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Chapter 1

General introduction
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EPIDEMIOLOGY

Spondyloarthritis (SpA) reflects a group of chronic inflammatory rheumatic diseases with 

common clinical, genetic, and immunological features [1,2]. Diseases within the SpA family 

can roughly be divided into axial SpA and peripheral SpA, depending on the predominant 

location of clinical manifestations (Figure 1) [3]. 

The overall prevalence of SpA worldwide ranges between 0.20-1.61% [4]. A strong association 

exists between the prevalence of SpA and the MHC class I molecule human leukocyte 

antigen (HLA) B27. In countries with a higher prevalence of HLA-B27, the prevalence of SpA 

is also higher [4,5].

Figure 1. Spectrum of diseases within the family of spondyloathritis. Adapted from Raychaudhuri et 
al. [3].

Abbreviations: SpA: Spondyloarthritis; AS: Ankylosing spondylitis; PsA: Psoriatic arthritis; ReA: Reactive arthritis; IBD: 
Inflammatory bowel disease.

In axial SpA, the axial skeleton is mainly involved, including the sacroiliac (SI) joints and spine. 

Axial SpA consists of ankylosing spondylitis (AS) and non-radiographic axial SpA. AS is the 

best known phenotype of axial SpA characterized by inflammation and radiographic damage 

of the SI joints and spine. Non-radiographic axial SpA is a phenotype in which radiographic 

damage of the SI joints is not (yet) present. It can reflect the stage prior to AS (Figure 2) [1]. 
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Figure 2. Stages of axial spondyloarthritis. Adapted from Rudwaleit  et al. [1]. 

Most patients with axial SpA experience their first complaints between 15 and 45 years of 

age. The disease develops gradually and the course is highly variable between patients. It 

can take up to 10 years from first symptoms to the development of radiographic damage 

of the SI joints and spine. Some patients never develop radiographic damage and will not 

progress to AS [6-8]. 

The overall prevalence of axial SpA worldwide is not exactly known. In a French study, a 

prevalence of 0.36% was found [9]. In the United States, the prevalence was estimated at 

0.70% [10]. Prevalence rates for AS worldwide ranges between 0.02-1.4% [4,5,11]. AS is more 

prevalent in males than in females. In non-radiographic axial SpA, this gender difference is 

less pronounced [12-14].

Clinical manifestations
The hallmark features of axial SpA are sacroiliitis and spondylitis referring to inflammation 

of the SI joints and the spine, respectively. Inflammation can cause severe, chronic low back 

pain [11]. Symptoms of inflammatory back pain and/or buttock pain are accompanied by 

stiffness and reduced spinal mobility [15]. These symptoms become worse in rest, e.g. during 

the night, and improve with physical exercise. Many axial SpA patients also present accessory 

clinical manifestations in other areas of the body, such as enthesitis especially at the heel 

(Achilles tendon), peripheral arthritis, uveitis (inflammatory disorder of the eye), psoriasis 

(skin disease), and inflammatory bowel disease (e.g. Crohn’s disease and ulcerative colitis) 

(Figure 3) [11,16]. The presence of clinical manifestations can vary over time with episodes of 

increased pain and stiffness and episodes of quiet disease.
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Figure 3. Example of extra-articular manifestations in axial SpA. A: Enthesitis of right Achilles tendon; B: 
Uveitis; C: Psoriasis; D: Inflammatory bowel disease (Crohn’s disease). Adapted from the Assessment of 
SpondyloArthritis international Society (ASAS) website [16].

Figure 4. Structural changes in the spine and scores 
according to the modified Stoke AS spine score (mSASSS). 
Reprinted from the Assessment of SpondyloArthritis 
international Society (ASAS) handbook [17].
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Sacroiliitis and spondylitis can lead to structural changes and ossification of the SI joints 

and spine. The most characteristic structural changes are syndemophyte formation 

and calcification of the anterior and posterior ligaments of the spine (Figure 4) [17]. 

Syndesmophytes and calcification can lead to complete fusion or ankylosis of the total 

vertebral column in a fixed, mostly forward-stooped, position, named hyperkyphosis [11]. 

The process of excessive bone formation varies from person to person. On average, excessive 

bone formation is a slow process; patients develop approximately one syndesmophyte or 

two minor structural changes (e.g. sclerosis, erosions, or squaring of vertebral bodies) every 

2 years [18,19]. 

In addition to excessive bone formation, axial SpA patients are at increased risk of bone 

loss. Osteoporosis and vertebral fractures can already be observed at a relatively young 

age [20,21]. Vertebral fractures can be complicated by increased back pain and add to the 

forward-stooped posture of axial SpA patients [22].

Diagnosis and classification
In daily clinical practice, the diagnosis of axial SpA is mainly based on the combination of 

clinical manifestations, imaging (sacroiliitis), findings of physical examination, levels of acute 

phase reactants (C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)), HLA-B27 

status, and family history of SpA [23]. 

The modified New York criteria can be used to classify patients with AS [24]. Patients with 

radiographic signs of definite sacroiliitis on plain radiographs of the pelvis and presence 

of ≥1 clinical criterion are classified as having AS (Table 1). Definite sacroiliitis is defined as 

sclerosis and/or erosions (grade 2) bilaterally or severe sclerosis/erosions with or without 

ankylosis (grade 3 or 4) unilaterally.  

As the development of radiographic damage can take many years, or even not occur in 

some patients, the Assessment in SpondyloArthritis International Society (ASAS) developed 

new classification criteria for axial SpA [1]. These criteria are especially developed to classify 

patients with both early and advanced disease for clinical research. According to the ASAS 

criteria, patients with back pain for >3 months and age onset <45 years are classified as having 

axial SpA if they have signs of sacroiliitis on imaging (detected by radiography ór magnetic 

resonance imaging (MRI))  and ≥1 clinical feature, or if they are HLA-B27 positive and have 
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≥2 clinical features (Table 1). Based on the presence or absence of definite radiographic 

sacroiliitis on imaging, patients can be sub classified into AS or non-radiographic axial SpA, 

respectively (Figure 2). The ASAS criteria may contribute to the reduced delay between 

symptoms and diagnosis [1]. 

Table 1. Classification criteria for AS and axial SpA [1,24].

Modified New York criteria for classification of AS ASAS criteria for classification axial SpA

Patients with radiological criterion in combination 
with ≥1 clinical criterion:

 – Low back pain and stiffness for >3 months that 
improves with exercise, but is not relieved by rest.

 – Limitation of motion of the lumbar spine in the 
sagittal and frontal planes.

 – Limitation of chest expansion relative to normal 
values corrected for age and sex.

Patients with back pain for >3 months, age onset <45 
years, and:

 – Sacroiliitis on imaging and ≥1 clinical feature
or:

 – HLA-B27 positive and ≥2 clinical features

Radiological criterion:
 – Sacroiliitis grade >2 bilaterally or grade 3-4 
unilaterally.

Clinical features:
 – Inflammatory back pain
 – Arthritis
 – Enthesitis (heel)
 – Uveitis
 – Dactylitis
 – Psoriasis
 – Crohn’s disease/colitis
 – Good response to NSAIDs
 – Family history for SpA
 – HLA-B27 positive
 – Elevated CRP levels

Sacroiliitis on imaging:
 – Active (acute) inflammation on MRI highly suggestive 
of sacroiliitis associated with SpA

 – Definite radiographic sacroiliitis according to modified 
New York criteria

Abbreviations: AS: Ankylosing spondylitis; SpA: Spondyloarthritis; ASAS: Assessment in SpondyloArthritis International 
Society; HLA-B27: Human leukocyte antigen-B27; NSAID: Non-steroidal anti-inflammatory drug; CRP: C-reactive protein; 
MRI: Magnetic resonance imaging.
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Management
The ASAS/European League against Rheumatism (EULAR) working group has developed 

management recommendations for axial SpA [25]. The main treatment goals are reducing 

signs and symptoms, maintaining spinal function, preventing complications and structural 

damage, and thereby improving the health-related quality of life of axial SpA patients 

[25]. Treatment of axial SpA consists of a combination of non-pharmacological and 

pharmacological management. The non-pharmacological management includes adequate 

patient education, physical exercise or physical therapy, and rehabilitation to improve spinal 

function and posture. First-line pharmacological treatment comprises treatment with non-

steroidal anti-inflammatory drugs (NSAIDs). In patients with peripheral arthritis, conventional 

disease modifying anti-rheumatic drugs (DMARDs), e.g. sulfasalazine, might be considered. 

These DMARDs do not improve axial complaints. In patients with persistently high disease 

activity despite of conventional, first-line treatment, biologicals can be prescribed. Tumor 

necrosis factor-alpha (TNF-α) inhibitors are currently the most prescribed biological treatment 

for axial SpA. TNF-α inhibitors inhibits the effect of the pro-inflammatory cytokine TNF-α, a 

cytokine that plays an important role in the initiation and maintenance of inflammation in 

axial SpA [26]. Very recently other cytokines such as IL-17 and the IL-12/23 pathway are found 

to play an important role in axial SpA, creating novel treatment options [27].

Disease outcome
In order to evaluate disease status and investigate the effect of treatment in daily clinical 

practice and in clinical studies, core sets of disease outcomes and measuring instruments have 

been proposed by the ASAS/Outcome Measures in Rheumatology Clinical Trials (OMERACT) 

working group [28]. Three core sets are developed, a core set for studies evaluating the effect 

of disease controlling anti-rheumatic therapy, for studies evaluating physical therapy and 

symptom modifying anti-rheumatic drugs, and for studies in daily clinical practice such as 

prospective cohort studies. Overall, the core sets include the following disease outcomes: 

physical function, pain, morning stiffness, fatigue, patient global assessment of disease 

activity, spinal mobility, inflammation of the peripheral joints and entheses, acute phase 

reactants, and structural damage [17,28]. Different instruments have been developed and 

validated to measure these disease outcomes (Table 2). Bone loss and physical activity are 

not incorporated in these core sets, although they are very relevant for both outcome and 

management of this disease.
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Table 2. Core set of disease outcomes and measuring instruments for axial SpA studies as proposed by 
the ASAS/OMERACT working group [16,27].

Domain Measuring instruments

Physical function Bath AS Functional Index (BASFI)

Pain Numeric rating scale/Visual analogue scale (NRS/VAS)

Pain questions in Bath AS Disease Activity Index (BASDAI)

Moring stiffness NRS/VAS

Stiffness question in BASDAI

Fatigue NRS/VAS

Fatigue question in BASDAI

Patient global assessment of disease activity NRS/VAS

Spinal mobility Occiput-to-wall distance

Chest expansion

Lateral spinal flexion

Modified Schober test

Cervical rotation

Bath AS Mobility Index (BASMI)

Inflammation of peripheral joints and entheses Total number of swollen joints (44-joint count) 

Total number of tender enthesis according to validated 
enthesitis scores, e.g. 12-point Berlin Index, 17-point University 
of California San Francisco (UCSF) Index, 13-point Maastricht AS 
Enthesitis Score (MASES)

Acute phase reactants C-reactive protein (CRP) 

Erythrocyte sedimentation rate (ESR)

Structural damage Modified Stoke AS Spine Score (mSASSS)

Abbreviations: SpA: Spondyloarthritis; ASAS: Assessment in SpondyloArthritis International Society; OMERACT: Outcome 
Measures in Rheumatology Clinical Trials.

GLAS cohort
Prospective cohort studies with standardized longitudinal assessments are very valuable in 

the field of axial SpA to evaluate the disease course and effects of treatment in daily clinical 

practice. In 2004, a prospective cohort study started in the daily clinical practice of axial 

SpA patients in the University Medical Center of Groningen (UMCG) and the Medical Center 

of Leeuwarden (MCL), named the ‘Groningen Leeuwarden Axial Spondyloarthritis’ (GLAS) 

cohort. The GLAS cohort is an ongoing, prospective, longitudinal observational cohort study 

with standardized assessment and management protocols. The initial aim was to carefully 

monitor and evaluate the course of the disease during treatment with TNF-α inhibitors. 
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Consecutive AS outpatients diagnosed with AS starting treatment with TNF-α inhibitors are 

included in the GLAS study. These patients fulfil the modified New York criteria for AS and the 

ASAS criteria to start treatment with TNF-α inhibitors, i.e. persisted active disease according 

to the Bath AS disease activity index (BASDAI ≥4) and/or according to the expert, despite of 

treatment with 2 different NSAIDs for 4 weeks [29]. 

Since the end of 2008, the inclusion of patients has been extended to all consecutive axial 

SpA outpatients who fulfil the ASAS criteria for axial SpA or the modified New York criteria for 

AS, irrespective of treatment regimen. The overall objective of the GLAS cohort is to combine 

up-to-date clinical care for axial SpA patients with clinical research to gain more knowledge 

about the long-term course of this disease.

Included patients are followed according to a fixed protocol. They are seen by specialized 

and trained rheumatologists, physician assistants, or rheumatology consultants every 6 to 12 

months. If necessary, patients can visit the outpatient clinics more frequently. In line with the 

ASAS/OMERACT core set of domains and measuring instruments, standardized follow-up 

visits includes the assessments of physical function, pain, morning stiffness, fatigue, patient 

global, spinal mobility, inflammation of peripheral joints and entheses, and acute phase 

reactants. In addition, the health-related quality of life (ASQoL) and vitamin D levels are 

measured every visit and serum, plasma, urine, and DNA samples are collected and stored 

for biobanking. Every 2 years, radiographs of the spine and pelvis are taken to evaluate 

structural damage and bone loss expressed as vertebral fractures. In addition, bone mineral 

density (BMD) assessments are performed every 2 to 4 years.

The GLAS cohort is approved by the local ethics committees of MCL and UMCG and all 

participating patients have provided written informed consent according to the Declaration 

of Helsinki. With more than 600 patients included, the GLAS cohort provides very valuable, 

clinical data of a large group of axial SpA patients.

OUTLINE OF THIS THESIS

The primary focus of this thesis was on investigating the long-term course of excessive 

bone formation and bone loss during treatment in daily clinical practice and to explore the 

relationships with patient characteristics in axial SpA. 
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The first part (Part I) of this thesis focuses on spinal radiographic outcome of excessive 

bone formation in AS patients treated with TNF-α inhibitors. Results from previous studies 

investigating the effect of TNF-α inhibitors on spinal radiographic progression showed 

inconclusive results. Short-term studies could not find an effect of TNF-α inhibitors on spinal 

radiographic progression whereas long-term studies showed a possible relationship between 

the use of TNF-α inhibitors and less spinal radiographic progression [30]. Methodological 

issues and problems related to the overall slow and heterogeneous process of excessive 

bone formation should be taken into account. Therefore, the aim of the first part of this thesis 

was to investigate the long-term course of spinal radiographic progression and relationships 

with patient characteristics during treatment with TNF-α inhibitors. 

In chapter 2, spinal radiographic progression was evaluated in AS patients who were treated 

with TNF-α inhibitors for up to 6 years (median follow-up duration was 3.8 years). Spinal 

radiographs were scored with unknown time sequence according to the mSASSS. Advanced 

statistical techniques (generalized estimating equations (GEE)) were used for longitudinal 

data analyses and to estimate mean progression rates. In chapter 3, a subsequent study 

was conducted in which a larger group of patients with longer follow-up was included. 

The aim of this study was to evaluate the course of spinal radiographic progression up to 8 

years of follow-up in AS patients treated with TNF-α inhibitors. In contrast to the previous 

study, spinal radiographs were scored with known time sequence after randomization 

together with radiographs of AS patients not treated with TNF-α inhibitors from a historical 

cohort study. GEE with different longitudinal time models were used to explore whether 

spinal radiographic progression followed a linear or non-linear course over time. Chapter 4 

presents a sub analysis of this study in which the influence of patient characteristics on 

spinal radiographic progression was explored. Chapter 5 describes radiographic damage 

and 4-year progression of cervical facet joints in AS patients treated with TNF-α inhibitors. 

Damage of cervical facet joints was scored according to the method of de Vlam et al. [31] 

and compared to damage of cervical vertebral bodies as scored according to the mSASSS. 

In addition, associations with patient characteristics and clinical outcome were investigated. 

Chapter 6 introduces a new scoring method in which the cervical facet joint scores were 

added to the mSASSS. This combined score, named CASSS, was compared to the mSASSS 

using three aspects of the OMERACT filter: feasibility, discrimination, and truth [32].

The second part (Part II) of this thesis focuses on spinal radiographic outcome of bone loss 

in AS patients. In daily clinical practice, vertebral fractures are frequently not recognized [33]. 
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In addition, longitudinal data about the development of vertebral fractures are limited in 

AS. Therefore, the aim of the second part was to investigate the prevalence and incidence 

of radiographic vertebral fractures in relation to patient characteristics, disease outcome, 

medication use, and clinical symptoms. 

Chapter 7 describes the prevalence and 4-year incidence of radiographic vertebral fractures 

and relationships with patient characteristics, clinical assessments, radiographic damage, and 

BMD in AS patients with active disease who were treated with TNF-α inhibitors. In Chapter 8, 

the prevalence and 2-year incidence of radiographic vertebral fractures and the relation to 

patient characteristics, clinical assessments, and medication use was investigated in the 

total GLAS cohort, including patients treated with TNF-α inhibitors or with conventional 

treatment. Additionally, this study describes whether radiographic vertebral fractures were 

symptomatic and received clinical attention.

The last part (Part III) of this thesis focuses on the influence of gender and body mass index 

(BMI) on disease outcome and on the development of a disease-specific physical activity 

questionnaire in axial SpA.

The aim of the cross-sectional study presented in chapter 9 was to investigate whether 

there were differences between male and female axial SpA patients in patient-reported 

outcome measures of disease activity, physical function, and quality of life. In chapter 10, the 

prevalence of overweight and obesity in axial SpA patients was investigated and compared 

to the general population. The association of BMI with disease activity, physical function, and 

quality of life was explored in axial SpA patients. 

Physical exercise is very important in the management of axial SpA. However, a disease-

specific instrument to assess physical activity is lacking. Therefore, the aim of the study 

described in chapter 11 was to develop a disease-specific questionnaire for the assessment 

of physical activity in axial SpA. This questionnaire was developed in collaboration with axial 

SpA patients and experts using a qualitative study design. 

The last two chapters of this thesis, chapter 12 and chapter 13, provide a summary and 

general discussion on the findings of this thesis in English and Dutch, respectively.



22

REFERENCES

1. Rudwaleit M, van der Heijde D, Landewé R, Listing 
J, Akkoc N, Brandt J, et al. The development of 
Assessment of SpondyloArthritis international 
Society classification criteria for axial 
spondyloarthritis (part II): validation and final 
selection. Ann Rheum Dis. 2009;68:777-83.

2. Garg N, van den Bosch F, Deodhar A. The concept 
of spondyloarthritis: where are we now? Best 
Pract Res Clin Rheumatol. 2014;28:663-72.

3. Raychaudhuri SP, Deodhar A. The classification 
and diagnostic criteria of ankylosing spondylitis. 
J Autoimmun. 2014;48-49:128-33.

4. Stolwijk C, van Onna M, Boonen A, van Tubergen 
A. Global Prevalence of Spondyloarthritis: 
A Systematic Review and Meta-Regression 
Analysis. Arthritis Care Res (Hoboken). 
2016;68:1320-31.

5. Bakland G, Nossent HC. Epidemiology of 
spondyloarthritis: a review. Curr Rheumatol Rep. 
2013;15:351.

6. 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. Rheumatol 
Int. 2003;23:61-6. 

7. Sampaio-Barros PD, Bortoluzzo AB, Conde 
RA, Costallat LT, Samara AM, Bértolo MB. 
Undifferentiated spondyloarthritis: a longterm 
followup. J Rheumatol. 2010;37:1195-9.

8. Wang R, Gabriel SE, Ward MM. Progression 
of Patients with Non-Radiographic Axial 
Spondyloarthritis to Ankylosing Spondylitis: 
A Population-Based Cohort Study. Arthritis 
Rheumatol. 2016;68:1415-21. 

9. Costantino F, Talpin A, Said-Nahal R, Goldberg 
M, Henny J, Chiocchia G, et al. Prevalence of 
spondyloarthritis in reference to HLA-B27 in the 
French population: results of the GAZEL cohort. 
Ann Rheum Dis. 2015;74:689-93. 

10. Strand V, Rao SA, Shillington AC, Cifaldi 
MA, McGuire M, Ruderman EM. Prevalence 
of axial spondyloarthritis in United States 
rheumatology practices: Assessment of 
SpondyloArthritis International Society criteria 
versus rheumatology expert clinical diagnosis. 
Arthritis Care Res (Hoboken). 2013;65:1299-306.

11. Braun J, Sieper J. Ankylosing spondylitis. Lancet. 
2007;369:1379-90.

12. Lee W, Reveille JD, Weisman MH. Women 
with ankylosing spondylitis: a review. Arthritis 
Rheum. 2008;59:449-54.

13. Kiltz U, Baraliakos X, Karakostas P, Igelmann M, 
Kalthoff L, Klink C, et al. Do patients with non-
radiographic axial spondylarthritis differ from 
patients with ankylosing spondylitis? Arthritis 
Care Res (Hoboken). 2012;64:1415-22.

14. Baraliakos X, Braun J. Non-radiographic axial 
spondyloarthritis and ankylosing spondylitis: 
what are the similarities and differences? RMD 
Open. 2015;1(Suppl 1):e000053.

15. Machado P, Landewé R, Braun J, Hermann 
KG, Baker D, van der Heijde D. Both structural 
damage and inflammation of the spine 
contribute to impairment of spinal mobility 
in patients with ankylosing spondylitis. Ann 
Rheum Dis. 2010;69:1465-70.

16. The Assessment of SpondyloArthritis 
international Society website. Available at: 
http://www.asas-group.org/. Updated October 
16, 2016.

17. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, 
Braun J, Burgos-Vargas R, et al. The Assessment of 
SpondyloArthritis international Society (ASAS) 
handbook: a guide to assess spondyloarthritis. 
Ann Rheum Dis. 2009;68 Suppl 2:ii1-44.

18. Baraliakos X, Listing J, von der Recke A, Braun J. 
The natural course of radiographic progression 
in ankylosing spondylitis--evidence for major 
individual variations in a large proportion of 
patients. J Rheumatol. 2009;36:997-1002.

19. Ramiro S, Stolwijk C, van Tubergen A, van der 
Heijde D, Dougados M, van den Bosch F, et al. 
Evolution of radiographic damage in ankylosing 
spondylitis: a 12 year prospective follow-up of 
the OASIS study. Ann Rheum Dis. 2015;74:52-9.

20. van der Weijden MA, Claushuis TA, Nazari T, 
Lems WF, Dijkmans BA, van der Horst-Bruinsma 
IE. High prevalence of low bone mineral 
density in patients within 10 years of onset of 
ankylosing spondylitis: a systematic review. Clin 
Rheumatol. 2012;31:1529-35.

21. van der Weijden MA, van der Horst-Bruisma IE, 
van Denderen JC, Dijkmans BA, Heymans MW, 
Lems WF. High frequency of vertebral fractures 
in early spondyloarthropathies. Osteoporosis 
Int. 2012;23:1683-90.



23

1

22. Vosse D, van der Heijde D, Landewé R, Geusens 
P, Mielants H, Dougados M, et al. Determinants 
of hyperkyphosis in patients with ankylosing 
spondylitis. Ann Rheum Dis. 2006;65:770-4.

23. van Tubergen A, Weber U. Diagnosis and 
classification in spondyloarthritis: identifying a 
chameleon. Nat Rev Rheumatol. 2012;8:253-61.

24. 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 Rheum. 1984;27:361-
8.

25. Braun J, van den Berg R, Baraliakos X, Boehm H, 
Burgos-Vargas R, Collantes-Estevez E, et al. 2010 
update of the ASAS/EULAR recommendations 
for the management of ankylosing spondylitis. 
Ann Rheum Dis. 2011;70:896-904.

26. Callhoff J, Sieper J, Weiß A, Zink A, Listing J. 
Efficacy of TNFα blockers in patients with 
ankylosing spondylitis and non-radiographic 
axial spondyloarthritis: a meta-analysis. Ann 
Rheum Dis. 2015;74:1241-8.

27. Hreggvidsdottir HS, Noordenbos T, Baeten DL. 
Inflammatory pathways in spondyloarthritis. 
Mol Immunol. 2014;57:28-37.

28. van der Heijde D, Calin A, Dougados M, Khan 
MA, van der Linden S, Bellamy N. Selection of 
instruments in the core set for DC-ART, SMARD, 
physical therapy, and clinical record keeping 
in ankylosing spondylitis. Progress report 
of the ASAS Working Group. Assessments 
in Ankylosing Spondylitis. J Rheumatol. 
1999;26:951-4.

29. van der Heijde D, Sieper J, Maksymowych WP, 
Dougados M, Burgos-Vargas R, Landewé R, 
et al. 2010 Update of the international ASAS 
recommendations for the use of anti-TNF 
agents in patients with axial spondyloarthritis. 
Ann Rheum Dis. 2011;70:905-8.

30. Arends S, Spoorenberg A, Brouwer E, van 
der Veer E. Clinical studies on bone-related 
outcome and the effect of TNF-α blocking 
therapy in ankylosing spondylitis. Curr Opin 
Rheumatol. 2014;26:259-68. 

31. de Vlam K, Mielants H, Veys EM. Involvement 
of the zygapophyseal joint in ankylosing 
spondylitis: relation to the bridging 
syndesmophyte. J Rheumatol. 1999;26:1738-45.

32. Boers M, Brooks P, Strand CV, Tugwell P. The 
OMERACT filter for Outcome Measures in 
Rheumatology. J Rheumatol. 1998;25:198-9.

33. Sambrook PN, Geusens P. The epidemiology 
of osteoporosis and fractures in ankylosing 
spondylitis. Ther Adv Musculoskelet Dis. 
2012;4:287-92.





PART I

Radiographic outcome of  
excessive bone formation in AS patients 
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