
111. Glass DA, 2nd, Bialek P, Ahn JD, Starbuck M, Patel MS, Clevers H, Taketo MM, 

Long F, McMahon AP, Lang RA et al: Canonical Wnt signaling in differentiated 
osteoblasts controls osteoclast differentiation. Dev Cell 2005, 8(5):751-764. 

112. Willert K, Brown JD, Danenberg E, Duncan AW, Weissman IL, Reya T, Yates JR, 
3rd, Nusse R: Wnt proteins are lipid-modified and can act as stem cell growth 
factors. Nature 2003, 423(6938):448-452. 

113. Qiu W, Chen L, Kassem M: Activation of non-canonical Wnt/JNK pathway by 
Wnt3a is associated with differentiation fate determination of human bone 
marrow stromal (mesenchymal) stem cells. Biochem Biophys Res Commun 2011, 
413(1):98-104. 

114. Almeida M, Han L, Bellido T, Manolagas SC, Kousteni S: Wnt proteins prevent 
apoptosis of both uncommitted osteoblast progenitors and differentiated 
osteoblasts by beta-catenin-dependent and -independent signaling cascades 



84 
 

involving Src/ERK and phosphatidylinositol 3-kinase/AKT. J Biol Chem 2005, 
280(50):41342-41351. 

115. Boland GM, Perkins G, Hall DJ, Tuan RS: Wnt 3a promotes proliferation and 
suppresses osteogenic differentiation of adult human mesenchymal stem cells. J 
Cell Biochem 2004, 93(6):1210-1230. 

116. Takada I, Mihara M, Suzawa M, Ohtake F, Kobayashi S, Igarashi M, Youn MY, 
Takeyama K, Nakamura T, Mezaki Y et al: A histone lysine methyltransferase 
activated by non-canonical Wnt signalling suppresses PPAR-gamma 
transactivation. Nat Cell Biol 2007, 9(11):1273-1285. 

117. Niemann S, Zhao C, Pascu F, Stahl U, Aulepp U, Niswander L, Weber JL, Muller U: 
Homozygous WNT3 mutation causes tetra-amelia in a large consanguineous 
family. American journal of human genetics 2004, 74(3):558-563. 

118. Staines KA, Macrae VE, Farquharson C: Cartilage development and degeneration: 
a Wnt Wnt situation. Cell Biochem Funct 2012. 

119. Thomas RS, Clarke AR, Duance VC, Blain EJ: Effects of Wnt3A and mechanical 
load on cartilage chondrocyte homeostasis. Arthritis research & therapy 2011, 
13(6):R203. 

120. Nakamura Y, Nawata M, Wakitani S: Expression profiles and functional analyses 
of Wnt-related genes in human joint disorders. Am J Pathol 2005, 167(1):97-105. 

121. Miller JR: The Wnts. Genome Biol 2002, 3(1):REVIEWS3001. 
122. Maeda K, Kobayashi Y, Udagawa N, Uehara S, Ishihara A, Mizoguchi T, Kikuchi Y, 

Takada I, Kato S, Kani S et al: Wnt5a-Ror2 signaling between osteoblast-lineage 
cells and osteoclast precursors enhances osteoclastogenesis. Nat Med 2012, 
18(3):405-412. 

123. Sen M, Lauterbach K, El-Gabalawy H, Firestein GS, Corr M, Carson DA: Expression 
and function of wingless and frizzled homologs in rheumatoid arthritis. Proc Natl 
Acad Sci U S A 2000, 97(6):2791-2796. 

124. Sen M, Chamorro M, Reifert J, Corr M, Carson DA: Blockade of Wnt-5A/frizzled 5 
signaling inhibits rheumatoid synoviocyte activation. Arthritis and rheumatism 
2001, 44(4):772-781. 

125. Johnson ML, Harnish K, Nusse R, Van Hul W: LRP5 and Wnt signaling: a union 
made for bone. J Bone Miner Res 2004, 19(11):1749-1757. 

126. Uderhardt S, Diarra D, Katzenbeisser J, David JP, Zwerina J, Richards W, Kronke G, 
Schett G: Blockade of Dickkopf (DKK)-1 induces fusion of sacroiliac joints. 
Annals of the rheumatic diseases 2010, 69(3):592-597. 

127. Moester MJ, Papapoulos SE, Lowik CW, van Bezooijen RL: Sclerostin: current 
knowledge and future perspectives. Calcif Tissue Int 2010, 87(2):99-107. 

128. Bonewald LF, Johnson ML: Osteocytes, mechanosensing and Wnt signaling. Bone 
2008, 42(4):606-615. 

129. Robling AG, Niziolek PJ, Baldridge LA, Condon KW, Allen MR, Alam I, Mantila 
SM, Gluhak-Heinrich J, Bellido TM, Harris SE et al: Mechanical stimulation of 
bone in vivo reduces osteocyte expression of Sost/sclerostin. J Biol Chem 2008, 
283(9):5866-5875. 

130. Consensus development conference: prophylaxis and treatment of osteoporosis. 
The American journal of medicine 1991, 90(1):107-110. 

131. Assessment of fracture risk and its application to screening for postmenopausal 
osteoporosis. Report of a WHO Study Group. World Health Organ Tech Rep Ser 
1994, 843:1-129. 

132. Kanis JA, Melton LJ, 3rd, Christiansen C, Johnston CC, Khaltaev N: The diagnosis of 
osteoporosis. J Bone Miner Res 1994, 9(8):1137-1141. 

85 
 

133. Baim S, Leonard MB, Bianchi ML, Hans DB, Kalkwarf HJ, Langman CB, Rauch F: 
Official Positions of the International Society for Clinical Densitometry and 
executive summary of the 2007 ISCD Pediatric Position Development 
Conference. J Clin Densitom 2008, 11(1):6-21. 

134. Osteoporos - prevention, diagnostik och behandling. SBU – Statens beredning för 
medicinsk utvärdering 2003, Rapportnr: 165/1, 165/2. 

135. Cummings SR, Melton LJ: Epidemiology and outcomes of osteoporotic fractures. 
Lancet 2002, 359(9319):1761-1767. 

136. Kanis JA, Johnell O, De Laet C, Jonsson B, Oden A, Ogelsby AK: International 
variations in hip fracture probabilities: implications for risk assessment. J Bone 
Miner Res 2002, 17(7):1237-1244. 

137. Felsenberg D, Silman AJ, Lunt M, Armbrecht G, Ismail AA, Finn JD, Cockerill WC, 
Banzer D, Benevolenskaya LI, Bhalla A et al: Incidence of vertebral fracture in 
europe: results from the European Prospective Osteoporosis Study (EPOS). J 
Bone Miner Res 2002, 17(4):716-724. 

138. Riggs BL, Melton LJ, Robb RA, Camp JJ, Atkinson EJ, McDaniel L, Amin S, 
Rouleau PA, Khosla S: A population-based assessment of rates of bone loss at 
multiple skeletal sites: evidence for substantial trabecular bone loss in young 
adult women and men. J Bone Miner Res 2008, 23(2):205-214. 

139. Manolagas SC, Kousteni S, Jilka RL: Sex steroids and bone. Recent progress in 
hormone research 2002, 57:385-409. 

140. Khosla S, Melton LJ, 3rd, Riggs BL: Clinical review 144: Estrogen and the male 
skeleton. J Clin Endocrinol Metab 2002, 87(4):1443-1450. 

141. Orwoll E, Lambert LC, Marshall LM, Phipps K, Blank J, Barrett-Connor E, Cauley J, 
Ensrud K, Cummings S: Testosterone and estradiol among older men. J Clin 
Endocrinol Metab 2006, 91(4):1336-1344. 

142. Mellstrom D, Vandenput L, Mallmin H, Holmberg AH, Lorentzon M, Oden A, 
Johansson H, Orwoll ES, Labrie F, Karlsson MK et al: Older men with low serum 
estradiol and high serum SHBG have an increased risk of fractures. J Bone Miner 
Res 2008, 23(10):1552-1560. 

143. Amin S, Zhang Y, Felson DT, Sawin CT, Hannan MT, Wilson PW, Kiel DP: 
Estradiol, testosterone, and the risk for hip fractures in elderly men from the 
Framingham Study. The American journal of medicine 2006, 119(5):426-433. 

144. Khosla S: Update in male osteoporosis. J Clin Endocrinol Metab 2010, 95(1):3-10. 
145. Donnelly S, Doyle DV, Denton A, Rolfe I, McCloskey EV, Spector TD: Bone 

mineral density and vertebral compression fracture rates in ankylosing 
spondylitis. Annals of the rheumatic diseases 1994, 53(2):117-121. 

146. Mitra D, Elvins DM, Speden DJ, Collins AJ: The prevalence of vertebral fractures 
in mild ankylosing spondylitis and their relationship to bone mineral density. 
Rheumatology (Oxford, England) 2000, 39(1):85-89. 

147. Will R, Palmer R, Bhalla AK, Ring F, Calin A: Osteoporosis in early ankylosing 
spondylitis: a primary pathological event? Lancet 1989, 2(8678-8679):1483-1485. 

148. El Maghraoui A, Borderie D, Cherruau B, Edouard R, Dougados M, Roux C: 
Osteoporosis, body composition, and bone turnover in ankylosing spondylitis. The 
Journal of rheumatology 1999, 26(10):2205-2209. 

149. Geusens P, Vosse D, van der Linden S: Osteoporosis and vertebral fractures in 
ankylosing spondylitis. Current opinion in rheumatology 2007, 19(4):335-339. 

150. Lange U, Kluge A, Strunk J, Teichmann J, Bachmann G: Ankylosing spondylitis and 
bone mineral density--what is the ideal tool for measurement? Rheumatology 
international 2005, 26(2):115-120. 



84 
 

involving Src/ERK and phosphatidylinositol 3-kinase/AKT. J Biol Chem 2005, 
280(50):41342-41351. 

115. Boland GM, Perkins G, Hall DJ, Tuan RS: Wnt 3a promotes proliferation and 
suppresses osteogenic differentiation of adult human mesenchymal stem cells. J 
Cell Biochem 2004, 93(6):1210-1230. 

116. Takada I, Mihara M, Suzawa M, Ohtake F, Kobayashi S, Igarashi M, Youn MY, 
Takeyama K, Nakamura T, Mezaki Y et al: A histone lysine methyltransferase 
activated by non-canonical Wnt signalling suppresses PPAR-gamma 
transactivation. Nat Cell Biol 2007, 9(11):1273-1285. 

117. Niemann S, Zhao C, Pascu F, Stahl U, Aulepp U, Niswander L, Weber JL, Muller U: 
Homozygous WNT3 mutation causes tetra-amelia in a large consanguineous 
family. American journal of human genetics 2004, 74(3):558-563. 

118. Staines KA, Macrae VE, Farquharson C: Cartilage development and degeneration: 
a Wnt Wnt situation. Cell Biochem Funct 2012. 

119. Thomas RS, Clarke AR, Duance VC, Blain EJ: Effects of Wnt3A and mechanical 
load on cartilage chondrocyte homeostasis. Arthritis research & therapy 2011, 
13(6):R203. 

120. Nakamura Y, Nawata M, Wakitani S: Expression profiles and functional analyses 
of Wnt-related genes in human joint disorders. Am J Pathol 2005, 167(1):97-105. 

121. Miller JR: The Wnts. Genome Biol 2002, 3(1):REVIEWS3001. 
122. Maeda K, Kobayashi Y, Udagawa N, Uehara S, Ishihara A, Mizoguchi T, Kikuchi Y, 

Takada I, Kato S, Kani S et al: Wnt5a-Ror2 signaling between osteoblast-lineage 
cells and osteoclast precursors enhances osteoclastogenesis. Nat Med 2012, 
18(3):405-412. 

123. Sen M, Lauterbach K, El-Gabalawy H, Firestein GS, Corr M, Carson DA: Expression 
and function of wingless and frizzled homologs in rheumatoid arthritis. Proc Natl 
Acad Sci U S A 2000, 97(6):2791-2796. 

124. Sen M, Chamorro M, Reifert J, Corr M, Carson DA: Blockade of Wnt-5A/frizzled 5 
signaling inhibits rheumatoid synoviocyte activation. Arthritis and rheumatism 
2001, 44(4):772-781. 

125. Johnson ML, Harnish K, Nusse R, Van Hul W: LRP5 and Wnt signaling: a union 
made for bone. J Bone Miner Res 2004, 19(11):1749-1757. 

126. Uderhardt S, Diarra D, Katzenbeisser J, David JP, Zwerina J, Richards W, Kronke G, 
Schett G: Blockade of Dickkopf (DKK)-1 induces fusion of sacroiliac joints. 
Annals of the rheumatic diseases 2010, 69(3):592-597. 

127. Moester MJ, Papapoulos SE, Lowik CW, van Bezooijen RL: Sclerostin: current 
knowledge and future perspectives. Calcif Tissue Int 2010, 87(2):99-107. 

128. Bonewald LF, Johnson ML: Osteocytes, mechanosensing and Wnt signaling. Bone 
2008, 42(4):606-615. 

129. Robling AG, Niziolek PJ, Baldridge LA, Condon KW, Allen MR, Alam I, Mantila 
SM, Gluhak-Heinrich J, Bellido TM, Harris SE et al: Mechanical stimulation of 
bone in vivo reduces osteocyte expression of Sost/sclerostin. J Biol Chem 2008, 
283(9):5866-5875. 

130. Consensus development conference: prophylaxis and treatment of osteoporosis. 
The American journal of medicine 1991, 90(1):107-110. 

131. Assessment of fracture risk and its application to screening for postmenopausal 
osteoporosis. Report of a WHO Study Group. World Health Organ Tech Rep Ser 
1994, 843:1-129. 

132. Kanis JA, Melton LJ, 3rd, Christiansen C, Johnston CC, Khaltaev N: The diagnosis of 
osteoporosis. J Bone Miner Res 1994, 9(8):1137-1141. 

85 
 

133. Baim S, Leonard MB, Bianchi ML, Hans DB, Kalkwarf HJ, Langman CB, Rauch F: 
Official Positions of the International Society for Clinical Densitometry and 
executive summary of the 2007 ISCD Pediatric Position Development 
Conference. J Clin Densitom 2008, 11(1):6-21. 

134. Osteoporos - prevention, diagnostik och behandling. SBU – Statens beredning för 
medicinsk utvärdering 2003, Rapportnr: 165/1, 165/2. 

135. Cummings SR, Melton LJ: Epidemiology and outcomes of osteoporotic fractures. 
Lancet 2002, 359(9319):1761-1767. 

136. Kanis JA, Johnell O, De Laet C, Jonsson B, Oden A, Ogelsby AK: International 
variations in hip fracture probabilities: implications for risk assessment. J Bone 
Miner Res 2002, 17(7):1237-1244. 

137. Felsenberg D, Silman AJ, Lunt M, Armbrecht G, Ismail AA, Finn JD, Cockerill WC, 
Banzer D, Benevolenskaya LI, Bhalla A et al: Incidence of vertebral fracture in 
europe: results from the European Prospective Osteoporosis Study (EPOS). J 
Bone Miner Res 2002, 17(4):716-724. 

138. Riggs BL, Melton LJ, Robb RA, Camp JJ, Atkinson EJ, McDaniel L, Amin S, 
Rouleau PA, Khosla S: A population-based assessment of rates of bone loss at 
multiple skeletal sites: evidence for substantial trabecular bone loss in young 
adult women and men. J Bone Miner Res 2008, 23(2):205-214. 

139. Manolagas SC, Kousteni S, Jilka RL: Sex steroids and bone. Recent progress in 
hormone research 2002, 57:385-409. 

140. Khosla S, Melton LJ, 3rd, Riggs BL: Clinical review 144: Estrogen and the male 
skeleton. J Clin Endocrinol Metab 2002, 87(4):1443-1450. 

141. Orwoll E, Lambert LC, Marshall LM, Phipps K, Blank J, Barrett-Connor E, Cauley J, 
Ensrud K, Cummings S: Testosterone and estradiol among older men. J Clin 
Endocrinol Metab 2006, 91(4):1336-1344. 

142. Mellstrom D, Vandenput L, Mallmin H, Holmberg AH, Lorentzon M, Oden A, 
Johansson H, Orwoll ES, Labrie F, Karlsson MK et al: Older men with low serum 
estradiol and high serum SHBG have an increased risk of fractures. J Bone Miner 
Res 2008, 23(10):1552-1560. 

143. Amin S, Zhang Y, Felson DT, Sawin CT, Hannan MT, Wilson PW, Kiel DP: 
Estradiol, testosterone, and the risk for hip fractures in elderly men from the 
Framingham Study. The American journal of medicine 2006, 119(5):426-433. 

144. Khosla S: Update in male osteoporosis. J Clin Endocrinol Metab 2010, 95(1):3-10. 
145. Donnelly S, Doyle DV, Denton A, Rolfe I, McCloskey EV, Spector TD: Bone 

mineral density and vertebral compression fracture rates in ankylosing 
spondylitis. Annals of the rheumatic diseases 1994, 53(2):117-121. 

146. Mitra D, Elvins DM, Speden DJ, Collins AJ: The prevalence of vertebral fractures 
in mild ankylosing spondylitis and their relationship to bone mineral density. 
Rheumatology (Oxford, England) 2000, 39(1):85-89. 

147. Will R, Palmer R, Bhalla AK, Ring F, Calin A: Osteoporosis in early ankylosing 
spondylitis: a primary pathological event? Lancet 1989, 2(8678-8679):1483-1485. 

148. El Maghraoui A, Borderie D, Cherruau B, Edouard R, Dougados M, Roux C: 
Osteoporosis, body composition, and bone turnover in ankylosing spondylitis. The 
Journal of rheumatology 1999, 26(10):2205-2209. 

149. Geusens P, Vosse D, van der Linden S: Osteoporosis and vertebral fractures in 
ankylosing spondylitis. Current opinion in rheumatology 2007, 19(4):335-339. 

150. Lange U, Kluge A, Strunk J, Teichmann J, Bachmann G: Ankylosing spondylitis and 
bone mineral density--what is the ideal tool for measurement? Rheumatology 
international 2005, 26(2):115-120. 



86 
 

151. Toussirot E, Michel F, Wendling D: Bone density, ultrasound measurements and 
body composition in early ankylosing spondylitis. Rheumatology (Oxford, England) 
2001, 40(8):882-888. 

152. Klingberg E, Lorentzon M, Mellstrom D, Geijer M, Gothlin J, Hilme E, Hedberg M, 
Carlsten H, Forsblad-d'Elia H: Osteoporosis in ankylosing spondylitis - prevalence, 
risk factors and methods of assessment. Arthritis research & therapy 2012, 
14(3):R108. 

153. Gratacos J, Collado A, Pons F, Osaba M, Sanmarti R, Roque M, Larrosa M, Munoz-
Gomez J: Significant loss of bone mass in patients with early, active ankylosing 
spondylitis: a followup study. Arthritis and rheumatism 1999, 42(11):2319-2324. 

154. Jun JB, Joo KB, Her MY, Kim TH, Bae SC, Yoo DH, Kim SK: Femoral bone 
mineral density is associated with vertebral fractures in patients with ankylosing 
spondylitis: a cross-sectional study. The Journal of rheumatology 2006, 33(8):1637-
1641. 

155. Karberg K, Zochling J, Sieper J, Felsenberg D, Braun J: Bone loss is detected more 
frequently in patients with ankylosing spondylitis with syndesmophytes. The 
Journal of rheumatology 2005, 32(7):1290-1298. 

156. Maillefert JF, Aho LS, El Maghraoui A, Dougados M, Roux C: Changes in bone 
density in patients with ankylosing spondylitis: a two-year follow-up study. 
Osteoporos Int 2001, 12(7):605-609. 

157. van der Weijden MA, van Denderen JC, Lems WF, Heymans MW, Dijkmans BA, van 
der Horst-Bruinsma IE: Low bone mineral density is related to male gender and 
decreased functional capacity in early spondylarthropathies. Clinical 
rheumatology 2010. 

158. Confavreux CB, Chapurlat RD: Systemic bone effects of biologic therapies in 
rheumatoid arthritis and ankylosing spondylitis. Osteoporos Int 2011, 22(4):1023-
1036. 

159. Kawai VK, Stein CM, Perrien DS, Griffin MR: Effects of anti-tumor necrosis factor 
alpha agents on bone. Current opinion in rheumatology 2012, 24(5):576-585. 

160. Allali F, Breban M, Porcher R, Maillefert JF, Dougados M, Roux C: Increase in bone 
mineral density of patients with spondyloarthropathy treated with anti-tumour 
necrosis factor alpha. Annals of the rheumatic diseases 2003, 62(4):347-349. 

161. Briot K, Garnero P, Le Henanff A, Dougados M, Roux C: Body weight, body 
composition, and bone turnover changes in patients with spondyloarthropathy 
receiving anti-tumour necrosis factor {alpha} treatment. Annals of the rheumatic 
diseases 2005, 64(8):1137-1140. 

162. Briot K, Roux C, Gossec L, Charni N, Kolta S, Dougados M, Garnero P: Effects of 
etanercept on serum biochemical markers of cartilage metabolism in patients 
with spondyloarthropathy. The Journal of rheumatology 2008, 35(2):310-314. 

163. Barnabe C, Hanley DA: Effect of tumor necrosis factor alpha inhibition on bone 
density and turnover markers in patients with rheumatoid arthritis and 
spondyloarthropathy. Seminars in arthritis and rheumatism 2009, 39(2):116-122. 

164. Klingberg E, Nurkkala M, Carlsten H, Forsblad-d'Elia H: Biomarkers of bone 
metabolism in ankylosing spondylitis in relation to osteoproliferation and 
osteoporosis. In manuscript 2013. 

165. Obermayer-Pietsch BM, Lange U, Tauber G, Fruhauf G, Fahrleitner A, Dobnig H, 
Hermann J, Aglas F, Teichmann J, Neeck G et al: Vitamin D receptor initiation 
codon polymorphism, bone density and inflammatory activity of patients with 
ankylosing spondylitis. Osteoporos Int 2003, 14(12):995-1000. 

87 
 

166. Aydin T, Karacan I, Demir SE, Sahin Z: Bone loss in males with ankylosing 
spondylitis: its relation to sex hormone levels. Clinical endocrinology 2005, 
63(4):467-469. 

167. El Maghraoui A, Tellal S, Chaouir S, Lebbar K, Bezza A, Nouijai A, Achemlal L, 
Bouhssain S, Derouiche el M: Bone turnover markers, anterior pituitary and 
gonadal hormones, and bone mass evaluation using quantitative computed 
tomography in ankylosing spondylitis. Clinical rheumatology 2005, 24(4):346-351. 

168. Mitra D, Elvins DM, Collins AJ: Testosterone and testosterone free index in mild 
ankylosing spondylitis: relationship with bone mineral density and vertebral 
fractures. The Journal of rheumatology 1999, 26(11):2414-2417. 

169. Straub RH, Struharova S, Scholmerich J, Harle P: No alterations of serum levels of 
adrenal and gonadal hormones in patients with ankylosing spondylitis. Clinical 
and experimental rheumatology 2002, 20(6 Suppl 28):S52-59. 

170. Ralston SH, Urquhart GD, Brzeski M, Sturrock RD: Prevalence of vertebral 
compression fractures due to osteoporosis in ankylosing spondylitis. BMJ 1990, 
300(6724):563-565. 

171. Sarikaya S, Basaran A, Tekin Y, Ozdolap S, Ortancil O: Is osteoporosis generalized 
or localized to central skeleton in ankylosing spondylitis? J Clin Rheumatol 2007, 
13(1):20-24. 

172. Klingberg E, Lorentzon M, Göthlin J, Mellström D, Geijer M, Ohlsson C, Atkinson 
EJ, Khosla S, Carlsten H, Forsblad-d'Elia H: Bone microarchitecture in ankylosing 
spondylitis and the association with bone mineral density, fractures and 
syndesmophyte formation. In manuscript 2013. 

173. Klingberg E, Geijer M, Gothlin J, Mellstrom D, Lorentzon M, Hilme E, Hedberg M, 
Carlsten H, Forsblad-D'Elia H: Vertebral fractures in ankylosing spondylitis are 
associated with lower bone mineral density in both central and peripheral 
skeleton. The Journal of rheumatology 2012, 39(10):1987-1995. 

174. Caron T, Bransford R, Nguyen Q, Agel J, Chapman J, Bellabarba C: Spine fractures 
in patients with ankylosing spinal disorders. Spine (Phila Pa 1976) 2010, 
35(11):E458-464. 

175. Jacobs WB, Fehlings MG: Ankylosing spondylitis and spinal cord injury: origin, 
incidence, management, and avoidance. Neurosurg Focus 2008, 24(1):E12. 

176. Westerveld LA, Verlaan JJ, Oner FC: Spinal fractures in patients with ankylosing 
spinal disorders: a systematic review of the literature on treatment, neurological 
status and complications. Eur Spine J 2009, 18(2):145-156. 

177. Faulkner RA, McCulloch RG, Fyke SL, De Coteau WE, McKay HA, Bailey DA, 
Houston CS, Wilkinson AA: Comparison of areal and estimated volumetric bone 
mineral density values between older men and women. Osteoporos Int 1995, 
5(4):271-275. 

178. Devogelaer JP, Maldague B, Malghem J, Nagant de Deuxchaisnes C: Appendicular 
and vertebral bone mass in ankylosing spondylitis. A comparison of plain 
radiographs with single- and dual-photon absorptiometry and with quantitative 
computed tomography. Arthritis and rheumatism 1992, 35(9):1062-1067. 

179. 9Lee YS, Schlotzhauer T, Ott SM, van Vollenhoven RF, Hunter J, Shapiro J, Marcus 
R, McGuire JL: Skeletal status of men with early and late ankylosing spondylitis. 
The American journal of medicine 1997, 103(3):233-241. 

180. Jenkinson TR, Mallorie PA, Whitelock HC, Kennedy LG, Garrett SL, Calin A: 
Defining spinal mobility in ankylosing spondylitis (AS). The Bath AS Metrology 
Index. The Journal of rheumatology 1994, 21(9):1694-1698. 



86 
 

151. Toussirot E, Michel F, Wendling D: Bone density, ultrasound measurements and 
body composition in early ankylosing spondylitis. Rheumatology (Oxford, England) 
2001, 40(8):882-888. 

152. Klingberg E, Lorentzon M, Mellstrom D, Geijer M, Gothlin J, Hilme E, Hedberg M, 
Carlsten H, Forsblad-d'Elia H: Osteoporosis in ankylosing spondylitis - prevalence, 
risk factors and methods of assessment. Arthritis research & therapy 2012, 
14(3):R108. 

153. Gratacos J, Collado A, Pons F, Osaba M, Sanmarti R, Roque M, Larrosa M, Munoz-
Gomez J: Significant loss of bone mass in patients with early, active ankylosing 
spondylitis: a followup study. Arthritis and rheumatism 1999, 42(11):2319-2324. 

154. Jun JB, Joo KB, Her MY, Kim TH, Bae SC, Yoo DH, Kim SK: Femoral bone 
mineral density is associated with vertebral fractures in patients with ankylosing 
spondylitis: a cross-sectional study. The Journal of rheumatology 2006, 33(8):1637-
1641. 

155. Karberg K, Zochling J, Sieper J, Felsenberg D, Braun J: Bone loss is detected more 
frequently in patients with ankylosing spondylitis with syndesmophytes. The 
Journal of rheumatology 2005, 32(7):1290-1298. 

156. Maillefert JF, Aho LS, El Maghraoui A, Dougados M, Roux C: Changes in bone 
density in patients with ankylosing spondylitis: a two-year follow-up study. 
Osteoporos Int 2001, 12(7):605-609. 

157. van der Weijden MA, van Denderen JC, Lems WF, Heymans MW, Dijkmans BA, van 
der Horst-Bruinsma IE: Low bone mineral density is related to male gender and 
decreased functional capacity in early spondylarthropathies. Clinical 
rheumatology 2010. 

158. Confavreux CB, Chapurlat RD: Systemic bone effects of biologic therapies in 
rheumatoid arthritis and ankylosing spondylitis. Osteoporos Int 2011, 22(4):1023-
1036. 

159. Kawai VK, Stein CM, Perrien DS, Griffin MR: Effects of anti-tumor necrosis factor 
alpha agents on bone. Current opinion in rheumatology 2012, 24(5):576-585. 

160. Allali F, Breban M, Porcher R, Maillefert JF, Dougados M, Roux C: Increase in bone 
mineral density of patients with spondyloarthropathy treated with anti-tumour 
necrosis factor alpha. Annals of the rheumatic diseases 2003, 62(4):347-349. 

161. Briot K, Garnero P, Le Henanff A, Dougados M, Roux C: Body weight, body 
composition, and bone turnover changes in patients with spondyloarthropathy 
receiving anti-tumour necrosis factor {alpha} treatment. Annals of the rheumatic 
diseases 2005, 64(8):1137-1140. 

162. Briot K, Roux C, Gossec L, Charni N, Kolta S, Dougados M, Garnero P: Effects of 
etanercept on serum biochemical markers of cartilage metabolism in patients 
with spondyloarthropathy. The Journal of rheumatology 2008, 35(2):310-314. 

163. Barnabe C, Hanley DA: Effect of tumor necrosis factor alpha inhibition on bone 
density and turnover markers in patients with rheumatoid arthritis and 
spondyloarthropathy. Seminars in arthritis and rheumatism 2009, 39(2):116-122. 

164. Klingberg E, Nurkkala M, Carlsten H, Forsblad-d'Elia H: Biomarkers of bone 
metabolism in ankylosing spondylitis in relation to osteoproliferation and 
osteoporosis. In manuscript 2013. 

165. Obermayer-Pietsch BM, Lange U, Tauber G, Fruhauf G, Fahrleitner A, Dobnig H, 
Hermann J, Aglas F, Teichmann J, Neeck G et al: Vitamin D receptor initiation 
codon polymorphism, bone density and inflammatory activity of patients with 
ankylosing spondylitis. Osteoporos Int 2003, 14(12):995-1000. 

87 
 

166. Aydin T, Karacan I, Demir SE, Sahin Z: Bone loss in males with ankylosing 
spondylitis: its relation to sex hormone levels. Clinical endocrinology 2005, 
63(4):467-469. 

167. El Maghraoui A, Tellal S, Chaouir S, Lebbar K, Bezza A, Nouijai A, Achemlal L, 
Bouhssain S, Derouiche el M: Bone turnover markers, anterior pituitary and 
gonadal hormones, and bone mass evaluation using quantitative computed 
tomography in ankylosing spondylitis. Clinical rheumatology 2005, 24(4):346-351. 

168. Mitra D, Elvins DM, Collins AJ: Testosterone and testosterone free index in mild 
ankylosing spondylitis: relationship with bone mineral density and vertebral 
fractures. The Journal of rheumatology 1999, 26(11):2414-2417. 

169. Straub RH, Struharova S, Scholmerich J, Harle P: No alterations of serum levels of 
adrenal and gonadal hormones in patients with ankylosing spondylitis. Clinical 
and experimental rheumatology 2002, 20(6 Suppl 28):S52-59. 

170. Ralston SH, Urquhart GD, Brzeski M, Sturrock RD: Prevalence of vertebral 
compression fractures due to osteoporosis in ankylosing spondylitis. BMJ 1990, 
300(6724):563-565. 

171. Sarikaya S, Basaran A, Tekin Y, Ozdolap S, Ortancil O: Is osteoporosis generalized 
or localized to central skeleton in ankylosing spondylitis? J Clin Rheumatol 2007, 
13(1):20-24. 

172. Klingberg E, Lorentzon M, Göthlin J, Mellström D, Geijer M, Ohlsson C, Atkinson 
EJ, Khosla S, Carlsten H, Forsblad-d'Elia H: Bone microarchitecture in ankylosing 
spondylitis and the association with bone mineral density, fractures and 
syndesmophyte formation. In manuscript 2013. 

173. Klingberg E, Geijer M, Gothlin J, Mellstrom D, Lorentzon M, Hilme E, Hedberg M, 
Carlsten H, Forsblad-D'Elia H: Vertebral fractures in ankylosing spondylitis are 
associated with lower bone mineral density in both central and peripheral 
skeleton. The Journal of rheumatology 2012, 39(10):1987-1995. 

174. Caron T, Bransford R, Nguyen Q, Agel J, Chapman J, Bellabarba C: Spine fractures 
in patients with ankylosing spinal disorders. Spine (Phila Pa 1976) 2010, 
35(11):E458-464. 

175. Jacobs WB, Fehlings MG: Ankylosing spondylitis and spinal cord injury: origin, 
incidence, management, and avoidance. Neurosurg Focus 2008, 24(1):E12. 

176. Westerveld LA, Verlaan JJ, Oner FC: Spinal fractures in patients with ankylosing 
spinal disorders: a systematic review of the literature on treatment, neurological 
status and complications. Eur Spine J 2009, 18(2):145-156. 

177. Faulkner RA, McCulloch RG, Fyke SL, De Coteau WE, McKay HA, Bailey DA, 
Houston CS, Wilkinson AA: Comparison of areal and estimated volumetric bone 
mineral density values between older men and women. Osteoporos Int 1995, 
5(4):271-275. 

178. Devogelaer JP, Maldague B, Malghem J, Nagant de Deuxchaisnes C: Appendicular 
and vertebral bone mass in ankylosing spondylitis. A comparison of plain 
radiographs with single- and dual-photon absorptiometry and with quantitative 
computed tomography. Arthritis and rheumatism 1992, 35(9):1062-1067. 

179. 9Lee YS, Schlotzhauer T, Ott SM, van Vollenhoven RF, Hunter J, Shapiro J, Marcus 
R, McGuire JL: Skeletal status of men with early and late ankylosing spondylitis. 
The American journal of medicine 1997, 103(3):233-241. 

180. Jenkinson TR, Mallorie PA, Whitelock HC, Kennedy LG, Garrett SL, Calin A: 
Defining spinal mobility in ankylosing spondylitis (AS). The Bath AS Metrology 
Index. The Journal of rheumatology 1994, 21(9):1694-1698. 



88 
 

181. Mannerkorpi K, Hernelid C: Leisure Time Physical Activity Instrument and 
Physical Activity at Home and Work Instrument. Development, face validity, 
construct validity and test-retest reliability for subjects with fibromyalgia. Disabil 
Rehabil 2005, 27(12):695-701. 

182. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin A: A new 
approach to defining disease status in ankylosing spondylitis: the Bath 
Ankylosing Spondylitis Disease Activity Index. The Journal of rheumatology 1994, 
21(12):2286-2291. 

183. Jones SD, Steiner A, Garrett SL, Calin A: The Bath Ankylosing Spondylitis Patient 
Global Score (BAS-G). British journal of rheumatology 1996, 35(1):66-71. 

184. Lukas C, Landewe R, Sieper J, Dougados M, Davis J, Braun J, van der Linden S, van 
der Heijde D: Development of an ASAS-endorsed disease activity score (ASDAS) 
in patients with ankylosing spondylitis. Annals of the rheumatic diseases 2009, 
68(1):18-24. 

185. van der Heijde D, Lie E, Kvien TK, Sieper J, Van den Bosch F, Listing J, Braun J, 
Landewe R: ASDAS, a highly discriminatory ASAS-endorsed disease activity 
score in patients with ankylosing spondylitis. Annals of the rheumatic diseases 
2009, 68(12):1811-1818. 

186. Calin A, Garrett S, Whitelock H, Kennedy LG, O'Hea J, Mallorie P, Jenkinson T: A 
new approach to defining functional ability in ankylosing spondylitis: the 
development of the Bath Ankylosing Spondylitis Functional Index. The Journal of 
rheumatology 1994, 21(12):2281-2285. 

187. Creemers MC, Franssen MJ, van't Hof MA, Gribnau FW, van de Putte LB, van Riel 
PL: Assessment of outcome in ankylosing spondylitis: an extended radiographic 
scoring system. Annals of the rheumatic diseases 2005, 64(1):127-129. 

188. Genant HK, Wu CY, van Kuijk C, Nevitt MC: Vertebral fracture assessment using 
a semiquantitative technique. J Bone Miner Res 1993, 8(9):1137-1148. 

189. Vosse D, van der Heijde D, Landewe R, Geusens P, Mielants H, Dougados M, van der 
Linden S: Determinants of hyperkyphosis in patients with ankylosing spondylitis. 
Annals of the rheumatic diseases 2006, 65(6):770-774. 

190. Behandling av osteoporos. In: Information från Läkemedelsverket 
Behandlingsrekommendation. Läkemedelsverket; 2007. 

191. Johnell O, Kanis J, Gullberg G: Mortality, morbidity, and assessment of fracture 
risk in male osteoporosis. Calcif Tissue Int 2001, 69(4):182-184. 

192. Lems WF: Clinical relevance of vertebral fractures. Annals of the rheumatic 
diseases 2007, 66(1):2-4. 

193. Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton I, Broy SB, Licata A, 
Benhamou L, Geusens P, Flowers K et al: Risk of new vertebral fracture in the 
year following a fracture. JAMA 2001, 285(3):320-323. 

194. Ghozlani I, Ghazi M, Nouijai A, Mounach A, Rezqi A, Achemlal L, Bezza A, El 
Maghraoui A: Prevalence and risk factors of osteoporosis and vertebral fractures 
in patients with ankylosing spondylitis. Bone 2009, 44(5):772-776. 

195. Bazzocchi A, Spinnato P, Fuzzi F, Diano D, Morselli-Labate AM, Sassi C, Salizzoni 
E, Battista G, Guglielmi G: Vertebral fracture assessment by new dual-energy X-
ray absorptiometry. Bone 2012, 50(4):836-841. 

196. Greenspan SL, Maitland-Ramsey L, Myers E: Classification of osteoporosis in the 
elderly is dependent on site-specific analysis. Calcif Tissue Int 1996, 58(6):409-414. 

197. Kang KY, Lee KY, Kwok SK, Ju JH, Park KS, Hong YS, Kim HY, Park SH: The 
change of bone mineral density according to treatment agents in patients with 
ankylosing spondylitis. Joint Bone Spine 2011, 78(2):188-193. 

89 
 

198. Lories RJ, Derese I, Luyten FP: Inhibition of osteoclasts does not prevent joint 
ankylosis in a mouse model of spondyloarthritis. Rheumatology (Oxford, England) 
2008, 47(5):605-608. 

199. Toussirot E, Wendling D: Antiinflammatory treatment with bisphosphonates in 
ankylosing spondylitis. Current opinion in rheumatology 2007, 19(4):340-345. 

200. Santra G, Sarkar RN, Phaujdar S, Banerjee S, Siddhanta S: Assessment of the 
efficacy of pamidronate in ankylosing spondylitis: an open prospective trial. 
Singapore Med J 2010, 51(11):883-887. 

201. Coates L. BA, Creamer P., Hailwood S., Mattey D. , Packham J., Taylor G. : The 
effect of alendronate on ankylosing spondylitis; The results of the 
bisphosphonates in ankylosing spondylitis trial (BIAS) Ann Rheum Dis 
2011;70(Suppl3):128 2011. 

202. Magrey M, Khan MA: New insights into synovitis, acne, pustulosis, hyperostosis, 
and osteitis (SAPHO) syndrome. Current rheumatology reports 2009, 11(5):329-
333. 

203. Amital H, Applbaum YH, Aamar S, Daniel N, Rubinow A: SAPHO syndrome 
treated with pamidronate: an open-label study of 10 patients. Rheumatology 
(Oxford, England) 2004, 43(5):658-661. 

204. Willert K, Nusse R: Wnt proteins. Cold Spring Harbor perspectives in biology 2012, 
4(9):a007864. 

205. Shibamoto S, Higano K, Takada R, Ito F, Takeichi M, Takada S: Cytoskeletal 
reorganization by soluble Wnt-3a protein signalling. Genes to cells : devoted to 
molecular & cellular mechanisms 1998, 3(10):659-670. 

206. Lee W, Reveille JD, Weisman MH: Women with ankylosing spondylitis: a review. 
Arthritis and rheumatism 2008, 59(3):449-454. 

207. Hoyle E, Laval SH, Calin A, Wordsworth BP, Brown MA: The X-chromosome and 
susceptibility to ankylosing spondylitis. Arthritis and rheumatism 2000, 43(6):1353-
1355. 

208. Gooren LJ, Giltay EJ, van Schaardenburg D, Dijkmans BA: Gonadal and adrenal 
sex steroids in ankylosing spondylitis. Rheumatic diseases clinics of North America 
2000, 26(4):969-987. 

209. Kaan U, Ferda O: Evaluation of clinical activity and functional impairment in 
smokers with ankylosing spondylitis. Rheumatology international 2005, 25(5):357-
360. 

210. Averns HL, Oxtoby J, Taylor HG, Jones PW, Dziedzic K, Dawes PT: Smoking and 
outcome in ankylosing spondylitis. Scandinavian journal of rheumatology 1996, 
25(3):138-142. 

211. Doran MF, Brophy S, MacKay K, Taylor G, Calin A: Predictors of longterm 
outcome in ankylosing spondylitis. The Journal of rheumatology 2003, 30(2):316-
320. 

212. Ward MM, Weisman MH, Davis JC, Jr., Reveille JD: Risk factors for functional 
limitations in patients with long-standing ankylosing spondylitis. Arthritis and 
rheumatism 2005, 53(5):710-717. 

213. Poddubnyy D, Haibel H, Listing J, Marker-Hermann E, Zeidler H, Braun J, Sieper J, 
Rudwaleit M: Baseline radiographic damage, elevated acute-phase reactant levels, 
and cigarette smoking status predict spinal radiographic progression in early 
axial spondylarthritis. Arthritis and rheumatism 2012, 64(5):1388-1398. 

214. Chung HY, Machado P, van der Heijde D, D'Agostino MA, Dougados M: Smokers in 
early axial spondyloarthritis have earlier disease onset, more disease activity, 
inflammation and damage, and poorer function and health-related quality of life: 



88 
 

181. Mannerkorpi K, Hernelid C: Leisure Time Physical Activity Instrument and 
Physical Activity at Home and Work Instrument. Development, face validity, 
construct validity and test-retest reliability for subjects with fibromyalgia. Disabil 
Rehabil 2005, 27(12):695-701. 

182. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin A: A new 
approach to defining disease status in ankylosing spondylitis: the Bath 
Ankylosing Spondylitis Disease Activity Index. The Journal of rheumatology 1994, 
21(12):2286-2291. 

183. Jones SD, Steiner A, Garrett SL, Calin A: The Bath Ankylosing Spondylitis Patient 
Global Score (BAS-G). British journal of rheumatology 1996, 35(1):66-71. 

184. Lukas C, Landewe R, Sieper J, Dougados M, Davis J, Braun J, van der Linden S, van 
der Heijde D: Development of an ASAS-endorsed disease activity score (ASDAS) 
in patients with ankylosing spondylitis. Annals of the rheumatic diseases 2009, 
68(1):18-24. 

185. van der Heijde D, Lie E, Kvien TK, Sieper J, Van den Bosch F, Listing J, Braun J, 
Landewe R: ASDAS, a highly discriminatory ASAS-endorsed disease activity 
score in patients with ankylosing spondylitis. Annals of the rheumatic diseases 
2009, 68(12):1811-1818. 

186. Calin A, Garrett S, Whitelock H, Kennedy LG, O'Hea J, Mallorie P, Jenkinson T: A 
new approach to defining functional ability in ankylosing spondylitis: the 
development of the Bath Ankylosing Spondylitis Functional Index. The Journal of 
rheumatology 1994, 21(12):2281-2285. 

187. Creemers MC, Franssen MJ, van't Hof MA, Gribnau FW, van de Putte LB, van Riel 
PL: Assessment of outcome in ankylosing spondylitis: an extended radiographic 
scoring system. Annals of the rheumatic diseases 2005, 64(1):127-129. 

188. Genant HK, Wu CY, van Kuijk C, Nevitt MC: Vertebral fracture assessment using 
a semiquantitative technique. J Bone Miner Res 1993, 8(9):1137-1148. 

189. Vosse D, van der Heijde D, Landewe R, Geusens P, Mielants H, Dougados M, van der 
Linden S: Determinants of hyperkyphosis in patients with ankylosing spondylitis. 
Annals of the rheumatic diseases 2006, 65(6):770-774. 

190. Behandling av osteoporos. In: Information från Läkemedelsverket 
Behandlingsrekommendation. Läkemedelsverket; 2007. 

191. Johnell O, Kanis J, Gullberg G: Mortality, morbidity, and assessment of fracture 
risk in male osteoporosis. Calcif Tissue Int 2001, 69(4):182-184. 

192. Lems WF: Clinical relevance of vertebral fractures. Annals of the rheumatic 
diseases 2007, 66(1):2-4. 

193. Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton I, Broy SB, Licata A, 
Benhamou L, Geusens P, Flowers K et al: Risk of new vertebral fracture in the 
year following a fracture. JAMA 2001, 285(3):320-323. 

194. Ghozlani I, Ghazi M, Nouijai A, Mounach A, Rezqi A, Achemlal L, Bezza A, El 
Maghraoui A: Prevalence and risk factors of osteoporosis and vertebral fractures 
in patients with ankylosing spondylitis. Bone 2009, 44(5):772-776. 

195. Bazzocchi A, Spinnato P, Fuzzi F, Diano D, Morselli-Labate AM, Sassi C, Salizzoni 
E, Battista G, Guglielmi G: Vertebral fracture assessment by new dual-energy X-
ray absorptiometry. Bone 2012, 50(4):836-841. 

196. Greenspan SL, Maitland-Ramsey L, Myers E: Classification of osteoporosis in the 
elderly is dependent on site-specific analysis. Calcif Tissue Int 1996, 58(6):409-414. 

197. Kang KY, Lee KY, Kwok SK, Ju JH, Park KS, Hong YS, Kim HY, Park SH: The 
change of bone mineral density according to treatment agents in patients with 
ankylosing spondylitis. Joint Bone Spine 2011, 78(2):188-193. 

89 
 

198. Lories RJ, Derese I, Luyten FP: Inhibition of osteoclasts does not prevent joint 
ankylosis in a mouse model of spondyloarthritis. Rheumatology (Oxford, England) 
2008, 47(5):605-608. 

199. Toussirot E, Wendling D: Antiinflammatory treatment with bisphosphonates in 
ankylosing spondylitis. Current opinion in rheumatology 2007, 19(4):340-345. 

200. Santra G, Sarkar RN, Phaujdar S, Banerjee S, Siddhanta S: Assessment of the 
efficacy of pamidronate in ankylosing spondylitis: an open prospective trial. 
Singapore Med J 2010, 51(11):883-887. 

201. Coates L. BA, Creamer P., Hailwood S., Mattey D. , Packham J., Taylor G. : The 
effect of alendronate on ankylosing spondylitis; The results of the 
bisphosphonates in ankylosing spondylitis trial (BIAS) Ann Rheum Dis 
2011;70(Suppl3):128 2011. 

202. Magrey M, Khan MA: New insights into synovitis, acne, pustulosis, hyperostosis, 
and osteitis (SAPHO) syndrome. Current rheumatology reports 2009, 11(5):329-
333. 

203. Amital H, Applbaum YH, Aamar S, Daniel N, Rubinow A: SAPHO syndrome 
treated with pamidronate: an open-label study of 10 patients. Rheumatology 
(Oxford, England) 2004, 43(5):658-661. 

204. Willert K, Nusse R: Wnt proteins. Cold Spring Harbor perspectives in biology 2012, 
4(9):a007864. 

205. Shibamoto S, Higano K, Takada R, Ito F, Takeichi M, Takada S: Cytoskeletal 
reorganization by soluble Wnt-3a protein signalling. Genes to cells : devoted to 
molecular & cellular mechanisms 1998, 3(10):659-670. 

206. Lee W, Reveille JD, Weisman MH: Women with ankylosing spondylitis: a review. 
Arthritis and rheumatism 2008, 59(3):449-454. 

207. Hoyle E, Laval SH, Calin A, Wordsworth BP, Brown MA: The X-chromosome and 
susceptibility to ankylosing spondylitis. Arthritis and rheumatism 2000, 43(6):1353-
1355. 

208. Gooren LJ, Giltay EJ, van Schaardenburg D, Dijkmans BA: Gonadal and adrenal 
sex steroids in ankylosing spondylitis. Rheumatic diseases clinics of North America 
2000, 26(4):969-987. 

209. Kaan U, Ferda O: Evaluation of clinical activity and functional impairment in 
smokers with ankylosing spondylitis. Rheumatology international 2005, 25(5):357-
360. 

210. Averns HL, Oxtoby J, Taylor HG, Jones PW, Dziedzic K, Dawes PT: Smoking and 
outcome in ankylosing spondylitis. Scandinavian journal of rheumatology 1996, 
25(3):138-142. 

211. Doran MF, Brophy S, MacKay K, Taylor G, Calin A: Predictors of longterm 
outcome in ankylosing spondylitis. The Journal of rheumatology 2003, 30(2):316-
320. 

212. Ward MM, Weisman MH, Davis JC, Jr., Reveille JD: Risk factors for functional 
limitations in patients with long-standing ankylosing spondylitis. Arthritis and 
rheumatism 2005, 53(5):710-717. 

213. Poddubnyy D, Haibel H, Listing J, Marker-Hermann E, Zeidler H, Braun J, Sieper J, 
Rudwaleit M: Baseline radiographic damage, elevated acute-phase reactant levels, 
and cigarette smoking status predict spinal radiographic progression in early 
axial spondylarthritis. Arthritis and rheumatism 2012, 64(5):1388-1398. 

214. Chung HY, Machado P, van der Heijde D, D'Agostino MA, Dougados M: Smokers in 
early axial spondyloarthritis have earlier disease onset, more disease activity, 
inflammation and damage, and poorer function and health-related quality of life: 



90 
 

results from the DESIR cohort. Annals of the rheumatic diseases 2012, 71(6):809-
816. 

215. Klareskog L, Padyukov L, Alfredsson L: Smoking as a trigger for inflammatory 
rheumatic diseases. Current opinion in rheumatology 2007, 19(1):49-54. 

216. Kruithof E, Baeten D, De Rycke L, Vandooren B, Foell D, Roth J, Canete JD, Boots 
AM, Veys EM, De Keyser F: Synovial histopathology of psoriatic arthritis, both 
oligo- and polyarticular, resembles spondyloarthropathy more than it does 
rheumatoid arthritis. Arthritis research & therapy 2005, 7(3):R569-580. 

217. Kim JO, Lee JS, Choi JY, Lee KH, Kim YB, Yoo DH, Kim TH: The relationship 
between peripheral arthritis and anti-cyclic citrullinated peptide antibodies in 
ankylosing spondylitis. Joint Bone Spine 2012. 

218. Bay-Jensen AC, Karsdal MA, Vassiliadis E, Wichuk S, Marcher-Mikkelsen K, Lories 
R, Christiansen C, Maksymowych WP: Circulating citrullinated vimentin 
fragments reflect disease burden in Ankylosing Spondylitis and has prognostic 
capacity for radiographic progression. Arthritis and rheumatism 2012. 

219. Freemer MM, King TE, Jr., Criswell LA: Association of smoking with dsDNA 
autoantibody production in systemic lupus erythematosus. Annals of the rheumatic 
diseases 2006, 65(5):581-584. 

220. Johnson GJ, Cosnes J, Mansfield JC: Review article: smoking cessation as primary 
therapy to modify the course of Crohn's disease. Alimentary pharmacology & 
therapeutics 2005, 21(8):921-931. 

221. Maiden L, Thjodleifsson B, Theodors A, Gonzalez J, Bjarnason I: A quantitative 
analysis of NSAID-induced small bowel pathology by capsule enteroscopy. 
Gastroenterology 2005, 128(5):1172-1178. 

222. Takeuchi K, Smale S, Premchand P, Maiden L, Sherwood R, Thjodleifsson B, 
Bjornsson E, Bjarnason I: Prevalence and mechanism of nonsteroidal anti-
inflammatory drug-induced clinical relapse in patients with inflammatory bowel 
disease. Clin Gastroenterol Hepatol 2006, 4(2):196-202. 

223. van Tubergen A, Ramiro S, van der Heijde D, Dougados M, Mielants H, Landewe R: 
Development of new syndesmophytes and bridges in ankylosing spondylitis and 
their predictors: a longitudinal study. Annals of the rheumatic diseases 2012, 
71(4):518-523. 

 
 


