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MRI in Musculoskeletal Rheumatic Diseases

Abstract

Sudot-Szopinska et al.

This article presents the recommendations of the European Society of Musculoskeletal

Radiology Arthritis Subcommittee regarding the standards of the use of MRI in the
diagnosis of musculoskeletal rheumatic diseases. The recommendations discuss (1) the
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This article presents the recommendations of the European
Society of Musculoskeletal Radiology (ESSR) Arthritis Sub-
committee regarding the standards of the use of MRI in
radiology and rheumatology to standardize the diagnostic
work-up of patients with suspected or diagnosed rheumatic
diseases of the musculoskeletal system.

The article was prepared on the basis of clinical expertise,
current literature, as well as the guidelines of the ESSR, the
Assessment of SpondyloArthritis International Society
(ASAS), and the European League Against Rheumatism
(EULAR)."8

These recommendations discuss the following topics:

1. The role of MRI in current classification criteria of muscu-
loskeletal rheumatic diseases

2. The impact of MRI on the diagnosis of musculoskeletal
rheumatic diseases

3. MRI protocols

4. MRI interpretation and reporting

5. Methods for assessing MR images

The Role of MRI in Current Classification
Criteria of Rheumatic Diseases

MRI is currently considered the best noninvasive observer-
independent imaging modality to evaluate the inflammation
of joints, tendons, entheses, and bone marrow.

These are the main indications for MRI in patients with
musculoskeletal rheumatic diseases:

« Early diagnosis of inflammation

+ Confirmation of the presence of clinically active changes
and postinflammatory structural lesions

» Disease follow-up including monitoring of therapy
response

* Identification of disease complications

In particular, MRI facilitates the following assessments:

* Peripheral joints for active inflammation in the form of
effusion, synovitis, bone marrow edema (BME), as well as
the subsequent structural lesions, such as articular surface
damage and cortical bone erosions

* Active inflammatory lesions and structural changes in the
sacroiliac joints

role of MRI in current classification criteria of musculoskeletal rheumatic diseases
(including early diagnosis of inflammation, disease follow-up, and identification of
disease complications); (2) the impact of MRI on the diagnosis of axial and peripheral
spondyloarthritis, rheumatoid arthritis, and juvenile spondyloarthritis; (3) MRI protocols
for the axial and peripheral joints; (4) MRI interpretation and reporting for axial and
peripheral joints; and finally, (5) methods for assessing MR images including quantita-
tive, semiquantitative, and dynamic contrast-enhanced MRI studies.

 Inflammatory and postinflammatory lesions of the verte-
bral joints (i.e., assessment of the inflammatory activity,
aseptic  spondylodiscitis, atlantoaxial/atlanto-occipital
structural lesions

* Tenosynovitis and enthesitis

It also confirms the clinical diagnosis based on imaging
characteristics and/or location of lesions, and it provides
qualitative, semiquantitative, and quantitative measure-
ments of active inflammation and chronic joint damage.

Disadvantages of MRI include long examination times,
limited availability, limited field of view (normally a single
joint/group of joints, like a hand, is examined), relatively high
cost, need for contrast medium to increase specificity, and
contraindications in certain patients.

Impact of MRI on the Diagnosis of
Musculoskeletal Rheumatic Diseases

Axial Spondyloarthritis
MRI plays an important role in the diagnosis of axial spondy-
loarthritis (SpA) by detecting sacroiliitis (ASAS imaging arm)
more sensitively and also with a better reproducibility com-
pared with conventional radiography® (~Table 1). Spinal
inflammatory lesions suggestive of axial SpA are rarely found
in the absence of sacroiliitis on MRI (or radiography).’

In patients with clinically suspected axial SpA, MRI is most
commonly performed for the following reasons’:

 To visualize active inflammatory lesions in the sacroiliac
joints and the spine, particularly in young patients or
patients with a short history of disease, or where clinical
findings and conventional radiography fail to confirm the
disease definitively

* To show structural lesions early in the disease course

+ To monitor disease activity and assess response to therapy

The role of MRI needs to be determined to:

 Monitor structural changes of the sacroiliac joints and the
spine

 Predict development of new syndesmophytes from so-
called vertebral corner inflammatory lesions
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Table 1 ASAS 2010 criteria for classification of axial spondyloarthritis

Sudot-Szopinska et al.

2,3,8

Back pain > 3 mo and age at onset < 45y

Sacroiliitis on imaging? and one or more SpA features® ‘ or

‘ HLA-B27 positive and two or more other SpA features®

Abbreviations: ASAS, Assessment of SpondyloArthritis Society; HLA-B237, human leukocyte antigen B27; SpA, spondyloarthritis.
Active inflammation on MRI highly suggestive for sacroiliitis associated with SpA or definite radiographic sacroiliitis according to the modified New

York criteria (1984).

bSpA features: inflammatory back pain (at least four of the following symptoms must occur: pain onset before the age of 40, insidious onset,
improvement with exercise, no improvement with rest; pain at night with improvement upon getting up, peripheral arthritis, enthesitis, uveitis,
dactylitis, psoriasis, diagnosed Crohn disease or ulcerative colitis, good response to nonsteroidal anti-inflammatory drugs, familial history of SpA,

HLA-B27 positivity, elevated Greactive protein.

Peripheral Spondyloarthritis
Patients presenting with clinical symptoms of peripheral
arthritis, tenosynovitis, bursitis, enthesitis, or swelling of
the finger(s) (~Table 2) are referred for MRI when conven-
tional radiographs and/or ultrasound findings are inconclu-
sive or normal.

MRI is performed to°:

« Diagnose active inflammatory lesions

* Monitor disease activity

» Diagnose complications, such as cartilage damage, ten-
dons tears, and avascular necrosis

Rheumatoid Arthritis
Imaging is not a mandatory part of the current American
College of Rheumatology ACR/EULAR classification criteria
for rheumatoid arthritis (RA),G'7 but importantly MRI (and
ultrasonography [US]) can be used to count involved joints in
case of diagnostic uncertainty. In the ACR/EULAR 2010
criteria for RA® classification as RA is based on the presence
of definite clinical synovitis (swelling at clinical examination)
in one or more joints, absence of an alternative diagnosis that
better explains the synovitis, and achievement of a total score
> 6 of a possible 10 from the individual scores in four
domains (including imaging findings). In the joint involve-
ment domain, which can provide up to five of the six required
points for an RA diagnosis, MRI and US can be used to
determine the joint involvement.®'%1" However, the clinical
impact of MRI in the early diagnosis of RA needs to be
determined.'>"3

Apart from assessment of joint involvement, MRI allows
detection of inflammatory changes in tendon sheaths and
bursae, as well as bone marrow involvement.

In addition, the EULAR recommendations for the use of

imaging in the clinical management of RA recommend MRI
for6:14.15.

» Assessing prognosis (synovitis and BME in particular are
risk factors for the progression to structural changes)

* Predicting and assessing treatment response

* Monitoring disease activity and progression

* Assessing cervical spine involvement

* Assessing inflammatory lesions that are not detected on
clinical examination

Juvenile Idiopathic Arthritis and Juvenile
Spondyloarthritis
The evaluation of articular disorders in children differs from
that in adults in several respects and remains challenging.'®
MRI is more sensitive than physical examination, conven-
tional radiography, or US for the evaluation of inflammatory
as well as destructive changes in juvenile idiopathic arthritis
(JIA) and juvenile spondyloarthritis (JSpA).'”>'® Optimized
MRI protocols permit application of the procedure without
sedation or anesthesia in pediatric patients as young as 5 years
of age.'® MRI features in JIA knee joint?%?" and the wrist and
metacarpophalangeal joints'® can be scored using several
systems; the temporomandibular joint (TM]) is currently a
focus of international interest.??
Clinical applications of MRI in JIA and JSpA include the
following?3~27:
« Initial confirmation of clinical diagnosis and differential
diagnoses
» Assessment of disease activity in joints that are difficult to
evaluate clinically (and by US, such as the hip, TM], subtalar
joint, spine, and sacroiliac joints

Table 2 ASAS classification criteria for peripheral spondyloarthritis>*

Peripheral arthritis, enthesitis, or dactylitis plus

One or more SpA features:

Psoriasis

Crohn disease or ulcerative colitis

Preceding infection

HLA-B27 positivity

Uveitis

Definitive sacroiliitis on conventional radiographs or MRI

Two or more other SpA features:
Arthritis

Enthesitis

Dactylitis/sausage-like fingers and toes
Inflammatory back pain

Familial history of SpA

Abbreviations: ASAS, Assessment of SpondyloArthritis Society; HLA-B237, human leukocyte antigen B27; SpA, spondyloarthritis.
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Fig. 1 MR sagittal localizer image shows imaging planes of coronal
oblique slices of sacroiliac joints relative to the tangent of the posterior
surface of the S2 vertebral body.

» Assessment of subclinical synovitis

» Assessment of structural lesions, such as cartilage damage
and erosions in peripheral joints, and structural lesions in
the spine and sacroiliac joints

* Therapy monitoring

» Recognition of complications (e.g., cervical spine subluxa-
tion with potential cord compression)

MRI Protocols

MR examination of specific anatomical regions is performed
using dedicated spinal, hand, ankle-foot, or body phased-
array coils. If indicated, whole-body MRI scans may also be
acquired when looking for active inflammation.

In case of the use of a low magnetic field MR scanner
dedicated for the examination of small joints (e.g., 0.2- to 1-T
field strengths), its limited field of view ~ 12 cm, and
implications for fat-suppression (FS) techniques need
consideration.

In RA, scanning of both hands would be optimal but is
often not feasible with adequate image quality. In clinical
practice, in some units the most symptomatic hand or the
dominant hand is examined.

The use of intravenous contrast is essential in (early) RA
patients and for the detection of (teno)synovitis.?8

Isotropic three-dimensional (3D) imaging (e.g., 3D spoiled
gradient recalled) can also be very useful in the hands and
feet. This has particular advantages for follow-up imaging,
allowing multiplanar reconstructions to assure the achieve-
ment of comparable planes even if patient positioning has not
been exactly reproduced.

MRI of the cervical spine is recommended in RA patients
with neck pain, neurologic symptoms/signs, and/or radio-

Sudot-Szopinska et al.

graphic signs of instability, including horizontal, rotatory, and
vertical subluxation, to evaluate a potential occurrence of
active pannus and risk of cord or brainstem compression.?’

In the early diagnosis of axial SpA, a sacroiliac joints MRI
is recommended. For the diagnosis of spinal lesion in axial
SpA, a full-spine MRI is recommended. The additional value
of spinal MRI to sacroiliac joints MRI has not been clearly
shown for establishing the diagnosis of axial SpA.” Howev-
er, in clinical practice, and especially in case of doubt, spinal
MRI may be useful for the positive diagnosis of other
diseases (e.g., Modic type 1, Scheuermann disease, diffuse
idiopathic skeletal hyperostosis). In SpA patients, the MRI
scan range on sagittal slices should be laterally extended to
include the paravertebral structures such as facet, costo-
transversal, and costovertebral joints that are commonly
involved in SpA.

MRI protocols can be adjusted taking into consideration
the scanner specifications, available coils, and image quality
in particular sequences. Short tau inversion recovery (STIR) or
turbo inversion recovery magnitude (TIRM), T2-weighted
sequences with fat suppression (T2FS) or T2-weighted Dixon,
T1-weighted sequences with or without FS and before and/or
after contrast injection, and proton-density (PD) FS sequen-
ces may be used.!30-32

The size of the field of view and the matrix as well as the
slice thickness should be adjusted appropriately. The recom-
mended maximal slice thickness is 3 mm, with an interslice
gap of 0.3 mm, depending on the anatomical structure to be
assessed. Thinner sections should ideally be performed for
small joints.

=Table 3 lists the MRI scanning protocols recommended
by the ESSR Arthritis Subcommittee for the assessment of
inflammatory changes of the musculoskeletal system in the
course of rheumatic diseases.

MRI Interpretation and Reporting

Subject to the assessment are the T1, T2, and PD-weighted
sequences with or without fat saturation or STIR/TIRM se-
quences, in addition to available postcontrast sequences.

MRI of Sacroiliac Joints
According to ASAS, the diagnosis of early sacroiliitis by MRI is
based on the evaluation of active (=Figs. 1, 2 and 3) and
structural postinflammatory changes (~Fig. 4) (~Table 4).

The MRI-based diagnosis of active early sacroiliitis re-
quires the presence and detection of BME. In accordance
with the ASAS criteria, other active inflammatory changes,
such as synovitis, capsulitis, and enthesitis, are suggestive of
sacroiliitis on the condition of concomitant BME in the
adjacent areas.® To diagnose these three inflammatory fea-
tures, contrast- enhanced (CE) MRI is often needed. However,
according to the 2015 evidence-based EULAR recommenda-
tions,”> CE-MRI is not necessary to make a diagnosis of
sacroiliitis because BME is the key to the diagnosis and the
hallmark of the disease.

MR reports should contain a description of active and
structural changes.
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Table 3 MR scanning protocols recommended by the ESSR Arthritis Subcommittee for the assessment of inflammatory changes of
the musculoskeletal system in the course of rheumatic diseases

Examined area MRI sequences

Sacroiliac joints Coronal oblique® T1-weighted (T1)

Coronal oblique STIR/TIRM or either PD FS, T1 FS or gradient-echo sequence

axial® PD FS or STIR/TIRM

Obligatory: minimum coronal oblique T1-weighted, coronal oblique STIR/TIRM and a
cartilage sequence and visualization in two perpendicular planes

aCoronal oblique: slice of sacroiliac joints in coronal plane relative to the tangent of the
Eosterior surface of S2 vertebral body (~Fig. 1)

Axial: a transverse slice of sacroiliac joints perpendicular to the coronal oblique slice

Spine, SpA Sagittal T1-weighted
Sagittal STIR/TIRM
Axial T2FS or FFE (if optimal assessment of osseous edema at the posterior joints is needed)

Spine, RA Sagittal T1-weighted

Sagittal STIR/TIRM

Axial T2 FS or FFE of the atlantoaxial and atlanto-occipital and, when needed, subaxial regions
Coronal T1 in cases with atlantoaxial and/or atlanto-occipital changes suspect for lateral or
rotatory subluxation

Postcontrast sagittal and axial T1 with FS are often needed for clear delineation of active
inflammation. Additional coronal sequence in cases with atlantoaxial and/or atlanto-occipital
changes

Hand® Coronal T1-weighted

Coronal STIR|TIRM or T2 FS (to be selected depending on the MRI scanner)

Axial T2 FS or PD FS or STIR/TIRM or T1 (to be selected depending on the MRI scanner)
Postcontrast T1 or T1FS (if optimal assessment of synovitis/osteitis is needed)

Depending on equipment, isotropic 3D sequences can be useful allowing reconstructions in
different planes.

@Anatomically, the hand includes the wrist, the metacarpophalangeal joints, and the digits.
Distal interphalangeal joints are not essential in RA but are in psoriatic arthritis

Ankle? Sagittal PD FS

Coronal® T2 FS, STIR/TIRM, or PD FS (to be selected depending on the MRI scanner)
Axial® T1-weighted

Axial PD FS or T2 STIR/TIRM

Postcontrast T1 or T1 FS

(if optimal assessment of synovitis/osteitis is needed)

aCoronal slice along the longitudinal body axis

bAxial slice: perpendicular to the longitudinal body axis

Foot® Coronal® T2 FS, STIR/TIRM, or PD FS

Axial® T1 -weighted, STIR/TIRM, T2 FS, or PD FS

Sagittal PD FS

Postcontrast T1 or T1FS

(if optimal assessment of synovitis/osteitis is needed)

aCoronal slice along the longitudinal body axis

PAxial slice: perpendicular to the longitudinal body axis

Depending on equipment, isotropic 3D sequences can be a possibility allowing reconstruc
tions in different planes

Glenohumeral joint Axial STIR/TIRM, T2 FS, or PD FS

Coronal oblique T1-weighted

Coronal oblique STIR/TIRM, T2 FS, or PD FS

Sagittal oblique T1- or T2-weighted

Sagittal oblique STIR/TIRM, T2 FS, or PD FS

Obligatory: minimum two PD FS, STIR/TIRM, or T2 FS sequences and minimum one
T1-weighted sequence

Postcontrast T1 or T1 FS (if optimal assessment of synovitis/osteitis is needed)

Anterior chest wall joints Assessment of inflammatory lesions:

(sternoclavicular, Coronal T1-weighted

sternocostal, and Coronal T2 FS or STIR/TIRM

manubriosternal joint) Axial or sagittal T2 FS depending on disease location

Assessment of sternoclavicular articular disks:
Coronal and transverse PDFS
Postcontrast T1 or T1 FS (if optimal assessment of synovitis/osteitis is needed)
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Table 3 (Continued)

Sudot-Szopinska et al.

Examined area MRI sequences

Coronal PD FS
Axial PD FS

Elbow Coronal T1-weighted

Axial STIR/TIRM, T2FS, or PD FS

Coronal STIR/TIRM, T2 FS or PD FS

Sagittal T1-weighted

Sagittal PD FS

Obligatory: minimum two PD FS, STIR/TIRM, or T2 FS sequences and minimum one

T1-weighted sequence

Postcontrast T1 or T1FS (if optimal assessment of synovitis/osteitis is needed)
Hip Coronal STIR/TIRM, T2 FS, or PD FS

Coronal T1-weighted

Axial STIR/TIRM, T2FS, or PD FS

Axial T1-weighted

Postcontrast T1 or T1 FS (if optimal assessment of synovitis/osteitis is needed)
Knee Sagittal PD FS

Sagittal or coronal T1-weighted
Postcontrast T1 or T1 FS (if optimal assessment of synovitis/osteitis is needed)

Temporomandibular joints

Axial T2FS or STIR/TIRM
Coronal T2FS or STIR/TIRM
Coronal T2-weighted

Assessment of inflammatory lesions:
Axial or coronal T1-weighted

Assessment of articular disks and joint mobility:

Sagittal oblique PD (articular disk assessment)

Sagittal oblique PD FS (mouth open and closed)

Postcontrast T1 or T1 FS (if optimal assessment of synovitis/osteitis is needed)

Whole-body MRI Coronal T1-weighted

Coronal T2FS or STIR/TIRM

Sagittal STIR/TIRM and/or T1 of the whole spine

Abbreviations: 3D, three-dimensional; ESSR, European Society of Skeletal Radiology; FFE, fast-field echo; FS, fat suppressed; PD, proton density; RA,
rheumatoid arthritis; SpA, spondyloarthritis; STIR, short tau inversion recovery; TIRM, turbo inversion recovery magnitude.

The present guidelines recommend reports based on visu-
alization of the joints in two perpendicular planes, oblique
coronal and oblique axial. The description of findings should
contain the site of lesions within the cartilaginous and/or
ligamentous sacral/iliac portion of the joint as visualized in
the two perpendicular scan directions. If possible, the number
and location of these changes for both diagnostic reasons and
monitoring of therapy should also be determined.

Active Inflammatory Lesions in MRI Scans

Bone Marrow Edema

BME is visible as an area of high signal on T2 FS or STIR/TIRM
images and is typically located subchondrally in the cartilagi-
nous parts of the sacroiliac joint (~Figs. 2 and 3). It may be
associated with structural changes, such as erosions, fat
deposition, or sclerosis.

Capsulitis/Synovitis
Capsulitis has been described by ASAS as a thickening of the
sacroiliac joint capsule and adjacent ligaments, as well as

hyperintense signal on T2 FS or STIR/TIRM images and/or
hyperintensity on contrast-enhanced T1 FS sequences, rep-
resenting capsular/ligamentous inflammation, including in-
flammation in the underlying synovium.

Synovitis presents as a hyperintense signal on contrast-
enhanced T1FS images, in the synovial part of the sacroiliac
joint (ASAS).

However, histologically that there is no capsule or syno-
vium in the proximal two thirds of the joint.33 The joint is
built as a symphysis with surrounding ligaments. Inflamma-
tion adjacent to the joint in this region therefore represents
enthesitis.

Synovitis may be present in the distal cartilaginous
portion of the joint, and inflammatory changes specifically
located to the synovia may possibly be detected on oblique
axial postcontrast sequences, but it has never been con-
firmed in MR studies including oblique axial slices. Al-
though rare, synovitis has been reported in histologic
studies.>* Also involvement of capsular structures in the
distal portion of the joint has not been confirmed in MR
studies.
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Fig. 2 Active inflammatory lesions of the sacroiliac joints. (a) Para-
coronal short tau inversion recovery (b) paracoronal T1-weighted and
(c) para-axial proton-density fat-suppressed MR images show bilateral
subchondral bone marrow edema (arrows) and high signalin the joints
(exudate) as well in the anterosuperior sacroiliac enthesitis (arrow-
heads) in keeping with spondyloarthritis.

Enthesitis
Enthesitis is seen as hyperintense signal at sacroiliac liga-
ments or entheses on STIR/TIRM or T1FS contrast-enhanced
images, frequently with BME of the bony part of the entheses
(=Fig. 2).

Structural Changes on MRI Scans

1. Bone erosion: joint facet/subchondral bone abnormalities
appearing as few, multiple, localized, or contiguous low

Seminars in Musculoskeletal Radiology ~ Vol. 19 No. 4/2015

Fig. 3 Sacroiliitis. (a) Coronal oblique and (b) axial short tau inversion
recovery images of the sacroiliac joints show bilateral bone marrow
edema in both the posterior (syndesmotic) and anterior cartilaginous
parts of the sacroiliac joints. The ligamentous portion of the joint is
well visualized at the axial slice compared with the coronal slice
(arrows).

signal intensities on T1-weighted MR images with varying
signal intensity on T1FS or gradient-echo sequences.>>3®
They may be seen with and without concomitant BME
corresponding to subchondral plate disruption and sub-
chondral tissue infiltrates at biopsies.>*

2. Sclerosis: subchondral low-intensity signal at the sacroili-
ac joint on all sequences (~Fig. 4).

3. Fatty conversion of bone marrow (esterification): sub-
chondral hyperintense signal on T1, T2, and PD-weighted
images, which is suppressed on FS sequences (~Fig. 4).

4. Bony bridges, ankyloses (=Fig. 4): bony appositions, end
stage of disease with union across the joint.

MRI of the Spine

Rheumatoid Arthritis

In RA patients, MRI of the spine is usually performed to assess
the presence of inflammation and possible complications in
the atlantoaxial, atlanto-occipital, and subaxial areas (syno-
vitis, odontoid BME and erosions, C1-C2 subluxation or

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
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Fig. 4 Structural lesions of the sacroiliac joint in spondyloarthritis.

Early changes: erosions on T1-weighted (a) and T1 fat-suppressed (b) images. Late changes:

partial ankylosis and fatty infiltration of subchondral bone marrow on T1-weighted (c) and T2 turbo inversion recovery magnitude (d) images (arrows).

b

Fig.5 Structural and active lesions in rheumatoid arthritis. Sagittal T1-weighted images (a) before and (b) after gadolinium administration of the
cervical spine show erosions of the dens (short arrow) and enhancing synovium in the C1-C2 joint (synovitis) (long arrow).

Table 4 Types of typical MRI lesions of the sacroiliac joints according to ASAS®

Active inflammatory lesions

Structural lesions

1. Bone marrow edema

1. Subchondral sclerosis

2. Capsulitis 2. Bone erosions

3. Synovitis 3. Periarticular fat
deposition

4. Enthesitis 4. Bony bridges, ankyloses

Abbreviation: ASAS, Assessment of SpondyloArthritis Society.
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b,c

Fig. 6 Active inflammatory lesions of the spine in spondyloarthritis. Sagittal (a) short tau inversion recovery (STIR) image shows corner
inflammatory lesions and active erosions (arrows) in the anterior, superior, and inferior aspect of multiple thoracic and lumbar spine vertebrae. (b)
Sagittal STIR image shows inflammation of multiple costovertebral and apophyseal joints (arrows). (c) Sagittal STIR image shows inflammation of
supraspinous and interspinous ligaments (arrows).

3,b‘ c,d

Fig. 7 Structural changes of the spine in spondyloarthritis (SpA). (a) Sagittal T1-weighted MR image shows fatty corner lesions in multiple
vertebral bodies (arrows). (b) T1-weighted MR image shows ankylosis of multiple segments (arrows). (c) T1-weighted and (d) short tau inversion
recovery MR images show vertebral plate erosion (arrow) as part of aseptic spondylodiscitis in SpA. There is a surrounding mixture of bone marrow
edema and fatty infiltration, signs indicating active inflammation in addition to sequels of previous inflammation.
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basilar invagination, and/or subaxial spinal stenosis)?’

(=~Fig. 5).

Spondyloarthritis

Typical MR features of axial SpA include corner inflammatory
lesions; aseptic noninfectious discitis with erosions of the
end plates, zygo-apophyseal joint inflammation, costoverte-
bral joint inflammation, inflammation of the posterior spinal
elements, and ankylosis>” (~Figs. 6 and 7). Lesions of the
lateral thoracic elements are very specific for the diagnosis of
axial SpA.8

Juvenile Idiopathic Arthritis| Juvenile Spondyloarthritis
MRI of the cervical spine is usually performed to assess the
activity of inflammation, including subclinical cases, and to
diagnose complications in the atlantodental and atlanto-
occipital region, suspected on radiographs (~Fig. 8).

c

Sudot-Szopinska et al.

MRI of Peripheral Joints

In peripheral joints, thickening of the synovium, enhance-
ment of the inflamed synovium, effusion, bone erosions, and
BME can be demonstrated (~Figs. 9-15).

Synovitis can be assessed on T1FS sequences following
contrast administration. The enhancement within the syno-
vial membrane should be examined within no longer than 10
minutes from contrast administration.3® After this time, the
contrast agent permeates into the synovial fluid. Fibrosis
within the synovium results in low contrast enhancement.
The same applies to hemosiderin occurring in pigmented
villonodular synovitis (~Fig. 11).

BME in the course of the inflammation is seen as a
hyperintense area on T2- and PD-weighted images, best
visualized by T2 FS or STIR/TIRM sequences, hypointense
onT1-weighted images with enhancement following contrast
administration.

Fig. 8 Active inflammation in a 12-year-old boy with juvenile idiopathic arthritis. (a) Cervical spine radiograph shows C1-C2 subluxation (arrow).
(b, c) Sagittal T1-weighted MR images before and after contrast enhancement show synovium enhancement at the C1-C2 joint (arrows). (d) Fat
saturated T2-weighted MR image shows bone marrow edema in odontoid process (arrow).
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b,c

Fig. 9 Hand and wrist inflammation in rheumatoid arthritis. Coronal (a) T1-weighted, (b) fat- saturated T2-weighted, and (c) fat-saturated
contrast-enhanced T1-weighted MR images show multiple bone erosions. Synovitis (arrows) is depicted mainly in the wrist and metacarpo-
phalangeal Ill joint. Diffuse bone marrow edema (osteitis) is also clearly seen in the wrist bones and in the base of the third phalange.

b,c

Fig. 10 Active inflammation of the elbow joint in a 16-year-old girl with juvenile idiopathic arthritis. Sagittal (a) T1-weighted, (b) T2 fat-
suppressed, and (c) fat-saturated contrast-enhanced T1-weighted images show synovitis (arrows) in the elbow joint space.

Fig. 11 Pigmented villonodular synovitis of the shoulder of a 34-year-old woman. Axial (a) fat-saturated T2-weighted and (b) fat-saturated
contrast-enhanced T1-weighted show synovial proliferation with hypointense signal (arrows) due to hemosiderin deposition.
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a
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Fig. 12 Active inflammation of the temporomandibular joints. Sagittal T1-weighted images (a) before and (b) after contrast administration show

synovitis (arrows) in the temporomandibular joint space.

Fig. 13 Ankle arthritis in rheumatoid arthritis. Coronal (a) T1-weighted and (b) fat-suppressed T2-weighted MR images show extensive erosions
(arrows) with fluid signal (exudate) of the tibiotalar joint; a benign cyst in the calcaneum.

Intraosseous cysts present as high signal intensity foci on
T2-weighted images and low signal intensity on T1-weighted
images, and they are better delineated compared with ill-
defined areas of BME.

Bone erosions are sharply marginated trabecular bone defects
with disrupted cortical bone continuity, seen in at least two
planes, with low signal intensity on T1-weighted images.>®

Joint effusions are hyperintense on T2- and PD-weighted
images, hypointense on T1-weighted images, and do not
enhance  immediately  following  contrast  agent
administration.3'-32

In peripheral as well as in axial SpA, enthesitis may
develop. MRI is highly sensitive for visualizing active enthe-
sitis and depicts an abnormal signal in the fibrous and bony
part of an enthesis, as well as peri-entheseal soft tissue
involvement (synovium and fatty tissue).*>:*' Extensive and
diffuse patterns of BME are more closely related to inflam-
matory enthesitis. However, differentiation between the
different causes of enthesitis (i.e., inflammatory, mechanical,
metabolic, endocrine) is only feasible in the context of the
available clinical information. Despite these limitations, MRI
represents a significant advance for the early diagnosis of
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Fig. 14 Knee arthritis in psoriatic arthritis. Sagittal (a) and axial (b) fat-saturated contrast-enhanced T1-weighted MR images show joint effusion

(arrows) and synovial enhancement (long arrows).

enthesitis-related arthropathies and for monitoring therapy
that targets entheseal inflammation.

On MR, an abnormal enthesis is hyperintense on T2 and
PD-weighted images, best visualized by T2 FS or STIR/TIRM
sequences, and is hypointense on T1-weighted images. The

bony part of an enthesis may show BME. Both fibrous and
bony parts show enhancement following contrast admin-
istration, as well as inflamed neighboring synovial and
adipose tissues*%#! (~Fig. 16). Enthesophytes can also be
detected.

Fig. 15 Pelvic enthesitis. Coronal T1-weighted (a), axial fat-saturated T2-weighted (b), and coronal fat-saturated contrast-enhanced T1-weighted
(c) images show enhancement of the enlarged gluteus medius bursa (arrows) and within its enthesis on the greater trochanter (arrows) in keeping

with gluteus medius bursitis and enthesitis.
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Fig. 16 Plantar fasciitis in spondyloarthritis. (a) Sagittal T1-weighted and (b) fat-suppressed T2-weighted images show thickening of the plantar
fascia with surrounding soft tissue edema (arrows) and bone marrow edema in the calcaneal attachment (arrowheads) compatible with plantar

fascia enthesitis.

Assessment of MR Images

MRI assessment is usually qualitative. However, several time-
consuming semiquantitative methods exist for RA, psoriatic

arthritis, and axial SpA that are mostly used in research
studies,35-39:42-46

Dynamic contrast-enhanced MRI (DCE-MRI) allows for the
assessment of the degree of enhancement of inflamed syno-
vium, and it has been used for evaluating RA, osteoarthritis,
psoriatic arthritis, and JIA.#7~>2

DCE-MRI consists of imaging of the same slices at intervals
of several seconds during and after intravenous contrast

Fig. 17 Dynamic MR imaging in early inflammatory rheumatoid arthritis. (a) Coronal contrast-enhanced fat-suppressed volumetric interpolated
breath-hold examination (VIBE) MR image shows marked synovitis of the flexor tendons, intercarpal, and metacarpophalangeal joints. (b) Drawing
of region of interest (ROI) on a coronal VIBE MR image. (c) Signal intensity/time curve after gadolinium (corresponding to the represented ROI)
representative of a high early enhancing rate pattern. (d) Maximum intensity projection of a three-dimensional (3D) digitally subtracted data set
of the second VIBE acquisition after contrast (20 seconds after contrast administration) indicates early increased vascularity due to synovitis.

(e) Maximum intensity projection of a 3D digitally subtracted data set of the seventh VIBE acquisition after contrast (70 seconds after contrast
administration), indicative of late persistent increased vascularity due to synovitis.
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administration for a period of 2 to 5 minutes (~Fig. 17).
Absolute and relative enhancement of the synovium can be
obtained from the analysis reflecting synovial perfusion and
permeability of capillary vessels within the inflamed tissue.
This is correlated with the degree of synovial vascularization,
which may be useful in monitoring treatment,> but the
reproducibility in multicenter studies still needs to be
determined.

Conclusion

The Arthritis Subcommittee of the ESSR recommends MRI as
an accurate and objective modality for the diagnosis and
follow-up of rheumatologic conditions. It is the method of
choice for the assessment of early involvement of the spine
and sacroiliac joints, and for monitoring axial SpA activity.
Contrast-enhanced MRI can be used to evaluate the inflam-
matory activity of synovium as well as bone marrow.

Currently MRI is the most promising method to evaluate
objectively the severity of inflammation, to diagnose subclini-
cal axial and peripheral inflammation, and to confirm remis-
sion. Finally MRI holds promise in deepening our knowledge
about the etiopathogenesis of rheumatoid diseases.
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