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ABSTRACT 

Background: Recently several studies have focused on the use of magnetic 

resonance imaging (MRI) and biomarkers that might facilitate early diagnosis of 

axial spondyloarthritis (axSpA) and identify individuals at higher risk of developing 

the disease. New biomarkers of inflammation, neo-apposition and bone remodeling 

might be helpful for early axSpA diagnosis and could be used as prognostic factors, 

measures of outcome and indicators of effectiveness of treatment. 

Objectives: The study aimed to identify: 1) potentially useful biomarkers for early 

diagnosis of axSpA and their correlations with disease activity and imaging indices; 

2) the prevalence of spine and pelvis MRI lesions in patients (pts) with low back 

pain (LBP); 3) the correlation between the site of axial pain and of MRI-lesions. 

Material and Methods:Seventy-two pts with LBP (≥3 months, ≤2 years, onset ≤45 

years) underwent a physical examination, questionnaires, laboratory tests, X-rays 

and MRI of the spine and sacroiliac joints (SIJ) at baseline and during a followup 

period of 24 months. Two expert rheumatologists formulated axSpA diagnosis and 

assessed fulfilment of Assessment of SpondyloArthritis International Society 

ASAS criteria. Disease activity and physical functioning were assessed using 

imaging, clinical and serological indices: Bath Ankylosing Spondylitis Metrology 

Index (BASMI);Maastricht Ankylosing enthesitis Spondilities Score 

(MASES);Bath Ankylosing Spondylitis Disease Activity Index (BASDAI);Bath 

Ankylosing Spondylitis Functional Index (BASFI);Ankylosing Spondylitis disease 

activity score (ASDAS);Visual Analogue Scale (VAS pain);VAS night pain;VAS 

disease activity;Bath Ankylosing Spondylitis Patient Global Score 

(BASG1);BASG2;Health Assessment Questionnaire (HAQ);ESR;serum 

ultrasensitive CRP (hs-CRP);matrix metalloproteinase (MMP3);interleukin (IL) 

IL-22, IL-17, IL-23. Spine and SIJ MRI and X-rays were scored independently by 

2 readers following the SPARCC, mSASSS and NY-criteria. The axial pain and 

localization of MRI-lesions were classified into 4 sites: cervical/thoracic/lumbar 

spine and buttocks. The association between the site of pain and MRI-lesions was 
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evaluated through Odds Ratio (OR). The Spearman test and Kruskal Wallis test 

were used to compare all indices in these cohorts. 

Results: Patients were diagnosed with axSpA and classified in accordance ASAS 

criteria as: 1) 21 pts classified according to axSpA imaging arm+;2) 29 pts classified 

according to axSpA clinical arm+;3) 25 pts not fulfilling ASAS criteria. The median 

LBP onset was 28.51±8.05 years, 45.3% were male, HLA-B27 was positive in 

38.7% pts. 37.3%, 56%, 64% pts, respectively, complained about 

cervical/thoracic/buttock pain; 56% pts showed bone marrow edema (BME) in 

spine-MRI (19%, 39%, 33% in cervical/thoracic/lumbar region) and 61.3% pts in 

SIJ-MRI (respectively 58% on the right SIJ and 50% on the left SIJ). Signs of 

enthesitis were found in 47 (62.7%) pts (respectively 8%, 58%, 11% in the 

cervical/thoracic/lumbar spine). Eigtheen (24%) pts presented a negative BME SIJ-

MRI with a positive BME spine-MRI. OR between site of pain and site of BME 

lesions was 20.78 (p=NS), 163.93 (p=0.0006); 0.34 (p=NS) for 

cervical/thoracic/lumbar spine and 304.88 (p=0.0203) for buttocks. A significant 

correlation between thoracic pain/ enthesitis on thoracic district (OR=32.69;p= 

0.0336) was also found. There was a significant difference between the three 

cohorts with regard to the prevalence of radiographic sacroiliitis, active sacroiliitis 

on MRI and the SPARCC SIJ score. There were no differences in these groups 

regarding IL-17, IL-22, IL-23, MMP-3 and hsCRP. There was found a correlation 

between IL-22 and some clinical indices (BASFI, BASG1,HAQ,VAS pain). The 

correlation between mSASSS, MMP3 and hsCRP was an interesting finding.  

Conclusions:The site of pain correlated in a statistically significant manner with 

BME lesions in thoracic and buttock districts. Since positive spine-MRI images 

were observed in absence of sacroiliitis, we can be therefore hyphothezise that this 

finding could have a diagnostic significance in suspected axSpA. Although not 

significantly higher in any of the three groups, IL-22, MMP3 and hsCRP values 

correlated with some disease activity indices and with mSASSS. Larger 

observational studies are warranted to confirm these preliminary findings. 
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INTRODUCTION  

1.1. SPONDYLOARTHRITIS 

1.1.1 GENERAL ASPECTS 

Spondyloarthropathies (SpA) are a heterogeneous group of chronic, inflammatory, 

rheumatic disorders characterized by overlapping clinical signs and symptoms and 

a common genetic background [1-3]. The prevalence is about 2% in the general 

population. The concept of SpA, introduced in 1976 by Wright and Moll [4-5], was 

born with the intention of bringing together in the same group different 

eterogeneous diseases, united by some similar clinical and radiological aspects. The 

SpA have in common the frequent association with the "Human Leucocyte 

Antigen" HLA-B27, the absence of the rheumatoid factor, the peripheral 

inflammatory arthritis, usually asymmetric and more frequent in the lower limbs, 

the sacroiliitis, the enthesitis (inflammation of the particular anatomic area of 

insertion of tendons, ligaments and capsules on the bone), in addition to a frequent 

family aggregation [6-8]. Apart from common articular and spinal symptoms, there 

is also an overlap of skin, eye, and gut manifestations, such as some cutaneous 

lesions (psoriasis, pustulosis, keratodermia blenorragica, erythema nodosum, 

pyoderma gangrenose), mucositis (oral, intestinal, genital ulcers), uveitis and 

inflammatory bowel disease. SpA patients present with pain, morning stiffness and 

disability. Depending on the predominant pattern of clinical symptoms, SpA can be 

divided into SpA with a prevalent axial involvement (axSpA) or prevalently 

peripheral involvement (pSpA). In the first decade of the new millennium 

significant progress has been achieved, especially in the treatment of axSpA, thanks 

to the discovery and diffusion of the use of biotechnological anti-tumor necrosis 

factor α (TNFα) drugs in clinical practice. The need to assess the degree of disease 

activity in these forms is now becoming increasingly important and of common 

interest among rheumatologists, not only in terms of initial diagnosis, but also to 

monitorize response to therapy. Traditional radiography, able to detect bone 

structural alterations such as sacroiliitis, typical manifestation of radiological 
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axSpA or ankylosing spondylitis (AS), -according to the modified criteria of New 

York of 1984 [9]-, is a method alone no longer sufficient for an appropriate 

classification of the patient with suspicion of axSpA. In patients with early-onset 

axSpA with no evidence of radiographic damage, nuclear magnetic resonance 

imaging (MRI) may show acute inflammatory lesions before bone structural change 

is established. This category of patients may present a very active disease with axial 

pain symptoms, similarly to patients with AS. In addition, these patients respond 

quickly and effectively to the therapy with anti-TNFα drugs, therefore the 

identification of these forms in the early stage of the disease becomes a priority in 

order to establish the most appropriate treatment, right from the very beginning. 

 

1.1.2 CLASSIFICATION OF SPONDILOARTHRITIS 

SpA are divided into: ankylosing spondylitis (AS), psoriatic arthritis (PsA), arthritis 

associated with inflammatory intestinal diseases (Crohn's disease and ulcerative 

colitis), reactive arthritis (ARe) and undifferentiated forms (uSpA) [10-12] (Table 

I). 

 

Table I. Classification spondylo-entheso-artritis of the adult 
 

Spondylo-entheso-artritis of the adult: 

• Ankylosing spondylitis (AS) 

• Psoriatic arthritis (PsA) 

• Arthritis associated with chronic inflammatory enteritis (enteropathic arthritis) 

o Arthritis of ulcerative colitis 

o Arthritis of Crohn's disease 

• Reactive arthritis 

o Enteroarthritis 

o Uroarthritis 

o Other forms 

• Undifferentiated Spondylo-entheso-artritis (uSpA) 

 

In some cases, however, patients do not fulfill all the necessary criteria to be 

included in one of these forms, and are therefore classified as affected by uSpA. 

The classification according to Amor 1990 criteria (Table II) allows to have a more 

complete list of the main characteristics of these diseases and the subsequent 
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classification of the European Spondyloarthropathy Study Group (ESSG) (Table 

III) allowed a better definition of SpA [13-20].  Because of the insidious onset of 

the complaints, a considerable proportion of patients is not recognized using these 

classification criteria at an early stage of disease. With the development of new 

treatment strategies such as the possibly disease modifying therapy with TNF-α 

blocking drugs, the need to identify a patient in an earlier stage of disease increases 

[21-26]. Because of the disease burden, costs involved in searching for a diagnosis 

and the potential therapeutic consequences, it is important to identify these patients 

early in the disease course.  Chronic low back pain is the main musculoskeletal 

complaint of these forms, however only a small proportion of these patients have 

low back pain as part of the spectrum of SpA (Table IV). 

 

 

 

Table II. Amor’s classification criteria for spondyloarthritis, 1990* 

    

 A patient is considered as suffering from spondyloarthritis if the sum is ≥ 6 

*Critères de classification des spondyloarthropathies. Rev Rheum 57:85-9 (1990) 

 

A. Clinical symptoms or past history of score 

1. Lumbar or dorsal pain at night or morning stiffness of lumbar or dorsal pain 1 

2. Asymmetrical oligoarthritis 2 

3. Buttock pain 

If alternate buttock pain 

1 

2 

4. Sausage-like toe or digit 2 

5. Heel pain or other well-defined enthesopathy 2 

6. Iritis 1 

7. Non-gonococcal urethritis or cervicitis within one month before the onset of arthritis 1 

8. Acute diarrhea within one month before the onset of arthritis 1 

9. Psoriasis, balanitis, or inflammatory bowel disease (ulcerative colitis or Crohn’s disease) 2 

B. Radiological findings  

10. Sacroiliitis (bilateral grade 2 or unilateral grade 3) 3 

C. Genetic background  

11. Presence of HLA-B27 and/or family history of ankylosing spondylitis, reactive arthritis, 

uveitis, psoriasis or inflammatory bowel disease 

 

2 

D. Response to treatment  

12. Clear-cut improvement within 48 hours after NSAIDS intake or rapid relapse of the pain 

after their discontinuation 

2 
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Table III: ESSG criteria for SpA* 

 
Inflammatory spinal pain 

     OR 

Synovitis (asymmetrical, predominantly in the lower extremities) 

AND 

one of the following: 

- Family history: first- or second-degree relative with AS, spondylitis, psoriasis, 

acute uveitis, reactive arthritis or IBD); 

- Past or present psoriasis diagnosed by a physician; 

- Past or present ulcerative colitis (or Crohn’s disease) diagnosed by a physician 

and confirmed by radiography and/or endoscopy; 

- Past or present pain alternating between the buttocks; 

- Past or present spontaneous pain or tenderness at examination of the site of 

insertion of the Achilles tendon or plantar fascia (enthesitis); 

- Episode of diarrhea occurring  ≤1 month before onset of symptoms; 

- Non-gonococcal urethritis or cervicitis  ≤1 month before onset of symptoms; 

- Bilateral grade 2-4 sacroiliitis or unilateral grade 3 or 4 sacroiliitis 
 
* European Spondyloarthropathy Study Group (1991) 

 

Table IV. Inflammatory low back pain:  

 
Factors which differentiate the back pain produced by spondylitis from the back 

pain due to other causes: 

1. Onset of back pain before the age of 40 years 

2. Insidious onset 

3. Persistence of at least 3 months 

4. Associate with morning stiffness 

5. Improvement with exercise 

6. Good response to anti-inflammatory drugs 

7. Night pain 

 

Moreover, recently the concept of axSpA has been proposed as an entity including 

both AS and its potential pre-stage. Patients with axSpA who still have normal 

radiographs of the sacroiliac joints (SIJ) are therefore defined as non-radiographic 

axial SpA (nr-axSpA) patients. Some of these patients might develop AS with 

radiographic sacroiliitis. However, some patients will be diagnosed as axSpA 

forever, never resulting in AS. It is now well established that a significant amount 

of time can pass from low back pain onset to the presence of radiologically 
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detectable sacroiliitis [27,28]. In this regard, the Assessment of SpondyloArthritis 

International Society (ASAS) has developed classification criteria, which 

summarize the results of two decades of studies [29-34]. The innovative role of 

these criteria derives from the fact that they take into consideration many aspects 

of SpA, from familiarity to anamnesis, clinical manifestations and diagnostic and 

laboratory investigations (Figure 1a and 1b). These criteria have been also 

developed to identify patients with early stages of axSpA [31] and the forms that 

potentially present the greatest risk of evolving to AS. For this purpose, it was 

established the inclusion in these criteria of the presence of sacroiliitis on magnetic 

resonance imaging (MRI) with bone marrow oedema (BME) as an expression of 

inflammatory lesion, in addition to one SpA feature for patients with chronic low 

back pain with onset at age ≤45 years [35-46] (Figure 2). In early stages of AS 

inflammatory changes may be seen only on MRI. So, these patients belong to the 

group of nr-axSpA. It is at present unknown if MRI inflammation should be seen 

as an early stage of structural damage that only becomes visible at the radiographs 

at a later stage, or if it does not necessarily lead to structural damage. the role of 

MRI seems important also in measuring disease activity and has to be further 

investigated. The ASAS criteria, published in 2009, are based on the distinction 

between axial or peripheral form, distinguishing the (–prevalently) axSpA and 

(prevalently) pSpA forms, among which PsA, enteropathic arthritis, ARe and uSpA 

are included (table V). 
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Sieper J et al. Ann Rheum Dis.2009 
 

Figure 1a. ASAS classification criteria for axial spondyloarthritis 

 

 Sieper J et al. Ann Rheum Dis.2009 

 

Figure 1b. ASAS classification criteria for peripheral spondyloarthritis 

 

Arthritis° or Enthesitis or 

Dactylitis

plus ≥1 of:                                                                      

* Psoriasis                                                              

* Inflammatory bowel diseases                                                           

* Preceding infections                                         

* HLA B27                                                              

* Uveitis                                                                      

* Sacroiliitis on imaging (radiography or MRI)                                               

plus ≥ 2 of the remaining :                                    

* Arthritis                                                            

* Enthesitis                                                          

* Dactylitis                                                            

* IBP in the past                                                   

* Positive family history for SpA                           

° Arthritis mainly of lower limbs 

and/or asimmetric arthritis
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axSpA: Axial Spondyloarthritis.  
Rudwaleit, M., Khan, M. A. &Sieper, J. Arthritis Rheum.52, 1000–1008 (2005); Rudwaleit, M. 

&Sieper, J. Nat. Rev. Rheumatol. 8, 262–268 (2012) 

 

Figure 2. The concept of axSpA: transition from the early phase of the axSpA 

to AS on the basis of the evolution from the non-radiological to the 

radiological stage. 

 

Not all patients present the evolution from the non-radiological stage of the axSpA 

to the radiological stage. The predictors of progression include the duration of 

illness, the severity and intensity of the inflammation detected by the MRI, the male 

gender and other possible indicators, not yet identified. AxSpA usually begins 

without signs of sacroiliitis that can be detected on conventional radiology, but over 

a period of years, the signs of sacroiliitis and spondylitis become radiologically 

evident. Inflammatory back pain is the main symptom, which may persist 

throughout the course of the disease. During the early stages of the disease, MRI 

can highlight acute inflammatory lesions in the absence of radiographic signs of 

sacroiliitis. The vertical dotted line is used, according to the defined criteria, to 

separate the non-radiological axSpA, from AS. 

 

The ASAS criteria for axSpA are divided into two arms: the "imaging" arm or the 

"clinical" arm, both requiring the onset of inflammatory back pain before the age 

of 45 years, with its persistence for at least 3 months (Figure 1a). 

To satisfy the "imaging" arm, the patient must present signs of sacroiliitis, at X-rays 

or MRI, in addition to one of the SpA manifestations. To satisfy the "clinical" arm, 

the patient must present HLA-B27 positivity, in addition to at least two 

manifestations of SpA, while the presence of sacroiliitis is not mandatory.  

AxSpA can also be classified, according to the radiological stage in: non-

radiographic stage I, for the absence of lesions; Stage II, with structural lesions in 

the SIJ and the absence of spinal injuries; Stage III, with SIJ and spinal lesions. 
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Previously, early-stage axial SpA forms, without signs of structural radiographic 

lesions, were often included in the uSpA. In the recent classification criteria, the 

term uSpA is abandoned and, due to the absence of structurally evident lesions to 

conventional radiology, this form is referred to as nr-axSpA. Male sex is recognized 

as a risk factor for the evolution of nr-axSpA to AS. The classification of these 

forms of SpA is still in evolution, in particular due to the need to obtain a more 

adequate definition of the diagnostic relevance of the different lesions on imaging 

and due to the recent important role played by MRI in the diagnostic process. 

 

Table V) Nomenclature of SpA according to the ASAS criteria: 

-------------------------------------------------- ---------------------------------- 
a. (predominant) axial spondyloarthritis (axSpA) 

1. non-radiographic axSpA (nr-axSpA) 

2. ankylosing spondylitis (SA) = radiographic axSpA 

both associated with: 

a. psoriasis 

b. inflammatory bowel disease (IBD) 

-------------------------------------------------- ---------- 

b. (predominant) peripheral spondyloarthritis (pSpA) 

1. psoriatic arthritis (AP) and / or pSpA associated with psoriasis 

2. pSpA associated with (IBD) 

a. type I 

b. type II 

3. reactive arthritis (ARe) 

4. undifferentiated peripheral SpA (uSpA) 

------------------------------------------------- 

c. (in case of no real predominance) spondyloarthritis associated with: 

a. psoriasis 

b. inflammatory bowel disease (IBD) 

c. previous infection 

d. uSpA undifferentiated 
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1.2 THE PATHOGENESIS, THE ROLE OF THE GENETIC 

MECHANISMS AND BIOMARKERS IN THE AXIAL 

SPONDYLOARTHRITIS  

 

1.2.1 GENETIC MECHANISMS AND THE PATHOGENESIS 

 

The etiopathology of AS, which has not yet been fully understood, is based on an 

interaction between some genetic, environmental, physical and infective risk 

factors.The genetic basis of AS and the role of Human Leukocyte Antigen (HLA)-

B27 in these patients has been established through several studies [47]. Some have 

shown, in fact, that AS has a strong genetic basis and that a strong genetic 

association exists with major histocompatibility complex (MHC) class I allele 

human leukocyte antigen (HLA)-B27 [48]. It has been estimated that no more than 

5% of HLA-B27-positive Caucasian individuals develop AS, whereas 

approximately 90% of AS patients carry this allele [49]. Knowledge is still 

incomplete with regard to the role of genetic predisposition in the disease’s 

pathogenesis and in the development of other axSpA forms. In fact, HLA-B27 is 

positive in up to 80-90% of AS patients, while the prevalence of this allele is less 

common in nr-axSpA patients (73-75%), although it continues to be helpful in 

diagnosing that form of the disease [50]. A longitudinal study with a mean follow-

up of 7.7 years showed, in fact, that the combination of severe sacroiliitis on MRI 

and HLA-B27 positivity was a predictor of future AS development [51]. The exact 

role of HLA-B27 in axSpA is unclear. The HLA-B27 includes a family of 31 

different alleles; the subtypes HLA-B *2702, B *2704 and B *2705 are closely 

associated with the disease. Therefore several pathogenic mechanisms are 

hypothesized and evaluated in the literature by now [52] (Table VI). Firstly, a 

genetic interaction has been identified between HLA-B27 and a gene encoding an 

enzyme called endoplasmic reticulum aminopeptidase (ERAP1) which processes 

peptides so they can be loaded onto the MHC class I molecules.  ERAP1 variants 

may increase the risk of development of AS and nr-axSpA when HLA-B27 is 
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present. These interactions strongly suggest that the mechanism by which HLA-

B27 contributes to the pathogenesis of axSpA is through its antigen presentation 

function forming a complex with β-2 microglobulin (arthritogenic peptide 

hypothesis). Another shared hypothesis is that the specific cytotoxic T lymphocytes 

(CTLs) for a bacterial peptide cross-react with an arthritogenic self-peptide, which 

shares a sequence homology, due to molecular mimicry [47]. Another theory 

suggests that HLA-B27 molecules can be mounted on the cell surface as a pair of 

homologous heavy chains (homodimers) in the absence of β2-microglobulins [53]; 

the newly formed receptor is able to bind a class of molecules present on the cell 

membrane (KIRs, including KIR3DL1, KIR3DL2) determining a hyperactivation 

of the innate immunity cells and inducing the disease [54]. Another mechanism 

proposed to explain the reduced capacity for elimination of pathogens is due to 

misfolding HLA-B27 (abnormal folding of the HLA-B27 heavy chain) with 

subsequent impaired recognition by the effector cells of the immune system [55,56]. 

According to the latter hypothesis, components of the HLA-B27 molecules, 

incompletely assembled in the endoplasmic reticulum (ER), are able to induce an 

unfolded protein response [55] and to trigger an immune response, with IL-23 and 

TNFα production and Th17 cells induction [56,57]. Misfolding can derive from the 

excess of unpaired HLA-B27 molecules, due to an imbalance with respect to the 

expression of those of β2-microglobulins. Additionally, misfolded HLA-B27 could 

also induce other autophagy-associated processes [58]. Beyond the different 

functions of HLA-B27, some investigators have suggested that its expression may 

predispose to developing AS. These patients demonstrate, in fact, a higher 

expression of HLA-B27 in peripheral blood mononuclear cells with respect to that 

in HLAB27-positive healthy individuals [59]. Since it has been estimated that 

HLA-B27 is responsible for 40% of the genetic risk of all forms of axSpA [48,60], 

some studies have examined the contribution of additional genes and some single 

nucleotide polymorphisms (SNPs) to axSpA disease susceptibility identified by 

genome-wide association studies [61,62]. 
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Table VI: Theories of possible disease-inducing mechanisms by HLA-B27 

 

Theory Mechanism 

Arthritogenic peptide hypothesis HLA-B27 presents a peptide to CD8 T 

cells through the classical antigen 

presentation function on MCH I 

contributing to the induction of the 

disease 

Endoplasmic reticulum stress hypothesis    Fractions of HLA-B27 proteins 

incompletely assembled (misfolding) in 

the endoplasmic reticulum cause stress, 

consequently they induce disease through 

the production of IL-23 and consequently 

the modulation of oxidative pathways 

Cell surface homodimer hypothesis   HLA-B27 forms homo-dimers on the cell 

surface that interact with innate immunity 

cells inducing the disease 

Immunodeficiency hypothesis               HLA-B27 presents an altered number of 

peptides or with anormal morphology 

determining an inadequate or altered 

degradation and elimination process of 

heterologous microbes peptides 

HLA, human leucocyte antigen; IL, interleukin. 

Robinson PC et al. Internal Medicine Journal 2014 

 

In the HLA-B27 negative axSpA forms, a high prevalence of other HLA-class I 

alleles of the B7-CREG group ("cross-reacting-epitope-group": HLA-B7, -B22, -

B40 and -Bw42) and Bw62 / Bw35 CREG antigens was detected [60-62]. These 

axSpA forms appear to have milder clinical characteristics, with a later onset age, 

associated with lower frequency of uveitis, less family aggregation and less 

development; they are often associated with psoriasis and enteropathy.  

A recent study investigated whether polymorphisms (SNPs) in the promoter region 

of TNFA or in the autoinflammatory TNFRSF1A and MEFV genes, concur with 

HLA-B27 in enhancing the risk of SpA and/or in predicting the response to anti-

TNFα treatment [63]. The results of this study indicate the relevant role of TNF-

TNFR pathway genetics in the complex network inducing SpA and conditioning 

response to therapy. TNFA was shown to be a predisposing factor for SpA, but 
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mainly for AS, while the autoinflammatory gene MEFV appears of no impact in 

this setting. The haplotype resulting from TNFA-1031C/-308G, seems to exert a 

protective role in AS, while the TNFRSF1Ac.625+10A>G polymorphism appears 

as a potential predictor of response to anti TNF-α drugs. Other genes involving in 

the axSpA pathogenesis are, also, linked to the IL-17/IL-23 pathway, the activation 

of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) signal, 

the antigen presentation and the immune T cells system activation (Figure 3). In 

literature are also been hypotized the role of genes encoding the IL-23 receptor (IL-

23R), prostaglandin E receptor 4 (PTGER4), Runt-related transcription factor 3 

(RUNX3) or Scr homology 2 adaptor protein 3 (SH2B3) [64]. While some specific 

haplotypes are strongly associated with an increased risk of AS, other variants 

appear to be AS protective [65]. Some data also suggest that ERAP1 inhibition 

could potentially be effective for clinical applications [66].   

Unlike other inflammatory rheumatic diseases such as rheumatoid arthritis (RA), 

the inflammatory process of axSpA predominantly involves the enthesis. Numerous 

recent studies have provided evidence regarding local inflammation of enthesis. 

From the last data in the pathogenesis of the SpA it was discovered how the 

primitive triggering event is considered the "stress of the enthesis". Biomechanical 

stress initiates enthesitis by triggering mechanoreceptors which induce an 

inflammatory response via the mitogen activated protein kinase 

(MAPK)/extracellular signal-regulated kinase (ERK) pathway [67] and the 

prostaglandin release.  These prostaglandins seems to induce osteoblast activation 

through inhibition of sclerostin via the prostaglandin E4 receptor and consecutive 

ERK signaling [68]. It is been also indentified  the significantly presence of IL-

23R-positive T cell  in the enthesis  and in the subchondral bone marrow of 

neighboring joints parallel to the discovery of elevated concentrations of systemic 

IL-17 and IL-23  [69,70]. 
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Figure 3. IL-17 secreting cells in inflammatory diseases and in axSpA. 

AHR, aryl hydrocarbon receptor; CCR6, CC chemokine receptor type 6; IL-23R, IL-23 

receptor; Lti,  lymphoid tissue inducer; NKG2D, natural killer cell receptor D; NKT, 

natural killer T (cell); NETosi (neutrophil extracellular traps), processo di formazione 

delle NET; RORγT, thymus-restricted RAR-related orphan receptor-γ; STAT-3, signal 

transducer and activator of transcription 3; TCR, T-cell receptor; Th17, type 17 T helper; 

TLR, Toll-like receptor. 

(Da Kenna TJ, Brown MA, Nat Rev Rheumatol, 2013; 9:375-79) 

 

Different cell types produce IL-17 in inflammatory diseases by induction by IL-23 and IL-

1β. Lymphocytes of innate immunity, such as Tγδ cells, NKT cells and LTi lymphocytes, 

and TCD4 + Th17 lymphocytes, constitute a relevant source of IL-17, and sometimes IL-

22, in the inflammatory process, as well as mast cells and polymorphonuclear cells. The 

stimulus capable of inducing IL-17 production by different cell types is still unclear. 

Sensitization to exogenous or commensal bacteria, activation of innate immunity receptors 

and reticular-endothelial stress caused by protein misfolding have been implicated in the 

pathogenetic mechanisms that can lead to the activation of these cells. 

Bone homeostasis in axSpA is unbalanced due to an excessive bone formation 

determining the squaring of the vertebral bodies possibly evolving toankylosis of 

the vertebral column on one side, due to an excessive bone resorption on the other 

side, the latter accompanied by a reduction in bone mineral density in the spinal 
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vertebrae of axSpA patients and osteoporosis [71]. Wnt signaling seems to play an 

important role in osteogenesis with an increased differentiation and proliferation of 

osteoblasts, with the role of Dickkopf-1 (Dkk1) [72], the bone morphogenetic 

protein (BMP) [73] or other inflammatory molecules. Generally speaking then, 

entheseal and gut inflammation further enhances chronic inflammation, resulting in 

excessive bone formation and bone resorption of the spine, although the exact 

interplay between genetic predisposition, inflammation and disturbed bone 

homeostasis remains undefined.  

Because of the absence of rheumatoid factor in axSpA, the disease is thought to be 

seronegative and antibodies are not considered one of its hallmarks. There is 

nevertheless increasing evidence that B cells and the humoral immune response 

play a role in axSpA [74]. After encountering an antigen, some of the B cells 

differentiate into antibody-producing plasma cells and plasmablasts found elevated 

in blood and joints of axSpA; the antibodies that bind to their antigen triggers the 

formation of immune complexes, which neutralizes foreign substances, inducing 

the macrophages to the phagocytosis or activing the complement pathway [75,76]. 

The exact mechanisms by which antibodies contribute to axSpA pathogenesis 

remain unelucidated, nevertheless it is seems antibody complexes could induce to 

osteoclast activity [77].  Besides antibodies, also cytokines such as the receptor 

activator of nuclear factor kappa-B ligand (RANKL), which has been found to be 

increased in AS patients, could mediate osteoclastogenesis [70,78,79]. Just as 

RANKL, serum levels of Interleukin 6 (IL-6) are also increased in AS patients [80]. 

Recently, anti-CD74 antibodies with specificity to a class II-associated invariant 

chain peptide (anti-CLIP-ABs) were found in axSpA patients [81]. Binding of CLIP 

antibodies to CD74 may lead to activation of cells and production of 

proinflammatory cytokines such as TNFα. Baraliakos et al. [82] found anti-CLIP-

Abs in 85.1% in axSpA but in only 7.8% in non-SpA patients, analyzing 

respectively 145 sera from 94 axSpA and 51 non-SpA patients. This result seems 

to substain the strong association of anti-CLIP-Abs with axSpA. Nevertheless, 

more studies are needed to establish its usefulness in clinical practice. A discordant 
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result was obtained in other study conducted in early axSpA patients, participating 

in the SpondyloArthritis-Caught-Early (SPACE) prospective cohort study [83]: 

although anti-CD74 IgA levels have been found elevated in patients with early 

axSpA in previous investigations, in this study this finding appears not sufficiently 

specific to yield significant diagnostic value in patients suffering with inflammatory 

low back pain (LBP) (≥3 months, ≤2 years, onset < 45 years). An other interesting 

article examining the antibodies involved in axSpA and mainly in AS pathogenesis, 

instead demonstrated that these antibodies were detected in only a small number of 

axSpA patients and that they were also found in the sera of RA and other 

inflammatory arthropathies, thus limiting their specificity and their distinctive 

character as biomarkers for axSpA diagnosis [84]. 

1.2.2 THE ROLE OF SEROLOGICAL INFLAMMATORY AND BONE 

REMODELLING BIOMARKERS IN AXSPA 

The National Institute of Health Biomarkers and Surrogate Endpoint Working 

Group have elaborated the definition of biomarker as a “characteristic that can be 

objectively measured and evaluated as an indicator of normal biological or 

pathogenic processes or pharmacological responses to a therapeutic intervention” 

[85]. The importance of identifying new predictive biohumoral markers of disease 

activity and severity in order to detect and treat early axSpA has been highlighted. 

Unlike other inflammatory arthropathies, there are no specific biomarkers of 

disease activity in axSpA that are presently being used in clinical practice. Recent 

studies have focused on the role of some new markers to diagnose early axSpA, to 

assess disease activity, and to identify patients at higher risk for a worse outcome 

[86,87,88-90] (Figure 4). Serum and plasma biomarkers have recently undergone 

extensive examination since HLA-B27, the biomarker commonly used in 

spondyloarthropathies, and C-reactive protein (CRP) and the eritrocyte 

sedimentation rate (ESR), the inflammatory markers generally used in clinical 
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practice to monitor systemic inflammation, are often unable to assess disease 

activity [91-94].  

 

 

Figure 4. Biomarkers and pathophysiology of axSpA.  

 Serum (Inflammation) markers: CRP, VEGF, TNF, IL-6, IL-12, IL-21, IL-22, IL-23, IL-33, MMP-

3, MMP-8, MMP-9, VICM, OPG, Aggregan, COMP, YKL-40, Calprotectin, SAA, CTLA-4; 

 Bone remodelling markers: CRP, VEGF, MMP-3, VICM, C2M and C3M, Dkk-1, OPG, BAP, 

Sclerostin, Osteocalcin, Fetuin-A, Cathepsin K. 

 

Legend: C-reactive protein (CRP); Serum amyloids A (SAA); Vascular endothelial growth factor 

(VEGF); Tumor necrosis factor (TNF); Interleukin 6 (IL-6); Interleukin 17 (IL-17); Interleukin 21 

(IL-21); Interleukin 22 (IL-22); Interleukin 23 (IL-23); Interleukin 33 (IL-33); Cytotoxic T 

lymphocyte associated molecule (CTLA-4); Matrix metalloproteinase 3 (MMP-3); Matrix 

metalloproteinase 8 (MMP-8); Matrix metalloproteinase 9 (MMP-9); Citrullinated fragments of 

vimentin (VICM); Circulating protein fragments of cartilage and connective tissue degradation 

Fig.4 

Fig.4 
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(C2M and C3M); Cartilage oligomeric matrix protein (COMP); Osteoprotegerin (OPG); Bone 

alkaline phosphatase (BAP); Serum human cartilage glycoprotein-39 (YKL-40); C-terminal cross-

linking telopeptide of type I  (CTX-I) and type II (CTX-II) collagen; Wnt proteins and Dickkop-1 

(Dkk-1); Human leukocyte antigen (HLA)-B27; IL-23 receptor (IL-23R); prostaglandin E receptor 

4 (PTGER4); endoplasmic reticulum aminopeptidase 1 (ERAP1); Runt-related transcription factor 

3 (RUNX3);  Scr homology 2 adaptor protein 3 (SH2B3). 

 

The CRP and ESR, recognized as acute-phase proteins reflecting systemic 

inflammation, are commonly utilized in clinical practice [95], although they do not 

reflect completely the inflammation process in axSpA due to the low sensitivity and 

specificity [96].  An elevated CRP is one of the classification criteria of the 

Assessment of Spondyloarthritis International Society (ASAS) for axSpA, while 

CRP level is taken into consideration in the Ankylosing Spondylitis Disease Activity 

Score (ASDAS) and correlates with the Bath Ankylosing Spondylitis Disease 

Activity Index (BASDAI) [97]. However, an elevated CRP or ESR is detected in 

only about 40–50 % of AS patients [98]. The degree of observed inflammation, in 

fact, fluctuates during the course of axSpA. In general, CRP level is higher in 

patients with radiographic axSpA with respect to nr-axSpA [99]. Although CRP is 

within the normal range in a large proportion of patients with active axSpA, it is 

still widely considered a reliable parameter of disease activity. In fact, CRP levels 

are moderately correlated with MRI inflammation [88,89,93,99]. In addition, CRP 

has been found to be a reliable biomarker for monitoring treatment response and 

predicting further radiographic progression. Several studies have demonstrated that 

CRP levels fall significantly during anti-TNFα treatment [89,91,93]. Modifications 

in CRP levels are correlated with changes in BASDAI and MRI scores, while 

elevated baseline CRP levels are associated with a good treatment response [91,93] 

and represent a strong positive predictor of radiographic sacroiliitis progression, in 

particular for the progression from nr-axSpA to AS [93]. Several prospective 

studies have also demonstrated that elevated CRP levels are independently 

associated with radiographic spinal progression in axSpA patients [100]. In 

summary, CRP currently appears to be a reliable biomarker for assessing disease 
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activity and predicting structural progression and treatment response. ESR, instead, 

appears to be a non-specific measure of inflammation that may be influenced by a 

variety of other non-rheumatic conditions and comorbidities. However, some 

studies reported that higher ESR levels such as increased CRP levels are 

independently associated with structural disease progression in nr-axSpA patients 

[100].  

Studies on cytokines’ levels have produced variable results. The discovery of the 

involvement of TNFα in disease pathology led to the development of therapeutic 

antibodies targeting this cytokine. Considered a hallmark of the disease, TNFα has 

been for a long time the only cytokine known to be involved in axSpA pathogenesis. 

TNFα plays a key role in the pathogenesis of axSpA, providing a possible link 

between the inflammatory response and disturbed bone homeostasis [101], exerting 

several effector and biological functions via the pro-inflammatory cytokines and 

chemokine release, the activation of endothelial cells with up-regulation of adhesive 

molecules, the leucocyte accumulation, the angiogenesis, the lymphocyte 

activation, the fibroblast proliferation and the chondrocyte and osteoclast 

activation. TNFα levels are significantly higher in AS patients with respect to 

subjects with non-inflammatory back pain or healthy controls [101], and TNFα 

expression is strongly up-regulated in the SIJ biopsies of AS patients [102] 

Although TNFα is not a reliable biomarker of disease activity, the discovery of anti-

TNF α agents has been demonstrated an important pharmacological result in the 

axSpA treatment [103], and it has significantly improved the outcome of these 

patients.  According to the updated 2016 ASAS recommendations, axSpA patients 

who meet the ASAS classification criteria can be treated with anti-TNF α agents if 

a minimum of four weeks of first-line treatment with two non steroidal anti-

inflammatory drugs (NSAIDs) prove ineffective in reducing disease activity [103]. 

These biological agents are considered efficacious in preventing irreversible joint 

damage, ankylosis, impaired functionality, and work disability when prescribed at 

an early disease stage [104]. One of the most extensively studied cytokines, IL-6, 

is a classic proinflammatory cytokine produced by a variety of immune cells that 
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stimulates the production of several acute phase proteins [101] and it is involved in 

the initial phases of multiple immune-mediate diseases. The IL-6 is involved in the 

first phases of the inflammation disease by inducing neutrophils’accumulation in 

the inflammation site and modulating T cell activation and differentiation. Some 

researchers have reported higher IL-6 serum levels in AS patients with respect to 

healthy controls [101,105]. Elevated IL-6 levels have been found in SIJ biopsies of 

AS patients, particularly in early stage [106]. While some studies have 

demonstrated associations between IL-6 levels and either disease activity or 

inflammatory markers [101,107,108], others did not confirm these results [88,109]. 

Normalization of IL-6 levels has also been reported in association with lower MRI 

inflammation scores [88]. Interleukin 17 (IL-17) and IL-23 are key cytokines in 

the Th17 pathway, and the IL-23/IL-17 immune axis appears to be a very important 

pathway in the pathogenesis of axSpA [110-112]. A number of studies reported 

elevated IL-17 and IL-23 levels in the plasma and serum of AS patients and 

associated them with disease activity [70,113,114]. The IL-17/IL-23 axis is also 

crucially involved in other inflammation and autoimmune diseases [115]. IL-17 is 

mainly produced by Th17+ T-helper cells under the stimul of the IL-23. The 

number of IL-17+T cells and the IL-17 serum levels in circulation is higher in AS 

patients with respect to healthy individuals and to subjects with degenerative 

changes [70,110,116-120]. Interestingly, the number of IL-17+T cells is increased 

in patients with early active axSpA [110].  However, in some studies, systemic IL-

17 levels correlated neither with inflammatory indices nor with clinical disease 

activity parameters [70,118]. The fact that TNFα agents could reduce the number 

of Th17 cells and serum IL-17 levels confirms the role of IL-17 axis in axSpA 

pathogenesis [118]. Just as IL-23 induces  IL-17 production, even IL-23 serum 

levels [110,114,119] and IL-23 expression in the subchondral bone marrow from 

the facet joints [70] are up-regulated in AS patients, but only a few studies have 

found a positive correlation between IL-23 serum levels and CRP values, MRI 

inflammation or clinical disease activity [114,118].  Both IL-17 and IL-23 levels 

significantly fall in responders to anti-TNF α therapy while they rise in non-
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responders [118]. Nowadays, both cytokines (IL-17, IL-23) have become important 

therapeutic targets [121-125]: clinical trials showed that ustekinumab, a 

monoclonal antibody against the p40 subunit shared by IL-12 and IL-23, and 

secukinumab, a monoclonal antibody against IL-17, produced clinical 

improvements in axSpA patients [121-125]. In addition to the above discussed 

cytokines, IL-21 and IL-22, both interconnected with IL-17 and Th17 cells, are 

elevated in AS patients [70, 126-128]. Interleukin 33 (IL-33), a member of the IL-

1 family, has recently been recognized its role in several inflammatory and 

autoimmune diseases.   Three independent centers in China [129-131] have reported 

elevated IL-33 serum levels in AS patients and found correlations with disease 

activity or other inflammatory markers. 

Matrix metalloproteinases (MMPs) (and in particular MMP-3) are zinc-dependent 

endopeptidases which are involved in the degradation of extracellular matrix 

proteins. These molecules, which also play a role in cell proliferation, migration, 

differentiation, angiogenesis, apoptosis and host defence, have been considered 

possible biomarkers of disease activity. MMP-3 serum levels are increased in AS 

patients with respect to healthy controls [132-134].   In fact, some investigators 

have reported that MMP-3 was correlated with CRP levels, disease activity and 

functional status, as assessed by the BASDAI and BASFI [89, 132, 135-138]. 

Another study reported a correlation between serum MMP-3 levels and BASDAI 

and ESR [88]. That study found that MMP-3 levels were significantly higher in 42 

AS patients with respect to 20 controls and were correlated with BASDAI and 

BASFI, supporting the hypothesis that MMP-3 is more reliable than ESR or CRP 

in assessing disease activity [88]. MMP-3 levels have even been found to be 

correlated with disease activity in PsA patients [138-140]. Maksymowych et al. 

reported that anti-TNFα treatment induced a significant decrease in serum MMP-3 

levels together with a reduction in conventional variables (ESR and BASDAI) 

[137]. Although serum MMP-3 represents a reliable parameter of disease activity, 

this has not always been reflected in MRI-documented studies examining 

inflammation of the SIJ [135]. According to a study by Van Kuijk et al. [141] 
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evaluating 24 SpA patients who were randomized to receive adalimumab 40 mg 

once every 14 days or placebo, a reduction in serum MMP-3 levels was noted after 

only 4 weeks of anti-TNFα therapy, but no change was detected in serum levels in 

the placebo group. As this molecule is increased in active forms of SpA or in 

patients with important clinical involvement, this would support the hypothesis that 

MMP-3 reliably assesses disease activity. Maksymowych et al. showed that MMP-

3 was a significant independent predictor of radiographic progression over a two 

year observation period in 97 axSpA patients [136], suggesting that MMP-3 could 

be considered a parameter of bone metabolism.  Although fewer studies have been 

carried out on MMP-8 and MMP-9, they have been shown to be associated with 

disease activity, as assessed by the BASDAI score [142]. 

Citrullinated fragments of vimentin (VICM) are MMP-degraded fragments 

modified by citrullination, an unspecific modification during the inflammatory 

phase [143]. VICM levels are significantly higher in AS patients with respect to 

healthy controls. Bay-Jensen et al. [143] found that higher VICM levels and high 

baseline mSASSS values were associated to a worse risk of radiographic 

progression over a two year period.  

Osteoprotegerin (OPG), a member of the TNF receptor superfamily, has been 

shown to be involved in osteoclastogenesis by activating T cells through the OPG 

ligand (RANKL). According to some studies, OPG levels were lower in patients 

with AS, [144,145], while according to others they are higher [146,147]. OPG 

seems to correlate with BASDAI scores, but not with treatment response [146,147]. 

Serum human cartilage glycoprotein-39 (YKL-40), a secretory protein of human 

articular chondrocytes and synoviocytes, has been considered a marker of cartilage 

remodelling and associated with disease activity in AS [88]. YKL-40 levels are 

significantly higher in SpA patients with respect to healthy controls [105].   

The cartilage oligomeric matrix (COMP) protein catalyzes the assembly of 

collagen in the extracellular matrix. Although findings on its association with other 

clinical and disease activity markers in AS have been inconsistent, elevated COMP 

levels have been reported in a variety of inflammatory joint diseases [88]. One study 
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nevertheless reported an inverse relationship between COMP levels and MRI 

inflammation in axSpA patients [89].  

Aggrecan is the central component of cartilage extra-cellular matrix. The 

replacement of the glycosaminoglycan side chain with aggrecan with charge 

density modification determines osmotic processes, fundamental for the 

biomechanical properties of cartilage. AxSpA patients have been found to have 

depressed levels of total aggrecan with respect to healthy subjects [88]. 

Calprotectin is a heterodimeric calcium- and zinc-binding protein complex, 

composed of S100A8 and S100A9 subunits, expressed in the cytosol of 

keratinocytes, neutrophils and monocytes. Hammer et al. found it to be a plasma 

marker of inflammation and treatment response in reactive arthritis and axSpA 

[148].  Higher calprotectin levels have been found in the SIJ of AS patients [147]. 

Some studies have reported that serum calprotectin levels are significantly higher 

in axSpA and that anti-TNFα treatment significantly reduces calprotectin levels 

[149,150]. Baseline calprotectin serum levels have been found significantly 

increased in patients with higher modified Stoke Ankylosing Spondylitis Spinal 

Scores (mSASSS) versus those without [151]. According to another study, a 

significant decrease in serum calprotectin was noted after intensive physiotherapy 

in both nr-axSpA and AS patients [152]. 

Serum amyloids A (SAA) proteins are a family of apolipoproteins associated with 

high-density (HDL) lipoproteins that are produced as a response to an inflammatory 

trigger. AS patients have higher serum SAA levels with respect to healthy controls; 

those levels were also correlated with other inflammatory and disease activity 

parameters [153,154]. 

Cytotoxic T lymphocyte associated molecule (CTLA-4) is an inhibitor molecule of 

immune response. One study demonstrated higher CTLA-4 serum levels in axSpA 

patients with respect to healthy controls. It also appears a marker of disease activity 

due to correlation with CRP and BASDAI [155]. 

Vascular endothelial growth factor (VEGF) is a molecule inducing angiogenesis, 

an inflammatoryinitial phase in the remodelling bone process with the new bone 
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formation. VEGF serum levels appeared higher in AS and axSpA patients 

[88,156,157], expecially in those with active disease [156] and with a worse 

radiographic progression according to mSASSS. 

Type I and type II collagen are proteins of cartilage and components of connective 

tissue. Some studies reported that variations in radiographic progression were 

correlated to both type I and II C-terminal telopeptides (CTX-I and CTX-II), other 

studies demonstrated the role of only CTX-II levels [157,158]. It has been shown 

that urinary CTX-II levels are higher in AS patients with respect to those in healthy 

controls [159]. CTX-II was also found to be correlated with other serological 

inflammation markers [157,160]. According to another study, it has been found a 

correlation between higher baseline CTX-II levels and higher pre-treatment MRI 

inflammation scores for SIJ and/or lumbar spine in axSpA patients. [89]. Anti TNFα 

treatment contributed to significantly reduce urinary CTX-II levels, that correlated 

with improvement in disease activity [160]. CTX-II also appears to be a biomarker 

of radiographic progression in axSpA. Higher CTX-II levels have been found in AS 

patients with worse radiographic spinal progression respect to those without 

[157,159]. In some studies in AS patientes higher levels of two neo-epitope 

biomarkers have been demonstrated: C2M, a serum biomarker that measures a 

matrix metalloproteinase (MMP)-generated neo-epitope of type II collagen, and 

C3M, a biomarker of soft tissue turnover associated with inflammation [143,161]. 

One study used therefore a combination of C2M and C3M, dichotomized according 

to the best cut offs for individual markers, as predictor index of radiographic 

progression. CTX-I is a marker of osteoclast activity reflecting bone degradation 

[162]. Both urinary and serum CTX-I levels are higher in AS patients with respect 

to those in healthy controls [159,163].  

Sclerostin (SOST) and noggin (NOG) are bone morphogenic protein (BMP) 

antagonists. Findings reported by studies focusing on sclerostin levels in AS 

patients have not always been consistent. One German study reported that both 

sclerostin expression in osteocytes from AS patients measured  using 

immunohistochemical techniques and both sclerostin serum levels were 
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significantly lower (with respect to that in osteocytes and blood of healthy 

individuals and RA patients)[164]. Importantly, that study reported that low serum 

sclerostin levels in AS patients were significantly associated with new 

syndesmophytes formation. Similar findings were reported in axSpA [147] and in 

a Brazilian cohort of AS patients [165]. 

Wnt proteins are extracellular signaling molecules. There are at least two families 

of secreted inhibitors of Wnt signaling: the secreted frizzled-related transmembrane 

receptors with N-terminal cysteine-rich domain and the Dickkopf proteins, which 

includes Dkk1. In several studies AS patients with no syndesmophyte formation 

have been shown to have significantly higher Dkk1 levels. This result seem to 

suggest that blunted Wnt signaling suppresses new bone formation and 

consequently syndesmophyte growth and spinal ankylosis [166,167], although no 

modifications were found after anti-TNF-α treatment [168].  In contrast with other 

studies [169,170], lower levels were reported in the AS patients with respect to 

those in the healthy subjects.  

Osteocalcin is a small molecule of the mineralized bone matrix. Initial studies have 

shown that osteocalcin levels are lower [171], but more recent studies have reported 

higher levels in AS patients with respect to those in controls, especially in those 

individuals who later developed new syndesmophytes [93, 170]. 

Bone-specific alkaline phosphatase (BAP) is a marker of active bone formation. 

Higher levels of BAP have been reported in patients with axSpA [158, 164, 166]. 

The fetuin family encompasses a series of proteins that have been implicated in 

several biological functions involving in both inflammatory stage (regulation of 

insulin and hepatocyte growth factor receptors and acute phase proteins) and bone 

remodelling phase (osteogenesis and bone resorption).  AS patients with 

syndesmophytes have been shown to have significantly higher levels of fetuin-A 

with respect to patients without syndesmophytes and to healthy controls [172]. 

The cathepsin K, which is a highly potent collagenase predominantly expressed in 

osteoclasts, is involved in bone remodelling and resorption; its expression is 

stimulated by inflammatory cytokines that are released after tissue injury. There are 
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actually discordant results about the cathepsin K levels in AS: some studies reported 

higher expression of cathepsin K in mononuclear cells, fibroblast-like cells, and 

cells attached to bone but similar systemic levels to those in healthy controls [173, 

174]. Some studies reported higher adipokines levels, in particular leptin values, in 

some rhematological diseases [175,176]. In AS patients with structural bone 

damage and syndesmophytes were found higher adiponectin levels [176]. The 

results so far obtained are discordant; other studies have demonstrated lower or 

similar leptin levels in AS patients respect to healthy subjects [177]. 

 

 

1.3 THE EVALUATION WITH IMAGING OF THE AXIAL 

SPONDYLOARTHRITIS 

 

1.3.1 THE ROLE OF THE STANDARD RADIOGRAPHIC EXAM 

In the diagnosis of axSpA a relevant role is played by the radiographic exam, which 

is also useful for monitoring the progression of bone lesions. We can distinguish 

initial, late and advanced signs. On pelvis X-rays a symmetrical or asymmetric 

sacroiliitis, which is classified in grades (I-II-III-IV) according to the severity of the 

radiological damage, can be recognized. The earliest detectable lesion in the SIJ at 

the standard radiograph is an initial disruption of the cortical margin of the 

subchondral bone, with initial involvement of the third lower segment of the joint, 

followed secondarly by erosions and sclerosis. The evolution of erosion produces a 

false enlargement of the joint spaces. When fibrosis and ankylosis occur, the SIJ 

appear to be obliterated until complete fusion (Images 3 a-d, see iconography). The 

spinal lesions are initially characterized by a straightening of the column (Figure 

4, see iconography). There may also be an osteitis in the vertebral bodies which 

causes a "square" alteration of the vertebral bodies ("squaring") which may result 

in erosion (sign of "Romanus") (Images 5-6, see iconography). The progressive 

ossification of the fibrous ring of the intervertebral disc induces the formation of 

marginal syndesmophytes, detectable radiographically in the anterior and lateral 
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views, which connect the vertebral bodies to each other; the syndesmphytes are 

typical osteoproductive aspects that may be found in the axSpA (Images 7-9, see 

iconography). With the passage of time, the calcifications and ossifications involve 

the entire spine, sometimes leading to bone flows, involving the anterior 

longitudinal ligament (sign of the "bamboo cane") or of the inter-apophyseal joints 

(sign of the "track") or inter-spinous ligaments (sign of the "dagger") or all these 

structures together (sign of the "cog railway") (Images 10 a-b, see iconography). 

Sometimes, the osteoproductive process derived from the inflammatory 

involvement of the spinal enthesis determines the formation of non-marginal 

calcific bridges (pseudo-syndesmophytes) which are generally monolateral and 

asymmetric (especially found in the form of axial psoriatic spondyloarthritis). The 

osteoproductive processes with the formation of calcifications can also be observed 

in the periphery, especially in shoulders, hips and heels. In the established disease 

phase, traditional radiographs are largely sufficient to clarify the clinical picture. 

The three main radiological scoring methods used for the spine are BASRI (Bath 

Ankylosing Spondylitis Radiology Index), SASSS (Stoke Ankylosing Spondylitis 

Spine Score), mSASSS (modified Stoke Ankylosing Spondylitis Spine Score) [178-

181 (Table VII). The mSASSS method appeared to be the most appropriate method 

for assessing and monitoring the development of syndesmophytes and the 

radiographic progression. In a recent study the SASSS and BASRI methods were 

found to have good reproducibility, but both showed a low sensitivity to detect 

change [182]. Furthermore, the mSASSS method was more reliable than the 

remaining two methods in quantifying the score of structural spinal lesions [183]. 

These methods have been performed and adopted in clinical trials in order to 

evaluate the therapeutic response of anti-TNFα agents and non-steroidal 

antinflammatory drugs (NSAIDS) also in terms of slowing of radiological 

progression [184-190]. 
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Table VII. Radiological scoring methods for radiographic axSpA or AS 

 

 
BASRI-spine (range 2-12) (for the lumbar spine, AP and lateral views are analyzed, and 

the projection with the highest score is considered; for the cervical spine, the lateral view 

is analyzed) 

0 = normal (no alteration) 

1 = suspicious or mild (initial alteration not well defined) 

2 = average (some erosions, squaring, or sclerosis, with or without syndesmophytes, visible 

on ≤ 2 vertebrae) 

3 = moderate (syndesmophytes on ≥3 vertebrae, with or without fusion involving ≥2 

vertebrae) 

4 = severe (fusion involving ≥3 vertebrae) 

 

Modified SASSS (range 0-72) (anterior corners of the lumbar spine and anterior corners 

of the cervical spine from the inferior margin of C2 to the upper margin of T1 analyzed on 

the lateral view) 

0 = normal 

1 = erosion, sclerosis, or squaring 

2 = syndesmophytes 

3 = bone bridges with fusion 

 

New York criteria for sacroiliitis (range 0-4) (mean score of both SIJ is used in BASRI) 

0 = normal 

1 = suspicious or mild (initial alteration not well defined) 

2 = minimum (minimum sacroiliitis, defined as the loss of definition of the SIJ rhyme, mild 

juxta-articular sclerosis, minimal erosions and the presence of a slight reduction of joint 

space) 

3 = moderate (moderate sacroiliitis, defined as marked sclerosis on both sites, thickened 

and indistinct margins of SIJ and erosive lesions, with loss of joint space) 

4 = severe (complete fusion or ankylosis of SIJ) 

 

SIJ: sacroiliac joint; BASES: Bath Ankylosing Spondylitis Radiology Index; AP: anterior-

posterior; SASSS: Stoke Ankylosing Spondylitis Spine Score 

 

Salaffi et al. Clin Exp Rheumatol. 2007 
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1.3.2 THE ROLE OF THE MAGNETIC RESONANCE IMAGING  

The MRI has revolutionized the diagnosis and the concept of the SpA. Some recent 

studies [36-38, 191-193] have shown the superiority of MRI compared to other 

methods in the search of recent onset lesions. This method appears to be able to 

define inflammatory lesions in the active phase. It is both sensitive and very specific 

in demonstrating lesions in the articular cartilage, the synovium and the 

subchondral bone. Its ability to detect such alterations is of considerable help in the 

diagnosis of early disease forms, when no alterations or erosions or other structural 

lesions are detected, and allows early therapy to be undertaken [42, 194-197]. The 

diagnosis of axSpA is currently based on the presence of inflammatory and / or 

structural lesions in the SIJ and in the spine. The appearance of inflammatory signs 

in progress or previous is crucial for the possibility of early recognition of the 

transition from non-radiological forms of axSpA to the AS. 

Two sequences in MRI are used, both of which can detect both inflammatory and 

structural lesions. The weighted spin-echo T1 (T1SE), with relaxation time in which 

the water shows an hypointense signal, is mainly used for the identification of 

structural alterations, such as chronic osteitis, erosions, ossification and sclerosis; 

the STIR (Short-Tau-Inversion-Recovery), a sequence able to differentiate the 

water signal from that of fat and to obtain the saturation of fat (FS) in T1, is 

preferable for the study and visualization of inflammatory lesions, characterized by 

an important liquid and vascular component, such as BME and synovitis. BME, 

characterized by the increase in the STIR signal, represents the main alteration 

induced by inflammatory activity in the axSpA and is highlighted early on the SIJ 

by the MRI (Images 11-12, see iconography). Among the structural lesions, 

erosions are the most specific for axSpA, and are well highlighted by the sequences 

T1SE as interruptions of the cortical bone, with altered signal in the subchondral 

bone (Images 13-14, see iconography). At spine MRI the BME of the vertebral 

anterior corners (anterior osteitis) and the posterior corners (posterior spondylitis) 

appears as hyperintense area in the STIR sequence; the spondylodiscitis appears as 

hyperintense region in the STIR and hypo-intense sequence in T1SE (Images 15-
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21, see iconography). Adipose metaplasia appears as a hyperintense area in the 

same sequences. The ossification of vertebral enthesies (syndesmophytes) appears 

as hypointense areas near the cortical bone, and when they are not associated with 

adipose metaplasia, they are more difficult to identify in MRI because they could 

be confused with the peri and para-vertebral ligaments that appear as ipo-intense 

areas. A set of MRI-ASAS criteria is currently underway for the definition of the 

MRI imaging pattern specific for the classification of axSpA forms [191, 192, 36-

38, 46], where both inflammatory and structural alterations are considered, 

expression of inflammatory activity or of chronic pathological process, different 

phases of the natural course of SpA (Table VIII). Based on the definition of the 

ASAS / OMERACT criteria, SIJ MRI is considered positive if ≥1 highly suggestive 

inflammatory lesion (BME) per SpA is present on ≥2 consecutive slices or if ≥2 

inflammatory bone lesions are visible on a single slice [ 191, 37]. The presence of 

synovitis, enthesitis or capsulitis alone, unaccompanied by BME, is not sufficient 

to consider a SIJ MRI as positive. According to the ASAS criteria, the spondylitis 

is confirmed by the signs of BME, anterior or posterior, in ≥3 vertebrae, or of 

adipose metaplasia located in several vertebral bodies [198-201]. Less specific to 

SpA are spondylodiscitis or flogistic involvement of the inter-apophyseal joints 

[202]. This definition is still very preliminary and only the application on large 

series will allow to classify and distinguish more precisely the aspects of 

degenerative nature and those derived from the inflammatory process that can be 

seen at the MRI. As for conventional radiology, also different methods of 

evaluation of acute and chronic lesions have been proposed both for the spinal and 

SIJ MRI [203-205]. Recently it has been proposed a scoring method for the 

evaluation of acute and chronic spinal lesions, with score between 0-6 (activity 

score: ASspiMRI-a and chronicity score: ASspiMRI-c), and for SIJ lesions, with 

score ranging 0-3 for acute lesions and 0-5 levels for chronic lesions [206,207]. The 

second method for the evaluation of acute lesions (BME) detectable in spine and 

pelvis MRI, is the one recently proposed and validated by the Canadian research 
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group for SpA, defined as Spondyloarthritis Research Consortium Canada 

(SPARCC) magnetic resonance imaging index [43,44]. 

 

Table VIII) Definition of MRI imaging according to ASAS 

__________________________________________________________________ 
 

 for the positivity of sacroiliitis: 

o presence of active inflammatory lesions:: 

 bone oedema in STIR* or osteitis inT1-FS-Gd*, with typical 

appearance and localized in specific anatomical sites (i.e. 

subchondral or periarticular bone marrow).  

 synovitis, enthesitis or active capsulitis, without the previous ones 

is not considered sufficient  

o presence of structural lesions: 

  adipose metaplasia, sclerosis, erosions or ankylosis reflect 

previous inflammation, but are not sufficient in the absence of 

inflammatory lesions 

The presence of a single area is required in two consecutive slides, or more areas in a single 

slide. 

 

________________________________________________________________ 

 

 for the positivity of spondylitis: 

o presence of active inflammatory lesions: 

 anterior and posterior spondylitis (inflammatory lesions at 

vertebral corners) are typical lesions of the axSpA, when present 

in at least three sites 

 spondylodiscitis (inflammatory lesions of the vertebral plates) are 

considered less specific  

 lesions of the interapophyseal and costovertebral joints are 

specific, but less standardized  

o presence of structural lesions: 
 adipose metaplasia, sclerosis, erosions or ankylosis, with 

localization in multiple sites, particularly in younger subjects with 

axSpA. 

 erosions, syndesmophytes and ankylosis, are not yet standardized 

 

*Short-Tau-Inversion-Recovery sequence 

* T1-wighted fat saturated post-Gadolinium sequence 

__________________________________________________________________ 
Pedersen Susanne J. Ulrich Weber b, MikkelØstergaard Best Practice & Research Clinical 

Rheumatology 26 (2012) 751–766 
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PURPOSE OF THE THESIS 

AxSpA which mainly affects the spine and the SIJ, has an early onset at a young 

age and can be further subdivided between nr-axSpA and radiographic axSpA, the 

latter also known as AS [31]. If undiagnosed and untreated, axSpA may lead to 

permanent damage and lifelong disability [31,32,103]. Significant steps forward 

have been taken in the management of axSpA in clinical practice after the discovery 

and spread of the use of anti-tumor necrosis factor α (TNFα) drugs. It has been 

demonstrated that axSpA patients respond quickly to anti-TNFα drugs, which 

appear to be very effective. Therefore, identifying early stages of these disorders 

could be a benefit for patients, whom could be prescribed appropriate treatment 

[2,3]. The Assessment of SpondyloArthritis International Society (ASAS) has 

established classification criteria to identify patients with early stages of axSpA 

[31]; the imaging arm of the criteria requires the presence of sacroiliitis on magnetic 

resonance imaging (MRI) or radiographs in addition to one SpA feature for patients 

with chronic low back pain with onset at age ≤45 years. Conventional radiographs 

of SIJ, which are still frequently used to detect sacroiliitis, do not appear to provide 

adequate information to classify patients with suspected early axSpA [9]. This is 

due to the fact that they are able to detect only structural damage, which is indicative 

of a more advanced disease stage [9,31]. Hence, MRI constitutes an important 

additional screening option since it can detect inflammatory lesions of SIJ in 

patients with early-onset axSpA without evidence of radiographic sacroiliitis, and 

thus before bone damage begins to be visible [35]; in spite of this, MRI is often 

prescribed only to confirm a rheumatologist’s suspicion of axSpA as it is an 

expensive, relatively time-consuming test, which is not readily available at all 

health care centers [35]. Positive SIJ MRI scans were defined by the 

ASAS/Outcome Measures in Rheumatology MRI working group 

(ASAS/OMERACT) as the presence of inflammatory lesions such as BME which 

is highly suggestive of SpA [35]. Whether structural SIJ lesions should be added to 

this definition and if structural and inflammatory spinal lesions could contribute to 
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detecting axSpA remains to be established [36]. Inflammatory spinal lesions on 

MRIs may nevertheless occur in the absence of SIJ involvement [192]. Spinal MRIs 

in AS patients have uncovered abnormalities in this district even before they are 

noted on plain radiographs [45]. The introduction of fat-suppression sequences has 

allowed the visualization of lesions within bone marrow that may be obscured on 

MRI by marrow fat. These lesions include BME adjacent to vertebral endplates at 

the attachment of the annulus fibrosus to the vertebral rim and at the insertion of 

anterior and posterior longitudinal ligaments, both within the facet joints. Since 

there is evidence that spondylitis may also occur prior to or even without sacroiliitis, 

it was considered important to define the characteristics of a spinal MRI considered 

positive for inflammation. The ASAS/OMERACT working group thus set out to 

define spinal MRIs positive for inflammatory lesions (spondylitis) and structural 

changes (fat deposition) [36]. It is also unknown whether the localization of lesions 

is correlated to the site of axial pain. Imaging of the thoracic spine, which is often 

involved in axSpA, has not yet been taken into consideration when structural 

damage is being evaluated [180-182]. Since patients usually display a wide variety 

of clinical features and there is no standardized laboratory test protocol, a diagnosis 

of axSpA is rarely straightforward. As a result of the growing awareness of the 

impact of chronic back pain in axSpA patients, and in view of recent breakthroughs 

in genetics research and the development of novel treatments with a potentially 

positive impact on early disease stages, recent studies have been focusing on the 

use of MRI and the role of new biomarkers that could facilitate early diagnosis and 

identify those individuals at higher risk for poor prognosis [86-89]. As early 

treatment can reduce the disease burden of axSpA patients and disease-related 

costs, uncovering biomarkers that can facilitate early diagnosis of axSpA has 

become an urgent undertaking.  

The our aims are the following: 

1) To evaluate patients with early low back pain (> 3 months and ≤ 2 years) 

and to study whether patients presenting with back pain of short duration 

can be diagnosed as early axial SpA according to ASAS classification 
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criteria; 

2) Evaluate the predictive parameters for the diagnosis of early axSpA and the 

role of imaging methods (standard plain radiography and MRI of the spine 

and of the pelvis) in the diagnostic process in the forms with or without SIJ 

involvement; 

3) To study the additional value information of imaging (plain radiography and 

MRI) to the other parameters in making a diagnosis of SpA; 

4) To define the characteristics and prevalence of inflammatory and structural 

on MRI of the spine and of the pelvis in patients with early axSpA; 

5) To investigate how MRI features evolve over time and how they relate to 

radiographic damage; 

6) To evaluate if the localization of axial pain correlates with the site of the 

inflammatory and structural lesions on MRI; 

7) To analyze the correlation of radiographic and MRI lesions with the clinical, 

serological, functional and disease activity indices; 

8) To evaluate the expression of some serological biomarkers (hsCRP, ESR, 

MMP3, IL-17, IL-22, IL-23) as possible predictive indicators of severity 

and / or disease activity or as possible indicators of bone remodeling in 

patients with axSpA; 

9) To evaluate the biomarkers in relation to the different axial involvement 

(presence or absence of sacroiliitis) and to other clinical, functional and 

disease activity indices; 

10) To identify the subset of patients with a more active and severe disease 

pattern and with a higher probability of radiological progression with severe 

structural bone damage; 

11)  To evaluate the response to early treatment in terms of change of clinical, 

serological, functional, disease activity indices in patients with low back 

pain for a follow-up of 24 months. 
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MATERIALS AND METHODS 

 

Patients who were at least 16 years old, suffering by inflammatory low back pain 

(LBP) (≥3 months, ≤2 years, onset < 45 years) of unknown origin and referred to a 

rheumatologist were included in this on-going observational cohort study. Eligible 

patients underwent physical examinations, laboratory tests, following a 

standardized protocol at baseline (T0), at 6 months (T6), at 12 months (T12) and 24 

months (T24). The patients also completed questionnaires on disease activity, 

physical functioning, pain, and disease-related impairment. SIJ and spinal plain 

radiographs and MRIs were performed at T0 and once year. Axial pain and MRI 

lesions were localized in 4 sites: in the cervical/thoracic/lumbar spine and the SIJ. 

Two experienced rheumatologist formed the diagnosis of axSpA according ASAS 

2009 criteria [31]. In order to meet the ASAS criteria [31], it was necessary to verify 

if the patients had MRI evidence of active inflammatory lesions of the SIJ with 

definite BME which is highly suggestive of sacroiliitis. After the X-rays and MRI 

images were read, the patients were divided into three cohorts: those fulfilled the 

imaging arm of ASAS axSpA criteria (axSpA imaging arm+), those fulfilled the 

clinical arm of ASAS axSpA criteria (axSpA clinical arm+) and those not fulfilled 

completely ASAS axSpA criteria (not full ASAS axSpA).  

The local medical ethical committee approved the study and informed consent was 

obtained from all patients at study inclusion. 

 

PATIENTS 

1. Subject selection 

1.1. Inclusion criteria  

 Male and female patients of at least 18 years 

 Chronic back pain of at least 3 months with a maximum duration of 2 years 

with onset before the age of 45 years  

 An increased risk for axSpA. This can be achieved by the following 

combination of features in addition to the chronic back pain. 

At least one of the following features: 
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• HLA-B7 pos  

• positive family history 

• acute anterior uveitis  

• inflammatory and or structural changes on the MRI of SIJ 

• radiographic sacroiliitis according to the modified New York criteria  

OR at least two of the following features:  

• Inflammatory back pain (defined as at least 3 out of the following 4: age at  

            onset< 40 years, insidious onset, morning stiffness and improving with  

            exercise) 

• Heel pain typical for enthesitis 

• Peripheral arthritis  

• Dactylitis 

• Psoriasis  

• IBD 

• Good response to NSAIDs 

• Elevated ESR and/or CRP 

 Written informed consent 

 

1.2 Exclusion criteria  

 Patients with back pain for more than 2 years 

 Patients with a painful condition not related to axSpA, which could interfere 

with the evaluation of disease activity i.e. Paget disease. 

 Intake of conventional synthetic Disease-Modifying Anti-Rheumatic Drugs 

(csDMARDS) and biological Disease-Modifying Anti-Rheumatic Drugs 

(bDMARDS) already at the recruitment visit 

 A history of alcoholism, drug abuse, psychological or other emotional 

problems, severe co-morbidity that are likely to invalidate informed consent 

or limit the ability of the subject to comply with the protocol requirements. 

 

2. Visits 

Follow-up visits 

Baseline, after T6, T12, and T24 for all patients, followed by annual visits for 

patients fulfilling classification criteria of SpA. 
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METHODS 

 

1. Physician clinical assessments: 

a) collection of anamnestic information, related to age, sex, characteristics of 

chronic inflammatory low back pain, duration and onset of axial pain, type of joint 

involvement (axial and / or peripheral), presence of other articular and extra-

articular manifestations, presence or familiarity for arthritis and / or psoriasis, 

association with other rheumatological and / or non-rheumatological diseases, 

previous or current pharmacological therapy at the time of the visit; 

b) Overall assessment of disease activity by the physician on an 10-point 

numerical rating scale (NRS) (0=inactive disease with no symptoms and 

11=extremely active disease). The physician should consider all clinical 

information in assessing the patient’s disease activity on the day of the visit; 

c) Number of tender joints of a total 61 joints be examined. The following joints 

are examined by pressure for tenderness: temporo-mandibular joint (R+L), 

sternoclavicular joint (R+L), acromioclavicular joint (R+L), shoulder (R+L), elbow 

(R+L), wrist (R+L), 10 MCPs, 8 PIPs, 2 IPs of the thumb, 8 DIPs, knee (R+L), 

ankle (R+L), subtalar joint (R+L), midtarsal (R+L), 10 MTPs. Pain on motion will 

be examined for cervical spine and hip (R+L); 

d) Number of swollen joints of a total 52 joints be examined. The following joints 

are examined for presence of swelling: sternoclavicular joint (R+L), 

acromioclavicular joint (R+L), shoulder (R+L), elbow (R+L), wrist (R+L), 10 

MCPs, 8 PIPs, 2 IP of the thumb, 8 DIPs, knee (R+L), ankle (R+L), 10 MTPs; 

e) Chest expansion: it should be measured as the difference in centimetres to the 

nearest 0.1 cm between full expiration and full inspiration, measured at the fourth 

intercostals space. The better of two tries should be recorded; 

f) The Bath Ankylosing Spondylitis Metrology Index (BASMI): composite index 

formed by the set of results of cervical rotation, occipital-to-wall distance, modified 

Schober test, lateral flexion, intermalleolar distance (score 0-10). Occiput-to-wall 

test: heels and, if possible, the back against the wall, with the distance measured in 
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centimetres to the nearest 0.1 cm from the occiput to the wall during maximal effort 

to touch the head to the wall, without raising the chin above its usually carrying 

level. The better of two tries should be recorded. Modified Schober test: it is 

performed by marking a point over the spinous process of L5 (found as the first 

process below the projected line across the back at the level of the top of the iliac 

crest, although the exact point is not absolutely critical). The second point is 

measured 10 cm directly above the first while the patient is extending his lumbar 

spine in a neutral position. The patient then flexes forward as far as possible and 

the (now longer) distance between the two points is measured. Normally the initial 

10 cm distance increases to 16 cm or more. The actual distance in centimetres 

measured in full flexion should be recorded. Cervical rotation: it is measured with 

a gravity action goniometer. The patient lies supine in the neutral position and the 

goniometer is placed centrally on the forehead. The patient is then asked to turn the 

head as far as possible to the right and then to the left. The better of two tries is 

recorded for left and right. The mean of left and right gives the final result for 

cervical rotation (in degrees). Lateral spinal flexion: it is measured by fingertip to 

floor distance in full lateral flexion without flexing forward or bending the knees. 

The patient should stand as close to the wall as possible with shoulders level. The 

distance between patient’s middle fingertip and the floor is measured with a tape 

measure. The patient is asked to bend sideways without bending his knees or lifting 

his heels and attempting to keep his shoulders in the same place. A second reading 

is taken and the difference between the two is recorded. The better of two tries is 

recorded for left and right. The mean of left and right gives the final result for lateral 

spinal flexion (in cm). Intermalleolar distance: it is measured with the patient 

supine, the knees straight and the feet pointing straight up. The patient is asked to 

separate the legs as far as possible and the distance between the medial malleoli is 

measured (in cm to the nearest cm). The better of two tries should be recorded; 

g) The Maastricht Ankylosing enthesitis Spondilities Score (MASES):  Enthesis 

index score that measures the number of painful enthesis to pressure (0-13). 
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2. Patient assessments: 

a) Pain of the spine (Visual Analogical Scale Back Pain- VAS back pain):  this 

will be assessed by the patient on a 11-point numerical rating scale (NRS) where 0 

at the left end of the scale is no pain and 10 is unbearable pain. The following 

question will be asked: “How severe was the pain of your spine on average during 

the last week?”; 

b) Patient assessment of disease activity (Visual Analogical Scale Disease 

Activity- VAS disease activity): this will be assessed by the patient by on a 11-point 

numerical rating scale (NRS) where 0 at the left end is inactive disease with no 

symptoms and 10 is extremely active disease. The following question will be asked: 

“How active was your disease on average last week?”; 

c) Severity of night pain (Visual Analogical Scale Night Pain- VAS night pain):  

this will be assessed by the patient by on a 11-point numerical rating scale (NRS) 

where 0 at the left end is inactive disease with no pain and 10 is unbearable pain. 

The following question will be asked: “How much pain due to your disease did you 

have at night on average last week?”; 

d) the Bath Ankylosing Spondylitis Patient Global Score (BASG1), as an 

assessment of the influence of disease activity on the state of health in the last week 

on a numerical scale from 0 to 10; 

e) BASG2 (evaluation of the influence of disease activity on the state of health in 

the last six months on a numerical scale from 0 to 10); 

f) BASFI (Bath Ankylosing Spondylitis Functional Index): validated composite 

questionnaire composed of 10 questions concerning the functional abilities of the 

patient, whose answers will be evaluated using the numerical scale NRS; 

g) HAQ (Health Assessment Quality): questionnaire comprising 20 questions 

concerning activities of daily life and subdivided into 8 categories (the sum of the 

scores between 0-24 and divided by 8 gives the final score). 

 

3. Disease activity assessments: a) the Ankylosing Spondylitis Disease Activity 

Score (ASDAS), a composite index comprising both subjective measures and 
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laboratory parameters (back pain-pain of the peripheral joints-duration of morning 

stiffness-VAS disease activity-CRP); b) BASDAI (Bath Ankylosing Spondylitis 

Disease Activity Index): validated composite questionnaire composed of 6 

questions concerning the activity of the disease, the answers of which will be 

evaluated using the numerical scale NRS. 

 

4.Biochemical assessments: 

Biochemical parameters include the erythrocyte sedimentation rate (ESR) 

(Westergren method in mm after 1 hour; normal range 0-15 mm/h) and C reactive 

protein (CRP) [normal range 0-6 mg/L] and Serum ultrasensitive C reactive protein 

(hsCRP, ELISA in mg/l; Research & Diagnostic Systems, Inc., expressed in mg/L, 

with a lower limit of detection of 0 mg/L). The following serological markers were 

assessed: matrix metalloproteinase MMP3, (Quantikine MMP3 R&D Systems 

Europe, expressed in ng/mL, with a lower limit of detection of 0 ng/mL); interleukin 

IL-22, IL-17 and IL-23 (R&D Systems Europe, expressed in pg/mL, with lower 

limit of detection respectively of 5 pg / mL, 17 pg / ml, of 20 pg/mL) using an 

enzyme-linked immunosorbent assay (ELISA). Bank serum, plasma, urine will be 

stored at -70C.  DNA will also be collected. Serum for the assays was separated by 

centrifugation at 3000 rpm for 10 minute. All blood samples were analyzed twice 

using the same method.   

 

5. Radiological assessments: 

 

MRI assessments. 

SIJ and spinal MRIs were performed at baseline using a 1.5 T scanner Magnetom 

Harmony, Siemens AG Medical Solutions, Munich, with phased-array surphace 

coil, acquiring T1-weighted turbo spin echo (T1TSE; TR 550/TE 10) and short-tau 

inversion recovery (STIR; TR 2500/TE60) sequences. The coronal oblique and 

sagittal views of the SIJ and spine were taken, with a slice thicknessof 4 mm. The 

images were independently analyzed by two expert radiologists trained in MRI 
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scoring  according to the ASAS/OMERACT [36] definition and the SPARCC 

scoring system [43,44] for both SIJ and the spine. If the two readers scored positive, 

the image was scored accordingly. All readers were blinded for clinical and 

laboratory data, and for the results of the other imaging methods. The mean scores 

were calculated using those of both of the readers. Intra and inter-observer 

reliability was calculated.   

SIJ MRIs were graded using the SPARCC scoring system for the inflammatory 

lesions typical of SpA: MRI is graded positive if ≥1 BME lesion highly suggestive 

of SpA is visible on ≥2 consecutive slices or if several BME lesions highly 

suggestive of SpA are visible on a single slice [35]. The presence of only synovitis, 

enthesitis, or capsulitis without BME is not sufficient for a positive reading. 

According to the SPARCC scoring method, the presence of an increased signal 

corresponding to BME lesions on SIJ-MRIs should be assessed on 6 consecutive 

coronal slices selected as representing the synovial compartment of the SIJ. The left 

and right SIJ MRIs were divided into quadrants for a total of 8 per coronal slice. 

Each quadrant was assessed and evaluated for the presence (scored 1) or absence 

(scored 0) of BME. Each coronal slice per SIJ was given an additional score of 1 

for the presence of an “intense” signal and an additional score of 1 for a “deep” 

lesion, defined as a homogeneous, unequivocal increase in a signal 1 cm from the 

articular surface. The maximum possible score across 6 slices was 48 for the 

presence of BME, 12 for intense edema, and 12 for deep edema, for a maximum 

possible total score of 72 [43]. The presence of structural lesions on SIJ-MRIs were 

also evaluated.  

With regard to MRI of the spine, according to the ASAS/OMERACT MRI group, 

BME and fatty lesions on spinal MRIs are present when they are visible on ≥2 

consecutive slices, while the presence of ≥1 slice is enough for structural lesions 

(erosions, sindesmophytes) [36]. For the spine, the 6 most severely affected disco-

vertebral units (DVUs) were selected and each was divided into 4 quadrants, with 

each quadrant assessed for the presence (scored 1) or absence (scored 0) of BME. 

Each quadrant was scored on 3 consecutive sagittal slices per disco-vertebral unit 
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(DVU), yielding a maximum possible score of 12 per DVU for BME. Each sagittal 

slice per DVU was given an additional score of 1 for the presence of an “intense” 

signal and an additional score of 1 for a “deep” lesion, defined as a homogeneous, 

unequivocal increase in STIR signal > 1 cm from the vertebral end plate. The 

maximum possible score for all 6 DVUs was 72 for the presence of BME, 18 for 

intense edema, and 18 for deep edema, for a maximum possible total score of 108 

[44]. Structural lesions on spinal MRIs were also evaluated. 

 

Radiographs assessments. 

Lateral view radiographs of the cervical and lumbar spine and anterior-posterior 

view radiographs of the pelvis were taken. The images were obtained with a Philips 

vertical bucky, with a focus-film distance of 140 cm, film size of 18x43 cm. The 

images were read independently by two expert trained musculoskeletal radiologists, 

blinded for patients characteristics, clinical outcome and for the results of the other 

imaging methods. The mean scores were calculated using those of both of the 

readers. It was performed intra and inter-observer reliability.  The mSASSS scoring 

method modified by Creemers was used [180]. According to this method, lateral 

views of the anterior vertebral corners (VCs) of the cervical (lower border of C2 to 

upper border of T1) and lumbar (lower border of T12 to upper border of S1) 

segments (a total of 24 VCs) are scored for the presence of erosions and/or sclerosis 

and/or squaring (1 point), syndemophyte (2 points) and bridging syndesmophytes 

(3 points). The total score ranges from 0 to 72 [180]. Evaluation of the SIJ was 

based on the New York criteria [9], with scores ranging from 0 to 4 (0=no change, 

1=look slightly faded edge joint, pseudo-widening or narrowing of the rhyme, mild 

subchondral sclerosis, 2=irregular margin joint with images of erosion, shrinkage 

of rhyme, subchondral sclerosis evident, 3=erosions and subchondral sclerosis 

evident with initial synostosis, 4=complete ankylosis). 
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Treatments: 

At T0 all the patients were being treated with non-steroidal anti-inflammatory 

drugs. All patients will be treated according to the physician assessments and the 

severity of the disease if the latter is diagnosed. There is no limitation on 

pharmacological treatments, physical therapies or other treatments. 

 

STATISTICAL ANALYSIS 

The statistics used mainly descriptive methods. Odds ratio was used to evaluate the 

correlation between localization of the axial pain and the position of inflammatory 

and structural lesions on the spinal and SIJ MRIs at the baseline evaluation (T0). 

The Cohen's Kappa test was used to assess the intra and inter-observational 

reliability of the two radiologists' evaluations. Since the variables examined are not 

normally distributed, the differences between the values of the T0, T6, T12 and T24 

indices were evaluated using the Kruskal-Wallis nonparametric test for repeated 

measurements followed by the Dunn's multiple Comparison test. These tests were 

therefore used to compare the clinical (BASMI, MASES), bioumoral,serological 

(ESR, CRP, hsCRP, MMP3, IL-22, IL-17, IL-23), functional (BASFI, HAQ, 

BASG1, BASG2 , VAS back pain, VAS night pain, VAS disease activity) 

anddisease activity indices (BASDAI, ASDAS) at T0, T6, T12 and T24. The same 

method was used to compare the imaging scores (mSASSS, score SI mNY, 

SPARCC-SIJ and SPARCC-spine) at T0 and T24 in all patients and  among the 

three cohorts (axSpA imaging arm +, axSpA clinical arm + and not full ASAS 

axSpA). A T0 regression analysis was performed to identify the predictors of 

inflammationand radiological progression of the disease evaluated using mSASSS, 

score SI mNY, SPARCC- SIJ and SPARCC-spine indices. The following 

independent variables were considered in the univariate analysis: female sex, age 

of CBP onset, duration of CBP, presence of HLA-B27, elevated inflammation 

indices, BASDAI>4, use of NSAIDs. The significant independent variables (p<0.1) 

in the univariable analysis were tested using multivariable regression models. 

Interactions and correlations between the variables were analyzed using the 
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Spearman correlation coefficient. The radiographic progression of SIJ from T0 to 

T24 was evaluated (defined according to the criteria formulated by DESIR study 

[208]: 1- passage from the non-radiographic form to the radiographic stage of 

sacroiliitis according to the mNY criteria; 2- change of> 1 degree of sacroiliitis but 

ignoring the passage from degree 0 to 1 of sacroiliitis), using the non-parametric 

Kruskal-Wallis test. The radiographic progression of the spine from T0 to T24 was 

evaluated according to the method provided by Poddubnyy tested in the GESPIC 

cohort [209] (increase in mSASSS score> 2 over the course of 2 years of 

observation). All statistical analyzes were performed using the SPSS 13.0 program 

(SSPS Inc, IL, USA). The values of p <0.05 were considered statistically 

significant.  
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RESULTS 

In this study, 75 patients diagnosed with axSpA were enrolled. According to the 

ASAS criteria for axSpA; 21 (28%) patients were classified as axSpA imaging 

arm+, 29 (38.7%) patients as axSpA clinical arm+ and 25 (33.3%) patients did not 

full ASAS criteria for axSpA. The average age at back pain onset was 28.51 ± 8.05 

years, 45.3% were male, 38.7% had HLA-B27+. 52% (39) of patients presented an 

exclusive axial involvement, while 48% (36) of patients also had peripheral 

involvement. A high prevalence of psoriasis and heel enthesitis was observed 

(33.3% and 72%, respectively). Other characteristics of the patients, including the 

typical aspects for SpA, have been reported in Table IX. Out of all 75 patients, 

37.3%, 56%, 100% and 64%, respectively, complained of cervical / thoracic / 

lumbar / buttock pain. The clinical (MASES and BASMI), disease activity 

(BASDAI, ASDAS), functional (HAQ, BASFI, VAS back pain, VAS pain night, 

VAS disease activity, BASG1, BASG2) and serological indices (ESR, CRP, 

hsCRP, MMP3, IL17, IL22, IL23) were analyzed and measured over time at T0, 

T6, T12 and T24. Out of all 75 patients, 68 (90.7%) were evaluated at T6, of 

these 59 (78.7%) patients at T12, of these 54 (72%) at T24. 
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Table IX:  Baseline characteristics of  patients with LBP (n=75) 

Age of onset LBP, mean (±SD) 28.51 (±8.05) 

Male, n (%) 34 (45.3%) 

Duration (months) di LBP, mean (±SD) 13.37 (±6.14) 

Only axial involvement, n (%) 39 (52%) 

Axial and peripheral involvment, n(%) 36 (48%) 

HLA-B27 positive, n (%) 29 (38.7%) 

Positive family history of SpA, n (%) 35 (46.7%) 

IBP, n (%) 75 (100%) 

Peripheral arthritis, n (%) 34 (45.3%) 

Psoriasis, n (%) 25 (33.3%) 

Dactylitis, n (%) 15 (20%) 

Heel enthesitis, n (%) 54 (72%) 

Uveitis, n (%) 7 (9.3%) 

IBD, n (%) 9 (12%) 

Preceding infections, n (%)† 4 (5.3%) 

Good response to NSAIDs, n (%) 73 (97.3%) 

Elevated CRP/ESR, n (%) 42 (56%) 

Cervical pain, n (%) 28 (37.3%) 

Thoracic pain, n(%) 42 (56%) 

Buttock pain, n (%) 48 (64%) 

Alternating buttock pain, n (%) 37 (49.3%) 

Morning stiffness, n (%) 57 (76%) 

Night pain, n(%) 71 (94.7%) 

Sacroiliitis MRI *, n (%) 46 (61.3%) 

Sacroiliitis x-ray **, n (%) 25 (33.3%) 

Weight (kg), mean (±SD) 70.22 (16.15) 

Height (cm), mean (±SD) 170.6 (8.67) 

HLA-B27, Human Leukocyte Antigen; LBP, low back pain; IBP, Inflammatory Back Pain; IBD 

Inflammatory Bowel Disease; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; MRI, 

Magnetic Resonance Imaging; SpA, Spondyloarthritis; NSAID, nonsteroidal antiinflammatory drugs 

* Sacroiliitis on MRI according ASAS/EULAR criteria 

** Sacroiliitis on X-Rays according modified New York criteria (0-4) 

† Balanitis, Urethritis or Cervicitis  
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a) The prevalence of the inflammatory and structural lesions on pelvis and spine 

MRI in patients with LBP at T0. 

All spine and SIJ on MRI images were evaluated by two expert readers and the 

inter-observer reliability was good to moderate (kappa 0.73 for inflammatory 

lesions and 0.60 for structural lesions on spine MRI;kappa 0.78 for inflammatory 

lesions and 0.61 for structural lesions on SIJ MRI respectively). The inter-observer 

reliability for all X rays images was good (kappa 0.79 for spine radiological lesions 

and kappa 0.77 for SIJ radiological lesions). The intra-observer reliability was good 

for all spine and SIJ images on X-rays and MRI (respectively kappa 0.79 for spine 

and 0.83 for SIJ).  Fifty-two (69.3%) patients presented structural and/or 

inflammatory lesions on SIJ-MRIs at T0 (on the right SIJ in 63% of the patients and 

on left one in 59% of the patients). BME lesions were present in 46 (61.3%) patients 

(58% on the right SIJ and 50% on the left one). Structural lesions on SIJ-MRI were 

present in 33 (44%) patients (37% on the right SIJ and 30% on the left one). Fifty 

(66.7%) patients presented inflammatory and/or structural lesions on the spinal 

MRI at T0. BME lesions at the anterior corner of the spine were present in 42 (56%) 

patients (19%, 39% and 33%, respectively, in the cervical/thoracic/lumbar regions). 

Structural spine lesions were present in 28 (37.3%) patients (18%, 14%, 19%, in 

the cervical/thoracic/lumbar regions respectively,) (see Figures 5a-b). Signs of 

enthesitis were found in 47 (62.7%) patients: at the level of the cervical spine in 8% 

of patients, of the thoracic spine in 58% of patients, at the lumbar spine in 11% of 

patients. At T0 18 (8 patients of axSpA clinical arm+ cohort and 10 patients of not 

full ASAS axSpA cohort) patients with inflammatory lesions on spinal MRIs 

showed no abnormalities in SIJ, while 11 (14.7%) patients without active sacroiliitis 

on SIJ MRIs did not present spine MRIs lesions (Table X). 
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Figures 5 a-b: Prevalence in percentage (%) of MRI lesions for single articular 

district at T0. 

 

 

Table X: Prevalence of inflammatory (BME) lesions on MRI at T0, T12 and 

T24. 

 

INFLAMMATORY LESIONS (BME) T0 T12 T24 

MRI SPINE +/ MRI SIJ + 29 (38.7%) 24 (40.7%) 26 (48.1%) 

MRI SPINE +/ MRI SIJ- 18 (24%) 13 (22.1%) 5 (9.3%) 

MRI SPINE -/ MRI SIJ + 17 (22.7%) 12 (20.3%) 9 (16.7%) 

MRI SPINE -/ MRI SIJ - 11 (14.7%) 10 (16.9%) 14 (25.9%) 

total patients (=n / %) 75 59 54 

 

 

Fig.5a 

Fig.5b 
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b) Association between localization of axial pain and the site of BME and 

structural lesions at MRI at T0. 

The OR between the pain site and the corresponding localization of BME lesions 

were 20.78 (CI: 0.39-11.05; p=NS), 163.93 (CI: 3.31-81.28; p=0.0006); 0.34 (CI: 

0.01-17.91; p=NS) for cervical / thoracic / lumbar spine and 304.88 (CI: 1.71-

546.56; p=0.0203) for SIJ. Pain was not significantly associated with structural 

lesions on MRI at the same site, except for the correlation between buttock pain and 

structural lesions on SIJ MRI (OR=70.1, CI: 0.84-58.40; p=0.0122). Moreover, the 

association between the axial pain site and the localization of enthesitis evaluated 

by OR showed a significant association between thoracic pain and enthesitis of the 

thoracic district (OR=32.69; CI: 1.096-9.748; p=0.0336). 

 

c) The prevalence and the charateristics of MRI lesions in the three cohorts at T0 

and T24. 

The prevalence of inflammatory and structural MRI lesions at T0 in the three 

cohorts (axSpA imaging arm+, axSpA clinical arm+ and not full ASAS axSpA) 

is outlined in Table XI. As it could be expected, an increased prevalence of 

structural lesions on SIJ MRI was found in the axSpA imaging arm+ patients with 

respect to the other two cohorts in accordance with a greater presence of sacroiliitis 

involvement on standard X-rays in this cohort. AxSpA imaging arm+ and axSpA 

clinical arm+ patients had more inflammatory and structural spinal lesions with 

respect to the not full ASAS axSpA patients. 
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Table XI. The prevalence of inflammatory and structural lesions at T0 and 

T24 in three cohorts (axSpA imaging arm +, axSpA clinical arm +, not full 

ASAS axSpA). 

 

  T0  MRI evaluation    

  

axSpA imaging arm+ axSpA clinical arm+ Not full ASAS axSpA 

Total number of patients 21 (28%) 29 (38.7%) 25 (33.3%) 

SIJ total lesions 21 (100%) 27 (93.1%)  4 (16%) 

BMO lesions 21 (100%) 25 (86.2%)  0 (0%) 

sclerosis lesions 10 (47.6%) 14 (48.28%) 0 (0%) 

fatty lesions 7 (33.3%) 2 (6.9%) 4 (16%) 

erosions lesions 8 (38.1%) 3 (10.3%) 0 (0%) 

        

Spine total lesions 20 (95.2%) 19 (65.5%) 11 (44%) 

BMO lesions 18 (85.7%) 15 (51.7%) 9 (36%) 

enthesitis lesions 17 (80.9%) 19 (65.5%) 11 (44%) 

fatty lesions 6 (28.6%) 7 (24.1%) 4 (16%) 

sclerosis/syndesmophytes lesions 6 (28.6%) 6 (20.7%) 3 (12%) 

erosions lesions 2 (9.5%) 2 (6.9%) 1 (4%) 

  T24 MRI evaluation    

  

axSpA imaging arm+ axSpA clinical arm+ Not full ASAS axSpA 

Total number of patients 16 (29.6%) 22 (40.7%) 16 (29.6%) 

SIJ total lesions 16 (100%) 15 (68.2%) 1 (6.3%) 

BMO lesions 9 (56.3%) 13 (59.1%) 0 (0%) 

sclerosis lesions 7 (43.8%) 10 (45.5%) 0 (0%) 

fatty lesions 6 (37.5%) 4 (18.2%) 1 (6.3%) 

erosions lesions 3 (18.8%) 2 (9.1%) 0 (0%) 

        

Spine total lesions 11 (68.8%) 4 (18.2%) 7 (43.8%) 

BMO lesions 7 (43.8%) 5 (22.7%) 5 (31.3%) 

enthesitis lesions 7 (43.8%) 6 (27.3%) 7 (43.8%) 

fatty lesions 6 (37.5%) 4 (18.2%) 4 (25%) 

sclerosis/syndesmophytes lesions 7 (43.8%) 3 (13.6%) 2 (12.5%) 

erosions lesions 1 (6.3%) 2 (9.1%) 0 (0%) 
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d) Correlation analysis using Spearman tests between clinical, serological, 

disease activity indices and radiological scores in 75 patients with LBP at T0. 

Spearman analysis was conducted at T0 across all parameters and as expected, 

significant correlations were found among the clinical indices (BASFI, BASG1, 

BASG2, VAS) and between clinical and disease activity indices (BASDAI, 

ASDAS) (data not shown). The correlations between the clinical indices, MMP3 

and IL-22 are reported in Table XII, while in Table XIII correlations between ESR 

and hsCRP and clinical indices are shown. Of these, the most significant are also 

represented in the figures (Figures 6 a-f). 

 

       Table XII: Correlations between MMP-3, IL-22 and clinical indices and imaging  

       scores. 

     
 MMP3 IL-22 

ESR 0.047 ns 

hsCRP 0.026 ns 

mSASSS 0.005 ns 

SPARCC-SIJ ns 0.046 

BASMI ns 0.038 

BASFI ns 0.008 

BASG1 ns 0.008 

HAQ ns 0.041 

MMP3 ns 0.017 
P was calculated according Spearman’s correlation test. The coefficient is positive unless 

otherwise stated.  

 

Table XIII. Correlations between hsCRP, ESR and clinical indices and 

imaging scores. 

 

 hsCRP ESR 

BASG1 ns 0.027 

BASG2 ns 0.044 

ASDAS ns 0.025 

SPARCC-SIJ 0.043 ns 

mSASSS ns 0.033 
P was calculated according Spearman’s correlation test. The coefficient is positive unless 

otherwise stated.  
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Figure 6 a-f: Spearman test: p<0.05 

     

        Legend 
        Correlations between serological, clinical and disease activity indices in patients with early axSpA at  

        baseline according to the Spearman correlation test (p<0.05) 

(a) mSASSS and MMP3; (b) IL-22 and BASFI; (c) IL-22 and BASG1; (d) IL-22 and HAQ; (e) 

IL-22 and VAS pain; (f) MMP3 and CRP. 

         ESR, erytrocyte sedimentation rate; CRP, C-reactive protein; MMP3 matrix-metallo-proteinase 3; IL,    

         Interleukine; BASFI: Bath  Ankylosing Spondylitis Functional Index, HAQ: Health Assessment  

         Questionnaire; BASG1,Bath Ankylosing Spondylitis Patient Global Score 1; VAS, Visual Analogue  

         Scale. 
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e) Analysis using Kruskal-Wallis test of clinical, serological, disease activity, 

imaging indices in total patients and in the following 3 cohorts (axSpA imaging 

arm+, axSpA clinical arm+, not full ASAS axSpA) at T0, T6, T12 and T24. 

Table XIV shows all the disease activity indices and imaging scores of the all 

patients and the three cohorts at T0. Using the Kruskal-Wallis test, a significant 

difference was observed between the three cohorts with regard to the percentage of 

radiographic sacroiliitis, of sacroiliitis at MRI and of radiographic SIJ scores 

according to the mNY and SPARCC-SI score criteria, but not as for the remaining 

clinical, functional, disease activity and serological parameters. In Tables XV and 

XVI the indices (values expressed as mean and standard deviation-SD) are reported 

for both total patients and the 3 cohorts (at T0, T6, T12 and T24), analyzed by 

Kruskal-Wallis test. Considering the total 75 patients, the comparison between the 

various timepoint highlighted a significant decrease of the following parameters 

values from T0 to T24: MASES (p=0.008), BASG1 (p=0.02), BASG2 (p<0.0001), 

HAQ (p=0.0002), VASpain (p=0.01), VAS pain night (p=0.04), VAS disease 

activity (p=0.05), BASFI  (p=0.02), ESR (p=0.04), BASDAI (p<0.0001), ASDAS 

(p<0.0001). On the other hand, BASMI and CRP did not decrease significantly. 

There were no differences in the serological markers (ILs, MMP3 and hsCRP) 

values during the 2 years follow up period in the three groups. The values of disease 

activity parameters (ASDAS and BASDAI) are also shown in Figures 7 a, b. 

Consideringthe patients subdivided in the 3 cohortsa downward trend for all 

functional indices (HAQ, BASFI, BASG1, BASG2, VAS back pain, VAS night 

pain and VAS disease activity) and disease activity indices (BASDAI, ASDAS) 

could be observed, which in some cases was statistically significant (see Table XV 

and Table XVI), but there was no more markedly significant decrease of these 

indices in one cohort with respect to the others. 
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Table XIV: Serological, clinical, disease activity and imaging score indices at T0 

in the whole group of patients (n=75) and in the three cohorts (axSpA Imaging 

Arm+, axSpA Clinical Arm+, not full ASAS axSpA). 

 
Serological, clinical, disease activity 

and imaging score indices 
 Cohort 1  axSpA 

Imaging Arm +,   

          n=21 

Cohort 2 axSpA 

Clinical Arm +,  

        n=29 

Cohort 3 not full 

ASAS axSpA,  

         n=25 

p§ total=75 pts 

ESR (mm/h), mean (SD) 17.52 (12.98) 15.14 (11.76) 21.68 (21.19)   ns 17.99 (15.85) 

CRP (mg/L), mean (SD) 4.81 (3.61) 3.17 (3.32) 4.24 (3.28) ns 3.98 (3.42) 

hs-CRP (mg/L), mean (SD) 2.54 (2.79) 1.56 (1.71) 2.76 (3.76) ns 2.11 (2.50) 

MMP3 (ng/L), mean (SD) 3.04 (2.69) 3.51 (3.12) 2.47 (2.68) ns 3.01 (2.80) 

IL-22 (pg/mL), mean (SD) 6.44 (3.52) 5.91 (2.45) 9.83 (8.54) ns 12.58 (11.69) 

IL-17 (pg/mL), mean (SD) 3 (3.12) 3 (3.11) 3 (3.97) ns 3 (4.11) 

IL-23 (pg/mL), mean (SD) 29.3 (31.2) 21.87 (5.21) 20.69 (21.56) ns 71.53 (60.56) 

HLA-B27, n (%) 0 (0) 29 (38.7%) 0 (0) ns 29 (38.7) 

BASMI, mean (SD) 1 (1.18) 0.76 (1.02) 0.92 (1.08) ns 0.88 (1.08) 

MASES, mean (SD) 3.33 (2.65) 3.41 (2.35) 3.56 (2.47) ns 3.44 (2.45) 

BASFI, mean (SD) 17.43 (20.21) 13.68 (15.14) 22.44 (25.75) ns 17.65 (20.64) 

HAQ, media (DS) 0.34 (0.53) 0.30 (0.38) 0.52 (0.55) ns 0.39 (0.49) 

BASG1, media (DS) 3.43 (2.79) 3.52 (2.77) 4.64 (3.35) ns 3.87 (2.99) 

BASG2, media (DS) 5.71 (3.02) 5.10 (2.77) 5.28 (2.94) ns 5.33 (2.87) 

VAS pain, mean (SD) 3.48 (2.82) 4.10 (2.97) 5.08 (3.23) ns 4.25 (3.05) 

VAS disease activity, mean (SD) 3.81 (3.03) 4.07 (3.15) 5.04 (3.35) ns 4.32 (2.18) 

VAS pain night, mean (SD) 3.24 (3.33) 4.17 (3.57) 4.20 (3.33) ns 3.92 (3.40) 

BASDAI, mean (SD) 39.50 (25.99) 44.27 (25.03) 53.48 (24.97) ns 46.01 (25.07) 

ASDAS, mean (SD) 2.29 (0.86) 2.61 (0.56) 2.66 (0.88) ns 2.54 (0.77) 

Sacroiliitis x-ray **, n(%) 11 (52.4) 14 (48.3) 0 (0) <0.001 25 (33.3) 

Sacroiilitis MRI *, n(%) 21 (100) 25 (86.2%) 0 (0) <0.001 46 (61.3) 

mSASSS, mean (SD) 3.57 (4.25) 2.14 (2.84) 2.48 (3.82) ns 2.65 (3.61) 

score SIJ mNY*, mean (SD) 0.61 (0.67) 0.79 (0.98) 0 (0) <0.01 0.55 (0.78) 

SPARCC-spine, mean (SD) 6.52 (14.28) 6.45 (10.98) 2.32 (4.31) ns 5.09 (10.52) 

SPARCC-SIJ, mean (SD) 12.95 (8.23) 14.45 (15.11) 0 (0) <0.001 9.21 (12.28) 

 
ESR, erytrocyte sedimentation rate; CRP, C-reactive protein; hs-CRP, high sensitive C-reactive 

protein; MMP3 matrix-metallo-proteinase 3; IL, Interleukine; HLA-B27, Human Leukocyte 

Antigen; BASMI, Bath Ankylosing Score Metrology Index; MASES, Maastricht Ankylosing 

Spondilities Enthesitis Score; BASFI: Bath  Ankylosing Spondylitis Functional Index, HAQ: Health 

Assessment Questionnaire; BASG1,Bath Ankylosing Spondylitis Patient Global Score 1; BASG2, 

Bath Ankylosing Spondylitis Patient Global Score 2;BASDAI: Bath Ankylosing Spondylitis 

Disease Activity Index, VAS, Visual Analogue Scale; ASDAS, Ankylosing Spondylitis Disease 

Activity Score; SPARCC, Spondyloarthritis Research Consortium of Canada; mSASSS, 

modifiedStokeAnkylosingSpondylitis Spine Score, SIJ, sacroiliac joints. 

* Sacroiilitis MRI according ASAS/EULAR;  ** Sacroiliitis x-ray according New York criteria;  p§ 

Anova (Kruskal Wallis) a t0: p<0.05; SD=deviation standard. 
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Table XV: Clinical and functional indices values from T0 to T24 in the whole group 

of patients (n=75) and in three cohorts (axSpA Imaging Arm+, axSpA Clinical 

Arm+, not full ASAS axSpA). 

 

 
Data are expressed as mean ± SD. The test Kruskal Wallis repeated measures test and Dunn's 

multiple comparison test were used  * p<0.0001 vs t0, **p<0.001 vs T0, ***p<0.01 vs t0.   

BASMI, Bath Ankylosing Score Metrology Index; MASES, Maastricht Ankylosing Spondilities 

Enthesitis Score; BASFI, Bath  Ankylosing Spondylitis Functional Index; HAQ: Health Assessment 

Questionnaire; BASG1,Bath Ankylosing Spondylitis Patient Global Score 1; BASG2, Bath 

Ankylosing Spondylitis Patient Global Score 2; VAS pain, Visual Analogue Scale pain; VAS dis 

act, Visual Analogue Scale Disease Activity; VAS pain N, Visual Analogue Scale pain night. 
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Table XVI: Serological and disease activity indices values from T0 to T24 in the 

whole group of patients (n=75) and in three cohorts (axSpA Imaging Arm+, 

axSpA Clinical Arm+, not fullASAS axSpA). 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data are expressed as mean ± SD. The test Kruskal Wallis repeated measures test and Dunn's 

multiple comparison test were used  * p<0.0001 vs t0, **p<0.001 vs T0, ***p<0.01 vs t0.   

ESR, erytrocyte sedimentation rate; CRP, C-reactive protein; hs-CRP, high sensitive C-reactive 

protein; MMP3 matrix-metallo-proteinase 3; IL, Interleukine; BASDAI: Bath Ankylosing 

Spondylitis Disease Activity Index; ASDAS, Ankylosing Spondylitis Disease Activity Score.  
                                         

                                 
 

Figures 7a-7b. P calculated according to the test Kruskal -Wallis.  

ASDAS, Ankylosing Spondylitis Disease Activity Score. BASDAI: Bath Ankylosing 

Spondylitis Disease Activity Index.         

P <0.0001 
P <0.0001 
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f) Regression analysis to identify the predictors of disease activity and 

radiological progression evaluated by mSASSS, score SIJ mNY, SPARCC-SIJ 

and SPARCC-spine scores at T0. 

At T0 a regression analysis was performed to identify any predictors of radiological 

activity on MRI (measured by continuous variables such as SPARCC-SIJ and 

SPARCC-spine) and of radiological progression (measured by continuous variables 

such as mSASSS and SIJ mNY score and dichotomous variables such as 

presence/absence of structural lesions on X rays of SIJ and spine). The following 

independent variables of activity and radiological progression were considered in 

the analysis: female sex, age of LBP onset, duration of LBP, presence of HLA-B27, 

increased inflammation indices, BASDAI> 4, use of NSAIDs. As it can be seen in 

the results reported in Tables from XVII to XXI, the multivariate analysis allowed 

to identify as possible independent predictors of radiological progression measured 

in the presence of structural lesions to the column: an early onset of IBP onset, a 

lower use of NSAIDs, a BASDAI>4. For the radiological progression measured by 

the presence of structural SIJ lesions, the only independent predictor was a high 

SPARCC SIJ score. An higher mSASSS score was independently predicted by a 

lower age of onset of IBP at multivariate analysis. Predictive factors of increased 

radiological activity were, respectively, for a higher SPARCC-spine score, a higher 

use of NSAIDs and for a higher SPARCC-SIJ score, the presence of HLA-B27 and 

increased serological inflammatory markers (ESR and CRP). 
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Table XVII. Predictors factors of mSASSS score at T0 

Independent Variables Univariate analysis Multivariable analysis 

  coeff (IC) p coeff (IC) p 

Female sex -0.80 (-2.55, 0.93) 0.359 - - 

LBP onset age 0.21 (0.11, 0.30) 0.000 0.19 (0.09, 0.29) 0.000 

Duration of LBP 0.02 (-0.12, 0.16) 0.770 - - 

HLA-B27+ -0.72 (-2.5, 1.08) 0.428 - - 

Increased ESR/CRP 0.97 (-0.80, 2.75) 0.278 - - 

BASDAI>=4 -0.48 (-2.22, 1.26) 0.583 - - 

Use of NSAIDs 2.63 (-0.22, 5.48) 0.070 1.22 (-1.46,  3.90) 0.367 

 

 

Table XVIII. Predictors factors of SPARCC-spine score at T0. 

Independent Variables Univariate analysis Multivariable analysis 

  coeff (IC) p coeff (IC) p 

Female sex -0.14 (-0.56, 0.28) 0.511 - - 

LBP onset age -0.01 (-0.04 , 0.00) 0.152 -0.02 (-0.05, 0.00) 0.124 

Duration of LBP 0.02 (-0.01, 0.05) 0.154 0.02 (-0.01, 0.05) 0.192 

HLA-B27+ 0.35 (-0.06, 0.78) 0.099 0.12 (-0.33, 0.58) 0.582 

Increased ESR/CRP 0.11 (-0.31, 0.54) 0.583 - - 

BASDAI>=4 -0.39(-0.81, 0.01) 0.058 -0.33 (-.73,  0 .07) 0.104 

Use of NSAIDs 0.60 (-0.26, 1.48) 0.168 0.88 (0.01, 1.75) 0.046 

 

 

Table XIX. Predictors factors of SPARCC-SIJ score at T0 

Independent Variables Univariate analysis Multivariable analysis 

  coeff (IC) p coeff (IC) p 

Female sex -3.59 (-9.54, 2.36) 0.233 - - 

LBP onset age -0.36 (-0.72, -0.004) 0.047 -0.25 (-0.60, 0.08) 0.140 

Duration of LBP 0.00 (-0.48, 0.49) 0.980 - - 

HLA-B27+ 9.41 (3.64, 15.18) 0.002 8.87 (3.08, 14.65) 0.003 

Increased ESR/CRP 4.46 (-1.59, 10.51) 0.146 5.74 (0.15, 11.34) 0.044 

BASDAI>=4 -3.94(-9.85, 1.96) 0.187 -3.14 (-8.55, 2.26) 0.250 

Use of NSAIDs 3.87 (-6.09, 13.84) 0.441 - - 
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Table XX. Predictors factors of spine structural lesions (presence=1; 

absence=0) at T0 

Independent Variables Univariate analysis Multivariable analysis 

  RRR (IC) p coeff (IC) p 

Female sex 0.93 (0.69,  1.26) 0.661 - - 

LBP onset age 0.90 (0.84,  0.97) 0.006 0.89 (0.82, 0.97) 0.010 

Duration of LBP 0.97 (0.90,  1.05) 0.495 - - 

HLA-B27+ 1.22 (0.48, 3.08) 0.672 - - 

Increased ESR/CRP 0.46 (0.16,  1.31) 0.147 0.57 (0.16,  1.93) 0.369 

BASDAI>=4 2.15 (0.79,  5.85) 0.131 4.05 (1.15, 14.24) 0.029 

Use of NSAIDs 0.07 (0.008, 0.65) 0.019 0.09 (0.008, 0.99) 0.049 

 

 

Table XXI. Predictors factors of pelvis structural lesions (presence=1; 

absence=0) at T0 

Independent Variables Univariate analysis Multivariable analysis 

  RRR (IC) p coeff (IC) p 

Female sex 0.45 (0.17, 1.18) 0.107 0.65 (0.21,  2.01) 0.462 

LBP onset age 0.98 (0.92, 1.03) 0.527 - - 

Duration of LBP 1.00 (0.92,  1.08) 0.951 - - 

HLA-B27+ 1.45 (0.58, 3.60) 0.423 - - 

Increased ESR/CRP 1.27 (0.48, 3.35) 0.629 - - 

BASDAI>=4 0.43 (0.16, 1.14) 0.091 0.60 (0.19, 1.84) 0.375 

Use of NSAIDs 1.77 (0.32,  9.84) 0.511 - - 

SPARCC SIJ 1.07 (1.026,  1.13) 0.003 1.07 (1.01, 1.12) 0.007 

 

 

g) Evaluation of the radiographic progression of SIJ and of the spine from T0 

to T24. 

The radiographic progression of SIJ defined according to the criteria formulated by 

the DESIR study [208] was evaluated. In our population there was no significant 

radiographic progression of SIJ from T0 to T24. The radiographic progression of 

the spine was also evaluated according to the method provided by Poddubnyy tested 

in the GESPIC cohort [209]. In our study there was no a significant radiological 

progression of the spine. 

 

 

 



- 61 - 

 

 

 

 

 

DISCUSSION 

Diagnosis and follow up of axSpA is still difficult to define, especially in early 

forms and in those associated to comorbidities or other manifestations belonging to  

SpA itself (psoriasis, inflammatory bowel disease or reactive arthritis) or to 

fibromyalgia. The use of SIJ and spine imaging in the diagnosis, classification and 

monitoring of axSpA is of considerable help. The standard radiography of the pelvis 

is currently used to determine structural changes and bone alterations, expression 

of a well-established and advanced pathological process, such as the sacroiliitis in 

AS. For the diagnosis of AS, radiographic sacroiliitis has played a role of 

considerable importance for a long time and has therefore been included among the 

classification criteria of New York (1984) [9]. In the last two decades, with the 

advent and development of new imaging methods, the interest to diagnose AS and 

axSpA forms atearlier stages, before structural damage has occurred, has grown, in 

order to establish an as earlier and more effective treatment as possible 

[29,31,32,210]. The MRI, due to the peculiar property of visualizing inflammatory 

lesions affecting the spine and SIJ, has been widely used in clinical practice and is 

increasingly requested and used in the process of diagnosing the patient with a 

history of chronic inflammatory low back pain, with suspicion of axSpA [35,36,38]. 

Thanks to the ability to guarantee a multiplanar vision, this method offers the great 

advantage of both identifying early inflammatory lesions (bone marrow edema) and 

simultaneously studying all the joint structures, including the bone, the synovial 

membrane, the tendons and ligaments, cartilage and periarticular soft tissues, thus 

allowing visualization of structural lesions [42,99,194]. A recent systematic review 

of the literature, conducted with the purpose of formulating the imaging criteria for 

the classification of axSpA [35], has highlighted the usefulness of the SIJ MRI in 

the diagnostic procedure of the SpA, trying to define the aspects on MRI that can 

be considered positive. Based on the definition of the ASAS / OMERACT criteria, 

a SIJ MRI is considered positive if at least one bone inflammatory lesion (BME), 
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highly suggestive for SpA, is present on at least two consecutive slices or if at least 

two bone inflammatory lesions are visible on a single slice [37,81,191]. The 

presence of synovitis, enthesitis or capsulitis alone, unaccompanied by BME, is not 

sufficient to consider a SIJ MRI as positive. Recently, some studies [36,38] have 

also considered inflammatory and structural lesions that can be observed at the 

spinal MRI. The most frequent and specific lesion which might be found in SpA 

patients is the BMO of the anterior vertebral corners, an expression of anterior 

osteitis [198]. Another type of lesion found is the replacement of vertebral corners 

with fatty tissue (fatty lesions), although it seems to be less specific for SpA and of 

later appearance[199-201]. The presence of BMO in the posterior vertebral corners 

(posterior osteitis) was found to be highly specific for this form of disease, but the 

possibility of using it as a diagnostic criterion is limited by its poor sensitivity. In 

accordance with the data obtained from previous studies, including 

ASAS/OMERACT MRI study group, in our work the prevalence and the type of 

lesions both of inflammatory and structural nature were analyzed in subjects with 

CBP and with diagnosis or suspicion of early axSpA. In our study population, a 

higher prevalence of BME lesions to respect than those of structural lesions, has 

been highlighted at MRI, demonstrating the peculiar capacity of this method in the 

visualization of inflammatory lesions. A significant prevalence of BME lesions in 

MRI was observed for both SIJ and for the spinal district, with predominant 

localization in the vertebral anterior corner. This observation, in accordance with 

the data already reported in previous studies, highlights the importance of spine 

involvement, from the initial phases of the inflammatory process in axSpA [31, 200, 

211, 212]. This data appears to be interesting especially in the nr-axSpA forms 

without signs of sacroiliitis on MRI, and the inclusion of positivity for spine BME 

lesions at MRI among the classification criteria for axSpA would allow to include 

subjects with probable SpA. In some studies [201, 213-216], it has been shown that 

the determination of at least two inflammatory lesions (BME) in the anterior 

vertebral site (anterior spondylitis) in subjects younger than 45 years increases the 

likelihood for the diagnosis of axSpA. However, it has been highlighted that other 
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non-rheumatic diseases involving the rachis may present similar patterns similar at 

MRI, e.g Scheuermann disease, septic spondylodiscitis, erosive osteochondrosis 

and other degenerative discs of the intervertebral disc [217-220]. The determination 

of multiple (at least three) structural lesions, such as fatty lesions, also increases the 

probability of having an axSpA [221], although in other studies it has been observed 

that the prevalence of these lesions tends to increase with increasing age and is also 

significant in healthy subjects or with other degenerative or non-rheumatic vertebral 

diseases [217-220]. Therefore, the inclusion of positive MRI of the spine among 

classification criteria is currently under discussion, as a reduction in specificity 

could be observed in favor of increased sensitivity. In our work, the spine MRI also 

showed a high prevalence of inflammatory signs attributable to enthesitis (47 

patients), especially in the thoracic district (58%) [222]: this aspect of imaging 

suggests early involvement of this site in the initial phases of axSpA, since in our 

series 50 patients had a confirmed diagnosis of axSpA. From data reported in the 

literature so far, it is not clear whether the localization of MRI lesions can be 

correlated also to the site of axial pain [35,36]. In our work we showed a significant 

association between dorsal and gluteal pain and the location of inflammatory 

lesions (BME) in the thoracic spinal region and in the buttocks [222]. This data 

could suggest that the characteristics and the site of axial pain (thoracic and buttock) 

can be used as a specific predictive index for the positivity of inflammatory lesions 

on MRI. This association between the pain site and the localization of alterations 

on MRI is less striking for structural lesions, which was significant only for buttock 

pain and structural lesions of SIJ. The radiological progression of SIJ and the spine 

was also evaluated in terms of SIJ mNY and mSASSS scores from T0 to T24, 

according respectively to the definitions provided by Dougadas [208] and 

Poddubnyy [209]: we did not observe any significant variation. The absence of 

radiographic progression of the rachis and sacroiliac was probably due to the 

reduced sample size, the presence of a cohort that did not completely satisfy the 

criteria for axSpA and the limited duration of the observation period. The variations 

in time from T0 to T24 of the radiological activity level measured in terms of 
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ΔSPARCC-SIJ and ΔSPARCC-spine were also taken into consideration: there was 

no significant reduction in the score either in total patients or in individual cohorts, 

although there was a reduction trend in the 2 cohorts that met the ASAS criteria for 

axSpA. These results can be justified by two possible reasons: 1) the early onset of 

CBP or these axSpA forms; 2) the excessively short follow-up time (24 months) to 

observe significant changes in radiological terms. The tendency to SPARCC score 

reduction in the 2 cohorts that met the axial ASAS criteria is attributable to the 

pharmacological treatment undertaken after baseline evaluation and the diagnosis 

of axSpA. However, due to non-homogeneity in therapy and reduced sample size 

(n = 54 patients) to T24 imaging, it was not possible to conduct a comparison 

analysis on the ΔSPARCC-SI and ΔSPARCC-spine degree between patients 

divided by type of treatment. Several studies have systematically evaluated the 

concomitant use of the spine and pelvis MRI in patients with suspected axSpA and 

healthy subjects controls. Some of these [90,192] have shown that a simultaneous 

evaluation of the spine and SIJ on MRI can determine an increase in the diagnostic 

capacity. However, other authors who have not confirmed this observation [41] 

state that the combined use of spinal and pelvis MRI only moderately increases the 

level of diagnostic probability in patients with suspected axSpA, because of the 

inclusion of false positives. In fact, other rheumatic diseases involving the spine 

such as Scheuermann's disease, spondylodiscitis, erosive osteochondrosis and other 

degenerative diseases of the intervertebral disc, may show similar patterns on MRI 

[36]. Even the appearance of multiple structural lesions (at least three), just as fatty 

lesions, increases the probability of axSpA [221], although, according to other 

studies, the prevalence of these forms of lesions tends to increase with aging and 

can be significant even in healthy individuals or affected with other spinal 

degenerative diseases. Patients with non specific LBP and healthy subjects may 

have some signs suggestive of SpA such as fatty lesions on spinal MRIs [217-221]. 

According to Weber et al. [41] using a MRI of the SIJ alone is less sensitive but 

more specific than the combined use of the spinal  and pelvis MRI, while inclusion 

of a spinal MRI leads to increased sensitivity and reduced specificity. The cost and 
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time necessary to carry out MRIs cannot, in any case, be ignored. In our study 

population the prevalence of patients with spinal MRI lesions in absence of SIJ 

involvement was considered: eighteen patients (24%) with inflammatory lesions on 

spinal MRIs showed no abnormalities on SIJ MRIs, while 11 (14.7%) patients with 

sacroiliitis on MRI did not present lesions on spinal MRIs. Our data seem to indicate 

that the use of spinal MRIs together with SIJ MRIs can add further, relevant 

information during both the diagnostic process and the therapeutic follow-up. We 

also evaluated the presence of predictors of radiological progression and of 

radiological activity on MRI in our population: the early age onset of IBP, a long 

duration of IBP, increased inflammation indices, an higher use of NSAIDs, male 

sex and the presence of HLA B27 were identified as predictors, in accordance with 

the data already reported in the literature [50,51]. 

The current study investigated if there were differences in the clinical indices of 

disease activity commonly used in clinical practice in relation to the presence or 

absence of signs of sacroiliitis on plain radiographs and on MRIs. Although a 

significant difference was found in the three cohorts with regard to the prevalence 

of sacroiliitis on MRIs and X-rays and on the SPARCC SIJ score, we did not find 

any differences in clinical and disease activity indices. Higher indices were not 

found in the patients with active sacroiliitis on MRI with respect to those without 

inflammatory changes in the SIJ or with initial signs of radiographic sacroiliitis. 

This result may depend on both the early stages of axSpA and the small sample 

size. In fact, several studies [88-90,92,93,223] reported higher values of clinical, 

functional and disease activity indices in AS and r-axSpA, in patients with long 

disease duration with respect to subjects with nr-axSpA. Our study results also 

uncovered at T0 a significant correlation between inter- and intra- clinical and 

disease activity indices and between ESR and hs-CRP, as reported in literature 

[88,89]. The correlation between serological MMP3 levels and mSASSS, indicative 

of metalloproteinases’ role in the bone formation process, was an interesting finding 

and it is in accordance with the data described by Maksymowych et al. [137] who 

reported that independently of other indices, serum MMP3 levels could predicted 
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two-year radiographic progression in 97 axSpA patients. Our data also showed that 

MMP3 correlates with other inflammatory, functional and disease activity indices 

(such as CRP, BASFI and BASDAI) and it is increased in the serum of patients 

with active axSpA, in agreement with previous studies [132,135-137]. It has been 

shown that MMP3 correlates with disease activity indices even in PsA [140]. As 

reported by Maksymowych et al., anti-TNF treatment induces a significant decrease 

in serum MMP3 levels as well as in ESR and BASDAI [137]. Van Kuijk et al. [141] 

who studied 24 SpA patients who were randomized to receive 40 mg of adalimumab 

once every 14 days or placebo found a reduction in serum MMP3 levels after only 

4 weeks after the onset with anti -TNFα therapy, while no change was noted in the 

serum levels of the placebo group. The molecule was elevated in active forms of 

SpA or in cases presenting important clinical involvement, supporting the 

hypothesis that MMP-3 could represent a reliable marker of disease activity.  The 

correlation between mSASS values and serum biomarkers should be evaluated by 

prospective studies.   

Recently, several studies have focused on the research and evaluation of 

interleukins (IL) involved in the pathogenesis of SpA [137]. IL-6 and IL-1 are the 

most widely studied proinflammatory cytokines [88,101,107,108], produced by a 

variety of immune cells and implicated in the production of a series of acute phase 

proteins such as amyloid serum A and the CRP. These two mediators are involved 

in the initiation and maintenance of the inflammatory process by stimulating the 

migration and proliferation of neutrophils at the site of inflammation and by 

regulating the activation and differentiation of T lymphocytes. Some recent studies 

have shown associations of IL-1 and of IL-6 with other interleukins with role of 

biomarker of inflammation [101,107,108]. Among these, IL-17 and IL-23 are key 

cytokines in the Th17 pathway [115-128]. A series of studies have reported that 

elevated levels of IL-17 and IL-23 are found in plasma and serum of patients with 

AS, which are associated with a higher degree of disease activity [69,109,112,113]. 

On the contrary, other studies have not confirmed this observation [114]. In our 

study we assessed whether there were significant differences in IL-17, IL-22 and 
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IL-23 levels at T0 in the three cohorts of patients (axSpA Imaging Arm +, axSpA 

Clinical Arm +, not full ASAS axSpA) and no difference was detected. The 

absence of any significant differences in serum concentration of the studied 

biomarkers in the patients as having radiographic disease and non radiographic 

disease with or without MRI pelvis positive findings is primarily due to the very 

early stage of the disease (inflammatory low back pain≥3 months and <2 years) and  

secondary due to the very small size samples for single groups. It has also to be 

underlined that the inclusion criteria for this study were primarily the presence of 

inflammatory LBP and clinic/immunogenetic and imaging SpA features, in 

accordance with ASAS criteria, while the study population was divided in three 

cohorts only afterwards,  following the characteristics evidenced on imaging 

(presence or absence of SIJ involvement in MRI and X-Rays and of spine 

involvement in MRI). Another possible reason for the absence of elevated serum 

levels of inflammatory markers such as CRP and ESR may be the fact that 

inflammation is restricted to specific tissue compartments and does not extend to 

the systemic circulation and/or lymphoid organs in axSpA. Accordingly, previous 

studies reported that the immupathology of affected tissues and inflammatory 

alterations were not always reflected in the peripheral blood compartement 

[224,225]. These findings are similar to those reported in other study [150]: the 

authors did not find differences of some biomarkers levels in patients with early 

axSpA versus “control”back pain patients. We did not find a significant correlation 

of IL-17 and IL-23 values with other serological, clinical and disease activity 

indices. Therefore, the dosage of these biomarkers appears to be just indicative in 

the early stages of the disease, differently from IL-22 levels which correlated with 

some clinical indices, such as BASFI, BASG1, HAQ, VAS pain [94]. In some 

studies [139,226,227], conducted on patients with other forms of SpA, such as PsA, 

elevated levels of IL-22 expression have been reported and the correlation of this 

molecule with clinical and disease activity indices suggest its inflammatory role in 

the peripheral synovitis and in the diffuse skin psoriasis. However in our study, no 

significant correlation was found between skin involvement and serum levels of IL-
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22, because patients with psoriasis had a very narrow skin involvement or only 

onicopathy with PASI <1. Higher IL-22 levels even in the axial form of SpA might 

suggest that it plays a role in active sacroiliitis. However, in our study population, 

we did not find increased IL-22 levels in patients with active sacroiliitis compared 

to patients without inflammatory changes of SIJ on pelvis MRI or in patients with 

radiographic sacroiliitis [94]. It would be interesting to evaluate if there is a 

correlation between the IL-22 levels and the presence/absence of active sacroiliitis 

on a larger sample size.   

During the follow-up from T0 to T24, in all patients, a significant reduction 

offunctional and disease activity indices was observed MASES (p=0.008), BASG1 

(p=0.02), BASG2 (p<0.0001), HAQ (p=0.0002), VASpain (p=0.01), VAS pain 

night (p=0.04), VAS disease activity (p=0.05), BASFI  (p=0.02), ESR (p=0.04), 

BASDAI (p<0.0001), ASDAS (p<0.0001). On the other hand, BASMI and CRP 

did not decrease significantly. There were no differences in the serological markers 

(ILs, MMP3 and hsCRP) values during the 2 years follow up period in the three 

groups. Considering,  patients subdivided among the 3 cohorts, we observed a 

downward trend for all functional indices (HAQ, BASFI, BASG1, BASG2, VAS 

pain, VAS night pain and VAS disease activity) and disease activity indices 

(BASDAI, ASDAS), which in some cases was statistically significant, particularly 

in two cohorts (axSpA Imaging Arm +, axSpA Clinical Arm +), but no more 

markedly significant decrease of these indices levels was observed in one cohort 

than the others. The improvement of the clinical, functional and disease activity 

indices is probably due to the pharmacological therapy undertaken after the 

diagnosis of axSpA, at the sametime it was observed a reduction of prevalence of 

inflammatory lesions (BME) on spinal and pelvis MRI, whose prevalence had 

decreased during the follow-up period.  An accurate analysis of the above-reported 

indices in relation to the type of therapy was not possible, due to the reduced sample 

size and the diversification of the treatment in the three cohorts.  
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CONCLUSIONS 

It has become increasingly urgent to detect axSpA in its earliest stages in order to 

initiate treatment as early as possible. MRI can detect inflammatory lesions and 

signs of active disease process even before structural bone damage has occurred. 

Pelvis MRI has recently been included in the ASAS classification criteria whose 

positivity is defined on the basis of the exclusive presence of inflammatory signs of 

SIJ. It remains a matter of debate whether the inclusion of inflammatory and 

structural lesions of spinal MRIs in the ASAS classification criteria could help to 

identify patients with suspected axSpA. A high prevalence of inflammatory lesions 

on MRIs of the SJI and of the spine (anterior osteitis and enthesitis) were found in 

our patients. As inflammatory lesions on spinal MRIs can occur in the absence of 

SIJ involvement, the use of spinal MRIs together with SIJ MRIs may add further, 

relevant information to the diagnostic process, especially with regard to nr-axSpA 

patients without signs of sacroiliitis on MRI.  A standard radiograph of the pelvis 

continues to be a crucial step in the diagnostic investigation in patients with 

suspected axSpA, especially in those with a longer history of symptoms. Studies on 

the involvement of the thoracic spine, which has until now never been considered 

by methods scoring spinal structural damage, are warranted. A significant 

involvement of the thoracic region was noted in the patients studied. 

In the current study in early axSpA patients with different types of axial 

involvement (presence or absence of radiographic sacroiliitis and of active 

sacroiliitis on pelvic MRI), significant differences in clinical severity, disease 

activity indices, and in biomarker levels were not found in the three patient cohorts. 

ILs, MMP3 and hs-CRP values were not significantly higher in any of the cohorts 

and were not correlated to radiographic SIJ involvement. A significant correlation 

between IL-22 and some disease activity indices and between MMP3 and hs-CRP 

were instead noted. The importance of early diagnosis and treatment of axSpA has 

been highlighted by many studies. Although the utility of some genetic and 

serological markers in diagnosing AS and axSpA, in monitoring disease activity, 
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and in predicting patients most at risk for poor outcome has been investigated by 

numerous researchers, ESR and CRP have proven to be inadequate parameters for 

monitoring SpA activity [150]. Our data suggest that the disease processes, driving 

axial spondyloarthritis are not reflected by alterations in the peripheral blood 

compartment. Limits of this study are due to the small sample size and to the early 

disease stage (low back pain ≥3 months, ≤2 years, onset < 45 years). Further studies 

are warranted to assess in a more exhaustive manner the validity and reproducibility 

of the disease activity biomarkers considered here in identifying and monitoring 

early stages of axSpA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 71 - 

 

 

 

REFERENCES 

 
1- Fiocco U, Punzi L: Spondiloartriti. In Core Curriculum Reumatologia. Punzi L, 

Doria A eds McGraw-Hill, Milano, 2014, pp 51-72. 

2- Stafford L, Youssef PP: Spondyloarthropathies: an overview. Internal Medicine 

Journal 2002; 32: 40-46. 

3- Sieper J, Poddubnyy D. Axial spondyloarthritis. Lancet. 2017; 390(10089):73-

84.  

4- Moll JM, Wright V. Psoriatic arthritis. Semin Arthritis Rheum 1973; 3:55-78. 

5- Armstrong RD, Panayi GS, Welsh KI. Histocompatibility antigens in psoriasis, 

psoriatic arthropathy, and ankylosing spondylitis. Ann Rheum Dis.1983;42(2):142-

6. 

6- 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 Rheum. 2007;56(1):224-33. 

7- Helliwell PS, Porter G; CASPAR study group. Sensitivity and specificity of plain 

radiographic features of peripheralenthesopathy at major sites in psoriatic arthritis. 

Skeletal Radiol. 2007;36(11):1061-6. 

8- Haibel H, Sieper J. Enthesitis in the context of spondyloarthritides. 

Rheumatol.2015;74(1):39-48. 

9- 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. 



- 72 - 

 

 

 

10- Ciurtin C, Roussou E. Cross-sectional study assessing family members of 

psoriatic arthritis patients affected by the same disease: differences between 

Caucasian, South Asian and Afro-Caribbean populations living in the same 

geographic region. Int J Rheum Dis. 2013;16(4):418-24. 

11- Roussou E, Sultana S. Early spondyloarthritis in multiracial society: differences 

between gender, race, and disease subgroups with regard to first symptom at 

presentation, main problem that the disease is causing to patients, and employment 

status.Rheumatol Int. 2012;32(6):1597-604. 

12- van den Berg R, de Hooge M, van Gaalen F, Reijnierse M, Huizinga T, van der 

Heijde D. Percentage of patients with spondyloarthritis in patients referred because 

of chronic back pain and performance of classification criteria: experience from the 

Spondyloarthritis Caught Early (SPACE) cohort. Rheumatology (Oxford). 

2013;52(8):1492-9. 

13- Healy PJ, Helliwell PS. Classification of the spondyloarthropathies. Curr Opin 

Rheumatol. 2005;17(4):395-9. 

14- Collantes-Estevez E, Cisnal del Mazo A, Munoz-Gomariz E. Assessment of 2 

systems of spondyloarthropathy diagnostic and classification criteria ( Amor and 

ESSG) by a Spanish multicenter study. European Spondyloarthropathy study 

Group. J Rheumatol 1995; 22 (2): 246-251. 

15- Cheung PP, Paternotte S, Burki V, Durnez A, Elhai M, Fabreguet I, Koumakis 

E, Meyer M, Payet J, Roure F, Dougados M, Gossec L. Performance of the 

assessment in Spondyloarthritis International Society classification for axial and 

peripheral spondyloarthritis in an established clinical cohort: comparison with 

criteria sets of Amor and the European Spondylarthropathy Study Group. J 

Rheumatol. 2012;39(4):816-21. 



- 73 - 

 

 

 

16- Olivieri I, Cantini F, Salvarani C: Diagnostic and classification criteria, clinical 

and functional assessment, and therapeutic advances for spondyloarthropathies. 

Curr Opin Rheumatol 1997; 9(4): 284-90. 

17- Khan MA, Van der Linden SM: A wider spectrum of spondyloarthropathies. 

Semin Arthritis Rheum 1990; 20 (2): 107-13. 

18- Collantes E, Veroz R, EscuderoA, Munoz E, Munoz MC, Cisnal A, Perez V. 

Can some cases of “possible” spondyloarthropathy be classified as “definite” or 

“undifferentiated” spondyloarthropathy? Value of criteria for 

spondyloarthropathies. Joint Bone spine 2000; 67:516-20. 

19- Dougados M, Van der Linden S, JuhlinR, Huitfeldt B, Amor B, Calin A, Cats 

A, Dijkmans B, Olivieri I, Pasero G. The European spondyloarthropathy study 

group preliminary criteria for the classification of spondyloarthropathy. Arthritis 

Rheum 1991; 34(10):1218-27. 

20- Gomariz EM, del M, Gujio VP, Contreras AE, Villanueva M, Estevez EC. The 

potential of ESSG spondyloarthropathy classification criteria as a diagnostic aid in 

rheumatological practice. J Rheumatol 2002; 29(2):326-30. 

21- Zeidler H, Mau W, Khan MA. Undifferentiated spondyloarthropathies. Rheum 

Dis North Am 1992; 18(1):187-202. 

22- Healy PJ, Helliwell PS. Classification of the spondyloarthropathies. Curr Opin 

Rheumatol 2005; 17(4): 395-99.  

23- Zeidler H, Brandt H, Schnarr J. Undifferetiated spondyloarthritis. In 

Ankylosing spondylitis and the spondyloarthropaties- a companion to 

rheumatology 3D. Weisman MH, Reveille JD, van der Heijde D, eds Elsevier, 

Philadelphia, PA, 2006, pp.45-50. 



- 74 - 

 

 

 

24- Hulsemann JL, Zeidler H. Undifferentiated arthritis in an early sinovitis 

outpatient clinic. Clin Exp Rheumatol 1995; 13:37-43. 

25- Sampaio-Barros PD, Bertolo MB, Kraemer MH, Marques-Neto JF, Samara 

AM. Undifferentiated spondyloarthropathies: a 2- year follow-up study. Clin 

Rheumatol 2001; 20 (3) 201-66. 

26- Kumar A, Bansal M, Srivastava DN, Pandhi A, Menon A, Mehra NK, Malaviya 

AN. Long term outcome of undifferentiated spondyloarthropathy. Rheumatol Int. 

2001;20(6):221-4. 

27- Khan MA, Sieper J. The challenge of diagnosis and classification in early 

ankylosing spondylitis: do we need new criteria? Arthritis 

Rheum.2005;52(4):1000-8. 

28- Rudwaleit M, Sieper J. Referral strategies for early diagnosis of axial 

spondyloarthritis. Nat Rev Rheumatol.2012;8(5):262-8. 

29- Sieper J, van der Heijde D, Landewé R, Brandt J, Burgos-Vagas R, Collantes-

Estevez E, Dijkmans B, Dougados M, Khan MA, Leirisalo-Repo M, van der Linden 

S, Maksymowych WP, Mielants H, Olivieri I, Rudwaleit M. 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). 

Ann Rheum Dis.2009; 68(6):784-8. 

30- Rudwaleit M, Landewé R, van der Heijde D, Listing J, Brandt J, Braun J, 

Burgos-Vargas R, Collantes-Estevez E, Davis J, Dijkmans B, Dougados M, Emery 

P, van der Horst-Bruinsma IE, Inman R, Khan MA, Leirisalo-Repo M, van der 

Linden S, Maksymowych WP, Mielants H, Olivieri I, Sturrock R, de Vlam K, 

Sieper J. The development of Assessment of Spondyloarthritis international Society 

classification criteria for axial spondyloarthritis (part I): classification of paper 



- 75 - 

 

 

 

patients by expert opinion including uncertainty appraisal. Ann Rheum Dis.2009; 

68(6):770-6. 

31- Rudwaleit M, van der Heijde D, Landewé R, Listing J, Akkoc N, Brandt J, 

Braun J, Chou CT, Collantes-Estevez E, Dougados M, Huang F, Gu J, Khan MA, 

Kirazli Y, Maksymowych WP, Mielants H, Sørensen IJ, Ozgocmen S, Roussou E, 

Valle-Oñate R, Weber U, Wei J, Sieper J. The development of Assessment of 

Spondyloarthritis international Society classification criteria for axial 

spondyloarthritis (part II): validation and final selection. Ann Rheum Dis.2009; 

68(6): 777-83. 

32- Braun J, van den Berg R, Baraliakos X, Boehm H, Burgos-Vargas R, Collantes-

Estevez E, Dagfinrud H, Dijkmans B, Dougados M, Emery P, Geher P, 

Hammoudeh M, Inman RD, Jongkees M, Khan MA, Kiltz U, Kvien T, Leirisalo-

Repo M, Maksymowych WP, Olivieri I, Pavelka K, Sieper J, Stanislawska-Biernat 

E, Wendling D, Ozgocmen S, van Drogen C, van Royen B, van der Heijde D. 2010 

update of the ASAS/EULAR recommendations for the management of ankylosing 

spondylitis. Ann Rheum Dis 2011; 70(6):896-904. 

33- Rudwaleit M, van der Heijde D, Landewé R, Akkoc N, Brandt J, Chou CT, 

Dougados M, Huang F, Gu J, Kirazli Y, Van den Bosch F, Olivieri I, Roussou E, 

Scarpato S, Sørensen IJ, Valle-Oñate R, Weber U, Wei J, Sieper J. The Assessment 

of SpondyloArthritis International Society classification criteria for peripheral 

spondyloarthritis and for spondyloarthritis in general. Ann Rheum Dis. 

2011;70(1):25-31. 

34- Alsing R, Singh K, Nossent JC. Assessment of SpondyloArthritis International 

Society criteria for axial spondyloarthritis in chronic back pain patients with a high 

prevalence of HLA-B27. Arthritis Care Res (Hoboken). 2013;65(3):448-53. 

35- Rudwaleit M, Jurik AG, Hermann KG, Landewé R, van der Heijde D, 

Baraliakos X, Marzo-Ortega H, Ostergaard M, Braun J, Sieper J. Defining active 



- 76 - 

 

 

 

sacroiliitis on magnetic resonance imaging (MRI) for classification of axial 

spondyloarthritis: a consensual approach by the ASAS/OMERACT MRI group. 

Ann Rheum Dis.2009;68(10):1520-7. 

36- Hermann KG, Baraliakos X, van der Heijde DM, Jurik AG, Landewé R, Marzo-

Ortega H, Østergaard M, Rudwaleit M, Sieper J, Braun J; Assessment in 

SpondyloArthritis international Society (ASAS). Assessment in SpondyloArthritis 

international Society (ASAS). Descriptions of spinal MRI lesions and definition of 

a positive MRI of the spine in axial spondyloarthritis: a consensual approach by the 

ASAS/OMERACT MRI study group.Ann Rheum Dis. 2012;71(8):1278-88. 

37- Baraliakos X, van der Heijde D, Braun J, Landewé RB. OMERACT magnetic 

resonance imaging initiative on structural and inflammatory lesions in ankylosing 

spondylitis--report of a special interest group at OMERACT 10 on sacroiliac joint 

and spine lesions. J Rheumatol. 2011;38(9):2051-4. 

38- Lukas C, Braun J, van der Heijde D, Hermann KG, Rudwaleit M, Østergaard 

M, Oostveen A, O'Connor P, Maksymowych WP, Lambert RG, Jurik AG, 

Baraliakos X, Landewé R; ASAS/OMERACT MRI in AS Working Group. Scoring 

inflammatory activity of the spine by magnetic resonance imaging in ankylosing 

spondylitis: a multireader experiment. J Rheumatol. 2007;34(4):862-70. 

39- Maksymowych WP, Lambert RG, Brown LS, Pangan AL. Defining the 

Minimally Important Change for the SpondyloArthritis Research Consortium of 

Canada Spine and Sacroiliac Joint Magnetic Resonance Imaging Indices for 

Ankylosing Spondylitis. J Rheumatol. 2012;39(8):1666-74. 

40- Moltó A, Paternotte S, van der Heijde D, Claudepierre P, Rudwaleit M, 

Dougados M. Evaluation of the validity of the different arms of the ASAS set of 

criteria for axial spondyloarthritis and description of the different imaging 

abnormalities suggestive of spondyloarthritis: data from the DESIR cohort. Ann 

Rheum Dis. 2015;74(4):746-51. 



- 77 - 

 

 

 

41- Weber U, Zubler V, Zhao Z, Lambert RG, Chan SM, Pedersen SJ, Østergaard 

M, Rufibach K, Maksymowych WP. Does spinal MRI add incremental diagnostic 

value to MRI of the sacroiliac joints alone in patients with non-radiographic axial 

spondyloarthritis? Ann Rheum Dis. 2015;74(6):985-92. 

42- Weber U, Pfirrmann C WA, Kissling RO, Hodler J, Zanetti M. Whole body MR 

imaging in ankylosing spondyltis: a descriptive pilot study in patient with suspected 

early and active confirmed ankylosing spondylitis. BMC Musuloskeletal Disorders 

2007; 8(20):1471-83. 

43- Maksymowych WP, Inman RD, Salonen D, Dhillon SS, Williams M, Stone M, 

Conner-Spady B, Palsat J, Lambert RG. Spondyloarthritis Research Consortium of 

Canada magnetic resonance imaging index for assessment of sacroiliac joint 

inflammation in ankylosing spondylitis. Arthritis Rheum 2005;53(5):703–9. 

44- Maksymowych WP, Inman RD, Salonen D, Dhillon SS, Krishnananthan R, 

Stone M, Conner-Spady B, Palsat J, Lambert RG. Spondyloarthritis Research 

Consortium of Canada magnetic resonance imaging index for assessment of spinal 

inflammation in ankylosing spondylitis. Arthritis Rheum 2005;53(4):502–9. 

45- Braun J, Baraliakos X, Golder W, Brandt J, Rudwaleit M, Listing J, Bollow M, 

Sieper J, Van Der Heijde D. Magnetic resonance imaging examinations of the spine 

in patients with ankylosing spondylitis, before and after successful therapy with 

infliximab: evaluation of a new scoring system. Arthritis Rheum 2003; 48(4):1126-

36. 

46- Pedersen SJ, Weber U, Ostergaard M. The diagnostic utility of MRI in 

spondyloarthritis. BestPract Res ClinRheumatol. 2012;26(6):751-66. 

47. Bowness P. Hla-b27.Annu Rev Immunol. 2015;33:29-48. 



- 78 - 

 

 

 

48. Brown MA, Kennedy LG, MacGregor AJ, Darke C, Duncan E, Shatford JL. 

Susceptibility to ankylosing spondylitis in twins: the role of genes, HLA, and the 

environment. Arthritis Rheum 1997;40(10):1823–8. 

49. Ez-Zaitouni Z, Hilkens A, Gossec L, Berg IJ, Landewé R, Ramonda R, 

Dougados M, van der Heijde D, van Gaalen F.  Is the current ASAS expert 

definition of a positive family history useful in identifying axial spondyloarthritis? 

Results from the SPACE and DESIR cohorts. Arthritis Res Ther. 2017;19(1):118.  

50. Poddubnyy D, Rudwaleit M, Haibel H, Listing J, Märker-Hermann E, Zeidler 

H, Braun J, Sieper J. Rates and predictors of radiographic sacroiliitis progression 

over 2 years in patients with axial spondyloarthritis. Ann Rheum Dis. 

2011;70(8):1369-74. 

51. Bennett AN, McGonagle D, O’Connor P, Hensor EM, Sivera F, Coates LC, 

Emery P, Marzo-Ortega H. Severity of baseline magnetic resonance imaging-

evident sacroiliitis and HLA-B27 status in early inflammatory back pain predict 

radiographically evident ankylosing spondylitis at eight years. Arthritis Rheum. 

2008; 58(11):3413–18. 

52. Ambarus C, Yeremenko N, Tak PP, Baeten D. Pathogenesis of 

spondyloarthritis:autoimmune or autoinflammatory? Curr Opin Rheumatol 

2012;24(4):351–8. 

53. Dangoria NS, DeLay ML, Kingsbury DJ, Mear JP, Uchanska-Ziegler B, Ziegler 

A, Colbert RA. HLA-B27 misfolding is associated with aberrant intermolecular 

disulfide bond formation (dimerization) in the endoplasmic reticulum. J Biol Chem 

2002;277(26):23459–68. 

54.  Kollnberger S, Chan A, Sun MY, Chen LY, Wright C, di Gleria K, McMichael 

A, Bowness P. Interaction of HLA-B27 homodimers with KIR3DL1 and KIR3DL2, 



- 79 - 

 

 

 

unlike HLA-B27 heterotrimers, is independent of the sequence of bound peptide. 

Eur J Immunol 2007;37(5):1313–22.  

55. Bird LA, Peh CA, Kollnberger S, Elliott T, McMichael AJ, Bowness P. 

Lymphoblastoid cells express HLA-B27 homodimers both intracellularly and at the 

cell surface following endosomal recycling. Eur J Immunol 2003;33(3):748–59. 

56. DeLay ML, Turner MJ, Klenk EI, Smith JA, Sowders DP, Colbert RA. HLA-

B27 misfolding and the unfolded protein response augment interleukin-23 

production and are associated with Th17 activation in transgenic rats. Arthritis 

Rheum 2009;60(9):2633–43. 

57. Colbert RA, DeLay ML, Klenk EI, Layh-Schmitt G. From HLA-B27 to 

spondyloarthritis: a journey through the ER. Immunol Rev 2010;233(1):181–202. 

58. Ciccia F, Accardo-Palumbo A, Rizzo A, Guggino G, Raimondo S, Giardina A, 

Cannizzaro A, Colbert RA, Alessandro R, Triolo G. Evidence that autophagy, but 

not the unfolded protein response, regulates the expression of IL-23 in the gut of 

patients with ankylosing spondylitis and subclinicalgut inflammation. Ann Rheum 

Dis 2014;73(8):1566–74. 

59. Cauli A, Dessole G, Fiorillo MT, Vacca A, Mameli A, Bitti P, Passiu G, 

Sorrentino R, Mathieu A. Increased level of HLA-B27 expression in ankylosing 

spondylitis patients compared with healthy HLA-B27-positive subjects: a possible 

further susceptibility factor for the development of disease. Rheumatology (Oxford) 

2002;41(12):1375–9.  

60. Taurog JD, Dorris ML, Satumtira N, Tran TM, Sharma R, Dressel R, van den 

Brandt J, Reichardt HM. Spondyloarthritis in HLA-B27/human beta2-

microglobulin-transgenic rats is not prevented by lack of CD8. Arthritis Rheum 

2009; 60 (7):1977-84.  



- 80 - 

 

 

 

61. Brown MA. Progress in spondylarthritis. Progress in studies of the genetics of 

ankylosing spondylitis. Arthritis Res Ther. 2009;11(5):254.  

62. Burton PR, Clayton DG, Cardon LR, Craddock N, Deloukas P, Duncanson A, 

et al. Wellcome Trust Case Control Consortium; Australo-Anglo-American 

Spondylitis Consortium (TASC). Association scan of 14,500 nonsynonymous 

SNPs in four diseases identifies autoimmunity variants. Nat Genet 

2007;39(11):1329–37.  

63. Aita A, Basso D, Ramonda R, Moz S, Lorenzin M, Navaglia F, Zambon CF, 

Padoan A, Plebani M, Punzi L. Genetics in TNF-TNFR pathway: A complex 

network causing spondyloarthritis and conditioning response to anti-TNFα 

therapy.PLoS One. 2018;13(3):e0194693. 

64. Cortes A, Hadler J, Pointon JP, Robinson PC, Karaderi T, Leo P, et al. 

International Genetics of Ankylosing Spondylitis Consortium (IGAS). 

Identification of multiple risk variants for ankylosing spondylitis through high-

density genotyping of immune-related loci. Nat Genet 2013;45(7):730–8.  

65. Maksymowych WP, Inman RD, Gladman DD, Reeve JP, Pope A, Rahman P. 

Association of a specific ERAP1/ARTS1 haplotype with disease susceptibility in 

ankylosing spondylitis. Arthritis Rheum. 2009; 60(5):1317-23.  

66. Chen L, Ridley A, Hammitzsch A, Al-Mossawi MH, Bunting H, Georgiadis D, 

Chan A, Kollnberger S, Bowness P. Silencing or inhibition of endoplasmic 

reticulum aminopeptidase 1 (ERAP1) suppresses free heavy chain expression and 

Th17 responses in ankylosing spondylitis. Ann Rheum Dis. 2016;75(5):916-23. 

67. Jacques P, Lambrecht S, Verheugen E, Pauwels E, Kollias G, Armaka M, 

Verhoye M, Van der Linden A, Achten R, Lories RJ, Elewaut D. Proof of concept: 

enthesitis and new bone formation in spondyloarthritis are driven by mechanical 

strain and stromal cells. Ann Rheum Dis 2014;73(2):437–45.  



- 81 - 

 

 

 

68. Schett G, Lories RJ, D'Agostino MA, Elewaut D, Kirkham B, Soriano ER, 

McGonagle D. Enthesitis: from pathophysiology to treatment. Nat Rev Rheumatol. 

2017;13(12):731-741.  

69. Mei Y, Pan F, Gao J, Ge R, Duan Z, Zeng Z. Increased serum IL-17 and IL-23 

in the patient with ankylosing spondylitis. Clin Rheumatol. 2011; 30(2):269–73. 

70. Appel H, Maier R, Bleil J, Hempfing A, Loddenkemper C, Schlichting U, Syrbe 

U, Sieper J. In situ analysis of interleukin-23- and interleukin-12-positive cells in 

the spine of patients with ankylosing spondylitis.Arthritis Rheum. 

2013;65(6):1522-9. 

71. Goldring SR. Osteoimmunology and bone homeostasis: relevance to 

spondyloarthritis. Curr Rheumatol Rep 2013;15(7):342. 

72. Daoussis D, Liossis SN, Solomou EE, Tsanaktsi A, Bounia K, Karampetsou M, 

Yiannopoulos G, Andonopoulos AP. Evidence that Dkk-1 is dysfunctional in 

ankylosing spondylitis. Arthritis Rheum 2010;62(1):150–8. 

73. 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):1571–9. 

74. Chou C, Wu M, Yu C, LU M, Hsieh SC, Wu TH, Chou CT, Tsai CY. Anti-

agalactosyl IgG antibody in ankylosing spondylitis and psoriatic arthritis. Clin 

Rheumatolo 2010;29:875-81. 

75. Lin Q, Gu JR, Li TW, Zhang FC, Lin ZM, Liao ZT, Wei QJ, Cao SY, Li L. 

Value of the peripheral blood B cells subsets in patients with ankylosing 

spondylitis. Chin Med J (Engl) 2009;122(15):1784–9. 



- 82 - 

 

 

 

76. Moody KL, Uccellini MB, Avalos AM, Marshak-Rothstein A, Viglianti GA. 

Toll-like receptor-dependent immune complex activation of B cells and dendritic 

cells. Methods Mol Biol (Clifton, NJ) 2016;1390:249–72. 

77. Negishi-Koga T, Gober HJ, Sumiya E, Komatsu N, Okamoto K, Sawa S, 

Suematsu A, Suda T, Sato K, Takai T, Takayanagi H. Immune complexes regulate 

bone metabolism through FcRgamma signalling. Nat Commun 2015;6:6637. 

78. Im CH, Kang EH, Ki JY, Shin DW, Choi HJ, Chang EJ, Lee EY, Lee YJ, Lee 

EB, Kim HH, Song YW. Receptor activator of nuclear factor kappa B ligand-

mediated osteoclastogenesis is elevated in ankylosing spondylitis. Clin Exp 

Rheumatol 2009;27(4):620–5. 

79. Yeo L, Toellner KM, Salmon M, Filer A, Buckley CD, Raza K, Scheel-Toellner 

D. Cytokine mRNA profiling identifies B cells as a major source of RANKL in 

rheumatoid arthritis. Ann Rheum Dis 2011;70(11):2022–8. 

80. Liu W, Wu YH, Zhang L, Liu XY, Xue B, Wang Y, Liu B, Jiang Q, Kwang 

HW, Wu DJ. Elevated serum levels of IL-6 and IL-17 may associate with the 

development of ankylosing spondylitis. Int J Clin Exp Med 2015;8(10):17362–76. 

81. Baerlecken NT, Nothdorft S, Stummvoll GH, Sieper J, Rudwaleit M, Reuter S, 

Matthias T, Schmidt RE, Witte T. Autoantibodies against CD74 in 

spondyloarthritis. Ann Rheum Dis. 2014;73(6):1211-4. 

82. Baraliakos X, Baerlecken N, Witte T, Heldmann F, Braun J. High prevalence 

of anti-CD74 antibodies specific for the HLA class II-associated invariant chain 

peptide (CLIP) in patients with axial spondyloarthritis.Ann Rheum Dis. 

2014;73(6):1079-82. 

83. de Winter JJ, van de Sande MG, Baerlecken N, Berg I, Ramonda R, van der 

Heijde D, van Gaalen FA, Witte T, Baeten DL. Anti-CD74 antibodies have no 



- 83 - 

 

 

 

diagnostic value in early axial spondyloarthritis: data from the spondyloarthritis 

caught early (SPACE) cohort. Arthritis Res Ther. 2018;20(1):38. 

84. Quaden DH, De Winter LM, Somers V. Detection of novel diagnostic 

antibodies in ankylosing spondylitis: An overview. Autoimmun Rev. 

2016;15(8):820-32.  

85. Biomarkers Definitions Working Group. Biomarkers and surrogate endpoints: 

preferred definitions and conceptual framework. Clin Pharmacol Ther 2001;69:89-

95. 

86. Prajzlerová K, Grobelná K, Pavelka K, Šenolt L, Filková M. An update on 

biomarkers in axial spondyloarthritis. Autoimmun Rev. 2016;15(6):501-9. 

87. Mohan C, Assassi S. Biomarkers in rheumatic diseases: how can they facilitate 

diagnosis and assessment of disease activity? BMJ. 2015;351:h5079. 

88. Pedersen SJ, Sørensen IJ, Garnero P, Johansen JS, Madsen OR, Tvede N, 

Hansen MS, Thamsborg G, Andersen LS, Majgaard O, Loft AG, Erlendsson J, 

Asmussen K, Jurik AG, Møller J, Hasselquist M, Mikkelsen D, Skjødt T, Lambert 

R, Hansen A, Østergaard M. ASDAS, BASDAI and different treatment responses 

and their relation to biomarkers of inflammation, cartilage and bone turnover in 

patients with axial spondyloarthritis treated with TNFα inhibitors. Ann Rheum Dis. 

2011;70(8):1375-81. 

89. Pedersen SJ, Sørensen IJ, Lambert RG, Hermann KG, Garnero P, Johansen JS, 

Madsen OR, Hansen A, Hansen MS, Thamsborg G, Andersen LS, Majgaard O, 

Loft AG, Erlendsson J, Asmussen KH, Jurik AG, Møller J, Hasselquist M, 

Mikkelsen D, Østergaard M. Radiographic progression is associated with resolution 

of systemic inflammation in patients with axial spondylarthritis treated with tumor 

necrosis factor α inhibitors: a study of radiographic progression, inflammation on 

magnetic resonance imaging, and circulating biomarkers of inflammation, 



- 84 - 

 

 

 

angiogenesis, and cartilage and bone turnover. Arthritis Rheum. 2011;63(12): 

3789-800. 

90. Reveille JD. Biomarkers for diagnosis, monitoring of progression, and 

treatment responses in ankylosing spondylitis and axial spondyloarthritis. Clin 

Rheumatol 2015; 34(6): 1009-18. 

91. De Vries MK, van Eijk IC, van der Horst-Bruinsma IE, Peters MJ, Nurmohamed 

MT, Dijkmans BA, Hazenberg BP, Wolbink GJ. Erythrocyte sedimentation rate, 

C-reactive protein level, and serum amyloid a protein for patient selection and 

monitoring of anti-tumor necrosis factor treatment in ankylosing spondylitis. 

Arthritis Rheum. 2009;61(11):1484-90. 

92. Poddubnyy DA, Rudwaleit M, Listing J, Braun J, Sieper J. Comparison of a 

high sensitivity and standard C reactive protein measurement in patients with 

ankylosing spondylitis and non-radiographic axial spondyloarthritis. Ann Rheum 

Dis. 2010;69(7):1338-41. 

93. Visvanathan S, Wagner C, Marini JC, Baker D, Gathany T, Han J, van der 

Heijde D, Braun J. Inflammatory biomarkers, disease activity and spinal disease 

measures in patients with ankylosing spondylitis after treatment with infliximab. 

Ann Rheum Dis. 2008;67(4):511-7. 

94. Lorenzin M, Ortolan A, Vio S, Favero M, Oliviero F, Zaninotto M, Cosma C, 

Lacognata C, Punzi L, Ramonda R. Biomarkers, imaging and disease activity 

indices in patients with early axial spondyloarthritis: the Italian arm of the 

SpondyloArthritis-Caught-Early (SPACE) Study. Reumatismo. 2017;69(2):65-74.  

95. Spoorenberg A, van der Heijde D, de Klerk E, Dougados M, de Vlam K, 

Mielants H, van der Tempel H, van der Linden S. Relative value of erythrocyte 

sedimentation rate and C-reactive protein in assessment of disease activity in 

ankylosing spondylitis. J Rheumatol. 1999;26(4):980–984. 



- 85 - 

 

 

 

96. Ruof J, Stucki G. Validity aspects of erythrocyte sedimentation rate and C-

reactive protein in ankylosing spondylitis: a literature review. J Rheumatol. 

1999;26(4):966–970.  

97. Rudwaleit M, Landewe R, van der Heijde D, Listing J, Brandt J, Braun J, 

Burgos-Vargas R, Collantes-Estevez E, Davis J, Dijkmans B, Dougados M, Emery 

P, van der Horst-Bruinsma IE, Inman R, Khan MA, Leirisalo-Repo M, van der 

Linden S, Maksymowych WP, Mielants H, Olivieri I, Sturrock R, de Vlam K, 

Sieper J. 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. Ann Rheum Dis. 

2009; 68(6):770–776. 

98. Rudwaleit M, Haibel H, Baraliakos X, Listing J, Marker-Hermann E, Zeidler 

H, Braun J, Sieper J. The early disease stage in axial spondylarthritis: results from 

the German Spondyloarthritis Inception Cohort. Arthritis Rheum. 2009; 60(3):717–

727. 

99. Kiltz U, Baraliakos X, Karakostas P, Igelmann M, Kalthoff L, Klink C, Krause 

D, Schmitz-Bortz E, Flörecke M, Bollow M, Braun J. Do patients with non-

radiographic axial spondylarthritis differ from patients with ankylosing 

spondylitis?Arthritis Care Res (Hoboken). 2012;64(9):1415-22. 

100. Poddubnyy D, Haibel H, Listing J, Märker-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 Rheum. 2012;64(5):1388-98. 

101. Bal A, Unlu E, Bahar G, Aydog E, Eksioglu E, Yorgancioglu R.Comparison 

of serum IL-1 beta, sIL-2R, IL-6, and TNF-alpha levels with disease activity 

parameters in ankylosing spondylitis. Clin Rheumatol. 2007;26(2):211-5.  



- 86 - 

 

 

 

102. Braun J, Bollow M, Neure L, Seipelt E, Seyrekbasan F, Herbst H, Eggens U, 

Distler A, Sieper J. Use of immunohistologic and in situ hybridization techniques 

in the examination of sacroiliac joint biopsy specimens from patients with 

ankylosing spondylitis. Arthritis Rheum. 1995;38(4):499-505. 

103. van der Heijde D, Ramiro S, Landewé R, Baraliakos X, Van den Bosch F, 

Sepriano A, Regel A, Ciurea A, Dagfinrud H, Dougados M, van Gaalen F, Géher 

P, van der Horst-Bruinsma I, Inman RD, Jongkees M, Kiltz U, Kvien TK, Machado 

PM, Marzo-Ortega H, Molto A, Navarro-Compàn V, Ozgocmen S, Pimentel-

Santos FM, Reveille J, Rudwaleit M, Sieper J, Sampaio-Barros P, Wiek D, Braun 

J. 2016 update of the ASAS-EULAR management recommendations for axial 

spondyloarthritis. Ann Rheum Dis. 2017;76(6):978-91. 

104. Lubrano E, Massimo Perrotta F, Manara M, D'Angelo S, Addimanda O, 

Ramonda R, Punzi L, Olivieri I, Salvarani C, Marchesoni A. Predictors of Loss of 

Remission and Disease Flares in Patients with Axial Spondyloarthritis Receiving 

Antitumor Necrosis Factor Treatment: A Retrospective Study. J Rheumatol. 

2016;43(8):1541-6.  

105. Pedersen SJ, Hetland ML, Sorensen IJ, Ostergaard M, Nielsen HJ, Johansen 

JS. Circulating levels of interleukin-6, vascular endothelial growth factor, YKL-40, 

matrix metalloproteinase-3, and total aggrecan in spondyloarthritis patients during 

3 years of treatment with TNFalpha inhibitors. Clin Rheumatol 2010;29:1301–9. 

106. Francois RJ, Neure L, Sieper J, Braun J. Immunohistological examination of 

open sacroiliac biopsies of patients with ankylosing spondylitis: detection of 

tumour necrosis factor alpha in two patients with early disease and transforming 

growth factor beta in three more advanced cases. Ann Rheum Dis 2006;65:713–20. 

107. Gratacós J, Collado A, Filella X, Sanmartí R, Cañete J, Llena J, Molina R, 

Ballesta A, Muñoz-Gómez J. Serum cytokines (IL-6, TNF-alpha, IL-1 beta and 



- 87 - 

 

 

 

IFN-gamma) in ankylosing spondylitis: a close correlation between serum IL-6 and 

disease activity and severity. Br J Rheumatol. 1994; 33(10):927–31. 

108. Romero-Sanchez C, Jaimes DA, Londoño J, De Avila J, Castellanos JE, Bello 

JM, Bautista W, Valle-Oñate R. Association between Th-17 cytokine profile and 

clinical features in patients with spondyloarthritis. Clin Exp Rheumatol. 2011; 

29(5):828–34. 

109. Sveaas SH, Berg IJ, Provan SA, Semb AG, Olsen IC, Ueland T, Aukrust P, 

Vøllestad N, Hagen KB, Kvien TK, Dagfinrud H. Circulating levels 

ofinflammatory cytokines and cytokine receptors in patients with ankylosing 

spondylitis: a cross sectional comparative study. Scand J Rheumatol. 2015; 

44(2):118–24. 

110. Jansen DT, Hameetman M, van Bergen J, Huizinga TW, van der Heijde D, 

Toes RE, van Gaalen FA. IL-17- producing CD4+ T cells are increased in early, 

active axial spondyloarthitis including patients without imaging abnormalities. 

Rheumatology (Oxford). 2015;54(4):728-35. 

111.Raychaudhuri SK, Saxena A, Raychaudhuri SP. Role of IL-17 in the 

pathogenesis of psoriatic arthritis and axial spondyloarthritis. Clin Rheumatol. 

2015;34(6):1019-23. 

112.Duvallet E, Semerano L, Assier E, Falgarone G, Boissier MC. Interleukin-23: 

a key cytokine in inflammatory diseases. Ann Med. 2011;43(7):503-11. 

113. Chen WS, Chang YS, Lin KC, Lai CC, Wang SH, Hsiao KH, Lee HT, Chen 

MH, Tsai CY, Chou CT. Association of serum interleukin-17 and interleukin-23 

levels with disease activity in Chinese patients with ankylosing spondylitis. J Chin 

Med Assoc. 2012; 75(7):303–8. 



- 88 - 

 

 

 

114. Andersen T, Rasmussen TK, Hvid M, Holm CK, Madsen KJ, Jurik AG, 

Hokland M, Stengaard-Pedersen K, Schiøttz-Christensen B, Deleuran B. Increased 

plasma levels of IL-21 and IL-23 in spondyloarthritis are not associated with 

clinical and MRI findings.Rheumatol Int. 2012;32(2):387-93. 

115. Sherlock JP, Taylor PC, Buckley CD. The biology of IL-23 and IL-17 and 

their therapeutic targeting in rheumatic diseases.Curr Opin Rheumatol. 

2015;27(1):71-5.  

116. Shen H, Goodall JC, Hill Gaston JS. Frequency and phenotype of peripheral 

blood Th17 cells in ankylosing spondylitis and rheumatoid arthritis. Arthritis 

Rheum. 2009;60(6):1647-56. 

117. Appel H, Maier R, Wu P, Scheer R, Hempfing A, Kayser R, Thiel A, Radbruch 

A, Loddenkemper C, Sieper J. Analysis of IL-17(+) cells in facet joints of patients 

with spondyloarthritis suggests that the innate immune pathway might be of greater 

relevance than the Th17-mediated adaptive immune response. Arthritis Res Ther. 

2011;13(3):R95. 

118. Xueyi L, Lina C, Zhenbiao W, Qing H, Qiang L, Zhu P. Levels of circulating 

Th17 cells and regulatory T cells in ankylosing spondylitis patients with an 

inadequate response to anti-TNF-α therapy. J Clin Immunol. 2013;33(1):151-61. 

119.  Wang X, Lin Z, Wei Q, Jiang Y, Gu J. Expression of IL-23 and IL-17 and 

effect of IL-23 on IL-17 production in ankylosing spondylitis. Rheumatol Int. 

2009;29(11):1343-7. 

120. Wendling D, Cedoz JP, Racadot E, Dumoulin G. Serum IL-17, BMP-7, and 

bone turnover markers in patients with ankylosing spondylitis. Joint Bone Spine 

2007;74:304–5.  



- 89 - 

 

 

 

121. Poddubnyy D, Hermann KG, Callhoff J, Listing J, Sieper J. Ustekinumab for 

the treatment of patients with active ankylosing spondylitis: results of a 28-week, 

prospective, open-label, proof-of-concept study (TOPAS).Ann Rheum Dis. 

2014;73(5):817-23. 

122.  Kavanaugh A, Puig L, Gottlieb AB, Ritchlin C, You Y, Li S, Song M, 

Randazzo B, Rahman P, McInnes IB. Efficacy and safety of ustekinumab in 

psoriatic arthritis patients with peripheral arthritis and physician-reported 

spondylitis: post-hoc analyses from two phase III, multicentre, double-blind, 

placebo-controlled studies (PSUMMIT-1/PSUMMIT-2). Ann Rheum Dis. 

2016;75(11):1984-8. 

123. Baeten D, Sieper J, Braun J, Baraliakos X, Dougados M, Emery P, Deodhar 

A, Porter B, Martin R, Andersson M, Mpofu S, Richards HB; MEASURE 1 Study 

Group; MEASURE 2 Study Group. Secukinumab, an Interleukin-17A Inhibitor, in 

Ankylosing Spondylitis. N Engl J Med. 2015;373(26):2534-48. 

124. Braun J, Baraliakos X, Deodhar A, Baeten D, Sieper J, Emery P, Readie A, 

Martin R, Mpofu S, Richards HB; MEASURE 1 study group. Effect of 

secukinumab on clinical and radiographic outcomes in ankylosing spondylitis: 2-

year results from the randomised phase III MEASURE 1 study. Ann Rheum Dis. 

2017;76(6):1070-77. 

125. Sieper J, Deodhar A, Marzo-Ortega H, Aelion JA, Blanco R, Jui-Cheng T, 

Andersson M, Porter B, Richards HB; MEASURE 2 Study Group. Secukinumab 

efficacy in anti-TNF-naive and anti-TNF-experienced subjects with active 

ankylosing spondylitis: results from the MEASURE 2 Study. Ann Rheum Dis. 

2017;76(3):571-92. 

126. Korn T, Bettelli E, Gao W, Awasthi A, Jager A, Strom TB, Oukka M, Kuchroo 

VK. IL-21 initiates an alternative pathway to induce proinflammatory T(H)17 cells. 

Nature 2007;448:484–7. 



- 90 - 

 

 

 

127. Xiao F, Zhang HY, Liu YJ, Zhao D, Shan YX, Jiang YF. Higher frequency of 

peripheral blood interleukin 21 positive follicular helper T cells in patients with 

ankylosing spondylitis. J Rheumatol 2013;40:2029–37. 

128. Zhang L, Li YG, Li YH, Qi L, Liu XG, Yuan CZ, Hu NW, Ma DX, Li ZF, 

Yang Q, Li W, Li JM. Increased frequencies of Th22 cells as well as Th17 cells in 

the peripheral blood of patients with ankylosing spondylitis and rheumatoid 

arthritis. PLoS One 2012;7, e31000.  

129. Li XL, Lin TT, Qi CY, Yuan L, Xia LP, Shen H, Lu J. Elevated serum level 

of IL-33 and sST2 in patients with ankylosing spondylitis: associated with disease 

activity and vascular endothelial growth factor. J Investig Med. 2013; 61(5):848–

51. 

130. Li GX, Wang S, Duan ZH, Zeng Z, Pan FM. Serum levels of IL-33 and its 

receptor ST2 are elevated in patients with ankylosing spondylitis. Scand J 

Rheumatol. 2013; 42(3):226–31. 

131. Han GW, Zeng LW, Liang CX, Cheng BL, Yu BS, Li HM, Zeng FF, Liu SY. 

Serum levels of IL-33 is increased in patients with ankylosing spondylitis. Clin 

Rheumatol. 2011; 30(12):1583-8. 

132. Chen CH, Lin KC, Yu DT, Yang C, Huang F, Chen HA, Liang TH, Liao HT, 

Tsai CY, Wei JC, Chou CT. Serum matrix metalloproteinases and tissue inhibitors 

of metalloproteinases in ankylosing spondylitis: MMP-3 is a reproducibly sensitive 

and specific biomarker of disease activity. Rheumatology 2006;45:414–20. 

133. Vandooren B, Kruithof E, Yu DT, Rihl M, Gu J, De Rycke L, Van Den Bosch 

F, Veys EM, De Keyser F, Baeten D. Involvement of matrix metalloproteinases and 

their inhibitors in peripheral synovitis and downregulation by tumor necrosis factor 

alpha blockade in spondylarthropathy. Arthritis Rheum 2004;50:2942–53. 



- 91 - 

 

 

 

134. Yang C, Gu J, Rihl M, Baeten D, Huang F, Zhao M, Zhang H, Maksymowych 

WP, De Keyser F, Veys EM, Yu DT. Serum levels of matrix metalloproteinase 3 

and macrophage colony-stimulating factor 1 correlate with disease activity in 

ankylosing spondylitis. Arthritis Rheum 2004;51:691–9. 

135. Soliman E, Labib W, el-Tantawi G, Hamimy A, Alhadidy A, Aldawoudy A. 

Role of matrix metalloproteinase-3 (MMP-3) and magnetic resonance imaging of 

sacroiliitis in assessing disease activity in ankylosing spondylitis. Rheumatol Int. 

2012;32(6):1711-20. 

136. Maksymowych WP, Landewé R, Conner-Spady B, Dougados M, Mielants H, 

van der Tempel H, Poole AR, Wang N, van der Heijde D. Serum matrix 

metalloproteinase 3 is an independent predictor of structural damage progression in 

patients with ankylosing spondylitis. Arthritis Rheum. 2007;56(6):1846-53. 

137. Maksymowych WP, Fitzgerald O, Wells GA, Gladman DD, Landewé R, 

Ostergaard M, Taylor WJ, Christensen R, Tak PP, Boers M, Syversen SW, Bathon 

JM, Ritchlin CJ, Mease PJ, Bykerk VP, Garnero P, Geusens P, El-Gabalawy H, 

Aletaha D, Inman RD, Kraus VB, Kvien TK, van der Heijde D. Proposal for levels 

of evidence schema for validation of a soluble biomarker reflecting damage 

endpoints in rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis, and 

recommendations for study design. J Rheumatol. 2009;36(8):1792-9. 

138. Moz S, Aita A, Basso D, Ramonda R, Plebani M, Punzi L. Spondyloarthritis: 

Matrix Metalloproteinasesas Biomarkers of Pathogenesis and Response to Tumor 

Necrosis Factor (TNF) Inhibitors. Int J Mol Sci. 2017;18(4).  

139. Fiocco U, Sfriso P, Oliviero F, Roux-Lombard P, Scagliori E, Cozzi L, Lunardi 

F, Calabrese F, Vezzù M, Dainese S, Molena B, Scanu A, Nardacchione R, 

Rubaltelli L, Dayer JM, Punzi L. Synovial effusion and synovial fluid biomarkers 

in psoriatic arthritis to assess intraarticular tumor necrosis factor-α blockade in the 

knee joint. Arthritis Res Ther. 2010;12(4):R148. 



- 92 - 

 

 

 

140. Ramonda R, Modesti V, Ortolan A, Scanu A, Bassi N, Oliviero F, Punzi L. 

Serological markers in psoriatic arthritis: promising tools. Exp Biol Med 

(Maywood). 2013;238(12):1431-6. 

141. van Kuijk AW, DeGroot J, Koeman RC, Sakkee N, Baeten DL, Gerlag DM, 

Tak PP. Soluble biomarkers of cartilage and bone metabolism in early proof of 

concept trials in psoriasic arthritis: effects of adalimumab versus placebo. PLoS 

One. 2010;5(9). pii:e12556. 

142. Mattey DL, Packham JC, Nixon NB, Coates L, Creamer P, Hailwood S, Taylor 

GJ, Bhalla AK. Association of cytokine and matrix metalloproteinase profiles with 

disease activity and function in ankylosing spondylitis. Arthritis Res Ther 

2012;14:R127. 

143. 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 have prognostic 

capacity for radiographic progression. Arthritis Rheum 2013;65:972–80. 

144. Taylan A, Sari I, Akinci B, Bilge S, Kozaci D, Akar S, Colak A, Yalcin H, 

Gunay N, Akkoc N. Biomarkers and cytokines of bone turnover: extensive 

evaluation in a cohort of patients with ankylosing spondylitis. BMC Musculoskelet 

Disord. 2012; 13:191.10.1186/1471-2474-13-191. 

145.  Franck H, Meurer T, Hofbauer LC. Evaluation of bone mineral density, 

hormones, biochemical markers of bone metabolism, and osteoprotegerin serum 

levels in patients with ankylosing spondylitis. J Rheumatol. 2004; 31(11):2236–41. 

146. Chen CH, Chen HA, Liao HT, Liu CH, Tsai CY, Chou CT. Soluble receptor 

activator of nuclear factor-kappaB ligand (RANKL) and osteoprotegerin in 

ankylosing spondylitis: OPG is associated with poor physical mobility and reflects 

systemic inflammation. Clin Rheumatol. 2010; 29(10):1155–61. 



- 93 - 

 

 

 

147. de Andrade KR, de Castro GR, Vicente G, da Rosa JS, Nader M, Pereira IA, 

Fröde TS. Evaluation of circulating levels of inflammatory and bone formation 

markers in axial spondyloarthritis. Int Immunopharmacol. 2014; 21(2):481–6. 

148. Oktayoglu P, Bozkurt M, Mete N, Caglayan M, Em S, Nas K. Elevated serum 

levels of calprotectin (myeloid-related protein 8/14) in patients with ankylosing 

spondylitis and its association with disease activity and quality of life. J Investig 

Med 2014;62: 880–4. 

149. Turina MC, Yeremenko N, Paramarta JE, De Rycke L, Baeten D. Calprotectin 

(S100A8/9) as serum biomarker for clinical response in proof-of-concept trials in 

axial and peripheral spondyloarthritis. Arthritis Res Ther. 2014; 

16(4):413.10.1186/s13075-014-0413-4. 

150. Turina MC, Yeremenko N, van Gaalen F, van Oosterhout M, Berg IJ, 

Ramonda R, Lebre CM, Landewé R, Baeten D. Serum inflammatory biomarkers 

fail to identify early axial spondyloarthritis: results from the SpondyloArthritis 

Caught Early (SPACE) cohort. RMD Open. 2017;3(1):e000319. 

151. Turina MC, Sieper J, Yeremenko N, Conrad K, Haibel H, Rudwaleit M, Baeten 

D, Poddubnyy D. Calprotectin serum level is an independent marker for 

radiographic spinal progression in axial spondyloarthritis. Ann Rheum Dis. 2014; 

73(9):1746–48. 

152. Levitova A, Hulejova H, Spiritovic M, Pavelka K, Senolt L, Husakova M. 

Clinical improvement and reduction in serum calprotectin levels after an intensive 

exercise programme for patients with ankylosing spondylitis and non-radiographic 

axial spondyloarthritis. Arthritis Res Ther. 2016;18(1):275. 

153. Lange U, Boss B, Teichmann J, Klor HU, Neeck G. Serum amyloid A–an 

indicator of inflammation in ankylosing spondylitis. Rheumatol Int 2000;19:119–

22. 



- 94 - 

 

 

 

154. van Eijk IC, de Vries MK, Levels JH, Peters MJ, Huizer EE, Dijkmans BA, 

van der Horst-Bruinsma IE, Hazenberg BP, van de Stadt RJ, Wolbink GJ, 

Nurmohamed MT. Improvement of lipid profile is accompanied by atheroprotective 

alterationsin high-density lipoprotein composition upon tumor necrosis factor 

blockade: aprospective cohort study in ankylosing spondylitis. Arthritis Rheum 

2009;60:1324–30. 

155. Toussirot E, Saas P, Deschamps M, Pouthier F, Perrot L, Perruche S, Chabod 

J, Tiberghien P, Wendling D. Increased production of soluble CTLA-4 in patients 

with spondylarthropathies correlates with disease activity. Arthritis Res Ther 

2009;11:R101. 

156. Poddubnyy D, Conrad K, Haibel H, Syrbe U, Appel H, Braun J, Rudwaleit M, 

Sieper J. Elevated serum level of the vascular endothelial growth factor predicts 

radiographic spinal progression in patients with axial spondyloarthritis. Ann Rheum 

Dis. 2014; 73(12):2137–43. 

157. Vosse D, Landewé R, Garnero P, van der Heijde D, van der Linden S, Geusens 

P. Association of markers of bone- and cartilage-degradation with radiological 

changes at baseline and after 2 years follow-up in patients with ankylosing 

spondylitis. Rheumatology (Oxford). 2008; 47(8):1219–22. 

158. Arends S, Spoorenberg A, Efde M, Bos R, Leijsma MK, Bootsma H, Veeger 

NJ, Brouwer E, van der Veer E. Higher bone turnover is related to spinal 

radiographic damage and low bone mineral density in ankylosing spondylitis 

patients with active disease: a cross-sectional analysis. PLoS ONE. 2014; 

9(6):e99685.10.1371/ journal.pone.0099685 

159. Park MC, Chung SJ, Park YB, Lee SK. Bone and cartilage turnover markers, 

bone mineral density, and radiographic damage in men with ankylosing spondylitis. 

Yonsei Med J 2008;49:288–94. 



- 95 - 

 

 

 

160. Maksymowych WP, Rahman P, Shojania K, Olszynski WP, Thomson GT, 

Ballal S, Wong RL, Inman RD; M03-606 Study Group. Beneficial effects of 

adalimumab on biomarkers reflecting structural damage in patients with ankylosing 

spondylitis. J Rheumatol 2008;35:2030–7. 

161. Munk HL, Gudmann NS, Christensen AF, Ejstrup L, Sorensen GL, Loft AG, 

Bay-Jensen AC, Siebuhr AS, Junker P. Cartilage collagen type II seromarker 

patterns in axial spondyloarthritis and psoriatic arthritis: associations with disease 

activity, smoking and HLA-B27. Rheumatol Int. 2016;36(4):541-9.  

162. Huvelle S, Bothy A, Lepoutre T, Gruson D. Measurement of C-terminal cross-

linking telopeptide of type I collagen: evaluation of a new automated assay. Clin 

Biochem 2013;46:1778–9.  

163. Choi ST, Kim JH, Kang EJ, Lee SW, Park MC, Park YB, Lee SK. Osteopontin 

might be involved in bone remodelling rather than in inflammation in ankylosing 

spondylitis. Rheumatology 2008;47:1775–9. 

164. Appel H, Ruiz-Heiland G, Listing J, Zwerina J, Herrmann M, Mueller R, 

Haibel H, Baraliakos X, Hempfing A, Rudwaleit M, Sieper J, Schett G. Altered 

skeletal expression of sclerostin and its link to radiographic progression in 

ankylosing spondylitis. Arthritis Rheum. 2009; 60(11):3257–62. 

165. Saad CG, Ribeiro AC, Moraes JC, Takayama L, Goncalves CR, Rodrigues 

MB, de Oliveira RM, Silva CA, Bonfa E, Pereira RM. Low sclerostin levels: a 

predictive marker of persistent inflammation in ankylosing spondylitis during anti-

tumor necrosis factor therapy? Arthritis Res Ther. 2012; 

14(5):R216.10.1186/ar4055. 

166. Heiland GR, Appel H, Poddubnyy D, Zwerina J, Hueber A, Haibel H, 

Baraliakos X, Listing J, Rudwaleit M, Schett G, Sieper J. High level of functional 



- 96 - 

 

 

 

dickkopf-1 predicts protection from syndesmophyte formation in patients with 

ankylosing spondylitis. Ann Rheum Dis. 2012; 71(4):572–4. 

167. Daoussis D, Liossis SN, Solomou EE, Tsanaktsi A, Bounia K, Karampetsou 

M, Yiannopoulos G, Andonopoulos AP. Evidence that Dkk-1 is dysfunctional in 

ankylosing spondylitis. Arthritis Rheum 2010;62:150–8. 

168. Yucong Z, Lu L, Shengfa L, Yongliang Y, Ruguo S, Yikai L. Serum functional 

dickkopf-1 levelsare inversely correlated with radiographic severity of ankylosing 

spondylitis. Clin Lab. 2014;60(9):1527–31. 

169. Diarra D, Stolina M, Polzer K, Zwerina J, Ominsky MS, Dwyer D, Korb A, 

Smolen J, Hoffmann M, Scheinecker C, van der Heide D, Landewe R, Lacey D, 

Richards WG, Schett G. Dickkopf-1 is a master regulator of joint remodeling. Nat 

Med 2007;13:156–63. 

170. Kwon SR, Lim MJ, Suh CH, Park SG, Hong YS, Yoon BY, Kim HA, Choi 

HJ, Park W. Dickkopf-1 level is lower in patients with ankylosing spondylitis than 

in healthy people and is not influenced by anti-tumor necrosis factor therapy. 

Rheumatol Int 2012;32:2523–7. 

171. Franck H, Keck E. Serum osteocalcin and vitamin D metabolites in patients 

with ankylosing spondylitis. Ann Rheum Dis. 1993; 52(5):343–6. 

172. Tuylu T, Sari I, Solmaz D, Kozaci DL, Akar S, Gunay N, Onen F, Akkoc N. 

Fetuin-A is related to syndesmophytes in patients with ankylosing spondylitis: a 

case control study. Clinics (Sao Paulo).2014; 69(10):688–93. 

173. Wendling D, Cedoz JP, Racadot E. Serum levels of MMP-3 and cathepsin K 

in patients with ankylosing spondylitis: effect of TNFalpha antagonist therapy. Joint 

Bone Spine 2008;75:559–62. 



- 97 - 

 

 

 

174. Neidhart M, Baraliakos X, Seemayer C, Zelder C, Gay RE, Michel BA, Boehm 

H, Gay S, Braun J. Expression of cathepsin K and matrix metalloproteinase 1 

indicate persistent osteodestructive activity in long-standing ankylosing 

spondylitis. Ann Rheum Dis 2009;68:1334–9. 

175. Miranda-Filloy JA, Lopez-Mejias R, Genre F, Carnero-Lopez B, Ochoa R, 

Diaz de Teran T, González-Juanatey C, Blanco R, Llorca J, González-Gay MA. 

Adiponectin and resistin serum levels in non-diabetic ankylosing spondylitis 

patients undergoing TNF-alpha antagonist therapy. Clin Exp Rheumatol 

2013;31:365–71. 

176. Kim KJ, Kim JY, Park SJ, Yoon H, Yoon CH, Kim WU, Cho CS. Serum leptin 

levels are associated with the presence of syndesmophytes in male patients with 

ankylosing spondylitis. Clin Rheumatol 2012;31:1231–8. 

177. Sari I, Demir T, Kozaci LD, Akar S, Kavak T, BirlikM, Onen F, Akkoc N. 

Body composition, insulin,and leptin levels in patients with ankylosing spondylitis. 

Clin Rheumatol 2007;26:1427–32.  

178- Mackay K, Brophy S, Mack C, Doran M, Calin A. The development and 

validation of a radiographic grading system for the hip in ankylosing spondylitis: 

the Bath Ankylosing Spondylitis Radiology Hip Index. J Rheumatol 2000; 27:2866-

72. 

179- Averns HL, Oxtoby J, Taylor HG, Jones PW, Dziedzic K, Dawes PT. 

Radiological outcome in ankylosing spondylitis: use of the Stoke Ankylosing 

Spondylitis Spine Score (SASSS). Br J Rheumatol 1996; 35:73-6 

180- 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. Ann Rheum Dis.2005; 64 (1):127-9 



- 98 - 

 

 

 

181- Salaffi F, Carotti M, Garofalo G, Giuseppetti GM, Grassi W. Radiological 

scoring methods for ankylosing spondylitis: a comparison between the Bath 

Ankylosing Spondylitis Radiology Index and the modified Stoke Ankylosing 

Spondylitis Spine Score. Clin Exp Rheumatol. 2007;25(1):67-74. 

182- Spoorenberg A, de Vlam K, van der Linden S, Dougados M, Mielants H, van 

de Tempel H, van der Heijde D. Radiological scoring methods in ankylosing 

spondylitis: reliability and change over 1 and 2 years. J Rheumatol 2004; 31(1):125-

32 

183- Wanders AJ, Landewé RB, Spoorenberg A, Dougados M, van der Linden S, 

Mielants H, van der Tempel H, van der Heijde DM. What is the most appropriate 

scoring method for ankylosing spondylitis? A comparison of the available methods 

based on the Outcome Measures in Rheumatology Clinical Trials Filter. Arthritis 

Rheum 2004; 50 (8):2622-32. 

184- Louie GH, Ward MM. Measurement and treatment of radiographic 

progression in ankylosing spondylitis: lessons learned from observational studies 

and clinical trials. Curr Opin Rheumatol.2014;26(2):145-50. 

185- van der Heijde D, Landewé 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 

years of treatment with etanercept. Arthritis Rheum.2008; 58 (5):1324–31. 

186- van der Heijde D, Landewé R, Baraliakos X, Houben H, van Tubergen A, 

Williamson P, Xu W, Baker D, Goldstein N, Braun J; Ankylosing Spondylitis Study 

for the Evaluation of Recombinant Infliximab Therapy Study Group. Radiographic 

findings following two years of infliximab therapy in patients with ankylosing  

spondylitis. Arthritis Rheum.2008; 58(10):3063–70. 

187- van der Heijde D, Salonen D, Weissman BN, Landewé R, Maksymowych WP, 

Kupper H, Ballal S, Gibson E, Wong R; Canadian (M03-606) study group; ATLAS 



- 99 - 

 

 

 

study group. Assessment of radiographic progression in the spines of patients with 

ankylosing spondylitis treated with adalimumab for up to 2 years. Arthritis Res 

Ther. 2009; 11(4):R127 

188- Braun J, Baraliakos X, Hermann KG, Deodhar A, van der Heijde D, Inman R, 

Beutler A, Zhou Y, Xu S, Hsu B. The effect of two golimumab doses on 

radiographic progression in ankylosing spondylitis: results through 4 years of the 

GO-RAISE trial.  Ann Rheum Dis. 2014;73(6):1107-13. 

189- Baraliakos X, Haibel H, Listing J, Sieper J, Braun J. Continuous long-term 

anti-TNF therapy does  not lead to an increase in the rate of new bone formation 

over 8 years in patients with ankylosing spondylitis. Ann Rheum Dis. 

2014;73(4):710-5. 

190- Haroon N, Inman RD, Learch TJ, Weisman MH, Lee M, Rahbar MH, Ward 

MM, Reveille JD, Gensler LS. The impact of TNF α inhibitors on radiographic 

progression in ankylosing spondylitis.Arthritis Rheum.2013; 65 (10):2645–54. 

191- de Hooge M, van den Berg R, Navarro-Compán V, van Gaalen F, van der 

Heijde D, Huizinga T, Reijnierse M.  Magnetic resonance imaging of the sacroiliac 

joints in the early detection of spondyloarthritis: no added value of gadolinium 

compared with short tau inversion recovery sequence. Rheumatology (Oxford). 

2013;52(7):1220-4. 

192- van der Heijde D, Sieper J, Maksymowych WP, Brown MA, Lambert RG, 

Rathmann SS, Pangan AL. Spinal inflammation in the absence of sacroiliac joint 

inflammation on magnetic resonance imaging in patients with active non 

radiographic axial spondyloarthritis. Arthritis Rheumatol.2014;66(3):667-73. 

193- Maksymowych WP, Dhillon SS, Park R, Salonen D, Inman RD, Lambert RG. 

Validation of the Spondyloarthritis Research Consortium of Canada magnetic 



- 100 - 

 

 

 

resonance imaging spinal inflammation index: is it necessary to score the entire 

spine? Arthrtitis Rheum 2007; 57(3):501-7. 

194- Paternotte S, van der Heijde D, Claudepierre P, Rudwaleit M, Dougados M. 

Evaluation of the validity of the differentarms of the ASAS set of criteria for axial 

spondyloarthritis and description of the different imaging abnormalities suggestive 

of spondyloarthritis: data from the DESIR cohort. Ann Rheum Dis. 

2015;74(4):746-51. 

195- Kiltz U, Baraliakos X, Karakostas P, Igelmann M, Kalthoff L, Klink C, Krause 

D, Schmitz-Bortz E, Flörecke M, Bollow M, Braun J. Do patients with non-

radiographic axial spondylarthritis differ from patients with ankylosing spondylitis? 

Arthritis Care Res (Hoboken). 2012;64(9):1415-22. 

196- Zochling J, Baraliakos X, Hermann KG, Braun J. Magnetic resonance imaging 

in ankylosing spondylitis. Curr Opin Rheumatol. 2007; 19(4):346-52. 

197- Machado P, Landewé RB, Braun J, Baraliakos X, Hermann KG, Hsu B, Baker 

D, van der Heijde D. MRI inflammation and its relation with measures of clinical 

disease activity and different treatment responses in patients with ankylosing 

spondylitis treated with a tumor necrosis factor inhibitor. Ann Rheum Dis 2012; 

71(12):2002-5. 

198- Kim NR, Choi JY, Hong SH, Jun WS, Lee JW, Choi JA, Kang HS. “MR 

corner sign”: value for predicting presence of ankylosing spondylitis. AJR Am J 

Roentgenol. 2008;191(1):124-8. 

199- Bennett AN, Rehman A, Hensor EM, Marzo-Ortega H, Emery P, McGonagle 

D. The fatty Romanus lesion: a non-inflammatory spinal MRI lesion specific for 

axial spondyloarthropathy. Ann Rheum Dis. 2010;69(5):891-4. 



- 101 - 

 

 

 

200- Bennett AN, Rehman A, Hensor EM, Marzo-Ortega H, Emery P, McGonagle 

D. Evaluation of the diagnostic utility of spinal magnetic resonance imaging in axial 

spondylarthritis. Arthritis Rheum. 2009;60(5):1331-41. 

201- Weber U, Hodler J, Kubik RA, Rufibach K, Lambert RG, Kissling RO, 

Pfirrmann CW, Maksymowych WP. Sensitivity and specificity of spinal 

inflammatory lesions assessed by whole-body magnetic resonance imaging in 

patients with ankylosing spondylitis or recent-onset inflammatory back pain. 

Arthritis Rheum. 2009;61(7):900-8. 

202- Landewè R; ASAS/OMERACT MRI in AS Working Group. Scoring 

inflammatory activity of the spine by magnetic resonance imaging in ankylosing 

spondylitis: a multireader experiment. J Rheumatol 2007; 34(4): 862-70. 

203- van der Heijde D, Landewé R, Hermann KG, Rudwaleit M, Østergaard M, 

Oostveen A, O'Connor P, Maksymowych WP, Lambert RG, Lukas C, Jurik AG, 

Boers M, Baraliakos X, Braun J; ASAS/OMERACT MRI in AS Working Group. 

Is there a preferred method for scoring activity of the spine by magnetic resonance 

imaging in ankylosing spondylitis? J Rheumatol. 2007;34(4):871-3. 

204- Rennie WJ, Dhillon SS, Conner-Spady B, Maksymowych WP, Lambert RG. 

Magnetic resonance imaging assessment of spinal inflammation in ankylosing 

spondylitis: standard clinical protocols may omit inflammatory lesions in thoracic 

vertebrae. Arthritis Rheum(Arthritis Care Res) 2009;61(9):1187–93. 

205- van den Berg R, de Hooge M, Bakker PA, van Gaalen F, Navarro-Compán V, 

Fagerli KM, Landewé R, van Oosterhout M, Ramonda R, Reijnierse M, van der 

Heijde D. Metric Properties of the SPARCC Score of the Sacroiliac Joints - Data 

from Baseline, 3-month, and 12-month Follow up in the SPACE Cohort. J 

Rheumatol.2015;42(7):1186-93. 



- 102 - 

 

 

 

206- Braun J, Golder W, Bollow M, Sieper J, van der Heijde D. Imaging and scoring 

in ankylosing spondylitis. Clin Exp Rheumatol 2002; 20 (6 Suppl 28): S178-84. 

207- Carotti M, Salaffi F. Spondiloartriti sieronegative. Stadiazione radiologica. In 

Artrite Reumatoide e spondiloartriti. G Garlaschi, F Martino, eds. Spinger-Verlag, 

Italia 2007, Cap 13, pgg 127-37. 

208- Dougados M, Sepriano A, Molto A, van Lunteren M, Ramiro S, de Hooge M, 

van den Berg R, Navarro Compan V, Demattei C, Landewé R, van der Heijde D. 

Sacroiliac radiographic progression in recent onset axial spondyloarthritis: the 5-

year data of the DESIR cohort. Ann Rheum Dis. 2017 Jul 6. pii: annrheumdis-2017-

211596. doi: 10.1136/annrheumdis-2017-211596. [Epub ahead of print]. 

209- Poddubnyy D, Rudwaleit M, Haibel H, Listing J, Märker-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. Ann Rheum Dis. 

2012;71(10):1616-22. 

210- Rudwaleit M. New approaches to diagnosis and classification of axial and 

peripheral spondyloarthritis. Curr Opin Rheumatol 2010;22(4):375-80. 

211- Baraliakos X, Landewé R, Hermann KG, Listing J, Golder W, Brandt J, 

Rudwaleit M, Bollow M, Sieper J, van der Heijde D, Braun J. Inflammation in 

ankylosing spondylitis: a systematic description of the extent and frequency of 

acute spinal changes using magnetic resonance imaging. Ann Rheum Dis 2005; 64 

(5):730-4. 

212- Ez-Zaitouni Z, Bakker PA, van Lunteren M, Berg IJ, Landewé R, van 

Oosterhout M, Lorenzin M, van der Heijde D, van Gaalen FA. Presence of multiple 

spondyloarthritis (SpA) features is important but not sufficient for a diagnosis of 

axial spondyloarthritis: data from the SPondyloArthritis Caught Early (SPACE) 



- 103 - 

 

 

 

cohort. Ann Rheum Dis. 2017 Jan 6. pii: annrheumdis-2016-210119. doi: 

10.1136/annrheumdis-2016-210119. [Epub ahead of print]. 

213- Hermann KG, Althoff CE, Schneider U, Zühlsdorf S, Lembcke A, Hamm B, 

Bollow M. Magnetic resonance imaging of spinal changes in patients with 

spondyloarthritis and correlation with conventional radiography. RadioGraphics 

2005; 25 (3):559-70. 

214- Bollow M, Enzweiler C, Taupitz M, Golder W, Hamm B, Sieper J, Braun J. 

Use of contrast enhanced magnetic resonance imaging to detect spinal 

inflammation in patients with spondyloarthritides. Clin Exp Rheumatol 2002; 20 (6 

Suppl 28): S167-74. 

215- Bollow M, Fischer T, Reisshauer H, Backhaus M, Sieper J, Hamm B, Braun 

J. Quantitative analyses of sacroiliac biopsies in spondyloarthropathies: T cells and 

macrophages predominate in early and active sacroiliitis- cellularity correlates with 

the degree of enhancement detected by magnetic resonance imaging. Ann Rheum 

Dis. 2000;59(2):135-40. 

216- Lambert RG, Pederson SJ, Maksymowych WP. Active inflammatory lesions 

detected by magnetic resonance imaging in the spine of patients with 

spondyloarthritis- definitions, assessment system, and reference image set. J 

Rheumatol Suppl 2009; 84:3-17. 

217- Stäbler A, Baur A, Krüger A, Weiss M, Helmberger T, Reiser M. St. 

Differential diagnosis of erosive osteochondrosis  and bacterial spondylitis: 

magnetic resonance tomography (MRT). Rofo 1998; 166:193-9. 

218- Resnick D, Niwayama G. Osteomyelitis, septic arthritis and soft tissue 

infection: the axial skeleton. In: Diagnosis of bone and joint disorders. Resnick D, 

Niwayama G, eds. 3rd Philadelphia,Saunders,1995, pp 2420-5. 



- 104 - 

 

 

 

219- Thrush A, Enzmann D. MR imaging of infectiuos spondylitis. AJNR A, J 

Neurradiol 1990; 11:1171-80. 

220- Resnick D, Shaul SR, Robins JM. Diffuse idiopathic skeletal hyperostosis 

(DISH): Forestier’s disease with extraspinal manifestations. Radiology 1975; 

115:513-24. 

221-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.Ann Rheum Dis. 2011;70(7):1257-63. 

222- Lorenzin M, Ortolan A, Frallonardo P, Vio S, Lacognata C, Oliviero F, Punzi 

L, Ramonda R.Spine and sacroiliac joints on magnetic resonance imaging in 

patients with early axial spondyloarthritis: prevalence of lesions and association 

with clinical and disease activity indices from the Italian group of SPACE study. 

Reumatismo. 2016 Sep 9;68(2):72-82. 

223- Robinson PC, Benham H. Advances in classification, basic mechanisms and 

clinical science in ankylosing spondylitis and axial spondyloarthritis. Intern Med J. 

2015; 45(2):127-33. 

224-Noordenbos T, Yeremenko N, Gofita I, van de Sande M, Tak PP, Caňete JD, 

Baeten D. Interleukin-17-positive mast cells contribute to synovial inflammation in 

spondylarthritis. Arthritis Rheum. 2012 Jan;64(1):99-109. 

225- Yeremenko N, Noordenbos T, Cantaert T, van Tok M, van de Sande M, Cañete 

JD, Tak PP, Baeten D. Disease-specific and inflammation-independent stromal 

alterations in spondylarthritis synovitis. Arthritis Rheum. 2013 Jan;65(1):174-85. 



- 105 - 

 

 

 

226- Benham H, Norris P, Goodall J, Wechalekar MD, FitzGerald O, Szentpetery 

A, Smith M, Thomas R, Gaston H. Th17 and Th22 cells in psoriatic arthritis and 

psoriasis. Arthritis Res Ther. 2013;15(5):R136. 

227- Mitra A, Raychaudhuri SK, Raychaudhuri SP. Functional role of IL-22 in 

psoriatic arthritis. Arthritis Res Ther. 2012 Mar 14;14(2):R65. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 106 - 

 

 

 

ICONOGRAPHY 

     

 

 

      

  

 

3a 3b 

 3c 3d 

Image 3a. Sacroiliitis grade I Image 3b. Sacroiliitis grade II 

Image 3c. Sacroiliitis grade III Image 3d. Sacroiliitis grade IV 
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4 5 

Image 4. Straightening of the cervical column Image 5. Squaring of vertebral body of C7 

Image 6. Erosion of anterior corner of 

vertebral body of L4  

6 

Image 7. Fusion of vertebral bodies of C2-C3  

7 
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Image 8. Syndesmophytes of thoracic district 

of  T12-L1 

10a 
10b 

Image 9. Parasyndesmophytes of thoracic 

district of T11-T12-L1-L2 e squaring of 

vertebral bodies of L2-L3-L4 

 8 9 

Image 10a. Calcification of  the anterior 

longitudinal ligament (sign of the "bamboo 

cane") 

Image 10b. Calcification  of the anterior 

longitudinal ligament, of the inter-

apophyseal joints  and inter-spinous 

ligaments (sign of the "cog railway") 
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11 12 

13 

Image 13. Bilateral sclerosis and erosions of 

SIJ, with main involvement of the right SIJ, 

in sequence T1 

Image 12. SIJ bilateral bone oedema, with 

greater phlogistic involvement of the right SIJ, 

in STIR sequence 

Image 11. Bone oedema of both SIJ, with main 

inflammatory involvement of left SIJ and with 

signs of sclerosis on right SIJ (STIR sequence) 

14 

Image 14. Initial sclerosis and some areas of 

adipose metaplasia of both SIJ in sequence T1 
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15 16 

Image 15. Spondylodiscitis at the level of 

L5-S1 in sequence T1 

Image 16. Spondylodiscitis at the level of L5-

S1 in sequence STIR 

17 

Image 17. Osteitis of anterior-superior 

corner of C6, of anterior-lower corner of T6 

and anterior-superior corner of T7. Signs of 

enthesitis of D1-D5 district in STIR 

sequence 

18 

Image 18. Signs of enthesitis  of D5-D11 

district in STIR sequence 
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19 20 

Image 19. Osteitis of anterior-superior 

corner of L3-L4-L5 in sequence STIR 

Image 20. Osteitis of anterior-superior corner 

of L3-L4-L5 in sequence T1 

 21a 21b 

Images 21a e 21b. Anterior spondylitis. a) hyperintense signal from anterior osteitis from T12 to 

L3 in the STIR sequence (white arrows). b) corresponding hypointense signal in the same 

locations in sequence T1. Hyperintense signal at the antero-superior corner of T12 (white 

arrowhead) from adipose metaplasia 


