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LIST OF ABBREVIATIONS 

 

ACPA = anti-cyclic citrullinated peptide 

ACR = American college of rheumatology 

AS = ankylosing spondylitis 

ASAS = assessment of spondyloarthritis international society 

ASDAS = ankylosing spondylitis disease activity scores 

axSpA = axial spondyloarthritis 

BASDAI = Bath ankylosing spondylitis disease activity index 

BASFI = Bath ankylosing spondylitis functional index 

BASMI = Bath ankylosing spondylitis metrology index 

bDMARD = biological disease-modifying antirheumatic drug 

Be-GIANT = Belgian arthritis and spondylitis cohort 

BME = bone marrow edema 

CANDEN = Canada-Denmark 

CASPAR = classification criteria for psoriatic arthritis 

CRESPA = clinical remission in peripheral spondyloarthritis 

CRP = C-reactive protein 

csDMARD = conventional synthetic disease-modifying antirheumatic drug 

CT = computed tomography 

CZP = certolizumab pegol 

DECT = dual-energy computed tomography 

ER = endoplasmic reticulum 

ERA = enthesitis-related arthritis 

ERAP = endoplasmic reticulum aminopeptidase 

ESR = erythrocyte sedimentation rate 

EULAR = European league against rheumatism 

GRAPPA = group for research and assessment of psoriasis and psoriatic arthritis  

HLA = human leukocyte antigen 

IBD = inflammatory bowel disease 

IBP = inflammatory back pain 

ICC = intra-class correlation coefficient 

IL = interleukin 

ILAR = international league of associations for rheumatology 

IQR = interquartile range 

JAK = janus kinase 

jSpA = juvenile spondyloarthritis 

JIA = juvenile idiopathic arthritis 

LEI = Leeds enthesitis index 

LOESS = locally estimated scatterplot smoothing 

MASES = Maastricht ankylosing spondylitis enthesitis score 

MEI = Mander enthesis index 

MHC = major histocompatibility complex 

mNY = modified New York 

MRI = magnetic resonance imaging 

MRI-SIJ = magnetic resonance imaging of the sacroiliac joints 
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mSASSS = modified Stoke ankylosing spondylitis spine score 

n = number 

NSBP = nonspecific back pain 

nr-axSpA = non-radiographic axial spondyloarthritis 

NSAID = non-steroidal anti-inflammatory drug 

OMERACT = outcome measures in rheumatology 

PASI = psoriasis area severity index 

PD = power Doppler 

PDUS = power Doppler ultrasonography 

PGA = patient global assessment 

PRO = patient-reported outcome 

PsA = psoriatic arthritis 

pSpA = peripheral spondyloarthritis 

pSpARC = peripheral spondyloarthritis response criteria  

r-axSpA = radiographic axSpA 

RA = rheumatoid arthritis 

RCT = randomized controlled trial 

ReA = reactive arthritis 

RF = rheumatoid factor 

ROR = receptor-related orphan receptor 

S-HYNIC = succinimidyl-6-hydrazino-nicotinamide 

S/TJC = swollen and tender joint count 

SASSS = Stoke ankylosing spondylitis spine score 

SD = standard deviation 

SDC = smallest detectable change 

SIJ = sacroiliac joint 

SJC = swollen joint count 

SpA = spondyloarthritis 

SPARCC = spondyloarthritis research consortium of Canada  

SPECT = single photon emission tomography 

ST = slice thickness 

STI = soft tissue inflammation 

STIR = short tau inversion recovery 

TE = echo time 

TEC = tender enthesis count 

Th17 = T-helper cells 17 

TIRM = turbo inversion recovery magnitude 

TJC = tender joint count 

TNF = tumor necrosis factor-α 

TNFi = tumor necrosis factor-α inhibition 

TR = repetition time 

tse = turbo spin echo 

US = ultrasonography 

UPR = unfolded protein response 

VAS = visual analogue scale 

WB-MRI = whole-body magnetic resonance imaging 
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1.1 A general introduction to spondyloarthritis 

 

 

1.1.1 The spondyloarthritis concept 

 
Spondyloarthritis (SpA) is a heterogeneous disease concept, characterized by autoimmune 

inflammation of joints and/or entheses, and associated with the occurrence of characteristic extra-

articular manifestations, such as inflammatory bowel disease (IBD), psoriasis, and acute anterior 

uveitis[1]. All diseases under this umbrella term are closely linked regarding clinical manifestations, 

genetic background (e.g. the association with the HLA-B27 antigen) and/or pathophysiology (e.g. the 

importance of tumor necrosis factor-α (TNF) and the interleukin (IL)-23/17 pathway). The historical 

SpA concept includes the subentities ankylosing spondylitis (AS), which is regarded as the prototype 

disease of the SpA concept, psoriatic arthritis (PsA), reactive arthritis (ReA), IBD-associated arthritis, 

and undifferentiated SpA (Figure 1)[2-4]. Furthermore, SpA can be classified as either peripheral (i.e. 

pSpA) or axial (i.e. axSpA), depending on the pattern of joint involvement[5-7]. In axSpA the sacroiliac 

joints (sacroiliitis) and/or spine (spondylitis) are involved, while the main disease manifestation of pSpA 

consists of arthritis, enthesitis and/or dactylitis of the extremities. AS, the ultimate stage of axSpA, is 

characterized by new bone formation following the inflammatory phase which may lead to subsequent 

ankylosis of the sacroiliac joints and the formation of spinal syndesmophytes resulting in a “bamboo 

spine”, which dreadfully limits the patient’s mobility. Interestingly, Ramses II “The Great” was one of 

the first AS patients. The pharaoh was always portrayed in a stiff posture and his ossificated cervical 

spine was intentionally fractured after his death to straighten the neck before mummification[8]. 

Fortunately, since the availability of biologicals, such as TNF inhibitors, the evolution to AS can be 

slowed down drastically or even stopped. Whereas sacroiliitis is the main disease manifestation of 

axSpA, pSpA typically regards an asymmetric oligoarthritis (i.e. ≤4 joints affected) of the greater joints 

of the lower limbs. The prevalence of SpA ranges from 0.1 to 1.4%, largely depending on the local 

prevalence of HLA-B27[9]. Historically, AS was regarded as a disease mainly affecting males. Whereas 

in the 1940s the male-female prevalence ratio was thought to be 10:1, this was later adjusted to 3:1[3, 

10-18]. However, currently there seems to be a more equal sex distribution for SpA[19, 20]. 

Presumably, the believed sex imbalance of the past is attributed to higher rates of radiographic 

progression in males, while at least the prevalence of non-radiographic axSpA seems identic in males 

and females[21]. 

Enthesitis is a hallmark of SpA. The enthesis is the insertion site of a tendon or ligament to the surface 

of the bone. Therefore, the “entheseal organ” encompasses both soft tissue and bony structures. 

Enthesitis plays a primordial role in the pathophysiology of SpA and sometimes is the primary disease 

manifestation[22-25]. As the enthesis is situated adjacent to the synovium and constitutes the synovio-

entheseal complex, it is hypothesized that synovitis in SpA is an epiphenomenon of enthesitis, meaning 

that synovial inflammation is caused by the release of pro-inflammatory cytokines and growth factors 

by the enthesis[25].  
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Figure 1: The spondyloarthritis concept (adapted from ASAS slide library). 

 

 

1.1.2 Pathogenesis and pathophysiology          
 

Until recently, the pathophysiology of SpA has been inadequately understood. However, recent 

advances in basic, translational, and clinical research have revealed a vast part of the puzzle (Figure 2). 

Nonetheless, many questions remain. It is generally believed that SpA originates through a two-hit 

phenomenon, in which environmental factors trigger disease in genetically susceptible individuals. 

However, the reality appears far more complex. 

 

 

 

Figure 2: Combined advances in basic, translational and clinical research have led to new insights in 

the pathophysiology of spondyloarthritis (adapted from Lories RJ, Best Pract Res Clin Rheumatol 

2018[26]; images from Server Medical Art licensed under a Creative Commons Attribution 3.0 

Unported License).  
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1.1.2.1 Genetic predisposition 

 

The single most important genetic risk factor for the development of SpA is the presence of HLA-B27, 

a major histocompatibility complex (MHC) class I surface antigen. Nonetheless, genome-wide 

association studies have discovered several other genes associated with AS[27]. Twenty to 44% of the 

genetic attributability can be explained by MHC variants, such as HLA-B27, and 7 to 38% by non-MHC 

variants. HLA-B27 itself accounts for approximately 30% of the genetic attributability of SpA[28-30]. 

Endoplasmic reticulum aminopeptidase (ERAP), involved in preparing peptides for presentation to 

immune effector cells, is another gene locus that seems of interest in AS. Interestingly, ERAP1 is only 

associated with AS in HLA-B27 positive patients, whereas ERAP2 is also associated in HLA-B27 negative 

patients[31, 32]. Considering their strong association, the prevalence of SpA is heavily depending on 

the local prevalence of the HLA-B27 antigen (Figure 3). The highest prevalence of HLA-B27 positivity is 

found in the Pawaia tribe in Papua New Guinea (53%) and in the Haida indigenous Americans (50%), 

inhabiting an archipelago located off the West coast of Canada[33-35]. In contrast, Japan has the 

lowest prevalence (1%)[36]. Consequently, the prevalence of SpA is highest in the Haia indians (6 to 

10%) and lowest in the Japanese population (0.0065%). Three typical features of the HLA-B27 antigen 

may play a role in the pathophysiology of SpA[37]. HLA-B27 tends to misfold in the endoplasmic 

reticulum (ER), forming aberrant heavy chain homodimers and subsequently disturbing the ER function 

resulting in ER stress, which in turn activates the unfolded protein response (UPR). HLA-B27 misfolding 

may alter cell responses on innate immune stimuli and subsequently cytokine production, and may 

cause altered responses on released cytokines. Peptide binding specificity and a predilection for 

forming heavy chain homodimers during cell surface recycling are possibly also involved in the onset 

of SpA.  

 

 

 

  

 

1.1.2.2 Biomechanical stress as a disease trigger 

 

It is often hypothesized that biomechanical stress plays a role in the pathophysiology of SpA[38-40]. 

Biomechanical factors acting directly upon the entheseal site and the innate immune response, e.g. to 

bacterial products, may act synergistically leading to the onset of SpA[38]. Possibly, biomechanical 

factors play a role in the distinct disease phenotype between adults on the one hand and 

children/adolescents on the other hand[39]. Differences in body composition between children and 

Figure 3: Percentage of HLA-B27 antigen prevalence throughout the 

world (adapted from ASAS slide library). 
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adults may lead to distinctions in biomechanical stress loading on the body and, subsequently, to a 

higher prevalence of lower limb arthritis in childhood and more axial involvement in adults. Jacques et 

al. supported the biomechanical stress hypothesis by showing that hind limb unloading in TNFDare mice 

leads to significantly less entheseal inflammation compared to weight bearing controls[41]. A 

retrospective analysis showed 44% of AS patients recalling an injury or physical trauma as a disease 

trigger and 28% being convinced that physical exercise leads to a flare of disease activity[42]. A 

retrospective study in around 400 AS patients showed that jobs requiring dynamic and extent flexibility 

of the spine, and exposure to whole-body vibration are detrimental for functional outcomes and 

radiographic progression of spinal disease[43]. Furthermore, Ramiro et al. showed that in blue collar 

workers, i.e. individuals with physical demanding jobs, the effect of inflammation on new bone 

formation in AS is amplified[44]. These data imply an important role of biomechanical stress in the 

onset and possibly also the progression of SpA. 

 

1.1.2.3 The immune response pathways involved in SpA pathophysiology  

 

Two immune response pathways appear to be of interest in the pathophysiology of SpA, namely the 

TNF axis and the IL-23/17 axis[45]. As described in section 1.1.2.1, HLA-B27 has the tendency to 

misfold, induce ER stress and activate UPR genes, which subsequently results in the release of 

cytokines such as TNF, IL-23, IL-17 and interferon-g (Figure 4)[46, 47]. IL-23 in turn stimulates Th17 

cells to release IL-17. Furthermore, IL-17 is also released by innate immune cells, such as mast cells and 

granulocytes[45, 48]. Interestingly, IL-17 and IL-23 have a differential response on bone homeostasis. 

IL-17 activates osteoclasts, whereas IL-23 induces osteoproliferation through the release of IL-22. In 

contrast to anti-IL17 therapy, IL-23 inhibition has failed to show a good therapeutic effect in axSpA 

patients, possibly indicating an uncoupling of IL-17 and IL-23 in the pathogenesis of SpA[49]. In 

contrast, IL-17 inhibition has failed to demonstrate efficacy in IBD patients, which underscores the 

divergent role of IL-17 and IL-23 in epithelial barrier integrity[50]. IL-22 is an IL-23 signature cytokine 

and is expressed at barrier surfaces (e.g. the gut epithelium), where it has a crucial role in maintaining 

the normal barrier homeostasis[50, 51]. The expression of IL-22 is dysregulated in several diseases, 

such as SpA and IBD[51]. There is evidence that IL-23 plays a pivotal role in the pathophysiology of 

enthesitis. Sherlock and colleagues demonstrated in a mouse model that IL-23 acts on IL-23 receptor 

positive retinoid acid receptor-related orphan receptor (ROR)gt positive entheseal resident T-

cells[52]. Upon systemic overexpression of IL-23, these unconventional T-cells enhance the release of 

inflammatory cytokines IL-6, IL-17, IL-22, and CXCL1. Therefore, it is suggested that innate-like T-cells 

take part in the pathophysiology of SpA. Because of their ambiguity, they can be skewed from their 

immunoprotective function towards a pro-inflammatory role, characterized by IL-17 production. 

Despite the evidence of an important role of IL-23 in the pathophysiology of SpA-related enthesitis, 

the effect of IL-23 inhibition in its treatment remains unclear and needs to be explored. RORgt is the 

key transcription factor organizing the differentiation of Th17 cells, a lineage of effector cells with an 

important role in different autoimmune diseases[53]. Considering its function as a key orchestrator of 

immune homeostasis, RORgt might serve as a potential therapeutic target in autoimmune disease[50, 

53]. In contrast to rheumatoid arthritis (RA), SpA is associated with the development of post-

inflammatory new bone formation, a highly complex process that is still inadequately understood. This 

issue will be addressed in section 1.1.8.1.  
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Figure 4: HLA-B27 misfolding and the IL-23/17 axis (adapted from ASAS  

slide library/Layh-Schmitt G, Colbert RA. Curr Opin Rheumatol 2008[54]). 

                                 

 

1.1.2.4 The microbiome and increased gut permeability 

 

The microbiota are the communities of commensal, non-pathological microorganisms in the body. The 

microbiome is the combined genetic material of the microbiota. Mounting evidence suggests 

alterations in gut microbiota play a role in the susceptibility of SpA (Figure 5)[55-60]. SpA and IBD are 

both associated with a loss of epithelial barrier integrity of the intestinal mucosa resulting in increased 

intestinal permeability, the so-called “leaky gut”[61-64]. Subsequently, microbial products can 

translocate from the gut in the lamina propria and bloodstream, and may prime an inflammatory 

immune reaction affecting the joints (Figure 6). In concordance with findings in IBD patients, several 

studies report the presence of intestinal dysbiosis, the disturbance or imbalance of the microbiome, in 

SpA patients, mainly reflected by a decrease in microbial diversity[56, 58, 59, 65]. Furthermore, 

animals raised in germ-free facilities fail to develop effective lymphoid organs and have an altered 

adaptive immunity, stressing the importance of the microbiome in the development of the immune 

system[66]. Tito and colleagues found a strong association between the inflammation status in the gut 

and the mucosal microbiota profile of SpA patients[57]. Intriguingly, abundance of Dialister was 

associated with disease activity, reflected by higher Ankylosing Spondylitis Disease Activity Scores 

(ASDAS). In addition, Costello et al. compared microbial profiles of terminal ileum biopsy specimens 

between newly-diagnosed AS patients and healthy subjects[67]. The intestinal microbial composition 

of AS patients differed significantly from that of healthy subjects and correlated with disease status. 

The chicken-or-the-egg theory applies to this matter. Effectively, it is not established whether dysbiosis 

is a consequence of the inflammatory process in these patients, or dysbiosis precedes and even causes 

inflammation. Nonetheless, dysbiosis is found in HLA-B27 positive healthy individuals, suggesting a 

facilitating effect in the onset of SpA[68]. Furthermore, HLA-B27 transgenic rats exposed to specific 

intestinal bacteria develop SpA, whereas those raised in germ-free conditions are protected[69]. In 

addition, Asquith et al. demonstrated perturbed mucosal immunity and dysbiosis preceding joint 

symptoms[70]. Presumably, inflammation may also cause a further disturbance of the microbiome, 

resulting in a vicious cycle[63]. Stoll et al. hypothesized that gut inflammation, caused by dysfunctional 

interactions between local immune cells and the gut microbiome, and enthesitis, caused by 

biomechanical stress-induced microtrauma, provide an auto-inflammatory stimulus engaging the 

adaptive immune system to trigger arthritis[71]. Possibly, a combination of genetic factors, dysbiosis, 

gut inflammation and/or environmental triggers (e.g. biomechanical stress) lead to the onset of SpA. 

The specific ingredients for this highly flammable cocktail may not be the same for every patient. 
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Furthermore, certain factors can trigger or reinforce other elements. In particular, the gut is regarded 

as a key player in SpA on the junction between environmental factors and immunological 

processes[72]. 

 

 

Figure 5: Relationship between gut microbiota and immune function (adapted from  

ASAS slide library/Van de Wiele T et al. Nat Rev Rheumatol 2016[73]). 

 

 

 

Figure 6: The role of gut inflammation in the onset of joint inflammation in ankylosing spondylitis 

(adapted from ASAS slide library/Brown MA et al Nat Rev Rheumatol 2016[74]). 
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1.1.3 Clinical manifestations 

 

1.1.3.1 Axial spondyloarthritis 

     

AxSpA is characterized by the occurrence of sacroiliitis and/or spondylitis, which typically manifests as 

an inflammatory back pain (IBP). IBP is defined by back pain with an insidious onset at an age <40 years, 

improving with exercise and not with rest, and pain at night[75]. In addition, IBP patients often 

experience a morning stiffness of over 30 minutes. Regularly, these patients need to get out of bed in 

the early morning and walk around to relieve the pain. Usually there is a good treatment response on 

non-steroidal anti-inflammatory drugs (NSAIDs). In axSpA, the sacroiliac joints are commonly involved 

before spinal inflammation occurs. AxSpA can be classified as either non-radiographic (nr-)axSpA or 

radiographic (r-)axSpA/AS. In an early disease stage, radiographs of the sacroiliac joints show minor to 

no abnormalities, while later on evident structural damage of the joints may be seen[76]. The 

inflammation phase in AS is followed by new bone formation. Subsequently, ankylosis of sacroiliac 

joints and/or spine, resulting in a “bamboo spine”, occurs. These patients experience limited axial 

mobility, resulting in a decrease of their Bath AS Metrology Index (BASMI)[77]. AxSpA patients may 

experience characteristic extra-articular manifestations (described in section 1.1.1 and in the following 

sections) during their disease course. Depending on the geographic area, the prevalence of axSpA is 

estimated between 0.2% and 1.6%[78-80]. The prevalence in Western-Europe is estimated around 

0.4%. The global prevalence of AS is estimated between 0.02% and 0.35%[81]. 

 

1.1.3.2 Psoriatic arthritis   

                          

PsA, historically defined as an inflammatory arthritis associated with psoriasis (an autoimmune 

inflammatory disease characterized by scaling plaques of erythematous skin) and usually negative for 

rheumatoid factor (RF), poses a real diagnostic challenge[82, 83]. Robert Willan was the first physician 

to describe psoriasis as a distinct entity in his 1808 book On cutaneous diseases (Figure 7). However, 

psoriatic skin lesions were even seen in unearthed Egyptian mummies. Up to today, there is ongoing 

debate on the real definition of PsA and what this disease encompasses[84]. In fact, there is still debate 

whether PsA is part of the SpA cluster or is a separate disease entity with overlapping features. 

Remarkably, not all PsA patients have psoriasis, complicating the diagnosis. In most patients, skin 

involvement precedes joint disease. Ninety-three percent of the PsA patients have psoriasis either 

before their PsA diagnosis or within the same calendar year. In only 7% psoriasis occurs later in the 

disease course[85]; or it may even never occur, albeit the clue for diagnosis is found in a first-degree 

relative with psoriasis. PsA has a prevalence of 1 to 2 per 1000 individuals with an incidence of around 

80 per 100000 per year[86-89]. The pattern of joint involvement in PsA concerns a symmetrical 

polyarthritis (i.e. 5 or more joints) of the small joints, resembling RA, albeit with distal interphalangeal 

joint involvement, or an asymmetric oligoarthritis of the greater joints. In addition, axial involvement 

may also occur. A classic manifestation of PsA is dactylitis or the so-called “sausage finger/toe”, an 

inflammation of the soft tissues and different joints of a particular finger or toe, giving it a sausage-like 

appearance due to the severe swelling. Enthesitis and tenosynovitis are other common manifestations 

of PsA.  
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1.1.3.3 Reactive arthritis 

 

ReA is an arthritis developing in the first 4 to 6 weeks after a urogenital or gastrointestinal infection. 

Hippocrates once stated that “a youth does not get gout before sexual intercourse”, which presumably 

was the first reference to ReA following a Chlamydia infection[90]. In contrast to septic arthritis, 

pathogens cannot be cultured from the synovial fluid. Typical preceding infections are Campylobacter, 

Yersinia, Chlamydia trachomatis, Shigella, and Salmonella[91]. Reiter’s syndrome, a ReA subentity, is 

defined as the classic triad of conjunctivitis, urethritis, and arthritis[92]. The typical pattern of joint 

involvement in ReA resembles that of classic pSpA. 

 

1.1.3.4 Inflammatory bowel disease-associated arthritis 

 

IBD is an autoimmune inflammatory condition of the gastrointestinal tract. Two main subgroups can 

be identified: Crohn’s disease and ulcerative colitis. Up to 30% of the IBD patients will develop SpA 

during their disease course. The pattern of joint involvement can be axial or peripheral, asymmetric 

oligoarticular or symmetric polyarticular. Overt IBD is present in 5 to 10% of SpA patients, whereas up 

to 50% of the SpA patients have microscopic gut inflammation, often subclinical[93-95]. The gut-joint 

axis is interesting, but highly complex. Younger age, male sex, higher disease activity and progressive 

disease are independently associated with the occurrence of microscopic gut inflammation in SpA 

patients[96]. Interestingly, nr-axSpA patients with gut inflammation have higher progression rates to 

AS, indicating a higher global inflammatory burden in those patients[97]. Mucosal gut inflammation 

can be acute, characterized by mainly a neutrophilic infiltrate, or chronic, characterized by a mixed 

infiltrate and structural remodeling of the gut mucosa[98]. Thirteen percent of the SpA patients with 

chronic gut lesions develop clinically overt IBD over a period of 5 years. Hence subclinical chronic gut 

inflammation is considered as a pre-stage of IBD[97, 99]. Gut inflammation in SpA can affect both the 

ileum and the colon, with the terminal ileum and ileocaecal valve as predilection sites.  

Fecal calprotectin has been used as a marker for IBD activity for more than 20 years. Nonetheless, 

calprotectin lacks specificity as levels are also increased in case of NSAIDs use and in other 

Figure 7: Psoriasis gyrata, in “On cutaneous 

diseases” by Robert Willan (1808). 



13 
 

inflammatory gut conditions (e.g. infections). Cypers et al. identified C-reactive protein (CRP) and 

serum calprotectin as potential serum biomarkers for microscopic gut inflammation in SpA[100]. 

Serum calprotectin was mainly associated with acute gut inflammation. This association was 

independent of CRP, which was especially linked to the chronic type of microscopic gut inflammation. 

The cut-off value providing the optimal combination of sensitivity and specificity of serum calprotectin 

was 3340 ng/ml. Fecal calprotectin was associated with both types of microscopic gut inflammation, 

although values were higher in the chronic type. A cut-off value of 85 µg/g was identified as providing 

the highest sensitivity and specificity. A prediction model was developed using CRP and serum 

calprotectin, and fecal calprotectin in second-line. In case of a low CRP and serum calprotectin 

concentration, the risk of microscopic gut inflammation is negligible. In the context of a high CRP and 

serum calprotectin level, there is a high risk of gut involvement. In case of an elevation of either CRP 

or serum calprotectin, fecal calprotectin should be determined. In these circumstances, a fecal 

calprotectin exceeding the cut-off value of 85 µg/g implies a high risk of gut inflammation. 

 

 

1.1.3.5 Acute anterior uveitis 

 

Acute anterior uveitis is an abrupt attack of autoimmune inflammation of the uvea of the eye (Figure 

8). It is associated with the presence of the HLA-B27 antigen and occurs in 25 to 30% of the SpA patients 

[101]. It is usually unilateral and manifests as a painful, red eye, causing blurry vision and photophobia. 

Acute anterior uveitis responds very well on topical therapy with corticosteroids. Nonetheless, 

relapses are frequent.  

 

 

 

  

 

 

 

1.1.3.6 Undifferentiated spondyloarthritis 

 

The concept of undifferentiated SpA was applied to flag certain conditions with symptoms suggestive 

of SpA, albeit when a definite diagnosis could not be made. In the past, SpA was mainly diagnosed in 

later disease stages, e.g. when there was already overt structural damage visible on conventional 

radiography. At the time, the term undifferentiated SpA was frequently used to describe the assumed 

Figure 8: Acute anterior uveitis (adapted from 

ASAS slide library). 
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earlier disease stages. Nowadays, we have a better grasp on those earlier stages of the SpA concept, 

e.g. nr-axSpA; in this regard, the term undifferentiated SpA is nowadays infrequently used.  

 

1.1.3.7 Juvenile spondyloarthritis 

 

Generally, SpA has an insidious onset in the third or fourth decade of life, albeit 10 to 20% of patients 

experience symptoms before the age of 16 years, i.e. juvenile spondyloarthritis (jSpA)[102]. Despite 

being underdiagnosed, jSpA accounts for up to 15 to 20% of the childhood arthritis. In concordance 

with the traditional idea of the SpA concept, jSpA is considered as a group of HLA-B27-related diseases, 

typically characterized by synovitis and/or enthesitis of the lower limbs in the early years, and axial 

involvement in later years. jSpA is a subset of JIA; however, the International League of Associations 

for Rheumatology (ILAR) classification criteria for JIA fail to adequately encompass jSpA, as it is 

contained in the enthesitis-related arthritis (ERA), juvenile PsA and undifferentiated arthritis 

categories[103]. jSpA has a different clinical presentation than adult SpA with less axial involvement 

and more peripheral disease. Nonetheless, both diseases can be considered as a disease continuum, 

as some jSpA patients evolve to the classic axSpA phenotype as an adult. 

 

1.1.4 Diagnosis    

                                    
The diagnosis of SpA relies heavily on pattern recognition. There is no single diagnostic test that can 

confirm or exclude SpA with certainty. Therefore, diagnosis is often challenging. Nonetheless, early 

diagnosis is essential, considering the evidence for a “window of opportunity”, a timeframe in which 

SpA is more vulnerable for treatment, leading to a better outcome and prognosis[104, 105]. The 

patient’s clinical manifestations are the starting point of the clinician’s diagnostic work-up. Chronic IBP 

is regarded as a specific sign of axSpA. However, a recent retrospective study showed only 30% of IBP 

patients progressing to SpA after 15 years[106]. Asymmetrical oligoarthritis of the lower limbs should 

always raise suspicion of pSpA, particularly in the presence of HLA-B27 positivity or a first-degree 

relative with an HLA-B27-associated disease. The presence of SpA-associated extra-articular 

manifestations can also point the clinician in the right direction.  

Laboratory tests can guide the additional diagnostic work-up. Nonetheless, the hunt for the “holy 

grail”, a highly specific biomarker for SpA, is ongoing. Inflammatory parameters, such as erythrocyte 

sedimentation rate (ESR), and CRP, may be mildly elevated in axSpA and moderately elevated in pSpA. 

However, often they are normal. RF and anti-cyclic citrullinated peptide (ACPA) are typically negative 

in SpA and can help in differentiating a symmetric polyarticular pSpA from RA. The most important lab 

finding in SpA is the presence of the HLA-B27 antigen. Although HLA-B27 positivity occurs in 7 to 8% of 

the Western European population, it is present in up to 95% of AS patients. The prevalence of HLA-B27 

positivity in pSpA patients is lower compared to axSpA.  

The goal of imaging in the diagnosis of SpA is to detect inflammatory or post-inflammatory lesions. 

Conventional radiography (X-ray) of the sacroiliac joints is still a widely used technique in SpA 

diagnosis. Considering radiography fails to depict acute inflammation, it is mainly used to visualize 

structural lesions of the sacroiliac joints, indicative of AS. To detect acute inflammation in the context 

of sacroiliitis, magnetic resonance imaging (MRI) is currently the gold standard. Regarding pSpA, 

ultrasonography (US) and MRI are primordially used to assess the presence of site-specific 

inflammation of peripheral joints and entheses in case of clinical suspicion. In section 1.2 we delve 

deeper into the role of imaging in SpA.  



15 
 

For general practitioners, an effective strategy is to determine the presence of HLA-B27 in IBP patients 

and, if positive, refer to a rheumatologist for additional investigations[107]. Rudwaleit et al. published 

an algorithm for early axSpA diagnosis, based on the assignment of disease probabilities to specific 

signs and symptoms (Figure 9)[107, 108]. A disease probability of 90% or more is reached when an IBP 

patient has 3 or 4 other SpA features, such as acute anterior uveitis, HLA-B27 positivity and sacroiliitis 

on MRI. 

 

 
 

Figure 9: Diagnostic pyramid for axial spondyloarthritis (adapted from ASAS  

slide library/Rudwaleit et al. Arthritis Rheum 2004(107)). (LR = likelihood ratio) 

 

 

1.1.5 Classification criteria 

 
Classification criteria are developed to create homogenous populations of patients for research 

purposes. Essentially, diagnosis is made before applying the classification criteria. However, in clinical 

practice classification criteria are often wrongfully applied for diagnostic purposes. In 1990, the Amor 

classification criteria were developed, a point-based system where a patient is classified in case of a 

score of ≥6[109]. The presence of pain at night or morning stiffness, non-alternating buttock pain, 

urethritis/cervicitis within one month before arthritis onset, and diarrhea within one month before 

arthritis onset are all granted one point. The presence of asymmetric oligoarthritis, alternating buttock 

pain, dactylitis, heel enthesitis, uveitis, psoriasis/balanitis/IBD, HLA-B27 positivity or a positive family 

history of a disease within the SpA concept, and a good response to NSAID treatment are all awarded 

two points. Finally, the presence of sacroiliitis on radiography provides three points. Dougados et al. 

composed the European Spondyloarthropathy Study Group classification criteria in 1991[2]. To be 

classified, SpA patients should have IBP or synovitis (asymmetric or in the lower limbs), and one or 

more of the following: heel enthesitis, positive family history of SpA, psoriasis, IBD, urethritis/cervicitis 

or acute diarrhea within one month before synovitis onset, alternating buttock pain, and sacroiliitis. 

Today, the best known and most used classification criteria are the Assessment of Spondyloarthritis 

International Society (ASAS) classification criteria for axSpA and pSpA (Figure 10)[5, 6]. The entry 

criterion for axSpA is a chronic back pain for at least 3 months in patients with an age of onset less 

than 45 years. Subsequently, the criteria are divided in an imaging arm and a clinical arm. The main 

criterion for pSpA is the presence of arthritis, enthesitis, and/or dactylitis. The Classification Criteria 

for Psoriatic Arthritis (CASPAR) were specifically developed to be used in PsA patients[110]. To fulfill 
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the criteria an established inflammatory articular disease (joint, spine, enthesis) and ≥3 points of the 

following should be present: current psoriasis (2 points), history of psoriasis (but no current psoriasis; 

1 point), family history of psoriasis (but not in the patient; 1 point), psoriatic nail dystrophy (1 point), 

dactylitis (1 point), juxta-articular new bone formation (1 point), and a negative test for RF (1 point). 

The CASPAR criteria are highly specific and subsequently appropriate to be used in PsA clinical trials.   

 

 

Figure 10: ASAS classification criteria for axial and peripheral spondyloarthritis 

(adapted from ASAS slide library/Rudwaleit M et al Ann Rheum Dis 2011[6]). 

 

 

1.1.6 Outcome measures                    

 
Outcome measures are used in clinical practice and research settings to assess the effect of a particular 

treatment or intervention. Outcome measures can be patient-reported (PRO), physician-reported, or 

objectively measured, e.g. in the laboratory. The summary below is by no means exhaustive, albeit list 

the best known and most frequently used outcome measures in the spondyloarthropathies.  

 

1.1.6.1 Peripheral arthritis 

 

The 66/68 or 76/78 swollen and tender joint count (S/TJC) is the main outcome measure to evaluate 

peripheral arthritis after treatment. Reduced joint counts are available, e.g. the 28 joint count; 

however, they are not feasible to apply in pSpA patients, considering significant numbers of patients 

with active disease can be missed[111]. 
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1.1.6.2 Enthesitis 

 

The assessment of enthesitis is challenging. To date, the clinical diagnosis is based on eliciting pain on 

pressure, ideally by using a standardized palpation approach, applying ±4 kg/m², enough to blanche 

the tip of the investigator’s fingernail[112]. The existing clinical scoring systems lack reliability, validity, 

sensitivity and specificity[112, 113]. Subsequently, the inter- and intra-reader variability is high. The 

Mander Enthesis Index (MEI) was the first scoring system assessing entheseal tenderness[114]. 

According to the MEI, entheses are scored semi-quantitatively from 0 (= no pain) to 3 (= wince or 

withdraw enthesis). The MEI correlated with pain and stiffness. Nonetheless, there is considerable 

inter-observer variability in the measurements of entheseal tenderness. Furthermore, the MEI is not 

feasible in daily clinical practice, considering the high number of entheses (66 sites) to be evaluated. 

The Leeds Enthesitis Index (LEI) was specifically developed to be used in PsA patients and is also scored 

semi-quantitatively from 0 (= no pain) to 3 (= wince and withdraw)[115]. Only the lateral epicondyle 

of the elbow, the medial condyle of the femur and the Achilles tendon enthesis are assessed. The LEI 

correlates strongly with other disease activity parameters, such as physician global visual analogue 

scale (VAS), patient global VAS and the Disease Activity Score 28. Currently, the Maastricht Ankylosing 

Spondylitis Enthesitis Score (MASES) is the most frequently used enthesitis scoring system in clinical 

trials[116]. This clinical scoring system was developed as a more feasible alternative for the extensive 

MEI, as only 13 entheseal sites are evaluated for entheseal tenderness (0 = no, 1 = yes). The MASES 

demonstrated a strong correlation with the MEI (Spearman correlation coefficient 0.90).  Nonetheless, 

it was specifically developed to be used in an AS population and therefore mainly involves axial 

entheseal sites. Consequently, this index may not be suitable to be used in pSpA patients[117].  

 

1.1.6.3 Axial mobility 

 

The BASMI was developed in 1994 to assess the spinal mobility of AS patients and to evaluate clinical 

response upon treatment[77]. This composite index consists of 5 clinical measurements: tragus to wall 

distance, cervical rotation, modified Schöber’s index, lateral flexion and intermalleolar distance. The 

authors found an acceptable reproducibility and reliability with a good intra-observer and inter-

observer variability. Considering its validity and feasability, it is widely used in rheumatology settings 

all over the world, both in research as in clinical practice. The measurement of chest expansion is often 

added to the BASMI to assess thoracic mobility individually.  

 

1.1.6.4 Patient-reported outcomes 

 

The Bath AS Disease Activity Index (BASDAI) was first published in 1994 as a tool to measure disease 

activity in AS patients[118, 119]. The BASDAI concerns a 6-item questionnaire, consisting of a numeric 

response scale (0-10), regarding symptoms of back pain, fatigue, peripheral joint pain and swelling, 

localized tenderness, and morning stiffness (severity + duration). The Bath AS Functional Index (BASFI) 

concerns a 10-item questionnaire (scored 0-10) on the patient’s functional mobility and ability to cope 

in daily life[119, 120]. In contrast to the BASDAI, the BASFI measures the physical function of AS 

patients. By means of the patient global assessment (PGA), patients express their subjective disease 

activity on a VAS (0-10). The PGA is included in several composite disease activity scores, such as the 

ASDAS.  
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1.1.6.5 Composite scores 

 

The ASDAS, composed of both patient-reported items and objective laboratory results, is developed 

to assess disease activity in AS patients[121]. This scoring system implements 3 questions from the 

BASDAI (back pain, peripheral pain/swelling, duration of morning stiffness), PGA, and CRP or ESR as 

inflammatory serum marker. A score less than 1.3 indicates inactive disease, 1.3 to 2.0 signifies low 

disease activity, 2.1 to 3.4 high disease activity, and a score of 3.5 or greater indicates very high disease 

activity (Figure 11). The ASDAS is frequently used in clinical trials to assess disease activity and to 

evaluate treatment response.  

 

 

Figure 11: ASDAS scores reflecting disease activity (adapted from ASAS slide library/Machado P et al. 

Ann Rheum Dis 2011[122]/Machado P et al. Ann Rheum Dis 2018[123]). 

 

 

The pSpA Response Criteria (pSpARC) were specifically designed to be used in non-psoriatic pSpA 

patients to assess treatment response in clinical trials[117]. The most frequently used end point is the 

pSpARC40, but other cut-offs are tested with similar effect sizes (pSpARC20, pSpARC50, pSpARC70). A 

pSpARC40 response is reached when a patient has ≥40% improvement (≥20-mm absolute 

improvement) from baseline in VAS PGA of disease activity and PGA of pain, and ≥40% improvement 

from baseline in at least one of the following: 76/78 S/TJC, enthesitis count, or dactylitis count. 

 

1.1.6.6 Skin involvement 

 

The Psoriasis Area Severity Index (PASI) was developed in 1978 to assess the clinical efficacy of psoriasis 

treatment[124]. This scoring system is based on the severity of the psoriatic lesions (erythema, 

induration, desquamation; all scored 0-4) and the percentage affected area (0-100%). Scored 

anatomical sites involve head, arms, trunk, and legs.  
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Spondyloarthritis subset Outcome measures 

Peripheral arthritis Tender and swollen joint count 

Enthesitis Mander enthesis index 
Leeds enthesitis index 
Maastricht spondylitis enthesitis score 

Axial mobility Bath ankylosing spondylitis metrology index 

Patient-reported outcomes Bath ankylosing spondylitis disease activity index 
Bath ankylosing spondylitis functional index 
Patient global assessment 

Composite scores Ankylosing spondylitis disease activity index 
Peripheral spondyloarthritis response criteria 

Skin involvement Psoriasis area severity index 

 

 

1.1.7 Treatment 

                                            
Some overarching principles exist in the treatment of SpA[125]. Considering the frequent occurrence 

of extra-articular manifestations, a multidisciplinary approach is warranted. Therefore, close 

collaboration with other care providers, including ophthalmologists, gastroenterologists, 

dermatologists, and physiotherapists is recommended. The ultimate treatment objective is to obtain 

the best possible long-term health-related quality of life. This can be achieved by suppressing 

inflammation, prevention of  the occurrence or progression of structural damage, and preservation of 

function and social participation. The optimal management of SpA consists of the combination of 

pharmacological and non-pharmacological strategies; although important, the latter being often 

neglected. In the past, the therapeutic relationship between healthcare professional and patient was 

paternalistically orientated, characterized by a lack of patient participation in planning the treatment 

approach. Today, shared decision-making has found its way into daily clinical practice. This is 

important, considering therapy compliance is better when patients are involved in the decision-

making. Furthermore, healthcare professionals should always take into account the medical costs for 

the individual patient and for the society in general.  

In general, a step-up schedule is proposed in the treatment of SpA. Currently, “hit hard, hit early” 

strategies are not yet common clinical practice. In concordance with other chronic diseases such as 

diabetes mellitus type 2, treat-to-target strategies are increasingly applied[126]. In treat-to-target 

management, a specific, realistic end point that should lead to an optimal disease outcome is defined 

before start of the treatment. In case of failure to reach this end point, treatment should be adjusted 

accordingly. In section 1.1.4 the issue of the “window of opportunity” was already addressed. Carron 

and colleagues showed evidence for the benefit of a “hit hard, hit early” strategy in early pSpA[104, 

105]. The authors described a high rate of drug-free remission when treated early with TNF inhibition, 

in casu golimumab (see section 1.1.8.2). These results show great promise, as a temporary treatment 

of a chronic condition holds less risk of side-effects and less socio-economic costs. Further research is 

necessary to explore this strategy in early axSpA patients. 

Table 1: Most frequently used outcome measures in spondyloarthritis research.  
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1.1.7.1 Physical exercise, occupational therapy and physiotherapy 

 

Physiotherapy is an important element of both the 2015 American College of Rheumatology (ACR) and 

2018 European League Against Rheumatism (EULAR) treatment recommendations[127-129]. Both 

guidelines underscore the level of evidence and the low likelihood of harm. Physical activity 

encompasses evident positive effects on general cardiovascular fitness and muscle strength. 

Importantly, interventions should always be performed or supervised by competent healthcare 

professionals. A recent systematic review of aerobic exercise in axSpA showed a positive effect on 

BASDAI. Generally, the exercises were well-tolerated: only 2% of the patients stopped the program 

due to a flare of axSpA disease activity. Exercise therapy by means of cardiorespiratory and muscle 

strength exercises, spinal exercises and posture correction, results in a better mobility, lower BASDAI 

and ASDAS scores, and a decrease in serum calprotectin[130-132]. A systematic review and a meta-

analysis of physiotherapy in AS patients described positive effects on disease activity, physical function, 

mobility and pain[133, 134]. Combined exercise programs are preferred above specific repetitive 

movements. In contrast to the clear evidence of physiotherapy in AS, results in early nr-axSpA are 

disputed[135].  

 

1.1.7.2 Non-steroidal anti-inflammatory drugs 

 

NSAIDs are generally recommended as the first step in the treatment of both axSpA and pSpA, as single 

or concomitant agent[125, 136-138]. Although NSAIDs do not modify the disease, they can suppress 

inflammation-related musculoskeletal signs and symptoms. As continuous treatment with NSAIDs 

failed to unambiguously demonstrate an added value in axSpA, an on-demand schedule is today’s 

preferred method of treatment[139, 140]. Caution is warranted regarding common gastrointestinal, 

renal and cardiovascular adverse events. Early treatment escalation should be considered in patients 

with peripheral arthritis, particularly when multiple joints are involved, in the presence of structural 

damage, high inflammatory serum markers, and/or severe extra-articular manifestations[137].  

 

1.1.7.3 Glucocorticosteroids 

 

Oral glucocorticosteroids are frequently used in clinical practice in the treatment of different 

rheumatic diseases to obtain a fast suppression of disease activity and to bridge the effect of slow-

acting disease-modifying drugs. Nonetheless, considering the severe side-effects, corticosteroids 

should be used as little and as short as possible, in the lowest efficacious dose. In contrast, intra-

articular administration of glucocorticosteroids is a safe and effective option to obtain remission in 

pSpA patients with mono- or oligoarthritis of large, easy-accessible joints. Less accessible or smaller 

joints may be injected under US-guidance. There is no substantial evidence for the efficacy of systemic 

glucocorticosteroids in the treatment of axial involvement. 

 

1.1.7.4 Conventional synthetic disease-modifying antirheumatic drugs 

 

Conventional synthetic disease-modifying antirheumatic drugs (csDMARDs), such as sulfasalazine, 

methotrexate and leflunomide, have no efficacy in axSpA, but can be used in the treatment of pSpA as 

second line therapy when NSAIDs and intra-articular glucocorticosteroids have failed or as an early 

agent in pSpA with more severe disease activity[136, 137]. However, good placebo-controlled RCTs are 
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lacking. Methotrexate is the preferred csDMARD when there is severe associated skin 

involvement[137].  

 

1.1.7.5 Biological disease-modifying antirheumatic drugs 

 

Biological disease-modifying antirheumatic drugs (bDMARDs) or biologicals, are the second step in the 

treatment of axSpA in case of NSAIDs failure and the next step in the treatment of pSpA when 

csDMARDS have failed. An overview of their efficacy is provided in Figure 12. Currently, considering 

the long-term experience, it is common clinical practice to prescribe a TNF inhibitor, such as infliximab, 

adalimumab, etanercept, certolizumab pegol, and golimumab, as a first biological treatment. Four TNF 

inhibitors are monoclonal antibodies directed against TNF, whereas etanercept is a soluble TNF p75 

receptor fused to human IgG1. According to the ASAS-EULAR guidelines several conditions should be 

met before starting a bDMARD: axSpA patients should have an elevated CRP and/or sacroiliitis on MRI 

or conventional radiography, treatment failure of at least 2 NSAIDs during 4 weeks in total, a high 

disease activity (ASDAS ≥2.1 and/or BASDAI ≥4), and a positive rheumatologist’s opinion[125]. All TNF 

blockers have shown efficacy in the treatment of axSpA and pSpA. In addition, adalimumab, 

certolizumab pegol, infliximab, and golimumab are effective in the treatment of IBD and prevention of 

uveitis recurrence. However, etanercept has no effect on IBD disease activity and has shown conflicting 

results on uveitis. All TNF inhibition agents are effective in the treatment of skin psoriasis, although 

etanercept seems less effective compared to the other agents.  

IL-17 inhibition, such as secukinumab and ixekizumab, is a potent treatment option in PsA patients; 

nonetheless, these agents are less well studied in non-psoriatic pSpA[136, 141-145]. IL-17 inhibition is 

also effective in the treatment of axial involvement with a rapid and significant improvement of 

symptoms in AS patients previously failed on TNF inhibition treatment[146-150]. Hence, in case of a 

primary non-response on TNF inhibitors in patients with a definite diagnosis of axSpA, switching to IL-

17 inhibition is a reasonable next step[125]. Brodalumab is an IL-17 inhibitor targeting the IL-17 

receptor A. It has shown potential in the treatment of psoriasis and PsA. However, further 

development of brodalumab was interrupted as several subjects participating in an axSpA trial 

attempted suicide. Nonetheless, the association between brodalumab and suicidal behavior is 

controversial[151, 152]. Bimekizumab is a selective inhibitor of IL-17A and IL-17F, and has shown 

promising results in phase II studies in AS and PsA patients[153, 154].  

Ustekinumab, a drug targeting the IL-12/23 pathway, has shown efficacy in PsA, leading to 

improvement of both skin and joint disease, and is a relevant treatment option in case of TNFi 

failure[137, 155-161]. In contrast, efficacy of ustekinumab has not been demonstrated in axSpA 

patients. Although a prospective, open-labeled, proof-of-concept study in AS patients showed 

improvement of clinical signs and symptoms[162], a phase III, randomized double-blind, placebo-

controlled trial failed to reach the primary and major secondary endpoints [163]. Risankizumab, an IL-

23 blocker targeting the IL-23 p19 subunit, also failed to demonstrate efficacy in a randomized placebo-

controlled phase II study in active AS[164]. These data suggest that IL-23 may not be an important 

driver of disease activity in AS.  

Abatacept, a fusion protein composed of human IgG and CTLA-4 inhibiting T-cell costimulation, is 

moderately effective in the treatment of PsA, showing an ACR20 response of 48%, significantly higher 

than placebo[165]; however, no efficacy has been demonstrated in AS and IBD patients[166, 167].  
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The effect of B-cell depleting therapy in SpA has also been studied. In a small open-label trial with 

rituximab, 50% of the TNFi-naïve active AS patients reached an ASAS20 response[168]. However, in 

the TNFi-experienced group no positive effect of rituximab was seen.  

Vedolizumab is a monoclonal antibody binding to integrin α4b7 and modulating gut lymphocyte 

trafficking. Consequently, it is effective as induction and maintenance therapy in IBD[169, 170]. In 

contrast, efficacy in SpA has not been demonstrated; in fact, several reports even suggest a role for 

vedolizumab in the induction or flare of arthritis and/or sacroiliitis[171, 172].  

 

1.1.7.6 Small molecules 

 

Small molecules inhibiting intracellular signaling pathways constitute a new and promising therapeutic 

class[136]. The Janus kinase (JAK)/STAT pathway is critical for different roles of the immune system, 

such as defense against infections, protection against cancer and enforcing barrier functions[173]. 

Therefore, aberrant immune responses such as exaggerated or prolonged JAK/STAT signaling are 

involved in several autoimmune diseases, among which SpA. The JAK inhibitor tofacitinib has shown 

efficacy in polyarticular forms of PsA and in AS[174, 175]. Importantly, tofacitinib was the top-ranked 

agent for ASAS20 response in active AS according to a recent meta-analysis[176]. Two other JAK 

inhibitors, filgotinib and upadacitinib, have also shown efficacy in AS in randomized controlled, phase 

II trials[177, 178]. Furthermore, filgotinib demonstrated promising results in a phase II trial in PsA 

patients[179]. Regarding IBD, tofacitinib has proven efficacy in ulcerative colitis, whereas, surprisingly, 

no effect was seen in phase II trials in Crohn’s disease[180-182]. In contrast, filgotinib has 

demonstrated efficacy in a phase II Crohn’s disease trial[183]. Apremilast, an oral phosphodiesterase 

4 inhibitor has moderate effect in PsA, but did not demonstrate efficacy in AS[184, 185].  
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1.1.8 Prognosis           

                     

1.1.8.1 Axial spondyloarthritis 

 

Several prospective observational studies have assessed the rate of progression from nr-axSpA to 

radiographic (r)-axSpA or AS. Most studies describe a progression rate of 10 to 40% over 2 to 10 

years[78, 186-189]. There is ongoing debate whether inflammation and new bone formation in SpA 

are directly linked, regarding the conflicting results in studies evaluating the radiographic progression 

rate in patients on treatment. Wanders et al. found a significant lower spinal radiographic progression 

rate in AS patients treated continuously with NSAIDs compared to those on an on-demand 

Figure 12: Overview of the efficacy of biological disease-modifying antirheumatic drugs and small 

molecules in spondyloarthritis and related inflammatory conditions (adapted from Agrawal P, 

Machado PM. F1000Research 2020;9(Faculty Rev):697) 
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regimen[139]. In concordance, analyses from the German Spondyloarthritis Inception Cohort found a 

slower 2-year spinal radiographic progression in patients with a high NSAID index[190]. However, in a 

recent meta-analysis, successful NSAID treatment had no impact on the radiographic progression in 

AS patients[191]. TNF inhibition treatment has a protective effect on radiographic spinal progression 

after ≥4 years[191]. These findings were confirmed by Haroon et al., demonstrating a 50% reduction 

in the odds of spinal radiographic progression[192]. In contrast, no protective effect can be found after 

only 2 years of treatment[193-195]. It is hypothesized that new bone formation follows inflammation 

as a repair phase[196-198]. Possibly, successful treatment inhibits inflammation, but cannot reverse 

the repair phase when already commenced. An alternative hypothesis is that new bone formation in 

AS is unhinged from the inflammatory process and provides spinal stabilization[199]. New bone 

formation typically occurs in close approximation with the entheses[41]. Interestingly, McGonagle et 

al. demonstrated the uncoupling of erosions associated with Achilles tendon enthesitis and new bone 

formation[38]: both processes occurred anatomically and temporarily distinct. Whether inflammation 

and new bone formation are directly or indirectly linked remains a matter of fierce debate. 

Nonetheless, increasing evidence suggests a protective role for early and long-term suppression of 

inflammation[200].   

 

1.1.8.2 Peripheral spondyloarthritis 

 

Limited data are available on the natural disease course in pSpA. Poddubnyy et al. described in their 

2015 review a spontaneous remission rate of 60% within 6 months of arthritis onset[201]. However, 

the included studies were very heterogeneous and the definition of spontaneous remission is 

inadequately described in literature. Carron and colleagues described a spontaneous remission rate of 

only 20% in their cohort of early pSpA patients[104, 105]. In this proof-of-concept study, withdrawal 

of golimumab treatment in early pSpA patients at time point of sustained clinical remission led to 

maintenance of drug-free remission in over 50% of patients, indicating the existence of a window of 

opportunity, a time frame in which disease is more susceptible to treatment. 

 

1.1.8.3 Comorbidities 

 

In general, evidence for an increased risk of cardiovascular disease in SpA patients is conflicting. Most 

studies have been performed in AS patients. Importantly, cardiovascular disease is the leading cause 

of mortality in axSpA[202-204]. A systematic review and meta-analysis by Mathieu et al. showed an 

non-significant increased risk of myocardial infarction in AS patients[205]. Some authors describe a 

mild or subclinical impairment of myocardial and endothelial function in PsA and AS patients[206, 207]. 

AS is frequently associated with aortitis and the resulting aortic root and valvular insufficiency[208]. 

However, performed studies are small, cross-sectional and heterogeneous. Furthermore, an increased 

risk of atrial fibrillation, atrioventricular block and pacemaker dependence has been described in AS 

and PsA patients[208, 209].  

Although SpA is associated with the occurrence of new bone formation and subsequent ankylosis, 

osteoporosis or low mineral bone density is a relatively frequent finding[210-212]. Longer disease 

duration and spinal ankylosis are predisposing factors for the development of osteoporosis[212]. 

Nonetheless, there are no international recommendations regarding screening for low bone mineral 

density in SpA patients.  
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1.1.8.4 Juvenile spondyloarthritis 

 

jSpA has a worse prognosis compared to most of the other JIA subsets[213, 214]. Less than 20% of the 

affected children and adolescents reach remission within 5 years of diagnosis and less than half of the 

patients reach drug-free remission for more than 1 year[102, 215-217]. About one third of the patients 

in remission experience a flare of disease activity[217]. Risk factors for a poor prognosis in jSpA are 

HLA-B27 positivity, ankle or hip arthritis, sacroiliitis, enthesitis and a higher body mass index[218].  
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1.2 Imaging in the spondyloarthritides: Where do we stand? 

A brief history of imaging techniques and current point of views 
 

 

1.2.1 Axial spondyloarthritis       

                 
Conventional radiography of the sacroiliac joints has been an important part of axSpA diagnosis since 

the 1930s[219]. In 1984, the modified New York (mNY) diagnostic criteria for AS were published, 

defining sacroiliitis on radiography as grade ≥2 (small localized areas with erosion or sclerosis, without 

alteration in the joint width) bilateral, or grade ≥3 (moderate or advanced sacroiliitis with erosions, 

evidence of sclerosis, widening, narrowing, or partial ankylosis) or 4 (total ankylosis of the sacroiliac 

joint) unilateral (Figure 12)[76]. However, diagnosing axSpA by conventional radiography holds several 

pitfalls. First, radiography cannot visualize acute inflammation; only the subsequent structural 

changes, such as erosions, sclerosis and ankylosis, can be identified. This is problematic, considering 

structural changes are only a late radiographic finding in most patients, and in some they may never 

occur. This first pitfall of radiography was partly the cause of the big diagnostic delay in axSpA. Patients 

with a disease onset in the 1950s had a mean diagnostic delay of 15 years, while this was 7.5 years for 

patients with a disease onset in the late 1970s[220]. The availability of MRI, the development of the 

ASAS classification criteria for SpA, and an improved awareness among healthcare providers reduced 

this diagnostic delay, albeit despite these efforts the mean still fluctuates around 5 to 6 years[221, 

222]. The second pitfall to consider is the challenge of detecting the structural changes. The inter-

reader agreement in detecting radiographic sacroiliitis using the mNY criteria is only moderate[76, 223, 

224]. Surprisingly, the performance of readers does not improve upon training[225]. This poor 

reliability is not to neglect considering the importance of radiography in the classification of nr-axSpA 

versus r-axSpA or AS. In addition, conventional radiography of the sacroiliac joints is still recommended 

in recent guidelines as the first imaging tool when suspecting axSpA, considering its wide 

availability[226, 227]. The Stoke AS Spine Score (SASSS) was developed in 1996 to assess spinal 

structural lesions in AS patients[228]. In 2005, the SASSS was updated to a modified version (mSASSS) 

by adding a cervical component and a definition for squaring of the vertebrae[229]. The mSASSS is 

currently a widely used scoring system to assess spinal radiographic progression, demonstrating the 

highest sensitivity[230]. However, the Bath AS Radiology Index, grading structural damage of sacroiliac 

joints, lumbar and cervical spine on a scale 0-4, is a more feasible instrument, easier to apply in clinical 

practice[230, 231].  
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Figure 13: Conventional radiography of the sacroiliac joints in 2 axial spondyloarthritis patients. Panel 

A: Normal sacroiliac joints in a 20-year old female patient. Panel B: Complete ankylosis of the sacroiliac 

joints in a 30-year old male patient. Images from the Belgian Inflammatory Arthritis and Spondylitis 

cohort[96, 232, 233]. 

 

MRI was added as an imaging tool to detect sacroiliitis in the 2009 ASAS classification criteria for axSpA 

[5, 7]. A positive MRI was defined as the presence of active (acute) inflammation, characterized by the 

presence of bone marrow edema (BME) of the sacroiliac joints, suggestive of SpA-associated sacroiliitis 

(Figure 13). As this definition is subjective, an update was published in 2016[234]. The definition itself 

was not changed, albeit the authors provided a clarification and added recommendations for its 

application, such as the role of structural MRI lesions of the sacroiliac joints. Although not regarded as 

essential for meeting the definition of a positive MRI for sacroiliitis, the presence of structural lesions 

can strengthen the confidence of the assessor in determining that the lesions are genuinely caused by 

SpA. Despite the fact that classification criteria are developed to be used in clinical trials to create 

homogenous groups of patients with an already established diagnosis, they are often wrongfully 

applied in clinical practice to make a diagnosis. This is of concern, considering the poor specificity of 

the definition of a positive MRI for sacroiliitis. Recently, several studies have emphasized this problem; 

BME, the hallmark of active inflammation, has often been described in a non-SpA context, such as in 

chronic back pain patients, recreational runners, and professional ice hockey players[235, 236].  

Since the availability of MRI, axSpA can be diagnosed in a pre-radiographic stage, i.e. nr-axSpA. It is 

debated whether r-axSpA and AS can be considered as one entity. Boel et al. delved deeper into this 

matter, showing that more than 90% of the axSpA patients fulfilling the mNY criteria for AS also fulfilled 

the ASAS classification criteria for r-axSpA, and vice versa[237]. Age at onset of back pain was the main 

cause of discrepancy. For historical reasons, the term AS will be primarily used in this dissertation. 

There is ongoing debate whether nr-axSpA and AS are the same disease, situated at both ends of the 

spectrum, or are two different entities[125]. After all, not all nr-axSpA patients will develop AS. The 

absence or presence of sacroiliitis on conventional radiography artificially divides patients in two 

groups. This may be ambiguous, considering the significant inter-observer variability in the mNY 

scoring system. Furthermore, the clinical relevance of the presence of structural lesions (e.g. erosions) 

on radiography is not clear. Therefore, it is recommended to use only the overarching term axSpA in 

daily clinical practice, and to use the terms nr-axSpA, r-axSpA, and AS for classification purposes[125, 

238].  
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Figure 14: Bilateral sacral bone marrow edema (arrows) on MRI short  

              tau inversion recovery sequences in a 22-year old female patient with  

              axial spondyloarthritis. Image from the Belgian Inflammatory Arthritis  

              and Spondylitis cohort[96, 232, 233].  

 

1.2.2 Peripheral spondyloarthritis   

                 
Diagnosis and monitoring of disease activity and treatment response in pSpA mainly consists of clinical 

examination and laboratory tests. Nonetheless, the use of imaging techniques such as MRI and US to 

assess the presence of site-specific inflammation is increasingly applied. In this context, whole-body 

MRI has recently gained attention, given its high sensitivity and ability to assess the global 

inflammatory burden[239-244]. When performed early, this technique could provide insights in pSpA 

disease evolution and prognosis[241]. US is frequently used in assessing peripheral arthritis, enthesitis 

and dactylitis. In axSpA, there is no place for US considering the inaccessibility of the sacroiliac joints 

and the axial entheses. US is a feasible, easy-accessible and quick instrument and therefore a widely 

used imaging modality in clinical practice. In addition, US is more sensitive compared to clinical 

examination to detect pSpA features[245-248]. Regarding joint involvement, this technique can rapidly 

assess the presence of effusion and active inflammation through the use of power Doppler 

ultrasonography (PDUS). Furthermore, US can evaluate the presence of structural abnormalities, such 

as bone erosions and juxta-articular new bone formation. In contrast, the presence of osteitis cannot 

be assessed as the ultrasound beam cannot penetrate the bony cortex; in this context, MRI is a more 

appropriate imaging modality[245]. The main limitation of US is its operator-dependency. 

Consequently, there is a great inter-observer variability.  

Imaging techniques could counter the challenges in the diagnosis of enthesitis. US is being increasingly 

used for the assessment of entheses in SpA patients, also in clinical trials. PDUS has shown added value 

when combined with gray scale to differentiate between entheseal involvement in SpA and painful 

pressure points in other non-SpA conditions, such as fibromyalgia[249-251]. US can assess increased 

tendon thickness, tendon hypoechogenicity and intraentheseal power Doppler signal, all signs of acute 

entheseal inflammation. In addition, US can evaluate structural entheseal abnormalities, such as 

erosions, enthesophytes, and calcifications. Recently, Outcome Measures in Rheumatology has issued 

consensus-based definitions of enthesitis as assessed by US and MRI for use as outcome measures in 

trials[252-254]. Limited access in routine healthcare as well as lack of knowledge on integrating these 

imaging modalities into the clinical decision making may have hindered the clinical uptake of these 
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methods for enthesitis assessment. In addition, US is still a highly operator-dependent instrument 

requiring a significant amount of training and experience.  
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2.1 General aim 
 

The availability of MRI has unleashed a revolution in the diagnosis of SpA. Before, AS was seen as a 

separate disease entity. AxSpA can now be diagnosed in a pre-radiographic stage by performing 

sacroiliac joint MRI, unveiling the full spectrum of this disease. The ASAS classification criteria, with the 

incorporation of MRI, has contributed in shortening the big diagnostic delay in axSpA. However, 

rheumatologists may rely too heavily on classification criteria in establishing a diagnosis, which was 

never the purpose of these criteria. The same applies to the ASAS definition of a positive MRI for 

sacroiliitis. In addition, MRI is nowadays widely available and relatively easily accessible in the Western 

world. This, in combination with our current fee-for-service healthcare finance system, has led to an 

excess in the performance of MRI scans. Possibly, this may lead to an overdiagnosis of SpA. Thus, there 

is a concern that diagnostic tests are being performed without the necessary critical appraisal on 

beforehand. Basic principles such as pre-test probability, are being neglected, notwithstanding 

essential elements to consider. Recent reports have questioned the specificity of MRI in the detection 

of axSpA lesions, increasing the risk of false positive examinations. Furthermore, whereas MRI clearly 

has a place in the diagnosis of axSpA and the assessment of its disease extent, the value of MRI in pSpA 

is unclear. Therefore, we took an in-depth look into the current challenges and opportunities of MRI 

in the field of SpA. Our general aims were to define important pitfalls of MRI in the diagnosis of axSpA 

and to explore the potential of MRI in assessing the disease extent and treatment response in pSpA. 

In addition, we formulate suggestions to bypass the identified pitfalls. This thesis aims to provide a 

clearer view, working towards a more rational use of MRI.  

 

 

2.2 Specific objectives 

 
• Chapter 3.1 

Recently, several authors described the lack of specificity of sacroiliac joint BME for SpA (cf. section 

1.2.1). We assessed the occurrence of inflammatory and structural lesions on MRI of the sacroiliac 

joints and spine in non-SpA subjects to explore the diagnostic challenge of SpA-related sacroiliitis and 

spondylitis on MRI. Our hypothesis was that SpA-like BME and structural lesions of the sacroiliac joints 

and spine are frequently seen in non-SpA subjects, e.g. in the context of biomechanical stress and 

increasing age. 

- 3.1.1: First, we explored the association of pregnancy and giving birth on the one hand, and the 

occurrence of BME and structural lesions on sacroiliac joint MRI on the other hand, as postpartum 

women without SpA occasionally consult rheumatologists with chronic low back pain. In addition, the 

timeframe in which these lesions disappear was evaluated. Findings were correlated to maternal, child 

and birth characteristics.  

- 3.1.2: Second, the presence of SpA-like MRI lesions was assessed in young, highly-active military 

recruits at baseline and after a 6-week period of intensive physical training, hypothesizing an increase 

in sacroiliac joint lesions upon the impact of biomechanical stress.  

- 3.1.3: Third, we further explored the background noise in axial MRI studies by performing MRI of the 

sacroiliac joints and spine in healthy subjects without symptoms of chronic back pain and assessing the 

images for BME and structural lesions. We correlated those findings to demographic and clinical 
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characteristics, such as age and HLA-B27 status. Furthermore, we compared SPARCC scores of those 

healthy subjects with those of axSpA patients. 

 

• Chapter 3.2 

In the second part of Chapter 3, we evaluated the global inflammatory burden of very early pSpA 

patients, by performing MRI studies of axial skeleton and lower limb joints and entheses. MRI lesions 

were compared to clinical findings. In addition, the ability of imaging at time point of clinical remission, 

when treatment was withdrawn, to predict a possible relapse of peripheral manifestations was 

assessed. The general hypothesis of these studies was that MRI may demonstrate a higher 

inflammatory burden than clinically anticipated, characterized by subclinical axial involvement and 

subclinical inflammation at peripheral joints and entheses. In addition, we hypothesized that this 

subclinical inflammation may have important implications for disease prognosis. Additionally, the 

sensitivity to change of the applied lower-extremity MRI scoring system and its validity by comparison 

with frequently used measures of disease activity was assessed.  

 

• Chapter 3.3 

Finally, the role of immunoscintigraphy with radiolabeled certolizumab pegol in SpA was explored. 

Given the limitations of MRI, the ability of immunoscintigraphy to reliably detect sacroiliitis in axSpA 

patients was assessed by demonstrating tumor necrosis factor-α in vivo at the site of clinical 

inflammation.   
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3.1 MRI of the sacroiliac joints and spine in non-spondyloarthritis subjects 
 

3.1.1 MRI of the sacroiliac joints in postpartum women 
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ABSTRACT 

OBJECTIVES: Bone marrow edema (BME) on magnetic resonance imaging (MRI) of sacroiliac joints (SIJ) 

represents a hallmark of axial spondyloarthritis (SpA), yet such lesions may also occur under 

augmented mechanical stress in healthy subjects. We therefore sought to delineate the relationship 

between pregnancy/delivery and pelvic stress through a prospective study with repeated MRI.  Results 

were matched with maternal, child and birth characteristics. 

METHODS: Thirty-five women underwent a baseline MRI-SIJ within the first 10 days after giving birth. 

MRI was repeated after 6 months and, if positive for sacroiliitis according to the Assessment of 

SpondyloArthritis international Society (ASAS) definition, after 12 months. BME and structural lesions 

were scored by 3 trained readers using the Spondyloarthritis Research Consortium of Canada (SPARCC) 

method.  

RESULTS: Seventy-seven percent of the subjects (27/35) displayed sacroiliac BME immediately 

postpartum, 60% fulfilled the ASAS definition of a positive MRI. After 6 months, 46% of the subjects 

(15/33) still showed BME, representing 15% (5/33) with a positive MRI. After 12 months, MRI was still 

positive in 12% of the subjects (4/33). Few structural lesions were detected. Intriguingly, in this study, 

the presence of BME was related to a shorter duration of labor and lack of epidural anesthesia. 
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CONCLUSION: A surprisingly high prevalence of sacroiliac BME occurs in women immediately 

postpartum. Our data reveal a need for a waiting period of at least six months to perform an MRI-SIJ 

in postpartum women with back pain. This study also underscores the importance of interpreting MRI-

SIJ findings in the appropriate clinical context. 

 

INTRODUCTION  

Axial spondyloarthritis (axSpA) is an inflammatory rheumatic condition, characterized by involvement 

of the spine and/or sacroiliac joints (SIJ). Bone marrow edema (BME) on magnetic resonance imaging 

(MRI) of the SIJ plays a central role in the Assessment of SpondyloArthritis International Society (ASAS) 

classification criteria for axSpA, with a sensitivity of the imaging arm of 66%[1, 2]. SIJ BME on MRI is 

present in up to 84% of the non-radiographic axSpA patients[3]. However, it is frequently seen in a 

non-inflammatory setting. Recently, a high prevalence of BME meeting the ASAS definition of a positive 

MRI for sacroiliitis was seen even in young, active individuals, such as military recruits (36%) and 

professional ice hockey players (41%)[4, 5]. A significant number of healthy volunteers (23%) and 

mechanical chronic back pain patients (6-8%) also fulfill the ASAS definition of a positive MRI for active 

sacroiliitis[6, 7]. Seventeen percent of the mechanical chronic back pain patients show structural SIJ 

lesions on MRI; however, the different combinations of structural lesions is more seen in axSpA 

patients[7]. Although structural lesions of the SIJ are also important characteristics of axSpA, they are 

not included in the ASAS MRI definition[8]. Importantly, structural lesions may differentiate axSpA 

patients from patients with a non-SpA back pain. 

In contrast to ankylosing spondylitis, non-radiographic axSpA has a more equal sex distribution[9-11]. 

Hence, a broad differential diagnosis has to be considered in young women with back pain. Peripartum 

low back pain is common. In approximately 4% of women, pain persists for more than 6 months 

postpartum and is occasionally inflammatory in nature[12-17]. Up until now, little is known regarding 

the presence of sacroiliac MRI lesions in postpartum women, which complicates the distinction with 

axSpA. Sacroiliac BME during pregnancy and after childbirth has been reported in previous studies[6, 

12, 14], yet the extent and frequency of MRI lesions is inadequately described and no prospective 

follow-up was performed. Thus, it can be challenging to discriminate axSpA patients from postpartum 

women with persistent back pain. To date, there are no data regarding the evolution of sacroiliac BME 

over time in postpartum women, nor links with maternal, child or birth characteristics.  

Therefore, our goal was to explore the association between pregnancy and giving birth, and the 

occurrence of sacroiliac MRI lesions. Furthermore, to detect the time frame in which these lesions 

disappear. In addition, MRI findings were correlated to maternal, child and birth characteristics. 

  

METHODS 

Subjects 

Thirty-five subjects were recruited from the department of Obstetrics of the Ghent University Hospital. 

All subjects provided written informed consent. All included women were between 18 and 45 years 

old, after an uncomplicated, vaginal childbirth. Exclusion criteria were a known diagnosis of SpA and/or 

inflammatory bowel disease, severe scoliosis, treatment with anti-tumor necrosis factor-α agents, any 

kind of contraindication for MRI, childbirth through caesarean section, and multiple pregnancy 

(pregnancy with more than one fetus). Baseline demographic and clinical data (SpA criteria, visual 

analogue scale (VAS) back pain at night and VAS back pain day and night, duration of labor, 
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gravida/para/abortus status, weight gain during pregnancy, epidural anesthesia, and sex, weight, 

length and head circumference of the newborn) were collected. HLA-B27 status was determined.  

 

Magnetic resonance imaging assessment 

Within the first ten days after giving birth an MRI-SIJ was performed, which was repeated after 6 

months, and, if the second MRI fulfilled the ASAS definition of a positive MRI for sacroiliitis, another 

MRI-SIJ was performed 12 months after giving birth. Identical settings as in routine clinical practice 

were adopted. Images were obtained on a 1,5 T MRI unit (Aero/Avanto, Siemens Medical, Erlangen, 

Germany). A body flexed array coil was used to scan the sacroiliac joints. The sequence protocol 

included the following: semicoronal (along long axis of the sacral bone) T1-weighted turbo spin echo 

(tse) [slice thickness (ST): 3 mm; repetition time/echo time (TR/TE): 679/20 ms]; semicoronal short tau 

inversion recovery (STIR) (ST: 3 mm; TR/TE/TI: 5030/70/150 ms); and axial STIR (ST: 5 mm; TR/TE/TI: 

7540/70/150 ms). All images were scored for BME, capsulitis, enthesitis, high signal intensity in joint 

space, erosions, sclerosis, fat metaplasia and (partial) ankylosis, as defined by the ASAS MRI working 

group, by three experienced and calibrated readers (MdH, LJ, NH)[1]. Scored lesions were regarded by 

the readers as characteristic for axSpA. Readers were blinded for time sequence and 

demographic/clinical data. BME was scored using the Spondyloarthritis Research Consortium of 

Canada (SPARCC) method, with a maximum score of 72[18]. BME was subsequently evaluated for 

depth (deep lesions = extending > 1 cm from the articular surface) and intensity (intense lesions = high 

signal intensity as bright or brighter as vascular structures or intervertebral discs). Additionally, 

fulfillment of the ASAS definition of a positive MRI for sacroiliitis (≥2 BME lesions on one slice or ≥1 

lesion on two consecutive slices and lesions highly suggestive of SpA) was assessed[8]. Structural 

lesions (erosions, fatty lesions, sclerosis and ankylosis) were scored using an adjusted SPARCC method. 

In addition, the proposed cut-off values for erosions and fatty lesions of de Hooge et al. were applied 

for each subject for each time point[19]. Individual reader scores were combined and for further 

analyses the median scores were reported. Regarding dichotomous outputs, the consensus of two out 

of three readers was reported. In case the month 6 MRI fulfilled the ASAS definition of sacroiliitis, the 

third MRI was provided to the readers for an independent evaluation. A summary of the inter-reader 

agreement and the measurement error is shown in the online supplementary text.  

 

Statistical analyses and data management 

Statistical analyses were performed using R (version 3.5.2; R Core Team (2018), Vienna, Austria; 

[http://www.R-project.org/]) and RStudio (RStudio Team (2018), Inc., Boston, MA, USA; 

[http://www.rstudio.com/]). Mean and median values, and interquartile ranges (IQR) were 

determined using descriptive statistics. The significance of SPARCC score differences between time 

points was calculated by the Wilcoxon signed-rank test. Difference in proportion of subjects having a 

positive MRI-SIJ was calculated using the McNemar test. Fisher’s exact test was used to compare 

proportions between two independent groups. Correlation with clinical data was assessed using 

Spearman’s rank correlation coefficient. P-values ≤0.05 were considered as statistically significant. 

Non-significant p-values were labeled in the main text as NS. Study data were collected and managed 

using REDCap electronic data capture tools[20, 21].  
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RESULTS 

Subjects 

Thirty-five subjects were included and underwent the baseline MRI, which was acquired on average 

five days postpartum. Thirty-three subjects underwent the month 6 MRI, 2 subjects were lost to follow-

up. Demographics and clinical data are displayed in Table 1. Eleven subjects (31%) had back pain at the 

time of the first MRI. In 8 out of 11 subjects (73%) back pain was chronic (≥3 months) and in 4 subjects 

(36%) back pain was inflammatory according to the ASAS criteria. Two subjects had a positive family 

history for SpA. No extra-articular SpA manifestations were present, except for 3 subjects (9%) with a 

history of skin psoriasis.  

 

Sacroiliac MRI lesions 

A summary of the detected MRI lesions is presented in Table 2. At baseline, the majority of subjects 

(77%) displayed BME on MRI-SIJ, with a median SPARCC score of 5. BME was numerically, but not 

significantly, more prevalent at the iliac compared to the sacral side of the joint (14.5% versus 11.3% 

of the quadrants), and significantly more prevalent at the upper SIJ compared to the lower (15.4% 

versus 10.5%, p ≤0.01), and at the anterior part compared to the posterior (19.6% versus 6.2%, p 

≤0.001). BME was equally present at the right sacroiliac joint compared to the left (13.7% versus 

12.1%). Three subjects (9%) had deep BME lesions at baseline, whereas seven subjects (20%) had 

intense BME lesions. Twenty-one subjects (60%) had a positive MRI according to the ASAS definition. 

High signal intensity in the sacroiliac joint space was seen in 13 subjects (37%); however, median score 

was low (0). Capsulitis and enthesitis were rarely seen.   

A significant decrease in SPARCC score was seen after 6 months (p ≤0.001) (Figure 1). Five subjects 

(15%) still had a positive MRI (p < 0.001), persisting in 4 subjects (12%) after 12 months. A significant 

drop in high signal intensity in the joint space was seen after 6 months (p ≤0.01), while no residual 

capsulitis or enthesitis was reported. There were no deep or intense BME lesions detected at follow-

up.  

Almost no structural MRI lesions were seen, neither at baseline nor at follow-up (Table 2). No subjects 

displayed erosions on ≥3 quadrants at baseline, while only 1 subject showed erosions on 3 quadrants 

at month 12. Two subjects had ≥3 quadrants showing fatty lesions at month 6 and 1 subject had 5 

quadrants showing fatty lesions at month 12. In 3 subjects (7.4% of the quadrants) BME transformed 

to fatty lesions during follow-up. An example of a subject with postpartum sacroiliac MRI lesions is 

shown in Figure 2. 
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Table 1: Demographic and clinical data of subjects. 

*only those patients with back pain were retained 

(G = gravida, P = para)  

  Demographics at baseline (n = 35) 

Age, years (mean, SD) 29.7 (2.62) 

Age > 30 years, n (%) 12 (34) 

Smoking status, n (%)           Never 
                                                 Cessation > 3 years 
                                                 Cessation < 3 years 
                                                 Current smoker 

29 (83) 
2 (6) 
3 (9) 
1 (3) 

Profession, n (%)                   Physical labor 
                                                 Non-physical labor 
                                                 Unemployed/student 

6 (17) 
27 (77) 

2 (6) 

Clinical characteristics at baseline (n = 35) 

Weight, kg (mean, SD)  68 (10.9) 

BMI, kg/m² (mean, SD) 25 (3.7) 

Weight gain during pregnancy, kg (median, 95% CI) 10 (9-10) 

HLA-B27 positivity, n (%) 1 (3) 

Back pain symptoms, n (%) 11 (31) 

Duration back pain, weeks (mean, SD)* 13.8 (7.65) 

> 3 months of back pain (= chronic), n (%)* 8 (73) 

VAS back pain at night (median, 95% CI)* 0.5 (0-2) 

VAS back pain day and night (median, 95% CI)* 1 (1-3) 

Insidious onset of back pain, n (%)* 9 (82) 

Back pain improvement with exercise, n (%)* 9 (82) 

No improvement of back pain with rest, n (%)* 3 (27) 

Nocturnal back pain, n (%)* 5 (46) 

Alternating buttock pain, n (%)* 3 (27) 

Morning stiffness, n (%)* 1 (9) 

Inflammatory back pain (ASAS criteria), n (%)*                                                                4 (36) 

Family history of SpA, n (%) 2 (6) 

Arthritis (history or current), n 0 

Enthesitis (history or current), n 0 

Dactylitis (history or current), n 0 

Uveitis (history or current), n 0 

Psoriasis (history or current), n (%) 3 (9) 

Inflammatory bowel disease (history or current), n 0 

Current pregnancy and delivery (n = 35) 

First pregnancy (G = 1), n (%) 18 (51) 

First delivery (P = 1), n (%) 22 (63) 

Duration of labor, hours (median, 95% CI) 8 (6-12) 

Epidural anesthesia, n (%) 22 (63) 

Male newborn, n (%) 17 (49) 

Weight newborn, g (mean, SD) 3341 (502) 

Length newborn, cm (mean, SD) 50 (2.4) 

Head circumference newborn, cm (mean, SD) 34 (1.5) 
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Inflammatory lesions Baseline (n = 35) Month 6 (n = 33) Month 12 (n = 5) 

 Subjects 
with ≥1 
lesion 
(n, %) 

Range 
(min-
max) 

Median 
(95% CI) 

Subjects 
with ≥1 
lesion 
(n, %) 

Range 
(min-
max) 

Median 
(95% CI) 

Subjects 
with ≥1 
lesion 
(n, %) 

Range 
(min-
max) 

Median 
(95% CI) 

Sacroiliitis (ASAS definition) 21 (60) - - 5 (15) - - 4 (80) - - 

SPARCC score 27 (77) 0-30 5 (1-8) 15 (46) 0-16 0 (0-1) 4 (80) 0-14 4 (0-4) 

Capsulitis 4 (11) 0-12 0 (0-0) 0 0-0 0 (0-0) 0 0-0 0 (0-0) 

Enthesitis 1 (3) 0-2 0 (0-0) 0 0-0 0 (0-0) 0 0-0 0 (0-0) 

High signal intensity joint space 13 (37) 0-12 0 (0-1) 4 (12) 0-10 0 (0-0) 0 0-0 0 (0-0) 

Structural lesions    

Sclerosis 4 (11) 0-13 0 (0-0) 4 (12) 0-10 0 (0-0) 3 (60) 0-13 1 (0-6) 

Erosions 1 (3) 0-1 0 (0-0) 2 (6) 0-2 0 (0-0) 1 (20) 0-3 0 (0-3) 

Fatty lesions 0 0-1 0 (0-0) 5 (15) 0-10 0 (0-0) 1 (20) 0-5 0 (0-5) 

(Partial) ankylosis 0 0-0 0 (0-0) 0 0-0 0 (0-0) 0 0-0 0 (0-0) 

 

 

 

 

 

 

 

 

 

Table 2: Inflammatory and structural sacroiliac MRI lesions at baseline, after 6 months, and after 12 months. 

(SPARCC = Spondyloarthritis Research Consortium of Canada) 

Figure 1: Evolution of the Spondyloarthritis Research Consortium of Canada 

(SPARCC) score over time. Each dot represents an MRI of the sacroiliac joints. MRI 

examinations of the same subject are connected by a straight line.  

 

(BL = baseline MRI, M6 = month 6 MRI, M12 = month 12 MRI) 
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Correlation between MRI lesions and clinical data                   

The correlation of MRI findings with relevant clinical data is shown in Table 3. No significant association 

was found between baseline MRI findings and the presence of back pain. Both subjects developing 

erosions or fatty lesions in ≥3 quadrants after 12 months had back pain. One subject was HLA-B27 

positive; she did not have back pain and had a baseline SPARCC score of 8 with 1 intense BME lesion. 

Unfortunately, she was lost to follow-up. Four subjects would have fulfilled the ASAS classification 

criteria if there was a suspicion of axSpA: three fulfilled the ASAS definition of a positive MRI for 

sacroiliitis and had inflammatory back pain, one had chronic back pain, a positive MRI, and skin 

psoriasis. Baseline SPARCC scores and a positive MRI-SIJ were not significantly associated with the 

subject’s age, although all 5 subjects with persistent BME up to 12 months were older than 30 years. 

No significant association was found between baseline MRI lesions and the subject’s gravidity and 

parity. A shorter duration of labor was associated with higher baseline SPARCC scores  and 

consequently also with a higher percentage of women fulfilling the ASAS definition of a positive MRI 

for sacroiliitis at baseline. When epidural anesthesia was performed, significantly lower baseline 

SPARCC scores were found. Baseline MRI findings were not associated with the sex and biometry of 

the newborn. 

 

 

 

 

 

 

 

Figure 2: Sacroiliac joint MRI examinations of a 31 year-old postpartum woman. A: extensive 

sacroiliac bone marrow edema on STIR images at baseline; B: decrease of the bone marrow 

edema after 6 months; C: vanishing of the bone marrow edema after 12 months; D: T1 sequences 

of the month 12 MRI showing sacroiliac erosions. 
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 Baseline SPARCC Sacroiliitis on baseline MRI 

 Mean P-value Yes (n, %) P-value 

Back pain     yes 
                      no 

11.6 
5.6 

0.48 6/11 (55) 
15/24 (63) 

0.72 

First pregnancy     yes 
                                 no 

8.3 
6.7 

0.56 11/18 (61) 
10/17 (59) 

1.00 

Primipara     yes 
                       no 

7.2 
8.2 

0.69 12/22 (55) 
9/13 (69) 

0.69 

Epidural anesthesia     yes 
                                        no 

5.2 
11.5 

0.050 11/22 (50) 
10/13 (77) 

0.22 

Newborn’s sex     male 
                               female 

5.8 
9.2 

0.12 8/17 (47) 
13/18 (72) 

0.24 

 

 Baseline SPARCC Sacroiliitis on baseline MRI 

 Rho P-value Yes No P-value 

Subject’s age (years) 0.16 0.41 29.9* 29.3* 0.61 

Duration of labor (hours) -0.46 0.005 8.4* 12.6* 0.02 

Newborn’s weight (gr) 
                     length (cm) 
                     head circumference (cm) 

-0.02 
0.12 
-0.05 

0.91 
0.50 
0.80 

3391* 
50.2* 
34.3* 

3266* 
49.9* 
34.0* 

0.69 
0.54 
0.94 

 

 

Other aberrant MRI findings 

In 21 subjects (60%) aberrant MRI findings, other than sacroiliac inflammatory or structural lesions, 

were seen at baseline. Fifteen subjects (43%) had both sacroiliac lesions and other aberrant MRI 

findings. The most frequent unforeseen MRI finding was symphysis pubis BME, which was present in 

18 subjects (51%) at baseline and persisted in 7 (39%) women after 6 months. Fourteen out of 18 

subjects (82%) with symphysis pubis BME at baseline also had sacroiliac BME. Degenerative disc 

disease was seen in 1 subject (3%) at baseline. Two subjects (6%) had a sacral fracture on baseline MRI 

(Figure 3). Both fractures were asymptomatic and healed spontaneously after 6 months. 

 

 

Table 3: Correlation of baseline SPARCC scores and the presence of sacroiliitis on baseline MRI with clinical data. 

Significant correlations are shown in bold.  

*mean values 

(SPARCC = Spondyloarthritis Research Consortium of Canada) 
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DISCUSSION 

This is the first prospective study investigating the evolution of sacroiliac MRI lesions in postpartum 

women. In addition, the correlation of MRI findings with clinical data of mother and child was assessed, 

which has never been done before. A high prevalence of BME was seen on MRI-SIJ performed 

immediately after giving birth, even in subjects without back pain. Notably, a significant portion had a 

positive MRI for sacroiliitis according to the ASAS definition. Four subjects even fulfilled the ASAS 

classification criteria for axSpA. A significant decrease in BME was seen over time, but persisted mainly 

in subjects older than 30 years. Interestingly, the presence of BME was related to a shorter labor and 

the lack of epidural anesthesia. 

Since pregnancy-related low back pain in women is common[22] and they occasionally develop an 

inflammatory pain pattern, our findings affirm concern about the risk of overdiagnosis of axSpA solely 

based on MRI findings. Although the BME lesions do not necessarily occur in SIJ locations most specific 

for SpA[4, 23], most rheumatologists and radiologists would score these lesions as suggestive for 

sacroiliitis. This assumption is supported by the findings of Agten et al., showing that BME on MRI-SIJ 

of postpartum women is indistinguishable from SpA-related sacroiliitis regarding the extent and 

distribution of the lesions[12]. In addition, the median SPARCC score in our study is relatively high 

considering the mean SPARCC score of 4.9 in the total study population of the ABILITY-1 trial and a 

median score of 10.2 in a study by Varkas et al. in newly-diagnosed axSpA patients warranting 

treatment[24, 25]. Recently, several studies highlighted that BME lacks specificity for axSpA. Hence, 

fulfilment of the ASAS definition of a positive MRI for sacroiliitis can also be seen in a non-SpA context, 

such as in recreational runners, professional ice hockey players, military recruits, chronic back pain 

patients, and healthy controls[4-6]. In a study by Seven et al. sacroiliitis on MRI was seen in 41.3% and 

21.4% of the postpartum women with and without back pain, respectively[26]. Other recent studies 

also demonstrated a relatively high presence of sacroiliac BME in pregnant and postpartum women[6, 

12, 14].  

The question about the need for a higher threshold for sacroiliitis on MRI arises. Particularly the 

incorporation of structural lesions in the MRI definitions could augment the specificity. Active lesions 

remain the hallmark for assessment of inflammation in sacroiliitis, but structural lesions increasingly 

play a role in SpA diagnosis[27]. In the present study, few postpartum women demonstrated structural 

lesions on MRI-SIJ, which endorses this assumption. The lack of development of fat metaplasia could 

indicate towards a more mechanical, compared to inflammatory origin of the BME lesions[14]. 

However, the follow-up period may not be long enough to detect this transformation. The lack of 

Figure 3: A postpartum sacral fracture on sacroiliac joint MRI of a 28 year-old woman. A: STIR 

sequences of the baseline MRI show a clear fracture of the sacral bone; B: STIR sequences show a 

healed sacral fracture after 6 months.  
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structural lesions in our study population is in concordance with the existing literature. Intermediate 

to high levels of erosions appear to offer a high level of specificity for axSpA[26]. Weber et al. suggested 

that incorporating erosions in the ASAS MRI definitions would enhance sensitivity from 67% to 81% 

while maintaining specificity[28]. De Winter et al. concluded that deep BME lesions are almost 

exclusively found in axSpA patients[6]. A recent retrospective, cross-sectional study of pelvic MRI in a 

large population of individuals without a rheumatologic condition, found that erosions were 

uncommon and had no age-dependent increase[29]. In another study, no structural changes on MRI 

were found in pregnant or postpartum women[14]. In the aforementioned study by Seven et al. 

erosions were only present in axSpA patients and women with postpartum pain, however with 

significantly higher prevalence and severity in the first. Ankylosis and backfill were only seen in axSpA 

patients, making these features highly specific[26].  

As back pain is common in postpartum women[17, 30, 31], the differential diagnosis with axSpA is a 

factual issue in clinical practice. In contrast to the pre-MRI era, in which underdiagnosis of SpA was 

common, nowadays the risk of overdiagnosis is apparent. This holds several pitfalls. Back pain patients 

with a false diagnosis of axSpA will likely have less therapeutic effect of nonsteroidal anti-inflammatory 

drugs and are subsequently more likely to receive ineffective biological therapy, which has significant 

potential side-effects and encompasses high socioeconomic costs. Unnecessarily, those patients suffer 

from the psychological consequences of dealing with a chronic, incurable condition. Considering the 

significant drop in BME over time in our study, it seems advisable to wait at least six months to perform 

an MRI-SIJ in postpartum women presenting with back pain. When the MRI is considered as suggestive 

of SpA, it should be repeated more than one year after giving birth.  

Interestingly, the presence of sacroiliac BME was associated with a shorter duration of labor. At first 

sight, this could appear counterintuitive. However, a shorter labor likely reflects an association with 

more biomechanical stress in a shorter time period. SPARCC scores were significantly lower in subjects 

undergoing epidural anesthesia. A more painful labor may be associated with higher levels of 

biomechanical stress due to an inefficient labor. Both correlations indicate towards a more important 

role of giving birth compared to the pregnancy itself in the occurrence of BME on MRI-SIJ. 

Nevertheless, Eshed et al. showed a high frequency of sacroiliac BME, both pre- and postpartum[14]. 

In a study by Agten et al. no differences in BME between women with and without caesarean section 

were found[12]. The dual relationship between biomechanical stress-induced MRI lesions mimicking 

sacroiliitis and the role of biomechanical stress in the pathophysiology of SpA complicates the 

interpretation of MRI-SIJ in postpartum women with back pain even further[32, 33].  

In 60% of the subjects other aberrant MRI findings were reported. Symphysis pubis BME was seen in a 

significant portion of postpartum women. Although this is generally not regarded as a SpA lesion, a 

study by Jans et al. found a high specificity of symphysis pubis BME on MRI in axial SpA patients at time 

of diagnosis[34]. Sacral fracture is considered to be a rare complication of giving birth[35]. 

Nonetheless, in this rather small study population, MRI detected two sacral fractures. The fractures 

were asymptomatic and giving birth was atraumatic and without complications, making these findings 

accidental. Thus, presumably, the prevalence of postpartum sacral fractures is higher than previously 

thought.   

Major strengths of the present study are the prospective acquisition of postpartum women who would 

not have been symptomatic enough to warrant further investigation, the correlation with clinical data 

from mother and child, and the repeated MRI examinations, allowing evaluation of the evolution of 

the lesions. Other strengths include the blinded reads by 3 independent, experienced and calibrated 

readers. Limitations are the small sample size and the exclusion of postpartum women who gave birth 

through caesarean section to better investigate the role of pregnancy versus childbirth in the 
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occurrence of sacroiliac MRI lesions. Considering the small study population, a multivariate analysis is 

not reliable and therefore not added to this manuscript.  

In conclusion, women immediately postpartum show a markedly high prevalence of sacroiliac BME on 

MRI. A significant proportion of the women even fulfilled the ASAS definition of a positive MRI for 

sacroiliitis, which questions the threshold of this definition. These MRI findings decrease over time, 

even though a fraction retains BME over one year. When suspecting axSpA, our data indicate the need 

to wait at least six months to perform an MRI-SIJ in postpartum women, and, if positive, repeat the 

MRI after twelve months. Our data also underscore that interpretation of MRI imaging in the 

appropriate clinical context is extremely important.  

 

 

KEY MESSAGES 

What is already known about this subject? 

- Bone marrow edema on MRI of the sacroiliac joints lacks specificity for spondyloarthritis and 

can also occur under circumstances of augmented biomechanical stress. 

What does this study add? 

- A strikingly high number of postpartum women display sacroiliac bone marrow edema on 

MRI.  

- The occurrence of sacroiliac bone marrow edema on MRI in postpartum women is associated 

with a shorter duration of labor and the lack of epidural anesthesia.  

- Sacroiliac bone marrow edema on MRI in postpartum women decreases significantly over 

time, but persists mainly in subjects older than 30 years.  

How might this impact on clinical practice of future developments? 

- Our data indicate the need for a waiting period of at least six months to perform an MRI of 

the sacroiliac joints in postpartum women with back pain.   
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ABSTRACT 
 
OBJECTIVE: To assess the baseline condition of the SI joints (SIJs) in healthy individuals without 

symptoms of back pain and to study the effect of mechanical stress caused by intense physical training 

on MRI of the SIJs.  

METHODS: Twenty-two military recruits underwent an MRI of the SIJs before and after 6 weeks of 

intense standardized physical training. Bone marrow oedema and structural lesions were scored based 

on the Spondyloarthritis Research Consortium of Canada (SPARCC) method, by three trained readers 

blinded for time sequence and clinical findings. Additionally, fulfilment of the Assessment of 

SpondyloArthritis international Society (ASAS) definition of a positive MRI was evaluated. 

RESULTS: At baseline, 9/22 recruits (40.9%) already presented a SPARCC score ≥1; this number 

increased to 11/22 (50.0%) at week 6 (P = 0.625). In these patients, the mean (SD) SPARCC score was 

2.4 (0.4) at baseline, compared to 3.7 (1.3) at week 6. Overall, the mean (SD) change in SPARCC score 

over time in all 22 patients was 0.9 (0.6) (P = 0.109). A positive MRI according to the ASAS definition 

was present in 5/22 recruits (22.7%) at baseline, which increased to 8/22 (36.4%) at follow-up (P = 

0.375). Structural lesions were present in 6/22 subjects (27.3%), both at baseline and after 6 weeks of 

training.  

CONCLUSION: A substantial proportion of healthy active individuals without any symptoms of back 

pain displayed bone marrow oedema lesions on MRI at baseline. However, MRI lesions did not increase 
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significantly after 6 weeks of intensive physical training. Our study underscores the necessity to 

interpret MRI findings of the SIJs in the appropriate clinical context, even in a young active population. 

 

INTRODUCTION 

In the past decade, considerable efforts have been made to shorten the diagnostic delay in axial 
spondyloarthritis (axSpA), with MRI becoming the preferred method to detect sacroiliitis in an early 
disease stage [1-3]. While MRI is a sensitive method for detection of bone marrow oedema (BME) and 
structural lesions, there are only limited data regarding the specificity of MRI lesions in a non-SpA 

population. Nevertheless, some data have been published regarding mechanical low back pain patients 
[4,5]. Physical activity might influence the interpretation of MRI lesions. Previously, McGonagle et al. 
[6] have hypothesized that mechanical stress plays an important role in the pathophysiology of SpA. In 
a proof of concept study in mice, the unloading of hind legs resulted in less entheseal inflammation 
compared with weight bearing [7]. In humans, Ward et al. [8] have shown that mechanical stress in 
the form of vibration, bending, twisting and stretching is detrimental regarding functionality and 
structural progression in AS. Similarly, AS patients exerting manual labour developed more 
syndesmophytes, compared with their non-manual labour counterparts [9]. In humans performing a 
variety of sport activities, the presence of BME on MRI has been described for several joints [10-17]. 
However, currently, information on the impact of mechanical stress on MRI findings of the SI joint (SIJ) 
is lacking. Therefore, we studied the effect of mechanical stress caused by intense physical training on 
the SIJs in healthy individuals. 

 

METHODS 

This pilot study was a 6-week observational study in young military recruits, selected for initiation of 
basic military training after thorough physical and psychological examination. These subjects 
participated on a voluntary basis and provided informed consent. This study was authorized by the 
local ethics committee of the University Hospital of Ghent and the Jessa Hospital of Hasselt. 

 
Subjects 

Twenty-five recruits without history of back pain were randomly selected out of the pool of 341 
recruits from the ‘Koninklijke School voor Onderofficieren Campus Saffraanberg’. The inclusion criteria 
for participation in the study consisted of inclusion before initiation of physical training, 18-45 years of 
age and completion of a 6-week standardized training schedule. The exclusion criteria were 
contraindication for MRI, pelvis or back injury in the past year prior to inclusion, scoliosis, prior 
exposure to anti-TNF therapy and prior diagnosis of a chronic inflammatory condition. 

 
Physical activity 

The training consisted of daily exercise including marching with backpacks, military tactical exercises, 
drills, running, shooting exercises and some theoretical classes. All recruits followed a daily training 
programme with identical equipment and were living in the same housing and environmental 
conditions. Therefore, the extrinsic contributing factors that could affect the incidence of BME or 
structural lesions of the SIJs were standardized. 
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Imaging 

Prior to the initiation of training, an MRI of the SIJs (MRISIJ) was performed and repeated after 

completion of the 6-week training programme. Eventually, 22 recruits completed the training and had 

an MRI-SIJ at both time points. MRI-SIJ was performed employing identical technical properties as in 

daily clinical practice. MRI was obtained on a 1.5 T MRI unit (Avanto/Symphony, Siemens Medical, 

Erlangen, Germany). The SIJs were imaged in a body flexed array coil (Siemens Medical). The sequence 

protocol included the following: semicoronal (along long axis of the sacral bone) T1-weighted turbo 

spin echo (tse) [slice thickness (ST): 3mm; repetition time/echo time (TR/TE): 679/20 ms]; semicoronal 

short tau inversion recovery (STIR) (ST: 3mm; TR/TE/TI: 5030/70/150 ms); and axial STIR (ST: 5 mm; 

TR/TE/TI: 7540/70/150 ms). 

 

Scoring method 

The presence of lesions on MRI-SIJ was scored independently by three well-trained readers (Md.H., 

G.V. and T.R.), blinded for time sequence. Both T1 and STIR sequences were read simultaneously. The 

images were read in blinded pairs, including both time points. BME, sclerosis, erosions, fatty lesions 

and (partial) ankylosis, as defined by the Assessment of SpondyloArthritis international Society ASAS) 

MRI working group, were scored [2]. Therefore, the reported lesions displayed characteristics of 

lesions seen in SpA patients. Based on the Spondyloarthritis Research Consortium of Canada SPARCC) 

scoring system for inflammation in the SIJs, six slices were scored per patient, representing the 

cartilaginous part of the joint. Per slice, each SIJ was divided into four quadrants [18]. The first slice 

was selected based on the visibility of at least two quadrants per SIJ, with the remaining five slices 

subsequent to the first selected slice [4]. Per slice, each quadrant was scored for the presence of BME. 

Additionally, per slice each SIJ was scored for intensity and/or depth of the BME. Also, the fulfilment 

of the definition of a positive MRI as defined by ASAS was evaluated, which entails the presence of one 

BME lesion on two or more consecutive slices or more than one BME lesion on a single slice. The 

structural lesions were scored using the same method. Erosions were reported when present on two 

or more consecutive slices, increasing sensitivity. Furthermore, the presence of five or more fatty 

lesions and/or erosions, three or more erosions or three or more fatty lesions was evaluated, as these 

cut-off values have been shown to yield a specificity of >95% for SpA [5]. The total number of lesions 

was recorded as the highest number of lesions scored by at least two readers. For example, if reader 

1 scored six BME lesions, while reader 2 scored eight and reader 3 scored five lesions, the highest 

number of lesions scored by at least two readers is six BME lesions. The fulfilment of the ASAS 

definition and of different cut-off values regarding structural lesions was estimated by consensus of 

two out of three readers.  

 

Statistical analysis 

SPSS Statistics v. 4 (IBM Corp., Armonk, NY, USA) was used to perform the statistical analysis. Alpha 

was set at 0.05. The non-parametric Wilcoxon matched-pairs signed-rank test was used to evaluate 

the evolution of both BME and structural lesions over time. The fulfilment of the ASAS criteria of a 

positive MRI at different time points was analysed using the paired McNemar test. 
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RESULTS 

Recruits and MRI lesions 

Nineteen out of the 22 asymptomatic recruits were male, with mean age of 25 (0.8) years. At baseline, 

9/22 recruits (40.9%) presented with a SPARCC score of ≥1, which increased to 11/22 (50%) at week 6 

(P = 0.625); three recruits developed new BME over time, whereas in one recruit the BME lesions 

disappeared. In patients displaying BME, the mean SPARCC score was 2.4 (0.4) at baseline, compared 

with 3.7 (1.3) at week 6. Percentiles (p0, p25, p75, p100) of SPARCC score were 1, 1, 3, 5 and 1, 1, 4, 

16 at baseline and week 6, respectively. Overall, the mean change in SPARCC score over time in all 22 

patients was 0.9 (0.6) (P = 0.109). BME lesions with fulfilment of the ASAS definition of a positive MRI 

were present in 5/22 recruits (22.7%) at baseline, increasing to 8/22 (36.4%) after 6 weeks of physical 

activity (P = 0.375): four recruits were positive at both time points, four initially MRI negative recruits 

became MRI positive and one recruit became MRI negative.  

At baseline, structural lesions were present in 6/22 subjects (27.3%) with one, three and three subjects 

presenting with a score of ≥1 for sclerosis, fatty lesions and erosions, respectively. This number did not 

increase after 6 weeks of mechanical stress (Table 1). The evolution over time of a BME lesion on MRI-

SIJ in a 31-year-old recruit is visualized in Fig. 1. None of the subjects displayed (partial) ankylosis. The 

descriptive statistics regarding the structural lesion distribution are visualized in Table 2.  

 

 

 

When applying the cut-off values for structural lesions with specificity of >95% in SpA defined by de 

Hooge et al., only one subject had five or more fatty lesions and/or erosions at baseline and after 6 

weeks of mechanical stress. None of the recruits had three or more erosions at any time point, whereas 

4.5% (1/22) displayed three or more fatty lesions at baseline. After 6 weeks of training, one additional 

recruit displayed three or more fatty lesions. Both BME and structural lesions were present in 3/22 

(13.6%) at baseline. After 6 weeks of physical training, 4/22 (18.2%) displayed both BME and structural 

lesions (not significant). 

 

Table 1: MRI-SIJ lesions in military recruits before and after 

training. All values given as n (%).  
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Agreement 

The agreement of MRI scoring was substantial with an intraclass correlation coefficient of 0.75 for BME 

lesions. Kappa agreement for the ASAS definition was good (0.65). Regarding the structural lesions, 

kappa agreement for erosions and fatty lesions was good (0.64) and fair (0.54), respectively. The 

assessment of kappa agreement for sclerosis and (partial) ankylosis was not possible as only one 

subject displayed sclerosis and none of the subjects displayed ankylosis. 

 

Figure 1: MRI-SIJ in a military recruit before and after training. (A) Baseline MRI-SIJ in a 31-year old 

male military recruit. (B) BME of the right SI joint after 6 weeks of training, present on 2 consecutive 

slices. (C) T1 sequences of the SI joints after 6 weeks of training.  

Table 2: Descriptive statistics of MRI-SIJ lesions in young military recruits.  

aOnly one subject displayed sclerosis at baseline and week 6. No percentiles could be computed. 

P0, p25, p75, p100: percentiles.  
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DISCUSSION 

To our knowledge, this is the first study to evaluate the effect of mechanical stress on MRI-SIJ. Overall, 

there was a high prevalence of MRI lesions in healthy active individuals without any symptoms of back 

pain, both at baseline and after 6 weeks of follow-up. However, MRI lesions do not seem to increase 

significantly after 6 weeks of intensive physical training.  

In this study BME lesions on MRI were commonly reported. Notwithstanding the definition of a positive 

MRI-SIJ according to the ASAS criteria should only be used in patients with SpA, real-life experience 

indicates that rheumatologists might use the definition as a benchmark in their diagnostic process of 

patients with aspecific back pain. Therefore, we challenged whether this definition would lead to false-

positive results in a cohort of young, healthy soldiers. In concordance with our results in healthy 

recruits, Arnbak et al. [19] have shown that if only MRI positivity by ASAS is taken into account in the 

evaluation of chronic low back pain in young individuals, up to 20% would meet this criterion, whereas 

only 5% of patients with chronic low back pain are expected to have axSpA [20]. A similar prevalence 

to our results of ASAS positive MRIs was reported by Weber et al. [4] in a nonspecific back pain (NSBP) 

cohort, while only 7% of healthy controls displayed a ‘positive MRI’. Taking this into account, the 

imprudent interpretation of MRI-SIJ, combined with the high diagnostic value attributed to a positive 

MRI, may lead to NSBP patients being wrongly diagnosed as SpA [21]. These findings emphasize the 

importance of the recently published cautionary guidelines for the application of the ASAS definition 

of a positive MRI [22]. Nevertheless, the median SPARCC score of 3 in these asymptomatic recruits 

displaying BME is low compared with the SPARCC scores of ≥5 in AxSpA cohorts and randomized clinical 

trials [23-27].  

Of the structural lesions, erosions and fatty lesions were the most prevalent. Most studies evaluating 

MRI lesions in non-SpA subjects, have focused on the NSBP population, which is the clinical context 

wherein MRI-SIJ requests are most frequent. Similar to our findings in healthy recruits, erosions were 

frequently seen in NSBP patients [4, 5, 19]. Notably, in our study population, erosions were present in  

 1̴4%, which may be in line with the suggestion that in young athletes   1̴8% display erosions of the SIJ 

related to symphysis pubis stress injury [28]. Therefore, active individuals may display more structural 

lesions than non-active individuals. Moreover, erosions of the SIJ were significantly more prevalent in 

younger age groups [19]. Anyhow, the evaluation of structural lesions on MRI remains challenging, 

with lower agreement scores regarding erosions compared with the interpretation of BME lesions [4, 

5].  

In the present study we could not demonstrate a significant effect of mechanical stress on MRI-SIJ over 

time. Although there were two additional recruits with BME after 6 weeks of physical activity, this was 

not statistically significant. These findings are consistent with literature, showing that in 16 

asymptomatic professional runners and 26 asymptomatic professional basketball players, no 

difference was seen in the presence of BME lesions before and after the training season [14]. In 

accordance with our results, 14/16 (88%) runners already presented BME of the pubic bones, hips, 

knees and/or ankles at the start of the season, with more than half of BME lesions fluctuating over 

time [10]. In recreational runners before and after a marathon and in contact sports after a 2-hour 

training session, similar findings were reported at the level of the knees and symphysis, respectively 

[11-13]. Nevertheless, other authors did find a modest significant increase of BME in young 

asymptomatic male soccer players, in addition to already exhibiting BME in 11/18 (61%) at baseline. 

Moreover, the severity of this BME was mildly positively correlated with the training history, with less 
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prior training resulting in more development of BME [15]. Interestingly, in 12 healthy controls, 

alteration of weight bearing by overpronation of the foot resulted in appearance of BME in hips, knees, 

ankles or feet of 11/12 (91.7%) after 2 weeks [29].  

Subjects aspiring to join the army might be more likely to practice sports and train for the selection 

procedure. Moreover, athletes have been shown to exhibit more BME of the joints compared with 

healthy controls [16, 17]. Therefore, the additional 6-week physical training might not hold up to the 

overall mechanical stress the body had already endured by previous training. This might not only 

explain the overall lack of (additional) effect of the mechanical stress after 6 weeks, but also the high 

number of MRI lesions at baseline in these trained individuals. Thus, evaluating mechanical stress in 

an untrained population may lead to different conclusions.  

The main limitation of our study is the small study population. Since this is the first study looking at 

mechanical stress on the axial skeleton and the presence of MRI-SIJ lesions, it is unknown whether a 

statistically significant difference in the presence of MRI lesions after mechanical stress would have 

been found in a larger study population. Moreover, as these were healthy controls, some clinical 

aspects, such as HLA-B27 status and CRP values, were not available. Nevertheless, the strength of our 

study comprises the inclusion of a well-defined and - most importantly - homogeneously trained study 

population, permitting us to investigate the impact of mechanical stress, shielded from various 

confounders, such as living and sleeping conditions, hobbies, heterogeneity in mechanical stress and 

daily routine among others, during the observation time. Moreover, MRI images were standardized 

and scored independently by three trained readers according to definitions provided by ASAS. 

Additionally, the inclusion of erosions only when seen on two consecutive slices increased the 

sensitivity.  

Future research may focus on confirming these results in a larger sample size and in a broader and 

general population, in whom the effect of mechanical stress might be more pronounced. Also, the 

mapping of weight bearing of the sacroiliac joint across different sport activities should be considered. 

Several features of mechanical stress could influence the outcome of such a study. Critical intensity, 

frequency and/or duration of the physical activity - or combinations thereof - could be explored in 

order to determine its possible effect on the presence of MRI lesions in the SIJ.  

In conclusion, MRI lesions did not significantly increase upon mechanical stress. However, there was a 

high prevalence of BME lesions in healthy active individuals without symptoms of back pain. Strikingly, 

half of the patients displaying BME could even be categorized as having a positive MRI as defined by 

ASAS. Our data highlight the importance of interpreting imaging in the appropriate clinical context. 
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KEY MESSAGES 

What is already known about this subject?  

- MRI is a sensitive method to detect sacroiliitis in an early disease stage. 

- However, the specificity of bone marrow edema and structural lesions on MRI of the 

sacroiliac joints is not clear. 

What does this study add? 

- Healthy active individuals can also have a positive MRI for sacroiliitis.  
- Mechanical stress does not seem to increase bone marrow oedema on MRI after several 

weeks of physical training. 
 

How might this impact on clinical practice of future developments? 

- MRI should only be requested in the appropriate clinical context.  
- The occurrence of inflammatory and structural spondyloarthritis-like MRI lesions in a healthy 

population should be further assessed. 
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3.1.3 MRI of the sacroiliac joints and spine in healthy subjects and first-degree relatives of 

spondyloarthritis patients 
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ABSTRACT     

OBJECTIVES: MRI imaging plays a pivotal role in the diagnostic workup of spondyloarthritis (SpA), albeit 

some findings such as occurrence of bone marrow edema (BME) may also occur in healthy subjects 

under conditions of heightened mechanical stress. Furthermore, a detailed description of MRI findings 

of the axial skeleton in healthy individuals in relation to age is currently lacking. We therefore sought 

to do develop an atlas of BME and structural lesions on MRI of the sacroiliac joints (SIJ) and spine in a 

large cohort healthy individuals and healthy first-degree relatives of SpA patients. 

METHODS: Ninety-five healthy subjects without back pain, aged 20-49 years, and 15 healthy first-

degree relatives of SpA patients underwent MRI-SIJ and MRI-spine. Bone marrow edema (BME) and 

structural lesions of the SIJ were scored by 2 readers using the SPARCC method. Spinal inflammatory 

lesions were evaluated using the SPARCC MRI spine inflammation index. Structural lesions of the spine 

were assessed using the Canada-Denmark MRI scoring system. Fulfillment of the ASAS definition of a 

positive MRI for sacroiliitis and spondylitis was assessed. 

RESULTS: A positive MRI-SIJ occurred in 17.2% of the subjects aged ≥30 years, albeit was rarely 

detected in subjects in their twenties. Erosions (20.0%) and fat metaplasia (13.7%) were the most 

commonly observed structural SIJ lesions occurring in all age groups, although erosions occurred more 

frequently in subjects above the age of 40 (39.3%). Although spinal BME (35.7%) and fat metaplasia 

(28.6%) were common in subjects older than 40 years, only one subject had a positive MRI for 

spondylitis. There were no significant differences in SIJ BME between healthy subjects and first-degree 

relatives. SIJ and spinal SPARCC scores and structural lesions correlated significantly with the subject’s 

age. 

CONCLUSION: BME and structural lesions on MRI-SIJ are regularly seen in healthy subjects without 

back pain, especially in subjects ≥40 years old. In contrast, a positive MRI of the spine is rarely seen. 

These findings have important implications for the interpretation of MRI in suspected SpA patients.  
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INTRODUCTION 

Magnetic resonance imaging (MRI) is considered the gold standard imaging modality for state-of-the-

art detection of active sacroiliitis, the hallmark of axial spondyloarthritis (axSpA). Nonetheless, the 

specificity of MRI in the context of axSpA was recently questioned, considering the high prevalence of 

a positive MRI for active sacroiliitis according to the Assessment of Spondyloarthritis International 

Society (ASAS) definition in a non-SpA context, such as in postpartum women (60%), elite ice hockey 

players (41%), recreational runners (30-35%), and military recruits (23%)[1-5]. Surprisingly, extensive 

data on axial skeleton MRI of healthy individuals across different age categories are still an unmet 

need. De Winter et al. assessed the prevalence of bone marrow edema (BME) on MRI of the sacroiliac 

joints (MRI-SIJ) in healthy individuals[6]. Importantly, the presence of structural lesions was not 

assessed. A recent interesting paper by Baraliakos and colleagues described a high prevalence of BME 

and fat metaplasia on spinal MRI in a large population-based cohort[7]. Nonetheless, the retrospective 

study design and the high prevalence of subjects with back pain warrant caution when extrapolating 

these results. Furthermore, a recent paper by our group reported a high prevalence of subclinical 

sacroiliitis, including extensive structural involvement, in very early peripheral SpA (pSpA) patients [8]. 

The presence of asymptomatic lesions on MRI-SIJ in healthy individuals on the one hand along with 

the presence of sacroiliitis in SpA patients with predominant peripheral manifestations on the other 

hand, complicate the interpretation of SpA-like MRI lesions. It underscores the importance of 

interpreting the imaging results in the appropriate clinical context. We reasoned that perhaps age-

dependent changes may play a critical role in the interpretation of MRI findings. We therefore sought 

to develop a human atlas of BME and structural lesions on MRI-SIJ and MRI-spine of healthy subjects 

without chronic back pain across different age categories. We correlated these findings with 

demographic and clinical data, such as HLA-B27 status. MRI findings were also compared with those 

of asymptomatic first-degree relatives of SpA patients. Furthermore, SIJ scores were matched with 

those of axSpA patients. Importantly, this is the first prospective MRI study of spine and SIJ, assessing 

both inflammatory and structural lesions, and matching SIJ scores with those of axSpA patients. 

 

METHODS 

Subjects 

Healthy subjects without symptoms of back pain, divided into three age categories (20-29 years, 30-

39 years, 40-49 years) were recruited. In addition, asymptomatic, first-degree relatives of SpA patients 

were recruited from the offspring of SpA patients of the Rheumatology Department of the Ghent 

University Hospital. Exclusion criteria for both groups were a (medical) contraindication for MRI, 

current or recent chronic back pain, tumor necrosis factor inhibition (TNFi) treatment, use of non-

steroidal anti-inflammatory drugs in the last two weeks, and a known diagnosis of SpA. A short 

questionnaire concerning health status, (family) medical history, and medication use was conducted 

and a blood sample was drawn for HLA-B27 status determination. Subsequently, all subjects 

underwent an MRI-SIJ and MRI-spine. In addition, SIJ scores of these non-SpA subjects were matched 

with scores of axSpA patients from the Belgian Inflammatory Arthritis and Spondylitis (Be-GIANT) 

cohort, a nationwide observational registry of newly-diagnosed SpA patients[9-11]. All included axSpA 

patients were younger than 50 years at baseline, fulfilled the ASAS classification criteria for axSpA and 

were TNFi naïve prior to inclusion. 
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Magnetic resonance images 

Images of healthy, asymptomatic subjects and first-degree relatives were obtained on a 3 T unit 

(Prisma, Siemens Healthineers, Erlangen, Germany). Sequences included 3 mm T1-weighted and turbo 

inversion recovery magnitude (TIRM) images of the spine, 3 mm semi-coronal T1-weighted turbo spin 

echo and short tau inversion recovery (STIR) images of the pelvis. SIJ images of axSpA patients were 

obtained on a 1.5 T unit (Avanto, Siemens Healthineers, Erlangen, Germany), applying the same 

sequences. MRI-SIJ images were evaluated for inflammatory and structural lesions, as defined by the 

ASAS MRI working group, by two trained and calibrated readers (TR, MdH)[2]. BME was scored using 

the Spondyloarthritis Research Consortium of Canada (SPARCC) method[12]. In addition, fulfillment of 

the ASAS definition of a positive MRI for sacroiliitis was assessed, defined as ≥2 BME lesions on one 

slice or ≥1 lesion on two consecutive slices and lesions highly suggestive of SpA[1]. Structural lesions 

were scored using an adjusted SPARCC method[3, 5, 13, 14]: 6 slices, each divided into 4 quadrants, 

were scored; per slice, each quadrant was scored for erosions, fat metaplasia, sclerosis and (partial) 

ankylosis. MRI-spine images were evaluated by the same readers for corner inflammatory lesions 

(BME) using the SPARCC MRI spine inflammation index and for corner structural lesions (erosions, fat 

metaplasia, and new bone formation) using the Canada-Denmark (CANDEN) MRI spine scoring system, 

in which each vertebral unit is divided into quadrants [15, 16]. Scores for BME, fat, erosion and new 

bone formation at levels with disc degeneration were excluded from calculation of patient-level sum 

scores. Predefined cut-offs aiming at high specificity for sacroiliitis and spondylitis were applied[14, 

17]: fat metaplasia in ≥3 SIJ quadrants, erosions in ≥3 SIJ quadrants, fat metaplasia and/or erosions in 

≥5 SIJ quadrants, ≥3 corner inflammatory lesions of the spine (positive MRI-spine according to the ASAS 

definition), ≥5 corner inflammatory lesions of the spine, and ≥5 spinal fat lesions. Individual reader 

scores were combined and for further analyses the mean scores were used. A consensus score was 

applied in case of dichotomous outputs.  

 

Statistical analyses 

All statistical analyses were performed using IBM SPSS Statistics 26. Figures 2 and 3 were composed 

using R (version 3.6.1; R Core Team (2018), Vienna, Austria; [http://www.R-project.org/]). Descriptive 

statistics were used to analyze and report the demographics, clinical characteristics and MRI lesions. 

Differences in MRI scores between subgroups, e.g. healthy subjects versus first-degree relatives, were 

calculated using the Mann-Whitney U test. Correlation with demographic/clinical data was assessed 

by Spearman’s rank correlation coefficient in case of continuous variables. P-values ≤0.05 were 

considered as statistically significant. 

 

RESULTS 

MRI findings in healthy subjects and first-degree relatives 

Ninety-five healthy subjects and 15 first-degree relatives of SpA patients were included. Demographics 

and clinical characteristics are shown in Table 1. Healthy subjects were divided into 3 age categories: 

20-29 years, 30-39 years, and 40-49 years. None of the subjects had current or recent symptoms of 

back pain. Only 3 healthy subjects (3%) and 2 first-degree relatives (13%) ever had an episode of 

chronic back pain. Examples of MRI-SIJ and MRI-spine images of healthy study subjects are displayed 

in Figure 1.  
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 Healthy subjects 
(n = 95) 

First-degree 
relatives 
(n = 15) 20-29 years 

(n = 36) 
30-39 years 

(n = 31) 
40-49 years 

(n = 28) 

Age, years (median, IQR) 27 (25-28) 32 (31-36) 43 (40-45) 27 (23-30) 

Male sex (n, %) 18 (50) 15 (48) 14 (50) 2 (13) 

History of chronic back pain (n,%) 0 1 (3) 2 (7) 2 (13) 

HLA-B27 status positive 2/34 (6) 3/29 (10) 1/17 (6) 3/13 (23) 

Psoriasis (current or history) (n,%) 0 0 0 1 (5) 

Inflammatory bowel disease 
(current or history) (n,%) 

0 0 0 0 

Uveitis (current or history) (n,%) 1 (3) 0 0 0 

Figure 1: Examples of magnetic resonance images of the sacroiliac joints and spine in healthy, 

asymptomatic study subjects: A) Sacroiliac joint MRI (STIR sequence) in a 32-year old female subject 

showing no bone marrow edema; B) Sacroiliac joint MRI (T1 sequence) in a 26-year old male subject, 

displaying no structural lesion; C) Sacroiliac joint MRI (STIR sequence) in a 31-year old female subject 

showing limited bone marrow edema in the inferior ilium (indicated by a circle); D) and E) Sacroiliac joint 

MRI (T1 sequence) in a 31-year old female subject displaying bilateral erosions and partial ankylosis 

(indicated by circles and arrows; same subject as panel C); F) Sacroiliac joint MRI (T1 sequence) in a 40-

year old female subject displaying limited sacral fat metaplasia (indicated by a circle); G) Spinal MRI 

(TIRM sequence, T4-L5) in a 25-year old female subject showing no corner inflammatory lesions; H) 

Spinal MRI (TIRM sequence, C6-T9) in a 49-year old female subject displaying an anterior corner 

inflammatory lesion (T6; indicated by a circle).   

Table 1: Demographics and clinical characteristics of healthy subjects and first-degree relatives of 

SpA patients.  
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Bone marrow edema and structural lesions on MRI-SIJ 

A summary of the detected MRI-SIJ lesions is shown in Table 2. SIJ lesions were mainly detected in 

subjects aged ≥30 years. SIJ BME was observed in 14% of subjects aged 20-29 years. However, the 

extent was limited as the median SPARCC score in those subjects displaying BME was 1.0 and only one 

subject had a positive MRI for active sacroiliitis according to the ASAS definition. In contrast, 30.5% of 

the subjects aged ≥30 years displayed SIJ BME. In addition, SPARCC scores were significantly higher in 

those subjects (p=0.042). Consequently, sacroiliitis occurred more frequently in older age categories 

(16.1% and 17.9%, respectively). SIJ SPARCC scores ≥5 occurred in 6 out of 95 healthy subjects (6%); 

none of those subjects were younger than 30 years. BME occurred most frequently in the superior 

sacrum, followed by the inferior ilium (Supplementary Table 1). Deep and intense BME lesions were 

rarely detected (Table 2). SIJ BME occurred in 3 first-degree relatives of SpA patients (20%). Two of 

those (13%) had active sacroiliitis according to the ASAS definition. Both had a SPARCC score ≥5. 

Despite this, there were no significant differences in SIJ SPARCC scores between healthy subjects and 

first-degree relatives (p=0.91). 

Erosions and fat metaplasia were the most observed structural lesions of the SIJ of healthy subjects 

occurring in all age groups, but erosions were distinctly more detected in subjects aged ≥40 years 

(39.3%). Applying the cut-off values for erosions and fat metaplasia with ≥95% specificity for SpA[14], 

none of the subjects aged 20-29 years met the criteria, whereas this was increasingly common in older 

age categories (Table 2). Strikingly, one subject had bilateral partial ankylosis of the SIJ. Structural SIJ 

lesions were almost never observed in the first-degree relatives of SpA patients. 

SIJ SPARCC scores of 95 healthy subjects and 15 first-degree relatives were matched with those of 84 

axSpA patients from the Be-GIANT cohort and plotted in function of the subject’s age in Figure 2. In 

general, a gradual increase in SIJ SPARCC scores in non-SpA subjects was seen starting around the age 

of 30 years old. Confidence intervals of the SPARCC scores started overlapping with those of axSpA 

subjects around the age of 43 years old. Interestingly, SIJ SPARCC scores of axSpA patients peaked 

around the age of 28 years. Violin plots in Figure 3 show the distribution of SIJ scores for BME (SPARCC 

scores), erosions, fat metaplasia and total structural lesions in the different age categories of healthy 

subjects compared with axSpA patients from the Be-GIANT cohort. All MRI-SIJ scores were higher in 

axSpA patients compared to healthy subjects, with the exception of a similar distribution of erosion 

scores in 30-39 year old subjects.  

 

Bone marrow edema and structural lesions on MRI-spine 

A summary of the main MRI-spine findings was incorporated in Table 2. Notwithstanding the frequent 

occurrence of BME on MRI-spine in subjects ≥40 years old (35.7%), median SPARCC scores were low. 

Importantly, a positive MRI for spondylitis according to the ASAS definition (≥3 inflammatory corner 

lesions) was only observed in one subject, a 47-year old HLA-B27 positive male showing 3 corner 

inflammatory spine lesions. Structural lesions on MRI-spine were occasionally detected (Table 2). Fat 

metaplasia was the most frequently detected structural lesion, occurring mainly in subjects ≥40 years 

old (28.6%). However, none of the subjects had ≥5 fat lesions of the spine (maximum number of spinal 

fat lesions = 2). New bone formation (syndesmophytes) was never detected in this study population. 

In Figure 4, a heat map displays the topographic distribution of MRI-spine lesions in healthy subjects. 

In general, the lower thoracic spine harbored most lesions. One first-degree relative displayed spinal 

BME, whereas none showed structural spine lesions.  
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 Healthy subjects First-degree 
relatives 

(n=15) 
All age categories 

(n=95) 
20-29 years  

(n=36) 
30-39 years  

(n=31) 
40-49 years  

(n=28) 

N  
(%) 

Median 
(IQR) 

N  
(%) 

Median 
(IQR) 

N  
(%) 

Median 
(IQR) 

N  
(%) 

Median 
(IQR) 

N  
(%) 

Median 
(IQR) 

SACROILIAC JOINTS  

Sacroiliitis (ASAS) 11 
(11.6) 

- 1 
(2.8) 

- 5 
(16.1) 

- 5 
(17.9) 

- 2 
(13.3) 

- 

SPARCC >0 (BME) 23 
(24.2) 

2.0  
(1.00-4.50) 

5 
(13.9) 

1.0  
(0.75-2.00) 

8 
(25.8) 

3.3  
(1.13-6.00) 

10 
(35.7) 

2.3  
(1.00-5.25) 

3 
(20.0) 

4.5  
(-) 

Deep BME 4  
(4.2) 

1.0 
(0.50-2.63) 

0 - 2 
(6.5) 

1.0  
(-) 

2  
(7.1) 

1.8  
(-) 

0 - 

Intense BME 6  
(6.3) 

0.5 
(0.50-0.63) 

1 
(2.8) 

1.0  
(-) 

2 
(6.5) 

0.5  
(0.50-0.50) 

3 
(10.7) 

0.5  
(-) 

2 
(13.3) 

1.0  
(-) 

Erosions 19 
(20.0) 

2.0 
(0.50-4.50) 

5 
(13.9) 

0.5  
(0.50-0.75) 

3 
(9.7) 

5.5  
(-) 

11 
(39.3) 

2.0  
(1.50-3.50) 

0 - 

Fat metaplasia 13 
(13.7) 

2.0 
(1.00-3.50) 

3 
(8.3) 

1.0  
(-) 

6 
(19.3) 

2.5  
(1.00-3.25) 

4 
(14.3) 

3.3 
(1.13-10.25) 

1  
(6.7) 

1  
(-) 

Sclerosis 2  
(2.1) 

1.8  
(-) 

1 
(2.8) 

3.0  
(-) 

0 - 1  
(3.6) 

1.0  
(-) 

0 - 

Partial ankylosis 1  
(1.1) 

9  
(-) 

0 - 1 
(3.2) 

9  
(-) 

0 - 0 - 

Ankylosis 0 - 0 - 0 - 0 - 0 - 

Erosions in ≥3 quadrants 8  
(8.4) 

- 0 - 3 
(9.7) 

- 5 
(17.9) 

- 0 - 

Fat in ≥3 quadrants 4 
(4.2) 

- 0 - 2 
(6.5) 

- 2 
(7.1) 

- 0 - 

Erosions and/or fat in  
≥5 quadrants 

7 
(7.4) 

- 0 - 2 
(6.5) 

- 5 
(17.9) 

- 0 - 

SPINE  

SPARCC >0 (BME) 19 
(20.0) 

4.0 
(3.00-6.00) 

3 
(8.3) 

4.0 
(3.00-8.50) 

6 
(19.4) 

3.0 
(2.50-4.00) 

10 
(35.7) 

4.75 
(3.00-6.00) 

1 
(6.7) 

5.5 
(-) 

≥3 inflammatory lesions 
(positive MRI-spine) 

1 
(1.1) 

- 0 - 0 - 1 
(3.6) 

- 0 - 

Erosions  9 
(9.5) 

1.0 
(1.00-1.50) 

5 
(13.8) 

1.0 
(1.00-1.50) 

2 
(6.5) 

1.25 
(1.00-1.50) 

2 
(7.1) 

0.75 
(0.50-1.00) 

0 - 

Fat metaplasia 12 
(12.6) 

1.75 
(1.00-2.75) 

1 
(2.8) 

1.5 
(-) 

3 
(9.7) 

2.5 
(1.25-3.50) 

8 
(28.6) 

2.5 
(1.25-3.50) 

0 - 

≥5 fat lesions  0 - 0 - 0 - 0 - 0 - 

New bone formation 
(syndesmophytes) 

0 - 0 - 0 - 0 - 0 - 

Table 2: Detected inflammatory and structural MRI lesions of the sacroiliac joints and spine in healthy subjects and first-

degree relatives of spondyloarthritis patients. Reported median values are those in subjects displaying one or more of 

the respective lesion. 

(ASAS = Assessment of Spondyloarthritis International Society; SPARCC = Spondyloarthritis Research Consortium of 

Canada; BME = bone marrow edema; n = number; IQR = inter-quartile range)  
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Figure 2: Sacroiliac joint Spondyloarthritis Research Consortium of Canada (SPARCC) scores of non-

spondyloarthritis subjects (red dots; healthy subjects and first-degree relatives of spondyloarthritis patients) 

versus axial spondyloarthritis (axSpA) patients of the Belgian Inflammatory Arthritis and Spondylitis cohort 

(Be-GIANT) (blue dots) in function of subject’s age (Loess regression with mean values, indicated by the full 

line, and confidence interval, indicated by the grey zone).  
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Correlation of MRI findings in healthy subjects with demographic and clinical data 

The correlation of MRI lesions in healthy subjects with demographics/clinical characteristics is shown 

in Supplementary Table 2. SIJ SPARCC scores (rho=0.21, p=0.039), SIJ erosions (rho=0.24, p=0.020), 

total structural lesions of the SIJ (rho=0.20, p=0.041), spinal SPARCC (rho=0.36, p<0.001), spinal fat 

lesions (rho=0.34, p<0.001), and total structural lesions of the spine (rho=0.24, p=0.021) correlated 

significantly with the subject’s age. In addition, SIJ erosions correlated significantly with BMI (rho=0.24, 

p=0.018). MRI-SIJ and MRI-spine lesions were not associated with the occurrence of chronic back pain 

in the past. Nonetheless, only 3 subjects ever had an episode of chronic back pain (≥3 months). Those 

subjects had a SIJ and spinal SPARCC score of 0. Blood samples were available in 80 healthy subjects. 

Six of those (7.5%) were HLA-B27 positive. None of them had MRI-SIJ lesions. There were no significant 

differences in MRI-spine scores between HLA-B27 positive and negative subjects, except for a 

borderline higher number of erosions in HLA-B27 positive healthy subjects. However, the HLA-B27 

positive group is small. Three out of 13 first-degree relatives (23.1%) were HLA-B27 positive. None of 

them displayed MRI-SIJ lesions. One of them showed spinal BME, albeit no structural lesions. 

Figure 3: Violin plots of sacroiliac joint Spondyloarthritis Research Consortium of Canada (SPARCC) 

scores, erosion scores, fat metaplasia scores and total structural lesions scores in the different age 

categories of the healthy subjects (HS) versus axial spondyloarthritis (axSpA) patients of the Belgium 

Inflammatory Arthritis and Spondylitis cohort. 
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Figure 4: Heatmap of number of healthy, asymptomatic subjects (n=95) with MRI-spine lesions at the 

different vertebral units. The presence of lesions per vertebral unit was decided by consensus of the two 

readers.  (BME = bone marrow edema, NBF = new bone formation, V = vertebral unit) 
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DISCUSSION 

This is the first report to prospectively assess inflammatory and structural lesions of the SIJ and spine 

on MRI in healthy individuals across different age groups, to correlate these findings with demographic 

and clinical data, and to match SIJ scores with SIJ involvement on MRI in axSpA patients. We revealed 

several interesting findings with relevant implications for clinical practice. In general, an increasing 

trend in both inflammatory and structural lesions of the SIJ and spine was seen in relation to age. A 

positive MRI for sacroiliitis occurred relatively frequently in healthy subjects aged ≥30 years, whereas 

it was rarely detected in younger subjects. Nonetheless, SIJ SPARCC scores were generally low. 

Strikingly, we found a high prevalence of erosions and fat metaplasia of the SIJ in all age categories; 

erosions in particular were especially common in subjects aged ≥40 years. In the spine, BME was mainly 

detected in subjects ≥40 years old, albeit median scores were low. Importantly, spondylitis on MRI 

defined by ≥3 inflammatory corner lesions was only once detected in our study population.  

In 2009, the ASAS group proposed a definition of a positive MRI for active sacroiliitis, requesting the 

presence of subchondral and periarticular BME suggestive of sacroiliitis[2]. Notwithstanding an update 

in 2016[1], the definition lacks specificity as recent studies describe a relatively high prevalence of a 

positive MRI for active sacroiliitis in a non-SpA context, e.g. in postpartum women and healthy 

individuals that display a high level of physical activity[3-6]. Although the ASAS definition should only 

be used in patients with an established SpA diagnosis, the frequent occurrence of a positive MRI for 

active sacroiliitis in a non-SpA context raises concern. An adjustment of the definition of active 

sacroiliitis on MRI may somehow be expedient. Raising the threshold for BME or including particular 

aspects of MRI-SIJ lesions to the definition may be of interest in discriminating true active sacroiliitis 

from false positives. De Winter et al. described active sacroiliitis in 23.4% of the healthy subjects, albeit 

with low SPARCC scores (mean 1.7)[6]. Of note, only 8.5% of the subjects had a SPARCC score ≥5. 

Interestingly, deep BME was not observed in this group. Deep lesions are occasionally seen in women 

immediately postpartum, a distinct and easy identifiable group, albeit not during follow-up ≥6 months 

later[3]. Therefore, these lesions could be considered as highly-specific for SpA. Seven and colleagues 

confirmed the occurrence of SIJ SPARCC scores ≥5 solely in axSpA patients and postpartum women, 

not in other non-SpA subjects[18]. Oliveira et al. proposed a SIJ BME cut-off ≥3 implying the highest 

sensitivity and specificity[19]. In addition, the localization of MRI lesions in the joint may discriminate 

sacroiliitis in the context of SpA from non-specific BME. In the aforementioned study by de Winter et 

al., SIJ BME in healthy subjects was mainly observed in the inferior ilium and in the posterior joint[6]. 

These results are in concordance with the topographic distribution of BME on MRI-SIJ in athletes, as 

lesions were mainly detected in the posterior inferior ilium, followed by the anterior superior 

sacrum[4]. Athletes displayed less fat metaplasia compared to BME, whereas erosions of the SIJ were 

virtually absent[4]. Concordantly, structural SIJ lesions on MRI were rarely seen in postpartum 

women[3]. The present study significantly expands on these previous findings. Although SIJ BME was 

frequently detected in subjects aged ≥30 years, SPARCC scores were low and deep or intense BME 

lesions occurred rarely. SIJ BME lesions were mainly detected in the superior sacrum, followed by the 

inferior ilium. Importantly, one of the major novelties of our study is the strikingly high prevalence of 

SIJ erosions and fat metaplasia on MRI, also in subjects aged 20-40 years, challenging the interpretation 

of MRI-SIJ in suspected SpA patients. Whereas the proposed cut-offs for fat metaplasia and erosions 

with a high specificity for SpA were rarely positive in subjects <40 years old, they were relatively 

frequently positive in older subjects.  

MRI-spine is regarded as an important imaging tool in axSpA. Spondylitis without sacroiliitis may 

particularly occur in ankylosing spondylitis (AS) patients with longstanding disease duration; 

furthermore, MRI-spine is used to predict TNFi response or to evaluate treatment effect[17, 20-22]. 
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Therefore, uniform definitions of SpA-related MRI-spine lesions and a positive MRI for spondylitis are 

indispensable. In 2012, the ASAS group proposed the threshold of ≥3 corner inflammatory lesions as a 

positive MRI-spine for spondylitis[17]. In addition, the presence of fat metaplasia in several vertebral 

corners was labeled as suggestive for SpA. Two papers by Bennett et al. showed ≥3 corner 

inflammatory lesions and ≥6 fat lesions having 97% and 98% specificity for SpA, respectively[21, 23]. 

In 2009, the presence of ≥2 corner inflammatory lesions on MRI-spine was identified as the cut-off 

with the best combination of sensitivity and specificity for SpA[24]. Nonetheless, in a study by Weber 

et al., none of the mentioned thresholds was later validated as useful in the differentiation of non-

radiographic axSpA and non-specific back pain patients[25]. Six or more corner inflammatory lesions 

on MRI-spine yielded a moderate diagnostic value, notwithstanding a decreased sensitivity. In a recent 

large population-based study of 793 volunteers corner inflammatory lesions on MRI-spine were seen 

in 27.2% of the subjects, whereas ≥5 lesions were rarely observed (0.8%)[7]. Five or more corner 

inflammatory lesions or ≥5 fat lesions on MRI-spine was proposed by de Hooge et al. as cut-off values, 

yielding an acceptable discrimination of axSpA patients and subjects with non-SpA chronic back pain, 

while assuring a specificity above 95%[14]. However, Baraliakos et al. described fat metaplasia on MRI-

spine in 81.4% of the general population, with one fourth of subjects having at least 5 fat lesions[7]. In 

the present study, only limited spinal involvement was detected on MRI. Although one third of the 

subjects aged ≥40 years displayed spinal BME, inflammation scores were low and only one subject 

showed ≥3 inflammatory corner lesions. In addition, the occurrence of relevant structural involvement 

of the spine was rare. No subjects displayed ≥3 fat lesions. This is in contrast with the aforementioned 

study by Baraliakos, showing a high prevalence of spinal fat metaplasia in the general population[7]. 

However, the high prevalence of recent back pain (41%) in those subjects may explain this discrepancy.  

Major strengths of the present study were the acquisition of both STIR/TIRM and T1 magnetic 

resonance images of sacroiliac joints and spine in healthy subjects without symptoms of back pain, as 

this was never done before. In addition, the availability of HLA-B27 status is an important asset. A 

limitation is the small group of first-degree relatives, an interesting population to assess in future 

research. In conclusion, our study revealed the frequent occurrence of both inflammatory and 

structural SIJ lesions on MRI in healthy subjects, especially in subjects ≥40 years old. This finding has 

important implications for the interpretation of MRI-SIJ in suspected SpA patients, underscoring the 

importance of the clinical context. In contrast, SpA-like spinal involvement on MRI was rare. 
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KEY MESSAGES 

What is already known about this subject? 

- The present definition of a positive MRI for active sacroiliitis lacks specificity for 

spondyloarthritis.  

What does this study add? 

- In addition to the frequent occurrence of bone marrow edema on MRI of the sacroiliac joints 

in healthy subjects without back pain, a strikingly high prevalence of structural lesions occurs 

in those subjects.  

- The prevalence of erosions on MRI of the sacroiliac joints is especially high in subjects ≥40 

years old.  

- Median scores for structural lesions are relatively low in younger subjects. 

- Deep bone marrow edema of the sacroiliac joints is rarely seen in healthy subjects.  

- Significant spinal involvement on MRI, including structural lesions, is rare in healthy subjects.  

How might this impact on clinical practice of future developments? 

- Whereas structural involvement of the sacroiliac joints on MRI is regarded as highly-specific 

for spondyloarthritis, our data revealed that these lesions occur relatively frequent in non-

spondyloarthritis subjects with increasing age. This challenges the interpretation of MRI of 

the sacroiliac joints in suspected spondyloarthritis patients.  

 

 

 

Competing interests: None declared.  

Acknowledgements: We thank the study subjects for participating.  

Funding: This study has been supported by an Assessment of Spondyloarthritis International Society 
(ASAS) research grant (Manouk de Hooge). 

Ethical approval information: This study was approved by the Ethics Committee of the Ghent 

University Hospital. All study subjects provided written informed consent.  

Data sharing: All data relevant to the study are included in the article. 

Patient and public involvement: Patients were not involved in the design of this study.  

 

 

REFERENCES 

 

1. Lambert RG, Bakker PAC, van der Heijde D et al. Defining active sacroiliitis on MRI for 
classification of axial spondyloarthritis: update by the ASAS MRI working group. Ann Rheum 
Dis 2016;75(11):1958-63. 



83 
 

2. Rudwaleit M, Jurik AG, Hermann KGA et al. Defining active 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. 

3. Renson T, Depicker A, De Craemer AS et al. High prevalence of spondyloarthritis-like MRI 
lesions in postpartum women: a prospective analysis in relation to maternal, child and birth 
characteristics. Ann Rheum Dis 2020;79(7):929-34. 

4. Weber U, Jurik AG, Zejden A et al. Frequency and Anatomic Distribution of Magnetic 
Resonance Imaging Features in the Sacroiliac Joints of Young Athletes: Exploring "Background 
Noise" Toward a Data-Driven Definition of Sacroiliitis in Early Spondyloarthritis. Arthritis 
Rheumatol 2018;70(5):736-45. 

5. Varkas G, de Hooge M, Renson T et al. Effect of mechanical stress on magnetic resonance 
imaging of the sacroiliac joints: assessment of military recruits by magnetic resonance 
imaging study. Rheumatology (Oxford) 2018;57(3):508-13. 

6. de Winter J, de Hooge M, van de Sande M et al. Magnetic Resonance Imaging of the 
Sacroiliac Joints Indicating Sacroiliitis According to the Assessment of SpondyloArthritis 
international Society Definition in Healthy Individuals, Runners, and Women With 
Postpartum Back Pain. Arthritis Rheumatol 2018;70(7):1042-48. 

7. Baraliakos X, Richter A, Feldmann D et al. Frequency of MRI changes suggestive of axial 
spondyloarthritis in the axial skeleton in a large population-based cohort of individuals aged 
<45 years. Ann Rheum Dis 2020;79(2):186-92. 

8.  Renson T, Carron P, De Craemer AS et al. Axial involvement in patients with early peripheral 
spondyloarthritis: a prospective MRI study of sacroiliac joints and spine. Ann Rheum Dis 
2021;80(1):103-108. 

9. Van Praet L, Jans L, Carron P et al. Degree of bone marrow oedema in sacroiliac joints of 
patients with axial spondyloarthritis is linked to gut inflammation and male sex: results from 
the GIANT cohort. Ann Rheum Dis 2014;73(6):1186-9. 

10. Van Praet L, Van den Bosch FE, Jacques P et al. Microscopic gut inflammation in axial 
spondyloarthritis: a multiparametric predictive model. Ann Rheum Dis 2013;72(3):414-7. 

11. Varkas G, Vastesaeger N, Cypers H et al. Association of Inflammatory Bowel Disease and 
Acute Anterior Uveitis, but Not Psoriasis, With Disease Duration in Patients With Axial 
Spondyloarthritis: Results From Two Belgian Nationwide Axial Spondyloarthritis Cohorts. 
Arthritis Rheumatol 2018;70(10):1588-96. 

12. Maksymowych WP, Inman RD, Salonen D et al. 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. 

13. Weber U, Lambert RGW, Østergaard M et al. The diagnostic utility of magnetic resonance 
imaging in spondylarthritis: an international multicenter evaluation of one hundred eighty-
seven subjects. Arthritis Rheum 2010;62(10):3048-58. 

14. de Hooge M, van den Berg R, Navarro-Compán V et al. Patients with chronic back pain of 
short duration from the SPACE cohort: which MRI structural lesions in the sacroiliac joints 
and inflammatory and structural lesions in the spine are most specific for axial 
spondyloarthritis? Ann Rheum Dis 2016;75(7):1308-14. 

15. Maksymowych WP, Dhillon SS, Park R et al. Validation of the spondyloarthritis research 
consortium of Canada magnetic resonance imaging spinal inflammation index: is it necessary 
to score the entire spine? Arthritis Rheum 2007;57(3):501-7. 

16. Krabbe S, Østergaard M, Pedersen SJ et al. Canada-Denmark MRI scoring system of the spine 
in patients with axial spondyloarthritis: updated definitions, scoring rules and inter-reader 
reliability in a multiple reader setting. RMD Open 2019;5(2):e001057. 

17. Hermann KG, Baraliakos X, van der Heijde D et al. 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. 



84 
 

18. Seven S, Østergaard M, Morsel-Carlsen L et al. Magnetic Resonance Imaging of Lesions in the 
Sacroiliac Joints for Differentiation of Patients With Axial Spondyloarthritis From Control 
Subjects With or Without Pelvic or Buttock Pain: A Prospective, Cross-Sectional Study of 204 
Participants. Arthritis Rheumatol 2019;71(12):2034-46. 

19. Oliveira TL, Maksymowych WP, Lambert RGW et al. Sacroiliac Joint Magnetic Resonance 
Imaging in Asymptomatic Patients with Recurrent Acute Anterior Uveitis: A Proof-of-concept 
Study. J Rheumatol 2017;44(12):1833-40. 

20. Rudwaleit M, Schwarzlose S, Hilgert ES et al. MRI in predicting a major clinical response to 
anti-tumour necrosis factor treatment in ankylosing spondylitis. Ann Rheum Dis 
2008;67(9):1276-81. 

21. Bennett AN, Rehman A, Hensor EMA et al. Evaluation of the diagnostic utility of spinal 
magnetic resonance imaging in axial spondylarthritis. Arthritis Rheum 2009;60(5):1331-41. 

22. Baraliakos X, Landewé R, Hermann KG et al. 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. 

23. Bennett AN, Rehman A, Hensor EMA et al. The fatty Romanus lesion: a non-inflammatory 
spinal MRI lesion specific for axial spondyloarthropathy. Ann Rheum Dis 2010;69(5):891-4. 

24. Weber U, Hodler J, Kubik RA et al. 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. 

25. Weber U, Zhao Z, Rufibach K et al. Diagnostic utility of candidate definitions for 
demonstrating axial spondyloarthritis on magnetic resonance imaging of the spine. Arthritis 
Rheumatol 2015;67(4):924-33. 

 

 

SUPPLEMENTARY MATERIAL 

 

  

  

 

 

Region Healthy subjects First-degree relatives Total group 

Anterior superior ilium 0.7% 0.0% 0.6% 

Anterior superior sacrum 2.8% 1.1% 2.6% 

Anterior inferior ilium 1.1% 2.2% 1.2% 

Anterior inferior sacrum 0.2% 1.1% 0.3% 

Posterior superior ilium 1.6% 0.0% 1.4% 

Posterior superior sacrum 2.8% 4.4% 2.9% 

Posterior inferior ilium 1.4% 3.3% 1.7% 

Posterior inferior sacrum 0.5% 1.1% 0.6% 

Supplementary Table 1: Percentage of quadrants of the different regions of the sacroiliac joint of 

healthy subjects and first-degree relatives displaying bone marrow edema. 
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 SACROILIAC JOINTS 
 SPARCC  Structural lesions 

(total) 
Erosions Fat metaplasia 

 Rho p Rho p Rho P Rho p 

Age 0.21 0.039 0.20 0.041 0.24 0.020 0.05 0.63 

BMI 0.10 0.33 0.11 0.31 0.24 0.018 -0.08 0.47 
 SPARCC Structural lesions 

(total) 
Erosions Fat metaplasia 

 Mean p Mean p Mean P Mean p 

HLA-B27+                               
yes 
                                                 
no 

 
0.0 

 
0.9 

 
0.20 

 
0.0 

 
1.1 

 
0.23 

 

 
0.0 

 
0.6 

 
0.37 

 

 
0.0 

 
0.3 

 
0.59 

Male sex                                 
yes                                                  
 
no 

 
0.3 

 
1.2 

 
0.14 

 
0.6 

 
1.6 

 
0.20 

 
0.3 

 
0.8 

 
0.39 

 
0.2 

 
0.6 

 
0.15 

Ever CBP          
yes 
                                                 
no 

 
0.0 

 
0.8 

 
0.76 

 
5.0 

 
1.0 

 
0.60 

 
1.0 

 
0.6 

 
0.77 

 
4.0 

 
0.3 

 
0.07 

 SPINE 
 SPARCC Structural lesions 

(total 
Erosions Fat metaplasia 

 Rho p Rho p Rho p Rho p 

Age 0.36 <0.001 0.24 0.021 -0.08 0.42 0.34 <0.001 

BMI 0.12 0.26 0.10 0.34 -0.09 0.36 0.19 0.06 

 SPARCC Structural lesions 
(total) 

Erosions Fat metaplasia 

 Mean p Mean p Mean p Mean p 

HLA-B27+                               
yes 
                                                 
no 

 
2.5 

 
0.7 

 
0.08 

 
0.6 

 
0.4 

 
0.58 

 
0.4 

 
0.1 

 
0.05 

 
0.2 

 
0.3 

 
0.79 

Male sex                                 
yes                                                  
 
no 

 
1.2 

 
1.0 

 
0.80 

 
0.4 

 
0.4 

 
0.90 

 
0.2 

 
0.3 

 
0.31 

 
0.3 

 
0.3 

 
0.79 

Ever CBP          
yes 
                                                 
no 

 
2.7 

 
0.1 

 
0.35 

 
0.2 

 
0.4 

 
0.70 

 
0.2 

 
0.3 

 
0.80 

 
0 
 

0.1 

 
NA 

Supplementary Table 2: Association of sacroiliac joint Spondyloarthritis Research Consortium of Canada 

(SPARCC) score and structural lesions on MRI in healthy subjects with demographic and clinical data. 

(Rho: Spearman’s rank correlation coefficient; p = p-value; BMI = body mass index; HLA-B27 = human 

leukocyte antigen B27; CBP = chronic back pain) 
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3.2 MRI assessment in early peripheral spondyloarthritis 
 

3.2.1 MRI of the sacroiliac joints and spine in early peripheral spondyloarthritis 
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ABSTRACT 

OBJECTIVES: To assess axial involvement on MRI in early peripheral spondyloarthritis (pSpA) and to 

evaluate whether axial inflammation predicts relapse upon treatment withdrawal. 

METHODS: Fifty-six early, active, newly-diagnosed pSpA patients underwent MRI of sacroiliac joints 

(SIJs) and spine prior to golimumab initiation. At sustained clinical remission of pSpA, treatment was 

withdrawn and a second MRI was performed. Bone marrow edema (BME) was scored by 3 readers 

according to the SPARCC method. Scores were compared to an axial SpA cohort (Be-GIANT). Structural 

lesions were assessed using a similar method. Furthermore, fulfillment of the ASAS definition of a 

positive MRI for sacroiliitis was assessed. Spinal images were evaluated for BME and structural lesions 

using the Canada-Denmark MRI spine scoring system by 2 readers. 

RESULTS: Thirty-six percent showed SIJ BME at baseline, all fulfilling the ASAS definition of sacroiliitis. 

No association with back pain was found. Twenty-one percent displayed SIJ structural lesions. Spinal 

BME was limited: median inflammation scores were low and no patients had ≥5 inflammatory corner 

lesions. Upon clinical remission a significant decrease in SIJ SPARCC scores was detected. At clinical 

remission, no significant differences in SIJ SPARCC scores were noted between patients relapsing 

versus those maintaining remission after treatment discontinuation. 
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CONCLUSION: In early pSpA patients, a surprisingly high prevalence of sacroiliitis on MRI was observed; 

SPARCC scores decreased significantly upon TNF inhibition. Residual inflammation on MRI was not 

predictive for relapse of peripheral manifestations. No relevant inflammatory spinal involvement was 

detected. Collectively, our findings suggest a higher inflammatory burden in early pSpA patients than 

anticipated.  

 

INTRODUCTION  

Spondyloarthritis (SpA) refers to a disease concept that is characterized by chronic inflammation of 

axial and peripheral joints or entheses, often associated with extra-articular manifestations such as 

psoriasis of skin and nails, inflammatory bowel disease and acute anterior uveitis[1]. In clinical practice, 

SpA is typically divided into axial (axSpA), i.e. involvement of sacroiliac joints (SIJs) and/or spine, and 

peripheral SpA (pSpA), i.e. involvement of the joints and entheses of the extremities. Until now, no 

studies have evaluated the presence of axial involvement in pSpA patients in a standardized, 

prospective way. There is limited data available on axial involvement in psoriatic arthritis (PsA), 

generally regarded as a subset of the SpA concept[1-4]. At present, the Assessment of 

Spondyloarthritis International Society (ASAS) and the Group for Research and Assessment of Psoriasis 

and Psoriatic Arthritis (GRAPPA) are developing a consensus definition of axial involvement in PsA, 

currently an unmet need. The frequency of axial involvement in PsA is 25-75% depending on the 

applied method of evaluation (clinical signs and symptoms, conventional radiography) and the 

symptom duration (early or long-standing disease)[5-7]. Up to one third of PsA patients display 

asymptomatic sacroiliitis on conventional radiography [8-10], and in 2-5% of the patients spondylitis is 

even the sole musculoskeletal manifestation of PsA[7, 11, 12]. Unfortunately, magnetic resonance 

imaging (MRI) data on axial involvement, considered the gold standard to detect active sacroiliitis, in 

PsA are limited[13-16], while to our knowledge no studies have been performed in non-psoriatic pSpA. 

Our goal was therefore to assess axial involvement on MRI of both SIJs and spine in early pSpA patients, 

including PsA patients and non-psoriatic pSpA. Furthermore, we determined whether axial 

inflammation could act as a predictive factor for relapse of peripheral manifestations after tumor 

necrosis factor inhibition (TNFi) treatment withdrawal.  

 

METHODS 

Study subjects 

The Clinical Remission in Peripheral Spondyloarthritis (CRESPA) study was a single-center, double-
blind, placebo-controlled trial with TNFi (golimumab) in newly-diagnosed patients with very early pSpA 
(defined as a symptom duration of less than 12 weeks)[17, 18]. In order to investigate if an early 
induction treatment with TNFi would allow drug-free remission, medication was withdrawn if patients 
reached a status of sustained clinical remission, defined as the absence of arthritis, enthesitis, and 
dactylitis at two major consecutive study visits with 12 weeks interval. Subsequently, these patients 
were prospectively followed to assess the possibility of maintaining drug-free remission or to detect 
clinical relapse of peripheral manifestations. The study design and first results have been extensively 
described[17, 18]. Patients who fulfilled the Classification for Psoriatic Arthritis (CASPAR) criteria were 
classified as PsA[19]. To match the SIJ Spondyloarthritis Research Consortium of Canada (SPARCC) 
scores of CRESPA subjects with those of active axSpA patients, data from the Belgian Inflammatory 
Arthritis and Spondylitis (Be-GIANT) cohort, a Belgian nationwide observational registry of newly-
diagnosed SpA patients, was used[20-22]. All included patients fulfilled the ASAS classification criteria 
for axSpA and/or pSpA and were TNFi naïve prior to inclusion. SPARCC scores of 61 patients younger 
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than 45 years old, newly-diagnosed with axSpA, with a positive MRI for sacroiliitis and classified as 
axSpA according to the ASAS criteria were retained for this analysis.  

  

Magnetic resonance imaging 

Participants underwent an MRI of SIJs and full spine at baseline and at the moment of sustained clinical 
remission of the peripheral manifestations when treatment was withdrawn. The MRI at timepoint of 
remission was used to detect significant differences between patients relapsing and those in ongoing 
drug-free remission. Images were obtained on a 1.5 T MRI unit (Avanto, Siemens Healthineers, 
Erlangen, Germany). Sequences included 3 mm T1-weighted and short tau inversion recovery (STIR) 
images of the spine, 3 mm semi-coronal T1-weighted turbo spin echo and STIR images of the pelvis. 
Sacroiliac joint MRI in Be-GIANT patients was performed using the same MRI device with the same 
settings and sequences. Images were paired per subject and readers were blinded for time point and 
demographics/clinical characteristics. Images of the pelvis were evaluated for SIJ bone marrow edema 
(BME) and structural lesions (sclerosis, fat metaplasia, erosions, (partial) ankylosis), as defined by the 
ASAS MRI working group, by three trained and calibrated readers (TR, MdH, MC)[23]. BME was scored 
using the SPARCC method, with a maximum score of 72[24]. Furthermore, fulfillment of the ASAS 
definition of a positive MRI for sacroiliitis was assessed, defined as ≥2 BME lesions on one slice or ≥1 
lesion on two consecutive slices and lesions highly suggestive of SpA[25]. Structural lesions were 
scored using a similar method as for BME[26-29]: 6 slices, divided into 4 quadrants, were scored, 
representing the cartilaginous part of the joint. Per slice, each quadrant was scored for erosions, fat 
metaplasia, sclerosis and (partial) ankylosis. Individual reader scores were combined and for further 
analyses lesions detected by 2 out of 3 readers were reported. A consensus score of two out of three 
readers was used for dichotomous outputs. Spinal images were evaluated independently by two 
trained and calibrated readers (SK, MØ) for BME, erosions, fat metaplasia, and new bone formation, 
using the Canada-Denmark (CANDEN) MRI spine scoring system[30]. The maximum CANDEN MRI spine 
scores are 614 for inflammation, 510 for fat, 208 for erosions and 460 for new bone formation. Scores 
for inflammation, fat, erosion and new bone formation at levels with disc degeneration were excluded 
from calculation of patient-level sum scores. Levels at T12/L1 to L5/S1 were considered to have disc 
degeneration if judged as having loss of ≥50% of normally expected disc height, Pfirmann grade IV (“no 
clear distinction between annulus and nucleus”) or Pfirmann grade V (“collapsed disc space”). Levels 
at C2/C3 to T11/T12 were considered to have disc degeneration if scored as having loss of ≥50% of 
normally expected disc height or Pfirmann grade V (“collapsed disc space”). To allow comparison with 
previously developed cut-offs for the number of MRI spine corner inflammatory and structural lesions 
aiming at high specificity for spondylitis[27, 31], including the ASAS definition of a positive MRI for 
spondylitis, the presence of at least one anterior or anterolateral corner inflammatory lesion at the 
same vertebral edge was counted as involvement of one corner, and, similarly, the presence of at least 
one posterior or posterolateral corner inflammatory lesion at the same vertebral edge was counted as 
involvement of one corner, while non-corner lesions in the vertebral bodies and lesions in the posterior 
elements were not counted. Average scores of both readers were calculated and used for further 
analyses. 

 

Statistical analyses 

All statistical analyses were performed using IBM SPSS Statistics 25. Descriptive statistics were used to 

analyze the demographics, clinical characteristics and MRI lesions. The significance of SPARCC score 

differences between time points was calculated by the Wilcoxon signed-rank test. The Chi-square test 

was used to evaluate the differences in proportions of PsA patients versus non-psoriatic pSpA patients 

having axial involvement. The Mann-Whitney U test was used to check the differences in MRI lesions 
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in the relapse versus drug-free remission group. P-values ≤0.05 were considered as statistically 

significant.  

 

RESULTS 

Study subjects 

Baseline demographics and clinical characteristics of the CRESPA participants have been published 

previously and are summarized in Table 1, next to the included Be-GIANT subjects[17]. Fifty-six out of 

60 CRESPA patients (93%) underwent an MRI of spine and SIJs at baseline. Forty-nine patients (82%) 

reached a state of sustained clinical remission, whereof only 4 patients treated with placebo. Forty-

five patients (92%) underwent a second MRI of spine and SIJs at sustained clinical remission. Twenty 

of those (44%) relapsed after treatment discontinuation. Twenty-three out of 56 subjects (41%) 

fulfilled the CASPAR criteria and were classified as PsA patients.  

 

Table 1: Baseline demographics and disease characteristics. 

 

 

Axial involvement on MRI in early peripheral spondyloarthritis 

Baseline MRI findings 

An overview of the detected sacroiliac and spinal MRI lesions is shown in Table 2. Examples of axial 

involvement on MRI in pSpA patients are shown in Figure 1. A high prevalence of SIJ involvement was 

observed: 20 patients (36%) displayed BME on SIJ MRI at baseline, all fulfilling the ASAS definition of a 

positive MRI for sacroiliitis. The median SPARCC score among those with a positive MRI for sacroiliitis 

 Total group 
CRESPA 

MRI group 
CRESPA 

Be-GIANT 

Number of participants, n 60 56 61 

Age, years (mean ± SD) 39.7 ± 13.4 39.0 ± 13.2 31.6 ± 6.8 

Male gender, n (%) 39 (65) 35 (63) 30 (49) 

HLA-B27 positive, n (%) 33 (55) 30 (54) 43 (71) 

History of inflammatory back pain (ASAS), n (%) 7 (10) 4 (7) 52 (85) 

Visual analogue scale back pain, median (IQR) 1 (0-4) 1 (0-4) 4 (2-6) 

Symptom duration (mean ± SD):  
- arthritis (CRESPA group, in weeks) 
- axial symptoms (Be-GIANT group, in months)  

5.0 ± 2.4 7.1 ± 4.1 52.8 ± 63.4 

78 tender joint count, median (IQR) 4 (3-8) 4.5 (3-9) 0 (0-2) 

76 swollen joint count, median (IQR) 4 (2-5) 4 (2-6) 0 (0-0) 

Swollen joint count ≥ 5, n (%) 14 (23) 13 (23) 1 (2) 

Psoriasis (past/present), n (%) 23 (38) 22 (39) 7 (11) 

Anterior uveitis (past/present), n (%) 1 (2) 1 (2) 9 (15) 

Inflammatory bowel disease (past/present), n (%) 1 (2) 1 (2) 4 (7) 

Elevated CRP (≥ 5 mg/l) at baseline, n (%) 39 (65) 37 (66) 27 (44) 

CRP, median (mg/l) (IQR) 13 (4-36) 13 (4-36) 4 (2-11) 

ESR, median (mm/h) (IQR) 23 (10-44) 22 (8-42) 8 (4-18) 
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was 6. Six patients (11%) displayed deep BME lesions and in 9 patients (16%) intense BME lesions were 

observed. In Figure 2, SPARCC scores of CRESPA patients with a positive MRI were matched with those 

of 61 active axSpA patients from the Be-GIANT cohort. Those CRESPA patients with BME on MRI of the 

SIJs show a similar distribution and range of the scores compared to the Be-GIANT subjects (Be-GIANT 

group: median SPARCC score 7, IQR 4-12). Importantly, structural lesions also commonly occurred in 

the CRESPA cohort (12 patients, 21%). Erosions were the most frequent structural lesions of the SIJs 

(16% of patients). Applying the proposed cut-off values by de Hooge et al. with high diagnostic 

specificity for axSpA[27], in 5 patients (9%) erosions were observed in 3 or more quadrants; 4 patients 

(7%) showed fat metaplasia in 3 or more quadrants. Two patients (4%) had partial ankylosis of the SIJs. 

Importantly, we observed no significant differences between PsA and non-psoriatic pSpA patients 

(Supplementary Table 1). 

 

 

 

 

Contrary to SIJs, spinal BME appeared much less prominent. Even though 20 patients (36%) displayed 

some degree of spinal BME at baseline, median inflammation scores were very low (Table 2). One 

patient had a positive MRI for spondylitis according to the ASAS definition. Fat metaplasia was the 

most observed structural abnormality of the spine at baseline (32%), but similarly as spinal BME, 

median scores were low. Applying the proposed cut-off values by de Hooge et al. [27], no patients had 

 BASELINE (n = 56) REMISSION (n = 45) 

Number of 
patients 

(n, %) 

Median* 
(IQR) 

Range* 
(min-max) 

Number of 
patients 

(n, %) 

Median* 
(IQR) 

Range* 
(min-max) 

Sacroiliac joints**       

ASAS definition of sacroiliitis 20 (36) - - 13 (29) - - 

SPARCC score (72) ≥1 20 (36) 6 (2-15.5) 1-21 16 (36) 4 (2-6) 1-7 

Deep BME (12) 6 (11) 2 (1-4.3) 1-5 0 (0) - - 

Intense BME (12) 9 (16) 2 (1-3) 1-5 4 (9) 1 (1-1.8) 1-2 

Sclerosis (48) 2 (4) 1 (1-1) 1-1 1 (2) 1 (-) - 

Erosions (48) 9 (16) 3 (1.5-5) 1-12 8 (18) 4.5 (1.3-8.3) 1-17 

Fat metaplasia (48) 5 (9) 6 (3-16.5) 1-19 4 (9) 8.5 (3-12.5) 2-13 

Partial ankylosis (48) 2 (4) 5 (-) 2-8 2 (4) 4 (4-4) 4-4 

Ankylosis (48) 0 (0) - - 0 (0) - - 

Spine       

***Inflammation score (614) 20 (36) 1 (0.5-3) 0.5-10 18 (40) 1 (0.9-3.4) 0.5-10.5 

ASAS definition of spondylitis 1 (2) - - 4 (9) - - 

≥5 corner inflammatory lesions 0 (0) - - 2 (4) - - 

***Erosion score (208) 6 (11) 1.3 (0.5-1.6) 0.5-2.0 4 (9) 1.3 (0.6-1.5) 0.5-1.5 

***Fat score (510) 18 (32) 1.5 (0.5-4.5) 0.5-20 14 (31) 1.5 (0.5-4.6) 0.5-19 

≥5 fat lesions 4 (7) - - 3 (7) - - 

***New bone formation score (460) 10 (18) 4.5 (1-5.3) 1-14 8 (18) 4 (1.5-5.8) 1-14 

Table 2: Inflammatory and structural lesions on MRI at baseline and after reaching sustained clinical remission. 

*Median scores and ranges in patients displaying these particular lesions. 

**Maximum scores are indicated between brackets. 

***CANDEN spine scores for inflammation, erosions, fat metaplasia and new bone formation. 
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5 or more corner inflammatory lesions, whereas 4 patients (7%) displayed ≥5 spinal fat lesions. No 

obvious differences were noted between PsA and non-psoriatic pSpA with the exception of a higher 

proportion of non-psoriatic pSpA patients with a CANDEN MRI spine inflammation score >0 compared 

to PsA patients (Supplementary Table 1), albeit the median values suggest this difference is marginal. 

There were no differences regarding structural spine involvement between both patient groups. 

In addition, the link between sacroiliitis and back pain was evaluated. Only 4 patients reported ever 

having an episode of inflammatory back pain (IBP). However, back pain was never a predominant 

symptom and therefore not the reason for consultation. Only one patient with inflammatory back pain 

(IBP) had a SIJ SPARCC score >0 (SPARCC score = 2). Furthermore, no differences in visual analogue 

scores for back pain in patients with sacroiliitis versus no sacroiliitis were detected (p=0.60).  

 

 

 

Figure 1: Examples of axial involvement on MRI in early peripheral spondyloarthritis. 1A: Baseline STIR 
images of a 52 year-old woman displaying spinal bone marrow edema (corner lesions; indicated by 
arrows); 1B: STIR images at time point of sustained clinical remission of the peripheral manifestations: 
no decrease upon treatment with golimumab (indicated by arrows). 2A: Severe iliac bone marrow 
edema (indicated by circle) on baseline STIR images in a 28 year-old male; 2B: Complete resolution of 
the bone marrow edema at sustained clinical remission of peripheral spondyloarthritis. 3A: Bilateral 
sacroiliac bone marrow edema (indicated by arrows) on STIR images at baseline in a 37 year-old male; 
3B: Complete resolution of the sacroiliac bone marrow edema at sustained clinical remission of 
peripheral spondyloarthritis. 4A: Severe sacroiliac joint bone marrow edema (indicated by circle) on 
baseline STIR images in a 29 year-old male; 4B: Residual bone marrow edema (indicated by circle) on 
remission MRI. 5: Extensive fat metaplasia (indicated by arrows) and partial ankylosis (indicated by 
circle) on baseline T1 images in a 39 year-old male. 6. Bilateral sacroiliac joint erosions (indicated by 
arrows) on baseline T1 images in a 37 year-old male. 



92 
 

 

 

Remission MRI findings 

In subjects with SIJ BME at baseline, SPARCC scores dropped significantly by TNFi upon reaching 

sustained clinical remission (mean 8.9 versus 3.7, p=0.041). Whereas 9 patients (16%) had a baseline 

SPARCC >6, only one patient had a SPARCC score >6 at remission. In contrast, no significant decrease 

in the CANDEN MRI spine inflammation scores (mean 1.7 versus 1.9, p=0.91) was observed. pSpA 

patients in sustained clinical remission still displayed BME on MRI of the SIJs and spine in 16 (36%) and 

18 patients (40%) respectively, with 13 subjects continuing to fulfill the MRI definition for sacroiliitis 

and 2 subjects displaying 5 or more corner inflammatory spine lesions at sustained clinical remission 

(Table 2). Nonetheless, one of the latter received placebo and was never treated with TNFi. In addition, 

scores for SIJ and spinal BME at clinical remission were low. None of the patients showed deep BME 

lesions on remission MRI of the SIJs, whereas 4 patients (9%) displayed residual intense BME. No 

significant differences in the degree of sacroiliitis were found between patients relapsing after 

treatment discontinuation versus those maintaining drug-free remission (mean SPARCC 1.7 versus 1.2, 

respectively; p = 0.51).  

 

DISCUSSION 

This is the first study examining axial involvement in very early pSpA. We found a remarkably high 

prevalence of axial inflammation on MRI at baseline, since one third of the patients fulfilled the ASAS 

definition of sacroiliitis, that appeared to be unrelated to the presence of back pain. By contrast, spinal 

Figure 2: Violin plot displaying sacroiliac joint Spondyloarthritis Research Consortium of Canada (SPARCC) 
scores of those 20 CRESPA patients with sacroiliac joint bone marrow edema, matched with SPARCC 
scores of 61 active, newly-diagnosed axSpA patients from the Belgian Inflammatory Arthritis and 
Spondylitis (Be-GIANT) cohort, an observational registry for the prospective follow-up of SpA patients. 
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inflammatory and structural MRI scores were overall very low and no patients had baseline spinal 

involvement when using a cut-off of at least 5 inflammatory lesions. A significant decrease in SIJ 

SPARCC scores was observed after TNFi with overall limited residual inflammation. The presence of 

sacroiliitis at sustained clinical remission did not predict relapse of pSpA, suggesting that clinical 

significance of these residual lesions was minimal.  

There is little data available on axial involvement in pSpA as most studies are performed in PsA 

patients. Notwithstanding, several issues arise when looking in-depth into these previously published 

data. First, isolated spondylitis is rare among patients with PsA, occurring in less than 5% of patients. 

Consequently, there is no uniform definition of PsA with solitary axial involvement and no classification 

criteria exist to date [32, 33]. Although axial involvement in PsA can be indistinguishable from axial 

disease in ankylosing spondylitis (AS), it may have some distinct features such as a lower prevalence of 

HLA-B27, less axial symptoms, a lower Bath AS Metrology Index, less symmetric sacroiliac 

inflammation, and more cervical involvement[34, 35]. This raises the question whether axial PsA and 

AS (with or without psoriasis) represent different clinical presentations of the same disease, or 

alternatively, whether they are two separate diseases with overlapping features. Secondly, in the 

existing literature, axial involvement was mainly assessed clinically and/or by conventional 

radiography. This is problematic, since axial PsA patients have less IBP than AS patients[5, 6, 10, 32, 

34, 36, 37]. Also, spondylitis without sacroiliitis may occur more frequently in axial PsA but there is less 

formation of syndesmophytes[37, 38]. Finally, the prevalence of axial involvement in PsA depends on 

the disease duration, with axial inflammation mainly occurring in later disease stages[11, 39]. Few MRI 

studies prospectively evaluated the occurrence of axial inflammation in PsA, irrespective of axial 

symptoms[14-16]. However, there are currently no data reported on early pSpA. The present report is 

therefore the first prospective study analyzing axial involvement on MRI in early pSpA patients, 

including PsA. We observed a surprisingly high prevalence of inflammatory lesions at the SIJs, with a 

median SPARCC score of 6 among those displaying SIJ BME. This is significant and likely to be clinically 

relevant, in view of comparable scores in active non-radiographic axSpA cohorts. Hence, the mean 

SPARCC score was 4.9 in the total study population of the ABILITY-1 trial, a phase III trial of adalimumab 

in active non-radiographic axSpA[40]. Furthermore, among those patients with active inflammation on 

MRI, we reported a median SPARCC score of 7 in the Be-GIANT subjects included in this study. 

Importantly, a relatively high number of deep BME lesions and structural lesions were also observed, 

which are less often seen in controls[41, 42]. Especially deep BME lesions seem to yield a high 

specificity for sacroiliitis in the context of SpA[28, 41]. In our study, the disappearance of deep BME 

lesions upon TNFi strengthens this statement. Furthermore, Carron et al. underscored this assumption 

by showing a very good agreement between deep BME on MRI and clear tracer uptake on 

immunoscintigraphy with radio-labeled certolizumab pegol in axSpA patients[43]. SPARCC scores were 

found to diminish significantly upon TNFi. Nonetheless, in some patients sacroiliitis persisted despite 

treatment with TNFi. This is not uncommon and in line with existing literature in view of the residual 

mean SPARCC of 4.6 after 16 weeks of golimumab treatment in active non-radiographic axSpA 

patients[44]. Similar findings were observed  upon etanercept treatment[45]. Our findings underscore 

that the baseline SIJ lesions reflect an important degree of axial involvement, already occurring in an 

early stage of pSpA. Our study supports the existence of a unifying SpA disease concept, as sacroiliitis 

in early pSpA is more prevalent than anticipated[1, 2, 4, 46]. Therefore, in contrast to psoriasis patients 

without arthritis[47], screening for subclinical sacroiliitis may be of interest in pSpA patients with active 

arthritis. 

Although spinal BME lesions were observed in 36% of the pSpA patients at baseline, inflammation 

scores were very low. Only one patient had a positive baseline MRI for spondylitis according to the 

ASAS definition and no patients displayed 5 or more corner inflammatory lesions. Among those with 
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spinal BME, median CANDEN MRI spine inflammation score was 1 in the present study compared to 5 

in an axSpA population[30]. In addition, no significant improvement was observed upon TNFi. 

Therefore, these findings suggest that the presence of spinal inflammation in early pSpA patients may 

not be clinically relevant and may rather reflect some aspecific findings commonly occurring in healthy 

controls. In line with this, two MRI studies reported a high prevalence of spinal inflammatory lesions 

and fat metaplasia in a non-SpA population[27, 48]. Therefore, a uniform, widely accepted and 

thoroughly validated definition of a positive MRI of the spine is currently an unmet need[27, 48, 49].  

Collectively, our findings indicate the existence of an important degree of SIJ inflammation in an early 

stage of pSpA. By contrast, spinal inflammation overall was limited. Importantly, we did not find a link 

between the presence of sacroiliitis and back pain. Furthermore, no major differences between PsA 

and non-psoriatic pSpA were found, suggesting that at least at this early stage much more 

commonalities exist between these entities. A major strength of the present study is the prospective 

longitudinal acquisition of spine and SIJ MRI in very early pSpA patients, both at baseline and at time 

point of sustained clinical remission of the peripheral manifestations. A limitation of our study was the 

lack of MRI imaging in patients not achieving clinical remission. In conclusion, this is the first study to 

evaluate axial involvement in early pSpA patients. Our findings indicate a much broader inflammatory 

burden than clinically suspected, as subclinical sacroiliitis is especially common in early pSpA. These 

results corroborate the unifying concept of SpA with important overlap between axial and peripheral 

SpA phenotypes.  

 

 

KEY MESSAGES 

What is already known about this subject? 

- Limited, heterogeneous data exist on axial involvement in psoriatic arthritis; whereas no 

prospective MRI studies have evaluated axial involvement in non-psoriatic peripheral 

spondyloarthritis (pSpA) 

What does this study add? 

- This is the first study on axial involvement on MRI in very early pSpA patients.  

- A strikingly high prevalence of sacroiliitis (36%) was observed at baseline, not associated with 

back pain.  

- By contrast, spinal inflammatory and structural MRI scores were low.  

- Sacroiliac joint SPARCC scores decreased significantly upon TNF inhibition.  

- Residual sacroiliitis at sustained clinical remission of pSpA was not predictive for relapse of 

peripheral manifestations. 

How might this impact on clinical practice of future developments? 

- Our findings indicate a much broader inflammatory burden than clinically suspected, with 

important overlap between axial and peripheral SpA phenotypes. 

- Future research may shed new light on the added value of screening for subclinical 

sacroiliitis, including structural lesions, in patients with a suspicion of pSpA.  
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SUPPLEMENTARY MATERIAL  
 

 
 
 
 
 

 

  

 PsA (n=23) Non-psoriatic pSpA (n=33) P-value 
Chi-Sq Mean n >0 (%) Mean n >0 (%) 

Sacroiliac joints      

ASAS definition of sacroiliitis - 8 (35) - 12 (36) 1.0 

SPARCC score (BME) 2.6 8 (35) 3.2 12 (36) 1.0 

Sclerosis 0.0 0 (0) 0.1 2 (6) 0.51 

Erosions 0.2 3 (13) 0.6 6 (18) 0.72 

Fat metaplasia 0.0 0 (0) 0.4 5 (15) 0.07 

Partial ankylosis 0.0 1 (4) 0.0 1 (3) 1.0 

Spine      

*Inflammation score 0.8 4 (17) 0.7 16 (48) 0.024 

*Erosion score 0.2 3 (13) 0.1 3 (9) 0.68 

*Fat score 2.3 9 (39) 0.8 9 (27) 0.39 

*New bone formation score 0.9 6 (26) 0.8 4 (12) 0.29 

Supplementary Table 1: Differences in baseline axial involvement between psoriatic arthritis (PsA) subjects 

and non-psoriatic peripheral spondyloarthritis (pSpA) subjects. 

(Chi-Sq = Chi-Square test) 

*CANDEN spine scores for inflammation, erosions, fat metaplasia and new bone formation. 
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3.2.2 Lower-extremity MRI in early peripheral spondyloarthritis 
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ABSTRACT 

BACKGROUND: Few data are available on MRI definitions of joint and entheseal involvement in early 

peripheral spondyloarthritis (pSpA) and their link to disease outcome. We therefore aimed to assess 

the inflammatory burden in pSpA by lower-extremity MRI in an early remission-induction strategy 

study with TNF blockade. Furthermore, we sought to determine the value of MRI to predict disease 

relapse versus sustained remission after treatment discontinuation.  

METHODS: Thirty-two early pSpA patients with lower limb involvement on clinical examination and 

confirmed by ultrasonography, participated in a remission-induction trial with a TNF-inhibitor (TNFi). 

Patients underwent MRI of joints and entheses of the lower extremities at baseline and at clinical 

remission, after which TNFi treatment was withdrawn. Images were evaluated for joint effusion, joint 

osteitis, entheseal soft tissue inflammation (STI), and entheseal osteitis. 

FINDINGS: Joint effusion and enthesitis on clinical examination and ultrasonography correlated well 

with MRI abnormalities. In addition, a substantial amount of subclinical involvement was seen on MRI, 

mainly in ankle joints and heel entheses. Inflammation scores were markedly lower in the subclinical 

joints and entheses versus those clinically involved. Inflammatory load on MRI decreased significantly 

upon TNFi treatment. Whereas 80% of the clinically involved joints at baseline showed no effusion on 

remission MRI, two out of three involved entheses at baseline showed residual inflammation. In 

addition, patients relapsing after treatment discontinuation displayed more entheseal STI on remission 

MRI compared to those maintaining drug-free remission.  
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INTERPRETATION: Our findings delineate a differential response of synovitis and enthesitis, with 

enthesitis on MRI responding less upon TNFi treatment. Furthermore, residual entheseal inflammation 

might be indicative for the need for continuous therapy. 

FUNDING: This work is an investigator initiated study with funding from Janssen Pharmaceutica NV.  

 

INTRODUCTION 

In clinical practice, spondyloarthritis (SpA) is divided into axial (ax) and peripheral (p)SpA based on the 

predominant clinical presentation. Whereas axSpA involves inflammation of sacroiliac joints and/or 

spine, pSpA affects the joints and entheses of the (predominantly lower) extremities. Monitoring of 

disease activity and treatment response in pSpA is mainly performed using clinical examination and 

laboratory tests. The use of imaging techniques is of added value to assess and confirm site-specific 

inflammation. In this context, magnetic resonance imaging (MRI) is an emerging imaging modality in 

the field of pSpA; this technique could provide a more objective measurement of disease activity and 

treatment response in pSpA.1  

Ultrasonography (US) is more sensitive compared to clinical examination to detect pSpA features.2-5 

This imaging technique rapidly assesses the presence of joint effusion and by using the Power Doppler 

(PD) technique, active synovitis can be detected. In addition, US evaluates structural abnormalities, 

such as bone erosions and juxta-articular new bone formation. However, the presence of periarticular 

osteitis cannot be assessed as the US beam cannot penetrate the bony cortex. For evaluation of 

osteitis, MRI is a more appropriate imaging modality.5 

The diagnosis of enthesitis, a hallmark of SpA often considered to be the primary disease 

manifestation, remains challenging.6-10 To date, the clinical diagnosis is based on eliciting pain on 

pressure, ideally by using a standardized palpation approach.11 Nonetheless, the inter- and intra-

reader variability is high. The existing clinical scoring systems lack reliability, validity, sensitivity and 

specificity.11,12 Imaging techniques could aid in circumventing these drawbacks. US is being increasingly 

used for detection of enthesitis, also in clinical trials. PDUS has shown added value when combined 

with gray scale to differentiate between entheseal involvement in SpA and painful pressure points in 

other non-SpA conditions, such as fibromyalgia.7,13,14 Currently, the use of MRI to assess enthesitis in 

clinical trials is still limited. Recently, the Outcome Measures in Rheumatology (OMERACT) has 

generated consensus-based definitions of enthesitis as assessed by US and MRI for use as outcome 

measures in trials.15-17  

The aim of the present study was to assess the inflammatory burden in very early pSpA by lower-

extremity MRI evaluation at baseline and once patients reached sustained clinical remission upon 

tumor necrosis factor-inhibitor (TNFi) treatment. An additional aim was to compare MRI findings with 

clinical joint and entheseal involvement, and to assess its ability to predict sustained drug-free 

remission after treatment withdrawal. 
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METHODS 

Study subjects 

The Clinical REmission in peripheral SPondyloArthritis (CRESPA) study is a single-center, double-blind, 

placebo-controlled trial with the TNFi golimumab, in which 60 very early (defined as a symptom 

duration of less than 12 weeks) pSpA patients were included. The study design has been described 

previously.18,19 In order to investigate if early TNFi treatment would allow subsequent drug-free 

remission (“window of opportunity hypothesis”), medication was withdrawn at the time point of 

sustained clinical remission, defined by the absence of clinical arthritis, enthesitis, and dactylitis at two 

major consecutive visits planned at weeks 12, 24, 36, and 48. Subsequently, treatment was 

discontinued and patients were prospectively followed to detect a potential pSpA relapse. In this 

subanalysis, only CRESPA subjects with lower limb joint and/or entheseal involvement on clinical 

examination and confirmed by US were included since only lower-extremity MRI data were available. 

 

Clinical examination 

Peripheral synovitis was clinically evaluated by 78/76 tender/swollen joint counts and enthesitis by 

evaluation of tenderness at the site of an enthesis. Nineteen entheses were evaluated in the CRESPA 

trial, including the 13 Maastricht ankylosing spondylitis enthesitis score locations with addition of the 

insertions of the quadriceps tendon, patellar ligament (insertion into the inferior pole of the patella 

and into the tibial tuberosity) and plantar fascia. Although clinical examination was regarded as the 

gold standard, only the clinically involved joints and entheses of the lower limbs also showing 

abnormalities on US (see next paragraph) were analyzed, in order to increase diagnostic certainty, 

before correlation was assessed with MRI findings. 

 

Ultrasonography 

At baseline, clinical synovitis and enthesitis of the lower limbs was confirmed on US by an experienced 

ultrasonographer (PC). The subtalar joint and midfoot were evaluated as one anatomic site. Synovitis 

was scored according to the OMERACT-EULAR-US composite PDUS scale giving each joint a score of 0 

(normal), 1 (mild), 2 (moderate) or 3 (severe).20  All included patients with clinical synovitis of the lower 

limbs were confirmed by US if they had a OMERACT-EULAR-US composite PDUS score of  ≥1. Affected 

entheses were scored according to the OMERACT enthesitis composite semi-quantitative scale: 

morphological severity scoring 0 = no morphological abnormalities, 1 = hypoechogenicity, 2 = 

thickening and hypoechogenicity plus calcifications/enthesophytes, 3 = thickening and 

hypoechogenicity plus calcifications/enthesophytes and erosions.15 Intraentheseal PD signal (0-3) was 

assessed. Clinical enthesitis of the lower limbs was confirmed by US in case of an OMERACT enthesitis 

composite score of ≥1. 

 

Magnetic resonance imaging 

CRESPA participants underwent an extensive lower-extremity MRI assessment, covering several joints 

and entheses of the lower limbs, at baseline and once sustained clinical remission was reached. Images 

were obtained on a 1.5 T MRI unit (Avanto, Siemens Healthineers, Erlangen, Germany). MRI was 

performed by scanning multiple SpA-specific locations (using different coils) individually. Dedicated 

body flexed array coils, knee and ankle coils were used. Obtained sequences included 3 mm semi-

coronal, 5 mm coronal and 6 mm axial STIR images of the pelvis, 4 mm sagittal fat-saturated T2-
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weighted images of both knees and both ankles. After an initial calibration exercise, three readers (LJ, 

SK, MØ), blinded for time point and clinical characteristics, independently evaluated all images, which 

were paired per patient.    

The following joints were assessed for effusion (synovitis) and bone marrow edema (BME; osteitis) on 

MRI: hips (osteitis was assessed separately for femoral head and acetabulum), knees (osteitis was 

assessed separately for patella, medial femoral condyle, lateral femoral condyle, medial tibial condyle 

and lateral tibial condyle), talocrural joints (osteitis was assessed separately for talus and crural bones), 

subtalar joints and midfoot (talocalcaneonavicular and calcaneocuboid joints). The following entheses 

were evaluated for soft tissue inflammation (STI) and BME (osteitis) on MRI: quadriceps femoris 

tendon insertion into patella, patellar tendon insertion into patella (superior patellar ligament) and 

tibial tuberosity (inferior patellar ligament), plantar fascia insertion and Achilles tendon insertion into 

calcaneus. Involved sites were scored semi-quantitatively: 0 (no abnormalities), 1 (mild), 2 (moderate) 

or 3 (severe). Synovitis on MRI was defined as a joint effusion score of 1 or more, with or without 

concomitant osteitis. Enthesitis on MRI was defined as a STI and/or BME score of 1 or more. For each 

site a mean of the reader scores was calculated and used for further analyses. 

MRI inflammation indices for joint synovitis, joint osteitis, enthesis STI and enthesis osteitis were 

calculated by adding the respective scores per patient per time point. In addition, a total MRI lower-

extremity inflammation index was calculated as the sum score of these indices. Change from baseline 

scores reflect the difference in inflammatory load at the time point of sustained clinical remission 

compared to baseline and were calculated as the baseline minus remission scores. 

 

Statistical analysis  

Descriptive statistics were used to compute the baseline demographics and disease characteristics, as 

well as to calculate the sum scores. Within-group differences between time points in MRI scores were 

calculated by the Wilcoxon signed-rank test. Comparisons of data from relapse versus no relapse 

groups were done by the Mann Whitney U test. P-values lower than 0.05 were considered statistically 

significant. All statistical analyses were performed using IBM SPSS Statistics 25. 

 

RESULTS 

Study subjects 

Thirty-two CRESPA subjects with lower limb involvement were included in this post-hoc analysis. All 
included subjects had at least one active synovitis or enthesitis of the lower limbs that was confirmed 
on US. In total, 27 patients (84%) out of the 32 included patients achieved sustained clinical remission, 
of which ten (37%) relapsed after treatment discontinuation. Only three patients reached sustained 
clinical remission on treatment with placebo. Disease characteristics are shown in Table 1.  
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 Total group 
(CRESPA study) 

Patients with 
lower limb 

involvement 
(present study) 

Number of participants, n 60 32 

Age, years (mean ± SD) 39.7 ± 13.4 37.4 ± 12.7 

Male gender, n (%) 39 (65) 18 (56) 

HLA-B27 positive, n (%) 33 (55) 21 (66) 

Symptom duration joints, weeks (mean ± SD) 5.0 ± 2.4 7.6 ± 4.1 

78 tender joint count, median (IQR) 4 (3-8) 4 (2-12) 

76 swollen joint count, median (IQR) 4 (2-5) 3 (1-6) 

Swollen joint count ≥ 5, n (%) 14 (23) 10 (31) 

Psoriasis (past/present), n (%) 23 (38) 7 (22) 

Anterior uveitis (past/present), n (%) 1 (2) 0 (0) 

Inflammatory bowel disease (past/present), n (%) 1 (2) 1 (3) 

Elevated CRP (≥ 5 mg/l) at baseline, n (%) 39 (65) 21 (66) 

CRP, median (mg/l) (IQR) 13 (4-36) 19 (4-51) 

ESR, median (mm/h) (IQR) 23 (10-44) 30 (10-62) 

(n = number, SD = standard deviation, IQR = interquartile range, CRP = C-reactive protein, ESR  

= erythrocyte sedimentation rate) 

 

Baseline MRI findings 

Examples of baseline MRI abnormalities in CRESPA patients and evolution after reaching sustained 

clinical remission are shown in Figure 1.  

Regarding synovitis, MRI abnormalities were detected in 42 out of the 47 clinically involved joints at 

baseline (89%) (Figure 2): 100% of the hip joints (only one patient), 92% of the talocrural joints, 88% 

of the knee joints, and 79% of the subtalar/midfoot joints showed concordant MRI effusion. On the 

other hand, a substantial amount of joint effusion on MRI was observed in clinically uninvolved joints: 

14 subtalar/midfoot joints, 12 talocrural joints, six knee joints, and five hip joints (Figure 2). MRI joint 

synovitis indices and MRI joint osteitis indices were significantly higher in clinically involved compared 

to subclinically involved joints (Supplementary Table 1). In 11 out of 42 (26%) clinically involved joints 

with effusion on MRI, we also detected concomitant joint osteitis, whereas osteitis was only observed 

in two out of 37 (5%) of the joints with subclinical effusion.  

With regard to enthesitis at baseline, we observed MRI abnormalities in 91% of the clinically involved 

entheses of the heel (Figure 2): 100% of the Achilles tendon entheses and 80% of the plantar fascia 

entheses showed concordant entheseal STI and/or osteitis on MRI. Neither clinically involved 

quadriceps femoris tendon entheses or superior patellar ligament entheses showed MRI 

abnormalities. However, in three out of four of these entheses an adjacent knee synovitis was present, 

possibly interfering with the clinical examination of the respective entheses. No inferior patellar 

ligament entheses were clinically involved at baseline. In addition, in 30 entheses, without tenderness 

at baseline clinical examination, STI and/or osteitis was detected on MRI: 11 plantar fascia, eight 

Achilles tendon, five inferior patellar ligament, four superior patellar ligament, and two quadriceps 

Table 1: Baseline demographics and disease characteristics of the total group 

CRESPA patients and group with clinical lower limb involvement. 
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femoris tendon entheses (Figure 2). MRI enthesis STI indices and MRI enthesis osteitis indices were 

significantly higher in clinically affected entheses versus those that were subclinically involved 

(Supplementary Table 1). 

 

 

Figure 1: Examples of joint and entheseal involvement (indicated by arrows) on fat-sat T2 

magnetic resonance images. Patients 1-4 are remained in drug-free remission during follow-up. 

Patient 5 relapsed after treatment discontinuation. 

1A: Patient with moderate effusion at the right hip joint at baseline; 1B: Complete resolution of 

the hip effusion at time point of sustained clinical remission. 

2A: Patient with knee effusion on baseline MRI; 2B: No residual knee effusion on remission. 

3A: A case with severe talocrural and midfoot effusion, and mild subtalar effusion;  

3B: MRI at time point of sustained clinical remission shows complete resolution of the joint 

effusion.  

4A: Patient with moderate soft tissue inflammation and osteitis at the Achilles tendon enthesis, 

mild soft tissue inflammation and moderate osteitis at the plantar fascia enthesis;  

4B: Remission MRI shows complete resolution of both enthesitis. 

5A: A case with moderate soft tissue inflammation and osteitis at the Achilles tendon enthesis, 

moderate soft tissue inflammation and severe osteitis at the plantar fascia enthesis; 5B: MRI at 

time point of clinical remission still showing mild soft tissue inflammation and osteitis  at both the 

Achilles tendon and plantar fascia enthesis.  
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MRI findings in clinical remission     

The changes in the MRI inflammation indices from baseline to the time point of sustained clinical 

remission are shown in Table 2. In general, a significant decrease in the total MRI lower-extremity 

inflammation index was observed upon TNFi treatment. MRI indices for synovitis and entheseal STI 

decreased significantly upon treatment, whereas no significant decrease in MRI scores for entheseal 

osteitis could be detected. Limited joint osteitis was seen at both time points and remained stable over 

time. Despite sustained clinical remission and the clear improvement of MRI indices upon treatment, 

13 out of 27 patients (48%) still showed joint effusion on MRI (with a total of 29 joints) and 11 patients 

(41%) still showed entheseal STI and/or osteitis (with a total of 19 entheses); however, inflammation 

indices in these  joints and entheses were low. Nine patients (33%) had neither residual joint nor 

residual entheseal inflammation on their remission MRI.  

 

 

 

 

 

 

 

Figure 2: Number of involved joints (synovitis) and entheses (enthesitis) at baseline assessed 

by clinical examination and by MRI findings.  

(TC = talocrural joints; ST = subtalar; QT = quadriceps femoris tendon: Ps = superior patellar 

ligament; Pi = inferior patellar ligament; AT = Achilles tendon; PF = plantar fascia) 
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* Wilcoxon signed-rank test 

 

In joints and entheses that were clinically affected and displayed MRI abnormalities at baseline, 20% 

of these joints (six out of 30) were still showing effusion on MRI, whereas in 67% of these entheses (six 

out of nine) residual abnormalities were observed on remission MRI. Of note, at the level of joints, 

effusion on MRI mainly persisted at the talocrural joints (50% of those involved on baseline) whereas 

entheseal inflammation persisted at both plantar fascia and Achilles tendon entheses (respectively 

75% and 60% of those involved on baseline).  

 Furthermore, we evaluated MRI inflammation indices once sustained clinical remission was achieved 

in relation to the relapse rate after treatment discontinuation (Table 3). MRI enthesis STI indices at 

remission were significantly higher in patients relapsing after treatment discontinuation compared to 

those maintaining drug-free remission (p = 0.028). No significant differences in the other MRI 

inflammation indices (neither baseline nor change from baseline) were found between these patient 

groups.  

* Mann Whitney U test 

 
MRI INDEX 

BASELINE 
Mean (SD) 

REMISSION 
Mean (SD) 

BASELINE vs 
REMISSION 

P-value* 

CHANGE  
from baseline 

Mean (SD) 

Joint synovitis 4.2 (3.2) 1.4 (1.4) <0.001 2.8 (3.0) 

Joint osteitis 0.7 (1.1) 0.7 (1.2) 0.87 0.0 (1.2) 

Enthesis soft tissue inflammation 1.7 (2.0) 0.8 (0.8) 0.004 1.0 (1.7) 

Enthesis osteitis 0.9 (1.8) 0.5 (0.9) 0.12 0.4 (1.3) 

Total inflammation  7.5 (5.1) 3.4 (2.5) <0.001 4.1 (4.8) 

MRI INFLAMMATION INDICES RELAPSE 
Mean 

PERSISTENT 
REMISSION 

Mean 

P-VALUE* 
(relapse vs 
no relapse) 

Joint synovitis 1.4 1.5 0.87 

Joint osteitis 0.6 0.8 0.84 

Enthesis soft tissue inflammation 1.1 0.6 0.028 

Enthesis osteitis 0.9 0.3 0.15 

Total lower-extremity inflammation  4.0 3.1 0.22 

Change from baseline in joint synovitis score 2.5 2.9 0.50 

Change from baseline in joint osteitis score 0.3 -0.2 0.76 

Change from baseline in enthesis soft tissue 
inflammation score 

1.1 0.8 0.70 

Change from baseline in enthesis osteitis score 0.5 0.3 0.67 

Change from baseline in total lower-extremity 
inflammation score 

4.4 3.9 0.83 

Table 2: Baseline and remission MRI joints and enthesis inflammation indices and change 

from baseline to remission. Significant p-values are shown in bold. 

Table 3: Mean MRI inflammation indices at time point of clinical remission and changes from 

baseline in patients who relapse after treatment discontinuation (n = 10) versus those who 

maintain drug-free remission (n = 17). Significant p-values are shown in bold.  
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DISCUSSION 

To our knowledge, this is the first report on the value of MRI in assessing disease extent and prediction 

of relapse, revealing several novel and clinically relevant findings with important implications for the 

management of patients with early pSpA. First, the baseline MRI findings indicate a much broader 

pattern of involvement than detected with clinical examination, which may point to a substantially 

higher inflammatory burden. Second, in patients achieving sustained clinical remission, the MRI lower-

extremity inflammation index was strongly reduced after treatment with a TNFi. Nonetheless, despite 

being in clinical remission, several patients continued to display some low-grade joint and/or entheseal 

involvement on MRI: two thirds of the clinical enthesitides showed residual STI and/or osteitis. In 

addition, patients relapsing after treatment discontinuation showed more entheseal STI on remission 

MRI compared to patients in ongoing drug-free remission, suggesting that MRI determined entheseal 

inflammation may be indicative of subsequent relapse in early pSpA. 

The extent of inflammation on MRI was higher than that of clinical (and ultrasonographic) assessment 

and decreased substantially upon TNFi treatment. Interestingly, at baseline and at clinical remission, 

MRI frequently visualized ankle effusion that was not detected by clinical examination. A higher 

threshold (e.g. MRI joint synovitis index ≥2) might be needed to exclude subtle findings that may not 

be clinically relevant. Osteitis was almost never observed in joints with subclinical effusion, in contrast 

to being present in one fourth of the clinically involved joints with effusion on baseline MRI. This 

indicates that the presence of osteitis may differentiate true synovitis from background noise. 

Whereas subclinical joint inflammation, particularly osteitis, in rheumatoid arthritis has been 

documented to have predictive value for subsequent progression in structural joint damage as 

visualized by both MRI and conventional radiography21,22, further studies are needed to clarify the 

predictive value of such findings in hips, knees and ankles in pSpA. 

In the present study enthesitis on clinical examination and US in general showed a good correlation 

with abnormalities on MRI. However, MRI identified a substantial amount of subclinical STI and osteitis 

at the entheses of the Achilles tendon and plantar fascia. As enthesitis is an early sign of psoriatic 

arthritis (PsA) with a substantially better outcome when treated early, an accurate diagnosis is 

important.23 Still, both clinical examination and US lack specificity for enthesitis.11,12,23-25 Since entheses 

are located near joints and fibromyalgia trigger points, the risk of false positive findings is considerable. 

Erosions, enthesophytes and calcifications on entheseal US are also seen in degenerative conditions.25 

In addition, US features of active inflammation may also be observed in some healthy subjects.24 This 

diagnostic challenge is reflected in our study, considering 3 out of 4 patients with a knee enthesitis on 

clinical examination and US, not detected by MRI, had a synovitis of the respective knee. Considering 

the differential response of enthesitis and synovitis on treatment with biological disease modifying 

antirheumatic drugs, and the possible role of enthesitis as a prognostic factor, an accurate distinction 

between joint and entheseal involvement is important. Thus, MRI could be of added value in 

identifying true enthesitis. In contrast to US, MRI can visualize the entire entheseal organ, also beyond 

the bony cortex by assessing the presence of BME. Moreover, MRI can evaluate entheses not readily 

accessible by US, e.g. the pelvic entheses. Nonetheless, as MRI is very sensitive for signal alterations, 

entheseal abnormalities are potentially also seen in healthy subjects, warranting the use of higher 

thresholds.26 In this context, OMERACT recently proposed an MRI enthesitis scoring system, focusing 

on the heel region in pSpA patients.17 Other limitations of MRI include restricted (and delayed) access, 

as well as the need for a contrast medium to visualize vascularization. Nonetheless, Poggenborg et al. 

claimed a role for MRI in the screening for subclinical enthesitis.27 Indeed, our study reveals that this 

could be of interest, as persisting entheseal STI over time was more prevalent in patients relapsing 

after treatment discontinuation. While four out of five clinically affected joints showed no residual 
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inflammation on remission MRI, only one out of three clinically affected entheses were completely 

resolved on remission MRI. These preliminary results may indicate a differential response of enthesitis 

and synovitis on TNFi treatment. Several hypotheses could explain this striking finding. First, as 

entheses are poorly vascularized, the entheseal bioavailability of TNFi drugs could be less compared 

to intra-articular levels. Second, the response of enthesitis on TNFi treatment may be slower, 

warranting longer treatment compared to synovitis. Performing the same study using drugs with a 

different mode of action may show different results.28,29   

Strengths of this study include the very short disease duration and the extensive MRI assessment of 

specific frequently affected sites of the lower limbs in SpA, both at baseline and at time point of 

sustained clinical remission. Another strength is the inclusion of pSpA patients with joint and/or 

entheseal involvement confirmed by US, reinforcing the clinical assessment in these patients. 

However, as only MRI assessment of the lower limbs was done, CRESPA patients with solely upper limb 

and/or forefoot involvement were omitted from this subanalysis, which resulted in a relatively small 

study population. An additional limitation is the absence of follow-up MRI in patients not reaching 

sustained clinical remission. However, this group was small (11 out of 60 CRESPA patients). 

In conclusion, this is the first report applying MRI of multiple joints and entheses in addition to clinical 

and ultrasonographic assessment in very early pSpA patients, at baseline and after treatment with 

TNFi. Imaging revealed a more extensive inflammatory burden than clinically suspected. MRI lower-

extremity inflammation index was sensitive to change during TNFi treatment. Despite the clear clinical 

improvement, entheseal inflammation on MRI has the tendency to respond less or potentially slower 

to TNFi treatment compared to synovitis. Patients relapsing after treatment withdrawal had more 

entheseal STI compared to those in ongoing drug-free remission. Imaging could therefore be used to 

evaluate disease extent and treatment response in pSpA patients and might play a role in identifying 

patients with a more severe disease course, in whom prolonged treatment may be warranted. Future 

studies are needed to clarify this, as well the predictive value of MRI findings for long-term clinical and 

structural outcomes. 
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KEY MESSAGES 

What is already known about this subject? 

- Monitoring of disease activity and treatment response in peripheral spondyloarthritis is 

mainly performed by clinical examination and laboratory tests.  

- The diagnosis of enthesitis is challenging. 

What does this study add?  

- MRI of lower extremities detected a much broader pattern of joint and entheseal 

involvement in early peripheral spondyloarthritis patients than anticipated. 

- Inflammation on MRI of the lower extremities was strongly reduced in patients achieving 

clinical remission upon treatment with a TNF inhibitor.  

- Enthesitis showed a lesser treatment response on MRI compared to synovitis. 

- MRI determined entheseal soft tissue inflammation at time point of clinical remission may be 

a risk factor for subsequent relapse after treatment discontinuation.  

How might this impact on clinical practice of future developments? 

- MRI could be used to assess disease extent and treatment response in early peripheral 

spondyloarthritis.  

- Prolonged treatment may be warranted in peripheral spondyloarthritis patients in clinical 

remission with residual entheseal inflammation on MRI.  
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SUPPLEMENTARY MATERIAL 

 

 

 

 

 

* Mann Whitney U test  

MRI INDEX CLINICAL 
Mean (SD) 

SUBCLINICAL 
Mean (SD) 

P-value* 

Joint synovitis 2.1 (0.8) 1.2 (0.5) <0.001 

Joint osteitis 0.3 (0.6) 0.1 (0.2) 0.01 

Enthesis soft tissue inflammation 1.8 (0.9) 1.2 (0.5) 0.01 

Enthesis osteitis 1.2 (0.8) 0.4 (0.7) 0.002 

Table Supp 1: Baseline MRI inflammation indices for clinically and subclinically involved individual 

joints and entheses. 
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ABSTRACT 
 

BACKGROUND: Recently, a semi-quantitative scoring system for inflammation in peripheral joints and 

entheses was developed by the Outcome Measures in Rheumatology (OMERACT) MRI in Arthritis 

Working Group, but it has not been applied in patients with peripheral spondyloarthritis (pSpA). The 

aim was to describe a semi-quantitative lower-extremity MRI scoring system in early pSpA patients 

with respect to reliability in the setting of three independent MRI readers, validity by comparison 

with known measures of disease activity and sensitivity to change during treatment with TNF 

inhibitor. 
 

METHODS: MRI was performed in 56 patients with pSpA at baseline and after golimumab treatment 

when the patient fulfilled criteria for sustained clinical remission. A semi-quantitative scoring system 

for inflammation in joints and entheses in the lower extremities (pelvis, hips, knees, ankles, hindfeet 

and midfeet) was applied by 3 readers with images assessed in unknown chronology. Four lesion types 

were assessed: entheseal osteitis, entheseal soft tissue inflammation, joint osteitis and joint 

synovitis/effusion. An MRI lower-extremity inflammation index was defined as the sum of scores from 

75 sites each assessed with an integer score of 0-3. Patients were classified as MRI responders if MRI 

inflammation index decreased more than the smallest detectable change. 

 

RESULTS: At follow-up, 15 of 46 (33%) patients were MRI responders. When restricting the analysis to 

patients with clinical involvement of the lower-extremity sites assessed by MRI, 13 of 28 (46%) were 

MRI responders. Reliability was very good with an average-measure intra-class correlation coefficient 

of 0.92 (95% confidence interval: 0.85-0.95) for status scores and 0.89 (0.80-0.94) for change scores. 

The MRI index correlated significantly with known measures of disease activity such as C-reactive 

protein (Spearman’s rho 0.41 (0.23-0.56)), SJC-6 (0.47 (0.27-0.63)) and pain score (0.28 (0.08-0.46)).  
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CONCLUSION: The semi-quantitative MRI scoring system for inflammation in peripheral joints and 

entheses, restricted to the lower extremities, demonstrated sensitivity to change, reliability and 

validity in patients with early pSpA. 

 

INTRODUCTION 

Patients with spondyloarthritis may be subdivided into a group with predominantly axial disease 

(axSpA) and a group with predominantly peripheral disease (pSpA). It is well established that MRI 

allows an objective assessment of axial inflammation in sacroiliac joints and spine in axSpA, and MRI is 

used routinely in clinical trials and practice for this purpose[1]. However, MRI also allows an objective 

assessment of signs of inflammation in several peripheral joints and entheses in one examination, 

including sites that may be difficult to assess clinically for inflammation, e.g. hip joints and entheses[2-

5]. Therefore, a measure for the overall level of inflammation as assessed by MRI of peripheral joints 

and entheses is of potential interest as an outcome measure in clinical trials. In axSpA patients, MRI 

can capture changes in the inflammatory load at peripheral sites during treatment and discriminate 

between treatment groups[6-11]. Until now, however, evidence of the reliability and validity of semi-

quantitative MRI scoring system of peripheral joints and entheses in patients with pSpA has not been 

reported. Recently, a semi-quantitative scoring system dedicated to heel enthesitis and another semi-

quantitative scoring system for inflammation in various peripheral joints and entheses in the shoulder 

and pelvic girdles, upper and lower extremities and anterior chest wall were developed by the 

Outcome Measures in Rheumatology (OMERACT) MRI in Arthritis Working Group[12-15]. The aim of 

this study was to describe the sensitivity to change of a semi-quantitative lower-extremity MRI scoring 

system, its reliability in the setting of three independent MRI readers, and its validity by comparison 

with known measures of disease activity in patients with early pSpA. 

 

 

METHODS 
 

Setting 

 

The CRESPA trial (clinicaltrials.gov identifier: NCT01426815) included 60 patients with newly diagnosed 

early pSpA, defined as a symptom duration of <12 weeks. Patients were randomized to golimumab or 

placebo for 24 weeks followed by an open label phase with golimumab from week 24 to week 48 for 

all patients[16-18]. All patients fulfilled the Assessment of SpondyloArthritis international Society 

criteria for pSpA. The main results of the trial have already been published[16-18]. In this post-hoc 

analysis, we include data from 56 patients with available MRI images at baseline; among these, 46 

patients had available MRI images at follow-up. Follow-up MRI was only performed at either week 24, 

36 or 48, if criteria for sustained clinical remission were fulfilled. Thus, the analyses presented here do 

not compare the two treatment groups but combine data from both groups at two timepoints: 

baseline and follow-up at either week 24, 36 or 48. The study was approved by the Medical Ethics 

Committee of the Ghent University Hospital and written informed consent was obtained from each 

patients before study-related procedures were performed. 

 

MRI acquisition 

 

For this analysis, coronal and axial T1-weighted sequences and STIR sequences of pelvis and hips, 

sagittal T2-weighted fat saturated sequences of the knees and sagittal T2-weighted fat saturated 
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sequences of the ankles, hindfeet and midfeet were obtained as previously described using body flexed 

array coils, knee coils and ankle coils. The MRI unit was a 1.5T Magnetom Avanto, Siemens 

Healthineers, Erlangen, Germany. Please see the article by Renson et al. for further details on the MRI 

acquisition[18]. 

 

MRI assessment 

 

After an initial calibration exercise, 3 readers independently assessed all MRI images of the pelvis and 

hips (except the sacroiliac joints), knees, ankles, hindfeet and midfeet blinded to chronology and all 

clinical data. Joints were scored 0-3 for effusion/synovitis (10 sites) and 0-3 for bone marrow 

edema/osteitis (22 sites). Entheseal sites were scored 0-3 (none/mild/moderate/severe) for soft tissue 

inflammation (19 sites) and 0-3 for bone marrow edema/osteitis (24 sites). 

 

The following joints were assessed for effusion/synovitis and osteitis: hip joint (osteitis assessed 

separately for acetabulum and femoral head), knee joint (osteitis assessed separately for patella, 

medial femoral condyles, lateral femoral condyles, medial tibial condyle and lateral tibial condyle), 

ankle joint (osteitis assessed separately for talus and the crural bones), subtalar joint and the 

talocalcaneonavicular-calcaneocuboid joints (assessed as one joint). 

 

The following entheseal sites were assessed for soft tissue inflammation and osteitis: iliac crest, 

posterior iliac spine, greater trochanter, ischial tuberosity, symphysis (osteitis assessed separately for 

left and right pubis), quadriceps femoris tendon insertion into patella, patellar tendon insertion into 

patella, patellar tendon insertion into tibial tuberosity, anterior cruciate ligament, posterior cruciate 

ligament, Achilles tendon and plantar fascia insertion into calcaneus. The anterior and posterior 

cruciate ligaments were not assessed for soft tissue inflammation; for each ligament, the femoral and 

tibial insertions were combined into one score for osteitis. 

 

MRI indices 

 

MRI lower-extremity inflammation index was defined as the sum of scores from all 75 sites, with a 

theoretical range of 0 to 225. It was subdivided by lesion type into MRI joint inflammation index 

(consisting of the sum of MRI joint synovitis index (encompassing both synovitis and effusion) and MRI 

joint osteitis index) and MRI enthesis inflammation index (consisting of the sum of MRI enthesis soft 

tissue inflammation index and MRI enthesis osteitis index). Another subdivision by anatomical region 

into MRI pelvis and hips inflammation index, MRI knees inflammation index, and MRI ankles and feet 

inflammation index was also applied. 

 

Reliability 

 

Multiple-reader agreement plots were constructed to show discrepancies between readers. Two-way 

intra-class correlation coefficient (ICC) models by absolute agreement, both as single-measure 

(relevant if it is planned to use scores from 1 reader) and as average-measure (relevant if it is planned 

to use averaged scores from 3 readers) were used to estimate ICC. 
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Validity 

 

Spearman correlation analyses between the MRI lower-extremity inflammation index, MRI joint 

inflammation index and MRI enthesis inflammation index versus other known measures of disease 

activity, including serum markers and patient-reported outcome measures, both for status scores and 

change scores, were performed. Bootstrapping with 2000 replicates was used to derive 95% 

confidence intervals. All measures of disease activity were expected to be higher at baseline compared 

to clinical remission, therefore data from both timepoints were combined in the correlation analyses 

for status scores to allow the full range of observed values to be captured, thus one patient could 

contribute with data on two separate occasions to this analysis. Relations between MRI lower-

extremity inflammation index and established measures of disease activity using data from both 

timepoints were also investigated using scatter plots and locally estimated scatterplot smoothing 

(LOESS) curves with bootstrap 95% confidence intervals. A tender joint count of 8 joints (TJC-8) and a 

swollen joint count of 6 joints (SJC-6) were derived by counting the number of involved joints among 

hip joints, knee joints, ankle joints and midfoot joints bilaterally (hips were not assessed for swelling) 

to match the joints that were assessed by MRI. Similarly, a tender enthesis count of 14 entheses (TEC-

14) was derived by counting the number of tender entheses among the Achilles tendon and plantar 

fascia insertions into calcaneus, iliac crest, anterior superior iliac spine, posterior superior iliac spine, 

quadriceps tendon insertion into the superior pole of patella, and patellar tendon insertion into the 

inferior pole of patella or into the tibial tuberosity, to match the entheses that were assessed by MRI. 

 

The clustering of different measures of disease activity in patients with peripheral spondyloarthritis 

was investigated using hierarchical cluster analysis. Joint and enthesis counts, MRI indices and serum 

markers were transformed using log(x + 1) to be closer to normal distribution, and thereafter all 

variables were scaled to mean 0 and standard deviation 1. Manhattan distance, where the pairwise 

discrepancies in 2 measures across all patients are summed, was used, and the average aggregation 

method which takes all values into account during the clustering process was applied. To assess the 

uncertainty of the clustering process, the bootstrap probability for each cluster being chosen was 

computed using 10,000 bootstrap samples[19]. 

 

MRI lower-extremity inflammation index was compared with unpaired t-test in responders and non-

responders assessed by PSpARC40, defined as ≥40% improvement from baseline (≥20-mm absolute 

improvement on a visual analog scale) in patient's global assessments of disease activity and pain, and 

≥40% improvement in at least one of the following features: swollen joint and tender joint counts, 

total enthesitis count, or dactylitis count[20]. 

 

Sensitivity to change 

 

Descriptive statistics by lesion type or anatomical region and standardized response mean (average 

change value divided by the standard deviation of the change values) were calculated. The number of 

patients achieving sustained clinical remission with golimumab treatment that could be classified as 

MRI responders was investigated using different computational approaches: 1) improvement above 

the estimated smallest detectable change (SDC), 2) improvement in MRI index of at least 50%, 3) net 

number of patients with improvement in MRI index defined as the number of patients with any 

improvement > 0 minus the number of patients with any worsening > 0, i.e. similar to an approach 

used to determine radiographic structural progression at the group level[21], and 4) the number of 

patients with improvement > 0 as assessed concordantly by all 3 readers. The smallest detectable 
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change using the average scores of three readers was estimated from a two-way analysis of variance 

with patients and readers as covariates by applying the formula 1.96 × √(residual mean square) / 

√(3)[22]. 

 

 

RESULTS 

 

Reliability 

 

Multiple-reader agreement plots showed that discrepancies between readers were numerically lower 

for patients with lower status scores and lower change scores (Figure 1). Discrepancies in change 

scores were relatively small in the majority of patients but relatively large in 10-20% of the cases. ICC 

values were moderate to very good for the overall MRI lower-extremity inflammation index as well as 

for its subdivisions. The MRI lower-extremity inflammation index had a very good average measure ICC 

of 0.92 for status scores at baseline and 0.89 for change scores (Table 1). 

 

 

 

 
Figure 1: Multiple-reader agreement plots of MRI lower-extremity inflammation index. 
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Validity 

 

MRI lower-extremity inflammation index, MRI joint inflammation index and MRI enthesis inflammation 

index correlated significantly with known measures of disease activity, both when status scores and 

change scores were analyzed (Supplementary Tables 1-2). Change in MRI peripheral enthesis 

inflammation index correlated most closely with change in TEC-14. Change in MRI joint inflammation 

index correlated most closely with change in SJC-6 and TJC-8. MRI indices were positively related to 

known measures of disease activity as visualized by scatter plots, but large residual variation was 

apparent (Figure 2, panel A). 

 

Table 1: Intra-class correlation coefficients subdivided by lesion type or anatomical region. 
 ICC, single 

measure, status 

scores at 

baseline 

ICC, average 

measure, status 

scores at 

baseline 

ICC, single 

measure, 

change scores 

ICC, average 

measure, 

change scores 

     

Total: N = 56 N = 56 N = 46 N = 46 

MRI lower-extremity inflammation 

index, range 0-225 

0.78 (0.66-0.87) 0.92 (0.85-0.95) 0.73 (0.57-0.84) 0.89 (0.80-0.94) 

Subdivided by lesion type: N = 56 N = 56 N = 46 N = 46 

MRI joint synovitis index, range 0-

30 

0.85 (0.77-0.91) 

 

0.95 (0.91-0.97) 0.79 (0.68-0.87) 0.92 (0.86-0.95) 

MRI joint osteitis index, range 0-66 0.74 (0.64-0.83) 0.90 (0.84-0.94) 0.51 (0.34-0.67) 0.76 (0.61-0.86) 

MRI joint inflammation index, 

range 0-96 

0.88 (0.81-0.92) 0.96 (0.93-0.97) 0.79 (0.68-0.87) 0.92 (0.86-0.95) 

MRI enthesis soft tissue 

inflammation index, range 0-57 

0.52 (0.32-0.68) 0.76 (0.56-0.87) 0.56 (0.35-0.72) 0.80 (0.61-0.89) 

MRI enthesis osteitis index, range 

0-72 

0.68 (0.55-0.78) 0.86 (0.79-0.92) 0.54 (0.37-0.69) 0.78 (0.63-0.87) 

MRI enthesis inflammation index, 

range 0-129 

0.64 (0.46-0.77) 0.84 (0.71-0.91) 0.64 (0.48-0.77) 0.84 (0.73-0.91) 

Subdivided by anatomical region: N = 56 N = 56 N = 46 N = 46 

MRI pelvis and hips inflammation 

index, range 0-75 

 

0.65 (0.51-0.76) 0.85 (0.76-0.91) 0.71 (0.57-0.82) 0.88 (0.80-0.93) 

MRI knees inflammation index, 

range 0-84 

 

0.59 (0.45-0.72) 0.82 (0.71-0.89) 0.46 (0.28-0.63) 0.72 (0.54-0.83) 

MRI ankles and feet inflammation 

index, range 0-66 

 

0.82 (0.72-0.88) 0.93 (0.89-0.96) 0.75 (0.62-0.85) 0.90 (0.83-0.94) 

Total, after restricting the analysis 

to patients with clinical 

involvement of areas that were 

assessed by MRI: 

N = 32 N = 32 N = 28 N = 28 

MRI lower-extremity inflammation 

index, range 0-225 

0.77 (0.59-0.88) 0.91 (0.81-0.96) 0.73 (0.53-0.86) 0.89 (0.77-0.95) 

Values are intraclass correlation coefficient (ICC) estimates and 95% confidence intervals.  
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Hierarchical cluster analysis identified one cluster of outcome measures that could be labelled “joint 

inflammation and serum markers”, one cluster of outcome measures that could be labelled “entheseal 

inflammation”, and one cluster of outcomes measures that could be labelled “patient-reported 

outcomes” (Figure 2, panel B). 

 

Among the 46 patients achieving a status of sustained clinical remission, 34 were PSpARC40 

responders and 11 were PSpARC40 non-responders. PSpARC40 responders had a larger mean 

improvement in MRI lower-extremity inflammation index compared to non-responders (mean 3.4 (SD 

4.7) vs. mean 1.0 (SD 2.3), p = 0.03). 

 

Sensitivity to change 

 

Joints and entheses showed a significant within-group improvement between baseline and time of 

clinical remission as assessed by the MRI lower-extremity inflammation index and its components. 

Numerically, the largest improvement was found in MRI joint synovitis index (1.8), followed by MRI 

enthesis soft tissue inflammation index (0.9) and MRI enthesis osteitis index (0.4) (Table 2). MRI joint 

osteitis index did not contribute to the observed overall improvement. The largest standardized 

response mean was observed for MRI joint synovitis index followed by MRI enthesis soft tissue 

inflammation index (Table 2).  

 

All three anatomical regions (pelvis and hips, knees, ankles and feet) contributed to the overall 

improvement. Standardized response mean for ankles and feet and for knees was twice as large as 

compared to pelvis and hips (Table 2 and Figure 3). 
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A. 

 
 

B. 

 
 

Figure 2: Validity of the MRI lower-extremity inflammation index. 

Panel A: Relations between MRI lower-extremity inflammation index and established measures of 

disease activity. Scatter plots and loess curves with bootstrap 95% confidence intervals using data from 

both timepoints. Panel B: Clustering of different measures of disease activity in patients with 

peripheral spondyloarthritis. Numbers at clustering points indicate how strongly each cluster is 

supported by the data (bootstrap probability – the frequency with which a cluster appears in 10,000 

bootstrap replicates). 

Abbreviations: TJC-8, tender joint count of 8 joints; SJC-6, swollen joint count of 6 joints; 

TEC-14, tender enthesis count of 14 entheses. 
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Table 2: MRI indices at baseline and at clinical remission subdivided by lesion type or anatomical 

region. 
 Scores at baseline Scores at clinical 

remission 

Change scores Standardized 

response 

mean 

Total: N = 56 N = 46 N = 46 N = 46 

MRI lower-extremity 

inflammation index, range 0-

225 

7.2 ± 6.2 

(5; 3 to 9; 0 to 32) 

3.7 ± 2.9 

(3; 2 to 5; 0 to 12) 

−3.1 ± 4.7 

(−1; −4 to 0; −18 to 

2) 

0.66 

Subdivided by lesion type: N = 56 N = 46 N = 46 N = 46 

MRI joint synovitis index, 

range 0-30 

3.2 ± 3.6 

(2; 1 to 4; 0 to 17) 

1.3 ± 1.4 

(1; 0 to 2; 0 to 5) 

−1.8 ± 2.7 

(−1; −3 to 0; −12 to 

1) 

0.68 

MRI joint osteitis index, range 

0-66 

1.0 ± 1.6 

(0; 0 to 1; 0 to 9) 

0.8 ± 1.1 

(1; 0 to 1; 0 to 6) 

−0.0 ± 1.0 

(0; 0 to 0; −3 to 4) 

0.01 

MRI joint inflammation index, 

range 0-96 

4.2 ± 4.7 

(3; 1 to 6; 0 to 26) 

2.1 ± 1.9 

(2; 1 to 3; 0 to 7) 

−1.8 ± 3.1 

(−1; −3 to 0; −15 to 

1) 

0.59 

MRI enthesis soft tissue 

inflammation index, range 0-

57 

2.0 ± 2.1 

(1; 1 to 3; 0 to 9) 

1.0 ± 1.0 

(1; 0 to 1; 0 to 4) 

−0.9 ± 1.8 

(0; −1 to 0; −7 to 1) 

0.50 

MRI enthesis osteitis index, 

range 0-72 

0.9 ± 1.5 

(0; 0 to 1; 0 to 8) 

0.6 ± 0.8 

(0; 0 to 1; 0 to 4) 

−0.4 ± 1.2 

(0; 0 to 0; −4 to 3) 

0.30 

MRI enthesis inflammation 

index, range 0-129 

2.9 ± 3.3 

(2; 1 to 4; 0 to 16) 

1.6 ± 1.6 

(1; 1 to 2; 0 to 7) 

−1.3 ± 2.8 

(0; −2 to 0; −12 to 

3) 

0.45 

Subdivided by anatomical 

region: 

N = 56 N = 46 N = 46 N = 46 

MRI pelvis and hips 

inflammation index, range 0-

75 

0.9 ± 1.5 

(0; 0 to 1; 0 to 8) 

0.4 ± 0.7 

(0; 0 to 1; 0 to 3) 

−0.4 ± 1.3 

(−0; −0 to 0; −8 to 

1) 

0.28 

MRI knees inflammation 

index, range 0-84 

2.3 ± 2.5 

(2; 1 to 3; 0 to 12) 

1.0 ± 1.2 

(0; 0 to 1; 0 to 5) 

−1.1 ± 1.8 

(0; −2 to 0; −6 to 2) 

0.60 

MRI ankles and feet 

inflammation index, range 0-

66 

4.0 ± 4.0 

(3; 1 to 5; 0 to 17) 

2.3 ± 2.1 

(2; 1 to 4; 0 to 8) 

−1.6 ± 3.0 

(−1; −3 to 0; −11 to 

2) 

0.55 

Total, after restricting the 

analysis to patients with 

clinical involvement of areas 

that were assessed by MRI: 

N = 32 N = 28 N = 28 N = 28 

MRI lower-extremity 

inflammation index, range 0-

225 

9.3 ± 6.8 

(7; 5 to 11; 1 to 32) 

4.0 ± 2.9 

(3; 2 to 5; 0 to 12) 

−4.5 ± 5.4 

(−3; −6 to −1; −18 

to 2) 

0.83 

Values are mean ± standard deviation (median; inter-quartile range; range). 
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Figure 3: Examples of MRI lesions in 3 patients at baseline and at clinical remission. Case A: Top: At baseline, 

moderate effusion/synovitis is seen in the right hip joint (arrows), while no osteitis is apparent. Bottom: At 

clinical remission, mild effusion/synovitis of the right hip may still be appreciated, borderline to being 

assessed as normal. Case B: Top: At baseline, the insertion of the plantar fascia into calcaneus is has severe 

soft tissue inflammation (arrow) and severe osteitis (arrowheads), while the insertion of the Achilles tendon 

has mild soft tissue inflammation and severe osteitis. Bottom: At clinical remission, mild osteitis may still 

be appreciated at the insertion of the Achilles tendon while the insertion of the plantar fascia now appears 

normal. Case C: Top: At baseline, severe effusion/synovitis is seen in the suprapatellar recess (arrow). 

Bottom: At clinical remission, effusion/synovitis is no longer visible, the slight area with increased signal 

posterior to patella is judged to represent normal joint fluid. High signal superficially to the patellar tendon 

is judged as coil artefact, not inflammation (arrow). 

 

 

The net number of patients with an improvement in MRI index was 24 of 46 (52%), the number of 

patients with improvement in MRI index ≥ 50%  was 21 of 46 (46%), the number of patients with 

improvement in MRI index as assessed by all 3 readers was 17 of 46 (37%) and the number of patients 

with an improvement larger than the estimated smallest detectable difference was 15 of 46 (33%) 

(Table 3). MRI joint synovitis index allowed a similar number of patients to be identified as responders 

as did the total MRI lower-extremity inflammation index, but all other subdivisions by lesion type or 

anatomical region allowed fewer patients to be classified as responders compared to the total MRI 

lower-extremity inflammation index (Table 3). In a sensitivity analysis where patients were excluded if 

they had clinical involvement only in the upper-extremities or forefeet (i.e. no clinical involvement in 

the areas assessed by MRI), the observed MRI response rates were higher. 
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DISCUSSION 

 

We successfully demonstrated the reliability and validity of a semi-quantitative MRI scoring system for 

inflammation in peripheral joints and entheses in the lower extremities in patients with early pSpA. 

The method was sensitive to change, had good reliability for status and change scores, and validity was 

established by correlation with known measures of disease activity. 

 

Table 3: The ability of different MRI improvement criteria to capture improvement subdivided by lesion 

type or anatomical region. 
 Smallest 

detectable 

change 

Number of 

patients with 

improvement 

in MRI index 

> Smallest 

detectable 

difference 

Number of 

patients with 

improvement 

in MRI index 

≥ 50% 

Net number 

of patients 

with 

improvement 

in MRI index 

Number of 

patients with 

improvement 

in MRI index 

as assessed 

by 3 readers 

concordantly 

Total: N = 46 N = 46 N = 46 N = 46 N = 46 

MRI lower-extremity inflammation 

index, range 0-225 

2.8 15 (33%) 21 (46%) 24 (52%) 

[34 vs. 10] 

17 (37%) 

Subdivided by lesion type: N = 46 N = 46 N = 46 N = 46 N = 46 

MRI joint synovitis index, range 0-

30 

1.4 18 (39%) 25 (54%) 25 (54%) 

[32 vs. 7] 

18 (39%) 

MRI joint osteitis index, range 0-66 0.9 5 (11%) 9 (20%) 2 (4%) 

[13 vs. 11] 

1 (2%) 

MRI joint inflammation index, 

range 0-96 

1.6 15 (33%) 17 (37%) 19 (41%) 

[29 vs. 10] 

16 (35%) 

MRI enthesis soft tissue 

inflammation index, range 0-57 

1.4 10 (22%) 18 (39%) 14 (30%) 

[24 vs. 10] 

9 (20%) 

MRI enthesis osteitis index, range 

0-72 

1.2 5 (11%) 14 (30%) 13 (28%) 

[18 vs. 5] 

4 (9%) 

MRI enthesis inflammation index, 

range 0-129 

2.1 11 (24%) 16 (35%) 15 (33%) 

[25 vs. 10] 

9 (20%) 

Subdivided by anatomical region: N = 46 N = 46 N = 46 N = 46 N = 46 

MRI pelvis and hips inflammation 

index, range 0-75 

0.8 9 (20%) 10 (22%) 6 (13%) 

[15 vs. 9] 

3 (7%) 

MRI knees inflammation index, 

range 0-84 

1.9 12 (26%) 20 (43%) 21 (46%) 

[25 vs. 4] 

11 (24%) 

MRI ankles and feet inflammation 

index, range 0-66 

1.7 14 (30%) 17 (37%) 15 (33%) 

[27 vs. 12] 

13 (28%) 

Total, after restricting the analysis 

to patients with clinical 

involvement of areas that were 

assessed by MRI: 

N = 28 N = 28 N = 28 N = 28 N = 28 

MRI lower-extremity inflammation 

index, range 0-225 

3.1 13 (46%) 15 (54%) 21 (75%) 

[24 vs. 3] 

14 (50%) 

Values are the number of patients classified as responders (percentage). For the net number of patients 

with improvement in MRI index, values are the net number of patients classified as responders 

(percentage) [number of patients with any improvement >0 vs. number of patients with any worsening 

>0]. 
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We applied a methodology for assigning semi-quantitative MRI scores that was largely similar to the 

proposed OMERACT MRI-WIPE scoring system[14,15]. Joints were assessed separately for osteitis and 

synovitis/effusion while entheses were assessed separately for osteitis and soft tissue inflammation. 

However, in the current study, MRI of upper extremities, anterior chest wall and forefeet were not 

included, and we therefore used a modified scoring system limited to the pelvis, hips, knees, ankles, 

hindfeet and midfeet. In a sensitivity analysis in which patients with clinical involvement of only the 

upper extremities or forefeet were excluded, a larger proportion of patients was identified as 

responders. We consider it likely that an MRI response might have been detected in a higher 

proportion of patients, if MRI of the upper extremities and forefeet had been available. 

 

The number of patients that could be identified as MRI responders was calculated using several 

approaches. Numerically, more patients could be identified as MRI responders when calculated as the 

number of patients with at least 50% improvement in MRI score or when calculated as the number of 

patients where all 3 readers agreed in scoring an improvement, whereas fewer patients could be 

identified as MRI responders when calculated as the number of patients with an improvement larger 

than the smallest detectable change. The smallest detectable change (SDC) assumes that errors are 

normally distributed and that no heteroscedasticity exist across the score range[19], but our results 

suggest that differences between readers may be systematically larger in patients with larger average 

change scores; i.e., readers may agree that a particular patient has a large improvement during 

treatment but they may disagree as to how large this improvement is numerically, and such 

discrepancies between readers increase SDC and thereby decrease the ability to classify patients with 

smaller average improvements as responders. 

 

As a novel approach, we calculated the net number of patients with improvement as the number of 

patients with any improvement minus the number of patients with any worsening. The net number of 

patients with improvement appeared to be the most sensitive method for capturing responders at the 

group level when change score was dichotomized into responders vs. non-responders, but this 

approach may have other drawbacks and will need to be explored in future research. 

 

It is a limitation that a repeat MRI was only performed in case of clinical remission, and not at follow-

up in all patients. Therefore, we cannot compare the two treatment arms at week 24 or test whether 

the MRI indices were able to discriminate between golimumab treatment and placebo. Second, 

without follow-up MRI data for patients who did not achieve sustained clinical remission, we cannot 

compare change scores in responders with change scores in non-responders. Therefore, these validity 

aspects could not be assessed and will need further investigation. We note that at least two ongoing 

trials in psoriatic arthritis (clinicaltrials.gov: NCT03783026 and NCT04108468), will use MRI 

inflammation in peripheral joints and entheses as outcome measure. These trials are expected to 

provide further knowledge on the validity and usefulness of using MRI of peripheral joints and entheses 

as an outcome measure.  

 

Compared to other trials using WB-MRI inflammation as an outcome measure, the CRESPA trial used 

an intensive MRI protocol with dedicated coils, and by excluding some parts of the musculoskeletal 

system, images of the lower extremities could be obtained in high image quality. We believe that this 

led to a more accurate evaluation of the joints and entheses of the lower extremities which are of 

interest in pSpA and this is one of the strengths of this study. After finishing the readout, the 10 most 

discrepant cases were reviewed and discussed by the three readers. In some of the cases, coil artefact 

was prominent at the anterior aspects of the knees and seemed to contribute to poor agreement. 
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Therefore, we believe that continued attempts at reducing MRI artefacts and improving image quality 

may further improve reliability and accuracy. In future studies, a formal process for adjudicating the 

most discrepant cases, defined as cases with large difference in change scores between readers, or 

cases with disagreement between readers in the direction of the change as improvement or 

worsening, may be considered. Despite these limitations, very good average measure ICCs for status 

scores and change scores were found. Further data are needed on the added value of adjudication of 

discrepant cases. 

 

We decided to assess osteitis related to the anterior and posterior cruciate ligaments of the knees, 

even though this was not included in the OMERACT MRI-WIPE scoring system[14-15]. We found that 

no patients had osteitis at these entheseal sites. We could not discriminate between soft tissue 

inflammation related to the cruciate ligaments and synovitis/effusion; therefore, we cannot exclude 

the possibility that enthesitis at these ligament insertions was a driver for knee inflammation, although 

we judge it unlikely based on the absence of osteitis. 

 

In conclusion, a semi-quantitative MRI scoring system for inflammation in peripheral joints and 

entheses demonstrated sensitivity to change, reliability and validity. Further validation and application 

in randomized clinical trials of similar semi-quantitative MRI scoring system will provide further insights 

into using MRI of peripheral joints and entheses as an objective outcome measure. 

 

 

KEY MESSAGES 

What is already known about this subject? 

- MRI allows an objective assessment of inflammation of the sacroiliac joints and spine in 

axSpA. 

- In addition, MRI allows an objective evaluation of inflammation in peripheral joints and 

entheses. 

What does this study add?  

- This study introduces a semi-quantitative MRI scoring system for inflammation in lower 

extremity joints and entheses in peripheral spondyloarthritis patients.  

- The lower-extremity MRI scoring system demonstrated reliability, validity and sensitivity to 

change.  

How might this impact on clinical practice of future developments? 

- Further studies should assess the value of this scoring system as an objective outcome 

measure in peripheral spondyloarthritis.  
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SUPPLEMENTARY MATERIAL 
 

 

Supplementary Table 1: Correlations between MRI indices and other measures of disease activity, status scores. 
 CRP ESR TJC-78 TJC-8 SJC-76 SJC-6 TEC-19 TEC-14 Pain Patient 

global 

BASDAI BASFI 

MRI lower-

extremity 

inflammation 

index 

0.41* 

(0.23 

to 

0.56) 

0.40* 

(0.20 

to 

0.57) 

0.28* 

(0.09 to 

0.46) 

0.41* 

(0.21 to 

0.58) 

0.27* 

(0.06 to 

0.45) 

0.47* 

(0.27 

to 

0.63) 

0.32* 

(0.12 to 

0.50) 

0.33* 

(0.12 to 

0.51) 

0.28* 

(0.08 to 

0.46) 

0.31* 

(0.11 to 

0.48) 

 

0.30* 

(0.09 to 

0.48) 

 

0.34* 

(0.16 to 

0.54) 

MRI joint 

inflammation 

index 

0.37* 

(0.17 

to 

0.54) 

0.36* 

(0.16 

to 

0.51) 

 

0.19 

(−0.03 

to 0.40) 

0.41* 

(0.19 to 

0.58) 

0.15 

(−0.07 

to 0.36) 

 

0.52* 

(0.34 

to 

0.66) 

0.13 

(−0.10 

to 0.34) 

0.13 

(−0.11 

to 0.35) 

0.19 

(−0.01 

to 0.38) 

 

0.22* 

(0.01 to 

0.39) 

 

 

0.26* 

(0.06 to 

0.44) 

 

0.30* 

(0.10 to 

0.47) 

 

MRI enthesis 

inflammation 

index 

0.26* 

(0.07 

to 

0.44) 

0.26* 

(0.06 

to 

0.44) 

 

0.19 

(−0.01 

to 0.38) 

0.22* 

(0.03 to 

0.39) 

0.23* 

(0.03 to 

0.42) 

0.16 

(−0.03 

to 

0.34) 

0.32* 

(0.11 to 

0.50) 

0.32* 

(0.12 to 

0.50) 

0.16 

(−0.04 

to 0.35) 

0.19 

(−0.02 

to 0.38) 

0.09 

(−0.12 to 

0.29) 

 

 

0.16 

(−0.03 

to 0.34) 

 

Values are Spearman’s rho (95% confidence interval using bootstrapping). *P-value < 0.05. 

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; TJC-78, tender joint count of 78 joints; TJC-78, 

tender joint count of 8 lower-extremity joints; SJC-76, swollen joint count of 76 joints; SJC-6, swollen joint count of 6 lower-

extremity joints; TEC-19, tender enthesis count of 19 entheses; TEC-14, tender enthesis count of 14 lower-extremity entheses; 

BASDAI, Bath ankylosing spondylitis disease activity index; BASFI, Bath ankylosing spondylitis functional index. 
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Supplementary Table 2: Correlations between MRI indices and other measures of disease activity, change scores. 
 CRP ESR TJC-78 TJC-8 SJC-76 SJC-6 TEC-19 TEC-14 Pain Patient 

global 

BASDAI BASFI 

MRI lower-

extremity 

inflammation 

index 

0.32* 

(0.02 

to 

0.57) 

0.28 

(−0.05 

to 

0.53) 

0.15 

(−0.14 

to 0.42) 

0.44* 

(0.17 to 

0.65) 

0.02 

(−0.30 

to 0.31) 

0.43* 

(0.13 

to 

0.67) 

0.43* 

(0.13 to 

0.67) 

0.43* 

(0.14 to 

0.68) 

 

0.17 

(−0.13 

to 0.43) 

0.12 

(−0.20 

to 0.43) 

 

0.18 

(−0.16 to 

0.47) 

 

0.36* 

(0.06 to 

0.61) 

MRI joint 

inflammation 

index 

0.50* 

(0.24 

to 

0.71) 

0.45* 

(0.17 

to 

0.65) 

 

0.00 

(−0.32 

to 0.28) 

0.49* 

(0.23 to 

0.69) 

−0.15 

(−0.44 

to 0.15) 

 

0.63* 

(0.38 

to 

0.82) 

0.32 

(−0.01 

to 0.61) 

0.32* 

(0.01 to 

0.61) 

0.11 

(−0.19 

to 0.40) 

 

0.09 

(−0.20 

to 0.37) 

 

 

0.18 

(−0.15 to 

0.46) 

 

0.35* 

(0.06 to 

0.59) 

 

MRI enthesis 

inflammation 

index 

−0.06 

(−0.35 

to 

0.25) 

−0.05 

(−0.36 

to 

0.26) 

 

0.23 

(−0.09 

to 0.51) 

0.20 

(−0.08 

to 0.46) 

0.11 

(−0.20 

to 0.38) 

0.10 

(−0.20 

to 

0.38) 

0.42* 

(0.18 to 

0.63) 

0.42* 

(0.18 to 

0.64) 

0.12 

(−0.19 

to 0.38) 

0.06 

(−0.27 

to 0.41) 

0.13 

(−0.17 to 

0.42) 

 

 

0.18 

(−0.13 

to 0.45) 

 

Values are Spearman’s rho (95% confidence interval using bootstrapping). *P-value < 0.05. 

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; TJC-78, tender joint count of 78 joints; TJC-78, 

tender joint count of 8 lower-extremity joints; SJC-76, swollen joint count of 76 joints; SJC-6, swollen joint count of 6 lower-

extremity joints; TEC-19, tender enthesis count of 19 entheses; TEC-14, tender enthesis count of 14 lower-extremity entheses; 

BASDAI, Bath ankylosing spondylitis disease activity index; BASFI, Bath ankylosing spondylitis functional index. 
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3.3 New imaging modalities in spondyloarthritis: immunoscintigraphy 
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Imaging of sacroiliac joints (SIJ) is one of the cornerstones in early recognition of axial spondyloarthritis 

(axSpA) [1]. Currently, MRI is the preferred technique to visualize bone marrow edema (BME), which 

can be defined as sacroiliitis when certain criteria are met [2]. However, the definition of sacroiliitis as 

being ‘highly suggestive for axSpA’ has limitations in situations when BME is subtle or when SpA-like 

BME lesions are present due to other conditions such as mechanical stress [3,4]. This underscores the 

need for additional and more specific imaging modalities. Given the marked efficacy of tumor necrosis 

factor (TNF) inhibitors in axSpA, with approximately 50% of patients achieving a clinically important 

response [5], we reasoned that molecular imaging studies aiming at selectively visualizing TNF α in vivo 

at the site of clinical inflammation could be an attractive approach. Therefore, we set up a proof-of-

concept study in axSpA patients by performing scintigraphy with Tc99m-labeled certolizumab pegol 

(CZP) as tracer. We investigated the agreement between tracer uptake on immunoscintigraphy and 

BME on MRI at the same localization of the SIJ. CZP was conjugated with succinimidyl-6-

hydrazinonicotinamide (S-HYNIC), a bifunctional crosslinker. Subsequently, solutions of 1.25 mg 

conjugated S-HYNIC CZP were used to radiolabel with Tc99m. Seven axSpA patients (71.4% male; mean 

age 36±5.7 years; mean disease duration 9.3±4.8 years) were intravenously injected with 740 MBq 

Tc99m-radiolabeled CZP (10.6 MBq/kg) in a similar way as in a classical bone scintigraphy procedure. 

Static images with single photon emission tomography (SPECT)/CT of SIJ were acquired 4-6 hours 

postinjection. No procedure-related adverse events were observed. Of note, all patients had high 

disease activity (mean ASDAS 3.5±0.7) and five out of seven patients failed on at least one TNF inhibitor 

at inclusion. Uptake of tracer was scored semiquantitatively, per SIJ quadrant: 0=no uptake, 1=faint 

uptake or 2=clear uptake. BME on MRI was scored per SIJ quadrant according to the SPARCC method 

including depth and intensity scores [6]. Agreement between MRI-SIJ and immunoscintigraphy was 
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calculated (kappa; percentage agreement) for all quadrants separately using a cut-off of ≥1 for MRI as 

well as for immunoscintigraphic scores.  

A mean score of 12.9±13.2 BME lesions and a mean score for tracer uptake on immunoscintigraphy of 

4.86±5.4 were found. Figure 1 shows the distribution of BME on MRI-SIJ and tracer uptake on 

immunoscintigraphy together with the fusion image of MRI and SPECT. Two out of seven patients had 

no BME on MRI and also no tracer uptake on scintigraphy. Interestingly, one of those presented with 

a partial ankylosis of the SIJ, suggesting that in vivo detection of TNF does not correlate with bone 

formation (figure 1). The agreement between tracer uptake and MRI-SIJ BME was good for all 

quadrants separately (figure 1). When taking all quadrants in consideration, we found a good 

correlation (kappa=0.82; total agreement=91.1%). Clear tracer uptake (score 2) was correlated with 

deep BME lesions on MRI–SIJ with a Spearman’s rho correlation of 0.986 (p<0.001) and 0.956 (p<0.001) 

for left and right SIJs, respectively.  

At present, there is no agreement on the minimum BME size necessary to be defined as ‘positive’ but 

our study suggests that ‘deep’ BME lesions on MRI-SIJs are more suggestive of axSpA. Taking these 

extended lesions into account, very high agreement between tracer uptake and MRI-SIJ BME lesions 

was found. Notwithstanding the study’s limitations (low sample size and lack of a control group), in an 

era of evidence-based medicine, there is still an unmet need to determine whether observed BME on 

MRI is caused by underlying cytokine-driven inflammation which can be visualized by this 

immunoscintigraphic approach. This findings support a more rational approach of determining the 

most appropriate biological treatment for an individual patient.  

In summary, our study showed the presence of TNF-driven active disease in SIJs in axSpA patients by 

using a non-invasive immunoscintigraphic technique with radiolabeled CZP. Especially with deep BME 

lesions on MRI-SIJ, agreement with tracer take-up was excellent. 
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KEY MESSAGES 

What is already known about this subject? 

- MRI of the sacroiliac joints is the preferred technique to diagnose axial spondyloarthritis in 

an early stage. 

- However, recent studies have shown a limited specificity of MRI-detected bone marrow 

edema for axial spondyloarthritis.  

What does this study add?  

- Immunoscintigraphy with radio-labeled certolizumab pegol can demonstrate the presence of 

TNF-driven sacroiliitis in axial spondyloarthritis patients.  

- A good correlation between deep bone marrow edema on MRI and clear tracer uptake on 

immunoscintigraphy was shown.  

- Therefore, deep bone marrow edema on MRI of the sacroiliac joints seems highly specific for 

axial spondyloarthritis.  

How might this impact on clinical practice of future developments? 

- Immunoscintigraphy may be a more specific imaging technique to detect active sacroiliitis in 

the context of axial spondyloarthritis compared to MRI.  

- Future research should assess the value of immunoscintigraphy in predicting treatment 

response on TNF inhibitors.  
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Figure 1: (A,B) MRI and immunoscintigraphy of the sacroiliac joints after administration of Tc99m-

radiolabeled certolizumab pegol in a patient with active axial spondyloarthritis (A) and in one with 

partial ankylosis (B). (a) MRI STIR sequence visualizing extensive bone marrow edema at both 

sacroiliac joints (A) and no bone marrow edema (B). (b) Distribution of Tc99m-radiolabeled 

certolizumab pegol in sacroiliac joints 4-6 hours postinjection depicting clear uptake (A) and no 

uptake (B). (c) Fusion of the MRI and immunoscintigraphic SPECT image. (C) Immunoscintigraphic 

image 4–6 hours postinjection of Tc99m-radiolabeled certolizumab pegol of hands of a patient with 

axial spondyloarthritis with concomitant clinically dactylitis of the fourth digit depicting marked 

tracer uptake in both the joints and the accompanying flexor tendon of that digit. (D) SPECT-CT 4-6 

hours postinjection of Tc99m-radiolabeled certolizumab pegol of the right foot in a patient with 

spondyloarthritis and concomitant enthesitis of the Achilles tendon depicting distinct tracer uptake 

at the insertion of the Achilles tendon. Below: Table with agreement on the presence of BME on 

MRI-SIJ and tracer uptake on the immunoscintigraphy at patient level and at quadrant level. BME, 

bone marrow oedema; SPECT, single photon emission tomography; STIR, short tau inversion 

recovery. 
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4.1 Summary of the main results 
 

This thesis was set up to better understand the strengths and limitations of MRI in diagnosis and 

outcome in SpA patients. In the first part of Chapter 3 we investigated the MRI appearance of the spine 

and sacroiliac joints in several groups of non-SpA subjects. Strikingly, a substantial amount of sacroiliac 

joint BME was found in postpartum women immediately after giving birth and in military recruits 

without back pain, reflected in a high prevalence of sacroiliitis according to the Assessment of 

SpondyloArthritis International Society (ASAS) definition. Of interest, in postpartum women, the 

presence of BME on MRI of the sacroiliac joints was associated with a shorter duration of labor and 

the lack of epidural anesthesia. No association was found between the presence of back pain and the 

observed MRI lesions. In these subjects, a significant decrease of BME was seen over time, albeit 

persisted mainly in women older than 30 years. In military recruits, a high prevalence of sacroiliac joint 

BME on MRI was seen at baseline, not significantly increasing after 6 weeks of intensive physical 

training. The lack of effect of physical exercise was possibly reflected by the already high exertion load 

before start of the study, as these recruits were already well-trained. This hypothesis may also explain 

the relatively high prevalence of lesions at baseline. Furthermore, we charted the MRI appearance of 

the sacroiliac joints and spine across different age categories in healthy individuals without back pain. 

While rarely occurring in subjects <30 years old, a positive MRI for sacroiliitis was found relatively 

frequently in older subjects. In addition, a high prevalence of erosions and fat lesions on MRI of the 

sacroiliac joints was observed in all age categories, with erosions occurring especially frequent in older 

subjects. Nonetheless, median scores for structural lesions were relatively low. In contrast to the 

occurrence of sacroiliitis on MRI, a positive MRI for spondylitis was rarely detected in these healthy 

subjects. Only one subject displayed 3 or more inflammatory corner lesions on MRI of the spine. In 

conclusion, as sacroiliac joint BME and structural lesions on MRI occur relatively frequently in non-SpA 

subjects, our results underscore the importance of interpretation of the imaging in the appropriate 

clinical context and highlight it is essential not to use classification criteria as a diagnostic benchmark. 

Therefore, sacroiliac joint MRI should be interpreted with caution in suspected SpA patients.  

In the second part of Chapter 3 we explored the potential role of axial skeleton and lower limb MRI in 

very early pSpA patients in evaluating disease extent and outcome. Our data point towards a much 

broader pattern of joint and entheseal involvement than clinically anticipated in these patients, 

indicating a higher global inflammatory burden. The MRI inflammation indices significantly correlated 

with several measures of disease activity. A significant decrease in inflammation on MRI was seen in 

patients reaching sustained clinical remission of the peripheral manifestations upon TNF inhibitor 

treatment. Nonetheless, a substantial amount of low-grade joint and entheseal involvement persisted 

on MRI despite TNF inhibitor-induced clinical remission. In patients relapsing after treatment 

discontinuation, a significantly higher amount of entheseal soft tissue inflammation on remission MRI 

was observed, compared to patients maintaining drug-free remission. Interestingly, in these early pSpA 

patients, a strikingly high prevalence of sacroiliitis was found on MRI, despite a minority of the patients 

ever having an episode of chronic back pain, supporting the existence of a unifying SpA concept. The 

relatively high SPARCC scores, the presence of deep BME lesions, the high prevalence of structural 

lesions (with 2 subjects displaying partial ankylosis), and, importantly, the decrease in SPARCC scores 

upon TNF inhibitor treatment, indicate a significant and clinically relevant sacroiliac joint involvement 

in these patients. By contrast, spinal involvement on MRI in these early pSpA patients was rare. 

Notwithstanding mild sacroiliitis persisted in a substantial number of patients despite TNF inhibitor 

treatment, these residual lesions were not predictive of relapse of the peripheral manifestations. 

Collectively, these studies indicate an important role for MRI in evaluation of the disease extent in 

pSpA. More specific, performing an MRI of the sacroiliac joints in patients with a suspicion of pSpA may 
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be of added value in establishing the diagnosis. Possibly, MRI is also relevant in determining disease 

prognosis; however, this needs further confirmation.  

Finally, a new imaging technique was explored in axSpA patients. Immunoscintigraphy of the sacroiliac 

joints with radiolabeled certolizumab pegol, a TNF inhibitor, showed good correlation with BME on 

MRI of the sacroiliac joints in axSpA patients, confirming the presence of TNF-driven disease. An 

especially good correlation was found between immunoscintigraphic findings and deep BME lesions 

on MRI, indicating a higher specificity of these lesions for axSpA. Further research should focus on 

validation of this technique in prospective cohorts, including follow-up data on treatment response. 

This should permit to evaluate whether patients with a positive immunoscintigraphy of the sacroiliac 

joints are more likely to respond to TNF inhibitor therapy versus those with a positive MRI of the 

sacroiliac joints but a normal immunoscintigraphy.  

 

 

4.2 General discussion and conclusion 
 

The availability of MRI has sparked a revolution in the field of SpA, facilitating an earlier diagnosis 

compared to conventional radiography. The ASAS group proposed consensus-based definitions of 

active sacroiliitis on MRI in 2009[1]. Active sacroiliitis was defined by the presence of periarticular or 

subchondral BME, highly suggestive of SpA, and quantified as at least 2 lesions on a single slice, or 1 

lesion on 2 consecutive slices. An update was published in 2016, clarifying this definition and adding 

that the presence of structural lesions may assist in making a diagnosis, albeit this is not essential[2]. 

Nonetheless, this definition is increasingly raising concern. First, not all axSpA patients show active 

inflammation on MRI[3-5]. However, this is not an issue if the definition is only used in research settings 

to identify those SpA patients with active sacroiliitis. Second, our data indicate a high prevalence of 

active sacroiliitis on MRI in non-SpA individuals, which questions the threshold of this definition. 

Although it is true that this definition should only be applied in a SpA population with a definite, 

established diagnosis, the lack of specificity implies that axSpA patients in remission may have a false 

positive MRI for active sacroiliitis. Hence, a possible consequence of the low threshold is that 

successfully treated axSpA patients with limited, aspecific residual BME on MRI of the sacroiliac joints 

might be labeled as having persistent active sacroiliitis. Whereas in routine clinical practice a successful 

treatment does not warrant an MRI of the sacroiliac joints, this may be an important pitfall in clinical 

trials. Consequently, a positive ASAS definition for active sacroiliitis on MRI with limited sacroiliac joint 

BME does not necessarily suggest active disease, as these lesions may also be attributed to 

biomechanical stress or age-related degenerative changes. Therefore, a revision of the ASAS definition 

seems expedient.  

Currently, the presence of 2 lesions on a single slice may justify the label of active sacroiliitis. However, 

BME indicative of SpA is rarely visible on only a single slice, albeit usually on multiple slices. Raising the 

threshold of this definition by adding slices to the definition of a BME lesion could be of added value. 

In addition, it may be of interest to incorporate other characteristic SpA lesions to the present 

definition. In this context, the presence of deep BME lesions seems highly-specific for SpA. Our 

research indicates that deep BME lesions are rarely detected in non-SpA subjects. Deep BME was most 

frequently detected in postpartum women, an easy-identifiable, distinct and specific subgroup of 

healthy controls exposed to high compressive forces on the pelvis. Nine percent of them had deep 

BME in the first 10 days after giving birth, while none had deep BME lesions at follow-up. In our study 

involving healthy controls without back pain, only 4% displayed deep BME lesions, whereof none of 
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the subjects younger than 30 years old. In contrast, we detected deep BME in 11% of the early pSpA 

patients. The existing literature acknowledges that deep BME is almost exclusively found in SpA 

patients[6]. Intense BME lesions on MRI of the sacroiliac joints were also relatively rarely found in our 

non-SpA study population, despite them being more prevalent in a non-SpA setting compared to deep 

BME. Thus, incorporating deep and intense lesions in the definition of active sacroiliitis could enhance 

specificity. In contrast, structural lesions (erosions and fat metaplasia in particular) on MRI of the 

sacroiliac joints were relatively frequently detected in our study involving healthy subjects without 

back pain. This is a novel finding, in contrast with some previous reports, as sacroiliac joint erosions on 

MRI are regarded as highly-specific for axSpA[7-10]. Nonetheless, applying the proposed cut-off values 

for erosions and fat lesions in our study subjects[11], few non-SpA subjects displayed erosions in 3 or 

more quadrants, with the important exception of individuals aged ≥40 years. The same applies for the 

presence of erosions and/or fat lesions in 5 or more quadrants. Fat metaplasia in ≥3 quadrants was 

also relatively rare in our non-SpA study population. Thus, while single structural lesions on MRI of the 

sacroiliac joints can regularly be found in a non-SpA setting, the accumulation and/or combination of 

several structural lesions is relatively rare in healthy subjects <40 years of age. Furthermore, a recent 

study by Seven and colleagues showed that whereas BME and fat metaplasia is relatively common in 

a non-SpA context, BME lesions adjacent to fat metaplasia or erosions, and fat metaplasia adjacent to 

erosions is more specific for axSpA[12]. Furthermore, Seven and colleagues found backfill, i.e. fat 

infiltration in the sacroiliac joint space, to be highly-specific for axSpA[13]. Importantly, sacroiliac joint 

erosions without concomitant BME on MRI is described in 11% of the non-radiographic axSpA 

patients[14], providing an additional reason to incorporate structural lesions in the definition of a 

positive MRI for sacroiliitis. Nonetheless, inflammatory lesions should still be present for an MRI to be 

labeled as active sacroiliitis. The added value of structural SpA lesions on MRI is also reflected in our 

study on axial involvement in early pSpA patients. In contrast to the non-SpA study subjects, in early 

pSpA patients relatively high scores for structural lesions of the sacroiliac joints were observed. Even 

though the proposed cut-off values for erosions and fat metaplasia were only slightly more prevalent 

in our pSpA population compared to our non-SpA subjects, median values for structural lesions were 

considerably higher. Strikingly, two subjects had partial ankylosis of the sacroiliac joints. Especially the 

presence of different combinations of structural lesions seems indicative of SpA[6]. Future research 

could validate higher thresholds of the present definition of sacroiliitis on MRI in large, independent 

cohorts of axSpA patients. Furthermore, the topographic localization of BME lesions in specific regions 

of the sacroiliac joint could be of added value in differentiating between BME in the context of SpA 

and non-specific BME. In this regard, Weber et al. identified the posterior inferior ilium as a 

predilection site of non-SpA-related BME in athletes[7]. In our study involving healthy subjects, 

sacroiliac joint BME was mainly detected in the superior sacrum, followed by the inferior ilium.  

Interestingly, our study involving healthy subjects without symptoms of back pain acknowledges the 

importance of the age criterion in the ASAS classification criteria[15, 16]. This finding has implications 

for the routine clinical practice. The axSpA classification criteria state that chronic back pain in the 

context of SpA should have an onset before the age of 45 years. This is important considering the 

strikingly high prevalence of SpA-like MRI lesions of the sacroiliac joints in older non-SpA subjects. 

Therefore, an axSpA diagnosis in patients older than 45 years (and by extension 40 years) should be 

extremely deliberately made. Even if those patients experience a chronic back pain with an onset 

before the age of 45 years.  

This discussion underscores the importance of only using MRI in subjects with a high suspicion of SpA 

and thus to discard the examination in subjects with a low pre-test probability. Of note, establishing a 

diagnosis in patients with an oligoarticular arthritis can be challenging, considering the lower 

prevalence of HLA-B27 positivity in peripheral compared to axSpA patients. Our data point towards a 
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possible role of sacroiliac joint MRI in suspected pSpA patients, even in the absence of back pain, as a 

substantial number of early pSpA patients have subclinical sacroiliitis with higher scores for 

inflammatory and structural lesions compared to non-SpA subjects. As few patients had significant 

spinal involvement on MRI, there seems to be no added value for MRI of the spine in pSpA patients 

without axial symptoms. 

The concept of biomechanical stress is of interest in the pathophysiology of SpA. The enthesis is located 

on the junction between tendons and bones. Therefore, it is prone to repetitive biomechanical 

forces[17, 18]. These forces are believed to play a role in the onset of SpA. Data from TNFDare mice 

studies support this claim, as unloading of the hind legs resulted in less entheseal inflammation 

compared to weight bearing[17]. Furthermore, 44% of AS patients recall an injury or physical trauma 

as a disease trigger[19]. Interestingly, our current findings combined with previous research suggest 

also a potential role for accumulating biomechanical stress in the occurrence of non-SpA-related 

sacroiliitis on MRI, e.g. in military recruits, postpartum women, athletes, and individuals aged ≥40 

years[6, 7]. This ambiguity makes the concept of biomechanical stress and SpA complex and 

inadequately understood. Possibly, the presence of predisposing host factors (e.g. genetic risk factors, 

dysbiosis) and other environmental triggers (e.g. infections) could lower the threshold of 

biomechanical stress to spark the inflammatory cascade of SpA.  

Considering the issues regarding specificity of MRI for sacroiliitis in the context of SpA, an opportunity 

for other imaging modalities potentially arises. Whereas conventional bone scintigraphy using 99mTc-

labeled diphosphonates is invasive and has limited value in the diagnosis of SpA[20], 

immunoscintigraphy holds a greater promise. In our report on immunoscintigraphy with radiolabeled 

certolizumab pegol as a tracer we showed its potential to demonstrate the presence of TNF in vivo at 

the site of the clinically relevant inflammation, i.e. the sacroiliac joints. A good agreement was found 

between the presence of sacroiliac joint BME on MRI and tracer-uptake on immunoscintigraphy. 

Agreement was particularly good between deep BME lesions on MRI and clear tracer uptake on 

immunoscintigraphy, suggesting the specificity of these lesions for SpA. De Andrade Alexandre and 

colleagues were the first to successfully visualize TNF in the sacroiliac joints using immunoscintigraphy 

with radiolabeled adalimumab[21]. Two years later, Carron et al. performed an interesting proof-of-

concept study, demonstrating in vivo TNF-driven inflammation in SpA and RA patients by using 

radiolabeled certolizumab pegol as a tracer[22]. A good correlation was found between clinical 

evaluation and conventional imaging on the one hand, and tracer uptake on immunoscintigraphy on 

the other hand. Correlation was especially good for clinically swollen joints and joints with a positive 

power Doppler signal on ultrasonography. This was the first study to depict immunoscintigraphic 

patterns in joints and entheses of patients with different SpA subtypes. Dual-energy computed 

tomography (DECT) is another new kid on the imaging block. This imaging modality has the potential 

to rapidly visualize BME by generating virtual non-calcium images through distraction of the calcium 

component of the bone[23]. In this manner, it combines the advantages of computed tomography (CT) 

(easy access, short acquisition, and rare contra-indications), with those of MRI, namely visualization of 

BME. Chen and colleagues found a high specificity for the detection of BME when comparing sacroiliac 

joint DECT with MRI images of the sacroiliac joints in patients with a high suspicion of sacroiliitis, 

whereas sensitivity was only moderate[23]. However, false positive DECT images can arise in the 

presence of red bone marrow or sclerosis. In addition, symmetrical BME lesions may cause false 

negative DECT images. BoneMRI is a new imaging tool with the ability of generating radiographic- and 

CT-like images without the use of ionizing irradiation. Consequently, BoneMRI of the sacroiliac joints 

can successfully depict structural lesions in SpA patients[24]. Finally, deep learning, a form of artificial 

intelligence and a subdivision of machine learning, is a massively promising tool in the field of medical 

imaging. Convolutional neural network is the deep learning technique most applicable to analyze 
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medical imaging input. The hierarchical network architecture is based on the human visual cortex: 

whereas the initial, superficial layers process rudimental features such as borders and edges, deeper 

layers recognize increasingly complex and abstract visual information[25, 26]. In 2018, Rajpurkar and 

colleagues developed a deep learning algorithm to detect clinically important chest pathologies[27]. 

The algorithm achieved a similar performance as radiologists on 10 pathologies (consolidation, edema, 

effusion, fibrosis, infiltration, mass, nodule, pleural thickening, pneumonia, pneumothorax), 

performed worse on 3 pathologies (cardiomegaly, emphysema, hernia), and better on 1 pathology 

(atelectasis). Deep learning was also successfully applied in classifying fatty liver disease from 

ultrasound images, screening for ovarian cancer, and in stroke risk stratification from carotid 

ultrasound images[28-36]. In the future, deep learning may be of added value in the evaluation and 

interpretation of MRI-SIJ. All the aforementioned new developments are nothing less than thrilling, 

albeit need validation in large SpA cohorts. Furthermore, the specificity should be assessed by applying 

these techniques in healthy controls.  

In addition to SpA diagnosis, MRI seems of interest in assessing disease extent in pSpA patients, even 

in very early disease. Our results demonstrated that targeted MRI examinations of peripheral joints 

and/or entheses can expose inflammatory alterations, not detectable by clinical examination and 

ultrasonography. Surely, the clinical significance of these asymptomatic, often low-grade or subtle 

lesions should be questioned. However, our findings point towards a possible role for subclinical 

entheseal soft tissue inflammation on MRI at clinical remission as a risk factor for relapse. This is an 

interesting and novel finding. Potentially, this has important implications for the care of pSpA patients. 

pSpA patients in clinical remission, but with residual entheseal inflammation on MRI might benefit 

from prolonged treatment. Nonetheless, this claim still needs to be confirmed in other studies. This 

concept, however, is appealing given the key role for enthesitis in SpA onset. Indeed, several authors 

raise enthesitis as a pivotal component of the SpA pathophysiology. McGonagle et al. found entheseal 

abnormalities on MRI to be a consistent feature of new-onset synovitis in SpA[37]. In contrast, this was 

not the case in RA patients. The “entheseal organ” is closely related to and interacts with the adjacent 

synovium, leading to the “synovio-entheseal complex”[38]. These findings led to the hypothesis that 

synovitis in SpA is triggered by the release of pro-inflammatory cytokines from the primary site of 

inflammation, the enthesis[39]. This hypothesis was supported by TNFDare mice studies, identifying 

enthesitis as an early SpA feature[17]. Furthermore, enthesitis may be a main driver of subsequent 

new bone formation[40]. As enthesitis is a hallmark of early SpA, it is not unlikely that enthesitis may 

also be an early sign of relapse. Nonetheless, future research is needed to confirm this hypothesis.  

A novel semi-quantitive MRI scoring system for inflammation in peripheral joints and entheses of the 

lower limbs was introduced in this thesis, similar to the OMERACT MRI-WIPE scoring system[41, 42]. 

This scoring system seems a reliable method to be applied in clinical studies with pSpA patients. 

Considering its sensitivity to change it may serve as a valid outcome measure. In addition, it can help 

in establishing a uniform, universally accepted definition of enthesitis on MRI. This seems of interest, 

considering the challenge of an accurate diagnosis of enthesitis in SpA patients. Therefore, this scoring 

system shows potential. However, it needs to be validated in clinical trials with larger patient groups.  

In this dissertation we identified several pitfalls of MRI in the context of SpA. Both inflammatory and 

structural sacroiliac joint lesions occur relatively frequently in non-SpA subjects, especially in the 

context of augmented biomechanical stress, indicating a limited specificity. Consequently, the risk of 

SpA overdiagnosis seems considerable. Therefore, sacroiliac joint MRI should only be performed in the 

appropriate clinical context, i.e. individuals with a high suspicion for SpA or having an established SpA 

diagnosis. In addition, a modification of the ASAS definition of a positive MRI for sacroiliitis seems 

eligible. Deep BME lesions, BME adjacent to structural lesions, particular thresholds for sacroiliac joint 
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lesions, and the combination of different structural lesions are all considered to increase specificity for 

SpA. New imaging modalities, such as immunoscintigraphy, may have higher specificity for axSpA 

compared to MRI. Our data show that MRI may have a role in assessing disease extent and treatment 

response in pSpA patients. Subclinical enthesitis on MRI at time point of clinical remission may warrant 

prolonged treatment.  

 

KEY MESSAGES 

- Bone marrow edema and structural lesions on MRI of the sacroiliac joints are regularly seen in 

a non-spondyloarthritis context. Importantly, this represents a challenge in the interpretation 

of sacroiliac joint MRI in suspected spondyloarthritis patients. 

- Subclinical sacroiliitis with relatively high scores for bone marrow edema and structural lesions 

is often seen in peripheral spondyloarthritis, even in very early disease.  

- Deep bone marrow edema, the localization of bone marrow edema in the joint, bone marrow 

edema adjacent to structural lesions, different combinations of structural lesions, and higher 

cut-offs for lesions may discriminate sacroiliitis in the context of spondyloarthritis from non-

specific lesions on MRI of the sacroiliac joints.  

- New imaging modalities such as immunoscintigraphy may yield a higher specificity for 

spondyloarthritis compared to MRI.  

- Spondylitis on MRI in non-spondyloarthritis subjects is rare.  

- Enthesitis on MRI responds less on tumor necrosis factor inhibition compared to synovitis. In 

addition, residual entheseal inflammation on MRI might be indicative for the need of 

continuous treatment.  

 

SUGGESTIONS FOR FUTURE RESEARCH 

- Validation of new imaging techniques, such as immunoscintigraphy, BoneMRI, dual energy 

computed tomography and deep learning in large spondyloarthritis cohorts. 

- Exploration of the possible role of (subclinical) entheseal inflammation in relapse of 

peripheral spondyloarthritis.  

 

 

 

 

 

Si le feu brûlait ma maison,  

qu’emporterais-je ? 

J’aimerais emporter le feu… 

Jean Cocteau 
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Spondyloartritis betreft een heterogene groep inflammatoire aandoeningen met gemeenschappelijke 

epidemiologische, genetische, pathofysiologische en klinische kenmerken. Historisch worden 

ankyloserende spondylitis, reactieve artritis, artritis geassocieerd met inflammatoir darmlijden, acute 

anterieure uveitis, psoriasisartritis, ongedifferentieerde artritis en juveniele spondyloartritis als de 

verschillende subgroepen binnen dit ziekteconcept gezien. Spondyloartritis ontstaat voornamelijk bij 

20- tot 40-jarigen. Grosso modo kan deze aandoening klinisch worden opgedeeld in axiale 

spondyloartritis, gekenmerkt door ontsteking van de sacroiliacale oftewel bekkengewrichten (= 

sacroiliitis) en/of wervelzuil (= spondylitis), en perifere spondyloartritis, gekarakteriseerd door 

ontsteking van gewrichten (= synovitis) en/of entheses (= enthesitis, ontsteking van de aanhechting 

van pezen en ligamenten op het bot) van de ledematen. Het primordiale symptoom van axiale 

spondyloartritis is het optreden van chronische inflammatoire lage rugpijn, gekenmerkt door pijn die 

slechter is in rust en verbetert bij bewegen. Patiënten met inflammatoire rugpijn worden vaak in het 

tweede deel van de nacht of in de vroege ochtend wakker als gevolg van de pijn en ervaren een 

hinderlijke ochtendstijfheid gedurende meer dan 30 minuten. Axiale ontsteking kan gepaard gaan met 

structurele schade, zoals erosievorming, ter hoogte van het bot. Algemeen wordt aangenomen dat de 

inflammatoire fase gevolgd wordt door een herstelfase, die gekenmerkt wordt door botremodelering. 

Ankyloserende spondylitis, de best gekende aandoening binnen de spondyloartritiden, wordt 

beschouwd als het finale stadium van axiale spondyloartritis. Bij ankyloserende spondylitis ontstaat er 

ankylose (i.e. botnieuwvorming met overbrugging van het gewricht) ter hoogte van de sacroiliacale 

gewrichten en wervelzuil, wat enorme functionele beperkingen met zich meebrengt.  

In het verleden kon de diagnose van axiale spondyloartritis enkel in het stadium van ankyloserende 

spondylitis gesteld worden, op moment dat er dus reeds structurele schade op radiografie te zien is. 

Dankzij de beschikbaarheid van magnetische resonantiescans (MRI), kan axiale spondyloartritis nu 

echter in een pre-radiografisch stadium gedetecteerd worden, voordat er structurele schade optreedt, 

een entiteit die we niet-radiografische axiale spondyloartritis noemen. Deze revolutie heeft ervoor 

gezorgd dat de grote kloof tussen ontstaan van klachten en tijdstip van diagnose, drastisch ingekort 

kan worden. MRI is echter een erg gevoelig onderzoek. Kleine afwijkingen of veranderingen ter hoogte 

van het gewricht worden opgepikt en weergegeven als signaalalteraties. Bijgevolg ontstaat er een 

risico op overdiagnose. Verschillende onderzoeksgroepen hebben immers aangetoond dat 

beenmergoedeem, het kenteken van sacroiliitis op MRI, ook kan voorkomen in een niet-

spondyloartritis context, bijvoorbeeld bij professionele atleten en recreatieve sporters, vermoedelijk 

als gevolg van biomechanische stress op het bekken. Het doel van deze doctoraatsthesis was daarom 

om de aanwezigheid van beenmergoedeem en structurele letsels op MRI van de sacroiliacale 

gewrichten en wervelzuil bij verschillende groepen van spondyloartritispatiënten en individuen zonder 

spondyloartritis te exploreren. In het bijzonder belichtten we de Assessment of SpondyloArthritis 

international Society (ASAS) definitie van een positieve MRI voor sacroiliitis in kader van 

spondyloartritis. Een tweede doel was om de rol van MRI in perifere spondyloartritis te onderzoeken, 

meer bepaald in het evalueren van de ziekteactiviteit en het antwoord op behandeling.  

In het eerste deel van Hoofdstuk 3 werd de aanwezigheid van beenmergoedeem en structurele letsels 

op MRI van de sacroiliacale gewrichten onderzocht in een niet-spondyloartritis context. In de klinische 

praktijk zien we regelmatig vrouwen die na hun zwangerschap lijden aan chronische rugpijn. Soms 

heeft deze pijn zelfs een inflammatoir karakter. Indien bij deze vrouwen een MRI van de sacroiliacale 

gewrichten verricht wordt om spondyloartritis uit te sluiten, wordt vaak een sacroiliitisbeeld gezien. 

De belangrijke biomechanische krachten die gedurende de zwangerschap en bevalling op het bekken 

inwerken, zouden echter ook de oorzaak kunnen zijn van deze MRI letsels. Vrouwen die in de afgelopen 

10 dagen bevallen waren, ondergingen tijdens deze studie een MRI van de sacroiliacale gewrichten. 

Dit onderzoek werd herhaald na 6 maanden en, indien nog steeds positief voor sacroiliitis, 12 maanden 
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na bevalling. Zevenenzeventig percent van de postpartum vrouwen had beenmergoedeem op MRI 

onmiddellijk na de bevalling. Twee derde van de vrouwen (60%) voldeed aan de ASAS definitie voor 

sacroiliitis. Na 6 maanden werd een significante daling van de letsels gezien, met slechts 5 vrouwen 

die een positieve MRI voor sacroiliitis hadden. Bij 4 van deze 5 vrouwen, persisteerde het 

beenmergoedeem tot 12 maanden na de bevalling. Deze studie toonde bijgevolg aan dat het raadzaam 

is om minimaal 6 maanden na de bevalling te wachten om een MRI scan van de sacroiliacale 

gewrichten uit te voeren bij postpartum vrouwen met chronische rugpijn suggestief voor 

spondyloartritis. Indien positief voor sacroiliitis wordt de MRI best herhaald na minstens 6 maanden. 

Deze wachtperiode lijkt noodzakelijk om het effect van de biomechanische stress die tijdens 

zwangerschap en bevalling ontstaat, uit te sluiten.  

Een gelijkaardige prospectieve studie werd verricht bij jonge beroepsmilitairen, voor en na een zwaar 

fysiek trainingskamp gedurende 6 weken. Onze hypothese was dat de biomechanische stress die 

tijdens zo’n trainingskamp op het lichaam inwerkt, het ontstaan van deze MRI letsels in de hand werkt. 

Verrassend genoeg zagen we op baseline, voor start van het trainingskamp, reeds bij 41% van de 

militairen sacroiliacaal beenmergoedeem. Drieëntwintig percent voldeed zelfs aan de ASAS definitie 

van sacroiliitis op MRI. Zevenentwintig percent van de militairen vertoonde structurele letsels op de 

baseline MRI. Na het trainingskamp zagen we geen significante toename van de MRI letsels. Alle 

militairen waren reeds erg getraind voor start van de studie. Mogelijks verklaart deze voorafgaand 

geaccumuleerde biomechanische belasting het uitblijven van een toename van de letsels na het 

trainingskamp. Dit zou ook de relatief hoge prevalentie van MRI letsels bij start van de studie kunnen 

verklaren.  

Vervolgens werd in een derde studie de aanwezigheid van beenmergoedeem en structurele letsels op 

MRI van de sacroiliacale gewrichten en wervelzuil bij 95 gezonde, klachtenvrije personen, verdeeld 

over drie verschillende leeftijdscategorieën (20-29 jaar, 30-39 jaar en 40-49 jaar), onderzocht. Deze 

studie werd opgezet om de niet-pathologische letsels die op MRI kunnen voorkomen te identificeren, 

zodat beter het onderscheid kan gemaakt worden met spondyloartritisletsels. Voor de leeftijd van 30 

jaar werd slechts zelden sacroiliitis op MRI gezien bij deze groep gezonde vrijwilligers (3%). Echter, in 

beide oudere leeftijdscategorieën werd dit wel relatief vaak gezien (respectievelijk 16% en 18%). Wat 

betreft de structurele letsels, werden in alle leeftijdscategorieën sacroiliacale erosies en vetmetaplasie 

gezien. Opvallend was ook hier echter dat deze letsels vooral bij oudere individuen prominent 

aanwezig waren. Erosies werden zelfs bij 39% van de 40- tot 50-jarigen gezien. Deze resultaten 

suggereren dat de accumulatie van biomechanische stress en degeneratieve veranderingen over de 

tijd invloed zou kunnen hebben op het ontstaan van een (niet met spondyloartritis-geassocieerde) 

sacroiliitisbeeld op MRI. Ook ter hoogte van de wervelzuil werden regelmatig inflammatoire en 

structurele letsels gezien. Mediaanscores waren echter laag en slechts één deelnemer had een 

positieve MRI voor spondylitis volgens de ASAS definitie (≥3 corner inflammatoire letsels).   

In het tweede deel van Hoofdstuk 3 onderzochten we de rol van MRI bij nieuw-gediagnosticeerde 

patiënten met een vroege vorm van perifere spondyloartritis (maximaal 12 weken symptoomduur). Er 

werden MRI scans verricht van de axiale zuil en verschillende gewrichten en entheses van de onderste 

ledematen. De scans werden verricht op twee tijdstippen: op baseline (voor start van golimumab, een 

tumor necrosis factor-α blokker) en op moment van persisterende klinische remissie. Op dat moment 

werd de behandeling stopgezet om de mogelijkheid van medicatievrije remissie te exploreren. Meer 

dan een derde van de patiënten (36%) had sacroiliitis op MRI bij start van de studie. Deze letsels bleken 

geen verband te houden met de eventuele aanwezigheid van chronische (inflammatoire) rugpijn in het 

verleden en waren bijgevolg voornamelijk subklinisch. De mate van ontsteking, de aanwezigheid van 

diep beenmergoedeem (hoge specificiteit voor spondyloartritis), de  belangrijke structurele schade 
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(met zelfs twee patiënten met partiële ankylose) en de goede respons van de MRI letsels op golimumab 

wijzen eerder op een spondyloartritis-geassocieerde sacroiliitis en niet op de aspecifieke letsels die 

gezien worden in de context van onder andere biomechanische stress. Over het algemeen werden ter 

hoogte van de wervelzuil weinig letsels gezien bij deze studiepopulatie. Ter hoogte van de gewrichten 

en entheses van de onderste ledematen werden op MRI meer inflammatoire lesies gezien vergeleken 

met wat gedetecteerd werd door middel van klinisch onderzoek. Een deel van deze letsels kunnen 

aspecifieke, niet-pathologische bevindingen betreffen. Enthesitis op MRI reageerde echter minder 

goed op behandeling met golimumab in vergelijking met synovitis. Daarenboven, op tijdstip van 

klinische remissie werd meer residuele entheseale inflammatie gezien bij patiënten die na stoppen van 

de behandeling een opvlamming van hun ziekteactiviteit kregen vergeleken met patiënten in 

persisterende medicatievrije remissie. Dit suggereert een eventuele rol voor enthesitis in de 

heropflakkering van perifere spondyloartritis. Deze hypothese houdt steek, gezien de belangrijke rol 

voor enthesitis in het ontstaan van spondyloartritis.  Aanvullend wetenschappelijk onderzoek is echter 

nodig om deze stelling kracht bij te zetten.  

Tenslotte werd in het derde deel van Hoofdstuk 3 een nieuwe beeldvormingstechniek in axiale 

spondyloartritis geëxploreerd. Door middel van immunoscintigrafie met radio-gelabeld certolizumab 

pegol (een tumor necrosis factor-α blokker) werd getracht om bij axiale spondyloartritispatiënten in 

vivo op de plaats van klinische ontsteking (de sacroiliacale gewrichten) tumor necrosis factor-α, een 

belangrijk ontstekingseiwit in de pathofysiologie van spondyloatritis, te visualiseren. Er werd een 

goede correlatie aangetoond tussen tracercaptatie op immunoscintigrafie en de aanwezigheid van 

beenmergoedeem op MRI van de sacroiliacale gewrichten. In het bijzonder was de correlatie erg goed 

met de aanwezigheid van diep beenmergoedeem op MRI, wat de specificiteit van deze letsels voor 

spondyloartritis benadrukt. Toekomstig wetenschappelijk onderzoek zal nagaan of patiënten met een 

positieve immunoscintigrafie een betere therapierespons op tumor necrosis factor-α blokkers hebben.  

Samengevat werd in deze doctoraatsthesis enerzijds het frequente voorkomen van beenmergoedeem 

en structurele letsels van de sacroiliacale gewrichten in een niet-spondyloartritis context aangetoond, 

wat een risico op overdiagnose inhoudt en het belang van interpretatie van beeldvorming in de juiste 

klinische context onderstreept. Anderzijds, werd het belang van MRI in de detectie van subklinische 

inflammatie bij spondyloartritispatiënten beschreven, aangezien dit een potentiële impact op de 

prognose kan hebben. Het evenwicht tussen over- en onderinterpretatie van medische beelden kan 

bijgevolg broos zijn. De klinische context, de grootteorde van afwijkingen op MRI en de aanwezigheid 

van combinaties van verschillende MRI letsels zijn hierbij van groot belang.  
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DANKWOORD 

William H. Gass beschreef hoe het zelden raadzaam is om achterom te kijken. Zo keek Lots vrouw 

achterom, ondanks de duidelijke waarschuwing, naar de vernietiging van de dorpen Sodom en 

Gomorra, waarop ze prompt, verstijfd van angst, omgevormd werd tot een zoutpilaar. Zo werd 

Orpheus geadviseerd om niet achterom te kijken, uit schrik dat hij zijn eerder werk meer zou 

appreciëren dan zijn huidige schrijfsels. Zo keek baseballer Satchel Paige naar eigen zeggen nooit 

achter zich en ook wielrenners die eenzaam tegen de wind beuken, dienen volgens Michel & José 

nimmer achterom te kijken, maar blijven trappen tot ze als eerste de volle witte lijn overschrijden of 

ingehaald worden door een losgeslagen peloton. Ondanks deze precedenten, kan ik niet anders dan 

dit advies in de wind te slaan. Ik kan dit werk, deze hele periode, niet afsluiten zonder een blik 

achterom te werpen en de vele mensen die dit mogelijk gemaakt hebben te bedanken.  

In de eerste plaats wil ik Dirk bedanken. Als diensthoofd Reumatologie nam je mij onder jouw hoede, 

zonder goed te beseffen wat je jou op de hals haalde. Ik had weinig wetenschappelijke ervaring, maar 

was eerder een clinicus, een ASO Pediatrie die de droom had om kinderreumatoloog te worden. Ik heb 

enorm veel gehad aan jouw begeleiding. Je gaf me vertrouwen en liet me de ruimte om te groeien in 

mijn nieuwe rol. Daarenboven begeleid je me ook in het plannen van mijn postdoctorale carrière, wat 

ik erg apprecieer. Filip, mijn copromotor, ik waardeer enorm jouw nuchterheid. Zowel op klinisch als 

wetenschappelijk vlak redeneer je op een heldere en logische wijze. Klinische problemen toetste ik 

daarom graag bij jou af. In het bijzonder denk ik ook graag terug aan de door jou georganiseerde Ghent 

Night tijdens het jaarlijkse EULAR congres. Vooral Madrid 2019 was in dat opzicht een memorabele 

editie. Je hebt een indrukwekkende klinische en wetenschappelijke carrière uitgebouwd, zonder het 

goede leven met familie en vrienden uit het oog te verliezen. Ook op dat vlak ben je een voorbeeld. 

Dirk en Filip, jullie vormen een prachtig en bij tijd komisch duo. De één een hart voor fundamenteel 

onderzoek, de ander voor klinisch wetenschappelijk werk. De één een dromer en bedenker van de 

wildste hypotheses, de ander realistisch en pragmatisch ingesteld. Samen vormen jullie een twee-

eenheid en het kloppend hart van de dienst. Een yin-yang principe dat voor evenwicht zorgt. Geen 

twee zonder drie. Als ik het in kader van mijn doctoraatsthesis heb over Dirk en Filip, moet ik het ook 

hebben over Philippe. Het derde lid van het infernale SpA-trio. Alhoewel je geen promotor of 

copromotor van me bent, heb ik erg veel gehad aan jouw raad en steun. Je was altijd de eerste om me 

te verwittigen indien iets niet realistisch was. Ik had altijd het gevoel dat je me wat onder jouw vleugels 

nam. De zin “Het komt in orde” kwam vaak terug. En kijk… Het is in orde gekomen. Bedankt daarvoor.  

Als ik het heb over mensen die mij onder hun vleugels nemen, heb ik het ook graag over Joke, Rik en 

Johan. Joke, bedankt om me alle kneepjes van de kinderreumatologie te leren. Ik kan me geen betere 

opleider bedenken. Je geeft me de ruimte om zelf verantwoordelijkheid op te nemen, maar staat altijd 

klaar om me daarin te begeleiden. Ik apprecieer evenzeer onze extraprofessionele gesprekken. Je staat 

altijd paraat met een luisterend oor. Je bent een fantastische kinderreumatoloog en het zou een eer 

zijn om jouw collega te worden. Ook van jou, Rik, heb ik enorm veel geleerd. In het bijzonder op klinisch 

vlak. Geen enkele synovitis, ook van de kleinste kinderen, zal aan jouw oog ontsnappen. Het is een 

plezier om stagiairs te zien zweten wanneer jij ze laat springen en zwemmen. Maar het resultaat is 

telkens dat ze veel geleerd hebben. Ik kan er van mee spreken, want ik was zelf ooit jouw stagiair. 

Johan, al van in mijn 3e Master Geneeskunde ben je als een mentor voor mij. Je hebt me begeleid in 

mijn keuze voor Pediatrie en nadien in mijn keuze voor Kinderreumatologie. Dankzij jou heb ik kunnen 

doctoreren bij Dirk. En mede dankzij jou zal ik hopelijk na mijn opleiding in het UZ Gent kunnen starten 

als staflid. Zelfs op het einde van jouw eigen, rijkgevulde carrière, stel je alles in het werk om die van 

mij te helpen lanceren. Bedankt daarvoor.  
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Ik wil mijn naaste collega-doctoraatsstudenten bedanken. Gaëlle, jij hebt me de eerste weken erg goed 

begeleid en me alle tips & tricks van het PhD-circus bijgebracht. Het was altijd erg tof samenwerken 

met jou. In het bijzonder houd ik van jouw directe aanpak en communicatiestijl. We waren reeds 

tijdens onze opleiding vrienden en dit zal hopelijk zo blijven. Heleen, de samenwerking met jou was 

jammer genoeg kort, maar altijd aangenaam. Ann-Sophie, bedankt om orde en organisatie in mijn 

chaos te scheppen. Je bezit de zeldzame gave om zowel wetenschappelijk als klinisch ongelooflijk sterk 

te zijn. Ik bewonder dat in jou. Je bent erg gestructureerd. Bij mij echter, regeert de wanorde. Ik wil je 

daarom bedanken om de organisatorische steken die ik laat vallen, zorgvuldig achter mij op te rapen. 

En tegelijkertijd wil ik mij daarvoor verontschuldigen. Liselotte, ik ben blij dat je ons PhD-team bent 

komen vervoegen. Je bent erg getalenteerd en het was altijd aangenaam samenwerken met jou. Ik 

ben ervan overtuigd dat je binnen enkele jaren een mooi doctoraat zal kunnen presenteren. Manouk, 

bedankt om mij alles over het scoren en beoordelen van radiografieën en MRI scans te leren. Dit was 

erg leerrijk en heeft substantieel bijgedragen tot dit doctoraat. Bedankt aan onze fantastische 

musculoskeletale radiologen, Lennart en Nele. Jullie uitgebreide expertise was onontbeerlijk. De 

samenwerking met jullie was altijd aangenaam. Ik hoop in de toekomst nog eens samen op congres te 

kunnen gaan om de leuke momenten van in Genua en Zagreb te herbeleven.  

Ik wil graag de andere stafleden Reumatologie bedanken voor de aangename samenwerking. Jullie 

hebben allen bijgedragen aan mijn loopbaan. Peggy, bedankt om mij te vragen een sessie op het BCR 

te presenteren. Ik apprecieer jouw bescheiden, no-nonsense houding enorm. Ruth, bedankt om mij te 

betrekken in jouw echografieproject bij kinderen en om in deze jury te zetelen. Vanessa, bedankt om 

mij de Young Investigator’s Meeting te laten voorzitten op het BCR in Spa. Ik waardeer alle kansen die 

jullie mij hebben geboden. Bedankt Sophie, voor jouw expertise in biomechanica en bewegingsleer. 

Bedankt aan alle ASO’s Reumatologie en de doctoraatsstudenten van de andere onderzoeksgroepen 

Reumatologie die de voorbije 4 jaren de dienst mee gekleurd hebben. Te veel namen om op te 

noemen, maar jullie weten wie jullie zijn. Bedankt voor alle toffe etentjes en memorabele 

congresmomenten. Ook bedankt aan de collega’s in het MRB voor de vlotte en aangename 

samenwerking, met een bijzondere vermelding voor Céline, Emilie en Renée. Bedankt aan de collega’s 

van de groep van Yvan Saeys in het VIB. Dankjewel aan de hele ondersteunende, verpleegkundige, 

administratieve en studie-begeleidende afdeling van onze dienst, voor het ontvangen en behandelen 

van patiënten, regelen van visites, uitvoeren van de administratie tot het opzetten van de verschillende 

studies en het regelen van de vreselijke biobank-aangelegenheden. Oprecht bedankt voor al jullie 

harde werk, Kim, Anuschka, Kristel, Hilde, Ilse, Melissa, Vicky, Karlien, Trudi en Soad. Jullie zijn het 

fundament van deze dienst. In dat opzicht een speciale bedanking voor Karlien, die gedurende mijn 

doctoraatsjaren zowel op de dienst Reumatologie als Kinderreumatologie fantastisch werk verricht 

heeft. Ik vind het jammer dat we nu slechts één dag in de week samenwerken, maar ik zie dat je 

gelukkig bent in jouw nieuwe job en daar ben ik blij om.  

Natuurlijk wil ik ook alle patiënten, vrijwilligers, collega’s, vrienden en familieleden die hebben 

deelgenomen aan onze studies bedanken. Zonder jullie kunnen we niet aan wetenschap doen en was 

er geen sprake van deze thesis.  

Bedankt aan de volledige staf van de dienst Kindernefrologie-reumatologie. Ann, Johan, Joke, 

Agnieszka, Evelien, Lien, ik apprecieer jullie steun tijdens het uitvoeren van mijn doctoraat. Bedankt 

om me bij het team te betrekken en me zoveel vertrouwen te geven. Evelien, een bijzondere dankjewel 

is op zijn plaats. Zonder jouw hulp was er van Calgary vermoedelijk geen sprake. Caroline, bedankt 

voor al het harde werk achter de schermen. Sabine en Myriam, bedankt om van de opleiding Pediatrie 

een warm en kwalitatief hoogstaand traject te maken. Dankjewel om mij de kans te geven op een 

andere dienst dit doctoraat te schrijven.  
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Bedankt aan de stafleden van de dienst Immunologie-Reumatologie van het Wilhelmina 

Kinderziekenhuis in Utrecht (Nico, Berent, Annet, Joris, Joost, Bas en Marc) om mij een uitstekende en 

boeiende opleiding te geven. Jullie vormen een heel mooi team.  

I would like to thank our Danish colleagues, Mikkel and Simon, for the collaboration. Thank you for 

sharing your extensive expertise in spondyloarthritis imaging. Simon, I wish you all the best in your 

future career. You’ll do great.  

Ik wil mijn vrienden bedanken voor al het plezier dat we over de jaren heen reeds hebben beleefd. 

Bedankt om voor de nodige afleiding te zorgen. Het is fantastisch te beseffen dat ik met de vrienden 

waarmee ik ben opgegroeid, in de kleuterklas, lagere school, chiro en de voetbal heb gezeten, nog 

steeds een hechte groep vorm. Zelfs al zien we elkaar niet zo vaak meer als vroeger (die heerlijke tijd 

waarbij de oprit van onze ouders altijd volstond met de fietsen van de hele bende), ik draag jullie nog 

steeds een warm hart toe. Natuurlijk denk ik ook aan de groep vrienden uit de Geneeskunde. Zeven 

jaar na afstuderen komen we nog steeds met een veel te grote bende samen, schuimen we feestjes af 

en blijven we zalige weekends plannen.  

Graag bedank ik mijn schoonfamilie: Michel, Leen, Yasmin, Gilles, Sean en Marie-Line. Dankzij jullie 

voel ik mij thuis in de Denderstreek. Dankzij jullie besef ik dat niet al mijn vooroordelen over Aalst 

(Oilsjt) kloppen. Een bijzondere vermelding voor Leen, die altijd met de juiste wijsheden klaarstaat, 

zoals “Het kerkhof ligt vol onmisbaren” en “Er zal langer geld dan mensen zijn”. Jullie zijn oprecht mijn 

tweede familie geworden.  

Mama en papa, woorden kunnen niet beschrijven hoeveel ik aan jullie te danken heb. Dankzij jullie 

ben ik opgegroeid tot wie ik ben. Jullie zijn een voorbeeld op talloze vlakken en hebben er altijd voor 

gezorgd dat we de kansen kregen om te doen wat we graag doen. Jullie steunden ons in al onze 

beslissingen. Bedankt om me een warme thuis te geven. Lisa en Thibaut, mijn zus en broer. Bedankt 

om deel uit te maken van die warme thuis. Bedankt voor al jullie liefde en vriendschap. Ik bewonder 

de weg die jullie allebei aan het afleggen zijn. Thibaut, in het bijzonder bewonder ik jouw creativiteit 

en durf om in het diepe te springen. Lisa, ik bewonder jouw groot hart en empathie. Bedankt om zo’n 

goede peter en meter te zijn voor onze kinderen. Mijn grootouders, mamy, papy, oma en opa. Bedankt 

om altijd klaar te staan voor mij. Bedankt om me op te vangen tijdens examenperiodes of tussen twee 

zware ziekenhuisshiften door. Oma, mamy, ik bewonder jullie sterkte, jullie onwrikbaarheid, jullie 

veerkracht. Opa, papy, jullie zijn niet meer bij ons, maar ik hoop dat jullie fier zijn. 

Basil, Jerome, mijn 2 apen/beren/hooligans/engeltjes/duivels/nagels-aan-mijn-doodskist/zon-in-mijn-

hart. Jullie zijn het allerbelangrijkste (en allervermoeiendste) in mijn leven. Jullie hebben mij zoveel 

rijker gemaakt. Het is fantastisch om jullie papa te zijn en jullie te zien opgroeien. Ik kijk zo hard uit 

naar de toekomst en in het bijzonder naar ons jaar in Calgary. Het wordt een fantastische ervaring. 

Julie, waar moet ik beginnen? Ik kan niet beschrijven welke impact je hebt op mij. Je ziet me op mijn 

slechtst en brengt het beste in mij naar boven. Dankzij jou begrijp ik het leven beter en besef ik wat 

echt belangrijk is. Je hebt me ongelooflijk veel geleerd. Je vult me perfect aan. Ik hou meer van je dan 

je ooit zal beseffen. Bedankt voor alles. 

 

Look back only if the mess you have made of your life  

leaves you eager to reach a future that will offer a fairer prospect 

William H. Gass 


