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Abstract 

Background 

Axial spondyloarthritis (axSpA) is an inflammatory condition that predominantly affects 

the axial skeleton, manifesting as chronic back pain (CBP). Referral strategies have focused 

on expediting suspected axSpA from primary care, but a diagnostic delay remains. 

Inflammatory bowel disease (IBD) is commonly associated with axSpA. Strategies to 

identify axSpA in patients with IBD would improve case finding, reduce diagnostic delay, 

and improve prevalence data for healthcare planning. 

Aims 

To estimate the frequency of undiagnosed rheumatologist-verified axSpA (RVD-axSpA) 

diagnosis in IBD patients in the secondary care setting and to demonstrate strategies for 

their identification in contemporary medical practice. 

Methods and Results 

In the clinical study, 470 consecutive patients attending gastroenterology clinics were 

approached. Ninety-one had self-reported CBP >3 months, onset age <45 years, of whom 

82 were eligible (gastroenterologist-verified diagnosis, 18–80 years old, biologic therapy 

naive, no previous diagnosis of axSpA) for assessment. The prevalence of undiagnosed 

RVD-axSpA is 5% (95% CI 1.3, 12.0). In the imaging study, all abdominopelvic computed 

tomography (CT) scans for IBD were identified retrospectively from 8 years of imaging 

archive and limited to 301 (highest diagnostic yield for axSpA: verified IBD diagnosis, 18-

55 years old at time of scan). Imaging-compatible changes for axSpA were identified in 60 

patients. Of these, 32 responded to participate, and 27 were enrolled. Eight had pre-

existing axSpA and 5 denied CBP. The remaining 14 patients underwent assessment, three 

(21.4%, 95% CI 4.7-50.8) of whom had undiagnosed RVD-axSpA. Therefore, at least 5% 

(3/60) of patients with IBD who had undergone imaging for non-musculoskeletal 

indications have undiagnosed RVD-axSpA. 

Discussion 

This project demonstrated a clinical and imaging strategy which together revealed a 

significant hidden disease burden of undiagnosed RVD-axSpA among IBD patients and 

outlines a practical modern pilot framework for referral strategies from gastroenterology 

and radiology, for IBD patients attending secondary care services.  
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Chapter 1.  Introduction 

This chapter will explain the terms and background concepts on 

which this project was built. Firstly, there will be an introduction 

on axial spondyloarthritis (axSpA), followed by a discussion 

around the evolution of the concept of axSpA including the 

importance of early diagnosis and treatment. This precedes a 

section on a review of imaging in axSpA. Secondly, inflammatory 

bowel disease (IBD) will be introduced, followed by an examination 

of the axSpA disease spectrum in patients with IBD whilst also 

exploring the total and undiagnosed prevalence of axSpA in IBD 

patients. Next, I will highlight the continued delay in diagnosis in 

axSpA and outline current referral strategies. Finally, to conclude, 

there will be a summary of the essential points, also addressing the 

rationale behind the project. 

  



22 
 

1.1 Axial spondyloarthritis and inflammatory bowel 
disease 

1.1.1 Axial spondyloarthritis 

AxSpA is a chronic inflammatory arthritis predominantly 

involving the spine and sacroiliac joints, with or without extra-

spinal musculoskeletal manifestations (peripheral arthritis, 

enthesitis, dactylitis) and extra-musculoskeletal manifestations 

(acute anterior uveitis [AAU], skin psoriasis [PsO] and IBD) [9]. 

AxSpA has a disease spectrum. This includes non-radiographic 

axSpA (nr-axSpA) – individuals with axSpA features but without 

established radiographic changes, and radiographic axSpA (r-

axSpA, commonly known as ankylosing spondylitis [AS]) – 

individuals with axSpA features and radiographic sacroiliitis [10]. 

AxSpA is diagnosed clinically based on suspicious clinical features 

supported by laboratory tests (Human Leucocyte Antigen B27 

[HLA-B27], raised C-reactive protein [CRP]) and imaging 

(Magnetic Resonance Imaging [MRI] and/or radiography [X-ray]). 

MRI enables the identification of typical radiological features of 

axSpA via the identification of bone marrow changes in a pattern 

or distribution that is compatible with axSpA in the sacroiliac joints 

and/or spine, possibly prior to the development of structural 

changes on X-ray [11–15].  

Classification criteria for axSpA (see Figure 1), based on a 

combination of clinical or imaging features in patients with chronic 

back pain whose symptoms started before 45 years of age, have 

been developed by the Assessment of SpondyloArthritis 
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international Society (ASAS) [16,17]. These are useful for research 

purposes but are not diagnostic criteria. These classification criteria 

have often been misapplied as diagnostic criteria leading to 

difficulties in interpreting the results of some studies [18]. 

 

Figure 1: Classification criteria for axSpA by ASAS. 

Figure taken from Rudwaleit M, et al. Ann Rheum Dis 2009;68:777–783. Final set of 
classification criteria for axSpA selected by ASAS. The criteria encompass both patients 
with and without definite radiographic sacroiliitis. According to the criteria, a patient 
with chronic back pain (>3 months) and age at onset less than 45 years can be classified 
in the presence of sacroiliitis (either definite radiographic sacroiliitis or active 
inflammation of sacroiliac joints on MRI, which is highly suggestive of sacroiliitis 
associated with SpA) plus at least one typical SpA feature, or in the presence of HLA-
B27 plus at least two other SpA features. ASAS: Assessment of SpondyloArthritis 
international Society; axSpA: axial spondyloarthritis; CRP: C-reactive protein; HLA-
B27: human leukocyte antigen B27; NSAID: non-steroidal anti-inflammatory drug; 
MRI: magnetic resonance imaging; SpA: spondyloarthritis. 
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1.1.2 Evolution of the concept of axSpA 

In the past, clinicians observed a group of chronic inflammatory 

arthritides that was distinguishable from rheumatoid arthritis. The 

group consists of AS, enteropathic arthritis or inflammatory bowel 

disease related arthritis, psoriatic arthritis or skin psoriasis-related 

arthritis (PsA), reactive arthritis (ReA) or post-infection-related 

arthritis and undifferentiated peripheral spondyloarthritis. These 

conditions appeared to have overlapping clinical and radiological 

features and were given the term “variants of rheumatoid arthritis”. 

Further research showed strong familial associations. As these 

conditions also tended to be serology negative for rheumatoid 

factor and displayed strong clinical and radiological associations 

with either AS or sacroiliitis (inflammation at the sacroiliac joints) 

as the central feature, the term then evolved to become 

“seronegative spondyloarthritides”. There was intense discourse 

around the terminologies for this group of conditions but with the 

subsequent discovery of a strong association of AS with HLA-B27, 

and subsequent genome-wide association studies with other 

related conditions, there was a consensus to use the term 

“spondyloarthritis” to describe this group of conditions. Over the 

last three decades, with further understanding of these conditions, 

there has been gradual recognition that these are possible 

overlapping conditions on a continuum. The conditions have been 

differentiated based on clinical features, between those who have 

predominantly axial musculoskeletal manifestations and those 

with peripheral musculoskeletal manifestations. Recently, with the 

advances in radiological imaging, axSpA has been further subtyped 



25 
 

into r-axSpA and nr-axSpA as described previously (see Chapter 

1.1.1) [19–23]. 

In today’s understanding, the various conditions can be grouped 

together as spondyloarthritis (SpA). Patients with predominantly 

axial disease are classified as having axSpA, while those with 

predominantly peripheral disease are classified as having 

peripheral SpA (pSpA). Figure 2 below illustrates the group of 

patients investigated within this thesis – those with both axial 

musculoskeletal manifestations and inflammatory bowel disease. 

 

Figure 2: Venn diagram of axial and peripheral spondyloarthritis with respect to 
previously defined disease entities. 

Adapted from Raychaudhuri SP, et al. J Autoimmun 2014 Feb 1;48–49:128–33. AS: 
ankylosing spondylitis; IBD-SpA: Inflammatory bowel disease related spondyloarthritis; 
nr-axSpA: non radiographic axial spondyloarthritis; PsA: Psoriatic arthritis; ReA: 
Reactive arthritis; UpSpA: Undifferentiated peripheral spondyloarthritis. 
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1.1.3 Concept of early diagnosis and early treatment in axSpA 

The symptomatic disease burden appears to be similar in the axSpA 

spectrum of disease, from nr-axSpA to AS [24]. The axSpA 

community believes that earlier treatment reduces the progression 

to irreversible damage (a hypothesis synonymous with the now 

well-known concept of a “therapeutic treatment window” in the 

rheumatoid arthritis literature). However, as there is still no robust 

evidence demonstrating disease regression or termination (i.e. no 

imaging progression of disease) with treatment, there continues to 

be an ongoing discourse around the concept of early diagnosis and 

treatment. Nonetheless, there remains a consensus to early 

diagnosis and treatment for the control of both symptoms and 

possible disease progression [25–28].  

1.1.4 Imaging in axSpA  

Despite previous discussions (See 1.1.1 1.1.1 for more details), the 

diagnosis of axSpA remains a clinical diagnosis. Radiological 

imaging has always been an adjunct to diagnosis but over the years, 

with the improvement of imaging technologies, there has been 

increasing demand for imaging to provide objective confirmation 

of pathology and thus improve diagnostic certainty.  

In the appropriate context, imaging evidence of inflammation at the 

sacroiliac joints (sacroiliitis) has been traditionally regarded as the 

key objective feature in axSpA. In the past, sacroiliitis was only 

identified from chronic post-inflammatory changes on 

conventional X-ray (see Figure 3A, Figure 4A, Figure 5A). Most 

experts would agree that these imaging changes - which usually 
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consist of radiological features like erosions and joint ankylosis - are 

all features of longstanding disease and post-inflammatory damage 

[16,29–31]. These radiographic changes were then included in the 

classification criteria for AS during the 1980s [32]. While bone 

damage in axSpA is still best visualised by x-ray imaging - with 

computed tomography (CT) now gold-standard (see Figures 3B & 

3C, Figure 4B & 4C) - developments in MRI technology (see Figure 

3D & 3E, Figure 4D & 4E and Figure 5B & 5C) have shown that 

earlier inflammatory changes can be visualised without the need 

for ionising radiation [29,31,33,34]. This was incorporated into the 

ASAS classification criteria for axial spondyloarthritis in 2009 [16] 

and MRI has been widely used to assist in confirming a diagnosis 

of axSpA. In recent years there has been increasing awareness of the 

various imaging differentials which can mimic imaging changes 

suggestive of axSpA. As the sacroiliac joint abnormalities can vary 

with age and aetiology, it is important to take the clinical context 

into consideration [35,36]. In addition, the spectrum of abnormal 

sacroiliac joint changes in disease can also vary with disease 

duration and disease phenotype [37–39]. More recently, further 

research has revealed “similar” imaging features in non-axSpA 

patients, especially in those who have increased biomechanical 

stress and strain to the sacroiliac joints e.g. during pregnancy and 

athletes.  Thus, guidance around the acquisition and interpretation 

of MRI changes has become more formalised [30], to prevent 

overdiagnosis and over reliance on imaging [37] for the diagnosis 

of axSpA. With regards to specific imaging in patients with IBD, a 

recent systematic review looking at the prevalence of axial 
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spondyloarthritis based solely on cross-sectional imaging 

compatible sacroiliitis, without confirmation of a clinical diagnosis, 

concluded that there was much variability and further research was 

needed [40]. 

 

Figure 3: 31-year-old female with bilateral active sacroiliitis. 

Figure by author. Pelvic radiograph (A), computed tomographic images in the axial (B) 
and coronal (C) planes demonstrate bilateral iliac erosions (arrowhead) and subchondral 
sclerosis (arrow). Magnetic resonance imaging in the T1-weighted (D) and T2-weighted, 
fat-suppressed (E) sequences demonstrate bilateral iliac erosions, subchondral sclerosis 
and bilateral osteitis (star, left > right).  
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Figure 4: 45-year-old male with bilateral active sacroiliitis.  

Figure by author. Pelvic radiograph (A), computed tomographic images in the axial (B) 
and coronal (C) planes demonstrate bilateral iliac erosions (arrowhead) and subchondral 
sclerosis (arrow). Magnetic resonance imaging in the T1-weighted (D) and T2-weighted, 
fat-suppressed (E) sequences demonstrate bilateral iliac erosions, subchondral sclerosis 
and bilateral osteitis (star, left > right).  

 

 

Figure 5: 25-year-old male with bilateral sacroiliac joint ankylosis.  

Figure by author. Pelvic radiograph (A), magnetic resonance imaging in the T1-weighted 
(B) and T2-weighted, fat-suppressed (C) sequences demonstrate bilateral sacroiliac joint 
ankylosis with left-sided periarticular fat metaplasia (block arrow).  
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1.1.5 Inflammatory Bowel Disease 

Inflammatory bowel disease (IBD) is an overarching term to 

describe two chronic inflammatory gut disorders. The two major 

forms of IBD are ulcerative colitis (UC) and Crohn’s disease (CD). 

UC is a chronic inflammatory condition that causes continuous 

mucosal inflammation of the colon, usually without granulomas on 

biopsy. It affects the rectum and to a variable extent the colon in a 

continuous fashion and is characterised by a relapsing and 

remitting course [41]. CD is a chronic inflammatory condition that 

causes discontinuous transmural changes anywhere along the 

alimentary tract, usually with granulomas on biopsy. It affects 

anywhere from the mouth to anus in a discontinuous fashion and 

is characterised by a relapsing and remitting course [42]. The 

diagnosis of IBD is based on clinical evaluation by a 

gastroenterologist and a combination of endoscopic, histological, 

radiological, and/or biochemical investigations after exclusion of 

relevant differential diagnoses [41–43]. 
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1.1.6 AxSpA related IBD spectrum diseases 

There is currently no pathognomonic symptom, sign or biomarker 

that can accurately and precisely diagnose a patient with axial 

spondyloarthritis or inflammatory bowel disease. Both conditions 

are still diagnosed clinically. This means that a specialist in 

rheumatology or gastroenterology clinically assesses an individual, 

taking into consideration the differential diagnoses, based on the 

balance of probabilities, organises tests which increase or decrease 

these probabilities, and then makes a diagnosis based on “best 

guess”. This should not be surprising as this is medicine since the 

time of Hippocrates [44]. With the advancement of technologies in 

“diagnostic” testing and computing power to help statistical 

analysis, the drive towards “evidence-based medicine” is hurtling 

at an exponential pace, placing laboratory and imaging biomarkers 

at the forefront of diagnosis, but we must not forget the art of 

medicine in less well defined conditions like the axial 

spondyloarthritis related inflammatory bowel disease (axSpA-IBD) 

spectrum diseases. The gold standard as it currently stands is that 

the diagnosis of axial spondyloarthritis and inflammatory bowel 

disease is made by clinical diagnosis supported by tests and not the 

other way around. 

In a review in 1992 [45], the authors noted the difficulty in 

comparing studies due to the different use of case definition.  It may 

not be much different in modern times regarding axSpA-IBD 

spectrum diseases as studies span the literature between 

gastroenterology and rheumatology, with each specialty using their 

best understanding of the other’s condition and using a wide range 
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of disease definitions. For the axSpA spectrum diseases, diagnoses 

include AS, which is defined using the modified New York Criteria 

(mNYC), axial SpA using European Spondyloarthropathy Study 

Group (ESSG) criteria, axSpA using the ASAS criteria, and a 

physician’s clinical diagnosis. For IBD diagnosis, this tends to be 

consistently based on a gastroenterologist diagnosis (based on 

Lennard-Jones criteria). Due to this, there is some difficulty trying 

to define the axSpA spectrum disease in IBD. Nonetheless, the 

evidence of a connection between axSpA and IBD has been 

accumulating with time. The following paragraphs will explore 

these links further. 

1.1.6.1 Clinical links  

A clear observation can be drawn from the clinical characteristics 

described in key epidemiological summative studies [46–50]: the 

presence of two diseases in one individual, the presence of different 

spondyloarthritis spectrum diseases in one family, the presence of 

spondyloarthritis spectrum diseases in family clusters, and the 

prevalence of patients with concomitant conditions being higher 

than the general population. 

1.1.6.2 Biochemical links 

Biochemical studies have shown biomarkers which can be found in 

both AS and IBD patients such as anti-microbial antibodies [anti-

saccharomyces cerevisiae (ASCA); perinuclear anti-neutrophil 

cytoplasmic antibodies (pANCA)] and calprotectin [51–62]. These 

biomarkers have triggered speculation about the role of a yet 

unproven gut-spine axis in the pathogenesis of both diseases. A 
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simplified theory suggests there is a possible susceptibility in gut 

permeability, leading to chronic local immune responses to gut 

organisms of varying degrees in both conditions. This leads to 

microscopic gut inflammation and/or IBD (frank gut 

inflammation), and through further mechanisms to a distal immune 

reaction (which may become autonomous) in the spine leading to 

AS. 

1.1.6.3 Genetic links 

Genetic studies, historical familial studies, HLA-B27 association 

studies, and genome-wide association studies (GWAS) hypothesis-

free studies have shown an overlap of similar disease 

polymorphism between AS and IBD. The association of IBD with 

AS is unlikely to be the result of one condition being causally 

related to another, but rather based on disease susceptibility genes 

for one condition predisposing to the other disease [45,63]. As an 

example, the HLA-B27 gene which is tightly associated with AS at 

a prevalence of 75–95% in AS patients can also be found in 25–78% 

of the AS related IBD (AS-IBD) population but remains at 

background prevalence of 5-14% in IBD patients without evidence 

of AS [64]. On the other hand, the variants of the CARD15 gene, 

which encodes the NOD2 protein, increase the risk of Crohn’s 

disease and have been linked to the development of sacroiliitis in 

IBD patients. Conversely in patients with AS, some variants 

(R702W, G908R, or 1007fs) appear to confer  higher risk for 

subclinical chronic gut inflammation [65,66]. 
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1.1.6.4 Imaging link  

If we assume that sacroiliitis or evidence of inflammation on 

imaging of the sacroiliac joints are hallmarks of axSpA, then there 

is evidence from the literature of concomitant AS in IBD patients. 

McEwen et al showed in 1971 that the radiographic changes in AS 

and AS-IBD resemble each other closely and constitute a single 

category [67]. Some of these findings were confirmed by Helliwell 

et al in 1998 in a similarly designed study [68]. The established bony 

changes in AS and AS-IBD populations resemble each other and are 

distinct to the spinal changes in reactive arthritis and psoriatic 

arthritis [67,68].  

1.1.6.5 Ileocolonoscopic studies link 

On the assumption that chronic gastrointestinal inflammation on 

histology from ileocolonoscopic studies are hallmarks of IBD, then 

there is also evidence from the literature that concomitant IBD 

occurs in AS patients.  A series of ileocolonoscopic studies 

undertaken in the 1980s in Ghent showed evidence of subclinical 

(i.e. asymptomatic) gut inflammation in patients with SpA. Frank 

inflammatory gut lesions (macroscopic; on endoscopy) were found 

in about 30% of patients with SpA, with 60% exhibiting microscopic 

histological changes. Most of these lesions were chronic and 

resembled those of Crohn’s disease. The investigators showed that 

on follow up most of the chronic lesions improved, but in those that 

persisted, there was also persistence of peripheral articular 

symptoms. Moreover, in about 20% of patients there was evolution 

to overt IBD and an apparent association with evolution of 
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musculoskeletal manifestations into AS [69] (note: here it is possible 

that the authors, by nature of their broad case definition of 

seronegative spondyloarthritis at the time of the study, may have 

inadvertently included cases which today would be classified as 

pSpA (including ReA and possibly PsA) thereby leading to the 

observation of more inflammatory bowel lesions in those with 

peripheral than axial articular involvement). It appears that the 

presence of peripheral arthritis and the absence of HLA-B27 in 

those with AS conveys a greater risk of developing IBD [70]. 

Previously, it was thought that this might be a subclinical form of 

CD, rather than the prevailing thought now that this possibly 

reflects the underlying chronic subclinical gut inflammation 

associated with the AS-IBD spectrum diseases [70]. The Mielants 

series showed that in SpA, the evolution from non-AS to AS 

phenotype, or subclinical gut inflammation to IBD phenotype, 

seems to be related to the persistence and chronicity of initial 

inflammatory lesions in the gut. IBD or gut inflammation never 

develops in those patients with normal histology at baseline. They 

also showed the close relationship between the gut and joint, as 

clinical remission in joint disease is always correlated with normal 

gut histology [71–73]. In my interpretation, the Mielants studies, 

especially those comparing non-AS and AS groups, may be 

interpreted to suggest that the evolution to AS-IBD is not absolute. 

In their AS sub-cohort, there were cases without subclinical gut 

inflammation which may suggest that in patients who have more 

AS genetic load e.g. more likely to be HLA-B27 positive with early 

onset of AS phenotype, there is a tendency to have only intermittent 
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bowel changes at the start of their disease and subsequently have 

no further evolution of bowel problem, despite a progressive 

musculoskeletal phenotype. On the other hand, there are those in 

their sample with a non-AS predominant phenotype and chronic 

bowel inflammation. This may represent a middle ground, where 

patients have both sets of genetic load and eventually express both 

phenotypes but to a milder extent.  Finally, there are those with an 

AS phenotype who also have persistent chronic gut inflammation.  

These may represent patients who have susceptible IBD genetics 

that predispose them to eventually progress to IBD with time (they 

tend to be HLA-B27 negative). 
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1.1.6.6 Therapeutic link 

The use of modern-day targeted therapeutics has allowed the 

scientific community to learn more about the links between the two 

diseases using therapeutics as a biological scalpel. Previous non-

biologic trials in axSpA have shown mixed results, with a tendency 

for better responses in those with peripheral arthritis. Axial 

symptoms appeared to be independent of bowel disease, and the 

prevailing perception twenty years ago was that treatment should 

primarily target bowel disease in those with both conditions [69]. 

Modern clinical trials have now shown that there may be common 

inflammatory pathways (with Tumour Necrosis Factor [TNF] 

inhibitors and Janus kinase [JAK] inhibitors proving effective in 

both diseases). However, trials have also shown that there may be 

end organ or tissue-specific inflammatory pathways for those 

clinical phenotypes at the chronic end of the axSpA-IBD spectrum 

diseases.  In established IBD and AS, there is a differential response 

to targeted therapeutics, for example the targeting of IL-23 versus 

IL-17 works for one disease but not the other. In my view, it may 

ultimately be the burden of susceptible genetic load which 

determines the positioning of one’s disease phenotype on the 

axSpA-IBD disease axis e.g. 1. frank IBD with or without 

symptomatic sacroiliitis, 2. subclinical gut inflammation with axial 

inflammatory arthritis with or without peripheral arthritis or 3. 

frank AS with or without subclinical gut inflammation, and thus 

resulting in variable responses to targeted biological treatments 

[74–82]. 
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1.1.6.7 Summary 

The understanding of a connection between AS and IBD has grown 

from early clinical observations in familial studies, traditional 

genetics studies and epidemiological studies, through advances in 

genome-wide association studies, and the use of therapeutics as a 

molecular scalpel. Imaging and ileocolonoscopic studies have 

afforded the opportunity to visualise objective inflammation.  

There is now improved understanding of these connections and 

hence different hypotheses on the pathogenesis of both conditions 

are being debated, including the possible presence of a spectrum or 

continuum between axSpA and IBD (see Figure 6 ). 

 

Figure 6: Venn diagram of axial spondyloarthritis spectrum diseases in inflammatory 
bowel disease. 

Figure by author. AS: ankylosing spondylitis; AS-IBD: ankylosing spondylitis related 
inflammatory bowel disease; IBD: inflammatory bowel disease; nr-axSpA-IBD: non-
radiographic axial spondyloarthritis related inflammatory bowel disease; nr-axSpA: non-
radiographic axial spondyloarthritis. 
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1.2 Prevalence of AxSpA in IBD 

1.2.1 Total prevalence  

There are many previous studies estimating the total prevalence of 

axSpA spectrum of diseases in IBD patients including a few 

systematic reviews. The estimated range of prevalence of patients 

having a diagnosis of AS in IBD patients is between 1% to 25% 

[64,65,83,84], with a recent calculated pooled prevalence of 3% [50]. 

For axSpA diagnosis in IBD patients, the prevalence range varies 

considerably and is reported to be between 4% and 7% [46,49]. 

Sacroiliitis identified using cross-sectional imaging (symptomatic 

and asymptomatic) is common, with a prevalence in IBD patients 

ranging from 2.2% to 68% [40,64,65,83,84], and a recent calculated 

pooled prevalence of 10% to 21% [40,50]. 

1.2.2 Undiagnosed prevalence 

Contemporary evidence of prevalence of undiagnosed axSpA is 

sparse. Few studies have explored the burden of undiagnosed 

axSpA in the IBD population as their main study outcome. Previous 

studies included in a recent systematic review showed that most 

cross-sectional prevalence studies either collected their data 

retrospectively or if collected prospectively, the proportion of 

undiagnosed patients was not specified. It also highlights the 

absence of adequate contemporary studies that reflect the current 

population and practice [50,85–87]. 
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1.3 Continued delay in diagnosis 

AxSpA typically begins in the second and third decades [88]. Delay 

to diagnosis is a major problem with a pooled mean delay of about 

7 years in a recent systemic review and meta-analysis [89]. This 

means that patients often endure intolerable symptoms, and suffer 

worse outcomes (disease activity, function, radiographic), despite 

the availability of effective new therapies [90]. Early treatment 

offers the best chance of drug-free remission and early disease 

responds best to Tumour Necrosis Factor inhibitors (TNFi) [91,92].  

Sykes et al [93] have recently shown that the delay to diagnosis has 

not improved despite advances in modern imaging and new 

approaches to diagnosis. They divided 1193 patients with a 

physician-verified diagnosis of axSpA into a historical (diagnosed 

pre-2009) and current cohort (diagnosed 2009-2013) and found that 

the average delay to diagnosis in the historical cohort was 8.53 

years, and 9.39 years in the current cohort. They concluded that 

there is still a need for further targeted education of health-care 

professionals to address the issue of delay to diagnosis. The 

National Axial Spondyloarthritis Society (NASS), the only charity 

in the United Kingdom dedicated to supporting patients with 

axSpA, also concluded in a recent conducted survey of axSpA 

patients that the average delay to diagnosis (onset of symptoms to 

diagnosis) is still 8.50 years [94]. 
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1.4 Referral strategies 

Despite advances in imaging and improving understanding of the 

disease, the early diagnosis of axSpA remains challenging. This is 

likely to be one of the reasons contributing to the long delay to 

diagnosis and poor long-term outcomes. The international 

rheumatology community has been investigating different referral 

strategies to identify undiagnosed cases of axSpA [95].  

1.4.1 Patients with lower back pain 

Chronic lower back pain (CBP) is usually the main presenting 

clinical symptom of axSpA; thus, it is the natural starting point for 

research into referral strategies in primary care. However, adding 

to the difficulty in identifying the right patient group for referral, 

we also need to appreciate that lower back pain of an inflammatory 

nature is not easy to identify despite the multiple proposed 

definitions of inflammatory back pain (IBP) [96]. Also, lower back 

pain can present with biomechanical or degenerative characteristics 

leading to confusion [96,97].  

Referral strategy trials have been proposed to facilitate 

identification of axSpA but almost all are primary care referral 

strategies based on a combination of inflammatory back pain, 

imaging findings, HLA-B27 results and associated clinical features 

[12,98,99]. A single “best” strategy seemed elusive until recently 

when a European group found, after comparing thirteen referral 

strategies, that a composite features referral tool appears to be the 

best way of identifying suspected early SpA patients for assessment 

in secondary care [95].  



42 
 

1.4.2 Patients with extra-musculoskeletal manifestations 

Besides back and musculoskeletal discomfort, extra-

musculoskeletal manifestations (EMM) including inflammatory 

conditions of the eye, bowel and skin such as AAU, IBD and PsO 

are common among patients with axSpA.   

To address the problem of delay to diagnosis, NASS has developed 

the “BACK PAIN PLUS” campaign which is an awareness 

campaign targeted at secondary care specialists who manage 

patients with common EMM of axSpA. NASS proposes that these 

patients should be screened for the presence of chronic back pain 

(with inflammatory features) and referred to rheumatology if they 

are found to screen positive [100]. This guidance has also been 

echoed in the guidelines of the ASAS-endorsed recommendation 

for the early referral of patients with suspected axial 

spondyloarthritis [101]. 

In patients presenting with PsO, there have  been multiple referral 

tools and strategies previously published [102,103]. It is likely that 

the phenotype of psoriatic spondyloarthropathy, with visible 

peripheral joint and skin disease, makes disease identification more 

straightforward. [104–106]. 

In patients with AAU, Haroon et al and Sykes et al have recently 

developed algorithms to direct patients with an acute presentation 

of inflammatory eye disease to rheumatology [107,108]. 

In IBD patients, questionnaires have been developed to identify 

spondyloarthritis, using the ASAS classification criteria [109–112]. 

However, there has been no attempt to develop a clinical referral 
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strategy in IBD. As patients with IBD often undergo imaging to 

evaluate the presence, extent, and severity of their gastrointestinal 

disease, an incidental finding of sacroiliitis could be the trigger for 

a more comprehensive assessment aimed at diagnosing axSpA. 

Recent evidence has shown that the prevalence of sacroiliitis on CT 

performed in patients with IBD for non-musculoskeletal (non-

MSK) indications ranges from 2.2% to 25% [113–116]. In parallel, a 

practical CT screening tool has been developed to differentiate 

sacroiliitis in (i) patients with axSpA versus controls [117] and (ii) 

patients with IBD versus controls [116], therefore this could 

potentially be used to identify axSpA in IBD patients.  

It is good practice and should be routine practice that symptomatic 

IBD patients with incidental Computed Tomography-defined 

Sacroiliitis (CTSI) suspicious of axSpA should be referred to 

rheumatology for a clinical assessment (including an MRI scan in 

the modern diagnostic workup of axSpA) to verify the diagnosis of 

axSpA. However, there is evidence that this is not being undertaken 

[112,116]. 
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1.5 Outline and Rationale of Project  

To recap, axSpA is known to be closely associated with IBD. The 

spectrum of axSpA includes patients with nr-axSpA and r-axSpA 

(formerly known as AS). Due to evolving case definitions of axSpA 

and differing methodologies used to identify cases, the reported 

prevalence of axSpA diagnosis in IBD patients varies widely 

between studies. The pooled prevalence of AS diagnosis in IBD 

patients has been estimated at 3% [50], whereas the estimated 

prevalence of axSpA diagnosis in IBD patients is reported to be 

7.7% [118]. Evidence for the contemporary prevalence of 

undiagnosed axSpA in IBD patients is sparse [85–87] 

AxSpA is a physician-verified diagnosis rather than one based on 

the fulfilment of contemporary classification criteria. Despite 

advances in imaging technology, improved understanding of the 

axSpA concept and awareness campaigns [14,17,119], delay to 

diagnosis is still a major problem with an average delay of 7–10 

years. Patients often endure intolerable symptoms and worse 

outcomes (disease activity, function, radiographic), despite the 

availability of effective new therapies [90,94].  

Primary care referral strategies have been extensively researched 

over the years to identify the cohort of patients presenting with 

lower back pain which should be referred for rheumatology 

assessment [95]. As extra-musculoskeletal manifestations are also 

common among patients with axSpA, there is evolving research 

into secondary care referral strategies, and strategies for patients 

presenting with AAU have been published. [12,107,120].  Although 
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questionnaires have been developed to identify the entire spectrum 

of SpA among patients with IBD, these used the ASAS classification 

criteria and were not based on a rheumatologist diagnosis [109–

112]. 

To date, there are no published evidence-based clinical referral 

strategies to identify concurrent clinically undiagnosed axSpA in 

patients with IBD, reflecting a gap in knowledge. However, before 

we can proceed to develop axSpA clinical referral strategies specific 

for IBD patients, as has been done in the primary care chronic back 

pain population and in patients presenting with AAU [12,107], 

there is a need to quantify the ‘hidden burden’ or undiagnosed 

prevalence of axSpA in IBD patients in current daily clinic practice. 

In addition, there are no published imaging referral strategies for 

patients with IBD. There are also no studies reporting the 

proportion of IBD patients with CT imaging changes compatible 

with axSpA, who have subsequently been diagnosed with axSpA 

by a rheumatologist, defined here as a rheumatologist-verified 

diagnosis of axial spondyloarthritis (RVD-axSpA). 

The research questions above (and the project’s aims and objectives 

outlined in Chapter 2) are addressed by two studies labelled under 

the umbrella N-ASPIRE (Norfolk - Axial SPa Ibd REferral). The first 

is a clinical strategy study named N-ASPIRE Clinical Strategy Study 

which will be described further in Chapter 3. The second is an 

imaging strategy study named N-ASPIRE Imaging Strategy Study 

which will be described further in Chapter 4. 
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Chapter 2.  Aims and Objectives 

2.1 Aims of the project 

The principal aims are to estimate the frequency of undiagnosed 

axSpA diagnosis in IBD patients in the secondary care setting and 

to demonstrate strategies for their identification in contemporary 

medical practice. 

2.2 Objectives of the project 

• To estimate the prevalence of undiagnosed axSpA in routine 

secondary care IBD patient population. 

• To estimate the prevalence of undiagnosed axSpA in IBD 

patients with CTSI when being investigated with CT scans for 

non-MSK reasons. 

• To demonstrate that there are undiagnosed axSpA cases 

through a clinical strategy. 

• To demonstrate that there are undiagnosed axSpA cases 

through an imaging strategy. 

• To explore if the utility of a validated CT screening tool can 

facilitate the identification of undiagnosed axSpA in 

symptomatic CTSI patients. 

  



48 
 

The aim of the N-ASPIRE Clinical Strategy Study is to estimate the 

prevalence of RVD-axSpA in the IBD population (with the aid of 

contemporary imaging technologies such as MRI) as the 

undiagnosed cases may represent a “hidden burden” of axSpA. I 

hope to demonstrate a feasible clinical strategy and framework 

which future studies can use to design an evidence-based referral 

tool, to improve the identification of axSpA in IBD patients in the 

Norfolk population.  

The aim of the N-ASPIRE Imaging Strategy Study is to understand 

the proportion of people who may have a diagnosis of axSpA in the 

IBD population and have imaging-compatible changes in pre-

existing imaging done for non-MSK indications. The undiagnosed 

cases may represent a further “hidden burden” of axSpA in IBD 

patients. The study will also explore the utility of a known 

screening tool [117] as an adjunct to help improve imaging 

interpretation and the onward management of these patients. This 

may be an additional strategy to identify undiagnosed axSpA in the 

IBD population by utilising pre-existing scans which have been 

undertaken for non-MSK indications in IBD patients with the 

highest diagnostic probability of having axSpA.  

This is in line with recent research recommendations from the 

National Institute for Health and Care Excellence (NICE) guidance 

NG65 on axSpA, calling for evidence based IBD-specific strategies 

[121]. This approach may reduce overall healthcare utilisation costs, 

reduce delay to diagnosis, and facilitate access to available effective 

treatments.  



49 
 

Chapter 3.  N-ASPIRE Clinical Strategy Study 

3.1 Introduction 

This chapter describes the clinical referral strategy through the 

design of the N-ASPIRE Clinical Strategy Study. The study also 

estimated the prevalence of the undiagnosed rheumatology-

verified axSpA diagnosis in an IBD population who is attending 

routine secondary care - the “Hidden Burden” of disease. 

3.2 Methods 

This study was conducted in accordance with the Declaration of 

Helsinki and was approved by the local ethics committee East of 

England – Cambridgeshire and Hertfordshire Research Ethics 

Committee (223356 18/EE/0102). All participants gave written 

informed consent before study inclusion. 

3.2.1  Study design and setting 

This was an observational cross-sectional study. Screening 

questionnaires (SQ) were sent prospectively to consecutive patients 

attending routine IBD clinics between September 2017 and 

February 2019 at a large university teaching hospital serving 

approximately 3000 IBD patients. Following this, a structured 

clinical assessment of a subset of participants (including those with 

and without chronic back pain) was conducted to determine the 

proportion with undiagnosed RVD-axSpA (see Figure 7). 
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Figure 7: Flow chart of N-ASPIRE Clinical Strategy Study. 

Figure by author. *Only 40/41 MRI scan had full protocol acquisition. +ve: positive; –
ve: negative; axSpA: axial spondyloarthritis; dx: diagnosis; CA: clinical assessment; 
RVD: rheumatologist verified diagnosis; sCBP: self-reported chronic back pain >3 
months, age onset <45 years old; SNAC: Screen Negative Assessment Control; SQ: 
screening questionnaire. 
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3.2.2 Study population  

Patients fulfilling the eligibility criteria (gastroenterologist verified 

diagnosis, age range 18–80 years old, biologic therapy naive, no 

previous diagnosis of axSpA); and a moderate diagnostic 

probability of axSpA defined as self-reported chronic back pain >3 

months and onset age <45 years were invited for rheumatology 

assessment. Patients on biologics unlike other IBD treatments were 

excluded because inflammatory lesions may be suppressed and 

could interfere with objective assessment and diagnostic 

assignment. Patients with pre-existing confirmed axSpA were 

verified from their medical records and contacted via telephone to 

collect clinical characteristics but were not reassessed. 

3.2.3 Screening questionnaire  

This was a self-reported questionnaire [122] (see Appendix 1. 

Protocol of the N-ASPIRE Clinical Strategy Study) which enquired 

about the presence of a previous axSpA diagnosis, presence of back 

pain lasting >3 months, age of onset of back pain, nature of back 

pain, personal and family history of associated axSpA conditions, 

and brief description of their inflammatory bowel disease and 

treatment. 
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3.2.4 Clinical assessment  

This included a medical review, physical examination [including 

joint and tender point count, Maastricht Ankylosing Spondylitis 

Enthesitis Score (MASES) [123], dactylitis count, Bath AS Metrology 

Index (BASMI) [124]], patient-reported outcomes [Bath Ankylosing 

Spondylitis Disease Activity Index (BASDAI) [125], Bath 

Ankylosing Spondylitis Functional Index (BASFI) [126], Bath 

Ankylosing Spondylitis Patient Global Score (BASG) [127], 

Harvey–Bradshaw Index [128], Partial Mayo Index [129])], 

laboratory tests (CRP, ESR, HLA-B27), pelvic X-ray, axSpA protocol 

MRI of sacroiliac joints and spine [30], and remote review by a panel 

of axSpA rheumatologists.  

The Harvey–Bradshaw Index is a simple, non-invasive clinical tool 

based on symptoms and clinical findings that is used to assess the 

severity of CD. It helps to monitor the progression or remission of 

disease and guide treatment decisions. The Partial Mayo Index is a 

simplified version of the Mayo Clinic Score, that relies on clinical 

and patient-reported data to assess the severity of UC. It allows the 

evaluation of disease activity with fewer components, making it 

easier to use in clinical practice for monitoring and treatment 

decisions. 

3.2.5 Interpretation of results  

The pelvic X-ray and MRI of the sacroiliac joints and spine were 

performed as per the local axSpA protocol, read and reported by 

the musculoskeletal radiology team according to routine clinical 

practice. Any imaging discrepancies were discussed at a weekly 
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radiology multidisciplinary meeting and agreement made by a 

consensus majority. Furthermore, grading of radiographic 

sacroiliitis was undertaken by two radiology colleagues with 

reference to the modified New York criteria [32]. A positive 

sacroiliac joint MRI for inflammation was determined with 

reference to the ASAS-OMERACT 2009 definition [15] 

incorporating recently updated guidance [14]. A positive spinal 

MRI for inflammation was made with reference to the ASAS-

OMERACT 2012 definition [130]. Both imaging modalities were 

assessed independently from one another. 

3.2.6 Rheumatologist-verified diagnosis of axSpA (RVD-
axSpA) 

Each subject was discussed in a virtual meeting: an initial 

discussion solely based on clinical history and examination 

findings, and a second following the availability of laboratory and 

imaging results. The panel comprised of three rheumatologists with 

a specialist interest in axSpA. Each made either a positive or 

negative diagnosis of axSpA. They also indicated their level of 

diagnostic confidence on a 10-point Likert scale. RVD-axSpA was 

confirmed when at least two of the three rheumatologists agreed. 

The level of confidence (LoC) was reflected by an average of the 

three Likert scales. A similar process was undertaken when the 

results of imaging and laboratory results were available. Any 

discrepancy between the pre- and post-investigation diagnosis was 

discussed in a further summary meeting, and a final diagnosis 

made by a majority consensus vote after a subsequent review of all 

clinical, laboratory and imaging information. 
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3.2.7 Power calculation and statistical analysis  

It was estimated that 73 patients were needed to detect a minimum 

axSpA prevalence of 5% at a nominal threshold significance of P = 

0.05. Based on the assumption that 50% would respond to the SQ, 

and 50% of the respondents [131–133] would have self-reported 

CBP (sCBP) of whom 75% would take up an invitation for clinical 

review, the study aimed to screen an initial sample of 390 

consecutive IBD patients. Descriptive statistics were used for 

patient characteristics. Inter-clinician diagnostic agreements were 

calculated using the kappa statistic with estimated confidence 

intervals. Descriptive statistics were used to present the average 

LoC. For calculation of prevalence, the frequency of cases (i.e. RVD-

axSpA) to the base population (i.e. IBD patients who returned a 

valid SQ with sCBP and were clinically assessed) was used with a 

calculated confidence interval when appropriate. Data analysis was 

performed using STATA Version 15 (StataCorp, TX, USA) and 

Microsoft Excel 2016 (Microsoft, WA, USA). 

3.2.8 Screen negative assessment control (SNAC) group  

A sample of consecutively enrolled IBD patient without self-

reported CBP (>3 months and onset age <45 years) were selected 

(for every two screen-positive patients assessed, matched as closely 

to gender and age as possible) and assessed as per the above clinical 

assessment (except pelvic X-ray due to ethical reasons) (see Figure 

7). 
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3.3 Results 

3.3.1 Main patient characteristics  

In total, 470 consecutive IBD patients were approached; 288 (61%) 

expressed interest, and 191 (66%) returned a completed SQ of which 

173 were valid (see Figure 7, which also lists the number of patients 

with known axSpA). Ninety-one (53%) had self-reported CBP >3 

months, onset age <45 years, of whom 82 (90%) were eligible for 

clinical assessment (see Figure 7, which also lists reasons for 

exclusion). Their detailed clinical characteristics are shown in Table 

1-3  and Table 4-5 . 

The salient clinical characteristics of those assessed in the clinical 

assessment are as follows. The mean age was 52 years, 37% were 

male, 74% had ulcerative colitis, 26% Crohn’s disease and 66% were 

in remission. The prevalence of inflammatory back pain was 38%, 

35% and 29% fulfilling Calin[134], Berlin [135] and ASAS expert’s 

IBP criteria [136], respectively. The frequency of acute anterior 

uveitis, psoriasis and other inflammatory peripheral 

musculoskeletal manifestations (i.e., arthritis, enthesitis, dactylitis) 

were reported to be 5%, 7% and 16%, respectively. Twenty-nine 

(35%) patients had a family history of axSpA-related disorders (of 

which 62% IBD, 52% skin psoriasis, 4% axSpA). Mean CRP 

(reference range: 0–10) and erythrocyte sedimentation rate (ESR; 

reference range: 0–20) were 4.3 mg/l and 14 mm/h, respectively; 

7% were HLA-B27 positive; 4% fulfilled the ASAS definition of a 

positive MRI and 6% fulfilled the radiological criteria of the mNYC. 

With respect to the four patients with RVD-axSpA and self-
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reported CBP, three were HLA-B27 positive; there was an average 

of two relevant ASAS axSpA features; one fulfilled the ASAS 

definition of a positive MRI; and two fulfilled the radiological 

criteria of the mNYC. 
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Patient Characteristicsa Eligible patients who 
attended the clinical 

assessment visit  
(n=82) 

Demographics and social habits  

Age at invitation: years, mean (S.D.) 51.9 (15.0) 

Gender: male, n (%) 30 (36.6) 

Ever smokers, n (%) 49 (60.0) 

Characteristics of chronic back pain  

CBP: yes, n (%) 82 (100.0) 

Age of onset of back pain, mean (S.D.) 27.0 (9.2) 

Rheumatologist’s IBPb, n (%) 16 (19.5) 

Presence of inflammatory back pain via 
classification criteria 

- 

     IBP Calin, n (%) 31 (37.8) 

     IBP Berlin, n (%) 29 (35.4) 

     IBP ASAS, n (%) 24 (29.3) 

Other relevant axSpA history  

Positive personal history of  
SpA conditions, n (%) 

21 (25.6) 

Acute Anterior Uveitis, n (%) 4 (4.9) 

Skin psoriasis, n (%) 6 (7.3) 

Inflammatory peripheral MSK conditions 
(arthritis, enthesitis, dactylitis): yes, n (%) 

13 (15.9) 

Non-inflammatory peripheral  
MSK condition, n (%) 

63 (76.8) 

Positive family history of  
SpA conditions, n (%) 

29 (35.4) 

Table 1: General and axSpA characteristics of participants who attended the clinical 
assessment visit of the Clinical Strategy Study (part 1). 
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Type of positive  
family history of SpA conditions 

- 

     IBD, n (%) 18 (62.1)d 

     Skin psoriasis, n (%) 15 (51.7)d 

     AS or axSpA, n (%) 1 (3.5)d 

     Acute Anterior Uveitis, n (%) 0 (0.0)d 

     Reactive arthritis, n (%) 0 (0.0)d 

Number of other co-morbiditiesc - 

     count, mean (S.D.) 2.1 (2.1) 

     count, median (IQR) 2 (3) 

Current use of NSAIDs for  
MSK symptoms, n (%) 

16 (19.5) 

MSK symptoms improved  
with NSAIDs, n (%) 

14 (87.5)d 

Examination, rheumatological measurements and 
PROMs 

 

BMI: kg/m2, median (IQR) 27.4 (7.2) 

Swollen joint count: max 44, median (IQR) 0.0 (0) 

Tender joint count: max 46, median (IQR) 0.0 (2) 

MASES score: max 13, median (IQR) 0.5 (2) 

Dactylitis count: max 20, median (IQR) 0.0 (0) 

Tender point count: max 18, median (IQR) 1.0 (4) 

BASMI: max 10, mean (S.D) 2.8 (1.1) 

BASDAI: max 10, mean (S.D) 3.8 (2.1) 

BASFI: max 10, mean (S.D) 2.8 (2.1) 

BASG: max 10, mean (S.D) 4.1 (2.3) 

Harvey-Bradshaw Index: remission, n (%) 13 (65.0)d 

Table 2: General and axSpA characteristics of participants who attended the clinical 
assessment visit of the Clinical Strategy Study (part 2). 
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Partial Mayo Index: remission, n (%) 56 (90.3)d 

Investigations  

HLA-B27 positive, n (%) 6 (7.3) 

CRP: crude, mg/L, mean (S.D.) 4.3 (7.2) 

ESR: crude, mm/h, mean (S.D.) 13.9 (15.7) 

Fulfilled radiological criteria for mNYC, n (%) 5 (6.1) 

Fulfilled ASAS MRI SIJ positive criteria, n (%) 3 (3.9)d 

Fulfilled ASAS MRI spine positive criteria, n (%) 1 (1.3)d 

Table 3: General and axSpA characteristics of participants who attended the clinical 
assessment visit of the Clinical Strategy Study (part 3). 

aNote that these characteristics were all rheumatologist verified items during dedicated 
clinical visit. bRheumatologist’s IBP is the investigator’s global impression of whether the 
back pain is of an inflammatory nature via a medical interview. cNumber of other co-
morbidities: Number of past and concurrent medical conditions reported at the visit. 
dTotal observations use for the calculation of the summary statistic is not n=82. 
 
axSpA: axial spondyloarthritis; ASAS: Assessment in SpondyloArthritis International 
Society; CBP: chronic back pain; CRP: C-reactive protein; ESR: erythrocyte 
sedimentation rate; HLA-B27: human leucocyte antigen B27; IBP: inflammatory back 
pain; imp: impression; mNYC: modified New York criteria; MSK: musculoskeletal; n: 
number/count/frequency; PROMs: patient-reported outcome measures; SIJ: SI joint; 
SpA: spondyloarthritis. 
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Patient Characteristicsa Eligible patients who 
attended the clinical 

assessment visit 
(n=82) 

IBD characteristics  

Type of IBD - 

     Crohn’s Disease, n (%) 21 (25.6) 

     Ulcerative Colitis, n (%) 61 (74.4) 

Age of IBD symptoms onset: years, mean 
(S.D.) 

31.0 (14.5) 

Age of IBD diagnosis: years, mean (S.D.) 35.0 (14.6) 

Duration of IBDb: months, mean (S.D.) 202.4 (158.3) 

Majority of UC disease extent: left-sided, n 
(%) 

27 (44.3)d 

Majority of CD disease location: ileal, n (%) 11 (52.4)d 

Majority of CD disease behaviour: 
inflammatory, n (%) 

12 (63.2)d 

IBD treatment and disease activity  

Previously had IBD treatment, n (%) 80 (97.6) 

Currently on IBD treatment, n (%) 70 (85.4) 

     rectal topical steroids, n (%) 6 (7.3) 

     oral steroids, n (%) 2 (2.4) 

     rectal topical 5ASA, n (%) 8 (9.8) 

     oral 5ASA, n (%) 55 (67.1) 

     immunosuppression e.g.    
     AZA/MTX, n (%) 

23 (28.1) 

     biologics, n (%) 0 (0.0) 

Table 4: IBD characteristics of participants who attended the clinical assessment visit of 
the Clinical Strategy Study (part 1). 
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Previously surgery for IBD, n (%) 13 (15.9) 

Hospitalisation for IBD, n (%) 38 (46.3) 

Patient reported - current IBD disease 
activity: remission, n (%) 

40 (48.8) 

Patient reported - gastroenterologist’s imp of 
current IBD disease activity: remission, n (%) 

48 (58.5) 

Gastroenterologist verified disease activity in 
the last year: remissionc, n (%) 

54 (65.9) 

Table 5: IBD characteristics of participants who attended the clinical assessment visit of 
the Clinical Strategy Study (part 2). 

aNote that these characteristics were all rheumatologist-verified items during dedicated 
clinical visit. bDuration of IBD is period between formal diagnosis of IBD by 
gastroenterologist to age at visit. cGastroenterologist-verified disease activity in the last 
year: Remission is clinical and/or endoscopic remission for >12 months. dTotal 
observations use for the calculation of the summary statistic is not n = 82.  
 
CD: Crohn’s disease; IBD: inflammatory bowel disease; imp: impression; n: number/ 
count/frequency; UC: ulcerative colitis. 
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3.3.2 Agreement of RVD-axSpA and LoC  

There was fair agreement (k = 0.25; 95% CI: 0.07, 0.51) with a 

median LoC of 7 (IQR 6–8) of RVD-axSpA based on clinical 

information before investigative results. After considering 

investigation results (i.e. CRP, ESR, HLAB27, X-ray, MRI findings) 

and discussion of discrepant cases, the final agreement was almost 

perfect (k = 0.92; 95% CI: 0.55, 0.99) with a median LoC of 9 (IQR 8–

9). 

3.3.3 Prevalence of undiagnosed and total axSpA  

The prevalence of undiagnosed RVD-axSpA was estimated to be 

between 1% to 5% in IBD patients. The estimated prevalence of total 

RVD-axSpA in all patients who were sent a SQ is 2.3%. See Table 6 

for different permutations of various prevalence of 

axSpA/sacroiliitis. The fulfilment of various classification criteria 

for axSpA were 39% (ESSG), 12% (ASAS) and 5% (mNYC) and are 

shown in Table 7. 

3.3.4 SNAC group  

Forty-one patients were eligible for clinical assessment. The mean 

age was 63 years, 44% were male, 76% had ulcerative colitis, 24% 

Crohn’s disease and 68% were in remission. One patient (1/40; 

2.5%) had asymptomatic sacroiliitis as shown in Figure 7. A second 

patient had undiagnosed RVD-axSpA [prevalence was 1/41 or 

2.4% (95% CI 0.1, 12.9)] as shown in Table 6. 
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Case 
definition 

Base IBD 
population 
definition 

Cases, 
n 

Base, 
n 

Prevalencea, 
% 

Undiagnosed 
axSpAb 

Patients c/o sCBP 
who had CA  

4 82 4.9 

Undiagnosed 
axSpA 

Patients w/o sCBP 
who had CA  

1 41 2.4 

Undiagnosed 
axSpA 

All patients who 
had CA 

5 123 4.1 

Undiagnosed 
axSpA 

All patients who 
returned a valid SQe 

5 173 2.9f 

Undiagnosed 
axSpA 

All patients who 
were sent a SQ 

5 470 1.1f 

All axSpA All patients who 
were sent a SQ 

11 470 2.3f 

Symptomatic 
sacroiliitisd  
(sCBP but no 
axSpA) 

Patients c/o sCBP 
who had CA  

5 82 6.1 

Asymptomatic 
sacroiliitis  
(No sCBP) 

Patients w/o sCBP 
who had CA  

1 40g 2.5 

Table 6: Various prevalence of axSpA/sacroiliitis in IBD patients. 

aThis table explains the prevalence in percentage with reference to Figure 7: Flow chart 
of N-ASPIRE Clinical Strategy Study.; Prevalence = Case/Base × 100%. baxSpA refers 
to RVD-axSpA. cCA refers to the group that had a clinical assessment for axSpA in the 
study. dSacroiliitis refers to imaging meeting the radiological criteria of mNYC and/or 
ASAS. eValid SQ refers to those who are eligible for CA. fThis estimate assumes that all 
other cases in the base population do not have a clinical diagnosis of axSpA. gonly 40/41 
MRI scan had full protocol acquisition.  
 
axSpA: axial spondyloarthritis; ASAS: Assessment in SpondyloArthritis International 
Society; CA: clinical assessment; c/o: complaining of; IBD: inflammatory bowel disease; 
mNYC: modified New York criteria; RVD: rheumatologist-verified diagnosis; sCBP: self-
reported chronic back pain >3 months, age onset <45 years old; SQ: screening 
questionnaire; w/o: without. 
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axSpA definition Cases, 

n 

Total, 

n 

Prevalencea, 

% 

Rheumatologist verified diagnosis of 

axSpA, n (%) 
4 82 4.9 

Fulfilled ESSG criteriab for SpA, n (%) 32 82 39.0 

Fulfilled ASAS criteriab for axSpA 

(clinical or imaging arm), n (%) 
9 78c 11.5 

Fulfilled ASAS imaging armb only, n (%) 7d 78 9.0 

Fulfilled ASAS clinical armb only, n (%) 2 78 2.6 

Fulfilled mNYC criteria for ASb, n (%) 4 82 4.9 

Table 7: Prevalence of axSpA using different criterion. 

aPrevalence = Case/Total × 100%. bThe fulfilment of various classification criteria 
regardless of the clinical diagnosis is shown only as an illustration. Classification criteria 
should not be used as diagnostic criteria. cMRI results were missing in four cases;  
these did not have a clinical diagnosis of axSpA. dDistribution: two cases  
fulfilled the ASAS definition of a positive MRI; four cases  
fulfilled mNY radiological criteria; one case fulfilled both criteria.  
 
axSpA: axial spondyloarthritis; ASAS: Assessment in SpondyloArthritis International 
Society; mNYC: modified New York criteria; n: number/count/frequency; SpA: 
spondyloarthritis. 
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3.4 Discussion 

A link between axSpA and IBD is well established. Despite an 

improved understanding of the spectrum of axSpA, there continues 

to be a significant diagnostic delay in axSpA. Referral strategies 

have been developed to screen the general population and those 

presenting with acute anterior uveitis [12,107]. Previous studies 

have reported the prevalence of axSpA spectrum disease in IBD in 

different care settings, study designs and a range of axSpA case 

definitions [50]. Few studies [85–87] have explored the burden of 

undiagnosed axSpA in the IBD population as their main study 

outcome.  

In our observational cross-sectional study, the prevalence of 

undiagnosed RVD-axSpA in IBD patients seen routinely in a 

hospital setting with self-reported CBP (>3 months), onset age <45 

years, is estimated at 4/82 (5%). This represents a significant hidden 

disease burden as it is 4/10 (40%) of the total RVD-axSpA in our 

sample. This study is important for several reasons. Firstly, this 

provides the first estimate of undiagnosed RVD axSpA in IBD 

patients based on modern axSpA concepts which mirrors standard 

daily clinical practice. Previous studies included in a recent 

systematic review showed that most cross-sectional prevalence 

studies either collected their data retrospectively or if collected 

prospectively, the proportion of undiagnosed patients were not 

specified [50]. It also highlights the absence of adequate 

contemporary studies that reflect the current population and 

practice [85,86].  
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The diagnoses made by the rheumatology panel had good 

agreement and a high level of confidence. If the diagnosis was 

based on classification criteria only (see Table 7), our estimates 

would have aligned with a previously reported pooled prevalence 

of sacroiliitis (mostly defined with imaging) of 10% [1]. AxSpA 

remains a clinical diagnosis based on suspicious symptoms 

supported by laboratory and imaging investigations; the fulfilment 

of classification criteria does not necessarily equate to a diagnosis 

of axSpA. In addition, biological therapy should not be given to 

patients without a clinical diagnosis of axSpA regardless of imaging 

or classification results. 

The study found a low prevalence of sacroiliitis and undiagnosed 

RVD-axSpA in the asymptomatic sample. AxSpA typically presents 

with a history of chronic back pain [133]. However, asymptomatic 

sacroiliitis has been reported in patients with IBD [137] who have 

MRI findings resembling axSpA [138]. Results from the SNAC 

group found only a single case of asymptomatic sacroiliitis. 

Although this is lower than the prevalence reported by previous 

studies [137,139–141], it is most likely due to the varying definition 

of ‘asymptomatic’ between studies. We used the absence of self-

reported CBP for >3 months and onset age <45 years as 

‘asymptomatic’ a priori because the clinical probability of RVD-

axSpA is less likely. This is further substantiated as our results 

showed that in IBD patients without self-reported CBP, there was 

only a single case of undiagnosed RVDaxSpA. 

  



67 
 

In the clinical context, it is extremely important to correlate the 

clinical phenotype with imaging findings depending on the 

clinicians’ pre-test probability of axSpA before arriving at a 

diagnosis of axSpA. This is even more important in IBD as there is 

a known background prevalence of asymptomatic sacroiliitis as 

described above. Our study provides more understanding about 

symptomatic sacroiliitis vs a diagnosis of axSpA (see Figure 7). 

Previous studies [113,132,139,140,142] have reported symptomatic 

sacroiliitis, with prevalence ranging from 3% to 45% (due to broad 

range of definitions). It must be remembered that imaging evidence 

of sacroiliitis represents supportive evidence of previous or current 

inflammatory changes at the sacroiliac joints depending on the 

modality and timing of imaging, but this is not a confirmation of an 

autoinflammatory or autoimmune cause, without accompanying 

clinical context/ evidence. In this study, 5/82 (6.1%) who had self-

reported CBP >3 months and onset age <45 years had symptomatic 

sacroiliitis (meeting the radiological criteria of mNYC and/or 

ASAS) but did not reach a clinical diagnosis of axSpA as shown in 

Figure 7 and Table 6. Also, it is interesting to note that the 

prevalence of symptomatic sacroiliitis is higher than undiagnosed 

RVD-axSpA (6.1% vs 4.9%, see Table 6). This may suggest that it is 

important to seek expert opinion from specialist rheumatologists in 

complex cases, as clinical judgement/ experience and consensus are 

needed rather than the application of criteria or reliance on imaging 

alone when reaching a diagnosis of axSpA in IBD patients.  

The presence of back pain alone may not be a reliable indicator of 

RVD-axSpA in the IBD population. In the study, the prevalence of 
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self-reported CBP (>3 months, onset age <45 years) that might raise 

the suspicion of axSpA in IBD patients is 91/173 (53%). This is 

higher than the estimate of CBP in the general population, with an 

upper limit of 20% in a recent systematic review [143]. When we 

apply the Calin, Berlin, ASAS inflammatory back pain criteria, this 

translates to 31/91 (34%), 29/91 (32%) and 24/91 (26%), 

respectively. However, in patients that were assessed clinically, 

82/91 (90%), a majority 78/82 (95%) did not result in a final 

inflammatory disease diagnosis. The other diagnoses included 

spondylosis 56/78 (72%), fibromyalgia 1/78 (1%), nonspecific 

lower back pain 6/78 (8%), no specific differential diagnosis 2/78 

(3%), and other overlapping noninflammatory diagnosis 13/78 

(17%).  

This study has several limitations. Firstly, this was a cross sectional 

design. Secondly, some degree of selection bias may have been 

introduced as the sample was from a single centre and excluded 

patients treated with biologic therapy which could have modified 

the symptoms, laboratory biomarkers, MRI findings and 

interpretation, as well as the impact on the ability to diagnose 

AxSpA with confidence. Also, excluding patients treated with 

biologics for IBD may have excluded patients with concomitant 

axSpA limiting generalisability. In addition, due to the cut-off age 

of onset of chronic back pain in the eligibility criteria, axSpA 

patients with late onset IBD (IBD onset >45 years) may have been 

excluded. Finally, we did not clinically re-evaluate those with a pre-

existing diagnosis of axSpA, so it is theoretically possible that some 
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of these could have been misdiagnosed. Taken together, the 

prevalence of undiagnosed RVD-axSpA may be underestimated.  

Furthermore, due to ethical and financial constraints, we were 

unable to sample the whole population (especially those without 

self-reported back pain). However, a sample in the form of the 

SNAC group was performed with its limitations. The study 

assessment protocol for the SNAC group was the same as those in 

the screen positive group except for pelvic radiography due to 

ethical concern over radiation exposure. Nonetheless, we had 

axSpA-protocoled MRI imaging for all 41 patients who attended the 

clinical assessment (except one who did not complete a full protocol 

acquisition). In this patient, available imaging was sufficient for 

clinical reporting but not ASAS criteria reading. It is unlikely that 

we failed to detect any case of sacroiliitis on imaging due to this 

process.  

Also, as the SNAC group consisted of patients without self-

reported CBP (>3 months and onset age <45 years) it is likely that 

the mean age will be older than the screen positive group, thus the 

selection for the SNAC group were matched to the nearest age and 

sex to ensure that the groups were matched. Due to the small 

sample to select from (n = 51), this was not entirely possible. Further 

sub-analysis showed that there was no difference in the percentage 

of males between the screen positive and SNAC groups (37% vs 

44%, P = 0.62), but the mean age of the SNAC group was older 

despite best attempts at matching (63 vs 52 years, P < 0.0001). A 

difference in age may theoretically result in more age-related MRI 

changes at the sacroiliac joints, which may affect the outcome of 
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reported asymptomatic sacroiliitis. Nevertheless, the results are 

reassuring as there was only one asymptomatic sacroiliitis and one 

undiagnosed RVD-axSpA.  

We believe that we now have a clearer understanding of the 

magnitude of the hidden burden of axSpA in IBD. Further work 

will need to focus on reproducing this estimate in other national 

and international cohorts and developing screening tools to allow 

early identification and referral of IBD patients for rheumatology 

assessment. At present, one should still follow the guidance of the 

ASAS-endorsed recommendation for the early referral of patients 

with suspected axSpA [101]. This should work in parallel with 

campaigns and educational strategies to raise awareness of this 

disease association.  

In conclusion, the results of this study have practical implications, 

as they show that there is undiagnosed RVD-axSpA among patients 

attending secondary care IBD clinics. To our knowledge, this is the 

first attempt to estimate the prevalence of undiagnosed RVD-

axSpA in IBD patients, based on our current understanding of 

axSpA in daily clinical practice. The importance of a clinical 

diagnosis in axSpA is made clearer by understanding the 

background of asymptomatic and symptomatic sacroiliitis in IBD 

patients. Appropriate identification of suspected axSpA patients in 

IBD clinics offers an opportunity to shorten the delay to diagnosis 

in axSpA.
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Chapter 4.  N-ASPIRE Imaging Strategy Study  

4.1 Introduction 

This chapter describes the imaging referral strategy through the 

design of the N-ASPIRE Imaging Strategy Study. The study also 

estimated the proportion of IBD patients, with imaging-compatible 

changes (when undertaken for non-musculoskeletal indications), 

who have undiagnosed axSpA diagnosis verified by a 

rheumatologist. In addition, the study assessed the utility of a 

known screening tool to facilitate the identification of axSpA 

diagnosis in this specific IBD population. 

4.2 Methods 

This study was conducted in accordance with the Declaration of 

Helsinki and was approved by the local ethics committee East of 

England – Essex Research Ethics Committee (252117 19/EE/0125). 

All participants gave written informed consent before study 

inclusion. 

4.2.1 Design 

The study was a cross-sectional study. Patients with IBD who were 

retrospectively identified to have Computed Tomography-defined 

Sacroiliitis (CTSI) underwent a prospective clinical assessment, to 

determine what proportion have Rheumatologist-Verified 

Diagnosis of axial spondyloarthritis (RVD-axSpA). This is shown 

diagrammatically in Figure 8, Figure 9 and Figure 10; it will be 

described further in the paragraphs below. 
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Figure 8: Flow chart of the N-ASPIRE Imaging Strategy Study. 

Figure by author. –ve: negative; +ve: positive; axSpA: axial spondyloarthritis; CT: 
computed tomography; CTSI: computed tomography–defined sacroiliitis; IBD: 
inflammatory bowel disease; MSK: musculoskeletal; sCBP: self-reported chronic back 
pain with duration of > 3 months and age of onset of < 45 years; w/o: without. 
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Figure 9: Box Venn Diagram of axSpA and IBD  

Figure by author. axSpA: axial spondyloarthritis; CTSI: computed tomography defined 
sacroiliitis; IBD: Inflammatory Bowel Disease; mth: month 
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Figure 10: Box Venn Diagram of CTSI and symptoms in the context of axSpA and IBD. 

Figure by author. axSpA: axial spondyloarthritis; CT: Computed Tomography; CTSI: 
CT-defined sacroiliitis; IBD: Inflammatory Bowel Disease; mth: month; msk: 
musculoskeletal 
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4.2.2 Identification of the Study Population 

The study population was selected from a service evaluation project 

performed at Norfolk and Norwich Hospital. Abdominopelvic CT 

scans of patients with verified IBD (Crohn's disease or Ulcerative 

Colitis, diagnosed by gastroenterologist via gastroenterology 

clinical letter, and supportive histology or radiology results using 

electronic medical, laboratory, and radiology records) were 

retrospectively identified from the radiology imaging system 

between January 2010 to December 2017. The study population was 

limited to 18 to 55 years of age, inclusive, at the time of their CT, 

with the most recent CT named the index scan. The age range of 18 

to 55 years old was chosen as the interval which will be of highest 

diagnostic yield, and would capture almost all cases of disease with 

symptom onset  at or before 45 years old [144] given the diagnostic 

delay window of approximately 8-10 years [36,93].  The scans were 

reviewed by radiologists trained to identify radiological features of 

CTSI using the criteria developed by Chan et al [117], after internal 

reliability testing and clarification.  

4.2.3 Definition of criteria that define Computed Tomography 
defined sacroiliitis (CTSI) 

Chan et al [117] developed a pragmatic screening tool for the 

identification of sacroiliitis on abdominopelvic CTs. They have 

suggested that the criteria can be implemented in the reading of CT 

scans of high-risk patients such as those with IBD.  

They defined the features of CT sacroiliitis in the following manner. 

Surfaces: 4 surfaces – R iliac, L iliac, R sacral, L sacral; Anatomy of 
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the sacroiliac joint – Erosions and sclerosis are recorded only if 

present along the cartilaginous component. Lesions along the 

fibrous component are not counted. Erosions: Erosions had to have 

a clear break in subchondral bone with a minimum depth of 2mm; 

Large erosions are erosions seen on more than 1 slice; Counting the 

maximum number of erosions from the worst slice from each 

articular surface; Osseous abnormalities at the transition point from 

cartilaginous to fibrous compartment were not scored as erosions; 

Subchondral cysts are radiolucent lesions without a clear break in 

the subchondral bone and lesions where the break was ambiguous 

are not included. Sclerosis: Sclerosis is only read from the coronal 

view and defined as an increase in bone density of at least 1cm in 

length parallel to the joint line when compared to the midline of the 

sacrum and scored as present/ absent; The depth of sclerosis is 

evaluated on the slice with the longest visible cartilage length and 

noted as extending either >3mm or >5mm perpendicular to the joint 

line. Sclerotic segments are only measured in areas of homogeneous 

density as patchy density is poorly reproducible. The initial 5mm at 

the cranial and caudal ends of the joint where there can be a normal 

increase in density are not scored. Ankylosis: Ankylosis was defined 

as contiguous bone marrow between the ilium and sacrum >1 cm 

in length within the cartilage compartment of the joint. If a joint was 

scored as having ankylosis, neither erosion number nor presence of 

sclerosis was noted because these changes would be obscured by 

the ankylosis. 
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4.2.4 Clarification and reliability of the radiological features of 
sacroiliitis on CT 

Three radiology registrars were trained by an experienced 

musculoskeletal (MSK) radiologist with >20 years of experience. All 

radiologists were blinded to the clinical information and the 

original radiology report. Thirty cases were randomly chosen for 

training and scored by the 3 readers over an interval of 2 weeks.  

Reliability statistics were calculated using the weighted kappa 

coefficient of agreement. The initial interrater reliability was 

moderate to substantial (kw = 0.59 - 0.70, 95% CI 0.36 - 0.82 to 0.40 

- 1.00). Discordant scores were settled at a consensus meeting 

between the readers and the experienced MSK radiologist. From 

this, the following points were added to the erosion definition: (a) 

Erosions are breaks seen on either the axial or coronal view, (b) The 

erosion depth is to be rounded down to 1mm if measurement is 

</=1.49mm and rounded up to 2mm if measurement is >/=1.5mm, 

(c) Erosions are included if they involve the joint proper. Bony 

defects/irregularity seen at the inferior margin of the bony pelvis 

are excluded.  

Following an 8-week interval from the consensus meeting, the same 

30 patients were re-scored to assess intra and inter-rater reliability. 

This resulted in substantial agreement (kw = 0.66 - 0.77, 95% CI 0.46 

- 0.87 to 0.63 - 0.90) with moderate to almost perfect intra-rater 

reliability (kw = 0.47 - 0.85, 95% CI 0.20 - 0.72 to 0.74 - 0.97).  There 

was an improvement in interrater reliability following training and 

clarification of the erosion definition.  
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After a further 8-week interval from the re-scoring exercise, the 

cases were randomly divided between readers to identify 

radiological features of CTSI. As our sampled population was 

enriched (with IBD diagnosis and age range within the highest 

diagnostic yield for axSpA), we selected the criteria which were 

shown to have the highest sensitivity (94%) by Chan et al to identify 

cases of sacroiliitis that were suspected to co-occur with axSpA, so 

that all possible cases were included. 

4.2.5 Study Population 

Screening questionnaires (SQ) were sent to all patients with (a) CT 

performed for non-MSK indications; (b) Age between 18 and 55 

years of age inclusive at the time of CT; (c) IBD diagnosis (by 

gastroenterologist with supporting histology or radiology results); 

(d) Presence of CTSI, defined as the presence of sacroiliac joint 

ankylosis, total erosion score (TES) of ≥3, > 0.5 cm iliac sclerosis 

and/or > 0.3 cm sacral sclerosis. Those who replied with a valid 

completed SQ and gave informed consent were enrolled. Those 

with chronic back pain > 3 months, age onset < 45 years were 

invited for rheumatology assessment. Those with pre-existing 

confirmed axSpA, verified from their medical records were 

contacted via telephone to collect clinical characteristics but were 

not reassessed. 
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4.2.6 Clinical Assessment 

Clinical assessment included a full medical interview; physical 

examination by a rheumatologist, including joint and tender point 

count, the MASES, dactylitis count, BASMI; patient-reported 

outcomes, including the BASDAI, BASFI, BASG, the Harvey-

Bradshaw-Index, Partial-Mayo-Index; laboratory tests including 

CRP, ESR, HLA-B27; and dedicated MRI sequences for axSpA 

detection (similar to clinical study, see 3.2.4 Clinical assessment) 

4.2.7 Diagnosis Verification 

Each subject was discussed in two virtual meetings: an initial 

discussion solely based on clinical history and examination 

findings, and a second following the availability of laboratory and 

imaging results. The panel comprising three expert 

rheumatologists with a specialist interest in axSpA were blinded to 

the CT findings (sclerosis, erosions and/or ankylosis). Each made 

either a positive or negative diagnosis of axSpA. They also 

indicated their level of confidence on a 10-point Likert scale. RVD-

axSpA was confirmed when at least two rheumatologists agreed. A 

level of confidence (LoC) was reflected by an average of the three 

Likert scales. A similar process was undertaken when the results of 

MRI and laboratory results were available. Any discrepancy (i.e. 

change of diagnostic category or reduced LoC) between the pre- 

and post- investigation diagnosis was discussed in a further 

summary meeting, and a final diagnosis made by a majority 

consensus vote after a subsequent review of all clinical, laboratory 

and MRI information.  
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4.2.8 Definition of CT Screening Tool and retrospective 
analysis 

The presence of sacroiliac joint ankylosis or total erosion score (TES) 

≥3 was defined by Chan et al [117] as sufficient to identify patients 

as having sacroiliitis with suspected axSpA that may warrant a 

rheumatologist referral. Chan et al highlighted that sclerosis alone 

has a lower specificity and lower positive likelihood ratio than the 

other features (erosions and ankylosis), thus sclerosis was excluded 

from their final definition. 

4.2.9 Power calculation and statistical analysis 

Estimates of the proportion of RVD-axSpA in those IBD patients 

with CTSI were unknown. Instead, sample size was estimated from 

symptomatic CTSI (arrange of 3% to 45%) [132,139,140]. It was 

estimated that 21 patients were needed to detect a minimum 

symptomatic CTSI proportion of 30% (derived from clinical 

experience at our institution) at a nominal threshold significance of 

P = 0.05. Based on the assumptions that 50% of these patients would 

respond to the SQ and that 80% of the respondents would take up 

an invitation for clinical review, the study aimed to screen an initial 

sample of 54 patients with IBD. 

Descriptive statistics were used to summarize the patient 

characteristics, stratified by symptoms and diagnosis. For 

calculation of proportions, the frequency of cases (i.e. RVD-axSpA) 

to the base population (i.e. IBD patients with CTSI) was used with 

a calculated confidence interval. Inter-clinician diagnostic 

agreements were calculated using kappa statistic with estimated 
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confidence intervals. Descriptive statistics were used to present the 

average LoC. The efficacy of the CT Screening Tool in predicting a 

final diagnosis of axSpA was measured in terms of sensitivity, 

specificity, positive and negative predictive values. Data analysis 

was performed using STATA Version 15 (StataCorp, TX, USA) and 

Microsoft Excel 2016 (Microsoft, WA, USA). 
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4.3 Results 

4.3.1 Service evaluation results 

Three hundred and one unique scans of patients with verified IBD 

(mean age 36; female 50.8%) were reviewed by the radiology team 

(see Figure 8 and Figure 10). A total of 60/301 (19.9%) of these 

patients were identified as having CTSI. Among 248 CD and 53 UC 

patients, the proportion of CTSI were 51/248 CD (20.6%) and 9/53 

UC (17.0%) respectively. The accompanying radiology report of 

these 60 positive scans for CTSI were reviewed. Only 15 (25%) of 

these cases were reported as showing sacroiliitis with no 

recommendation made for onward rheumatological evaluation. Of 

the remaining 45 CTSI: 26 were unrecognised despite the report 

documenting a bone review, 17 did not mention a bone review, and 

2 were unrecognised despite the SI joints having apparently been 

reviewed. In summary, 1 in 5 selected patients with IBD had 

sacroiliitis suggestive of axSpA but this was not reported in 3 out of 

4 scans. 
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4.3.2 Study patient characteristics and axSpA diagnosis 

In total, 60 patients were sent a SQ. In total, 32 (53%) patients 

responded to the invitation to participate and 27 (84%) were 

enrolled (see Figure 8 and Figure 10). The detailed clinical 

characteristics of these patients are shown in Table 8-10 . Out of 27 

patients, 14 (51.9%) were invited for rheumatology assessment, as 8 

(29.6%) had a prior diagnosis of axSpA, and 5 (18.5%) did not report 

CBP. Out of these 14 patients, 3 (21.4%, 95% CI 4.7-50.8) had 

undiagnosed RVD-axSpA. The other diagnoses included 

spondylosis (5/14, 36%), fibromyalgia (5/14, 35.7%), and 

nonspecific lower back pain (1/14, 7.1%). In total, 11 of the 27 

(40.7%, 95% CI 22.4-61.2) enrolled patients had RVD-axSpA. See 

Table 11 for different permutations of various proportions of 

axSpA/sacroiliitis. 
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Characteristicsb, g Asymptomatic 

CTSI 

(n=5) 

Symptomatic 

CTSIc 

(n=11) 

Known 

axSpAd 

(n=8) 

Un-

diagnosed 

axSpAc 

(n=3) 

ALL 

CTSI 

(n=27) 

Demographics      

Gender: female 1 (20.0) 7 (63.6) 1 (12.5) 3 (100.0) 12 (44.4) 

Age at CT scana: 

years 

36.6 (6.7) 33.6 (7.6) 43.9 (9.0) 39.0 (6.1) 41.2 (7.0) 

Age at presentation 

to rheumatologye: 

years 

43.2 (6.1) 39.7 (6.8) 40.8 (14.2) 44.7 (6.1) 41.2 (9.2) 

CBP Characteristics      

Presence of CBPf: yes 0 (0.0) 11 (100.0) 8 (100.0) 3 (100.0) 22 (81.5) 

Age of onset of CBP: 

years 

- 21.9 (5.7) 27.3 (9.8)b 31.0 (10.5) 24.9 (8.2)b 

IBP Calin 0 (0.0) 5 (45.5) 4 (50.0) 2 (66.6) 11 (40.7) 

IBP Berlin 0 (0.0) 4 (36.4) 3 (37.5) 3 (100.0) 10 (37.0) 

IBP ASAS 0 (0.0) 5 (45.5) 3 (37.5) 1 (33.3) 9 (33.3) 

Other relevant 

axSpA history 

     

Positive personal 

history of axSpA 

conditions (Not IBD) 

0 (0.0) 3 (27.3) 5 (62.5) 2 (66.7) 10 (37.0) 

Positive personal 

history of 

inflammatory 

peripheral MSK 

pain: yesh 

0/1 (0.0) 0 (0.0) 1/5 (20.0) 2 (66.7) 3/20 (15.0) 

Table 8: Clinical characteristics of IBD patients with CTSI in the Imaging Strategy Study (part 
1). 
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Acute anterior 

uveitish 

0 (0.0) 1 (9.1) 1/7 (14.3) 0 (0.0) 2/26 (7.7) 

Skin psoriasis 0 (0.0) 2 (18.2) 3 (37.5) 1 (33.3) 6 (22.2) 

Positive family 

history of axSpA 

conditions 

0 (0.0) 5 (45.5) 5 (62.5) 1 (33.3) 11 (40.7) 

IBD characteristics      

Crohn’s Disease 3 (60.0) 10 (90.9) 7 (87.5) 2 (66.7) 22 (81.5) 

Ulcerative Colitis 2 (40.0) 1 (9.1) 1 (12.5) 1 (33.3) 5 (18.5) 

Age of IBD 

symptoms onset: 

years 

26.6 (6.5) 17.6 (6.9) 30.8 (13.5) 31.0 (8.2) 24.7 (10.8) 

Age of IBD 

diagnosis: years 

27.6 (6.2) 23.3 (7.3) 31.6 (13.1) 34.3 (4.9) 27.8 (9.6) 

IBD Dx Delay – 

duration between 

IBD symptom onset 

to diagnosis: years 

1.0 (2.0) 3.0 (8.0) 0.0 (1.5) 2.0 (8.0) 2.0 (8.0) 

Duration of IBD – 

duration between 

IBD diagnosis to 

rheumatology 

review: years 

15.6 (6.5) 16.4 (7.2) 9.1 (12.2) 10.3 (3.5) 13.4 (8.9) 

IBD treatment and 

disease activity 

     

Ever use biologics 

for any indication 

before presentation 

2 (40.0) 4 (36.4) 4 (50.0) 1 (33.3) 11 (40.7) 

Patient reported 

current IBD disease 

activity: remissionh 

3/4 (75.0) 5 (45.5) - 1 (33.3) 9/18 (50.0) 

Table 9: Clinical characteristics of IBD patients with CTSI in the Imaging Strategy Study (part 
2). 
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Last 

gastroenterologist 

record of IBD 

disease activity: 

remissionh 

3 (60.0) 9 (81.8) 5/5 (100.0) 3 (100.0) 20/24 (83.3) 

Examination and 

PROMs 

     

BMI: kg/m2j - 29.0 (8.1) - 25.8 (6.0) 28.3 (7.6)b 

BASMI: max 10j - 2.1 (0.6) - 2.4 (0.7) 2.4 (1.0)b 

BASDAI: max 10h - 4.0 (2.1) 5.8 (1.2)b 4.9 (2.9) 4.7 (2.1)b 

BASFI: max 10h - 3.2 (2.7) 3.5 (1.5)b 2.2 (2.2) 3.1 (2.4)b 

BASG: max 10j - 4.4 (2.8) - 4.1 (2.0) 4.4 (2.6)b 

Harvey-Bradshaw 

Index: remissioni,j 

- 5/10 (50.0) - 2/2 (100.0) 7/12 (58.3)b 

Partial Mayo Index: 

remissioni,j 

- 1/1 (100.0) - 1/1 (100.0) 2/2 (100.0) 

Investigations and 

Classifications 

     

HLA-B27 positiveh - 1/10 (9.1) 3/7 (42.9) 1 (33.3) 5/21 (23.8) 

CRP: crude, mg/Lj - 3.0 (3.0) - 2.0 (11.0) 2.5 (2.0) 

ESR: crude, mm/hj - 7.0 (9.0) - 7.0 (15.0) 7.0 (9.0) 

Fulfilled ASAS MRI 

SIJ positive criteriah 

- 0 (0.0) 3/6 (50.0) 1 (33.3) 4/20 (20.0) 

Table 10: Clinical characteristics of IBD patients with CTSI in the Imaging Strategy 
Study (part 3). 

aCT was done for non-MSK indications. bInitial data was collected prospectively via a 
questionnaire for all groups. cSymptomatic CTSI and Undiagnosed axSpA group 
underwent further clinical assessment prospectively. dData from Known axSpA is 
collected from further case notes and telephone review. eAge at presentation to 
rheumatology is taken as the date of first rheumatology assessment for all groups except 
Asymptomatic CTSI which was taken to be date of enrolment into study. fChronic back 
pain is defined as intermittent/continuous back pain/stiffness lasting a total duration of 
more than 3 months. gExcept where indicated otherwise, values are the n (%); mean 
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(S.D.); median (IQR); hDifferent base total due to missing data, which is excluded from 
relative frequency calculation; iSubgroup analysis; jProspective clinical assessment data 
only; - No data. 

AS: Ankylosing spondylitis; ASAS: Assessment in SpondyloArthritis international 
Society; axSpA: axial spondyloarthritis; AZA: azathioprine; BASDAI: Bath Ankylosing 
Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional 
Index; BASG: Bath Ankylosing Spondylitis Global Score; BASMI: Bath AS metrology 
index; BMI: body mass index; CBP: chronic back pain; CD: Crohn’s Disease; CRP: C-
reactive protein; CT: computed tomography; CTSI: CT-defined sacroiliitis; Dx: diagnosis; 
ESR: erythrocyte sedimentation rate; ESSG: The European Spondyloarthropathy Study; 
HLA-B27: human leukocyte antigen B27; IBD: inflammatory bowel disease; IBP: 
inflammation back pain; MASES: Maastricht Ankylosing Spondylitis Enthesitis Score; 
MRI: magnetic resonance imaging; MSK: musculoskeletal; MTX: methotrexate; n: 
number/count/frequency; NSAIDs: Non-steroidal anti-inflammatory drugs; PROMs: 
patient reported outcome measures; SIJ: sacroiliac joint; SpA: Spondyloarthropathy; UC: 
Ulcerative Colitis 
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Case 
Definition 

Base 
Population 
Definition 

Cases, 
n 

Base 
Population, 

n 

Proportiona, 
% 

Undiagnosed 
axSpAb 

All patients 
who had CAc 

3 14 21.4 

Undiagnosed 
axSpA 

All patients 
who returned a 
valid SQd 

3 27 11.1 

All axSpA All patients 
who returned a 
valid SQ 

11 27 40.7 

All axSpA Patients c/o 
sCBP who had 
CA 

11 22 50.5 

Asymptomatic 
CTSI  
(No sCBP) 

All patients 
who returned a 
valid SQ 

5 27 18.5 

Symptomatic 
CTSI  
(sCBP) 

All patients 
who returned a 
valid SQ 

22 27 81.5 

Symptomatic 
CTSI  
(sCBP but no 
axSpA) 

All patients 
who returned a 
valid SQ 

11 27 40.7 

All axSpA All patients 
who were sent 
a SQ 

11 60 18.3e 

Undiagnosed 
axSpA 

All patients 
who were sent 
a SQ 

3 60 5.0e 

Table 11: Proportions of axSpA/sacroiliitis in patients with IBD. 

aProportions are in reference to the Figure 8; proportion = case / base × 100%.  
bAxSpA refers to RVD-axSpA. cCA refers to the group that had a clinical assessment for 
axSpA either in the study or previously by a rheumatologist. dValid SQ refers to the group 
that returned a valid completed SQ. eThis estimate assumes that all other cases in the base 
population do not have a clinical diagnosis of axSpA.  
 
AxSpA: axial spondyloarthritis; CA: clinical assessment; c/o: complaining of; CTSI: 
computed tomography–defined sacroiliitis; IBD: inflammatory bowel disease; RVD: 
rheumatologist-verified diagnosis; sCBP: self-reported chronic back pain > 3 months, age 
of onset < 45 years old; SQ: screening questionnaire.  
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4.3.3 Agreement of RVD-axSpA and LoC 

There was moderate agreement (k = 0.42, 95% CI 0.04 - 0.80) with a 

median LoC of 6 (IQR 2 - 8) of RVD-axSpA based on only clinical 

information before investigative results. Once presented with 

investigation results (i.e. CRP, ESR, HLA-B27, MRI findings), the 

agreement changed to fair (k = 0.30, 95% CI 0.00 - 0.65) with a 

median LoC of 7 (IQR 3 - 9). The agreement was substantial (k = 

0.74, 95% CI 0.10 - 0.98) with a median LoC of 7 (IQR 5 - 8) for 

discrepant cases after further discussion. For all cases, the final 

agreement was almost perfect (k = 0.85, 95% CI 0.35 - 0.97) with a 

median LoC of 8 (IQR 5 - 9). 
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4.3.4 Performance of the CT Screening Tool 

The utility of the CT Screening Tool was explored in different 

groups for its performance, retrospectively. The CT Screening Tool 

was applied to patients who joined the study regardless of having 

self-reported CBP (analysis 1: patients asymptomatic and 

symptomatic with CTSI) vs patients with self-reported CBP, CBP 

duration of greater than 3 months, and age of onset < 45 years based 

on the SQ (analysis 2: patients symptomatic with CTSI). These 

results are shown in Table 12 and Table 13. The sensitivity or the 

ability of the tool to detect patients with RVD-axSpA, was similar 

for both groups at 90.9%.  The specificity values for the groups, or 

the ability of the tool to correctly reject those without axSpA was 

56.3% and 63.6% respectively. 
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Clinical 
Diagnosis 

Analysis 1a, n  Analysis 2b, n 

Positive Negative Total Positive Negative Total 

axSpA 10 1 11 10 1 11 

No axSpA 7 9 16 4 7 11 

Total 17 10 27 14 8 22 

Table 12: Analysis of CT screening Tool: Participants in each analysis group. 

a Analysis 1 involved applying the screening tool to the group with or without a history 
of chronic back pain who have an age of onset of < 45 yrs (n = 27).  
b Analysis 2 involved applying the screening tool to the group with a history of self-
reported chronic back pain who have an age of onset of < 45 yrs (n = 22).  

AxSpA: axial spondyloarthritis; CT: Computed Tomography. 

 

 

 Sensitivity, 
% 

Specificity, 
% 

PPV, 
% 

NPV, 
% 

LR+ LR- DOR 

Analysis 1a 90.9 56.3 58.8 90.0 2.1 0.2 12.9 
Analysis 2b 90.9 63.6 71.4 87.5 2.5 0.1 17.5 

Table 13: Analysis of CT screening Tool: Performance of the screening tool. 

a Analysis 1 involved applying the screening tool to the group with or without a history 
of chronic back pain who have an age of onset of < 45 yrs (n = 27).  
b Analysis 2 involved applying the screening tool to the group with a history of self-
reported chronic back pain who have an age of onset of < 45 yrs (n = 22).  

CT: Computed Tomography; DOR: diagnostic odds ratio; LR–: negative likelihood ratio; 
LR+: positive likelihood ratio; NPV: negative predictive value; PPV: positive predictive 
value.  
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4.4 Discussion 

AxSpA is a clinical diagnosis based on suspicious symptoms 

supported by investigations including imaging [18]. Imaging 

positive sacroiliitis without symptoms does not automatically 

imply a diagnosis of axSpA without physician verification. 

Sacroiliac joint abnormalities can occur for other reasons, including 

mechanical or degenerative causes, which can manifest as 

subchondral sclerosis, vacuum phenomenon, and osteophytosis. 

[35,36]. In addition, targeted therapy should not be given to patients 

without a clinical diagnosis of axSpA regardless of imaging results. 

This highlights the importance of understanding what proportion 

of IBD patients with CTSI have RVD-axSpA. Referral strategies 

have been published for AAU [107], and questionnaires have been 

developed to identify spondyloarthritis, using classification 

criteria, among patients with IBD [109–112]. However, there are no 

published data on the use of CT as a referral strategy with 

subsequent confirmation of a rheumatologist-verified diagnosis of 

axSpA. 

We identified that 60 out of 301 (19.9%) of patients with IBD 

undergoing CT for non-MSK indications had CTSI, and at least 11 

out of 60 (18.3%) had RVD-axSpA. In total, 5% (3/60) were 

previously undiagnosed, despite a mean interval since the index CT 

scan of 5.7 years and mean duration of back pain of 13.7 years. The 

validated CT screening tool to identify CTSI was shown to have a 

sensitivity of 90.9% and specificity of 63.6% for a clinical diagnosis 

of axSpA. Taken together, this suggests that among an IBD cohort, 

aged 18 to 55 years, with a CBP duration > 3 months and an age of 
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onset < 45 years, the tool would be effective in identifying patients 

with IBD at the highest risk of having RVD-axSpA. 

Previous clinical-based studies have shown that 3% to 45% of 

patients with IBD have symptomatic sacroiliitis seen on plain 

radiograph and/or CT using a broad range of case definitions for 

sacroiliitis [132,139,140]. These authors also showed that the 

proportion of asymptomatic sacroiliitis (i.e. patients with IBD with 

sacroiliitis but no back pain) ranged from 13.6% to 32% [139–141]. 

On the other hand, radiology-based studies found that the 

proportion of incidental/coincidental sacroiliitis on CT in patients 

with IBD, using various case definitions in IBD patients is between 

2.2% and 25% [113–116]. In this study, 22 out of 27 (81.5%) patients 

with IBD had symptomatic CTSI: 11 out of 27 (40.7%) had RVD-

axSpA (3/11 were undiagnosed and 8/11 had known diagnosis) 

and 11 out of 27 (40.7%) had symptoms but no RVD-axSpA. We also 

found that 5 out of 27 (18.5%) patients with IBD had asymptomatic 

CTSI (Figure 10 and Table 11) 

This study is important for several reasons. Firstly, the design of the 

study is novel. It involves a cross-sectional postal survey of 

patients, supplemented by a structured clinical assessment of a 

subset of participants to establish the proportion with RVD-axSpA. 

This is designed to mirror the real-world clinical pathway, whereby 

if an IBD patient is found to have suspicious sacroiliac changes on 

imaging, the responsible clinician (the SQ is the surrogate here) will 

review the patient before onward referral for rheumatology 

assessment. It is for this reason that the clinical assessment was only 

performed in those with self-reported CBP > 3 months, onset age < 
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45 years (which gives a moderate diagnostic probability of axSpA 

in daily clinical practice).  

Secondly, the diagnosis is made by an experienced panel of 

rheumatologists with a special interest in axSpA, with good 

agreement and high level of confidence. Given that there is no gold-

standard diagnostic biomarker (laboratory, genetic or imaging), the 

current gold standard is expert opinion.  When approaching 

patients with multisystem complex disease, it can be difficult to 

make a diagnosis [145]. There is a need to distinguish if the 

aetiology of sacroiliitis, and back pain, is a result of one or more 

underlying pathologies. They could include 

mechanical/degenerative disease; and/or psychological pain 

overlay of a chronic disease; undiagnosed active inflammatory 

axial disease; or a combination of both. In this cohort, where the 

mean disease duration was > 10 years, only 4 out of 9 (44.4%) 

patients with RVD-axSpA and CTSI had active sacroiliac joint 

inflammatory lesions on MRI. On the other hand, among patients 

with a mean disease duration of 17 years with symptomatic CTSI 

but no diagnosis of RVD-axSpA, none (0/11, 0%) had active 

sacroiliac joint inflammatory lesions. This could reflect the natural 

history of inflammatory lesions and highlights the challenges 

around reliance on structural/inflammatory imaging lesions in 

making a clinical diagnosis of axSpA in this population. Even in a 

recent consensus meeting, where the International Organization for 

the Study of Inflammatory Bowel Disease is developing consensus 

recommendations for the diagnosis and monitoring of extra-

intestinal manifestations for inclusion in IBD clinical trials, this 
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crucial point may have been overlooked, as 83% of the attendees 

agreed that the presence of inflammatory back pain with consistent 

imaging (in this definition MRI) findings would be sufficient for the 

diagnosis of axSpA without a rheumatologist expertise [112,146]. 

Thirdly, our study was able to explore the usefulness of a validated 

imaging tool that may prompt earlier referral to rheumatology, 

potentially expediting a diagnosis of axSpA. This study shows that 

by utilising an objective tool and a self-reported screening 

questionnaire, it is feasible to filter the large numbers of patients 

with IBD having CT scans down to those with a high pre-test 

probability of axSpA and arrive at a manageable proportion of 

patients for clinical assessment. This will ensure that rheumatology 

services are not overwhelmed and yet are able to identify some 

undiagnosed axSpA.  

This study has several limitations. The study had a cross-sectional 

design, the sample size was small, and this was a single-centre 

study. We focused our sample on the population with the highest 

probability of axSpA; therefore, it is possible that we missed other 

cases because of selection bias. Also, 33 out of 60 (55%) patients with 

CTSI did not complete the SQ or declined to participate (Figure 8), 

thus, their data were not captured. This means that the results may 

not be generalisable and the prevalence of undiagnosed RVD-

axSpA may have been underestimated. Our design did not allow 

for evaluation of those without CBP, some of whom may have had 

axSpA; however, it is likely that such patients would have a lower 

symptom burden and not require targeted therapy. Finally, we did 

not clinically re-evaluate those with a pre-existing diagnosis of 
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axSpA, so it is theoretically possible that some of these patients 

could have been misdiagnosed. 

In conclusion, the results of this study may have practical 

implications, as they show that there is still undiagnosed axSpA 

among patients with established IBD attending a secondary care 

institution. It also explores the possibility of using a pragmatic CT 

screening tool to improve disease awareness among radiologists, 

aid in axSpA identification, and reduce the delay to diagnosis in 

this population. The practicalities of implementing this strategy on 

a wider scale in routine practice will need further research. 
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Chapter 5.  Conclusion 

5.1 Summary 

AxSpA is closely associated with IBD, but evidence for the 

contemporary prevalence of undiagnosed axSpA verified by a 

rheumatologist in IBD patients is sparse. There are referral 

strategies in primary care and other extra-musculoskeletal 

manifestations of axSpA, but diagnostic delay still exists. Before we 

can proceed to develop axSpA referral strategies specific for IBD 

patients there is a need to quantify the ‘hidden burden’ or 

undiagnosed prevalence of axSpA in IBD patients in current daily 

clinic practice. The principal aims of the project were to estimate the 

frequency of undiagnosed RVD-axSpA in IBD patients in the 

secondary care setting and to demonstrate strategies for their 

identification in contemporary medical practice. 

The N-ASPIRE clinical strategy study found that the prevalence of 

undiagnosed RVD-axSpA in IBD patients seen routinely in a 

hospital setting with self-reported CBP, is at least 5%. This 

represents a significant hidden disease burden as it is 40% of the 

total RVD-axSpA in our sample. The N-ASPIRE imaging strategy 

study showed that at least 5% of IBD patient undergoing CT for 

non-MSK indications (with CTSI) had previously undiagnosed 

RVD-axSpA who may be identified using a validated CT screening 

tool. 

This project is a testament to potential referral strategies for 

undiagnosed IBD patients with suspected axSpA in modern 
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medical practice. This can supplement the secondary care referral 

strategies to identify undiagnosed axSpA, thereby reducing 

diagnostic delay further and allowing early access to treatment (see 

Figure 11). 

 

Figure 11: Referral Strategies. 

Figure by author. AAU: acute anterior uveitis; axSpA: axial spondyloarthritis; DUET: 
Dublin Uveitis Evaluation Tool; IBD: inflammatory bowel disease; PEST: Psoriasis 
Epidemiology Screening Tool 
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5.2 Critical Appraisal of Project 

In retrospect, there are elements of the project which could be 

improved. I will discuss these points in the next few paragraphs. 

5.2.1 Development of a clinical tool 

Given the design of the N-ASPIRE Clinical Strategy Study, it is 

possible that one could envision recruiting more patients into the 

study to enable the formation of two cohorts, a developmental 

cohort, and a validation cohort. One could use the developmental 

cohort to establish the prevalence of undiagnosed axSpA verified 

by a rheumatology in IBD patient attending routine secondary care 

IBD clinics. Following which, the characteristics of the undiagnosed 

axSpA versus the non-axSpA group could be used to explore any 

significant variables. By using logistic regression, one may be able 

to uncover key variables in the clinical referral strategy that could 

constitute a clinical referral tool which can subsequently be tested 

in the validation cohort. In this way, the clinical referral strategy 

would be proven more robustly. 

In the current study, we approached 470 patients to find 82 patients 

(17%) for a full clinical and imaging assessment which resulted in 4 

undiagnosed cases. As this was a low event rate, there would be a 

low permutation of outcomes, thus the increase in a single event or 

not will greatly influence the test statistics during statistical testing, 

leading to erroneous conclusions.  

Ideally, we could have greatly increased the number of patients 

recruited into the study, but this would be beyond the time and 
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budget allocated for this study. On reflection, the task of developing 

a clinical referral tool in IBD patients will more likely be a national 

level project with contribution from multiple research sites to 

increase sample size and thus the event rate. 

5.2.2 Assessment of non-axSpA subjects 

In the clinical study, we should have assessed all 51 patients 

without self-reported chronic back pain instead of trying to match 

one patient for every two patients with self-reported chronic back 

pain, because eventually there were only 10 patients who were not 

selected for clinical assessment. This then led to difficulty in trying 

to perform conclusive statistical analysis on this group due to the 

unknown data of the missing subjects and matching.  

There were ethical and financial constraints in trying to assess all 

the patients. Also, we would be unlikely to gain further knowledge, 

especially in a group who has self-reported to be asymptomatic for 

chronic back pain. In our sample, there was a single undiagnosed 

“asymptomatic” patient with axSpA. This patient admitted to the 

presence of chronic lower back pain on further detailed questioning 

during the clinical assessment, but this symptom was not reported 

on the self-reported questionnaire by the patient due to personal 

health belief. 

In the imaging study, apart from the (33/60) 55% who did not 

complete or decline to participate, we were unable to justify, for 

ethical reasons, contacting and assessing the other 241/301 (80%) 

who had their CT scans for non-musculoskeletal reasons especially 

when there were no imaging changes on CT. In an ideal word, it 
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would be interesting to understand if there were any back 

symptoms in these patients, as we know that CT changes are 

usually present after having undiagnosed axial inflammation for a 

prolonged duration. These patients who are symptomatic may have 

undiagnosed axSpA. We hope that for these patients, the clinical 

strategy will be the one that picks up these symptomatic patients 

either in secondary care IBD clinics or via primary care. 

5.2.3 Screening of axSpA using MRI scans vs CT scans used 
for IBD assessment 

During the time of development of the imaging study, the MRI 

protocol used for diagnosis of axSpA and IBD disease assessment 

was very different. It is of common knowledge that although MRI 

will eventually be the preferred modality for the assessment of 

inflammatory gut disease, the use of CT scans in acute 

presentations of inflammatory bowel disease and other acute 

situations still exceeds the use of MRI scanning [147–150]. At the 

time of development, there were also recent studies by Chan et al 

[116,117] who developed a practical screening tool using CT scans 

and suggested that it could be used to screen for axSpA patients in 

IBD patients. Thus, we used CT as the imaging modality in our 

imaging strategy study instead. Moving forward in time, Evans et. 

al. under the expert guidance of the late Deepak Jadon [151], have 

tried to show the use of magnetic resonance enterography (MRE) as 

a screening tool to identify axSpA that have been clinically 

diagnosed with a sensitivity of 60% and specificity of 85%. They 

concluded that due to the poor sensitivity, the use as a screening 

tool is limited.  
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5.3 Updates from the passage of time 

An editorial [112] and two recent articles [152,153] after the 

completion of this project have echoed and agreed with the 

concepts discussed in this thesis including: the difficulty in 

differentiating axSpA and IBD related disease; the lack of consensus 

in definitions and the variability in the current reported data in this 

field; the importance of joint working between other specialties and 

rheumatology; the delay in diagnosis in axSpA being  an ongoing 

problem; and the need for robust evaluation of simple non-

burdensome referral strategies to improve diagnostic delay in 

axSpA. The whole project team was also delighted that the work 

has been incorporated into a national report [154] that was 

produced by the National Axial Spondyloarthritis Society (NASS) 

on IBD and axSpA. In June 2023, NASS, in collaboration with 

Crohn’s & Colitis UK and with support from the British Society for 

Gastroenterology (BSG), launched the findings of their landscape 

review into diagnosing axSpA in people living with inflammatory 

bowel disease. This is part of their “case for change” reports, where 

they provide resources to reduce time to diagnosis in axSpA for 

healthcare professionals and the wider health ecosystem in the 

United Kingdom to reduce time to diagnosis in axSpA. They have 

noted the prevalence rates of chronic back pain (19%) and 

undiagnosed axSpA (5%) in IBD patients from our study and will 

be working further to estimate the health economics around the 

increased referral burden to rheumatology. In addition, they also 

recommended a gold standard referral pathway for the referral of 
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IBD patients with suspected axSpA, which is not dissimilar from 

our proposed clinical referral strategy (see Figure 12).   
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Figure 12: NASS IBD referral pathway. 

This is taken from the NASS document. DOI: https://www.actonaxialspa.com/wp-
content/uploads/2023/06/5620-NASS-IBD-in-diagnosis-of-AS_Digital.pdf 
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5.4 Future directions 

The results and frameworks from this project are unlikely to be the 

final stop, it is likely to be the beginning of a journey. Given the 

many challenges around the axSpA related IBD spectrum disease, 

there is a need for further research into the following: 

• Improving and building on the results and referral strategies   

frameworks from this project, and to design a simpler and 

effective referral strategy. 

• Developing and validating a clinical referral tool based on the 

refined referral strategy, so that each referral is more specific 

and targeted. This will reduce overall health economics. 

• Identifying and improving the understanding of the 

characteristics of axSpA-related IBD spectrum disease from the 

cohort of referred patients. 

• Exploring if there are any similarities or differences between 

axSpA-IBD populations vs isolated IBD or axSpA populations. 

• With a more defined patient cohort, further exploration of 

treatment and management strategies can be formulated and 

tested. 

• Ultimately the programme of research should ideally result in a 

consensus in terminology, classification, referral strategies, 

diagnosis, and management. Further clinical science projects 

using molecular genetics, GWAS hypothesis free testing and 

artificial intelligence, may elucidate the pathophysiology of the 

axSpA related IBD spectrum diseases.   
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Appendix 

1. Protocol of the N-ASPIRE Clinical Strategy Study 
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2. Protocol of the N-ASPIRE Imaging Strategy Study 
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Glossary 

 

AAU: acute anterior uveitis  
AS: ankylosing spondylitis  
ASAS: assessment of spondyloarthritis international society  
AS-IBD: ankylosing spondylitis-related inflammatory bowel disease  
axSpA: axial spondyloarthritis  
axSpA-IBD: axial spondyloarthritis related inflammatory bowel disease  
BASDAI: bath ankylosing spondylitis disease activity index  
BASFI: bath ankylosing spondylitis functional index  
BASG: bath ankylosing spondylitis patient global score  
BASMI: bath AS metrology index  
CARD15: caspase activating recruitment domain 15  
CBP: chronic back pain  
CD: crohn's disease  
CRP: c-reactive protein  
CT: computed tomography  
CTSI: computed tomography defined Sacroiliitis  
EMM: extra-musculoskeletal manifestations  
ESR: erythrocyte sedimentation rate  
ESSG: European Spondyloarthropathy Study Group  
GWAS: genome-wide association studies  
HLA-B27: human leukocyte antigen B27  
IBD: inflammatory bowel disease  
IBP: inflammatory back pain  
JAK: janus kinase  
LoC: level of confidence  
MASES: maastricht ankylosing spondylitis enthesitis score  
mNYC: modified New York Criteria  
MRI: magnetic resonance imaging  
MSK: musculoskeletal  
N-ASPIRE: Norfolk - Axial SPa Ibd REferral  
NASS: national axial spondyloarthritis society  
NICE: national institute for health and care excellence  
NOD2: nucleotide-binding oligomerization domain-2  
nr-axSpA: non-radiographic axial spondyloarthritis  
OMERACT: outcome measures in rheumatoid arthritis clinical trials  
PsA: psoriatic arthritis  
PsO: skin psoriasis  
pSpA: peripheral spondyloarthritis  
r-axSpA: radiographic axSpA  
ReA: reactive arthritis  
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RVD-axSpA: rheumatologist-verified diagnosis of axial spondyloarthritis  
sCBP: self-reported chronic back pain  
SpA: spondyloarthritis  
SQ: screening questionnaires  
TNFi: tumour necrosis factor  
UC: ulcerative colitis  
X-ray: radiography  
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