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The superior soft tissue contrast and multiplanar capability of magnetic resonance
imaging has contributed to earlier diagnosis and implementation of effective treatment
for a variety of arthropathies. Owing to overlapping clinical signs and symptoms, MRI
plays a role in delineating the features and stages of these conditions. With the advent
of disease-modifying therapies, it is important to diagnose inflammatory arthropathy
as early as possible. In this chapter, we discuss the pathophysiology of bone erosion and
joint space narrowing, as well as the role of MRI in the imaging of the seropositive and
seronegative inflammatory arthropathies.
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Introduction

On the basis of epidemiological data,1

rheumatoid arthritis affects 1% of the popu-
lation. The disease demonstrates slow progres-
sion in some patients, whereas it rapidly de-
stroys joint spaces and periarticular bone in
others. The peak onset of symptoms is between
the fourth and the sixth decades; however, juve-
nile rheumatoid arthritis is also well known. Be-
fore the development of MRI, clinicians had to
rely on clinical examination, presenting symp-
toms, and radiographs to diagnose this disease.
Unfortunately, radiographs demonstrate only
the late changes owing to rheumatoid arthritis.
MRI is able to detect early synovial changes
before the development of erosions. Recent re-
search also suggests that bone marrow edema
detected by MRI may, in fact, be predictive
of erosions.2 Early diagnosis is of high priority
in the initial workup of patients with suspected
rheumatoid arthritis. Confirmation of the diag-
nosis allows clinicians to start disease-modifying
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therapy early, before severe secondary disabil-
ity has occurred. Assessment of the severity of
the disease on the baseline scans of individual
patients may allow clinicians to tailor their drug
regimens appropriately.

Pathophysiology for Joint Space
Narrowing and Bone Erosion

in Rheumatoid Arthritis

The chronic inflammatory arthritides are of-
ten associated with localized and generalized
bone loss. Localized bone loss manifests as pe-
riarticular osteopenia and subchondral bone
erosions and constitutes an important feature in
diagnosing and directing treatment in rheuma-
toid arthritis (RA), psoriatic arthritis (PsA), and
juvenile idiopathic arthritis. MRI has now re-
vealed that erosions occur early in these dis-
eases. Furthermore, erosions tend to correlate
with ongoing disease activity and joint destruc-
tion. Early intervention to alter the natural pro-
gression of joint destruction has been shown
to substantially improve functional status. The
revelation that erosions reflect ongoing disease
activity and are thus associated with an unfa-
vorable prognosis led to increased the efforts
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to identify the underlying mechanisms behind
this pathologic process. Success of the antitu-
mor necrosis factor- (anti-TNF-) therapy in re-
tarding and, in some cases, possibly reversing
early focal bone loss has been encouraging.

Osteoclasts (OCLs), cells that are uniquely
capable of bone degradation, are consistently
detected at erosion sites in all animal mod-
els of destructive arthritis as well as hu-
man RA.2 Synovial inflammation generates tu-
mor necrosis factor (TNF)-alpha, macrophage
colony-stimulating factor (M-CSF), and re-
ceptor activator of nuclear factor-κB ligand
(RANKL)—cytokines that fuel osteoclastoge-
nesis and arthritic bone destruction. The tar-
geted removal of OCLs by TNF blockers,
RANKL antagonism, or genetic manipulation
in animal models potently blocks this bone
destruction.3–6.

Role of Osteoclasts in Bone Erosion

Osteoclasts are multinucleated cells derived
from the mononuclear cell precursors of the
monocyte/macrophage lineage that resorbs
bone matrix. Bone destruction in RA is mainly
attributable to the abnormal activation of
OCLs. Bone is a dynamic tissue that is con-
stantly remodeled by bone-resorbing osteo-
clasts and bone-forming osteoblasts. Dysfunc-
tion or imbalance in these cells is seen in RA.
The discovery of RANK ligand highlighted the
central role of OCLs in the pathogenesis of
bone destruction in RA.7

OPG

The discovery of osteoprotegerin (OPG) in
1997 was a major advance in the field of bone
biology. OPG is released in soluble form by stro-
mal cells/osteoblasts. In addition to bone, OPG
mRNA is expressed by a number of other tis-
sues, including lung, heart, kidney, liver, stom-
ach, intestine, thyroid gland, brain, and spinal
cord. OPG inhibits the differentiation and ac-
tivity of osteoclasts by acting as a decoy receptor
for the receptor activator of nuclear factor κB

ligand (RANKL), thereby downregulating the
RANKL signaling through receptor activator
of nuclear factor κB (RANK). In this manner
it inhibits osteoclast differentiation, suppresses
mature osteoclast activation, and induces OCL
apoptosis.

RANK

RANK is a transmembrane protein that be-
longs to the tumor necrosis factor receptor
(TNFR) superfamily. It is expressed primar-
ily in the cells of the monocytes/macrophage
lineage, including osteoclastic precursors, B
and T cells, dendritic cells, and fibroblasts.
RANK is also present on the surface of ma-
ture osteoclasts.

RANKL

The discovery of OPG was soon followed by
the identification of its ligand, initially term-
ed “osteoprotegerin ligand” (OPG-L), which
turned out to be identical with two previously
described members of the TNF superfamily.
RANKL is a 317 amino acid peptide that also
belongs to the TNF-superfamily. It exists in two
forms, soluble and membrane bound. RANKL
has been detected in synovial fibroblasts, os-
teoblasts, and activated T cells from peripheral
blood as well as tissue near the pannus–bone in-
terface. TNF-α induces RANKL and M-CSF
in stromal cells and also stimulates osteoclast
precursor cells to synergize with RANKL sig-
naling.8,9 It is also reported that anti-TNF drugs
induce apoptosis in synovial macrophages, sug-
gesting a complex action mechanism.

Bone Erosion Provides Further
Evidence of a Link between
Immune System Activation

and Bone Resorption

Once the function of OPG/RANK/
RANKL in bone remodeling was recognized, it
was hypothesized that RANKL may be of ma-
jor pathophysiological importance in the bone
and joint destruction observed in inflammatory
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arthritides such as RA. Studies by Goldring
and Gravallese45, provided initial insights into
the role of RANKL in the pathogenesis of
focal bone erosions. Other studies have pro-
vided compelling evidence that both activated
T cells from the RA synovium and synovial fi-
broblasts produce RANKL. Indeed it is now
assumed that activated T cells, which play a
central role in the pathogenesis of RA, may con-
tribute to the osteoclast-mediated bone resorp-
tion via RANKL expression. Although the role
of RANKL in other inflammatory diseases is
not yet known, Ritchlin et al.,10 using immuno-
histochemistry, revealed striking spatial regula-
tion of RANK, RANKL, and OPG expression
in the PsA joints.

The severity of bone erosion correlated with
higher circulating mononuclear OCL precur-
sor (OcP) numbers, which revealed a novel
mechanism for osteoclastogenesis in PsA.10

The Role of T Cells
in Osteoclastogenesis

As RANKL is expressed in activated T cells,
it is of vital importance to determine whether
T cells have the capacity to induce osteoclast
differentiation. Indeed, Kong et al.11 showed
that RANKL expressed on activated T cells
directly induces osteoclastogenesis.

Helper T (Th) cells are divided into two
main subsets according to the cytokines they
produce, Th1 and Th2.12 Th1 cells produce
mainly interferon-γ and IL-2 and are involved
in cellular immunity, whereas Th2 cells pro-
duce mainly IL-4, IL-5, and IL-10 and are in-
volved in humoral immunity. Interferon-γ and
IL-2 are the key cytokines produced by Th1
cells. Interferon-γ strongly inhibits osteoclas-
togenesis, suggesting that normal Th1 cells in-
hibit osteoclastogenesis and do not induce bone
loss.

T cells in RA joints are defective in suppres-
sive effect owing to the lack of interferon-γ,
but they have a strong capacity to induce in-
flammatory cytokines, which stimulate the ex-

pression of RANKL on synovial cells. Inter-
estingly, IL-413,14 and IL-10,15 both of which
are classic Th2-type cytokines, also inhibit os-
teoclastogenesis,16 so the positive effect of T
cells on osteoclastogenesis can only be ob-
served under strictly limited conditions. Thus,
the actual role of T cells in osteoclastogenesis
is highly complex and may depend on the type
of prevailing cytokines.17 Under some condi-
tions, T cells may not drive osteoclastogene-
sis, even if RANKL is expressed. In the pres-
ence of high levels of TNF, subosteoclastogenic
(“permissive”) amounts of RANKL may be
sufficient for TNF to drive RANKL-mediated
osteoclastogenesis.18

MRI-Observed Erosion
and Joint Space Narrowing
in Inflammatory Arthritis

Magnetic resonance imaging is a sensitive
modality for the detection of erosions, and it
does so more often and at an earlier stage than
radiography.19

Fast spin-echo T1-weighted sequences, fat-
saturated T2 fast spin-echo sequences, and
postcontrast T1-weighted sequences with fat
saturation are performed in axial, coronal,
and sagittal orthogonal planes. If fat-saturated
T2-weighted sequences are not available, a
short-tau inversion recovery (STIR) sequence
can be obtained. Good fat saturation and con-
trast enhancement are important for the eval-
uation of bone marrow edema and synovial
hyperemia, respectively.

In many cases, bone erosions are seen on
MRI scans when radiographs do not indicate
abnormalities (Fig. 1).20 In one recent study,
for example, only 41% of the erosions seen
on MRIs were subsequently detected on ra-
diographs (Fig. 2).21 Only focal lesions that
demonstrate contrast enhancement are eligible
to be classified as erosions. Before the devel-
opment of contrast-enhanced MRI, the term
erosion was applied to juxta-articular lesions
in patients who demonstrated distribution of



44 Annals of the New York Academy of Sciences

Figure 1. Postero-anterior (PA) view of the left wrist of a 43-year-old woman with rheumatoid arthritis:
(A) The bone mineralization is normal and no joint space narrowing or erosive changes is seen in the wrist.
Coronal T1- (B) and coronal T2-weighted fast spin-echo fat-saturated (C) MRI scans of the left wrist were
performed approximately 1 month later. There is proliferative synovitis with a high T2 signal in the joints
on T2-weighted images (white arrow in C) and bone marrow edema with scattered erosions (white arrow
in B) are present throughout the wrist. The most visible erosion on these images is at the base of the 2nd

metacarpal.

Figure 2. Lateral X ray (A) of the ankle of a 62-year-old man with RA. There is joint space narrowing at
multiple joints (black arrows) with relative sparing of the tibiotalar joint, but there is soft tissue prominence
at the tibiotalar joint, suggesting an effusion or synovitis. Erosions are not seen clearly on the X ray but are
obvious on the ankle MRI performed approximately 1 1

2 years earlier. Sagittal T1 (B) and sagittal STIR (C)
MRI scans were performed. Synovial proliferation in the ankle is intermediate in signal on the T1-weighted
images and bright on the STIR images. There is a large erosion (white arrow in B) at the posterior subtalar
joint with surrounding bone marrow edema (white arrow in C). These findings are bright on the STIR images.
Multiple erosions in other joints were also visible on the MRI.

the lesions in a pattern characteristic of RA.
With the advent of contrast-enhanced MRI,
the definition of the term erosion became more
precise. According to the outcome measures in
rheumatoid arthritis clinical trials scoring sys-
tem (OMERACT),22 erosion is defined as a
sharply marginated bone lesion with correct
juxta-articular localization and typical signal
characteristics. According to OMERACT, to
be labeled erosion the cortical break should be
seen in at least two planes.

Focal lesions that show increased T2 signal
without contrast enhancement can represent
subchondral cysts. Such a distinction becomes
particularly important in cases where RA has
to be differentiated from degenerative OA (os-
teoarthritis). MRI allows for early detection of
erosions and correct classification of osseous le-
sions as erosive in cases where abnormality is
located far from the joint. In some cases, even
large erosions are occult on radiographs but are
clearly demonstrated on MRIs (Fig. 3).23
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Figure 3. Postero-anterior (PA) (A) views of the left hand of a 76-year-old woman with RA. The bones
are diffusely osteopenic. Some erosions show in the PA view at the 1st CMC joint. Coronal T1 (B) and
coronal T2-weighted fast spin-echo with fat saturation (C) images of the left wrist of the same woman. The
MRIs better demonstrate findings of RA with multiple low-signal erosions (white arrows in B) seen in the wrist
on the T1-weighted images. Proliferative synovitis is seen as a bright signal within the joint spaces on the
T2-weighted images. Bone marrow edema is also seen on the T2 images as a bright signal within the bone.

Erosions detectable by MRI are likely to
progress to radiograph-detectable erosions in
patients with high baseline disease activity.
Moreover, before the advent of MRI, it was
not possible to evaluate osseous structures for
the presence of bone marrow edema. Increased
T2 signal on MRIs results from increased water
content in the bone marrow, which is proba-
bly related to an inflammatory response. Bone
marrow edema is a strong predictor of future
erosions. Bone marrow edema has been shown
to be associated with a sixfold increase in risk of
developing erosions at the same site at 1 year of
follow-up.24 A more recent study also demon-
strated that bone marrow edema predicts ero-
sive progression in early RA during the first
2 years of the disease.

Contrast-Enhanced Imaging
in Rheumatoid Arthritis

Whereas T2-weighted imaging allows for de-
tection of edematous tissues and joint effusions,
administration of intravenous contrast enables
detection of inflamed hypervascular tissues. In-
travenous contrast can be used to differentiate
inflamed synovium from adjacent bone mar-

row edema and joint effusion (Figs. 4 and 5).
Several factors contribute to good contrast be-
tween the inflamed synovium and adjacent tis-
sues, including the amount of injected contrast,
the amount of joint effusion, and the vascularity
of the adjacent tissues.25,26

If a significant amount of time is allowed to
pass between contrast injection and the acquisi-
tion of the magnetic resonance images, contrast
will diffuse into the joint. This phenomenon has
been studied in healthy volunteers, and there is
no reason to think that the same process would
not occur in patients with inflammatory arthri-
tis. If the images are not acquired in a timely
fashion, it may not be possible to differenti-
ate between synovium and joint fluid. Hence,
accurate timing of the scan is very important
when imaging patients with suspected RA. In
the wrist, the peak steady state of contrast en-
hancement is reached at 60 to 120 s.27 The
initial period of 10 min after administration of
contrast has been suggested as the optimal time
for imaging of the knee joint, but other reports
counter that the optimal timing may be as early
as 5 to 6 min after administration.28,29

The use of contrast-enhanced MRI in eval-
uation of RA is supported by several stud-
ies. Moreover, it has been shown to detect
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Figure 4. Lateral view (A) of the right foot of a 53-year-old woman with RA. The bones are osteopenic
and there is joint space narrowing at the talonavicular joint (black arrows) without evidence of erosions.
Axial T2 fast spin-echo images with fat saturation (B) and axial T1-weighted images with fat saturation and
gadolinium contrast administration (C) were taken of the right ankle/hindfoot. Erosions are easily visualized
at the talonavicular joint as focal areas of bright T2 signal (white arrowhead in B), and they enhance after
contrast administration (white arrow in C). There is also enhancing rheumatoid pannus (black arrow in C).

Figure 5. MRI was performed on a woman with a diagnosis of RA and pain in her
3rd through 5th toes. Coronal T1 (A) and axial T1-weighted images with fat saturation and
gadolinium contrast administration (B) were taken. These images reveal an erosion at the
lateral aspect of the 5th metatarsal head that is low signal on the T1-weighted images and
enhances after gadolinium administration (white arrows).

more periarticular bone abnormalities than
T2-weighted imaging. Figure 6 illustrates an ex-
ample of erosions that are better depicted on a
contrast-enhanced image than on T2-weighted
fat-saturated image.

MRI as a Follow-Up Tool

With the advent of disease-modifying ther-
apy, MRI became an important tool for the
evaluation of patient responses to therapy. As
the disease is now being treated early, before

significant bone and joint destruction has oc-
curred, MRI can be used to evaluate the re-
sponse of synovium to therapy and accurately
document the stability or progression of ero-
sions. Tam et al.,46 for example, used dynamic
contrast-enhanced MRI to document changes
in synovitis severity, volume of the synovium,
and synovial perfusion indices after patients
were treated with a combination of methotrex-
ate and infliximab. Quantification of hand syn-
ovitis by measuring the volume of enhanced
inflammatory tissue has also been used to eval-
uate the effectiveness of new medications in
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Figure 6. Antero-posterior (AP) view of both knees (A) of a 46-year-old woman. Although the joint spaces
are maintained in the right knee, there is diffuse joint space narrowing in the left knee with erosive changes
(black arrows) and no significant osteophyte formation. Despite the asymmetry, the findings in the left knee
are compatible with RA. The findings are confirmed on MRIs of the knee. Coronal T2 fast spin-echo images
with fat saturation (B) and axial T1-weighted images with fat saturation after the intravenous administration
of gadolinium contrast (C) were taken. Erosive changes with edema, both bright on the T2-weighted images,
are greatest at the lateral compartment of the knee, where they involve predominantly the tibial plateau. The
erosions enhance after contrast administration.

the treatment of refractory arthritis.30,31 Other
researchers have used MRI to evaluate bone
marrow edema and the progression or devel-
opment of erosions to compare a new drug reg-
imen with a placebo.

MRI can also be used to predict functional
outcome in patients with early inflammatory
arthritis. Benton et al.32 demonstrated that MRI
of patients with early RA can predict functional
outcome at 6 years of follow-up. Another report
based on the same cohort also demonstrated
that areas of bone marrow edema at baseline
evolved into erosions at follow-up. Evidence of
tendinopathy on MRIs in early RA can also
predict tendon rupture at 6 years.

MRI in Psoriatic Arthritis

Magnetic resonance imaging has advanced
our understanding of many types of arthritis,
with respect to both inflammatory processes
and articular damage. Psoriatic arthritis (PsA)
has been the subject of less research scrutiny
than RA in many areas, including imaging, but
this is likely to change because there is an in-
creasing use of MRI outcome measures in clin-

ical trials of new therapeutic agents such as
biologics.33

Although the work conducted by Ritchlin
and co-workers34 recently focused attention on
activated osteoclasts in PsA and raised the pos-
sibility that a disorder of bone remodeling may
underlie this disease, evidence from MRI stud-
ies conducted thus far suggests that PsA ero-
sions are rather similar to those of RA. There
are differences in terms of distribution, but the
erosions themselves consist of a break in cor-
tical bone overlying a region of altered signal
intensity with definite margins, as described in
RA (Fig. 7). Furthermore, as those in RA, PsA
erosions can be large and are frequently not
visualized in conventional radiography. The
study conducted by Savnik and co-workers35 in
patients with inflammatory arthritis suggested
that MRI erosions in PsA patients did not
progress over time to the same extent as those
in patients with early RA, raising the possibility
that PsA bone disease may sometimes be less
aggressive. Backhaus and colleagues36 included
15 PsA patients in their study of MRI, ultra-
sound, and scintigraphy of the finger joints,
nine of whom were described as having MRI-
observed erosions. Some of these erosions were
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Figure 7. Postero-anterior view (A) of the left hand in a 50-year-old man. There is mild juxta-articular
osteopenia and soft tissue swelling at the 4th DIP joint. The joints of the 4th and 5th fingers appear narrowed
but on MRI only the 4th DIP joint is abnormal. Coronal STIR image (B) and axial T1-weighted image with
fat saturation after gadolinium contrast administration (C) in the same patient. Imaging is focused on the
4th finger. On the STIR image there is bone marrow edema with a high signal in the distal aspect of the
middle phalanx in the 4th DIP joint. A bright signal is also seen along the periosteum. (white arrow in B)
Contrast-enhanced T1-weighted image demonstrates synovial enhancement (white arrow in C). The DIP joint
and periosteal involvement is suggestive of PsA.

“nonenhancing” following contrast injection,
suggesting that they might contain fibrous tissue
rather than inflammatory pannus and therefore
be relatively “inactive,” but there was no clear
description of these lesions.

As in RA, the histopathological correlate
of MRI-observed bone edema has not been
defined in PsA, but Bollow and co-workers37

found some evidence of osteitis in subcortical
bone in their biopsy study of sacroiliac joints
in spondyloarthropathy patients (including two
with PsA). Bone edema has been described in
PsA, reactive arthritis, ankylosing spondylitis,
and RA and is recognized as an ill-defined
area in the subcortical bone with increased
signal on STIR, T2-weighted with fat satura-
tion (FS), and postcontrast T1-weighted with
FS sequences.

Savnik and colleagues38 found MRI-
observed bone edema in PsA patients included
in their cohort with early inflammatory arthri-
tis, and noted that the total number of bones
affected did not change over 1 year (compared
with the RA patients, in whom it increased).
They found examples in PsA of bone edema in-
volving distal, middle, and proximal phalanges
of the fingers as well as carpal bones, radius, and

ulna, and found that in various cases it either
appeared or disappeared between the baseline
and 1 year MRI examinations. Bone edema
was a strong predictor of bone erosions in their
RA group (as was described elsewhere39), but
this was not specifically demonstrated in PsA
joints, and further studies are needed to clarify
this point.

In their series comparing MRIs of the hand
in 28 PsA and 18 RA patients, Giovagnoni and
co-workers40 also noted signal changes in sub-
chondral bone (bone edema) in 43% of their
patients, associated with pronounced periartic-
ular edema of the soft tissues, spreading to the
subcutis, and suggested that this might consti-
tute a “psoriatic pattern” on an MRI.

Comparing MRI Findings
in Rheumatoid Arthritis
and Psoriatic Arthritis

In RA and PsA, the finger joints are usually
the first joints affected. Although the diagno-
sis is based primarily on clinical findings, it is
sometimes difficult even for a trained rheuma-
tologist to differentiate between them. This is
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especially true in cases of PsA sine psoriase. Ra-
diographic changes in PsA are specific and dif-
fer from those in RA, but a conventional radio-
graph may also be normal in acute arthritis. A
study done by Schoellnast and Hannes41 com-
pared MRI findings of the wrist and the hand
in patients with PsA and RA. Using contrast-
enhanced MRI, they found that erosions were
statistically more frequent in patients with RA
and that periostitis was statistically seen more
frequently in patients with PsA. No statisti-
cally significant difference was found in the fre-
quency of synovitis, bone marrow edema, bone
cysts, or tenosynovitis between the two groups.
The radiocarpal joint, the midcarpal joints,
the carpometacarpal joints, and the metacar-
pophalangeal joints were significantly affected
more frequently in patients with RA than in
patients with PsA, whereas the proximal inter-
phalangeal joints were significantly more fre-
quently affected in patients with PsA (p < 0.05).

Offidani et al. showed that joints were fre-
quently affected in patients with psoriasis but
without clinically evident arthritis,. They re-
ported periarticular effusion and synovitis/
intra-articular effusion as the two most frequent
findings (36 and 44%, respectively).41

Pitfalls

Several pitfalls should be considered dur-
ing interpretation of MRI studies in the con-
text of RA. Partial volume artifacts can mimic
erosive changes, synovitis, and tenosynovitis.
Insertion sites of interosseous ligaments can
mimic erosions.42 Close proximity of anatom-
ical structures in the wrist can lead to confu-
sion among bone marrow edema, synovitis, and
tenosynovitis on fluid-sensitive sequences. Fur-
thermore, bone edema, erosions, and tenosyn-
ovitis have been reported in healthy volun-
teers.43 Small amounts of fluid are commonly
identified in the extensor tendons, particularly
extensor carpi radialis brevis and longus.44 The
cause of this finding is unknown and, in some
cases, it may be confused with tenosynovitis. In-

homogeneous fat suppression may mimic bone
marrow edema. In some cases, bone marrow
edema may be found surrounding focal ero-
sions. In others, a small focal area of edema
may mimic a focal erosion, especially on im-
ages obtained without contrast. Differentiation
between an erosion and edema would be diffi-
cult in such cases. Focal bone changes, such as
the development of small bone islands, can also
mimic erosions on T1-weighted images. How-
ever, evaluation of all available sequences, in-
cluding fat-suppressed contrast-enhanced T1-
weighted images, should solve most challenging
cases.

Conclusions

Magnetic resonance imaging is an excellent
modality for evaluation of patients with early
inflammatory arthritis. In addition to demon-
strating excellent sensitivity for detection of ero-
sions, MRI can show even earlier changes, such
as synovitis and tenosynovitis. Secondary man-
ifestations of RA, such as carpal tunnel syn-
drome, can also be well evaluated by means
of MRI. Fat-suppressed and contrast-enhanced
sequences are an important part of the MRI
protocols for evaluation of RA. In addition to
early detection, MRI can also be used to eval-
uate the effectiveness of therapies.
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