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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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THE GESTALT OF SPONDYLOARTHRITIS 

Spondyloarthritis (SpA) is an ‘umbrella’ term currently used to describe a group of clinical 
entities with common clinical, laboratory and imaging features.[1] These entities are grouped 
into two main phenotypical patterns: patients with predominant involvement of the axial 
skeleton are labelled as axial SpA (axSpA); and patients with predominant peripheral 
manifestations as peripheral SpA (pSpA). Patients with axSpA with evidence of radiographic 
sacroiliitis, as defined by the modified New York criteria (mNY),[2] are considered as 
radiographic axSpA (r-axSpA), and those without as non-radiographic axSpA (nr-axSpA). This 
description embodies the current rheumatologists’ perception of the Gestalt of SpA.  

Gestalt is a German word, mostly used in the field of psychology to explain how human beings 
build meaningful perceptions from surrounding stimuli.[3] According to this concept, the ‘true 
Gestalt’ of an entity (e.g. SpA) is more than the combination of its parts (e.g. SpA features) and 
is, therefore, unmeasurable by definition. The rheumatologist’s perception of the Gestalt of SpA 
has changed substantially over the years, which, to some extent, influenced the development of 
the various SpA classification criteria (see below). Assuming that the disease itself remained the 
same, this change implies that the rheumatologist’s perception of the disease (the ‘perceived 
Gestalt’) did not always overlap with the ‘true Gestalt’. Figure 1 graphically represents the 
theoretical relationships across the concepts of the ‘true Gestalt’ of SpA, the clinical diagnosis 
(i.e. rheumatologist’s perception of the Gestalt) and the classification criteria. Although an 
approximately equal degree of overlap is seen, this is likely an over-simplification of the truth. 
Here is the conundrum: how to judge the ‘correctness’ of the rheumatologist’s perception (i.e. 
diagnosis) against the ‘true Gestalt’ if the latter is impossible to measure by definition? In this 
thesis we will attempt to address this fundamental question. We start by evaluating the 
evolution of the interaction between rheumatologist’s perception of the Gestalt of SpA and its 
classification criteria as summarised in Figure 2 and briefly described below.  

The first in-depth clinical descriptions of SpA appeared in the medical literature by the end of 
the 19th century. Wladimir von Bechterew’s classical description was pivotal in defining r-axSpA 
as a clinical entity, independent of rheumatoid arthritis (RA).[4] This entity was, back then, 
named ankylosing spondylitis and was in some countries also known as Bechterew's disease. 
With the advent of roentgenology, in the 1920s,[5] and its subsequent application in the 
evaluation of patients with r-axSpA,[6] features such as radiographic ‘sacroiliitis’ and 
syndesmophytes were observed for the first time. This technological breakthrough expanded 
the clinicians’ perception of the disease and started ‘Period one’ in our theoretical timeline of 
the ‘history of SpA’ (Figure 2). Not, surprisingly, in the 1960s-80s imaging findings were awarded 
a very prominent place in the first sets of classification criteria for r-axSpA (Table 1).[7, 8] The 
recognition that r-axSpA patients mostly present with CBP with inflammatory characteristics led 
to the proposal of the modified New York criteria (mNY) which ‘survived’ until today.[2, 9]  

In 1974, Moll and Wright published one of the most influential manuscripts in the field of SpA, 
in which they proposed that r-axSpA, psoriatic arthritis (PsA), reactive arthritis, arthritis 
associated with inflammatory bowel disease (IBD) and juvenile SpA are diseases with common 
features and as such should be considered together as a group.[10] This group was appropriately 
coined with the name seronegative spondyloarthritis (or spondyloarthropathies) to highlight the 
weak association with rheumatoid factor (RF) and a predilection for the involvement of the axial 
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classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
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Spondyloarthritis (SpA) is an ‘umbrella’ term currently used to describe a group of clinical 
entities with common clinical, laboratory and imaging features.[1] These entities are grouped 
into two main phenotypical patterns: patients with predominant involvement of the axial 
skeleton are labelled as axial SpA (axSpA); and patients with predominant peripheral 
manifestations as peripheral SpA (pSpA). Patients with axSpA with evidence of radiographic 
sacroiliitis, as defined by the modified New York criteria (mNY),[2] are considered as 
radiographic axSpA (r-axSpA), and those without as non-radiographic axSpA (nr-axSpA). This 
description embodies the current rheumatologists’ perception of the Gestalt of SpA.  

Gestalt is a German word, mostly used in the field of psychology to explain how human beings 
build meaningful perceptions from surrounding stimuli.[3] According to this concept, the ‘true 
Gestalt’ of an entity (e.g. SpA) is more than the combination of its parts (e.g. SpA features) and 
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The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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Since the release of the Amor and ESSG criteria, new pieces of evidence had emerged that had, 
once again, changed our perception of the Gestalt of SpA and ultimately led to a new revision 
of the classification criteria. Neither the Amor nor the ESSG criteria distinguish between patients 
with predominant axial- and predominant peripheral-patterns. The relevance of such distinction 
was supported by studies showing that patients respond differently to treatment depending on 
the pattern.[15] Also, new evidence showed that not all SpA patients with predominant axial 
involvement develop pathological changes on pelvic radiographs (mNY-positive).[16, 17] A 
technological breakthrough was important here again, which marked the beginning of ‘Period 
three’. When Magnetic resonance imaging (MRI) became available, researchers found that 
inflammation was often seen on MRI of the sacroiliac joints (MRI-SIJ) long before changes 
appeared on pelvic radiographs.[18-20] Objective MRI inflammation could therefore be used to 
identify patients with SpA already early in the disease course. Such evidence prompted the 
Assessment of SpondyloArthritis international Society (ASAS) experts to develop classification 
criteria for patients with predominant axial involvement, with (r-axSpA) and without (nr-axSpA) 
radiographic sacroiliitis,[21] and for patients with predominant peripheral involvement that -if 
combined- would enclose the entire new perception of the Gestalt of SpA according to 
experts.[22] In our Figure 1, nr-axSpA would further expand the ‘AC’ and ‘BC’ interactions.  

In the original validation studies, the ASAS SpA classification criteria proved to reflect the current 
perception of ‘Gestalt’ better than the ESSG and Amor criteria when tested against the expert’s 
diagnosis. Since their release, the ASAS axSpA criteria,[21, 23-28]  the pSpA criteria,[22, 28, 29] 
and the entire set,[22, 28] have consistently shown good criterion and construct validity against 
this ‘external anchor’. However, it has been argued that the ASAS criteria are too loose and 
evoke confusion with patients with non-inflammatory disease (AB-misclassification in Figure 
1).[30] Those who classify as nr-axSpA, especially in the absence of sacroiliitis on MRI-SIJ (the so-
called ‘clinical arm’) have been the major source of criticism. Patients with nr-axSpA are more 
often female and less likely to show elevation of CRP than those with r-axSpA. [31-33] Despite 
similar burden of disease between nr-axSpA and r-axSpA, such differences are often pointed out 
as proof of mislabelling.[24, 34] Thus far, most studies testing the validity of the ASAS SpA 
criteria were cross-sectional. Arguably, testing their performance against an expert diagnosis 
made after a period of follow-up may yield more robust conclusions (predictive validity). 
However, the best that these studies can do is to inform us on how well the criteria ‘capture’ 
the expert’s perception of the Gestalt of SpA (Area ‘A’ in Figure 1). This is not detrimental per 
se, provided that this perception is a good reflection of the ‘true Gestalt’ (Area ‘C’). The inherent 
problem, though, is circularity: ASAS experts have developed the ASAS SpA criteria which were 
subsequently cross-validated against an expert’s diagnosis. It has been argued that such circular 
reasoning may have contributed to develop criteria that are driven by experts’ beliefs rather 
than by an objective presence of axSpA.[35, 36] An analysis of the Gestalt of SpA independent 
of the expert opinion, can contribute to clarify whether that was the case or not. However, such 
an analysis is lacking in the literature. 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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Since the release of the Amor and ESSG criteria, new pieces of evidence had emerged that had, 
once again, changed our perception of the Gestalt of SpA and ultimately led to a new revision 
of the classification criteria. Neither the Amor nor the ESSG criteria distinguish between patients 
with predominant axial- and predominant peripheral-patterns. The relevance of such distinction 
was supported by studies showing that patients respond differently to treatment depending on 
the pattern.[15] Also, new evidence showed that not all SpA patients with predominant axial 
involvement develop pathological changes on pelvic radiographs (mNY-positive).[16, 17] A 
technological breakthrough was important here again, which marked the beginning of ‘Period 
three’. When Magnetic resonance imaging (MRI) became available, researchers found that 
inflammation was often seen on MRI of the sacroiliac joints (MRI-SIJ) long before changes 
appeared on pelvic radiographs.[18-20] Objective MRI inflammation could therefore be used to 
identify patients with SpA already early in the disease course. Such evidence prompted the 
Assessment of SpondyloArthritis international Society (ASAS) experts to develop classification 
criteria for patients with predominant axial involvement, with (r-axSpA) and without (nr-axSpA) 
radiographic sacroiliitis,[21] and for patients with predominant peripheral involvement that -if 
combined- would enclose the entire new perception of the Gestalt of SpA according to 
experts.[22] In our Figure 1, nr-axSpA would further expand the ‘AC’ and ‘BC’ interactions.  

In the original validation studies, the ASAS SpA classification criteria proved to reflect the current 
perception of ‘Gestalt’ better than the ESSG and Amor criteria when tested against the expert’s 
diagnosis. Since their release, the ASAS axSpA criteria,[21, 23-28]  the pSpA criteria,[22, 28, 29] 
and the entire set,[22, 28] have consistently shown good criterion and construct validity against 
this ‘external anchor’. However, it has been argued that the ASAS criteria are too loose and 
evoke confusion with patients with non-inflammatory disease (AB-misclassification in Figure 
1).[30] Those who classify as nr-axSpA, especially in the absence of sacroiliitis on MRI-SIJ (the so-
called ‘clinical arm’) have been the major source of criticism. Patients with nr-axSpA are more 
often female and less likely to show elevation of CRP than those with r-axSpA. [31-33] Despite 
similar burden of disease between nr-axSpA and r-axSpA, such differences are often pointed out 
as proof of mislabelling.[24, 34] Thus far, most studies testing the validity of the ASAS SpA 
criteria were cross-sectional. Arguably, testing their performance against an expert diagnosis 
made after a period of follow-up may yield more robust conclusions (predictive validity). 
However, the best that these studies can do is to inform us on how well the criteria ‘capture’ 
the expert’s perception of the Gestalt of SpA (Area ‘A’ in Figure 1). This is not detrimental per 
se, provided that this perception is a good reflection of the ‘true Gestalt’ (Area ‘C’). The inherent 
problem, though, is circularity: ASAS experts have developed the ASAS SpA criteria which were 
subsequently cross-validated against an expert’s diagnosis. It has been argued that such circular 
reasoning may have contributed to develop criteria that are driven by experts’ beliefs rather 
than by an objective presence of axSpA.[35, 36] An analysis of the Gestalt of SpA independent 
of the expert opinion, can contribute to clarify whether that was the case or not. However, such 
an analysis is lacking in the literature. 
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IMAGING OUTCOMES: CHALLENGES AND OPPORTUNITIES  

For several years, conventional radiography has been the imaging modality of choice to assess 
progression of axial structural damage in axSpA. The modified stoke ankylosing spondylitis spinal 
score (mSASSS) is the most sensitive to change and valid scoring method to quantify progression 
in spinal radiographs.[37, 38] Despite large inter-patient variability, it is estimated that on 
average, patients with r-axSpA show an increase of approximately 2 mSASSS units every 2 
years.[39] Lacking better alternatives, the mNY grading system has been the most often used 
score to measure progression in SIJs. According to this score, definite damage is defined as the 
presence of bilateral grade 2 or unilateral grade 3 or 4 ‘sacroiliitis’ (‘mNY-positive’).[2] It is 
estimated that approximately 10% of patients with axSpA progress from mNY-negative to mNY-
positive over 2 years.[40] However, the mNY was not originally developed as an outcome 
measure but rather for classification purposes (see above). Also, unlike mSASSS, the mNY suffers 
from poor reliability, even when assessed by trained readers, which may have led to biased 
estimates of progression.[16, 17] An analogy with the concept of ‘signal-to-noise ratio’ in 
electronics has been recently proposed to illustrate the problem.[41] This ratio incorporates two 
types of information: ‘true change’ (‘signal’) and error change (‘noise’). The larger the 
measurement error, the harder to capture the ‘signal’. Approaches to optimize the detection of 
the ‘signal’ have been proposed, such as protocolled imaging acquisition, combining scores from 
multiple trained central readers and scoring with concealed time order. However, these 
strategies cannot fully eliminate the ‘noise’. Thus, the ‘true’ rate of structural progression at the 
SIJs remains uncertain. 

Researchers have not only pursued accurate measurements of radiographic progression but also 
predictors thereof. Over the last decade, a lot of focus was on whether inflammation drives 
structural spinal damage in axSpA.[42-47]  These efforts have yielded a reasonably solid base of 
evidence supporting such a claim. For example, it has been shown that one unit increase in 
ASDAS, a validated measure of systemic inflammation in axSpA, results in an increase of 0.72 
mSASSS units 2 years later.[43] Also, bone marrow edema (a lesion reflecting an underlying 
inflammatory process) in vertebral corners, visualized on MRI of the spine, predicts the 
subsequent development of syndesmophytes at the same location.[47] At the SIJ level this 
association is far less well studied.[20, 48] It should be noted, however, that in both above-
mentioned studies the magnitude of the effect was rather low and, importantly, new bone 
formation still occurred in the absence of inflammation. This suggests that damage accrual in 
axSpA is only partially dependent on inflammation-driven processes, which may explain why it 
has been difficult to demonstrate that anti-inflammatory drugs (e.g. TNF inhibitors) halt, or at 
least retard, bone formation.  

Measuring the subtle association between inflammation and damage with more precision 
(narrower confidence intervals) may increase the statistical power to unveil the structural 
effects of therapeutical intervention, that many experts believe must be present, within the 
relatively short ‘window’ and the small sample size of randomised clinical trials. It has been 
suggested that this ambitious goal can be achieved with other imaging modalities than 
conventional radiographs.[49] Even though mSASSS is the spinal radiographic outcome measure 
of choice with highest sensitivity to change, at least 2 years are needed for a meaningful change 
to be detected and for the subtle association between inflammation and damage to become 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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from poor reliability, even when assessed by trained readers, which may have led to biased 
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axSpA is only partially dependent on inflammation-driven processes, which may explain why it 
has been difficult to demonstrate that anti-inflammatory drugs (e.g. TNF inhibitors) halt, or at 
least retard, bone formation.  
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(narrower confidence intervals) may increase the statistical power to unveil the structural 
effects of therapeutical intervention, that many experts believe must be present, within the 
relatively short ‘window’ and the small sample size of randomised clinical trials. It has been 
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Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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apparent.[39] In pelvic radiographs, low reliability of the mNY grading further challenges the 
detection of meaningful associations.[16, 17] Considering such limitations with conventional 
radiography, in recent years there has been a growing interest in evaluating axial damage with 
MRI. T1-weighted (T1W) sequences on MRI have been shown to accurately detect chronic 
changes in the spine and SIJ in patients with axSpA. These include fatty lesions, erosions, bone 
spurs, sclerosis and ankylosis. In addition, scores combining individual structural lesions on MRI 
have been validated and can thus be used in clinical studies.[19, 50-52] However, thus far, no 
study has evaluated whether inflammation seen on MRI predicts structural progression also 
assessed on MRI and, importantly, it remains to be proven if MRI outcomes are truly more 
sensitive to change than radiographic outcomes as they are thought to be. 

 

OVERARCHING AIMS OF THIS THESIS 

• To test the longitudinal validity of the ASAS SpA classification criteria against an expert 
clinical diagnosis; 

• To gain better insight into the Gestalt of axSpA, independent of expert judgement, and to 
evaluate how the ASAS SpA criteria ‘capture’ this Gestalt; 

• To identify and address the challenges in measuring and analysing structural damage 
progression at the SIJ and spinal level and its relationship with inflammation. 

 

To address the aims of this thesis, data from 3 cohorts were used. 

The ASAS cohort is an international, multicentre, prospective study. From November 2005 until 
January 2009, rheumatologists from 29 ASAS centres worldwide have included 975 consecutive 
patients who first presented for diagnostic work-up. To be included, patients had to have no 
definitive diagnosis and to fulfil one of two criteria: i) chronic (>3 months) back pain of unknown 
origin (no definite diagnosis) with an age of onset below 45 years, with or without peripheral 
symptoms; ii) patients with peripheral arthritis and/or enthesitis and/or dactylitis and absence 
of current back pain with suspicion of SpA.[21, 22] Of the 29 original ASAS centres, 22 
participated in the follow-up assessment (mean 4.4 years) corresponding to 909 of the original 
975 patients. In total, 564 patients had a follow-up assessment with 345 physically attended the 
follow-up visit and 219 provided only information via telephone. Data from the ASAS cohort is 
presented in chapters 2, 5 and 8. 

The SPACE cohort is an ongoing observational study initiated in 2009 at the Leiden University 
Medical Center (LUMC, the Netherlands).[24] Patients aged ≥ 16 years with chronic back pain 
(CBP; ≥3 months, ≤2 years and onset <45 years), of unknown origin, referred to the 
rheumatology outpatient clinic were included. The presence of other painful conditions not 
associated with axSpA that could interfere with the evaluation of disease activity led to 
exclusion. Patients were recruited from multiple rheumatology centres in Europe; the 
Netherlands (Leiden, Amsterdam and Gouda), Norway (Oslo), Italy (Padova) and Sweden 
(Göteborg, Malmö, Falun, Skövde, Västerås, Huddinge, Stockholm). A detailed description of the 
SPACE cohort has been published elsewhere.[24] Data from the SPACE cohort is presented in 
chapter 4. 
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DESIR is a longitudinal inception cohort for which the inclusion period was between December 
2007 and April 2010 in 25 participating centres in France.[53] Patients between 18 and 50 years 
old with IBP according to the Calin[9] or Berlin[54] criteria (≥3 months, ≤3 years) were included. 
Moreover, the symptoms had to be suggestive of axSpA according to the treating 
rheumatologist expressed in a score of five or more on a numerical rating scale from zero to ten. 
Main exclusion criteria were: the presence of a clearly defined spinal disease; history of 
treatment with any biological drug; and corticosteroid intake of a dose higher than 10 mg 
prednisone per day prior to baseline. Data from the DESIR cohort is presented in chapters 4 and 
6 to 10. 

 

THESIS OVERVIEW 

The first aim of this thesis is to evaluate the longitudinal validity of the ASAS SpA classification 
criteria tested against the rheumatologist’s diagnosis. In the original validation studies, the ASAS 
axSpA, pSpA and SpA (axSpA and pSpA combined) criteria had shown good specificity against 
this concurrent ‘external reference’ (84%, 82%, and 84%, respectively).[21, 22] Despite that, as 
mentioned above, some argue that the criteria are too lenient and lead to ‘mislabelling’. Most 
criticism pertains to patients who classify without definite damage on pelvic radiographs (nr-
axSpA).[30] Similar concerns apply to the pSpA criteria.[55] Specificity, tells us how likely it is for 
a patient to classify as negative if he/she does not have a clinical diagnosis of SpA. Arguably, a 
more relevant question would be: how likely is it for a patient to receive a clinical diagnosis of 
SpA if he/she classifies as positive? The mathematical representation of the latter is the positive 
predictive value and is better appreciated if the clinical diagnosis is made after a certain period 
of follow-up. In Chapter 2, we used the follow-up data from the ASAS cohort to test the 
predictive validity of the SpA classification criteria. In Chapter 3, we have systematically 
reviewed studies that have challenged the ASAS SpA classification criteria by reproducing the 
original validation exercise in different populations than the one from the ASAS cohort and 
combined their data to report pooled metrics of performance.  

In the study in chapter 2, like in the literature reviewed in chapter 3, the ASAS classification 
criteria were tested against the expert diagnosis as ‘external-standard’. This is a common 
approach in rheumatology which is, however, not without limitations. Arguably, circular 
reasoning, is the most important one, that may ultimately jeopardise the construct and content 
validity of the ASAS criteria. Circularity occurs when experts find certain characteristics more 
important than others, and such characteristics are awarded a too prominent place in the 
criteria. Subsequent cross-validation against an expert diagnosis may produce results driven by 
experts’ beliefs rather than by an objective presence of axSpA. These beliefs, as mentioned 
above, are volatile and have changed considerably over the years. In ‘21st century rheumatology’ 
early detection of SpA is a priority, so it is not surprising that features such as BME on MRI-SIJ 
became prominent in the ASAS axSpA criteria. But the question remains to what extent these 
beliefs reflect the ‘true Gestalt’ of axSpA. Circularity leads to mislabelling (‘AB’ interaction in 
Figure 1) if the overlap between the expert perception of the Gestalt and the ‘true Gestalt’ (‘AC’) 
is too narrow. In such scenario, ‘overdiagnosis’, and consequently ‘overtreatment’, occurs if 
classification criteria are wrongly applied for diagnostic purposes. To find resolution on whether 
circularity played a role in the development of the ASAS axSpA criteria, an analysis independent 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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apparent.[39] In pelvic radiographs, low reliability of the mNY grading further challenges the 
detection of meaningful associations.[16, 17] Considering such limitations with conventional 
radiography, in recent years there has been a growing interest in evaluating axial damage with 
MRI. T1-weighted (T1W) sequences on MRI have been shown to accurately detect chronic 
changes in the spine and SIJ in patients with axSpA. These include fatty lesions, erosions, bone 
spurs, sclerosis and ankylosis. In addition, scores combining individual structural lesions on MRI 
have been validated and can thus be used in clinical studies.[19, 50-52] However, thus far, no 
study has evaluated whether inflammation seen on MRI predicts structural progression also 
assessed on MRI and, importantly, it remains to be proven if MRI outcomes are truly more 
sensitive to change than radiographic outcomes as they are thought to be. 

 

OVERARCHING AIMS OF THIS THESIS 

• To test the longitudinal validity of the ASAS SpA classification criteria against an expert 
clinical diagnosis; 

• To gain better insight into the Gestalt of axSpA, independent of expert judgement, and to 
evaluate how the ASAS SpA criteria ‘capture’ this Gestalt; 

• To identify and address the challenges in measuring and analysing structural damage 
progression at the SIJ and spinal level and its relationship with inflammation. 

 

To address the aims of this thesis, data from 3 cohorts were used. 

The ASAS cohort is an international, multicentre, prospective study. From November 2005 until 
January 2009, rheumatologists from 29 ASAS centres worldwide have included 975 consecutive 
patients who first presented for diagnostic work-up. To be included, patients had to have no 
definitive diagnosis and to fulfil one of two criteria: i) chronic (>3 months) back pain of unknown 
origin (no definite diagnosis) with an age of onset below 45 years, with or without peripheral 
symptoms; ii) patients with peripheral arthritis and/or enthesitis and/or dactylitis and absence 
of current back pain with suspicion of SpA.[21, 22] Of the 29 original ASAS centres, 22 
participated in the follow-up assessment (mean 4.4 years) corresponding to 909 of the original 
975 patients. In total, 564 patients had a follow-up assessment with 345 physically attended the 
follow-up visit and 219 provided only information via telephone. Data from the ASAS cohort is 
presented in chapters 2, 5 and 8. 

The SPACE cohort is an ongoing observational study initiated in 2009 at the Leiden University 
Medical Center (LUMC, the Netherlands).[24] Patients aged ≥ 16 years with chronic back pain 
(CBP; ≥3 months, ≤2 years and onset <45 years), of unknown origin, referred to the 
rheumatology outpatient clinic were included. The presence of other painful conditions not 
associated with axSpA that could interfere with the evaluation of disease activity led to 
exclusion. Patients were recruited from multiple rheumatology centres in Europe; the 
Netherlands (Leiden, Amsterdam and Gouda), Norway (Oslo), Italy (Padova) and Sweden 
(Göteborg, Malmö, Falun, Skövde, Västerås, Huddinge, Stockholm). A detailed description of the 
SPACE cohort has been published elsewhere.[24] Data from the SPACE cohort is presented in 
chapter 4. 
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DESIR is a longitudinal inception cohort for which the inclusion period was between December 
2007 and April 2010 in 25 participating centres in France.[53] Patients between 18 and 50 years 
old with IBP according to the Calin[9] or Berlin[54] criteria (≥3 months, ≤3 years) were included. 
Moreover, the symptoms had to be suggestive of axSpA according to the treating 
rheumatologist expressed in a score of five or more on a numerical rating scale from zero to ten. 
Main exclusion criteria were: the presence of a clearly defined spinal disease; history of 
treatment with any biological drug; and corticosteroid intake of a dose higher than 10 mg 
prednisone per day prior to baseline. Data from the DESIR cohort is presented in chapters 4 and 
6 to 10. 

 

THESIS OVERVIEW 

The first aim of this thesis is to evaluate the longitudinal validity of the ASAS SpA classification 
criteria tested against the rheumatologist’s diagnosis. In the original validation studies, the ASAS 
axSpA, pSpA and SpA (axSpA and pSpA combined) criteria had shown good specificity against 
this concurrent ‘external reference’ (84%, 82%, and 84%, respectively).[21, 22] Despite that, as 
mentioned above, some argue that the criteria are too lenient and lead to ‘mislabelling’. Most 
criticism pertains to patients who classify without definite damage on pelvic radiographs (nr-
axSpA).[30] Similar concerns apply to the pSpA criteria.[55] Specificity, tells us how likely it is for 
a patient to classify as negative if he/she does not have a clinical diagnosis of SpA. Arguably, a 
more relevant question would be: how likely is it for a patient to receive a clinical diagnosis of 
SpA if he/she classifies as positive? The mathematical representation of the latter is the positive 
predictive value and is better appreciated if the clinical diagnosis is made after a certain period 
of follow-up. In Chapter 2, we used the follow-up data from the ASAS cohort to test the 
predictive validity of the SpA classification criteria. In Chapter 3, we have systematically 
reviewed studies that have challenged the ASAS SpA classification criteria by reproducing the 
original validation exercise in different populations than the one from the ASAS cohort and 
combined their data to report pooled metrics of performance.  

In the study in chapter 2, like in the literature reviewed in chapter 3, the ASAS classification 
criteria were tested against the expert diagnosis as ‘external-standard’. This is a common 
approach in rheumatology which is, however, not without limitations. Arguably, circular 
reasoning, is the most important one, that may ultimately jeopardise the construct and content 
validity of the ASAS criteria. Circularity occurs when experts find certain characteristics more 
important than others, and such characteristics are awarded a too prominent place in the 
criteria. Subsequent cross-validation against an expert diagnosis may produce results driven by 
experts’ beliefs rather than by an objective presence of axSpA. These beliefs, as mentioned 
above, are volatile and have changed considerably over the years. In ‘21st century rheumatology’ 
early detection of SpA is a priority, so it is not surprising that features such as BME on MRI-SIJ 
became prominent in the ASAS axSpA criteria. But the question remains to what extent these 
beliefs reflect the ‘true Gestalt’ of axSpA. Circularity leads to mislabelling (‘AB’ interaction in 
Figure 1) if the overlap between the expert perception of the Gestalt and the ‘true Gestalt’ (‘AC’) 
is too narrow. In such scenario, ‘overdiagnosis’, and consequently ‘overtreatment’, occurs if 
classification criteria are wrongly applied for diagnostic purposes. To find resolution on whether 
circularity played a role in the development of the ASAS axSpA criteria, an analysis independent 
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classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
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of expert opinion is needed. In Chapter 4, we address the second aim of this thesis, by using an 
analytical technique that circumvents expert opinion (latent class analysis) to determine, in a 
circularity-free manner, the Gestalt of axSpA and to evaluate how the ASAS classification criteria 
capture its latent constructs.  

Definite damage at the SIJ level is defined according to the mNY grading system, as the presence 
of bilateral grade 2 or unilateral grade 3 or 4 ‘sacroiliitis’ (‘mNY-positive’).[2] As mentioned 
above, this definition was originally proposed to classify patients with r-axSpA. With the 
recognition that patients with axSpA are often mNY-negative (nr-axSpA), especially early in the 
disease, the use of the mNY scoring as an outcome measure gained popularity (i.e. change from 
mNY-negative to mNY-positive).[56-59] However, progression measured by the mNY in pelvic 
radiographs has been found rather unreliable.[16, 17] In Chapter 5, we add to this evidence by 
comparing two films read several years apart, by local untrained readers, among patients with 
suspected SpA from the ASAS cohort. Findings from this study address the third aim of the thesis 
and led us to propose, in Chapter 6, a new analytical approach, the so-called ‘assumption-free 
net progression’, which we argue best handles measurement error in the context of a  binary 
judgement, such as a change from mNY-negative to mNY-positive. 

Patients with axSpA experience varying levels of radiographic progression, both at the spinal and 
at the SIJ level. Inflammation has been shown to predict damage accrual at the spinal level, but 
similar evidence at the SIJ, especially in early disease is mostly absent.[42-47] In Chapter 7, we 
evaluate if objective inflammation on MRI-SIJ is associated with radiographic progression at the 
SIJ level in patients with early axSpA. Using data from three trained central readers, different 
definitions of progression were tested, including the change from mNY-negative to mNY-
positive, and applying the method described in Chapter 6. In Chapter 8, we perform a similar 
analysis using scores yielded by local untrained readers from DESIR and also from the ASAS 
cohort in order to understand whether inflammation in MRI-SIJ, as available in clinical practice, 
can effectively be used for prognostic stratification. Given the limitations of radiographs in the 
assessment of progression of structural damage, MRI has been proposed as an alternative 
imaging modality. In fact, current evidence supports the view that MRI is able to detect 
structural damage with higher reliability than conventional radiographs at the SIJ level, thus 
arguing in favour of its use in studies evaluating structural progression and predictors 
thereof.[36] In Chapter 9 we test the longitudinal effect of inflammation on MRI of the SIJ and 
spine on the subsequent development of structural damage also measured on MRI over five 
years of follow-up. 

Collection and analysis of long-term imaging data pose important methodological challenges. 
The longer the study the higher the likelihood of loss to follow-up (right censoring bias). Also, 
different readers may contribute to obtaining scores, in multiple ‘reading-waves’ over time. 
Common solutions include analyzing completers only, to choose a convenient read wave, and to 
aggregate scores of individual readers into some algorithm. Such approaches are not 
assumption-free and may as such yield biased estimates. In Chapter 10 we investigated if a 
technique that makes use of all available information provided by all readers in different 
‘reading-waves’ in an assumption-free manner (a so called ‘integrated analysis’),[60]  will affect 
the precision of parameter estimates for imaging outcomes in patients with axSpA, with a 
conventional completers analysis as reference standard. In Chapter 11 we applied this method 
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to compare the sensitivity to change of various inflammatory and structural outcomes measured 
in MRIs and conventional radiographs of the SIJ and spine performed in patients with early 
axSpA.    

A summary and general discussion about the findings of this thesis is presented in Chapter 12. 
A summary of this thesis in Dutch is provided in Chapter 13. 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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of expert opinion is needed. In Chapter 4, we address the second aim of this thesis, by using an 
analytical technique that circumvents expert opinion (latent class analysis) to determine, in a 
circularity-free manner, the Gestalt of axSpA and to evaluate how the ASAS classification criteria 
capture its latent constructs.  

Definite damage at the SIJ level is defined according to the mNY grading system, as the presence 
of bilateral grade 2 or unilateral grade 3 or 4 ‘sacroiliitis’ (‘mNY-positive’).[2] As mentioned 
above, this definition was originally proposed to classify patients with r-axSpA. With the 
recognition that patients with axSpA are often mNY-negative (nr-axSpA), especially early in the 
disease, the use of the mNY scoring as an outcome measure gained popularity (i.e. change from 
mNY-negative to mNY-positive).[56-59] However, progression measured by the mNY in pelvic 
radiographs has been found rather unreliable.[16, 17] In Chapter 5, we add to this evidence by 
comparing two films read several years apart, by local untrained readers, among patients with 
suspected SpA from the ASAS cohort. Findings from this study address the third aim of the thesis 
and led us to propose, in Chapter 6, a new analytical approach, the so-called ‘assumption-free 
net progression’, which we argue best handles measurement error in the context of a  binary 
judgement, such as a change from mNY-negative to mNY-positive. 

Patients with axSpA experience varying levels of radiographic progression, both at the spinal and 
at the SIJ level. Inflammation has been shown to predict damage accrual at the spinal level, but 
similar evidence at the SIJ, especially in early disease is mostly absent.[42-47] In Chapter 7, we 
evaluate if objective inflammation on MRI-SIJ is associated with radiographic progression at the 
SIJ level in patients with early axSpA. Using data from three trained central readers, different 
definitions of progression were tested, including the change from mNY-negative to mNY-
positive, and applying the method described in Chapter 6. In Chapter 8, we perform a similar 
analysis using scores yielded by local untrained readers from DESIR and also from the ASAS 
cohort in order to understand whether inflammation in MRI-SIJ, as available in clinical practice, 
can effectively be used for prognostic stratification. Given the limitations of radiographs in the 
assessment of progression of structural damage, MRI has been proposed as an alternative 
imaging modality. In fact, current evidence supports the view that MRI is able to detect 
structural damage with higher reliability than conventional radiographs at the SIJ level, thus 
arguing in favour of its use in studies evaluating structural progression and predictors 
thereof.[36] In Chapter 9 we test the longitudinal effect of inflammation on MRI of the SIJ and 
spine on the subsequent development of structural damage also measured on MRI over five 
years of follow-up. 

Collection and analysis of long-term imaging data pose important methodological challenges. 
The longer the study the higher the likelihood of loss to follow-up (right censoring bias). Also, 
different readers may contribute to obtaining scores, in multiple ‘reading-waves’ over time. 
Common solutions include analyzing completers only, to choose a convenient read wave, and to 
aggregate scores of individual readers into some algorithm. Such approaches are not 
assumption-free and may as such yield biased estimates. In Chapter 10 we investigated if a 
technique that makes use of all available information provided by all readers in different 
‘reading-waves’ in an assumption-free manner (a so called ‘integrated analysis’),[60]  will affect 
the precision of parameter estimates for imaging outcomes in patients with axSpA, with a 
conventional completers analysis as reference standard. In Chapter 11 we applied this method 
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to compare the sensitivity to change of various inflammatory and structural outcomes measured 
in MRIs and conventional radiographs of the SIJ and spine performed in patients with early 
axSpA.    

A summary and general discussion about the findings of this thesis is presented in Chapter 12. 
A summary of this thesis in Dutch is provided in Chapter 13. 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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