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Abstract: Purpose: The purpose of this study was to evaluate the prevalence and the underreporting
rate of sacroiliitis (SI) in a large cohort of patients with biopsy-proved Crohn’s disease (CD) who
underwent magnetic resonance enterography (MRE) or computed tomography enterography (CTE).
Materials and Methods: Patients with CD were recruited from eight Italian health centers in the
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period from January 2013 to December 2017. Disease activity was recorded according to the CD
activity index (CDAI). The scans were read by two blinded readers who defined the presence
of SI according to Assessment of SpondyloArthritis International Society (ASAS) classifications
and European League Against Rheumatism (EULAR) recommendations. Moreover, SI was scored
using a simplified Spondyloarthritis Research Consortium of Canada (SPARCC) scoring system.
Results: Interobserver agreement in diagnosing SI on imaging was good (K = 0.72–0.83). SI was
diagnosed in 129 (14.4%, 54 men, 75 women) out of 894 patients; however, sacroiliac joint (SIJ)
abnormalities were not mentioned in the radiological reports of 112 patients (86%). Fifty (38.7%)
out of 129 patients also underwent a subsequent SIJ evaluation through a dedicated MRI protocol to
confirm SI. SI was found in a higher percentage of patients with “active” than “inactive” CD (18% vs.
4%). Conclusion: This study confirms the feasibility of CTE and MRE for the screening of SI in CD
patients; however, it also underlines the remarkable problem concerning the underreporting of this
entity in radiological practice.
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1. Introduction

Inflammatory bowel disease (IBD) is an idiopathic disease caused by an inappropriate immune
response to an unknown antigen (most likely host intestinal microflora) combined with genetic and
environmental factors [1]. The two major types of IBD are ulcerative colitis (UC), which is limited to
the colonic mucosa, and Crohn’s Disease (CD), which can affect any segment of the gastrointestinal
tract, from the mouth to the anus, with a transmural involvement of the gut. Patients with IBD are
more prone to the development of spondyloarthropathy (SpA) and malignancy [2,3]. SpA refers to
a group of inflammatory diseases with similar clinical, radiologic and serologic features, including
ankylosing spondylitis (AS), psoriatic arthritis (PsA), reactive arthritis (ReA), undifferentiated SpA and
enteropathic or IBD-associated SpA. SpA is characterized by a wide and various joints’ involvement,
with the hallmark feature represented by inflammation at enthesis, ligament, tendon or capsular
insertions. On the basis of the predominant clinical presentation, spondyloarthropathies are divided
into axial SpA and peripheral spondyloarthropathies, [4–6]. SpA has been estimated to occur in
percentages of IBD patients ranging from 17% to 39% by several studies that also confirmed that SpA
is the most frequent extra-intestinal manifestation in patients with IBD [7].

Sacroiliitis (SI) represents the hallmark of SpA and it may be clinically silent or equivocal in
physical examination tests at an early stage, giving magnetic resonance imaging (MRI) a pivotal role for
diagnosis, especially in non-radiographic axial spondyloarthritis [8–12]. In fact, signs of sacroiliac joint
(SIJ) inflammation, such as periarticular SIJ bone marrow edema (BME), soft tissue edema and osteitis,
which constitute early findings of SI, can be detected only by MRI, which today represents a reference
technique in rheumatology [12–18]. SIJ erosions, which appear later in the disease history, and other
structural changes, including fat deposition, subchondral sclerosis, bony bridges and ankylosis,
which represent an advanced disease stage, can be diagnosed by both conventional radiographs
and computed tomography (CT), the latter having a higher sensitivity and specificity, although CT
scan use is limited in young patients for radioprotection reasons [19]. The introduction of biological
drugs (like TNFα inhibitor drugs) capable of changing the course of the disease if administered in
the early-mid stages has emphasized the need to detect SI in patients with IBD, many of whom can
be asymptomatic or show a normal SIJ radiograph [20–22]. Furthermore, when IBD and SpA coexist,
the therapeutic strategy should be modulated to take into account the variable manifestations of IBD,
in terms of intestinal and extra-intestinal features, and the clinical manifestations of SpA, with particular
attention to peripheral enthesitis, dactylitis and anterior uveitis [7,23–25]. Many patients with IBD
undergo computed tomography enterography (CTE) and/or magnetic resonance enterography (MRE)
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as a part of their clinical care to evaluate the extent and severity of the disease and the response to
treatment or due to suspicion of complications [26–35]. Even if these examinations are not targeted
for the evaluation of the SIJ, and MRE in particular is not carried out with the appropriate planes
or sequences, SIJ are included in at least two planes (axial and coronal before and after intravenous
contrast media administration) in the field of view of MRE and in that of CTE. Recognizing the average
10-year delay in the diagnosis of SpA, both of these imaging modalities could be used as off-label
screening tests for diagnosing of SpA, offering an opportunity for an earlier identification of SI in
IBD patients according to ASAS classification criteria and EULAR recommendations [8,36]. To date,
different studies have evaluated the prevalence of SI in patients with IBD using cohorts of subjects
undergoing CT or MRI examination; however, the maximum number of patients was about 360 [37–43]
and none of these studies reported the prevalence of underreported SI in the CT or MRI reports
by radiologists.

The aim of this study was to evaluate the prevalence and the underreporting rate of SI in a large
cohort of patients with biopsy-proved Crohn’s disease who underwent standard MRE protocols or
CTE examinations.

2. Materials and Methods

2.1. Study Design

This multicenter retrospective study was approved by the institutional review board of our
hospitals before the review of any patient material. A study review was undertaken between January
2013 and December 2017 on patients of both sexes with CD who underwent abdominal examinations
(CTE or MRE) in 8 different Italian health centers (Siena, Naples, Palermo, Ancona, Siracusa, L’Aquila,
Campobasso, Alessandria). Data were extracted from the picture archiving and communicating system
(PACS) and pathology databases. Inclusion criteria were as follows: CTE or MRE fulfilled technical
eligibility criteria (examination extended to SIJ and slice thickness no more than 2.5 mm for CT and
6 mm for MR). Exclusion criteria were CT or MR without or with partial SIJ inclusion in the field of
view (FOV) and patients without biopsy-proven CD. Therefore, a total of 894 (429 men, 465 women,
age range 15–71 years, mean age 38 years) patients were included in the study. Disease activity for
each patient was recorded according to the Crohn’s disease activity index (CDAI) [44,45]; in particular,
patients were classified as having an “inactive” disease if the CDAI was ≤150 and an “active” disease
if the CDAI was >150.

2.2. Biopsy Criteria for Diagnosis of CD

In all eight health centers involved in the study, diagnosis of CD was made on the basis
of endoscopic biopsies including the presence of the following histologic features, following
Tanaka et al. [46]: segmental crypt atrophy or distortion, segmental mucin depletion, mucin
preservation at an ulcer edge or in the crypts with surrounding neutrophils and focal mononuclear
cell infiltration.

2.3. Scanning Protocols

All the imaging examinations (CTE and MRE) were performed using CT and MR scanners as
reported in Table S1. MRE protocols for all health centers are also reported.

2.4. Image Evaluation

Each CTE and MRE examination, from which patient personal information has been removed,
was analyzed independently by two radiologists from each health center with at least ten and
five years’ experience respectively in musculoskeletal radiology. Image analysis was performed
using a dedicated workstation and the radiologists were permitted to adjust the window settings if
necessary. For SIJ analysis, steady state free precession balanced sequences, T2-weighted sequences
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and T1-weighted post-contrast sequences were used for the evaluation of anatomic and structural
changes and active inflammation. The readers assessed the presence or absence of SI according
to diagnostic imaging criteria following ASAS classifications and EULAR recommendations for
SpA [8,36]. In particular, a MRE was considered positive for SI if bone marrow edema, defined as a
periarticular hyperintense signal in T2w images, and/or bone marrow contrast enhancement, defined
as a hyperintense signal on contrast-enhanced gradient-echo T1w fat-saturated images, reflecting
increased vascularization, were found. In both cases, findings had to be visible on at least two
consecutive slices and located in a typical anatomical area (subchondral bone); if no signs of active
inflammation were detected, readers looked for subchondral erosions (cortical bony defects at the joint
margin indicated by low signal intensity on T1w images and high signal intensity on T2w images if
active) or subchondral sclerosis (low intensity for all sequences that did not show signal enhancement
after contrast administration), diagnosing SI if a score ≥2 bilaterally or of 3–4 unilaterally, according
to New York criteria, was found [47]. CT scans were evaluated following the latter criteria used for
MRE (subchondral erosions and sclerosis). As also done by other researchers, a random set of 30 MRI
examinations was selected for the assessment of intra- and inter-reader reliability [39]. For intra-reader
reliability assessment, these MRE examinations were rescored by an experienced reader with an interval
of two months from the original read. For the assessment of inter-reader reliability, images were read
by a senior radiologist with 15 years’ experience in MRE reading. Before this reading, a learning
session utilizing 15 cases was held to help in recognizing findings indicative of sacroiliitis on an MRI
and to establish guidelines in the reporting of MRI findings among the readers. Any disagreement
was discussed until a consensus was reached. In cases in which SI was diagnosed, the articular
involvement was classified as unilateral or bilateral and scored using a simplified SPARCC scoring
system [48]. A fixed number of areas per joint were systematically analyzed through multiplanar
reconstruction images obtaining a semicoronal section orientated along the long axis of the sacral bone.
In particular, in the SIJ, four quadrants were assessed: right upper, left upper, right lower and left
lower. Each quadrant was subdivided into iliac and sacral aspects for a total of eight regions (Figure 1).
For each quadrant a dichotomous score was assigned based on the presence (score = 1) or absence
(score = 0) of the sacroiliac findings reported above. The values for each region were added together
with a maximum score of four for each SIJ and eight for each patient.
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2.5. Statistical Analysis

The statistical review of the study was performed by a biomedical statistician. The interobserver
agreement was obtained by applying a Kappa test. A descriptive statistical analysis was performed
and variables were expressed as percentages. The SIJ scores were expressed as a range and mean ±
standard deviation.

3. Results

Interobserver agreement in diagnosing SI through imaging was good (K = 0.72–0.83); the lower
agreement was found in detecting erosions in MRE. After consensus, SI was diagnosed in 129
(14.4%, 54 men and 75 women) out of 894 enrolled patients, 40 in CTE examinations and 89 in MRE
examinations. SIJ abnormalities were not mentioned (underreported) in the final radiological reports
of 112 patients (86%), and in particular in 34 CTE and 78 MRE examinations. Fifty (38.7%) out of 129
patients underwent a subsequent (time interval 18 ± 6 months, range 9–25 months) SIJ evaluation
through a dedicated MRI protocol, 17 as the result of the CTE or MRE report and the remaining 33
because of symptoms highly suggestive of SI (n = 20), primarily low-back pain, or assessment requested
by the rheumatologist (n = 13); SI was confirmed in the latter exam in all the patients with suggestive
findings in CTE or MRE examinations and in 32 symptomatic patients (Figure 2). Among all the 894
patients, 659 (73%) had an “active” disease at the time of the examination whereas the remaining 235
(27%) an “inactive” disease and SI was diagnosed in 119 patients of the first group (18%) and in 10
of the second group (4%). SI was found to be bilateral in 120 cases and unilateral in the remaining 9.
According to the simplified SPARCC scoring system, the mean score was 2.63 ± 1.61 (range 1–8).
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Figure 2. (a–c). SI in a 42 year-old woman with “active” Crohn’s disease. A single shot fast spin echo
breath hold (SSFSE BH) ASSET T2w sequence in the coronal plane showed subchondral bone marrow
edema on both the sacral and iliac aspects of the left SIJ (arrows in (a)) corresponding to erosions
(arrows in (b)) on the post-contrast LAVA sequence. Erosions were also detected on the sacral aspect of
the right SIJ (arrowhead in (b)). A subsequent dedicated MRI protocol (c) confirmed bilateral SI.
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4. Discussion

SI is one of the most common extraintestinal manifestations of spondyloarthropathy, frequently
complicating the clinical course of patients with IBD [49–54]. Previous studies that have assessed
the prevalence of SI in IBD patients were influenced by the different imaging modalities employed,
with results ranging from 1 to 25% using traditional X-ray, 12 to 45% using CT and 39% using
MRI [49,52]. Although SI diagnosis is usually based on patient medical history and physical examination,
some patients may have mild constitutional symptoms, such as fatigue, loss of appetite or mild fever,
which could be awarded to the bowel disease; inflammatory symptoms may also be suppressed by
the disease-modifying antirheumatic drugs and corticosteroids, reducing bone marrow edema in SIJ,
therefore determining a discordance between musculoskeletal complaints and structural abnormalities,
delaying the diagnosis and worsening patient prognosis [43,53,54].

The exact link between CD and SpA has not yet been defined because of the different genetic
and immunological factors that may be involved [55–58]. In vitro studies suggest that activated
lymphocytes have the capacity to enter the joints adhering to inflamed synovial vessels through
multiple adhesion molecules [57]. Peeters et al. found that CARD15 polymorphisms may predispose
to sacroiliac involvement in CD patients [55] and Bjarnason et al. found an undefined genetic link
between bowel inflammation and SI when assessing first degree relatives of patients with SpA [58].
However, no association has been found between the occurrence and severity of SI and the extension
and surgical history of CD in most studies [57].

Conversely, Hwangbo et al. reported an increased prevalence of SI in the presence of perianal
and upper gastrointestinal tract diseases, probably as a consequence of more severe immunological
responses [42].

The strength of our research is the large cohort of patients with CD enrolled and the prevalence
of SI was found to be 12%, which is in line with previous studies [40,42,43,50,51,54]. Interestingly,
we found a higher percentage of SI among patients with an “active” disease than among those with an
“inactive” disease; this result is in contrast with the data of Leclerc-Jacob et al. and Bandinelli et al.,
although their study populations were lower (n = 183 and n = 81, respectively), including both CD and
UC cases [37,38].

The high rate of SI detected by MRE and CTE, subsequently confirmed by a dedicated MRI
protocol, demonstrates the possibility of using both these imaging modalities as screening tools for
an earlier diagnosis of SI in patients with CD, improving the management of this rheumatological
condition. Even if the MRE protocol was not finalized to image the SIJ, neither in scan planes nor in
the sequences or scanning parameters, the majority of the exams were judged sufficient to identify
SIJ abnormalities.

It should be noted, however, that there was a high percentage of SI underreported by the
radiologists that resulted in a significant diagnostic delay. The underreporting phenomenon is
widespread in diagnostic imaging, in particular in cross-sectional imaging modalities, because of the
high numbers of images, which thus contribute to perceptual error [59–67]. This type of error is related
to multiple psychophysiological factors, including level of observation alertness, observer fatigue and
the absence of a specific clinical suspicion of SI [59,63,64]. In this field the error could also be attributed
to mainly cognitive error or mistaken exam interpretation: the radiologists might not have paid enough
attention to the SIJ since they were unaware of its frequent inflammatory involvement in IBD patients,
or they underestimated or failed to correctly interpret a perceived radiological abnormality because of
insufficient experience or knowledge. Thus, expertise in musculoskeletal radiology, and in particular
in rheumatologic imaging, is fundamental for a correct interpretation of the exam, especially when
abnormalities are not so clear.

Our study had several limitations. Firstly, all data were retrospectively analyzed and we lack any
information concerning the biological data (HLA-B27 status) required in order to correctly classify
patients with axial SpA according to the ASAS criteria. Secondly, SI was confirmed by a dedicated
MRI protocol in a limited percentage of patients so we cannot completely exclude false positive SI
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on MRE due to degenerative changes. Finally, we cannot exclude false negative cases of early SI on
CTE since bone marrow edema cannot be detected through this imaging modality. With regard to the
latter observation, a mention should be made of the potential use of the dual energy (DE) technique for
CT-enterography, considering its benefits in terms of better visualization of affected hypervascular
bowel walls in CD using virtual monoenergetic images at low keV and of bone marrow edema using
material decomposition algorithms [68–71].

In conclusion, this study confirms the feasibility of CTE and MRE for the screening of SI in CD
patients, emphasizing at the same time the remarkable issue concerning the underreporting of these
finds in radiological practice. However, SI diagnosis should be confirmed by a dedicated MRI protocol
and correlated with an appropriate clinical and laboratory evaluation.

Supplementary Materials: The following are available online at http://www.mdpi.com/2036-7422/11/2/8/s1,
Table S1. CT and MRI scanners and MRI sequences employed for CTE and MRE in each different centre.
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