New approachestoimaging early inflammatory arthritis
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ABSTRACT

Imaging techniques such as muscu -
loskeletal ultrasonography (MUS) and
magnetic resonance imaging (MRI) are
playing an increasingly important role
in the assessment of patients with in -
flammatory arthritis. Such modalities
are now used routinely in the evalua -
tion of joint, tendon and soft tissue in -
flammation and bone damage in many
early arthritis clinics. They have the
ability to directly visualise, character -
ise and quantify the earliest inflamma -
tory changes and have proved not only
to be useful additional complimentary
clinical tools to improve the speed and
accuracy of diagnosis, direct appropri -
ate treatment, monitor response to
therapy, measure disease progression
and outcome but also continue to con -
tribute to our understanding of disease
pathogenesis. These imaging methods
may therefore offer a significant advan -
tage as they endorse the principles of
early diagnosis and optimal targeted
therapy essential to providing the most
favourable long term outcome for pa -
tients with inflammatory arthritis (1).
This article reviews the current evi -
dence supporting the role of MUS and
MRI in the assessment of patients with
inflammatory arthritis.

Musculoskeletal ultrasonography

The trend towards earlier aggressive
therapy for inflammatory muscul oske-
letal disease requires reliable initial
diagnosis and optimal disease activity
assessment. Interest has therefore been
directed towards imaging techniques,
such as MUS, as objective tools for the
detection and monitoring of joint and
soft tissue inflammation and bone dam-
age. This has resulted in MUS being
increasingly used by rheumatologists
as an additional clinical tool in the as-
sessment of their patients with rheum-
atic conditions (2-8). It has been
described as an extension of the physi-
cal examination (9),as a MSUS exami-
nation can be performed by the physi-

S18

cian at the time of consultation to com-
plement clinical assessment resulting
in improved accuracy of diagnosis and
treatment (10). It is safe, non-invasive
and emits no ionising radiation and ra-
pid, ‘real-time’, dynamic examinations
of multiplejointsin multiple planes are
possible at one sitting. These factors,
together with the development of high
frequency transducers and a steady
reduction in equipment costs have en-
couraged increasing use of this modali-
ty by rheumatol ogists. However, as with
any promising new technique, there is
the need for further research and there
remains alack of MUS studies specific
to the early stages of inflammatory
arthritis and much of the current litera-
ture relates to patients with more estab-
lished disease. In addition, thereis cur-
rently a lack of standardization of me-
thods with no consensus regarding
pathological definitions and scoring
systems, so this needs to be taken into
account when interpreting and compar-
ing the current literature. Nevertheless,
there are a number of potential applica
tions of MUS in early inflammatory
arthritis including the accurate detec-
tion of inflammation and bone damage,
monitoring response to therapy, guided
intervention and assessments of prog-
nosis and outcome.

Synovitis

A number of studies have reported the
ability of MUS to detect early synovia
inflammation and support the observa-
tion that MUS is superior to clinica
examination at detecting synovitis in
both small and large joints (11-19). Of
particular note, a study of patients pre-
senting to an early arthritis clinic de-
tected synovitis using MUS in ten
times more metatarsophalangeal joints
than was detected on clinical examina
tion (17). Other studies have attempted
to validate these findings by compari-
son with other imaging techniques such
as MRI, arthroscopy, scintigraphy and
themography (13,18, 20-23). In a study
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: % MoyD3  TIeO0 KTBAT langeal (MCP) joints, although less
T RRsumaickogy CaH (it : ] sensitive at the third and fourth MCP
I joints where transducer access is more
difficult (21). Another study in patients
with inflammatory arthritis suggested
that MUS may even be more sensitive
than MRI at detecting synovitis in the
finger joints (13). Other work suggests
that MUS is a valid and reproducible
Froaimal technique at detecting synovitis in the
phalanx : knee when compared to arthroscopic
evaluation (18). In addition, MUS has
been successfully utilised in the assess-
T RPag rehs Lrd 1a T cBT M ment of tendon disease in RA and has
CLAS-T Mahal'S/K = 20 been described as the gold standard ima-
; ging method for assessing tendon in-
volvement in rheumatic diseases (24-
26).
Whilst traditional grey-scale MUS has
been successfully used for the detec-
tion of joint and soft tissue inflamma-
tion for some time, more recently addi-
tional MUS techniques, such as Dop-
pler, have been introduced which offer
the potential to improve the accuracy of
a MUS assessment (27). Doppler is a
technique for making non-invasive
measurements of blood flow and power
Doppler is particularly useful for assess-
ing low velocity vascular flow in struc-
tures containing small vessels, such as
the synovium. It therefore has the capa-
bility to measure and detect changesin
the vascularity of joints and soft tissue
as a conseguence of inflammation (27).
Observational studies have favourably
compared power Doppler with clinical
disease activity assessment and tradi-
tional grey scale MUS (19). More re-
A AL = = * cently, validation has been assessed by
| Fhilips Medics] Syein e L 15=T s LT L ri comparison with histopathology in the
knee in RA and osteoarthritis (28, 29)
and dynamic MRI inthe MCP jointsin
! RA (30,31). Power Doppler has aso
- ' : been successfully used to assessinflam-
-

L . - e e

'f' matory disease activity in RA (19, 32,
o 33) and monitor response to treatment
(34-38). Intravenous microbubble echo-
contrast agents have the potentia to
further increase the sensitivity of the
AT XY LR R - power Doppler signal by raising the
LT MEPr4 intensity of weak signals to a detecta-
blelevel. A number of studies have re-
ported an increase in detection rate of
the Doppler signal using this technique
of patients with early rheumatoid rable to MRI at detecting synovitisin (32, 39-41), although thisis not true of
arthritis (RA), MUS appeared compa-  the second and fifth metacarpopha-  all cases (42), and further work is re-

Fig. 1. Musculoskeletal ultrasonography (MUS) images.
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quired. Correlation has also been sought
with contrast-enhanced MRI, which
has confirmed concordance in al cases
in a single study (39) and arthroscopy
which has demonstrated a higher sensi-
tivity but lower rate of specificity using
the contrast-enhanced technique (41).
There is currently only limited long
term data on the sequential evaluation
of synovitis with MUS and, in particu-
lar, seria longitudinal comparison with
other imaging modalities, as most cur-
rent studies have concentrated on dem-
onstrating more short term changes in
synovia inflammation in response to
various therapeutic interventions. How-
ever, two year follow-up data on a co-
hort of patients receiving various drug
treatments showed a reduction in levels
of synovitis on MUS compared with
baseline, with similar changes also vis-
ualised on MRI and scintigraphy and
reflected in comparable clinical exami-
nation and laboratory measurements
(22). Another longitudina study dem-
onstrated a lower frequency of patients
with synovitis on MUS compared to
MRI at baseline but a greater incidence
of synovitis on MUS than MRI when
the same patients were imaged 6 months
later. MUS consistently detected more
joint effusions than MRI at both time
points (43).

Erosions

Radiographic bone erosions are often
used in the diagnosis of RA. However,
such changes are often absent in early
disease. MUS has consistently been de-
monstrated to be more sensitive than
conventional radiography at detecting
bone erosions in the hands, wrists, feet
and shoulder in rheumatoid arthritis
(13, 22, 44-50). Thisislargely explain-
ed by the multi-planar nature of aMUS
assessment and its ability to detect
small lesions. Wakefield et al. (44)de-
tected 6.5 times more erosions in the
MCP joints of patients with early RA
using MUS than were visible on x-ray
compared to 3.4 times in established
disease. MRI was used to successfully
corroborate the accuracy of the MUS
results and the same study also report-
ed a high level of intra- and inter-ob-
server reliability of the MUS findings.
Other studies have shown that MUS

may be less sensitive than MRI at de-
tecting bone erosions in the shoulder
(49-51), although this may be less im-
portant in the context of diagnosing an
inflammatory polyarthritis. Further jus
tification that MUS correctly identifies
bone erosions is provided in a study in
which MUS was used to facilitate biop-
sy of erosive changes identified by
MRI and radiography. MUS was used
to guide and confirm needle placement
within an erosion and the sampled tis-
sue demonstrated pathognomonic his-
topathological features to substantiate
the imaging appearances (52).

The longitudinal progression of ero-
sions on MUS has not been extensively
studied but in a single study, erosive
progression was seen more often on
MUS and MRI over atwo-year period
than on radiographs, implying that
these imaging techniques may be more
sensitive measures of change in bone
damage than x-ray (22). Another study
has demonstrated the ability of MUS to
follow erosion progression over a six
month period, athough in this particu-
lar paper, MUS identified alower num-
ber of erosions than either MRI or radi-

ography (43).

Monitoring response to therapy

MUS has been used to monitor re-
sponse following a therapeutic inter-
vention in patients with inflammatory
arthritis. A number of studies have
shown a reduction in MUS markers of
synovia inflammation, including grey-
scale and power Doppler parameters,
following treatment with various phar-
macologic agents which reflect similar
changesin clinical and laboratory mea-
sures of disease activity (34-38, 53-57).
These data suggest that MUS is a sensi-
tive measure of detecting clinically im-
portant pathological changes in re-
sponse to therapy. In addition, the abil -
ity of MUS to localize pathology and
then accurately guide a diagnostic or
therapeutic intervention directly to the
appropriate site is another advantage of
this technology.

Prediction of outcome

The use and interpretation of MUS
findings as predictor of future outcome
requires further investigation. Howev-
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er, in a recent longitudinal, random-
ized, placebo-controlled biologic inter-
ventional study in early RA(56), it was
shown that baseline MUS measure-
ment of synovial thickening and vascu-
larity in the MCP joints correlated with
the magnitude of radiographic joint
damage over the following year. This
association was not seen in the group
treated with biologic therapy. This not
only illustrates the capability of MUS
in the assessment and prediction of out-
come but also asameans of identifying
appropriate poor prognosis patients
who may derive greatest benefit from
certain drug therapies.

Reliability

One of the perceived disadvantages of
MUS is the user dependent nature of
the modality and the level of skill ac-
quisition required by the operator. This
has been partially addressed with some
reproducibility studies but more work
is needed in this area. As previously
stated, issues of lack of standardization
of technique, variable definitions of
pathology and scoring criteria need to
be borne in mind. Reliability studies of
semi-quantitative synovitis scoring have
demonstrated generally good levels of
dual inter-reader agreement in the
small joints of the hand, wrist (15, 57)
and knee (18) and acceptable levels of
intra-reader agreement (18,57). Like-
wise, good inter and intra-reader agree-
ment has been demonstrated for the de-
tection of MCPjoint erosions (15,44).

M agnetic resonance imaging

As with MUS, interest in MRI in the
evaluation of patients with early in-
flammatory arthritis has grown in re-
cent years. The main advantages of
MRI include its multiplanar properties
enabling a detailed three dimensional
assessment of a large number of ana-
tomical structuresin and around ajoint,
making it anideal technique for detect-
ing the earliest pathological changes
associated with inflammatory arthritis.
Improved access to this imaging mo-
dality, reduction in cost and develop-
mentsin resolution, sequences and soft-
ware have contributed to the increased
popularity of MRI.

A variety of techniques have been used



Fig. 1. Magnetic resonance imaging (MRI) images.

in the application of MRI in the assess-
ment of early inflammatory arthritis
which can make interpretation and com-
parison of data difficult. Asaresult, the
Outcome Measures in Rheumatology
Clinica Trials (OMERACT) MRI
group was established in 1999 in an at-
tempt to standardize the use and inter-
pretation of MRI datain clinical trials
of patients with RA. This group has
proposed standardized definitions of
MRI pathology in RA (synovitis, bone

oedema and bone erosion), a rheuma-
toid arthritis magnetic resonance imag-
ing scoring system (RAMRIS) for the
evaluation of inflammatory and des-
tructive changes in the hand and wrist
joints and recommendations regarding
a core set of the most appropriate MRI
sequences (58, 59).

Synovitis

MRI is particularly helpful in the ob-
jective evaluation of synovia inflam-
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mation especially when used in con-
junction with an intravenous contrast
agent such as gadolinium diethylenetri-
amine pentaacetic acid (Gd-DTPA).
This agent accumulates in areas of in-
flammation and can improve detection
of synovitis and aid differentiation be-
tween synovial inflammation and fluid.
Various parameters have been used to
assess synovitison MRI including syn-
ovia volume, maximal synovial thick-
ness and rate of synovial enhancement
following injection of contrast. A num-
ber of studies have demonstrated good
correlations between MRI synovia hy-
pertrophy and clinical measures of in-
flammation (60-62). There is also evi-
dence to suggest that MRI may be a
more precise method of detecting syno-
vitis than clinical examination (63)and
may be a useful and sensitive measure
of inflammation in the early stages of
RA, improving the accuracy of diagno-
sis (64). MRI may aso provide addi-
tional information regarding RA dis-
ease activity to that obtained from stan-
dard clinical assessment (65). Gadolin-
ium-enhanced MRI changes of syn-
ovid inflammation have been shown to
correlate with corresponding histopath-
ological changes in the knee joints of
patients with RA (66-69) as well as ma-
croscopic measures of synovial inflam-
mation using arthroscopy in the knee
(67)and mini-arthroscopy in the MCP
joints (70). In addition, MRI quantifi-
cation of synovia volume has been
shown to accurately reflect RA disease
activity (71, 72).

Erosions

The multiplanar nature of MRI and its
ability to identify small cortical defects
means that it is more sensitive than
standard radiography at detecting bone
erosions. It is therefore particularly
useful for imaging patients with early
inflammatory arthritis as radiography
is frequently normal in such patients.
Indeed, MRI has been successfully
used to identify erosive changes before
they appear on radiographs in this pa-
tient group. Theincreased sensitivity of
MRI compared to radiography at de-
tecting erosions, particularly in the
MCP and wrist joints, has been illus-
trated in a number of studies illustrat-
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ing its utility in the assessment of pa
tients with early inflammatory arthritis
(13,22,61,73-76). There is aso evi-
dence to suggest that many patients
develop MRI erosions within a few
months of symptom onset and most
possess these changes by 1 year (62,
77). Thisisin contrast to much of the
radi ographic data which reports amuch
lower frequency of erosions, further
supporting the role of additional imag-
ing in this group of patients. Longitudi-
nal studies have shown that it is possi-
ble to demonstrate progression of ero-
sive changes on serial MRI assessment
(72,73). 1t is also feasible to correlate
short term progression of MRI erosions
with similar changes on radiography al-
though over amuch longer time course.
In a longitudinal natural history study
of bone erosions using MRI and con-
ventional radiography, it was noted that
over three-quarters of new radiograph-
ic erosionswerevisibleon MRI at least
one year earlier illustrating that the in-
formation on joint destruction provided
by radiographs may be considerably
delayed compared with that provided
by MRI (75). However, al MRI ero-
sions may not necessarily evolve into
comparable changes on x-ray although
they continue to be visible and may
progress when subsequent longitudinal
imaging is undertaken to re-evaluate
previously identified lesions (72). The
benefit of MRI in improving the rate of
detection of erosions may extend to the
use of lower field dedicated extremity
MRI scanners which not only appear to
demonstrate more erosions than con-
ventional radiography but may also
increase the sensitivity of disease activ-
ity assessment by identifying synovitis
in apparently clinically normal joints
(78). MRI appears to be areliable tool
at detecting established erosions first
visible on radiographs (74) with only
occasiona reports of disagreement in
single isolated cases (78). Additional
validation work includes correlation of
MRI erosions with MUS findings in
the second MCP joint (44)and macro-
scopic appearances on miniarthroscopy
(70). As previoudly discussed, biopsy
of MRI determined erosions confirms
necrotic tissue consistent with erosive
pathology (52).

Insights into pathogenesis

The ability of MRI to directly visualize
the joint structuresinvolved in RA path-
ogenesis has been helpful in further eva
luating the relationship between syno-
vitis and bone erosion. Numerous stu-
dies haveillustrated that MRI synovitis
measurements can be used to predict
future erosive damage (62,71,72,79-
81). In particular, the level of MRI syn-
ovitis can be used to predict the rate of
development or progression of erosions
(72,79,80). Erosive changes only ap-
pear to occur in joints with preceding
synovitis and joints without synovitis
do not seem to develop erosions (62, 79).
Bone marrow oedema represents in-
creased water content reflecting in-
flammation within the bony trabecular
architecture and rarely occursin the ab-
sence of synovitis (82). The presence
of bone marrow oedema also closely
correlates with the presence of erosions
(61). Bone marrow oedema has been
shown to be predictive of later develop-
ment of an erosion at that site (62), to-
tal radiographic Sharp score at 6 years
(83) and subsequent functional out-
come (84). Therefore, there seemsto be
close relationship between synovitis,
bone oedema and subsequent bone ero-
sion in RA. It appears that bone mar-
row oedema not only relatesto ongoing
inflammatory activity but may give
prognostic information in relation to fu-
ture erosive bone damage and function-
a outcome. Therefore, bone marrow
oedema visualised on MRI may repre-
sent the pathophysiological connection
between synovitis and the development
of bone erosion and provide evidence
of adirect causal link between inflam-
mation and bone damage in RA.

MRI has aso provided further insights
into pathogenesis by defining the pri-
mary site and distinct patterns of path-
ology in subgroups of inflammatory ar-
thritis (85,86). The role of biomechani-
cal factorsin relation to the distribution
of synovitis and erosions in early RA
has been evaluated with MRI with the
radial collateral ligaments appearing to
have a significant influence on patterns
and severity of pathology (87).

Monitoring response to therapy
MRI may aso be a promising tool for
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assessment of outcome following a
therapeutic intervention. Various stud-
ies have demonstrated the ability of
MRI to monitor response to therapy
with reduction in MRI indicators of
synovial inflammation reflecting chan-
ges in clinical disease activity follow-
ing various treatment regimes (62,71,
79,88-92). MRI has also been shown to
detect progression of erosions despite
apparent clinical improvement follow-
ing drug therapy, suggesting a role for
MRI in monitoring disease activity,
which may be more sensitive than cur-
rently utilized clinical methods (92).

Prediction of outcome

MRI may have an important rolein the
prediction of disease outcome in early
RA. The likéelihood of future develop-
ment of joint erosions may be predicted
by baseline MRI synovitis scores, in-
cluding synovial volume and rate of
post-contrast synovial enhancement,
and the presence of bone marrow oede-
ma, with patients with the highest
scores being more likely to progress
(62,71,72,79-81). In addition, an ab-
sence of MRI erosions at baselineand a
low MRI score may be strongly predic-
tive of the absence of radiographic ero-
sive changes one year later (62) where-
as in bones with MRI erosions at base-
line, the relative risk of radiographic
erosions at 5-year follow-up has been
calculated at 4.5 (75). More long term
studiesindicate that MRI parameters at
RA presentation can be used to predict
long term radiographic outcome at six
years (83). Recent data also suggests
that MRI findings in early RA may be
able to predict future functional out-
come (84).

Reliability

Accuracy and consistency in the inter-
pretation of MRI images is clearly a
key areain the development of MRI as
reproducible tool in the assessment of
inflammatory arthritis. A number of
studies have attempted to evaluate both
inter and intra-observer reliability
many of which have occurred as part of
OMERACT exercises and are till on-
going. Reliability studies of numeric,
semi-quantitative and semi-automated
erosion scores have demonstrated gen-
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erally good levels of agreement in both
single intra-reader, dua inter-reader
and multi-reader studies (61,93-97)al-
though currently only alimited number
of studies have evaluated the OMER-
ACT RA-MRI erosion volume score
(95, 97). Nevertheless, in the studies
that have taken place, good levels of
agreement have been noted using the
OMERACT RA-MRI semi-quantative
scores for synovia volume (95,97,98).
To-date, one multi-centre study has at-
tempted to evaluate the longitudinal
reproducibility of the OMERACT RA-
MRI semi-quantative scores and show-
ed acceptable levels of agreement for
erosions and synovitis although agree-
ment was better for status than progres-
sion scores (98).

Conclusion

There is increasing data to support the
validity of MUS and MRI in the evalu-
ation of early inflammatory arthritis.
Evidence confirms their utility in facil -
itating prompt recognition of patholo-
gy, precise measurement of disease ac-
tivity, sensitive monitoring of response
to therapy and effective assessment of
disease outcome as well as providing
valuable insights into disease patho-
genesis. Theincreased cost and relative
inaccessibility of MRI is outweighed
by its powerful ability to accurately vi-
sualize joint and per-articular anatomy
and pathology whereas the requirement
to acquire a new skill needs to be bal-
anced against the clinical advantages,
accessibility, convenience and ability
to image multiple joints in one exami-
nation period afforded by MUS. The
application of these new approaches to
imaging early inflammatory arthritis
should enable earlier and more accurate
diagnoses, targeted therapy and precise
evaluation of therapeutic response en-
suring optimal suppression of inflam-
mation and therefore the most favour-
able outcome for patients.
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