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Abstract
Objectives: Reporting diagnostic confidence (DC) in axial spondyloarthritis (axSpA) imaging is recommended by the ASAS guidelines. Our aim
was to investigate whether self-reported DC predicts diagnostic accuracy in axSpA imaging using X-ray (XR), computed tomography (CT) and
magnetic resonance imaging (MRI).

Methods: We performed a post hoc analysis including 163 patients with low back pain (89 axSpA and 56 non-axSpA). Nine blinded readers with
different experience levels [inexperienced (<1 year), semi-experienced (3–8 years) and experienced (>12 years)] scored the sacroiliac joint
images for compatibility with axSpA. DC was reported on a scale from 1 (not sure) to 10 (very sure). Mean DC scores and standard deviations
were calculated for correct and incorrect responses using XR, CT, MRI, XRþMRI and CTþMRI. Differences in DC were assessed using the
Mann–Whitney U test.

Results: DC scores were higher for correct axSpA diagnoses and differed significantly between correct and incorrect responses for all modalities
(P<0.001), with a mean DC of 7.16 2.1 and 6.36 2.1 for XR, 8.36 1.8 and 6.76 2.0 for CT, 8.16 1.9 and 6.26 1.9 for MRI, 8.261.8 and
6.76 1.8 for XRþMRI and 8.46 1.8 and 6.86 1.8 for CTþMRI, respectively. This was also the case when looking at the results by experience
group, except for XR in the inexperienced group.

Conclusion: Providing self-reported DC in radiological reports is useful information to predict diagnostic reliability in axSpA imaging.
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Introduction

Axial spondyloarthritis (axSpA) is a common chronic, immune-
mediated disease predominantly affecting the sacroiliac joints

(SIJs) and the spine [1, 2] and mainly starting in young adults,
who typically suffer from low back pain related to inflamma-
tion, which might lead to loss of function as the disease
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progresses and structural damage occurs [3–5]. Imaging, par-
ticularly magnetic resonance imaging (MRI), is of great im-
portance in the diagnosis of axSpA [6] and has a great impact
on the clinical diagnostic confidence (DC) of rheumatologists
due to the lack of conclusive laboratory parameters and the
fact that the axial skeleton is less easily accessible to clinical
examination [7–9]. However, it remains a challenge to distin-
guish between mechanical, degenerative and non-specific
causes of low back pain and axSpA either clinically [9, 10] or
with imaging [11]. The accurate use of imaging in both initial
diagnosis and treatment monitoring is therefore of particular
importance for further patient management [6, 12]. Adequate
detection of axSpA-compatible changes in the SIJs and spine
is essential in clinical practice and can thus contribute to a re-
liable diagnosis, especially when the DC of the rheumatolo-
gists is low due to non-specific clinical and laboratory
findings.

Several imaging findings are specific for axSpA. Structural
lesions, such as erosions and ankyloses, and acute inflamma-
tory changes, such as osteitis and enthesitis, are most helpful
in making the diagnosis, although ankylosis is more sugges-
tive of an advanced stage of the disease. Each imaging modal-
ity has advantages and disadvantages in the evaluation of the
individual imaging features. X-ray (XR), MRI and computed
tomography (CT) are the most important modalities used to
detect axSpA [13]. XR of the SIJs and spine is the first-line
imaging test to detect structural lesions but has very low sen-
sitivity and specificity [6, 14]. MRI, on the other hand, is cru-
cial for the detection of inflammation, while it may
overestimate structural lesions [15, 16]. Moreover, relying on
the demonstration of osteitis alone for diagnosis has been
criticized in recent years and may also lead to overdiagnosis
of axSpA, as SIJ osteitis may be caused by several other con-
ditions [11]. CT, with its high resolution even when per-
formed with low-dose technique, is currently used in cases
where either XR or MRI is inconclusive, allowing detection
of structural lesions with higher accuracy [14, 15]. However,
standard CT is insensitive to active bone and soft tissue in-
flammation. Given that each imaging technique has its inher-
ent strengths and weaknesses, it is crucial to tailor the
appropriate modality to the specific clinical question. The
performance and accuracy of radiologists in interpreting im-
aging findings is an additional important factor for a correct
diagnosis and further patient management. Indeed, reader ac-
curacy has been shown to be directly related to the reader’s
experience [8]. In this context, presence of all changes associ-
ated with axSpA may lead to a different level of DC of the ra-
diologist than if, for example, only isolated changes of the
SIJs are present.

Published data show that the reading performance is di-
rectly related to reader experience [8]. To date, confidence in
assessing axSpA-related changes in imaging modalities has
not played a relevant part in the interpretation of radiological
findings and reports. Nevertheless, self-reported DC can be
an important parameter in the interpretation of a radiology
report in the clinical context. For this reason, the Assessment
of Spondyloarthritis International Society (ASAS) working
group has recommended to include the self-reported DC in ra-
diological reports in its current recommendation [17].

The aim of this study was to systematically investigate the
usefulness of self-reported DC for assessing reader perfor-
mance in axSpA imaging using XR, MRI and CT.

Materials and methods

Subjects

The study was designed as a post hoc analysis of two prospec-
tive study populations of patients with chronic low back pain
and suspected or known axSpA: the Sacroiliac Joint Magnetic
Resonance Imaging and Computed Tomography (SIMACT)
study [18], and the Virtual Non-Calcium—Susceptibility
Weighted Imaging (VNC-SWI) study [19]. For the present
analysis, patients were divided into two groups: the axSpA
group (based on the diagnosis by expert rheumatologists of
the local rheumatology department) and the control group of
patients with non-axSpA (i.e. patients with degenerative or
mechanical SIJ changes and patients with non-specific low
back pain). Subjects with missing or incomplete imaging and
clinical data were excluded from analysis.

Ethical approval and data availability

Written informed consent was obtained from all patients be-
fore enrolment. The institutional ethics review board of
Charité Universitätsmedizin Berlin approved all investigations
prior to respective study commencement (EA1/0886/16; EA1/
073/10). Patients were not involved in study planning.

Readers and scoring system

For all patients included, XR, MRI and CT datasets of the
SIJs were available and were separately anonymized prior to
scoring. This resulted in five separate datasets per patient
with different anonymization: XR, CT, MRI alone, and
XRþMRI and CTþMRI in combination. XR, MRI [oblique-
coronal T1-weighted and short-tau inversion recovery (STIR)
sequences] and CT were scored by nine readers with different
years of experience in musculoskeletal imaging divided into
three reader groups (RG): the inexperienced RG (RG1) con-
sisted of medical research students with 0–1 year of experi-
ence (C.S., F.R. and D.D.), the semi-experienced RG (RG2)
consisted of physicians (radiologists) with 3–8 years of experi-
ence (S.T.U., J.G. and K.Z.) and the experienced RG (RG3)
consisted of senior physicians (two radiologists and one rheu-
matologist) with 12–17 years of experience in musculoskeletal
imaging (T.D., I.E. and D.P.). Each patient’s final diagnosis
(axSpA or other) determined by the experienced rheumatolo-
gist prior to the scoring based on clinical and imaging findings
served as the standard of reference. The readers were blinded
to clinical data and the image datasets and results of imaging
that was not subject to the current scoring. Readers scored
the images for the presence vs absence of axSpA in two steps:
in step 1, readers were asked to decide whether the image was
‘normal ‘or ‘abnormal’, and to report the level of DC for their
decision [on a scale from 1 (not sure) to 10 (very sure)]. For
each image classified as ‘abnormal’, readers were then asked,
in step 2, to provide a diagnosis, either ‘axSpA’ or ‘other’,
and to again rate their DC (same scale) in choosing the diag-
nosis (see detailed scoring system in Fig. 1). The scoring was
performed separately for each dataset (XR, CT and MRI,
XRþMRI and CTþMRI, respectively).

Statistical analysis

Statistical analysis was performed using GraphPad Prism
(Version 9.2.0. for MacOS, GraphPad Software, La Jolla,
CA, USA). Mean DC scores and standard deviation (SD) were
calculated for the correct and incorrect diagnosis of ‘axSpA’
for each reader separately for XR, CT, MRI, XRþMRI and
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CTþMRI. Due to a skewed distribution of DC scores, group
differences were assessed using the two-tailed Mann–Whitney
U test, separately for the three reader groups. Receiver operat-
ing characteristics (ROC) analysis was conducted to assess
how and whether the DC score can predict the correct diagno-
sis for axSpA or non-axSpA separately for each modality and
combination. To investigate the diagnostic accuracy at vari-
ous DC levels, we grouped the DC into three levels (level of
confidence: LoC), which consist of: low-LoC for DC <4,
medium-LoC for DC between 4 and 6, and high-LoC for DC
>7. We calculated the percentage of correct and incorrect di-
agnoses for all readers collectively and for each specific re-
spective reader group separately. Fleiss’ kappas (j) were
calculated to determine inter-rater reliability and were inter-
preted according to Landis and Koch [20]. A P-value smaller
than 0.05 was considered statistically significant.

Results

Subjects

Overall, 182 patients were evaluated for enrolment, and a to-
tal of 163 patients [82 women; mean age of 38 (SD 10.6), 19–
62 years] were included in the study after applying the exclu-
sion criteria. Of these, 89 patients were diagnosed with
axSpA, 56 with degenerative or mechanical SIJ disease and 18
patients with non-specific low back pain, see Fig. 2. Mean du-
ration of back pain was 6.7 years (SD 7.5). Patients with
axSpA had a mean Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) of 4.6 (SD 1.8).

Image reading

Overall, readers’ DC differed significantly between correct
and incorrect diagnoses in all modalities, with a mean DC
score for correct and incorrect diagnoses of 7.1 6 2.1 and
6.3 6 2.1 for XR (P< 0.001), 8.3 6 1.8 and 6.7 6 2.0 for CT
(P< 0.001), 8.1 6 1.9 and 6.2 6 1.9 for MRI (P<0.001),
8.2 6 1.8 and 6.7 6 1.8 for XRþMRI (P< 0.001) and
8.4 6 1.8 and 6.8 6 1.8 for CTþMRI (P< 0.001).

The distribution of DC scores between correct and incor-
rect diagnoses in step 2 by reader group is shown in Fig. 3. In
all RGs and modalities, DC scores were higher for correct di-
agnoses of ‘axSpA’ while lower DC scores were obtained with
incorrect diagnoses of ‘axSpA’. DC scores differed signifi-
cantly for correct and incorrect responses in RG2 and RG3
for all modalities (see Fig. 3). In the inexperienced group
(RG1), there was no significant difference in DC between
correct and incorrect responses for XR. In addition, the

experienced readers (RG3) showed higher DC scores overall
for correct diagnoses of ‘axSpA’. The scoring results for step
1 (‘normal’ vs ‘abnormal’) are presented in Supplementary
Figs S1 and S2 (available at Rheumatology online).

ROC analysis revealed DC to have an important predictive
power for reader performance, except for XR in the inexperi-
enced group (Fig. 4). Furthermore, the addition of XR to
MRI (XRþMRI) did not improve the diagnostic confidence
in the diagnosis of ‘axSpA’ in all reader groups as demon-
strated by lower area under the curve (AUC) values, see also
Fig. 4. The results of the separate analysis of diagnostic accu-
racy for the specific LoC are summarized in Supplementary
Figs S3 and S4 (available at Rheumatology online). The agree-
ment of the DC between the readers was highest in the experi-
enced group with moderate to almost perfect agreement,
followed by the semi-experienced group with moderate agree-
ment. The inexperienced group exhibited only slight to fair
agreement. The highest inter-rater reliability was demon-
strated for the experienced readers with CTþMRI (j¼ 0.88),
see also Fig. 3 and Supplementary Fig. S1, available at
Rheumatology online.

Discussion

To the best of our knowledge, this is the first analysis to inves-
tigate the relationship between self-reported diagnostic confi-
dence and reader performance in axSpA imaging. We found
significant differences in DC between correct and incorrect di-
agnostic decisions in axSpA made by nine readers with differ-
ent levels of experience in musculoskeletal imaging. Our study
results suggest that using self-reported DC scores to predict
diagnostic accuracy of CT and MRI findings is feasible,
whereas in XR reading, predicting reader performance based
on their self-reported DC remains limited. These results sug-
gest that, in SIJ XR, it is much more difficult for readers to es-
timate their own performance, especially for inexperienced
readers. Furthermore, we show that more experienced readers
are better at estimating their own DC and, thus, at cautioning
against false conclusions.

Self-reported DC is a promising tool to quantify reader con-
fidence in diagnostic imaging. In the current ASAS working
group guidelines for reporting imaging findings in axSpA, the
authors recommend to include the level of DC in the radiolog-
ical report [21]. Our results suggest that self-reported DC has
a significant impact on the prediction of performance and can
emphasize the confidence. Reporting diagnostic certainty is
therefore of crucial importance for further interpretation of

Figure 1. Scoring system and procedure. In step 1, readers were asked to decide whether the images were ‘normal’ or ‘abnormal’, indicating their

diagnostic confidence (diagnostic confidence 1). For an image classified as ‘abnormal’, readers were then asked, in step 2, to decide whether the

diagnosis was ‘axSpA’ or ‘other’, again indicating their diagnostic confidence (diagnostic confidence 2)
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the findings. In the clinic, clinical conferences serve to openly
discuss the certainty of imaging findings. However, such dis-
cussions are rare for physicians in private practice, so that in-
cluding self-reported DC in radiology reports is of great
importance and can prevent misinterpretation of these find-
ings by the rheumatologists.

Readers can estimate and report their performance in vari-
ous ways. In our study, we chose a more granular categoriza-
tion of DC levels using a scale from 1 to 10. This fine-tuned
score has the advantage of allowing identification of possible
cut-off values of DC that might be associated with certain
probabilities in terms of diagnostic performance. Indeed, a
DC score of 7 or higher turned out to be significantly associ-
ated with accurate decision making. Thus, clinicians can de-
rive value from this information by assessing the potential
accuracy of the imaging-based diagnosis and incorporating it
into their clinical diagnostic decision-making process.
However, the range of DC scores was relatively broad within
the respective reader groups, with overlaps, indicating that a
correct diagnosis could also be associated with a low DC

score and vice versa. DC scores varied among the different
reader groups, which should also be considered when weigh-
ing the diagnostic report. As there is no easy way to standard-
ize the rater’s assessment for DC and it demonstrated a
certain dependence on reader’s experience and individual
preferences, our presented cut-off values should be interpreted
with caution. Alternatively, a different DC scaling is also con-
ceivable for clinical practice, in which, for example, a 3-level
distinction is made between high, moderate and low DC. This
can further increase feasibility in clinical practice and provide
better comparability between readers. Furthermore, it needs
to be discussed whether it is also useful to report the radiolog-
ist’s level of experience in the radiological report, which in
turn has an impact on DC. However, indicating the level of
experience might be more challenging to objectify and, there-
fore, could be a subject of controversy. On the other hand,
the confidence scale is entirely subjective and easy to define.
At the same time, the results of this study also indicate, as
expected, that training of radiologists and rheumatologists in
the assessment of imaging findings is of particular importance

Figure 2. Flowchart of study inclusion. CT: computed tomography; LBP: low back pain; MRI: magnetic resonance imaging; RG: reader group (based on

years of experience in musculoskeletal imaging); RG1: inexperienced reader group; RG2: semi-experienced reader group; RG3: experienced reader group;

SIMACT: Sacroiliac Joint Magnetic Resonance Imaging and Computed Tomography Study; VNC-SWI: Virtual Non-Calcium—Susceptibility Weighted

Imaging study; XR: X-ray

Figure 3. Boxplots of the step 2 scoring results displaying differences in diagnostic confidence between correct and incorrect diagnoses. CT: computed

tomography; DC: diagnostic confidence; j: Fleiss kappa; MRI: magnetic resonance imaging; nc: number of correct diagnoses; nic: number of incorrect

diagnoses; RG: reader group (based on their years of experience in musculoskeletal imaging); RG1: inexperienced reader group; RG2: semi-experienced

reader group; RG3: experienced reader group; XR: X-ray. The symbols (ns: P> 0.05, *P� 0.05, **P� 0.01, ***P� 0.001, ****P� 0.0001) represent the

results of the conducted Mann–Whitney U test. Except for RG1 in XR, self-reported DC scores were significantly different between correct and incorrect

axSpA diagnoses. In addition, the figure also shows that RG3 tended to be more confident in their diagnoses than the two less experienced RGs
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to improve their own DC, allowing more reliable prediction
of performance in axSpA imaging. Awareness of the technical
limitations of the used modalities is also a potential contribu-
tor to the significant differences in DC between correct and in-
correct axSpA diagnoses. These might be better appreciated
by the experienced readers, which is then reflected in the
reported DC, whereas a higher DC value does not always in-
dicate higher diagnostic accuracy, especially for less experi-
enced readers. A further hypothesis is that DC could reflect
the degree of complexity of the case as regards the interpreta-
tion of imaging. In cases that are more difficult to interpret,
the DC will be lower, and thus there will be the potential of
greater discrepancy with the final diagnosis.

Our findings suggest that, in addition to being less sensitive
to erosive changes, readers of XR images are less self-aware
of their diagnostic confidence and performance and will not
be equally able to predict their accuracy as compared with
cross-sectional imaging. We believe that this is due to the in-
herent technical disadvantages of projection radiography as
superposition of bowel gas or osteophytes can lead to misin-
terpretation and false-positive results. Readers are aware of
this fact, resulting in overall lower DC in XR and, subse-
quently, in less accurate prediction of their own diagnostic de-
cision. This adds a further perspective to the current critical
discussion about the use of XR in the diagnosis of axSpA [14,
22].

In addition, interestingly, and contrary to expectations, the
combination of imaging modalities (MRIþCT and MRIþXR)

did not result in significantly higher diagnostic confidence
than MRI alone. A possible explanation may lie in the differ-
ent degree of difficulty in interpreting these cases, which may
represent a confounding factor.

This study was specifically planned to investigate the pre-
dictive power of DC for readers’ performance. We did this
with a total nine readers with different levels of experience in
musculoskeletal imaging and investigated DC scores sepa-
rately for different modalities and combinations to identify
differences related to experience and type of imaging modal-
ity. Our study has some limitations. Only images of SIJs were
included in the scoring and the situation in spine imaging
remains to be investigated. Intra-rater reliability was not
assessed. Furthermore, readers were blinded to clinical infor-
mation; access to this information could affect both DC and
diagnostic accuracy. The imaging datasets used in this analy-
sis were also used in the routine diagnostic process. This ap-
proach does carry the risk of bias from circular reasoning, as
some of the radiologists included in the reading may have also
been involved in the original reporting in the clinical setting.
However, the reading results from this study were not part of
the clinical diagnostic process, and given the lack of a widely
accepted independent reference standard, this approach is
common in axSpA studies. Nonetheless, we mitigated poten-
tial recall bias by including a large number of patients and
implementing a meticulous anonymization process.

In conclusion, DC allows prediction of readers’ perfor-
mance in axSpA imaging. This is especially true for the

Figure 4. ROC analysis of diagnostic confidence in relation to imaging modality and readers’ level of experience (step 2). AUC: area under the ROC curve

(95% confidence interval); CT: computed tomography; MRI: magnetic resonance imaging; RG: reader group (based on years of experience in

musculoskeletal imaging); RG1: inexperienced reader group; RG2: semi-experienced reader group; RG3: experienced reader group; XR: X-ray. ROC

analysis shows that diagnostic confidence has an important predictive power for readers’ performance, except for XR in the inexperienced reader group

Self-reported diagnostic confidence in axSpA 2203



interpretation of cross-sectional imaging modalities such as
CT and MRI, which showed significantly higher DC scores
for correct diagnoses across all reader experience groups.
Therefore, we encourage the inclusion of self-reported DC in
the interpretation of imaging findings in axSpA patients into
radiology reports.

Supplementary material

Supplementary material is available at Rheumatology online.
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