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Abstract
Objective. Pathologic SIJ changes on MRI are important for classification to axSpA. In 

daily routine, radiologists have a major role in interpreting imaging findings. We studied 

the impact of SIJ-MRI findings for identifying axSpA by radiologists, in comparison to 

rheumatologist’s diagnosis.

Methods. Patients <45 years prospectively included when referred for clinical suspicion 

of axSpA underwent complete diagnostic workup including STIR- and T1-weighted SIJ-

MRI. Diagnosis made by experienced rheumatologists with access to all relevant 

information was taken as gold standard. MRIs were evaluated by two experienced 

radiologists unaware of clinical data, who indicated ‘critical’ MRI lesions for or against 

axSpA. 

Results. Of 300 patients included, 132 (44%) were diagnosed with axSpA. Mean age 

was comparable, but symptom duration (58.6±69.5 vs. 33.9±45.1 months, p=0.003) and 

HLA-B27 positivity (73% vs. 21.3%, p<0.001) differed between axSpA and non-axSpA, 

respectively. Rheumatologists and radiologists agreed with the diagnosis in 262 cases 

(87.3%), while 34 patients (11.3%) were diagnosed with axSpA only by rheumatologists 

(clinically), and 4 cases (1.3%) were judged as suggestive of axSpA only by radiologists. 

BME and sclerosis showed the highest sensitivity, while erosions and fat lesions showed 

the highest specificity for axSpA diagnosis. The combination of BME with erosions had 

the highest positive predictive value (86.5%).

Conclusion. The highest diagnostic value of MRI findings in patients under suspicion of 

axSpA was found for structural changes in SIJ, alone or in combination with BME. While 

absence of BME was usually not compatible with a diagnosis of axSpA, presence of BME 

did not necessarily confirm a diagnosis of axSpA.
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Introduction

Axial spondyloarthritis (axSpA) is a chronic inflammatory disease that affects mainly the 

axial skeleton. The prevalence has been estimated between 0.1% and 1.4% (1). For 

classification of patients with axSpA, the Assessment of Spondyloarthritis international 

Society (ASAS) classification criteria (2) are now well established. Based on these 

criteria, patients diagnosed with axSpA can be classified for participation in clinical trials 

for axSpA when suffering from chronic back pain and a symptom onset <45 years and by 

either inflammatory or structural changes in the area of the sacroiliac joints (SIJ), 

detected by magnetic resonance imaging (MRI) or conventional radiographs (CR), 

respectively (imaging arm). In addition, in the absence of positive imaging, positive 

laboratory testing for human-leukocyte antigen B27 (HLA-B27) is required (clinical arm). 

The frequency of using imaging for the identification of patients with axSpA has been 

reported to be higher as compared to the usage of the genetic background (3) in patients 

in daily routine practice.

Typical MRI findings representing axial inflammation indicative of active disease are 

changes with high water content called bone marrow edema (BME). Typical MRI findings 

representing structural lesions are changes with abnormal fat signals indicative of fat 

metaplasia, fatty lesions but also bony changes indicative of sclerosis, erosions and 

ankylosis (4). Especially BME has been proposed and used for diagnosis, classification 

and assessment of disease activity (5), although structural changes have also been 

found useful for diagnosing axSpA and especially differentiation towards other reasons 

for back pain but they have not been accepted to be good enough for classification 

purposes to date (6). Furthermore, in a recent update of the ASAS definition of a positive 

MRI of the SIJ for classification as axSpA, the role of structural SIJ lesions located 

periarticularly at the SIJ has been recognized as an additional feature of axSpA but this 

has not become part of official recommendations yet (7).

On the other hand, recent studies from populations with no evidence of axSpA (healthy 

volunteers, military recruits, runners, patients with chronic back pain, post-partum 

women) have suggested that a substantial proportion of these individuals may present 

with BME lesions in MRI examinations of the SIJs (8-10). These findings have given 

reason for an increasing skepticism due to the fear of too many false-positive and false-A
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negative evaluations of cases under suspicion of axSpA and, hence, misclassifications 

and misdiagnoses (11). 

In the present study, we prospectively investigated the impact of different MRI lesions in 

the SIJ for a diagnosis of axSpA beyond classification, in order to compare the findings of 

radiologists with the clinical diagnosis made by rheumatologists.

Methods
Patient recruitment and diagnosis

Consecutive patients were prospectively included when presenting to our outpatient clinic 

by non-rheumatologists for suspicion of axSpA and an age ≤45 years. All study patients 

were clinically seen by a total of 5 rheumatologists with >10 years of clinical experience 

(and all patients were planned to be seen by the same rheumatologist). All patients 

received a complete diagnostic workup, including laboratory examinations including C-

reactive protein (CRP) and human leukocyte antigen (HLA)-B27). Also complete imaging 

of the SIJ (CR and MRI in the short-tau inversion recovery (STIR) and T1-weighted 

sequence in the semicoronal and semiaxial orientation (5)), was performed in the same 

radiology department for all patients, routinely by the same personnel and with the same 

imaging protocol). After evaluation of all examinations by the rheumatologist without 

having the radiologist´s report yet available, a diagnosis of axSpA (with differentiation as 

non-axSpA) was made by the rheumatologists. The differentiation between nr-axSpA and 

r-axSpA was determined based on the classification criteria using conventional 

radiographs of patients. 

The study was approved by the Ethical committee of the Medical Council Muenster, 

Westfalia-Lippe, Germany (2017-696-f-S). 

Imaging evaluation

All MRIs were extracted from the hospital´s database and were blinded for all 

demographic information by an independent person. After anonymization, all MRIs were 

given to two different experienced radiologists specialized in evaluation of imaging of 

patients with low back pain and rheumatological conditions, different from the ones who 

had seen the images before. The radiologists, who had only been informed that the 

patients were young (≤45 years) and suffered from chronic back pain, evaluated the A
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MRIs independently and judged whether each individual MRI was compatible with a 

diagnosis of axSpA or not. Furthermore, the radiologists documented which lesions they 

considered ‘critical’ for the decision for or against axSpA. The radiologists documented 

the presence of critical lesions on MRI as: inflammatory lesions (BME) only, chronic 

lesions (erosions, fat metaplasia, sclerosis or ankylosis) or a combination of BME and 

any of the chronic lesions. The identification of a positive BME or chronic lesion was 

based on the definitions provided by ASAS (12). In addition and independent of the 

definition of lesion identification, all lesions were also quantified using the Berlin SIJ MRI 

scoring system (13). In brief, this scoring system quantifies BME, erosions, sclerosis, fat 

and ankylosis based on assessment of SIJ quadrants and all lesions are evaluated 

separately, with a total score of all items being calculated per patient. 

For the final evaluation and comparison between rheumatologists and radiologists, and 

for calculation of the Berlin SIJ score, only the lesions with agreement between 

radiologists were taken into account. 

The radiologists who participated in this evaluation did not have access to any other 

imaging results, including conventional radiographs of the SIJs of the patients.

Statistical analysis
Continuous data are shown as mean ± standard deviation (SD), and categorical data as 

percentages. Descriptive statistics were performed between groups using the Mann-

Whitney-U-test for continuous variables or the chi-square test for categorical variables. 

All tests were 2-sided, with a significance level set at 0.05. The associations between 

MRI lesions as detected by the radiologists for identification of the diagnosis made by the 

rheumatologist were assessed by calculation of odds ratios (OR) for single lesions or 

combination of lesions. Ankylosis was not included in this particular analysis as a chronic 

lesion because of the high specificity but low sensitivity and low expected prevalence in 

this population. Inter-observer reliability (agreement between radiologists) for the 

identification of active (BME) chronic lesions and their combination was calculated by 

intraclass correlation coefficients (ICC, 95% confidence interval). Finally, the mean or 

median (where appropriate) Berlin scores of all patients diagnosed with axSpA were 

compared with the scores of patients without this diagnosis.A
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Results
Patient´s characteristics

Overall, 300 patients were included. Of those, 132 patients (44.0%) were diagnosed as 

axSpA, while in 168 patients (56.0%) axSpA was not diagnosed by the rheumatologist. 

The mean age in the axSpA group was 34.5±7.2 years and 34.5±7.4 years in the non-

axSpA group. Their mean symptom duration was 58.6±69.5 vs. 33.9±45.1 months 

(p=0.003) and HLA-B27 was positive in 93 (75.6%) vs. 32 (21.3%) patients (p<0.001), 

respectively. The ASAS classification criteria were fulfilled by 100 patients (75.8%) in the 

SpA- and by 67 (39.9%) in the non-SpA group (p=0.01), both mainly due to MRI findings 

(BME).

 

Agreement between rheumatologists and radiologists

Of the 132 patients diagnosed with axSpA by the rheumatologists, 98 (74.2%) were also 

identified as having axSpA by the radiologists (based on imaging), while among the 168 

non-axSpA patients, the radiologists did also not find imaging signs indicative of axSpA in 

164 (97.6%), indicating good agreement. This results in an overall agreement between 

rheumatologists and radiologists for a diagnosis of axSpA in 262/300 patients (87.3%). 

The ICCs for BME were 0.99 (0.99-0.99), for chronic lesions 0.92 (0.91-0.94) and for the 

combination of BME and chronic lesions 0.87 (0.84-0.89). However, 34 patients (11.3%) 

were diagnosed with axSpA by the rheumatologists on a clinical basis only – which 

means that they didn’t have positive imaging findings but presented with suggestive 

clinical symptoms beyond inflammatory back pain at a young age and were HLA-B27 

positive. These cases were not considered as being in disagreement between 

rheumatologists and radiologists, since they were diagnosed on clinical grounds without 

the potential help of imaging.

Assessment of positive lesions by radiologists and relationship to clinical diagnoses

In the 98 patients with agreement on a diagnosis of axSpA between rheumatologists and 

radiologists, the ‘critical’ lesion identified by the radiologist was the combination of BME 
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with a concomitant chronic lesion, while BME without concomitant chronic lesions had the 

lowest frequency in this group (Table 1). 

On the other hand, in the 164 non-axSpA patients with agreement between 

rheumatologist and radiologist, no patient was found to have a chronic lesion, while all of 

them had BME alone (Table 1).

In contrast, in the 4 patients where rheumatologists didn’t diagnose axSpA but 

radiologists suggested axSpA, none of the patients was found to have BME alone, but all 

of them had chronic changes, either alone or in combination with BME (Table 1). 

Clinically, all of these patients were females, had given birth to children, reported high 

levels of back pain (≥5/10) and were all HLA-B27 negative. All of them had received the 

diagnosis of osteitis condensans ilii by the rheumatologists.

The calculation of the proportion of patients with BME and/or chronic lesions for axSpA in 

different axSpA stages (r-axSpA vs. non-axSpA) or non-axSpA is shown in Table 1. 

Association of positive lesions by radiologists to clinical diagnoses

The sensitivity and specificity of all single lesions or combinations of lesions, together 

with the ORs for all lesion types are shown in Table 2. In the analysis of single lesions, 

BME (72.5%) and sclerosis (81.7%) showed the highest sensitivity, while specificity was 

highest for erosions (88.8%) and fatty lesions (89.3%). Overall, erosions (11.6, 95%CI: 

6.4-21) and fatty lesions (10.9, 95%CI: 6.0–19.8) had the highest OR for identifying 

axSpA patients, while the OR for BME and sclerosis was low (Table 2). 

On the other hand, the combination of BME with any chronic change showed an increase 

in the specificity of BME lesions (72.8%) without loss of sensitivity (71.8%). Similar trends 

of improvement were also found in the OR for identification of the correct diagnosis when 

using combinations of lesions, especially for the combination with erosions (15.2, 95%CI: 

7.4–31.4) and fatty lesions (11.6, 95%CI: 5.3–25.7) (Table 2). 

Similarly, the positive and negative predictive values were highest for erosions and fatty 

lesions or their combinations with BME, respectively (Table 2). 

Quantification of MRI lesions in SpA vs. non-SpA patients
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Overall, patients diagnosed with axSpA showed significantly higher mean scores in the 

quantification of lesions when using the Berlin SIJ MRI score for the total score but also 

for the assessment of BME, erosions and fatty lesions only, while there were no 

differences in the assessment of scores for sclerosis or ankylosis (Table 3).

Discussion
Ever since the original publication of the ASAS classification criteria in 2009 (2), together 

with the first definition of a ‘positive’ MRI of the SIJ (14), there has been a constant 

development to increase the experience with the usage of MRI and the quality of judging 

the different types of lesions in patients with axSpA. Recently, ASAS has gone beyond 

the interpretation of a ‘positive MRI’ for axSpA solely based on the presence of BME, and 

chronic structural changes have been incorporated to reach a better sensitivity and 

specificity of those imaging findings (8). However, the high sensitivity but low specificity of 

BME in SIJ MRIs  has become a constant problem for the evaluation of patients with low 

back pain (15). In addition, if classification criteria are misused for diagnostic purposes, a 

high chance of overdiagnosis (8-10) and overtreatment has been reported (7).

In this study, we found that in the interpretation of MRIs of the SIJ, the combination of 

BME with chronic lesions such as erosions, fatty lesions or sclerosis was associated with 

an increase in specificity without loss in sensitivity for diagnosing axSpA, as compared to 

BME lesions alone which are rather used for classification purposes. Beyond sensitivity 

and specificity, both positive and negative likelihood ratios increased when BME and 

chronic lesions were combined, while the likelihood ratios for chronic lesions (especially 

fatty lesions and erosions) alone were also higher than those for BME alone. These 

results confirm earlier findings which were based on the quantification of lesions found in 

SIJ quadrants and compared to a more global assessment by expert readers (16). 

However, that study included a much smaller study sample as in our study, evaluated the 

MRIs for usage in the context of classification and not for diagnosis and did not 

incorporate fatty lesions or sclerosis as possible chronic MRI changes. In comparison, in 

another evaluation of patients with axSpA in the non-radiographic stage compared with 

only a small control group, fatty lesions showed no clinical utility in the recognition of this 

axSpA stage, which might also be explained by the fact that such lesions may take time A
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to develop. Nevertheless, the usage of fatty lesions in the contextual interpretation of SIJ 

MRI was confirmed when BME or erosions were concomitantly assessed (7). 

Furthermore, and, although similar conclusions were recently drawn in a systematic 

literature review (17), all studies published to date had been performed on the basis of 

identification of the most appropriate lesions to confirm the clinician´s diagnosis, whereas 

our analysis had the a priori target to identify the ‘critical’ lesions and their combinations 

to differentiate between axSpA and non-SpA, based on the expert´s clinical judgement. 

Another interesting result of our study was the analysis of the probability for detection of 

different MRI lesions in patients clinically diagnosed with axSpA as compared to patients 

in whom axSpA was not diagnosed. In this context, detection of sole lesions was, again, 

superior for chronic lesions and especially erosions and fatty lesions. However, the 

highest odds ratios of lesions to be found in axSpA patients were observed for the 

combination of BME and (any) chronic lesion, confirming the importance of structural 

lesions for the interpretation of BME and differentiation to BME associated with other 

reasons than axSpA (18, 19) or even in healthy volunteers (20). This finding is of major 

clinical relevance related to the ASAS definition of BME when interpreting MRI findings in 

the context of a diagnosis of axSpA (7).

Finally, the probability of an occurrence of the above-mentioned lesions in patients 

diagnosed with axSpA provides reassurance for the usage of MRI as the major 

diagnostic imaging method for this disease. The positive predictive value for fatty lesions 

and erosions was >80%, indicating that a ‘positive MRI’ based on these findings is 

associated with a very high probability that the rheumatologist will, in the clinical context, 

also diagnose axSpA. On the other hand, overinterpretation of these lesions by 

radiologists may occur, but is much lesser common, as also seen by the very low 

proportion of patients who were identified as suspicious for axSpA by the radiologists but 

not diagnosed as axSpA by the rheumatologists. Obviously, and similar to what has been 

described above, also in these cases the correct evaluation of the radiological findings 

needs to be interpreted in the clinical context of the patients. In comparison, the positive 

predictive value of BME alone was almost 61%. In comparison, the negative predictive 

value of almost 77% for the combination of BME and (any) chronic lesion indicated that a 

MRI which is ‘negative’ for this combination is also associated with a very high probability 

of exclusion of axSpA, in, on the other hand, clinically suspicious patients. A
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The overall agreement between rheumatologists and radiologists was high in our study 

which may well be due to the fact that we have been working together for many years. 

Indeed, when subtracting the patients who were only diagnosed on a clinical basis the 

agreement was close to 99%. Although this can be seen as reassuring that in specialized 

centers, collaboration between rheumatologists and radiologists may improve the level of 

care of patients who are suffering from symptoms indicative of axSpA it may also 

represent a limitation since the results are likely to be different in other settings, because 

the expertise of both, rheumatologists and radiologists may differ substantially and not all 

of them have undergone a special imaging training. Similar problems have been reported 

in a study comparing the performance of non-trained investigators (local) with trained 

(central) readers in recognizing structural MRI lesions of the SIJ in patients with recent 

inflammatory back pain (21). However, the same dataset showed that the interreader 

agreement was better when fatty lesions were scored, and, in another analysis of 

patients from the same cohort, there was only minor disagreement in the recognition of 

BME (16). Nevertheless, this limitation should be rather regarded as indication of a strong 

need for appropriate imaging training for both, radiologists and rheumatologists, in the 

interpretation of axSpA associated MRI lesions.

Another limitation of our study is the fact that we used T1-weighted sequences for the 

identification of erosions. It has recently been shown that, for a good (22) and earlier (23) 

identification of erosions, more advanced MRI sequences such as the 3D Volumetric 

Interpolated Breath-Hold Sequences (VIBE) may be more appropriate. We assume that 

the diagnostic value of erosions will be even higher than what is reported here, when 

VIBE sequences are applied in daily practice instead of T1-weigted sequences. To 

diagnose axSpA in daily routine is a complex multistep approach and MRI has a rather 

established role in a previously proposed diagnostic algorithm (24). In the daily practice 

of some institutions SIJ MRI may just be an adjunct examination that follows a thorough 

clinical evaluation only when the pre-test probability for a diagnosis of axSpA is relatively 

high. It would be indeed interesting to explore the impact of SIJ MRI findings by 

radiologists and rheumatologists on the pre-imaging clinical evaluation. In our practice we 

appreciate the ‘independent’ assessment of experienced musculoskeletal radiologists a 

lot because it provides a more neutral view on what is really seen in the MRI – in contrast 

to our clinical view which may well be influenced by expectations, emotions and A
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prejudices. Nevertheless, the clinically essential issue is the step-by-step pattern 

recognition process that finally matters for a diagnosis of axSpA. Therefore, it is essential 

to understand the impact of the different steps and especially the value and validity of the 

interpretation of SIJ MRI findings.

In conclusion, we show here that the highest ‘diagnostic value’ of MRI lesions for 

identification of axSpA in the SIJ is found when structural lesions were present, alone or 

in combination with BME. While the presence of BME did not necessarily confirm a 

diagnosis of axSpA, the absence of BME was also associated with absence of axSpA, 

indicating that chronic changes such as erosions and fatty lesions are most relevant for a 

diagnosis of axSpA in daily practice but presence of such lesions alone was also not 

sufficient for that diagnosis according to the rheumatologist. However, sclerosis and small 

erosions do also occur in other diseases such as osteitis condensans.

.
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Evaluation for axSpA
Evaluation and interpretation of images (MRI) 

based on opinion of the radiologist*

Rheumatologist Radiologist

Number of 
patients

(% of total, 

n= 300)

Critical lesion for diagnosis 
judged by the radiologist

on MRI
(total number of patients)

non-SpA axSpA nr-axSpA r-axSpA

BME (n=8) 0 8 (8.2%) 3 (37.5%) 5 (62.5%)

Chronic lesions (n=24) 0 24 (24.7%) 10 (41.7%) 14 (58.3%)axSpA axSpA
98

(32.7%)
BME and chronic lesions (n=66) 0 66 (67.0%) 32 (47.7%) 34 (52.3%)

BME (n=0) 0 0 0 0

Chronic lesions (n=0) 0 0 0 0axSpA no axSpA
34

(11.3%)
BME and chronic lesions (n=0) 0 0 0 0

BME (n=0) 0 0 0 0

Chronic lesions (n=3) 0 3 (71.4%) 1 (33.3%) 2 (66.7%)no axSpA axSpA
4

(1.3%)
BME and chronic lesions (n=1) 0 1 (28.6%) 1 (100%) 0

BME (n=164) 164 (100%) 0 0 0

Chronic lesions (n=0) 0 0 0 0no axSpA no axSpA
164

(54.7%)
BME and chronic lesions (n=0) 0 0 0 0
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Table 1: Agreement for diagnosis between rheumatologists and radiologists (“Evaluation for axSpA”), distribution of SIJ MRI lesions 

(“non-axSpA” and “axSpA”) and differentiation of axSpA subtypes based on conventional radiographs (“nr-axSpA” and “r-axSpA”).

axSpA: axial spondyloarthritis, BME: bone marrow edema, MRI: magnetic resonance imaging, nr-axSpA: non-radiographic axial 

spondyloarthritis (according to the combination of MRI and CR), r-axSpA: radiographic axial spondyloarthritis (according to the 

combination of MRI), SIJ: sacroiliac joint, 

* The differentiation of nr-axSpA and r-axSpA is based on the evaluation of conventional radiographs performed by the rheumatologists 

(see Methods).

Lesion type Sensitivity Specificity
Positive 

LR
Negative 

LR
OR (95% CI) PPV NPV

BME 72.5% 63.3% 1.98 0.43 4.6 (2.8-7.5) 60.5% 74.8%

Fatty lesion 56.5% 89.3% 5.30 0.49 10.9 (6.0-19.8) 80.4% 72.6%

Erosion 59.5% 88.8% 5.30 0.46 11.6 (6.4-21.0) 80.4% 73.9%

Sclerosis 81.7% 43.2% 1.44 0.42 3.4 (2.0-5.8) 52.7% 75.3%

BME + any 
chronic lesion

71.8% 72.8% 2.64 0.39 16.0 (7.5-34.0) 67.1% 76.9%
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BME + Fatty 
lesion

36.6% 95.3% 7.74 0.67 11.6 (5.3-25.7) 85.7% 66.0%

BME + Erosion 48.9% 94.1% 8.26 0.54 15.2 (7.4-31.4) 86.5% 70.4%

BME + Sclerosis 64.1% 75.1% 2.58 0.48 5.4 (3.3-8.9) 66.7% 73.0%

Table 2: Comparison of different lesions on the MRI of the SIJs for diagnosis of axSpA as compared to non-axSpA in daily practice, 

based on the diagnostic decision of rheumatologists and the identified lesions by radiologists. 

BME: bone marrow edema, FL: fatty lesions, LR: likelihood radio, OR: odds ratio, CI: confidence interval, PPV: positive predictive value, 

NPV: negative predictive value, MRI: magnetic resonance imaging, SIJ: sacroiliac joints, axSpA: axial spondyloarthritis.

Lesion type 
(score range)

axSpA
(n=131)

non-axSpA
(n=169)

p-value

Total score 14.8 ± 10.8 2.7 ± 3.4

BME (0-24) 3.3 ± 3.6 0.8 ± 1.3

Fatty lesions (0-24) 5.2 ± 6.8 0.5 ± 1.9
Mean ± SD

Erosions (0-24) 4.5 ± 5.4 0.4 ± 1.4

p<0.001

Median Sclerosis or Ankylosis (0-2) 0 0 --
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Table 3: Mean or median scores of the Berlin SIJ-MRI scoring system in the axSpA vs. the non-axSpA population.

BME: bone marrow edema, axSpA: axial spondyloarthritis, SIJ: sacroiliac joint,
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