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SUMMARY
Objective. To review the role of sacro-iliac magnetic resonance imaging (MRI) in the diagnosis of axial spondy-
loarthritis (AxSpA), with a focus on gender differences.
Methods. The experience of the authors and the results of an informal literature review are reported.
Results. Inflammatory changes of the sacro-iliac joint are the hallmark of AxSpA. Early, non-radiographic sac-
roiliitis may be diagnosed with MRI through the assessment of bone marrow edema (BMO) as well as con-
comitant structural damage. The MRI protocol should include three necessary sequences, i.e., fat-saturated T2-
weighted sequences on two orthogonal planes, T1-weighted semi-coronal sequence, and fat-suppressed T1-
weighted semi-coronal sequence. Inflammatory changes comprise required signs (BMO and/or osteitis) and
additional signs, including synovitis (better defined as joint space enhancement), enthesitis, and capsulitis.
Structural changes consist of erosions, sclerosis, fat metaplasia, and ankylosis. Due to mechanical axial strain,
inflammatory changes in the sacro-iliac joint can be found in healthy individuals, runners, and patients with
nonspecific low back pain. The prevalence of BMO is higher in women during pregnancy and postpartum, even
12 months after childbirth, but the extent and distribution of MRI findings may help in the differential diagnosis.
Other challenges in the MRI diagnosis of sacroiliitis are subchondral T2 hyperintensity during developmental
age, periarticular sclerosis in healthy subjects, or osteitis condensans ilii, and several pathological conditions that
may mimic AxSpA, some of which are more frequently found in women.
Conclusions. The described diagnostic challenges impose a multidisciplinary approach combining imaging find-
ings with clinical and laboratory data.
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available, not expensive, and highly diag-
nostic in cases of definite structural dam-
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xial spondyloarthritis (AxSpA) is a

chronic inflammatory disease that pre-
dominantly involves the axial skeleton, in-
cluding the sacro-iliac joint (SI1J) and the
spine. In particular, inflammatory changes
of the SIJ are the hallmark of AxSpA (1).
In 2009, the Assessment in SpondyloAr-
thritis International Society (ASAS) fo-
cused on the differentiation between radio-
graphic and non-radiographic AxSpA (2).
In fact, X-rays are the first imaging modal-
ity used in clinical practice, being easily

age. However, in non-radiographic AxSpa,
structural damage has not occurred yet. In
this early disease, X-rays do not provide
any diagnostic information. For this reason,
magnetic resonance imaging (MRI) has
been included in the diagnostic criteria of
AxSpA, being able to identify inflammato-
ry lesions that can be present when struc-
tural damage is not detectable (2). In 2016,
the definition of a “positive MRI” was fur-
ther specified by the ASAS MRI Working
Group (3). In particular, evidence of bone
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marrow inflammation is always required for
the definition of active sacroiliitis, but also
MRI features of concomitant SIJ structural
damage, especially erosions, or other signs
of inflammation may contribute to the defi-
nite diagnosis.

The use of MRI in clinical practice has dra-
matically increased the number of non-radi-
ographic AxSpA diagnoses. However, other
inflammatory and non-inflammatory condi-
tions may mimic the typical findings of sac-
roiliitis, with some of these conditions be-
ing particularly relevant in women of differ-
ent ages. Thus, it is imperative to use a
standardized MRI acquisition protocol, to
correctly interpret imaging findings, and to
decline such imaging findings in the correct
clinical context, including demographic,
clinical, and laboratory information (1, 4).

The recommended standard MRI protocol
to be used to evaluate the presence of sacro-
iliitis in the suspect of AXSpA comprises
three sequences, including sequences nec-
essary to evaluate bone marrow edema
(BMO) and sequences useful to evaluate
structural damage (5, 6).

The presence of BMO should be assessed
on fat-saturated T2-weighted sequences,
usually short tau inversion recovery (STIR).
Such sequences should be acquired on two
orthogonal planes (semi-coronal and semi-
axial planes) and are also useful for the as-
sessment of inflammatory changes other
than BMO.

Structural damage should be evaluated both
on TIl-weighted semi-coronal sequence,
useful for assessment of sclerosis, fat depo-
sition, and ankylosis, and on fat-suppressed
T1-weighted semi-coronal sequence, which
is cartilage-sensitive and better depicts the
changes of articular surfaces, specifically
erosions.

The three aforementioned sequences repre-
sent the recommended protocol. Other ad-
junctive sequences have been proposed, but
there is no definite evidence that they pro-
vide added value for the diagnosis of active
sacroiliitis (7, 8).
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Particularly, the post-gadolinium fat-sup-
pressed T1-weighted sequence is useful to
identify increased vascularization in in-
flammatory lesions and to better assess the
presence of capsulitis, synovitis, and en-
thesitis (4). Moreover, it has recently been
suggested that the evaluation of post-gado-
linium pathological enhancement (osteitis
and synovitis) may be more sensitive than
the evaluation of BMO alone in the assess-
ment of response to tumor necrosis factor
antagonist therapy (9).

The use of other sequences, such as diffu-
sion-weighted imaging (DWI), its evolution
intravoxel incoherent motion-DWI, as well
as T1 or T2 mapping, is controversial and
still limited to the research setting (4).

Among inflammatory changes, BMO (hyper-
intense in STIR and hypointense in TI-
weighted images) and/or osteitis (increased
enhancement in post-gadolinium fat-sup-
pressed T1-weighted images) are the required
signs to meet the diagnosis of active sacroili-
itis (Figure 1) (3, 5). For this reason, these
signs should be clearly present, typically lo-
cated in the subchondral bone, and have a
highly suggestive appearance (3). Moreover,
the degree of STIR hyperintensity reflects the
extent of the inflammatory activity.

Other inflammatory changes are neither re-
quired nor sufficient for the diagnosis of ac-
tive sacroiliitis. They involve periarticular
and intraarticular soft tissues, including
synovitis affecting the synovial part of the
S1J, enthesitis involving the bone insertion
of periarticular ligaments and tendons, and
capsulitis of the joint capsule at the anterior
and poster articular borders in axial slices
(3, 5). Similarly to what is described for
bone marrow, at these sites, MRI signs of
inflammation include hyperintensity in
STIR and post-gadolinium enhancement.
Contrast administration is particularly use-
ful for the assessment of synovitis because
physiological joint fluid appears hyperin-
tense in STIR images and can be mislead-
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Figure 1 - Patients with axial spondyloarthritis. Active sacroiliitis with bone marrow edema visible as hypointense areas in semi-cor-
onal T1-weighted images (A) and hyperintense areas in semi-coronal short tau inversion recovery images (B), with typical distribution

and extensive depth in the periarticular bone. Long-term axial spondyloarthritis with definite structural damage visible as ankylosis
with continuous bone marrow signal intensity of iliac and sacral bone, and absent joint cavity (C).

ing. Thus, in recent updates, the term syno-  an objective way in order to assess if the
vitis has been replaced with “joint space =~ MRI appearance is highly suggestive of ac-
enhancement” (10). tive sacroiliitis, particularly for small soli-
Among structural changes that can contrib-  tary lesions (10). In fact, some degree of
ute to the diagnosis of active sacroiliitis, inflammation can be found in mechanical
erosions are the most important (3, 5). Ero-  and degenerative conditions, as well as in
sions are bony defects at the bone-cartilage  post-traumatic, infectious, or neoplastic
interface, which can be hyperintense in  diseases.
STIR images if associated with active in-
flammation but are generally better assessed ~ Mechanical strain
on fat-suppressed T1-weighted images. SIJ  In recent reports, low-grade BMO has been
pseudo-widening may be the result of acon-  found in up to 25% of healthy individuals,
fluence of many erosions. Sclerosis typi- runners, and patients with nonspecific low
cally occurs in the subchondral bone, pre-  back pain, probably as a consequence of
senting as at least 5 mm-wide bands, hy-  axial skeleton repetitive strain injuries (12-
pointense in all sequences. Fat depositionor ~ 14).
metaplasia, presenting as areas of T1 hyper-  Due to the slight differences in pelvic incli-
intensity and hypointensity in STIR, is typi-  nation and SIJ anatomy, women are more
cally detected in periarticular bone marrow  prone than men to develop MRI changes as-
areas or inside erosions and is sharply de-  sociated with mechanical axial strain. This
fined from the normal bone marrow. It is  is particularly true during pregnancy and in
also called “backfill” and probably repre- the peripartum and postpartum, when ana-
sents an intermediate stage between ero-  tomical changes occur in the woman’s pel-
sion/inflammation and bone bridge forma-  vic walls. In fact, BMO has been described
tion towards ankylosis (11). Ankylosis oc-  in more than 50% of women presenting
curs when the joint cavity cannot be out-  with postpartum back pain (14, 15). In lon-
lined, the cortex on both articular sides gitudinal studies, BMO was frequently
tends to disappear, and the bone marrow found during and after pregnancy, also in
signal intensity of the iliac bone and sacrum  asymptomatic women, peaking at three
becomes a continuum (Figure 1) (10). months postpartum but sometimes persist-
ing also at 12 months postpartum (16, 17).
Hence, the interpretation of SIJ MRI in this
period of a woman’s life could be particu-
larly challenging. In sacroiliitis, BMO is
The finding of BMO/osteitis should always  usually more extensive, and the distribution
be considered in the clinical context and in  of inflammatory lesions is diffuse, involv-
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ing both the cartilaginous and the ligamen-
tous portions of the joint. On the other hand,
strain-related BMO in pregnancy and post-
partum is predominantly located in the an-
terior and middle cartilaginous joint por-
tions. Associated structural changes, in-
cluding erosion, sclerosis, and fat lesions,
are rare during pregnancy, but they tend to
increase postpartum, suggesting the evolu-
tion of some inflammatory lesions to struc-
tural damage and making the differential
diagnosis with AxSpA even more challeng-
ing (16, 17).

Developmental age

During childhood and adolescence, an in-
crease in T2 and STIR signal intensity in the
sacral bone marrow adjacent to SIJ should
be expected and not be misdiagnosed as
BMO (18). Since the conversion of cartilage
into bone occurs in the subchondral regions
of the SIJ, these regions present with in-
creased vascularization in adolescence with
respect to skeletal maturity (i.e., 15 years in
girls and 17 years in boys), resulting in the
aforementioned T2 hyperintensity.

Physiological sclerosis and osteitis
condensans ilii

Small areas of periarticular sclerosis can be
found in healthy subjects and are more
common above the age of 40, especially in
obese subjects and multiparous women.
Osteitis condensans ilii is a benign and usu-
ally incidentally found condition with a fe-
male predominance that has been associat-
ed with previous pregnancies (19). Al-

though subchondral sclerosis, sometimes
with subtle BMO at the periphery of the
sclerotic region, may mimic AXSpA, the tri-
angular shape, the distribution limited to
the anterior portion of the S1J, and the regu-
lar articular margins, without erosion, are
usually helpful in the differential diagnosis.

Pathological conditions other than axial
spondyloarthritis

Sacral stress fractures may occur after minor
trauma or overuse in athletes, while sacral
insufficiency fractures are common in elder-
ly osteoporotic patients, more frequently
women, or following pelvic radiotherapy,
particularly for gynecological malignancies,
mostly cervical cancer (20). Occasionally,
stress fractures may occur in the postpartum
(21). The MRI appearance of sacral insuffi-
ciency fracture includes frequently bilateral
extensive BMO (hyperintensity in STIR and
hypointensity in T1-weighted sequences),
and T1-hypointense fracture lines common-
ly aligned vertically through the sacral ala
(Figure 2). A horizontal line may co-exist
through the sacral body, forming a typical H-
shaped fracture. In osteoporotic elderly pa-
tients, concomitant insufficiency fractures
can be found in the pubic bones near the
symphysis. BMO distribution and concomi-
tant fracture lines are the main clues for dif-
ferential diagnosis with sacroiliitis.

In the case of septic sacroiliitis, inflammato-
ry changes usually spread to soft tissue (in-
cluding iliacus and gluteal muscles), some-
times developing fluid collection, while in
AXSpA sacroiliitis, they remain limited to

Figure 2 - A) Axial fat-saturated T1-weighted post-gadolinium sequence showing hyperenhancement with hypointense vertical line in
a 56-year-old patient with insufficiency fracture of the left sacral ala 9 months after external beam radiotherapy for cervical cancer; B)
semi-coronal short tau inversion recovery (STIR) sequence showing bone marrow edema and vertical fracture at the right sacral ala
in a 32-weeks pregnant 31-year-old woman; C) semi-coronal STIR sequence in a 28-year-old female patient with right septic sacro-

iliitis: bone marrow edema is unilateral and concurrent soft tissue edema is visible behind the iliac muscle.
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the bone and articular structures (Figure 2).
Rarely, secondary inflammation can also be
found in neoplastic diseases, but MRI ap-
pearance is usually very different from sac-
roiliitis. Osteoarthritis of SI1J, occurring usu-
ally in the elderly, may present with small
subchondral BMO areas along the S1J, pre-
dominantly on the iliac side, and slight sub-
chondral sclerosis, but other signs co-exist,
including marginal osteophytosis, joint
space narrowing, and subchondral cysts.

MRI is highly sensitive for the diagnosis of
sacroiliitis in early phases, but not highly
specific. To avoid the risk of overdiagnosis
and overtreatment, it is necessary to be aware
that some AxSpA MRI findings may be
found in other physiological and pathologi-
cal conditions. In women, pregnancy and
postpartum, as well as pathological condi-
tions with female predominance, may intro-
duce peculiar diagnostic challenges. A mul-
tidisciplinary assessment, considering imag-
ing findings in the context of signs, symp-
toms, and laboratory data, is mandatory.
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