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Recent technological advances in diagnostic imaging have deeply increased the diagnostic
accuracy in rheumatic spine diseases. Magnetic resonance imaging (MRI) is the gold standard
in the diagnosis of “early arthritis” as much as in follow-up assessing the response to modern
therapeutic approaches. Despite this, there is still a need of narrowing the gap between the
increasing complexity of questions raised by the clinicians and the deepening of radiological
investigation.

This case-based atlas strengthens this common pathway through an up-to-date classification
of rheumatic diseases and an accurate description of pathogenetic aspects and treatment
options from both a clinical and radiological point of view. Each case is presented with exhaus-
tive clinical history, very well chosen and reproduced images, and final diagnosis and com-
ments on the presented images with summarizing pertinent data.

All information found in this book reflects the general and in-depth knowledge of
Dr. D’Aprile through her long-year experience and provides a valuable reference tool for
radiologists, rheumatologists, and all those dedicated to caring and managing of patients
affected by inflammatory spinal diseases.

This Atlas will surely become a useful companion to clinicians helping them in resolving
complex issues and difficult diagnostic problems.

Giuseppe Guglielmi

Department of Radiology, Scientific Institute Hospital,
“Casa Sollievo della Sofferenza”

San Giovanni Rotondo (FG), Italy






If it is true, as Henry Bergson wrote, that “the eye sees only what the mind is prepared to com-
prehend”, then in the context of the pursuit of diagnosis you will have to have time to prepare
the mind, to avoid a disorientation that results in partial cognitive blindness.

With this atlas, we wanted to share our knowledge and case studies, on the aspects of mag-
netic resonance imaging (MRI) of rheumatic inflammatory lesions, the osteoarticular and liga-
ments structure that make up the spine.

The rheumatic condition of the spine comprises a group of non-infectious inflammatory
lesions that affect both the osteoarticular structure and the ligaments of the spine.

The term used for these injuries is axial spondyloarthritis.

Because the main clinical manifestation of a rheumatic condition manifests itself as spinal
or back pain, we felt it was necessary to provide to the rheumatologist as well as to the radiolo-
gist and the neuroradiologist, some “cultural tools” that could be beneficial in clinical and
radiological management of patients with inflammatory rheumatic back pain.

Today, the appropriate use of MRI sequences and specific procedures is fundamental to the
diagnosis of patients with suspected or known rheumatic condition.

To recognise the typical lesions involving both vertebrae, joints as well as soft tissue, in this
case the vertebral ligaments, allows an accurate diagnosis, of the rheumatic condition of the
spine.

In recent years, the use of biological therapy (anti-TNF) still requires a more accurate radio-
logical diagnosis, using MRI as a method of choice (gold standard) during both the diagnostic
and the therapeutic follow-up. Therefore, this text is a useful aid for all specialists who deal
with the axial spondyloarthritis.

With the hope that we can reach a diagnosis, at an increasingly early stage, to prevent struc-
tural damage to the patient that may become irreversible and lead to serious impaired
mobility.

Our commitment, together with all the other professionals dedicated to the management of
these very widespread pathologies with a great socio-economic impact, is to reach an increas-
ingly “early diagnosis”.

I would like to thank my colleague rheumatologists, in particular Dr. Carlo Bonali, who
have contributed towards a close collaboration that has led not only to the realization of this
atlas, but above all, it has allowed many patients to have an accurate and often early diagnosis
and therefore a specific therapeutic treatment with improvement not only for the radiological
aspect but mostly for the clinical one, particularly less pain and increased mobility.

Bari, Italy Paola D’ Aprile
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Partl

Clinical and Technical Aspects



1.1 Introduction

The spondyloarthritis (SpA) or spondylo-enthesoarthritis
represent a group of seronegative inflammatory joint diseases
that share many epidemiological, pathogenetic, clinical, and
radiological aspects [1]. The term spondylo-enthesoarthritis
emphasizes the three main aspects of these diseases, such as
the involvement of the spine, the entheses, and peripheral
joints.

This group encompasses the following diseases:

* Ankylosing spondylitis (AS) primitive

e Psoriatic arthritis (PsA)

* Reactive arthritis (ReA)

* SpA associated with inflammatory bowel disease (entero-
pathic arthritis, EA)

» Undifferentiated SpA (U-SpA)

The prevalence of SpA varies, depending on the popula-
tions studied, from 0.2 to 1.9 %. In Italy has been reported
the prevalence of approximately 1 % for Spa, among which
the PsA is the most frequent (0, 42%) [2].

The disease starts between 20 and 40 years; earlier or later
beginnings are not uncommon. Early diagnosis and therapy
are essential to achieve adequate control in the inflammatory
process, preventing structural damage and disability.

1.1.1 Etiopathogenesis

The histocompatibility antigen of class I HLA-B27 is closely
related to the susceptibility to SpA and, in particular, to its
axial location; however, the prevalence of this marker varies
in relation to the type of disease (90-95 % in AS patients, up
to 40 % in patients with PsA) and to the ethnicity of the
patient.

Bacterial infections have long been recognized as a pos-
sible etiological factor of many SpA as some bacteria
(Chlamydiae and some other bacteria) have the ability of
triggering ReA.

P. D’ Aprile, MRI of Rheumatic Spine,

1.1.2 Clinical Aspects

The primary site of the inflammatory process of SpA is the
entheses, the point of bony insertion of ligaments, tendons,
and other fibrocartilagineous components of the musculo-
skeletal system [3]. Such involvement is responsible for most
of the clinical manifestations of SpA, both axial and periph-
eral devices, such as sacroiliitis, spondylitis, enthesitis, and
arthritis [4].

Extra-articular manifestations also characterize this group
of diseases such as involvement of eye (anterior uveitis, con-
junctivitis), of the skin (psoriasis, keratoderma pseudoblen-
orragicum, balanitis circinata), of cardiovascular system
(aortic insufficiency, disorders of atrioventricular), and of
intestine (chronic colitis).

There are no “diagnostic” laboratory tests for SpA. They
are usually called “seronegative” as the tests for rheumatoid
factor are negative. The acute phase reactants (APR) increase
in approximately 60 % of cases. The presence or absence of
the HLA-B27, singly taken, is not sufficient to confirm or
rule out a diagnosis.

1.1.3 Imaging

Although the diagnosis of SpA is primarily based on clinical
manifestations, imaging modalities are essential to confirm
the suspected diagnosis, to define the extension of the dis-
ease, and to monitor its evolution.

Conventional radiology is usually late in detecting abnor-
malities. Early signs of entheseal involvement can be
revealed by ultrasonography combined with power Doppler
or, better, by magnetic resonance imaging (MRI).

MRI studies of the sacroiliac joints and the spine in
patients with SpA have made a major contribution in the last
decade to a better understanding of the course of the disease,
to an early diagnosis, and have been used as an objective
outcome measure for clinal trails.

DOI 10.1007/978-3-319-05627-2_1, © Springer International Publishing Switzerland 2014
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1.1.4 Classification

In 1991, the European Spondyloarthropathy Study Group
(ESSG) proposed the classification criteria [5]. These criteria
with high specificity and sensitivity proved unable to classify
oligosymptomatic patients (peripheral arthritis, dactylitis,
enthesitis, isolated inflammatory back pain, or acute anterior
uveitis).

The coeval Amor criteria behave better than ESSG, as they
are able to classify as undifferentiated SpA even diseases with-
out one of the two major ESSG criteria [6]. Nevertheless, even
Amor criteria are unable to classify patients as monosymp-
tomatic (no single criterion reaches the minimum score of 6).

The SpA may be clinically divided in forms with predom-
inant involvement of peripheral or axial joints, with varying
degrees of overlap between the two sub-types (ASAS
criteria) [3, 4]. The advantage of this classification is in a
better representation of the disease at an early stage and in
improving the therapeutic strategies according to the preva-
lent form, axial or peripheral.

The introduction of new imaging techniques, particularly
MRI, and the possibility of new and more effective treatments
has renewed interest in the classification of SpA group ASAS
(Assessment of Spondyloarthritis International Society) that
has recently developed and validated new criteria for the axial
forms (spondylitis, sacroiliitis) (Fig. 1.1) and for the periph-
eral forms (arthritis, enthesitis, dactylitis) [7, 8].

The ASAS criteria work better than the previous criteria
in classifying the different forms of SpA although specificity
and sensitivity of peripheral SpA criteria appear not com-
pletely satisfying.

1.1.5 Therapy

The treatment of SpA is based, in general, on the associa-
tion of non-steroidal anti-inflammatory drugs (NSAID)
with drugs called disease modifying anti-rheumatic drugs
(DMARD:s), such as sulfasalazine and methotrexate. In the
last decade, the treatment of SpA has improved dramati-
cally with the introduction of biologics directed against
TNF-a. Tumor necrosis factor a blockers (A-TNF ), inf-
liximab, adalimumab, etanercept, and golimumab, very
effective on the symptoms and signs of SpA, have been
shown to halt or delay the progression of radiological
damage [9-11].

1.2  Ankylosing Spondylitis

Ankylosing spondylitis (SA), the most typical form of SpA,
is a chronic inflammatory disease of unknown etiology that
predominantly affects the axial skeleton (sacroiliac joints
and spine) but may also involve peripheral joints and enthe-
ses [12].

The primitive (or idiopathic) spondylitis occurs indepen-
dently of any other condition, and should be distinguished
from secondary spondylitides that may appear during cuta-
neous psoriasis, reactive arthritis, or inflammatory bowel
disease.

The prevalence of SA varies, depending on ethnicity and
classification criteria used, between 0.2 and 1.8 %. In Italy, a
recent study in the Marche region showed a prevalence of
0.37 % [2].

In patients with back pain > 3 months and age of onset < 45 years

SpA feature

Inflammatory back pain

Arthritis

Enthesitis (heel)

Uveitis
Dactylitis
Psoriasis

Sacroilitis on imaging

» Active (acute) inflammation on
MRI highly suggesitve of
sacroilitis associated with SpA

or

Definite radiographic sacroiliitis
according to mod. New York
criteria

Crohn’s disase/ulcerative colitis
Good response to NSAIDs

Family history for SpA
HLA-B27
Elevated CRP

Fig. 1.1 ASAS classification criteria for the axial
and peripheral forms




1.3 Psoriatic Arthritis

The disease usually begins in people between the ages of
20 and 40 years; less than 5 % of cases has an onset after the
age of 45. The F:M ratio is 1:3. Usually the clinical expres-
sion of SA is more severe in males.

1.2.1 Clinical Aspects

The typical presenting symptom is inflammatory back and/or
buttock pain (IBP), sometimes involving the back of thighs
(so-called atypical sciatica) [13].

The involvement of the costovertebral joints, manubri-
osternal, condrosternal joints and the entheses at respiratory
muscle insertions can cause chest pain that is accentuated by
coughing or sneezing.

The involvement of the entire spine with its progressive
stiffening is responsible for a significant functional limitation
and typical postural abnormalities (hyperlordosis of the cervi-
cal spine, dorsal kyphosis, flattening of the lumbar lordosis).
The involvement of the thorax skeleton results in a reduced
ventilatory capacity compensated by the increase in diaphrag-
matic breathing.

Enthesopathy or inflammation of some entheseal-like
fibrocartilagineous structures are responsible for tenderness
in some extra-articular sites such as costosternal joints, the
spinous processes, the iliac crests, the large femoral trochan-
ter, the ischial tuberosity, the tibial tuberosity, and the heel
(plantar fasciitis and Achilles enthesitis).

Hips are extra-axial joints most frequently involved. Their
involvement causes pain at the joint level, radiating to the
anterior side of the thigh, up to the knee. Abduction, intraro-
tation, and extrarotation are limited.

1.2.2 Extra-articular Manifestations

Acute anterior uveitis (or iridocyclitis) is the most common
extra-articular manifestation of SA (25 % of cases). It is not
related to the activity of the joint disease and is more frequent in
HLA-B27 positive patients. The iridocyclitis is typically acute,
unilateral, and recurrent; clinical symptoms are redness and
pain, visual disturbances, photophobia, and hyperlacrimation.

Cardiovascular events may also occur (ascending aortitis,
aortic insufficiency, disorders of cardiac conduction), more
frequent in later stages of disease.

ESR is often elevated (up to 75 % of patients) but seems
not to correlate with disease activity. The detection of the
presence of HLA-B27 cannot be used as a single diagnostic
test; such antigen, in fact, present in 70-90 % of patients, is
not the expression of a “disease gene”, as it is present also in
healthy subjects with a variable prevalence (4-5 % in Italy).

Although the diagnosis of SA is primarily based on clini-
cal manifestations, imaging modalities are essential to con-
firm the suspected diagnosis.

As abnormalities detectable by conventional radiology
are usually late, the early signs of axial involvement can be
catched by using methods with higher sensitivity such as
MRI with the proper technique (gadolinium administration,
if necessary, T1 and/or T2 sequences with fat suppression).

Sometimes, a CT scan shows a clear superiority for high-
lighting bony erosion and/or the initial sclerosis of the sacro-
iliac joints.

1.3 Psoriatic Arthritis

Psoriatic arthritis (PA) is characterized by a chronic arthro-

entheseal inflammation that occurs in individuals with pso-

riasis or with a family history of psoriasis, and that can affect
enthuses and joints both peripheral and axial [4]. Psoriasis
affects about 2 % of Caucasians. A variable percentage (from

7 to 42 %) of patients suffering from psoriasis presents the

PsA, with an F:M ratio of 1:1.

The clinical picture is as widely variable as the outcome
variable is [14, 15]. Over the years, a number of classifica-
tion criteria for PsA have been proposed. The group CASPAR
(Classification of Psoriatic Arthritis) has proposed a new set
of criteria [16].

Fig. 1.2Cutaneous manifestations precede the arthritis in
about 60 % of cases; in 25 % of cases, the arthritis appears
with any cutaneous involvement, in 15 % is concurrent.
Onicopathy is related to a high predisposition to psoriatic
arthritis. Severity and extension of cutaneous lesions are not
predictors of incidence or severity of joint involvement. In
patients in whom the arthritis precedes the skin lesions (PsA
“sine psoriasis”), a definitive diagnosis is sometimes impos-
sible before the appearance of the first psoriatic skin lesion.

In these brief notes, I prefer to underline a few aspects I
consider more relevant.

* The axial involvement, albeit minimal, can be present
in any variant of the PA. It is found in 20-40 % of
patients.

* Dactylitis (present in about 30 % of patients, regardless of
the subset) is characterized by diffuse swelling of an
entire finger that assumes an aspect of ‘“sausage”.
Although it is usually considered more frequent in the PA
than in other SpA, dactylitis can be observed in all forms
including undifferentiated spondyloarthritis. Sometimes
dactylitis and/or enthesitis can be for a long time the only
clinical manifestation of an HLA-B27 associated SpA
and of psoriatic disease.

Dactylitis appears to be associated to flexor tenosynovitis,
with or without associated arthritis.

* The enthesitis is the hallmark of spondyloarthritis and
may be variously distributed. Main symptoms are pain
and swelling at the site of insertion, the most frequent
being the posterior and inferior enthesitis of heel (plantar
fasciitis and Achilles enthesitis).



ESR is elevated in half of the cases, especially in polyar-
ticular forms. Rheumatoid factor, usually absent, can be
present in 5-15 % of patients.

In 10-20 % of patients, hyperuricemia is found. It is tra-
ditionally attributed to the rapid cell turnover in psoriatic
skin.

1.4 Reactive Arthritis (ReA)

ReA are aseptic arthritides which develop following a local-
ized infection at a distant site such as the genitourinary tract
or the intestine [17].

The ReA’s incidence varies from 4 to more than 25 cases
per 100,000 inhabitants. It affects mostly males in post-
veneral forms (the M:F ratio is 9:1); in post-dysenteric
forms, the two sexes are equally involved. The histocompat-
ibility antigen HLA-B27 is present in more than 80 % of
the cases. Arthritogenic germs are Salmonella, Shigella,
Campylobacter, Yersinia, or Chlamydia trachomatis.

A mono-oligoarthritis (especially if localized at the lower
limbs) or, more rarely, a polyarthritis, which develops after
an infectious episode of the genitourinary tract (urethritis,
cervicitis) or after a dysenteriform syndrome, is, probably, a
ReA. The triggering infection can often remain inapparent.
Enthesitis, bursitis, tenosynovitis (including dactylitis), and
axial involvement (spine and sacroiliac joints) can be pres-
ent. The clinical onset is usually acute, often with marked
local signs of inflammation; sometimes there are constitu-
tional symptoms such as fever. In most cases, the patient
recovers within 6 months. Approximately in 30 % of the
cases the disease becomes chronic and may progress to a
clinical picture indistinguishable from that of the primitive
AS. Acute relapses, often related to reinfection episodes, is
the most common course. Pathognomonic extrarticular man-
ifestations encompass the “pseudoblenorragic” keratoderma
(palmar and/or plantar), a psoriasis-like onychopathy, the
balanitis circinata.

Other common extrarticular manifestations, besides
the signs and symptoms of the triggering infection, are
ocular involvement (conjunctivitis and anterior uveitis)
and oral aphthosis. The cardiac involvement is similar to
that found in AS and consist in aortic insufficiency (some-
times associated with mitral regurgitation) and conduc-
tion disturbances (AV and intraventricular block, sinus
node syndrome).

Acute phase reactants (APR) can be increased since the
onset of the disease.

In the “post-venereal” forms, searching chlamydia anti-
gens by PCR methods in the urine, genital swab, or in the
cervical brushing samples can be useful. Serological tests are
of limited utility.

In “post-dysenteric” forms, coprocultures can be tempted
within few weeks from onset. Yersinia and Salmonella

1 Clinical Assessment of Spondyloarthritis

infections can be demonstrated with serological tests. The
Shigella germ is more difficult to detect. Previous campylo-
bacteriosis are difficult to demonstrate in serum samples.

1.5  Spondyloarthritis Associated
with Inflammatory Bowel Diseases

- Enteroarthritis (EA)

The most common EA are those that are associated with
chronic inflammatory bowel disease (IBD): ulcerative colitis
(UC) and Crohn’s disease (CD).

The musculoskeletal involvement, often preceding the
onset of intestinal symptoms, is reported in 50 % of the cases.

Two types of peripheral arthritis are described: oligo-
articular, generally lasting few weeks and closely related
intestinal inflammation (as well as the extra-articular mani-
festations of the latter, e.g., erythema nodosum), and polyar-
ticular, of longer duration (years), unrelated with the course
of the IBD. This last form is associated with uveitis. The
joint involvement is rarely erosive. Both subsets of dis-
ease appear to have similar characters in the UC and in CD
and do not appear associated to an increased prevalence of
HLA-B27.

The axial engagement is described in both types of EA.
A sacroiliitis can be seen in 15 % of the cases.

Axial ankylosing forms can become clinically indistin-
guishable from the primitive AS with a course totally inde-
pendent from the extension and severity of the intestine
involvement.

There are no diagnostic tests. Common findings are an
increase of APRs and a hypochromic anemia caused both by
intestinal bleeding and chronic inflammation.

1.6  Undifferentiated Spondyloarthritis

(U-SpA)

The term undifferentiated SpA identifies a condition that
presents typical clinical manifestations of the group of SpA
but not sufficient for making a diagnosis of definite SpA
(AS, PA, ReA, or EA).

Their prevalence is variable and is estimated to be 0.5 %,
in average. The undifferentiated SpA can begin at any age.

The undifferentiated SpA have a wide clinical spectrum
resulting from various combinations of the typical manifes-
tations of SpA.

The clinical suspicion of an undifferentiated SpA can be
placed on the basis of the presence of the typical manifesta-
tions of SpA, HLA-B27 positivity, and family history of
associated diseases (psoriasis, inflammatory bowel disease).

In many cases, the diagnosis of undifferentiated SpA is
only a temporary diagnosis that is changed when incomplete
forms of SpA become defined.
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An U-SpA can have two outcomes:
1. Moving towards a definite spondyloarthritis (AS PsA)
2. Remain in an undifferentiated state for a long time

Generally, blood tests are not very useful. The ESR and CRP

are not always high. The HLA-B27 is not a diagnostic test.
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MRI is considered a fundamental technique in the diagnosis
of spondyloarthritis (SpA) and in particular constitutes the
gold standard technique to visualize early changes of the dis-
ease [1-10]. However, MRI findings of spondyloarthritis are
typical but not specific, and similar changes may be seen in
degenerative or other spinal disorders as well [1-3]. It is
therefore of particular importance for radiologists and neuro-
radiologists to know MRI findings of these inflammatory
lesions. Moreover, an efficient spinal imaging protocol is
needed to correctly interpret MRI findings.
Typical lesions in spondyloarthritis comprise:
* Spondylitis (Romanus lesion)
* Discitis
* Spondylodiscitis (Andersson lesion)
» Osteoarthritis of the facet joints, costovertebral, and cos-
totransverse joints
» Osteoarthritis of the sacroiliac joints (sacroiliitis)
» Enthesitis
It is helpful to know that inflammatory spinal lesions
rarely occur in isolation but are frequently associated among
them and in particular with sacroiliitis.

2.1 Vertebral Bodies

The earliest changes of spondylitis were described by
Romanus and Yden on conventional radiographs [11]. These
changes consist of blurring and erosions involving the ante-
rior and posterior edges of the vertebral endplates and are
also known as Romanus lesions. Later, sclerosis occurs in
these areas, which is referred to as shiny corners.

MRI allows for the detection of these lesions at the begin-
ning of their course. The early changes of the vertebral bod-
ies are constituted by edema — osteitis in correspondence of
the subchondral bone marrow. These changes are depicted
on MRI as reduced signal on T1-weighted images and
increased signal on T2-weighted/STIR images.

When these changes are localized to the anterior vertebral
edges, the condition is called anterior spondylitis; when the
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changes involve only the posterior vertebral edges, we speak
about posterior spondylitis; the combined form is named as
marginal spondylitis.

In the further course of the disease, the epiphyseal rings
may become hyperintense on TI1-weighted images. Such
hyperintensity indicates a circumscribed area of postinflam-
matory fatty degeneration of the bone marrow. This is the
stage at which the changes first appear on conventional
radiographs as shiny corners [4, 5].

Similar to conventional radiography, MRI depicts
syndesmophytes as bone bridges of the anterior vertebral
edges, which may be of lower or higher signal intensity on
T2-weighted images depending on the floridity of the dis-
ease [4].

2.2  Intervertebral Discs

Inflammatory lesions of the intervertebral disc or discover-
tebral complex are known as discitis or spondylodiscitis,
i.e., Andersson lesion, from the author who first described
them [12].

Active spondylodiscitic lesions are characterized by
hyperintense discovertebral changes on T2-weighted images
and hypointense changes on T1-weighted images, indicating
an edematous pattern of disc and/or subchondral bone mar-
row of adjacent vertebral bodies. Contrast enhancement of
the same lesions is the indicator of inflammatory activity
(i.e., osteitis and discitis).

In the further course of the disease, typical findings are
constituted by erosions, fatty degeneration of the subchon-
dral bone marrow, sclerosis, and transdiscal ankylosis.

As in anterior spondylitis (Romanus lesion), MRI is superior
to conventional radiography in detecting Andersson lesions,
since the edematous changes in early disease are not radio-
graphically visualized [4, 5]. Radiography may show erosions
of the vertebral endplates in the late course of the disease.

In literature, it is also described as a noninflammatory
type of Andersson lesion, corresponding to an insufficiency

DOI 10.1007/978-3-319-05627-2_2, © Springer International Publishing Switzerland 2014
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fracture of the ankylosed spine, which may occur at the level
of a disc (transdiscal) or a vertebral body (transvertebral)
[13]. Such fractures may occur spontaneously or after minor
trauma, frequently in association with osteoporosis.

2.3 Facet Joints, Costovertebral Joints,

and Costotransverse Joints

Facet joints (or zygapophyseal joints), costovertebral joints,
and costotransverse joints (Fig. 2.1) represent another target
for spondyloarthritis. They are all synovial joints.

MRI findings of arthritis involving the abovementioned
joints are similar, including joint effusion, synovitis, ero-
sions of the articular surfaces, and bone marrow edema. In
the further course of the disease, affected joints may undergo
ankylosis.

MRI clearly depicts these lesions, but it is necessary to
examine carefully the sagittal images and obtain additional
images on the axial plane.

costovertebral joint

costovertebral ligament

costotransverse joint

Fig.2.1 Costovertebral and costotransverse joints. These are synovial
joints. The costovertebral joint is the articulation that connects the head
of the rib with the bodies of two adjacent thoracic vertebrae. The costo-
transverse joint is the articulation that connects the tubercle of the rib to
the transverse process of the adjacent vertebra. This joint is strength-
ened by the costotransverse ligament

2 MRIlin Spondyloarthritis

2.4  Sacroiliac Joints

The sacroiliac joint is the joint between the sacrum and the
ilium of the pelvis. This is a complex joint constituted by
an anterior synovial compartment and a posterior fibrous
compartment.

The synovial compartment includes the articular surfaces
covered by cartilage, a synovial membrane, and a capsule; in
the so-called retroarticular space, there is the fibrous com-
partment, with the interosseous ligaments (Fig. 2.2). Both
the synovial compartment (more commonly) and the fibrous
compartment may be affected by inflammatory lesions.

Sacroiliitis constitutes an important target of spondyloar-
thritis, and it is included in the classification criteria [14].

MRI detects sacroiliitis in both acute and chronic phases.
Acute changes are constituted by edema of the subchondral
bone marrow, juxta-articular osteitis, synovitis, and capsuli-
tis. Chronic changes are constituted by fatty degeneration of
the subchondral bone marrow, osteosclerosis, erosions of the
articular surfaces, and transarticular bone bridges (Fig. 2.3).

MRI clearly detects all the abovementioned changes. In
particular, bone marrow edema appears as hyperintense in
T2-weighted images with fat saturation and STIR images.
Contrast enhancement of the cancellous bone indicates
osteitis.

Synovial
compartment

Fibrous
compartment

Fig.2.2 Sacroiliac joint. This is a complex joint constituted by an ante-
rior synovial compartment and a posterior fibrous compartment
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Active inflammatory lesions

* Bone marrow oedema (osteitis)
¢ Capsulitis

¢ Synovitis

¢ Enthesitis

Chronic inflammatory lesions
¢ Sclerosis

¢ Erosions
¢ Fat deposition
* Bony bridges/ankylosis

Fig. 2.3 Typical lesions of the sacroiliac joint in patients with
spondyloarthritis

Synovitis is reflected by contrast enhancement in the
anterior (synovial) part of the sacroiliac joint. Similarly, cap-
sulitis is highlighted by contrast enhancement of the joint
capsule.

From the above, the crucial role of the contrast medium in
the detection of inflammatory activity must be emphasized.

Erosions are depicted as discontinuities of the cortical
bone; gradient-echo T2* images may be more useful in
detecting erosions [14]. Confluence of erosions may be
seen as the so-called pseudodilation of the sacroiliac
joints.

Sclerotic changes are depicted as low-intensity or signal-
free bands by all sequences (T1, T2, STIR, contrast-enhanced
T1-weighted images).

Transarticular bone bridges are the first sign of the anky-
losing process. The presence of bone bridges may lead to
increasing blurring of the joint cleft until complete ankylosis
occurs [5].

2.5 Enthesitis
Enthesitis is the inflammation of the elastic cartilage at the
sites of attachment of tendons and ligaments and constitutes
an important sign of spondyloarthritis.

In particular, enthesitis may affect interspinous, supraspi-
nous, and interosseous ligaments.

Fig.2.4 Spinal ligaments

Interspinous and supraspinous ligaments attach to the
spinous processes of the vertebrae (Fig. 2.4). Interosseous
ligaments are situated between the sacrum and the ileum in
the posterior compartment of the sacroiliac joints, i.e., the
so-called retroarticular space (Fig. 2.2).

Inflammation of these ligaments is characterized by
increased signal intensity on T2-weighted images with fat
saturation and STIR sequences and by enhancement after
contrast medium administration. Moreover, enthesitis may
be better detectable by using contrast-enhanced T1-weighted
images as compared to T2/STIR sequences [14].
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Magnetic resonance imaging (MRI) has made a major
contribution in the last decade to an early diagnosis of spon-
dyloarthritis, other than a better understanding of the course
of the disease [1-3]. Moreover, MRI may be used as an
objective outcome measure for clinical trials [1, 4, 5].

Regarding other radiological techniques, conventional radi-
ography can only detect chronic bony changes (i.e., osteoscle-
rosis, erosions, syndesmophytes) in the late stages of
spondyloarthritis. Such bony structural changes can be better
detected by computed tomography (CT), but this imaging
technique is rarely used because of a much higher radiation
exposure. Finally, scintigraphy has been used in the past to
detect foci of active inflammation but no longer plays a role in
the diagnosis and follow-up of spondyloarthritis because of
limited sensitivity and specificity and radiation exposure [1, 6].

In this perspective, MRI emerges as the gold standard
imaging technique to detect spinal inflammation in clinical
practice, in both early and late disease stages.

It is mandatory to use a proper MRI study protocol, given
that “standard” examinations do not always allow a correct
diagnosis.

All the patients in this series were examined witha 1.5 T
MR system (Siemens Symphony-TIM) by using the follow-
ing basic study protocol:

Cervical/Dorsal/Lumbosacral Spine
* TSE T1-weighted images on the sagittal plane.

* TSE T2-weighted images with fat saturation on the sagit-
tal plane.

* TSE T2-weighted images with fat saturation on the axial
plane (eventually to be conducted on the pathologic area,
for a better spatial characterization of the edematous
lesion).

» TSE/SE Tl-weighted images with fat saturation on the
sagittal and axial planes following the administration of
contrast medium (eventually to be conducted to identify
the active inflammatory stage of the disease). In this
series, we administered Dotarem, Guerbet (0.5 mmol/ml,
0.2 ml/kg, dose), as intravenous paramagnetic contrast
medium.
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Sacroiliac Joints

The sacroiliac joints are imaged in axial orientation and
semicoronal section orientation along the long axis of the
sacral bone (Fig. 3.1a, b):

* TSE T2-weighted images with fat saturation on the axial
and semicoronal plane

e TSE T1-weighted images on the axial plane

* GE T2*-weighted images on the semicoronal and axial
plane (eventually to be obtained to highlight joint
erosions)

* TSE/SE Tl-weighted images with fat saturation on the
semicoronal and axial planes following the administra-
tion of contrast medium (eventually to be conducted to
identify the active inflammatory stage of the disease)

An efficient spinal imaging protocol must comprise fat-
suppressed T2-weighted sequences, in particular with fat
saturation technique or STIR sequences, in order to clearly
visualize hyperintensity corresponding to edematous lesions,
otherwise not easily identifiable with “standard” imaging
sequences without fat suppression (Figs. 3.2 and 3.3).

In the same way, the administration of contrast medium
must be followed by T1 sequences with fat saturation in
order to clearly identify the active inflammation [1, 7-9].

The indication for contrast medium administration was
based on the evidence of osteoarticular or muscular-
ligamentous edema in T2-weighted images with fat satura-
tion to identify the active inflammatory stage of the disease.

In some selected cases, we administered contrast medium
although the basic scan failed to disclose edematous lesions
on T2-weighted images (e.g., in cases of clinical-radiological
discrepancy).

The fat saturation (FS) technique consists in a spectral
saturation of the fat, by adding a selective radio-frequency
impulse on the fat frequency. To determine the fat
frequency, the machine checks for the presence of approx-
imately a 130-Hz peak, as compared with the resonance
frequency of water, at which point it emits the RF impulse.
The effect of the impulse is to excite the fat over 180°,
whereby it will be unable to return the signal. Such a
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Fig.3.1 MRI of the sacroiliac
joints. Correct positioning of the
slices in axial orientation (a) and
semicoronal orientation along the
long axis of the sacral bone (b)

Fig.3.2 Sagittal TSE
T2-weighted image with fat
saturation (a) and “standard”
sagittal TSE T2-weighted image
without fat saturation (b).
Hyperintense lesions in fat-sup-
pressed T2-weighted image in the
anterior corners of the vertebral
bodies L2 and L4, indicating
edematous lesions (a). Note that
the sequence without fat
saturation does not show the same
lesions (b)
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Fig.3.3 Sagittal TSE
T2-weighted image with fat
saturation (a) and “standard”
sagittal TSE T2-weighted image
without fat saturation (b).
Hyperintense lesions in the
subchondral bone

of the opposing vertebral bodies
L2/L3, indicating edema of the
bone marrow (a). The sequence
without fat saturation fails to
show the edematous component
of the same lesions (b)

technique enables the saturation of the fat signal on
almost all of the available sequences, from spin echo to
gradient echo, using any type of MRI sequence (T1, T2,
T2%) [10].

We have to remember that fat signal can be suppressed
also by using short tau inversion recovery (STIR) sequences
[1, 8], but in our experience, this technique has longer acqui-
sition time, whereas the FS technique substantially does not
increase the relative scan time. However, there are a number

Fig. 3.4 Axial T2-weighted image with fat saturation. Note
of artifacts and pitfalls associated with the fat saturation T2-hyperintensity at the back of the iliac bones. This is an artifact of the

technique (Figs. 3.4 and 3.5). fat saturation technique
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Fig. 3.5 Axial T2-weighted image with fat saturation (a) and SE
T1-weighted image with fat saturation after contrast medium adminis-
tration (b). Areas of high signal intensity at the back of the iliac bones
(a). T1-weighted image does not show any signal changes nor contrast
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Great advances have been made in recent years regarding the
treatment of spondyloarthropathies.

The aim of spondyloarthritis (SpA) treatment is to control
the signs and symptoms of the patient, to prevent joint dam-
age, and to maintain the patient’s quality of life and ability
function.

The treatment of spondyloarthritis must be tailored to
each patient’s individual case, including the grade of the gen-
eral conditions, the effectiveness of specific therapies, and
the occurrence of any side effects.

A common treatment regimen for all the spondyloar-
thropathies (ankylosing spondylitis, reactive arthritis, psori-
atic arthritis, enteropathic arthritis, and undifferentiated
spondyloarthropathy) includes medication and daily exercise
(to relax the muscles and reduce joint pain).

The nonsteroidal anti-inflammatory drugs (NSAIDs) are
still the first stage of medication in treating the pain and stiff-
ness, but these drugs can cause important side effects or not
be effective [1].

The second-line medication is the so-called disease-
controlling antirheumatic drugs (sulfasalazine, methotrex-
ate, and corticosteroids) used in the rheumatic and psoriatic
arthritis, but these drugs do not have an effectiveness in the
ankylosing spondylitis.

New and most promising drugs for ankylosing spondylitis
are the biologics, the TNF-blockers. TNF-alpha (tumor
necrosis factor-alpha) is a cytokine involved in the inflamma-
tory process. Excess amounts of TNF-alpha have been asso-
ciated with various forms of inflammatory arthritis.

The treatment with TNF-blockers is recommended after
the failure of NSAIDs. The TNF-blockers are very effective
drugs and also show a sustained and stable long-term
response [2].

The effectiveness of all these drugs can be monitored by
MRI imaging. Longer periods of treatment are needed to see
further effects of anti-TNF treatment on spinal inflammation
as detected by MRI [3, 4].

MRI is considered the most sensitive imaging method for
detecting inflammatory changes of the spine and sacroiliac
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joints in the diagnosis of early lesions and follow-up after
pharmacological therapy [3, 5].

The active inflammatory lesions are best visualized on fat-
suppressed T2-weighted or STIR sequences [6]. This technique
has been increasingly used in practice to assess disease activity
and to monitor and evaluate therapeutic response [7, 8].

The fat saturated T1-weighted sequences, used after the
administration of the contrast agent, seem to be a more spe-
cific depiction of inflammatory spinal lesions [6, 9], in par-
ticular in the study of intra-articular synovitis, in
spondylodiscitis (Andersson lesions) that is characterized by
flogosis of the cortical plates and intervertebral disc, and in
the study of enthesitis of spinal ligaments (supraspinal, inter-
spinal, and flava ligaments). So in the clinical practice during
the follow-up of the therapy, an efficient spinal imaging pro-
tocol comprises T1-weighted and fat-saturated T2-weighted
sequences in the sagittal planes; a contrast agent is often
used to confirm possible abnormalities detected by fat-
saturated T2-weighted sequences [10]; the use of axial slices
(fat-saturated T2-weighted and fat-saturated T1-weighted
post-contrast sequences) can be helpful for the assessment of
the posterior elements, the costovertebral and facet joints [8].

MRI provides therapeutic guidance at any time during the
course of the disease, and it supplies objective information on
the degree of inflammation and response to treatment [11].

Acknowledgments I would like to thank Dr. Anita
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Partll

Spondyloarthritis: Clinical Cases



A 49-year-old man
 Patient with dorsal pain
Stiffness

Fig. 1 Sagittal SE Tl-weighted image (a), sagittal TSE
T2-weighted image (b), sagittal TSE T2-weighted image
with fat saturation (c), sagittal SE T1-weighted image with
fat saturation after the administration of contrast medium
(d). Typical active anterior spondylitis. Edema and contrast

P. D’ Aprile, MRI of Rheumatic Spine,

enhancement of the anterior corners of the vertebral bodies
from D3 to D8 (a—-d, arrows). Note that the edema is better
depicted on T2-weighted images with fat saturation (c) with
respect to standard T2-weighted images (b). It coexists with
a vertebral body hemangioma at D9
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Ankylosing Spondylitis

Anterior Spondylitis

Case 2

* A 54-year-old male

¢ Presence of HLA-B27

* Chronic dorsal and lumbar pain

Fig. 1 Sagittal SE T1-weighted image (a), sagittal TSE
T2-weighted image with fat saturation (b), sagittal SE
T1-weighted images with fat saturation following the
administration of contrast medium (c—d). In this patient, we
detect multiple foci of predominantly anterior spondylitis.
Most of these foci of spondylitis exhibit hyperintense signal

P. D’ Aprile, MRI of Rheumatic Spine,

in T2 (b, arrows) and contrast enhancement (c, d, arrows),
indicating inflammatory activity (in the thoracic and upper
lumbar spine); others show postinflammatory areas of fatty
degeneration of the bone marrow (anterior edges of the ver-
tebral bodies at L4 and LS5, arrows in a). We observe only a
single area of posterior spondylitis at L5
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* A 59-year-old patient
¢ Low back pain exacerbated by hyperextension
* Psoriasis

Fig. 1 Sagittal SE Tl-weighted image (a), sagittal TSE medium (c). T2-hyperintensity and contrast enhancement in the
T2-weightedimage with fat saturation (b), sagittal SET1-weighted  posterior corners of the opposing vertebral bodies L3/L4 (b, c,
image with fat saturation following the administration of contrast — arrows). Posterior spondylitis in active inflammatory stage

P. D’ Aprile, MRI of Rheumatic Spine, 25

DOI 10.1007/978-3-319-05627-2_7, © Springer International Publishing Switzerland 2014



* A 65-year-old male
* Chronic low back pain

Fig. 1 Lateral plain film radiograph (a), sagittal SE
T1-weighted image (b), sagittal TSE T2-weighted image
with fat saturation (c), sagittal SE T1-weighted image with
fat saturation following the administration of contrast
medium (d). X-ray does not show specific changes; in par-
ticular, there are no signs of spondylitis (a). Hyperintense

P. D’ Aprile, MRI of Rheumatic Spine,

lesions in T1 in the posterior margins of the endplates from
L2 to L5 (b, arrows), with no edematous pattern in T2
(¢, arrows) and no contrast enhancement (d, arrows). These
findings indicate postinflammatory fatty degeneration of the
bone marrow (i.e., posterior spondylitis in chronic phase)
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Psoriatic Spondylitis

Case 5

Spondylitis in Active and Inactive Phases

Spondylodiscitis

* A 65-year-old male

e Stiffness
¢ Presence of HLA-B27

* Chronic dorsal and lumbar pain

Fig. 1 Sagittal SE Tl-weighted image (a), sagittal TSE
T2-weighted image with fat saturation (b), sagittal SE
T1-weighted images with fat saturation after the administra-
tion of contrast medium (¢, d). In this patient, we can find
multiple areas of spondylitis in different phases. Active ante-
rior spondylitis at L2/L.3 and L3/L4, with edema and contrast
enhancement in the anterior edges of the vertebral bodies

P. D’ Aprile, MRI of Rheumatic Spine,

(a—c). In addition, a florid Andersson lesion (spondylodisci-
tis) is seen at T11/T12, with a small area of contrast enhance-
ment (d). Syndesmophyte at L1/L2 (a). Chronic phase of
anterior spondylitis in dorsal spine, with no contrast enhance-
ment of the anterior edges of the vertebral bodies (double thin
arrows, d)
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* A 44-year-old male
* Patient with dorsal and lumbar pain
» Stiffness

 Ulcerative colitis

Fig. 1 Sagittal SE T1-weighted images (a, b), sagittal
TSE T2-weighted images with fat saturation (¢, d), sagit-
tal and axial SE T1-weighted images with fat saturation
following the administration of contrast medium (e-g).
Multiple small areas of anterior and posterior spondylitis
in chronic stage, with postinflammatory fatty degeneration

P. D’ Aprile, MRI of Rheumatic Spine,

of the bone marrow (a—f). The administration of contrast
medium detects only one enhancing area at the level of the
intervertebral disc D6/D7, indicating aseptic discitis (e,
arrow). The same patient presented bilateral sacroiliitis in
chronic phase, with fatty degeneration of the subchondral
bone marrow and no contrast enhancement (g)
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32 Case 6 Arthritis Associated with Inflammatory Bowel Disease

Fig.1 (continued)



e A l4-year-old male
e Low back pain
¢ Pain at night with improvement upon getting up

Fig.1 Sagittal and coronal T2-weighted images with fat saturation (a, b), sagittal
T1-weighted image (c), sagittal T1-weighted image with fat saturation following
contrast medium administration (d). Posterior spondylitis at D11/D12 (a, c—d,
arrows). Pattern of edema-inflammation of the posterior part of the vertebral
bodies. The same patient presented an edematous pattern of the sacroiliac joints

(b, arrows)

P. D’ Aprile, MRI of Rheumatic Spine,
DOI 10.1007/978-3-319-05627-2_11, © Springer International Publishing Switzerland 2014
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34 Case 7 Juvenile Spondylitis

Fig.1 (continued)




¢ A 62-year-old man

e Lumbar and dorsal pain during the night

e Psoriasis

Fig. 1 Sagittal SE T1-weighted image (a), sagittal TSE
T2-weighted image with fat saturation (b), sagittal SE
T1-weighted images with fat saturation after the administra-
tion of contrast medium (c—e). Spondylodiscitis with mul-
tiple lesions in acute and/or chronic phase in cervical, dorsal,

P. D’ Aprile, MRI of Rheumatic Spine,

and lumbar spine (a—e, arrows). A typical active Andersson
lesion (spondylodiscitis) is visualized at D11/D12, with sub-
chondral edema-osteitis, discitis, and erosions (a-d). An
older Andersson lesion with fatty degeneration of the bone
marrow is visualized at L1 (a)
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Psoriatic Arthritis

Case 9

Spondylitis and Costovertebral Arthritis

¢ A 53-year-old man
* Long history of back pain

e Psoriasis

¢ Limitation of motion of the spine

Fig. 1 Lateral plain film radiography (a), sagittal SE
T1-weighted image (b), sagittal and axial SE T1-weighted
images with fat saturation following the administration of
contrast medium (c-k). Dorsal hyperkyphosis, syndesmoph-
ytes, reduction in the height of the intervertebral spaces, and
small shiny corners (a). Multiple areas of postinflammatory

P. D’ Aprile, MRI of Rheumatic Spine,

fatty degeneration of the bone marrow in the posterior edges
of the vertebral bodies, corresponding to Romanus lesions (b,
arrows). Multiple areas of contrast enhancement in the joint
clefts, side parts of the vertebral bodies, pedicles, head of the
ribs, and adjacent soft tissues, indicating bilateral costover-
tebral arthritis with periarticular inflammation (c-k, arrows)

37

DOI 10.1007/978-3-319-05627-2_13, © Springer International Publishing Switzerland 2014



38 Case 9 Psoriatic Arthritis

Fig.1 (continued)




Ankylosing Spondylitis

Spondylitis
Spondylodiscitis

Case 1 O

¢ A 33-year-old patient

¢ Dorsal and lumbar pain
¢ Morning stiffness

* Presence of HLA-B27

Fig. 1 Plain film radiography (a), sagittal SE T1-weighted
image (b), sagittal TSE T2-weighted image with fat satura-
tion (c), sagittal SE T1-weighted image with fat saturation
following the administration of contrast medium (d). Mild
osteosclerosis in the edges of the vertebral bodies at L3/L.4
and L4/L5 and shiny corners at L1/L2 (i.e., Romanus lesion)
(a). MRI shows multiple inflammatory lesions of the spine

P. D’ Aprile, MRI of Rheumatic Spine,

(b—d). Most of the lesions are in active inflammatory phase,
with edematous pattern and contrast enhancement. Anterior
spondylitis (corresponding to the so-called Romanus lesion)
at L1, anterior and posterior spondylitis (i.e., marginal spon-
dylitis) at L4/L5 (c, d, arrows), and spondylodiscitis at D11/
D12 (c—d, circle)
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Case 10  Ankylosing Spondylitis

Fig. 2 Plain film
T2-weighted image with fat saturation (b), sagittal and
axial SE T1-weighted images with fat saturation after the
administration of contrast medium (c—f). Osteosclerosis of

radiography (a), sagittal TSE

the edges of the vertebral bodies and shiny corners (a).
Florid spondylodiscitis in the middle thoracic spine (b-d,
arrows and circle). The same patient presented bilateral
costovertebral arthritis (e, f, arrows)



e A 16-year-old male
¢ Back pain exacerbated by chest expansion
¢ Low back pain on the left side

» Psoriasis

Fig. 1 Sagittal TSE T2-weighted images with fat satura-
tion (a—c) and sagittal, axial, and coronal SE T1-weighted
images with fat saturation following the administration of
contrast medium (d—i). Hyperintense areas in T2, with con-
trast enhancement, at C4, C7-D2, D8, D9, and D11, indicat-
ing active spondylitis (a—e, arrows). Axial contrast-enhanced

P. D’ Aprile, MRI of Rheumatic Spine,

fat-saturated T1-weighted images show pronounced enhance-
ment of the costovertebral joints and adjacent soft tissue,
indicating osteitis, synovitis, and periarticular inflammation
(f, g, arrows). The same patient also presented a marked sac-
roiliitis on the left side (h, i, arrow)
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42 Case 11 Psoriatic Spondyloarthritis

Fig.1 (continued)



* A 29-year-old woman
¢ Patient with psoriatic spondyloarthritis
¢ Needle biopsy of the vertebral body lesion

Fig.1 Sagittal and axial SE
T1-weighted images with fat
saturation after the administration
of contrast medium (a, b). Areas
of contrast enhancement in the
anterior edges of the segments
T12 and L4 (a, arrows),
corresponding to anterior
spondylitis. The patient had a
previous diagnosis of infectious
spondylitis, carried out in another
hospital, where she was
subsequently subjected to needle
biopsy (see the sign of the needle
in b). The biopsy showed an
aseptic spondylitis. The patient
was then reassessed at our
hospital where she was diagnosed
with a psoriatic spondylitis

P. D’ Aprile, MRI of Rheumatic Spine, 43
DOI 10.1007/978-3-319-05627-2_16, © Springer International Publishing Switzerland 2014



44 Case 12 Psoriatic Arthritis

MRI follow-up after 16 months
Progression of the disease

Fig. 2 Sagittal and axial SE T1-weighted images with fat saturation after the administration of contrast medium (a, b).
Progression of the disease, with multiple areas of spondylitis in the dorsal region (a, arrows) and occurrence of sacroiliitis
(b, arrow)



Case 12 Psoriatic Arthritis 45

MRI follow-up after 24 months
Progression of the disease

Fig.3 Sagittal TSE T2-weighted image with fat saturation Further progression of the disease, with new foci of spondy-
(a) and sagittal and coronal SE T1-weighted images with fat litis at D6, D8/D9, and L5 (a—b). The right sacroiliitis has
saturation after the administration of contrast medium (b—d). ~worsened, with marked osteitis and synovitis (c—d)



 Patient with chronic back pain

¢ Dorsal hyperkyphosis

¢ Limitation of motion of the spine

¢ Presence of HLA-B27

/

Fig. 1 Sagittal T2-weighted images with fat saturation
(a—c), sagittal and axial SE T1-weighted images with fat
saturation, following contrast medium administration
(d-h). Multiple areas of hyperintensity in T2 and contrast
enhancement in the vertebral bodies and discs of the

P. D’ Aprile, MRI of Rheumatic Spine,

thoracic spine, indicating active spondylitis and discitis
(aseptic spondylodiscitis) (a—f, arrows). Multiple erosions
of vertebral body endplates. Note also bilateral osteoarthri-
tis of the costovertebral joints and inflammation of the adja-
cent soft tissues (g, h, arrows)
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48 Case 13 Ankylosing Spondylitis

Fig.1 (continued)



Case 13 Ankylosing Spondylitis

Fig. 2 Sagittal SE T1-weighted images (a, b), sagittal spine, presented areas of edema-osteitis (vertebral body of
T2-weighted images with fat saturation (c—e), sagittal SE L4) and areas of postinflammatory fatty degeneration of the
T1-weighted images with fat saturation, following contrast bone marrow (vertebral bodies of L3, L4, LS, arrows)
medium administration (f—i). The same patient, in the lumbar




* A 46-year-old male

¢ Patient with low back pain, more marked on the left side
 Patient affected by Crohn disease

Fig.1 X-ray of the lumbar spine (a), sagittal SE T'1-weighted
image (b), sagittal T2-weighted image with fat saturation
(¢), sagittal SE T1-weighted image with fat saturation after
contrast medium administration (d). Plain film radiography
shows mild osteosclerosis in the anterior corners of the ver-
tebral bodies at L3 and L4 (a). MRI reveals signal changes

P. D’ Aprile, MRI of Rheumatic Spine,

in the same anterior edges of the vertebral bodies L3 and L4,
hyperintense in T1, and hypointense in T2, with no contrast
enhancement (b—d, arrows). These findings indicate postin-
flammatory fatty degeneration of the bone marrow, which is
the sign of an older spondylitis
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Case 14

Arthritis Associated with Inflammatory Bowel Disease

Fig.2 Axial SE T1-weighted images with fat saturation after
contrast medium administration (a, b). X-ray of the pelvis (c).
The same patient presented bilateral sacroiliitis, in different
phases: on the left side, contrast enhancement of the joint
space and subchondral bone indicates the active inflammatory
stage of the sacroiliitis (arrows); on the right side, hypointen-
sity indicates postinflammatory degenerative changes (a, b).
Plain film radiography shows bilateral osteosclerosis of the
sacroiliac joints (c)



Undifferentiated Spondylitis

Case 1 5

Spondylitis in Chronic Phase

Spondylodiscitis

* A 68-year-old male

» History of chronic dorsal and lumbar pain

Fig. 1 Sagittal SE T1-weighted image (a), sagittal TSE
T2-weighted image with fat saturation (b), sagittal SE
T1-weighted images with fat saturation after contrast
medium administration (c—d). Multiple areas of hyperin-
tensity in T1 and hypointensity in T2 in the dorsal and lum-
bar spine, indicating postinflammatory fatty degeneration

P. D’ Aprile, MRI of Rheumatic Spine,

of the bone marrow (a—d). In the same patient, we can find
multiple small areas of contrast enhancement in the disc-
vertebral unit, indicating spondylodiscitis (¢, d, circle).
Note also contrast enhancement of the supraspinous and
interspinous ligament at L2/L.3 and L3/L4, indicating liga-
mentous inflammation (¢, thin arrow)
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Psoriatic Arthritis Case 1 6

Anterior Spondylitis

Discitis

¢ A 70-year-old male
¢ History of chronic low back pain

Fig.1 Sagittal SE
T1-weighted image (a),
sagittal TSE T2-weighted
image with fat saturation
(b), sagittal SE T1-weighted
image with fat saturation
after contrast medium
administration (c). Anterior
spondylitis at L1, with
edematous pattern
(hypointensity in T1 and
hyperintensity in T2) and
contrast enhancement of the
lesion (a—c, long arrow).
T2-hyperintensity (b) and
contrast enhancement (c) of
the intervertebral disc at
L4/L5, indicating aseptic
discitis (early Andersson
lesion) (b, ¢, double arrow).
Note also a small area of
anterior discitis at L3/L4

(¢, small arrow)

P. D’ Aprile, MRI of Rheumatic Spine, 55
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* A 47-year-old-man

» Patient with persistent neck pain, more marked
on the right side

* Neck stiffness

Fig.1 Sagittal T2-weighted image with fat saturation (a),
sagittal and axial T1-weighted images with fat saturation
following the administration of contrast medium (b-d).
Spondylodiscitis at the level of C5/C6 (a-b). Osteoarthritis
of the right facet joint at C5/C6 and inflammation of the
periarticular soft tissues (¢, arrows). The same patient
presented anterior spondylitis at L3 (d, arrow)

P. D’ Aprile, MRI of Rheumatic Spine,
DOI 10.1007/978-3-319-05627-2_21, © Springer International Publishing Switzerland 2014

57



58 Case 17 Undifferentiated Spondyloarthritis

Fig.1 (continued)




Ankylosing Spondylitis

Spondylodiscitis

Sacroiliitis

Case 1 8

¢ A 60-year-old male

and lumbosacral region
» Stiffness
* Presence of HLA-B27

* Long history of spinal pain in the cervical, dorsal,

Fig. 1 Sagittal SE T1-weighted image (a), sagittal TSE
T2-weighted image with fat saturation (b), sagittal and axial
SE Tl1-weighted images with fat saturation following the
administration of contrast medium (c—f). Typical inflamma-
tory lesions affecting the entire vertebral column, in both
active and chronic phases. In particular, note multiple areas

P. D’ Aprile, MRI of Rheumatic Spine,

of active spondylodiscitis (i.e., inflammatory Andersson
lesions), with enhancement after contrast medium administra-
tion, in the cervical, dorsal, and lumbar spine (a—e, asterisks).
The same patient presented bilateral sacroiliitis, with small
areas of contrast enhancement indicating mild inflammatory
activity (f)
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60 Case 18 Ankylosing Spondylitis

Fig.1 (continued)




* Patient with psoriasis
* Chronic low back pain
* Tenderness of the costovertebral joints

Fig.1 Axial SE T1-weighted images with fat saturation
following contrast medium administration (a—f). Bilateral
osteoarthritis of the costovertebral joints, more marked on
the right side (a—c, arrows). Note contrast enhancement in
the joint cleft, subchondral bone marrow of the vertebral
body, and head of the rib on the right side. In addition, the

P. D’ Aprile, MRI of Rheumatic Spine,

adjacent soft tissues show contrast enhancement at both
sides, indicating a marked periarticular inflammation (a—
c¢). Bilateral sacroiliitis, more marked on the right side
(d-f). Note contrast enhancement of the subchondral bone
and joint space, indicating a phase of inflammatory
activity
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62 Case 19 Psoriatic Arthritis

Fig.1 (continued)



* A 52-year-old male
* Cervical, dorsal and lumbar pain
e Psoriasis

Fig.1 Sagittal SE T1-weighted image (a), sagittal TSE T2-weighted image with fat saturation (b), sagittal SE T1-weighted
image with fat saturation after the administration of contrast medium (c). Multiple areas of anterior and posterior spondylitis
in active phase (asterisks)

P. D’ Aprile, MRI of Rheumatic Spine, 63
DOI 10.1007/978-3-319-05627-2_24, © Springer International Publishing Switzerland 2014



64

Case 20 Psoriatic Arthritis

Fig. 2 Sagittal SE Tl-weighted image (a), sagittal TSE
T2-weighted image with fat saturation (b), sagittal and axial SE
T1-weighted images with fat saturation after the administration
of contrast medium (c—g). Anterior spondylitis and discitis (a—c).
Note lesions in both the acute phase and chronic phase. In par-
ticular, as a sign of active spondylitis, the lesions are shown as
hypointense in T1 and hyperintense in T2, with contrast

enhancement, indicating edema-osteitis (a—c, asterisks).
Postinflammatory lesions are shown as hyperintense in T1 and
isointense in T2 with fat saturation, with no contrast enhance-
ment, indicating fatty degeneration of the bone marrow (a—c).
The same patient presented bilateral costovertebral arthritis,
more marked on the right side, with contrast enhancement of
the joint space and subchondral bone marrow (d—g, arrows)



Case 20 Psoriatic Arthritis 65

Fig.3 Sagittal TSE T2-weighted image with fat
saturation (a), sagittal SE T1-weighted image with
fat saturation after the administration of contrast
medium (b). Contrast enhancement of the
interspinous and supraspinous ligaments at L.2/1.3,
L3/L4, and L4/L5, indicating inflammation of the
same ligaments (b, asterisks). See also discitis at
L5/S1

Fig.4 Coronal SE T1-weighted images with fat saturation bone and synovium predominantly in the sacroiliac joint,
after the administration of contrast medium (a, b). The same indicating active sacroiliitis (a, b, arrows)
patient presented contrast enhancement of the subchondral



Ankylosing Spondylitis

Spondylodiscitis

Case 2 1

Sacroiliitis with Synovitis

* A 35-year-old man

* Long history of dorsal and lumbar pain

Fig. 1 Sagittal SE T1-weighted image (a), sagittal TSE
T2-weighted image (b), sagittal T2-weighted image with fat
saturation (c), sagittal, coronal, and axial SE T1-weighted
images with fat saturation following administration of con-
trast medium (d—g). Multiple areas of active spondylodis-
citis (Andersson lesions) in the thoracic and lumbar spine,
with subchondral edema-osteitis, discitis, and erosions of
vertebral body endplates. Note that edematous lesions are
best depicted on T2-weighted images with fat saturation

P. D’ Aprile, MRI of Rheumatic Spine,

(c) with respect to standard T2-weighted images without
fat saturation (b). Note also multiple areas of postinflam-
matory fatty degeneration of the bone marrow. The same
patient presented contrast enhancement of the sacroiliac
joint space at both sides, indicating synovitis (g, arrows). In
particular, synovitis is constituted by inflammation of the
anterior, synovial part of sacroiliac joints. See also contrast
enhancement in the subchondral left sacrum, attributable
to osteitis
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68 Case 21 Ankylosing Spondylitis

Fig.1 (continued)



A 42-year-old male
Chronic low back pain
* Presence of HLA-B27

Fig.1 Sagittal SE
T1-weighted image (a),
sagittal TSE T2-weighted
image with fat saturation
(b), sagittal SE T1-weighted
image with fat saturation
following the administration
of contrast medium (c).
Typical anterior spondylitis,
with edema-osteitis in the
anterior edges of the
vertebral bodies D12/L.1 and
L4 (a—c, arrows). Active
inflammatory lesions appear
typically as hypointense on
T1-weighted images (a) and
hyperintense on T2-weighted
images (i.e., edematous
pattern, b), with
enhancement after
administration of contrast
medium (which is direct sign
of inflammation and its
extension, ¢)

P. D’ Aprile, MRI of Rheumatic Spine, 69
DOI 10.1007/978-3-319-05627-2_26, © Springer International Publishing Switzerland 2014



70

Case 22 Ankylosing Spondylitis

Fig. 2 Axial SE Tl-weighted image (a), axial TSE
T2-weighted image with fat saturation (b), axial SE
T1-weighted image with fat saturation following the admin-
istration of contrast medium (c), axial CT scan (d). The same
patient presented bilateral sacroiliitis, in acute and chronic

phases (a—c, arrows). Active sacroiliitis on the right side,
with subchondral edema-osteitis of iliac and sacral bone.
Postinflammatory fatty degeneration of the subchondral
bone marrow on the left side. CT scan reveals bilateral osteo-
sclerosis and erosions (d)



Ankylosing Spondylitis

Discitis

Syndesmophytes

Case 2 3

* A 63-year-old patient
e Chronic low back pain
» Stiffness

* Presence of HLA-B27

e Familial history of ankylosing spondylitis

Fig. 1 X-ray (a), sagittal SE T1-weighted image (b), sag-
ittal SE T1-weighted images with fat saturation following
the administration of contrast medium (c—e), sagittal TSE
T2-weighted image with fat saturation (f). The radiograph
shows multiple syndesmophytes (a, asterisks). T1-weighted
image documents the same syndesmophytes as well, with
prediscal ankylosis (b, asterisks). MRI documents also

P. D’ Aprile, MRI of Rheumatic Spine,

aseptic discitis at D11/D12 and D12/L1 as hyperintense
lesions in T2 (f) with contrast enhancement (c—e, asterisks).
The same patient presented a small area of posterior spondy-
litis at L4, with postinflammatory fatty degeneration of the
bone marrow (T1-hyperintensity in b) and residual inflam-
matory activity (contrast enhancement in c—d, arrows)
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72 Case 23 Ankylosing Spondylitis

Fig.1 (continued)




* A 54-year-old man

¢ Acute low back pain
¢ Dorsal and lumbar stiffness
¢ Presence of HLA-B27

Fig. 1 Sagittal TSE T2-weighted image with fat satura-
tion (a), sagittal SE T1-weighted images with fat satura-
tion following the administration of contrast medium (b, c).
Insufficiency fractures (Andersson II lesion) of the ankylosed
spine, as a consequence of chronic spondylodiscitis. The
fracture of the vertebral body at L1 presents diffuse edema

P. D’ Aprile, MRI of Rheumatic Spine,

(a—c, arrow). An older fracture is seen at D10, with no edema
of the vertebral body (a, b, asterisk); an aseptic discitis is
associated at D9/D10. Such fractures of the ankylosed spine
occur spontaneously or after minor trauma, frequently in con-
junction with osteoporosis
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e A 75-year-old male

¢ Limitation of motion of the spine

¢ Presence of HLA-B27

Fig.1 Sagittal T1-weighted image (a), sagittal T2-weighted
image with fat saturation (b), sagittal and axial T1-weighted
images with fat saturation following the administration of
contrast medium (c—e). Ankylosis of the cervical spine from
C4 to D1 (a—c, anterior arrows). Note both transdiscal anky-
losis and prediscal ankylosis with syndesmophytes (a). The
ankylosing process is better seen in the T1 sequence (a) than

P. D’ Aprile, MRI of Rheumatic Spine,

in T2-weighted image with fat saturation (b). The areas of
contrast enhancement in vertebral bodies and discs indicate
foci of active spondylitis and discitis (¢). Contrast enhance-
ment of the interspinous ligament can be seen at C5/C6 (c—e,
posterior arrows), indicating inflammation of the same liga-
ment and its attachment (i.e., enthesitis)
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76 Case 25 Ankylosing Spondylitis

Fig.1 (continued)



¢ A 35-year-old male
* Chronic back pain

¢ Marked dorsal and lumbar stiffness
* Presence of HLA-B27
e Familial history of ankylosing spondylitis

Fig. 1 Sagittal SE T1-weighted image (a), sagittal TSE
T2-weighted image with fat saturation (b), sagittal SE
T1-weighted image with fat saturation following the admin-
istration of contrast medium (c), axial CT scans and sagit-
tal reconstruction (MPR) (d—g). The intervertebral disc L5/
S1 presents reduction in height, calcification, and a small

P. D’ Aprile, MRI of Rheumatic Spine,

area of contrast enhancement referable to aseptic discitis
(a—c); another small area of aseptic discitis is seen at D12/L.1
(c, asterisks). CT scans show diffuse and bilateral ankylosis
of facet, sacroiliac, and costotransverse joints and confirm
the intradiscal calcification at L5/S1
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78 Case 26  Ankylosing Spondylitis

Fig.1 (continued)




¢ A 36-year-old patient

¢ Back pain that worsens during the night and improves
upon getting up

* Presence of HLA-B27

Fig.1 Sagittal and axial SE T1-weighted images with fat
saturation following administration of contrast medium
(a—g). The images on the sagittal plane demonstrate
active inflammation of facet joints from T7 to T12
(arrows), and inflammation of the anterior corners of the
vertebral bodies at T12 and L2 (a, b). The images on the
axial plane show bilateral osteoarthritis of the
costovertebral joints and inflammation of the adjacent
soft tissues (c, g)

P. D’ Aprile, MRI of Rheumatic Spine,
DOI 10.1007/978-3-319-05627-2_31, © Springer International Publishing Switzerland 2014
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80 Case 27 Psoriatic Arthritis

Fig.1 (continued)



Fig.1 Sagittal and axial
TSE T2-weighted
images with fat
saturation (a—e)
demonstrating bone
marrow edema of the
left facet joint at L.3-L4
(a—b), extending to the
left pedicle, lamina, and
spinous process (c—e)

P. D’ Aprile, MRI of Rheumatic Spine,

A 24-year-old patient

Familial history of SpA

Acute left back pain that worsens during the
night and improves upon getting up
Limitation of motion of the spine

DOI 10.1007/978-3-319-05627-2_32, © Springer International Publishing Switzerland 2014
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82 Case 28 Psoriatic Arthritis

Fig. 2 Sagittal and axial SE T1-weighted images with fat L3-L4 (a—e, circle and arrow). Note also the inflammation
saturation following the administration of contrast medium of periarticular soft tissues
(a—e) confirm acute inflammation of the left facet joint at



Psoriatic Arthritis Case 2 9

Facet Joints Arthritis

e A 28-year-old patient

* Familial history of SpA

* Acute left back pain that worsens during the
night and improves upon getting up

* Limitation of motion of the spine

Fig. 1 Sagittal and axial SE T1-weighted images with fat joint at L1-L2 (a, circle), better demonstrated in the axial
saturation following the administration of contrast medium plane, extending to the lamina and adjacent soft tissues
(a-b). The images show acute inflammation of the left facet (b, arrows)

P. D’ Aprile, MRI of Rheumatic Spine, 83
DOI 10.1007/978-3-319-05627-2_33, © Springer International Publishing Switzerland 2014



Fig.1 Sagittal and axial
SE T1-weighted images
with fat saturation
following the
administration of contrast
medium (a—c). The
sagittal image shows
contrast enhancement, i.e.,
active osteoarthritis, of the
zygapophyseal joint at TS5/
T6 (a, circle); the axial
images show contrast
enhancement of the
costovertebral joints and
adjacent soft tissues, more
evident on the left side
(b—c, arrows), indicating
osteoarthritis with
periarticular inflammation

Psoriatic Arthritis

Costovertebral and Facet Joints Arthritis

e A 2l-year-old patient

¢ Back pain that worsens during the night and improves
upon getting up

* Limitation of motion of the spine in the frontal planes

Case 3 0

P. D’ Aprile, MRI of Rheumatic Spine,
DOI 10.1007/978-3-319-05627-2_34, © Springer International Publishing Switzerland 2014
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86

Fig.2 Axial SE T1-weighted images with fat saturation fol-
lowing the administration of contrast medium images (a—c).
These images demonstrate bilateral periarticular inflamma-
tion (a, ¢) and inflammation of the interspinous ligament (b)

Case 30 Psoriatic Arthritis



* A 49-year-old male

* Chronic back pain

» Stiffness

* Presence of HLA-B27

Fig. 1 Sagittal and axial SE T1-weighted images with fat joint osteoarthritis (h, i). It coexists an inflammation of the
saturation after the administration of contrast medium (a—i). flava ligaments and interspinous ligaments (b-h). There is
Dorsal hyperkyphosis. Marked bilateral costovertebral and intense contrast enhancement of the abovementioned joints
costotransverse osteoarthritis (a, d—g). Marked bilateral facet and ligaments

P. D’ Aprile, MRI of Rheumatic Spine, 87
DOI 10.1007/978-3-319-05627-2_35, © Springer International Publishing Switzerland 2014



88 Case 31 Ankylosing Spondylitis

Fig.1 (continued)




A 56-year-old female
¢ Patient with persistent dorsal pain
* Psoriasis

Fig. 1 Sagittal and axial T2-weighted images with fat satu-
ration (a—c), sagittal and axial T1-weighted images with fat
saturation following contrast medium administration (d—g).
Multiple areas of hyperintensity in T2 (a—c), with contrast
enhancement (d-g, asterisks and arrows), in the costover-

P. D’ Aprile, MRI of Rheumatic Spine,

tebral and costotransverse joints bilaterally, indicating active
osteoarthritis of the same joints. It is necessary to obtain
transverse slices (b, ¢, e-g) in addition to sagittal images to
precisely localize these lesions. The patient was affected by
psoriasis, which suggested the diagnosis of psoriatic arthritis
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90 Case 32 Psoriatic Arthritis

Fig.1 (continued)



¢ A 16-year-old male

¢ Acute and diffuse back pain

¢ Pustulosis

Fig.1 Sagittal TSE T2-weighted images with fat saturation
(a—c), sagittal contrast-enhanced SE T1-weighted images
with fat saturation (d—f). Multiple areas of edema-osteitis of
the vertebral bodies in the cervical, thoracic, and lumbar
spine. The young patient also presented pustulosis on the

P. D’ Aprile, MRI of Rheumatic Spine,

palms of the hands and soles of the feet. Diagnosis: spondy-
litis in SAPHO syndrome. This is a chronic disorder that
involves the skin, bone, and joints. SAPHO is an acronym
for the combination of synovitis, acne, pustulosis, hyperosto-
sis, and synovitis
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92 Case 33 SAPHO Syndrome

Fig.1 (continued)

Follow-up after 4 months of medical therapy

Fig. 2 Sagittal SE T1-weighted image (a), sagittal TSE Most of the lesions have disappeared. The remaining lesions
T2-weighted image with fat saturation (b), sagittal contrast- appear reduced in extension
enhanced SE T1-weighted images with fat saturation (c—e).



e A 12-year-old female

¢ Asymmetric oligoarthritis

* Low back pain

» Tenderness at examination of sacroiliac joints

Fig.1 Coronal T2-weighted images with fat saturation (a—¢). edema-osteitis (arrows). Diagnosis: sacroiliitis in juvenile idio-
Hyperintense signal on fat-suppressed T2-weighted images in  pathic arthritis
the iliac and sacral bone at both sides, indicating bone marrow

P. D’ Aprile, MRI of Rheumatic Spine, 93
DOI 10.1007/978-3-319-05627-2_38, © Springer International Publishing Switzerland 2014



94 Case 34 Juvenile Idiopathic Arthritis

Follow-up MRI after 2 years of medical treatment

Fig. 2 Coronal T2-weighted images with fat saturation
(a—c). The abovementioned lesions disappeared after 2 years
of therapy with methotrexate



Psoriatic Arthritis Case 3 5

Sacroiliitis

* A 34-year-old patient
 Patient with chronic back pain
 Psoriatic polyarthritis with sacroiliitis

Fig. 1 Axial SE Tl-weighted image (a), axial TSE (a, b). Subchondral edema and joint effusion of the right
T2-weighted image with fat saturation (b), CT images (c—-d). sacroiliac joint, indicating an active inflammatory stage
Bilateral sacroiliitis in different stages. On the left side, (a, b). Note that CT evaluation shows bilateral subchondral
there is adipous transformation of the bone marrow in the osteosclerosis and microerosions (¢, d)

sacral side of the joint and osteosclerosis in the iliac side

P. D’ Aprile, MRI of Rheumatic Spine, 95
DOI 10.1007/978-3-319-05627-2_39, © Springer International Publishing Switzerland 2014



Arthritis Associated Case 3 6
with Inflammatory Bowel Disease

Sacroiliitis

* A 39-year-old patient
¢ Right-sided back pain
 Patient affected by Crohn disease

Fig.1 Axial SE T1-weighted images with fat saturation fol- indicating an active inflammatory stage of the process. Note
lowing the administration of contrast medium (a-b). Right also bone erosion on the sacral side
sacroiliitis. Note contrast enhancement in the joint space,

P. D’ Aprile, MRI of Rheumatic Spine, 97
DOI 10.1007/978-3-319-05627-2_40, © Springer International Publishing Switzerland 2014



Psoriatic Arthritis Case 3 7
Sacroiliitis
Enthesitis

* A 35-year-old patient
 Patient with chronic back pain
 Psoriatic arthritis

Fig.1 Axial TSE T2-weighted image with fat saturation (a), Subchondral osteitis on the right sacral side and left iliac
axial SE T1-weighted images with fat saturation following side. Multiple foci of contrast enhancement at the sites of
the administration of contrast medium (b, ¢). Different attachment of ligaments, indicating enthesitis

planes. Anterior capsulitis of the right sacroiliac joint (a).

P. D’ Aprile, MRI of Rheumatic Spine, 99
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Psoriatic Arthritis Case 3 8

Sacroiliitis

* A 48-year-old patient
* Chronic low back pain
 Psoriatic skin lesions

Fig. 1 Plain film radiography (a), axial CT scan (b), axial osteosclerosis that is more marked on the iliac sides. MRI
contrast-enhanced T1-weighted images with fat saturation shows contrast enhancement on the subchondral sacral sides
(¢, d). Bilateral osteosclerosis of the sacroiliac joints (a). of the joints (¢, d), indicating the active inflammatory phase
Axial CT scan (b) permits to better highlight the subchondral  of sacroiliitis

P. D’ Aprile, MRI of Rheumatic Spine, 101
DOI 10.1007/978-3-319-05627-2_42, © Springer International Publishing Switzerland 2014



Ankylosing Spondylitis Case 39

Ankylosis of the Sacroiliac Joints

* A 55-year-old patient
¢ Patient with ankylosing spondylitis
* Ankylosing process of the sacroiliac joints

Fig. 1 Axial SE Tl-weighted images with fat saturation no enhancement is seen after the administration of contrast
following the administration of contrast medium (a, b), medium (a, b). The ankylosing process is more clearly
axial CT image (c¢). Chronic changes of sacroiliitis. identified by CT (c)

Subchondral sclerosis is seen as areas of low signal;

P. D’ Aprile, MRI of Rheumatic Spine, 103
DOI 10.1007/978-3-319-05627-2_43, © Springer International Publishing Switzerland 2014



e A 22-year-old patient

¢ Acute low back pain

¢ Limitation of motion of the spine
* Presence of HLA-B27

Fig.1 Sagittal (a), coronal (b), and axial (c) SE T1-weighted the interspinous and supraspinous ligaments (a—c, asterisks
images with fat saturation following the administration of and arrows), signs of acute inflammation
contrast medium. Images showing marked enhancement of

P. D’ Aprile, MRI of Rheumatic Spine, 105
DOI 10.1007/978-3-319-05627-2_44, © Springer International Publishing Switzerland 2014



e A 3l-year-old patient

e Low back pain

¢ Limitation of motion of the spine in the frontal
and lateral planes

* Presence of HLA-B27

Fig. 1 Sagittal SE Tl-weighted image (a), sagittal TSE
T2-weighted image with fat saturation (b). High signal in
T2 of the interspinous ligaments L3/L4, L4-L5 (asterisk),
and L5/S1 (b)

P. D’ Aprile, MRI of Rheumatic Spine,
DOI 10.1007/978-3-319-05627-2_45, © Springer International Publishing Switzerland 2014
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Case 41 Psoriatic Arthritis

Fig. 2 Sagittal (a), coronal (b—c), and axial (d—e) SE
T1-weighted images with fat saturation following the admin-
istration of contrast medium. These images demonstrate a
marked enhancement of the interspinous and supraspinous

¥ b
’, 3 ;L\ —
ligaments at L4-L5 and adjacent paraspinous muscles (a—e,

circle and arrow), indicating active inflammation of the same
ligaments and muscles




e A 25-year-old patient

¢ Right low back pain that worsens when sitting
for a long time

» Familial history of psoriasis

* Presence of HLA-B27

Fig.1 Axial SE T1-weighted images with fat saturation fol-  active inflammation of periarticular soft tissues (a, b, arrow).
lowing the administration of contrast medium (a-d). These Note also enhancement at the attachment of the left quadra-
images show periarticular contrast enhancement indicating tus lumborum muscle, indicating enthesitis (c, d, arrow)

P. D’ Aprile, MRI of Rheumatic Spine, 109
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Ankylosing Spondylitis Case 43

Enthesitis

* A 37-year-old patient
e Low back pain

and lateral planes

» Limitation of motion of the spine in the frontal

» Familial history of spondyloarthritis

Fig. 1 Sagittal SE T1-weighted image (a), sagittal TSE
T2-weighted image (b), sagittal TSE T2-weighted image
with fat saturation (¢). Small erosions of the anterior cor-
ner of L1 (a, b), with mild subchondral edema (c). Multiple
small areas of fat infiltration of the anterior corners of the

P. D’ Aprile, MRI of Rheumatic Spine,

vertebral bodies (a, b). T2-weighted images with fat satu-
ration show a mild hyperintensity of anterior corners (sign
of bone marrow edema), hyperintensity in the intervertebral
disc L2-L3 (asterisk), and diffuse hyperintensity of the spi-
nous processes (¢)
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112

Case 43 Ankylosing Spondylitis

Fig. 2 Sagittal and axial SE T1-weighted images with fat
saturation following the administration of contrast medium
(a-f). These images reveal a marked enhancement of the
interspinous and supraspinous ligaments of the spine (a—b,
asterisks). The axial images show other inflammatory lesions

like osteoarthritis and synovitis of facet joints (c—d), inflam-
mation of flava ligaments (c—e, arrows), and bilateral sac-
roiliitis with synovitis and inflammation of the interosseous
ligaments (f, arrows)



* A 59-year-old woman
¢ Patient with chronic back pain
¢ No increase of the inflammatory markers

Fig.1 Sagittal T1-weighted
image (a), sagittal
T2-weighted image with fat
saturation (b). The opposing
D11-D12-L1 vertebral
bodies (arrows) show
changes of the bone marrow
in their anterior corners,
with T1-hypo-/
hyperintensity (a) and
T2-hyperintensity (b). These
findings indicate
vascularized fibrous tissue,
with edema, and initial fatty
marrow replacement in the
abovementioned areas
(types 1-2 according to
Modic). The pathogenesis of
these lesions is not
infectious but mechanical.
The edematous pattern
indicates a sort of
“degenerative spondylitis”

P. D’ Aprile, MRI of Rheumatic Spine, 113
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Fig.1 Sagittal T1-weighted
image (a) and sagittal and
axial T2-weighted images
with fat saturation (b, c).
Anterolisthesis of L3 over
L4 and retrolisthesis

of L4 over LS. The opposing
L3-L4-L5 vertebral bodies
present signal changes in
their anterior corners,
indicating marked osteo-
chondrosic degeneration,
with fibrovascular transfor-
mation and edema of the

bone marrow (Modic type I).

These findings represent
stress-related bony reactive-
degenerative changes

Differential Diagnosis

Vertebral Instability and Osteochondrosis

* A 65-year-old male

 Patient with persistent low back pain

* Limited lumbar motion

» Exacerbation of pain by extension

* There was a point tenderness at L3/L.4 and L4/L5.

Case 45

P. D’ Aprile, MRI of Rheumatic Spine,
DOI 10.1007/978-3-319-05627-2_49, © Springer International Publishing Switzerland 2014
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116 Case 45 Differential Diagnosis

Fig.1 (continued)



» Patient with persistent low back pain

¢ Limited lumbar motion

» Exacerbation of pain by extension/flexion

Fig. 1 Sagittal SE TI-weighted image (a), sagittal
T2-weighted image with fat saturation (b), sagittal and axial
T1-weighted images with fat saturation following the admin-
istration of contrast medium (c, d), axial CT scan (e).
Edematous pattern with contrast enhancement in the subchon-
dral bone marrow of adjacent vertebral bodies L4/L5 (a—d).
See disc herniation into the subchondral spongiosa of L5. See
also erosion-like contour irregularities of the superior endplate

P. D’ Aprile, MRI of Rheumatic Spine,

at the same level (e). Diagnosis: degenerative disc disease in
fibrovascular stage (Modic type I) at L4/L5. Contrast enhance-
ment of the chondral surface and subchondral bone indicates
the active inflammatory stage of the degenerative process and
its extension. Erosion-like contour irregularities of the end-
plate of L5 result from an increased fragility of the compact
bone of the endplate with subsequent subchondral absorption
processes and disc herniation into the adjacent spongiosa
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118 Case 46 Differential Diagnosis

Fig.1 (continued)



e A 60-year-old female
 Persistent low back pain on the right side
e There was a point tenderness at L2/L.3.

Fig. 1 Sagittal SE TI-weighted image (a), sagittal TSE
T2-weighted image with fat saturation (b), sagittal, coronal, and
axial contrast-enhanced SE T1-weighted images with fat satura-
tion (c—f). The opposing vertebral bodies L.2/1.3 present signal
changes on the right side, hypointense in T1 and hyperintense in
T2 (i.e., edematous pattern, a, b), with enhancement after the
administration of contrast medium (c—f). Note also contrast
enhancement of the peridiscal soft tissues at the same level L2/

P. D’ Aprile, MRI of Rheumatic Spine,

L3 on the right side; in particular, note enhancement of the right
iliopsoas muscle (d—f, arrows). Scoliosis of the lumbar spine.
Vertebral body hemangioma at T10. This patient had no other
clinical or radiological sign of arthropathy. The only spinal
lesion of the patient is clearly localized at the point of maximum
load of the scoliotic spine. Diagnosis: mechanical osteochondri-
tis with edema-inflammation of the bone marrow and peridiscal
soft tissue, including the adjacent muscular fibers
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120 Case 47 Differential Diagnosis

Fig.1 (continued)




e A 45-year-old woman

» Patient with low back pain and fever
* There was a point tenderness at L5/S1.

Fig.1 Sagittal T1-weighted image (a), sagittal T2-weighted
image with fat saturation (b), sagittal and axial contrast-
enhanced T1-weighted images with fat saturation (c—e); CT
MPR sagittal image (f). The vertebral bodies of L5 and S1
present signal changes, hypointense in T1 (a) and hyperin-
tense in T2 (b), with contrast enhancement in the T1-weighted

P. D’ Aprile, MRI of Rheumatic Spine,

_

images with fat saturation (c—e), indicating infectious spon-
dylitis. There is also infectious pathologic tissue with con-
trast enhancement in the anterior peridural space (c—e, arrow
and asterisks). CT image shows osteosclerosis of the same
vertebral bodies, more marked in L5 (f)
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122 Case 48 Differential Diagnosis

Fig.1 (continued)



* A 54-year-old woman
» Patient with painful swelling in right gluteal region
¢ Low back pain on the right side

* Low-grade fever

Fig.1 Axial and coronal T2-weighted images with fat satura-
tion (a-b), axial and coronal T1-weighted images with fat
saturation after contrast medium administration (c—e). Abscess
located in the deep subcutaneous and gluteus maximus muscle

P. D’ Aprile, MRI of Rheumatic Spine,

on the right side (a, ¢). The infectious process spreads, through
the gluteus muscle, to the sacroiliac joint. Note edema-osteitis
of the sacral bone, intra-articular microabscesses, and erosions
of the articular surfaces
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Differential Diagnosis Case 5 0

Bone Fracture

* A 63-year-old woman

before MR examination

¢ Patient with low back pain during deambulation
and mobilization of the pelvis
e Trauma, with fall to the ground, 2 weeks

Fig.1 X-ray of the pelvis (a), axial T1-weighted image (b),
axial T2-weighted image with fat saturation (c), axial and
coronal T1-weighted images with fat saturation after contrast
medium administration (d, e), axial CT scans (f-g). X-ray
examination does not show significant alterations (a). The

P. D’ Aprile, MRI of Rheumatic Spine,

wings of the sacrum present a widespread alteration of signal,
hypointense in T1 (b) and hyperintense in T2 (¢), with marked
contrast enhancement (d, e); these findings are to be referred
to posttraumatic bone marrow edema. CT scans clearly reveal
multiple bone fractures of the sacrum (f-g, arrow)
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126 Case 50 Differential Diagnosis

Fig.1 (continued)



Differential Diagnosis Case 5 1

Bone Fracture

e A 75-year-old female

¢ Patient with left low back pain during deambulation
and mobilization of the pelvis
e Trauma, with fall to the ground, 15 days before MRI

Fig. 1 Axial Tl-weighted image (a), axial T2-weighted
image with fat saturation (b), coronal T1-weighted images
with fat saturation after contrast medium administration
(c,d). The left sacral wing presents a wide area of altered

P. D’ Aprile, MRI of Rheumatic Spine,

signal, hypointense in T1 and hyperintense in T2, with
marked contrast enhancement, indicating posttraumatic
intracancellous edema. Note thin fracture lines, more evident
in (b and ¢)
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e A 20-year-old male
¢ Patient with chronic right back pain
 Pain relief following salicylate administration

Fig.1 Sagittal and axial T2-weighted images
with fat saturation (a—c) and sagittal and axial
T1-weighted images with fat saturation following
the administration of contrast medium (d-h). CT
scan (i). Bone scintigraphy (j). MRI shows a
lesion with marked edema (a—c, circle) and
contrast enhancement (d-h, circle) in the right
posterior neural arch of D9. CT scan typically
shows a lytic lesion of the right lamina of D9,
surrounded by sclerosis of the same lamina and
pedicle (i, arrow). Bone scintigraphy detects
uptake of the lesion (j). Diagnosis: osteoid
osteoma

P. D’ Aprile, MRI of Rheumatic Spine, 129
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130 Case 52 Differential Diagnosis

Fig.1 (continued)




Case 52 Differential Diagnosis

Fig.1 (continued)
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Differential Diagnosis

Case 5 3

Spondyloarthritis and Metastasis

* A 57-year-old male

¢ Chronic low back pain

¢ Patient with undifferentiated spondyloarthritis

Fig. 1 Lumbar X-ray (a), sagittal T1-weighted image (b),
sagittal T2-weighted image with fat saturation (c), sagittal
and axial T1-weighted images with fat saturation following
the administration of contrast medium (d—f). X-ray image
shows only osteoarthrosis of the lumbar spine (a). MRI
reveals multiple areas of spondylitis, with contrast enhance-
ment, in the dorsal and lumbar spine (d—e, arrows). Note

P. D’ Aprile, MRI of Rheumatic Spine,

also a more extended lesion with contrast enhancement at the
level of L3, interesting both the vertebral body and posterior
arch, with perisomatic extension (f). The particular pattern
of this lesion suggested the hypothesis of metastasis, which
was subsequently confirmed by biopsy of the same lesion
(primary source was a renal cell carcinoma)
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Case 53 Differential Diagnosis

134

Fig.1 (continued)



Case 53 Differential Diagnosis 135

MRI of the brain after 2 months

Fig. 2 Axial, coronal, and sagittal T1-weighted images palsies. MRI showed a large skull base metastasis infiltrating
with fat saturation following the administration of contrast the sphenoid, clivus, and cavernous sinus on the right side
medium (a—c). Two months after the first MRI examination, (a—c, arrow)

the same patient presented multiple right-side cranial nerve
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Psoriatic Arthritis

Case 54

Spondylitis and Sacroiliitis

* A 20-year-old patient

pelvic compression

¢ Dorsal and lumbar pain that worsens during the night
* Sacroiliac tenderness with pain during lateral

Fig. 1 Sagittal TSE T1-weighted image (a), sagittal TSE
T2-weighted images with fat saturation (b—c), sagittal SE
T1-weighted images with fat saturation following the admin-
istration of contrast medium (d—e). These images show low
signal (a) and increased signal (b) of TS5 and T7 vertebral

P. D’ Aprile, MRI of Rheumatic Spine,

bodies and anterior corner of L3 (¢), indicating edema of the
bone marrow; after contrast medium administration, note
enhancement of the same lesions indicating active inflamma-
tion of the vertebral bodies (d—e)
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Case 54 Psoriatic Arthritis

Fig.2 Axial SE T1-weighted images with fat saturation fol-
lowing the administration of contrast medium (a, b): asym-
metric acute inflammation of both joints (b), more evident on
the left (a—b)



Case 54 Psoriatic Arthritis 141

Follow-up after 12 months of TNF-blocker therapy

Fig.3 Sagittal TSE T2-weighted images with fat saturation show the absence of bone marrow edema (a—b) and absence
(a-b), sagittal SE T1-weighted images with fat saturation of contrast enhancement of the spine (c—d) and sacroiliac
following the administration of contrast medium (c—d), and joints (e—f), indicating the resolution of the acute inflamma-
axial SE T1-weighted images with fat saturation following tory lesions

the administration of contrast medium (e—f). These images



Fig.1 X-ray of thoracic
and lumbar spine. Lateral
thoracic X-ray shows
marginal anterior osteophy-
tosis in the upper spine (a);
lateral lumbar X-ray

shows erosion of the
anterior corner of L4 with a
marginal osteophytosis and
anterior syndesmophytosis
L1-L2 (b)

Ankylosing Spondylitis

Spondylitis in Acute and Chronic Phases

* A 37-year-old patient

* A family history of SpA

* Dorsal and lumbar pain during the night for more
than 2 years

* Morning stiffness and limitation of motion of the
spine in the frontal and lateral planes

» Limitation of chest expansion

Case 5 5

P. D’ Aprile, MRI of Rheumatic Spine,
DOI 10.1007/978-3-319-05627-2_59, © Springer International Publishing Switzerland 2014
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Fig.2 Sagittal TSE T1-weighted image (a) and sagittal TSE
T2-weighted images with fat saturation (b—d). The images
show low signal of the T5-T6 (a, arrows) endplates and a
focal fat infiltration of the vertebral corners of the thoracic
spine, with ankylosis of T6—T7 and T8-T9 (a), increased sig-

Case 55 Ankylosing Spondylitis

nal of T5-T6 endplates (b, arrows) and some anterior corners
indicating edema of bone marrow (b—d), and hyperintensity
of the posterior corner and endplate of T6-T7 and zygapoph-
yseal joints of T7-T8 and T10-T11 (¢, circle)



Case 55 Ankylosing Spondylitis

Fig.3 Sagittal SE
T1-weighted images with
fat saturation following the
administration of contrast
medium (a-b). The images
show enhancement of
anterior endplate of T5-T6
(a, arrows) with enhance-
ment of anterior corners
(a, b, asterisks) that
confirms an acute inflam-
mation of the spine
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Fig. 4 Axial TSE T2-weighted images with fat saturation
(a-b) and SE T1-weighted images with fat saturation follow-
ing the administration of contrast medium (c—e). These
images demonstrate bone marrow edema in the costoverte-
bral joint on the right side (a-b, circle); after contrast
medium administration, note enhancement of right costover-
tebral joint T10-T11 (osteoarthritis) (d) with flogosis of
adjacent soft tissue (c—e)

Case 55 Ankylosing Spondylitis



Case 55 Ankylosing Spondylitis
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Follow-up after 12 months of TNF-blocker therapy

Fig.5 Sagittal SE T1-weighted images (a—b), sagittal TSE
T2-weighted images with fat saturation (c-d), axial SE
T1-weighted images with fat saturation following the admin-
istration of contrast medium (e—g). These images show anky-
losis of thoracic spine (a) and fat infiltration of the corners

(a-b), without bone marrow edema (c—d). After contrast
medium administration, the images do not show enhance-
ment of the spine and costovertebral joints, demonstrating
the absence of acute inflammation (e—g)
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Case 55 Ankylosing Spondylitis

Follow-up 3 years after suspension of TNF-blocker therapy

Fig.6 Sagittal (a—c) and axial (d—e) SE T1-weighted images
with fat saturation following the administration of contrast
medium. These images show enhancement of the vertebral
body endplate of C3—C4 and corresponding disc, indicating
an aseptic spondylodiscitis (a, circle). Contrast enhancement
of the left zygapophyseal joints C3—C4 and adjacent peri-

articular soft tissue indicating osteoarthritis and synovitis
(d, arrows). The image of lumbar spine (¢) shows inflamma-
tion of flava ligaments at L2-1.3 and inflammation of inter-
spinous ligament at L4-L5. The images of thoracic spine and
sacroiliac joints (b, e) show the absence of inflammatory
lesions




e A 25-year-old patient

* Presence of HLA-B27

* Psoriasis

* Low back pain that worsens when sitting for a long time
* Buttock pain

Fig.1 Coronal TSE T2-weighted image with fat saturation more evident on the right side (a, arrows). Contrast medium
(a) and SE T1-weighted image with fat saturation following administration shows osteitis of the right joint, in particular
the administration of contrast medium (b). These images on the iliac side, and shows bilateral synovitis (b, arrows)
demonstrate bone marrow edema of the sacroiliac joints,

P. D’ Aprile, MRI of Rheumatic Spine, 149
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Follow-up after 9 months of TNF-blocker therapy

Fig.2 Coronal TSE T2-weighted image with fat saturation
(a) and SE T1-weighted image with fat saturation following
the administration of contrast medium (b). The images show
the absence of inflammatory lesions of the sacroiliac joints



¢ A 35-year-old patient

¢ Dorsal and lumbar pain for more than 12 months

¢ Morning stiffness and limitation of motion in
the frontal planes

Fig.1 Sagittal SE T1-weighted sequence (a), sagittal TSE  lumbar spine (sign of chronic inflammation) (a), edema of
T2-weighted sequence with fat saturation (b), sagittal SE the bone marrow of the anterior corners (b), contrast
T1-weighted images with fat saturation following the enhancement of the anterior and posterior corners, sign of
administration of contrast medium (c—d). The images show active inflammation of the spine extended to the thoracic
low signal and fat infiltration of the anterior corners of the spine (c—d, arrows)

P. D’ Aprile, MRI of Rheumatic Spine, 151
DOI 10.1007/978-3-319-05627-2_61, © Springer International Publishing Switzerland 2014
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Follow-up after 14 months of TNF-blocker therapy

|
A

Fig.2 Sagittal SE T1-weighted sequence (a), sagittal TSE infiltration of the anterior corners of lumbar spine (a), a low
T2-weighted sequence with fat saturation (b), sagittal SE  signal of the spine (b), and the absence of acute inflammatory
T1-weighted image with fat saturation following the admin- lesions of the thoracic and lumbar spine (c—d)

istration of contrast medium (c—d). The images show only fat



Psoriatic Arthritis

Sacroiliitis

¢ A 28-year-old patient

* Familial history of SpA

* Low back pain that worsens when sitting for a long time
* Buttock pain

Case 5 8

Fig. 1 Coronal TSE T2-weighted sequence with fat satura- articular hyperintensity) (a); contrast medium administration
tion (a), coronal SE T1-weighted image with fat saturation demonstrates symmetric massive acute inflammation of both
following the administration of contrast medium (b). Note the  joints (osteitis), in particular on the sacral side, and intra-

massive bone marrow edema and intra-articular fluid (intra-  articular enhancement (synovitis) (b)

P. D’ Aprile, MRI of Rheumatic Spine,
DOI 10.1007/978-3-319-05627-2_62, © Springer International Publishing Switzerland 2014
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Follow-up after 13 months of TNF-blocker therapy

Fig.2 Coronal TSE T2-weighted image with fat saturation
showing resolution of the inflammatory signs of both joints
(absence of bone marrow edema)

Case 58 Psoriatic Arthritis



Ankylosing Spondylitis Case 59

Sacroiliitis

* A 34-year-old patient

¢ Low back pain (with buttock pain on the left) associated
with morning stiffness that improved with exercise but
not with rest

Fig. 1 Axial TSE T2-weighted image with fat saturation medium. Note bone marrow edema on the left sacroiliac joint
(a) and coronal (b) and axial (c—d) SE T1-weighted image (a—b) and subchondral contrast enhancement (osteitis), asso-
with fat saturation following the administration of contrast ciated with intra-articular enhancement (synovitis) (c—d)

P. D’ Aprile, MRI of Rheumatic Spine, 155
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156 Case 59 Ankylosing Spondylitis

Follow-up after 12 months of TNF-blocker therapy

Fig.2 Axial TSE T2-weighted with fat saturation image (a)
and axial and coronal SE T1-weighted image with fat satura-
tion following the administration of contrast medium (b—c)
demonstrating the resolution of acute inflammation of the
left sacroiliac joint



Ankylosing Spondylitis Case 60
Spondylodiscitis

e A 27-year-old patient

e Presence of HLA-B27

¢ Dorsal back pain

» Stiffness with limitation of motion in the sagittal
and frontal planes for more than 8 months

Fig.1 Sagittal SE T1-weighted image with fat saturation following the
administration of contrast medium shows bone erosion adjacent to the
vertebral endplates from T11 to L3 and inflammatory involvement of the
intervertebral discs (Andersson lesions)

P. D’ Aprile, MRI of Rheumatic Spine, 157
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Case 60 Ankylosing Spondylitis

Follow-up after 6 months of TNF-blocker therapy

Fig. 2 Sagittal SE T1-weighted image with fat saturation
following the administration of contrast medium sequence:
this image shows a mild reduction of inflammatory signs



Ankylosing Spondylitis Case 6 1

Spondylitis and Enthesitis

* A 30-year-old patient

* Presence of HLA-B27

¢ Dorsal and lumbar pain

« Stiffness for more than 10 months that improves
with exercise but is not relieved by rest

Fig.1 Sagittal SE T1-weighted image
(a), sagittal TSE T2-weighted image
(b), sagittal TSE T2-weighted images
with fat saturation (c—d), sagittal SE
T1-weighted image with fat saturation
following the administration of
contrast medium (e-f). These images
show a low signal at T12, L1, L2, and
L3 with focal fat infiltration at
vertebral corners of L1 and L2
(chronic inflammatory lesions) (a);
T2-weighted image shows a mild
hyperintensity at the same levels,
while fat saturated T2-weighted image
shows a more marked hyperintensity
of the same lesions (¢—d). Contrast
medium administration shows
enhancement of the vertebral corners
and endplates of thoracic and lumbar
spine (e, f, asterisks). Note how the
post-contrast images also show
pronounced enhancement of
interspinal and supraspinous
ligaments, a finding indicative of
enthesitis (e—f, arrows)

P. D’ Aprile, MRI of Rheumatic Spine, 159
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Fig.1 (continued)

Follow-up after 6 months of TNF-blocker therapy

Fig.2 Sagittal SE T1-weighted
sequences (a-b), sagittal TSE
T2-weighted images with fat
saturation (c—d), sagittal SE
T1-weighted images with fat
saturation following the
administration of contrast
medium (e-f). Focal fat
infiltration of the thoracic and
lumbar vertebral corners (a—b),
with the absence of bone
marrow edema(c—d); images
after contrast medium
administration confirm the
resolution of the inflammation,
with a minimal enhancement of
the superior corner of T11 (e—f)
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Fig.2 (continued)




* A 3l-year-old patient

* Familial history of psoriasis
e Lumbar pain during the night with improvement

upon getting up

TSE
T2-weighted image with fat saturation (b), SE T1-weighted
image with fat saturation following the administration of
contrast medium (c¢). These images show low signal intensity
of the anteroinferior corner of T12 and the anterosuperior

Fig. 1 Sagittal SE TI-weighted sequence (a),

P. D’ Aprile, MRI of Rheumatic Spine,

corner of L4 (a) and hyperintensity of the same lesions (b),
sign of bone marrow edema. After contrast medium admin-
istration, note enhancement of the same lesions, sign of
active spondylitis (¢, arrows)
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Case 62 Psoriatic Arthritis

Follow-up after 12 months of TNF-blocker therapy

Fig. 2 Sagittal SE TI-weighted sequence (a), TSE
T2-weighted sequence with fat saturation (b), SE T1-weighted
image with fat saturation following the administration of con-
trast medium (c). The images show fat infiltration of the

anteroinferior corner and inferior endplate of T12 and the
anterosuperior corner of L4 (a) without enhancement after
contrast medium administration, sign of resolution of inflam-
mation (b—c)
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