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ABSTRACT
Knee osteoarthritis is associated with structural changes
in the joint. Despite its many drawbacks, radiography is
the current standard for evaluating joint structure in
trials of potential disease-modifying osteoarthritis drugs.
MRI is a non-invasive alternative that provides
comprehensive imaging of the whole joint. Frequently
used MRI measurements in knee osteoarthritis are
cartilage volume and thickness; others include synovitis,
synovial fluid effusions, bone marrow lesions (BML) and
meniscal damage. Joint replacement is considered a
clinically relevant outcome in knee osteoarthritis;
however, its utility in clinical trials is limited. An
alternative is virtual knee replacement on the basis of
symptoms and structural damage. MRI may prove to be
a good alternative to radiography in definitions of knee
replacement. One of the MRI parameters that predicts
knee replacement is medial compartment cartilage
volume/thickness, which correlates with radiographic
joint space width, is sensitive to change, and predicts
outcomes in a continuous manner. Other MRI
parameters include BML and meniscal lesions. MRI
appears to be a viable alternative to radiography for the
evaluation of structural changes in knee osteoarthritis
and prediction of joint replacement.

INTRODUCTION
Knee osteoarthritis involves structural changes in
the whole joint, including cartilage, subchondral
bone, the menisci, synovial tissue, muscles and liga-
ments, with associated clinical manifestations of
pain and loss of function.1 The ultimate clinical
outcome of osteoarthritis is often total joint
replacement in the hip or knee, which is effective
in managing symptoms and reversing loss of func-
tion in most patients, but is costly, not without risk
of complications, and only effective for a limited
length of time.
The current imaging standard for evaluating

structural changes associated with osteoarthritis is
radiographically measured joint space width or nar-
rowing ( JSW or JSN) (or interbone distance),
which is considered a surrogate for tibiofemoral
cartilage loss.2 Radiographic evaluation, however,
has a number of drawbacks.3–5 Among other
things, JSW depends on structures other than
articular cartilage, including meniscal damage and

extrusion, making it relatively inaccurate as a
measure of cartilage loss. Also, radiography fails to
detect many important osteoarthritis-associated
pathological features that can be seen and assessed
with MRI (figure 1). A recent population-based
observational study demonstrated that approxi-
mately 90% of radiographically normal knees had
one or more osteoarthritis-related feature on MRI.6

There are also technical challenges associated with
radiographic assessment, such as positioning and
alignment (figure 1).7 Despite these limitations,
radiographic criteria are currently recommended
for the evaluation of structural modification ( JSN
or JSW) in randomised controlled trials (RCT) of
potential disease-modifying osteoarthritis drugs
(DMOAD) by the regulatory agencies.8 9

MRI is a non-invasive technique used for asses-
sing joint morphology in multiple tomographic
planes, with direct visualisation of cartilage, sub-
chondral bone, menisci and other joint tissues.
MRI is an objective and reproducible technique
that has been shown to be sensitive to change,
although its value in RCT is not yet fully estab-
lished. It may be useful at all phases of drug devel-
opment to assess structural changes and their
progression or improvement over time in response
to DMOAD. MRI has been estimated to detect the
presence of osteoarthritis with high specificity and
moderate sensitivity compared with various refer-
ence standards, including radiography and arthros-
copy.10 One disadvantage of MRI is that to date
there has been no consensus on a standardised
scale or scoring system. However, there have been
a number of major advances in the past decade, in
terms of the move from simple qualitative observa-
tion of structures to semiquantitative and quantita-
tive analyses of structural changes.11 MRI holds
much promise as an alternative to radiography in
the evaluation of joint structure.
It was in this context that the European Society

for Clinical and Economic Aspects of Osteoporosis
and Osteoarthritis (ESCEO) organised a working
meeting in October 2012 to discuss the role of
MRI in the evaluation of osteoarthritis and the
development of DMOAD, with a focus on the pre-
dictive value of MRI parameters for knee replace-
ment surgery in osteoarthritis. This article
summarises these discussions and presents a series
of position statements.
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METHODS
Relevant articles, reviews and abstracts were identified through
an initial search of PubMed/MEDLINE and EMBASE for
English language articles published between 1994 and
September 2012 using the terms: osteoarthritis, MRI (in title or
as a major keyword), disease progression, treatment outcome,
severity of illness, joint structure, bone marrow lesion
(BML), cartilage volume, cartilage thickness, JSW, JSN, natural
history, DMOAD, osteoarthritis agent/drug, arthroplasty, joint

replacement, and surgery. Separate sub-searches were also per-
formed using a cross-search of the above terms combined. The
initial search yielded 91 items. Other items were identified from
the reference lists of selected articles and the presentations
made during the ESCEO meeting. The members of the working
group assessed the relevance of these articles for the task at
hand: discussion of the specific role of MRI in the evaluation of
osteoarthritis; development of DMOAD; and prediction of knee
replacement.

Figure 1 A 59-year-old woman with
left knee pain for 3 months, with
1 week exacerbation. (A) Posteroanterior
view of the left knee does not well
delineate the tibiofemoral joint with
tibial inter-rim margin exceeding
10 mm. (B) Repeat radiograph on the
same day shows better delineation of
the tibiofemoral joint and small lipping
at the medial tibial plateau (arrow)
and equivocal medial tibiofemoral joint
space narrowing. Radiographic
positioning is problematical in clinical
trials and usually comparison between
visits is made difficult secondary to
change in appearance in tibiofemoral
joint between visits. (C) Coronal
intermediate-weighted MRI shows a
medial meniscal root tear (white
arrow) with associated meniscal
subluxation (black arrowhead).
(D) Sagittal intermediate-weighted MRI
shows diffuse cartilage loss at the
posterior medial femoral condyle
(arrows) with subchondral cystic
changes. There is also a small joint
effusion (star). The radiograph will not
show this notable cartilage change
because it is posterior and not part of
the weight-bearing tibiofemoral joint.
(E) Coronal T2-weighted fat-suppressed
MRI shows a large medial tibial bone
marrow hyperintensity (arrows), which
is not immediately subchondral (note
the presence of normal bone marrow,
shown as hypointensity, between the
tibial surface and the upper border of
the hyperintensity (star), suggesting
that this is non-degenerative in nature.
Also, degenerative bone marrow
lesions should be accompanied by
degenerative tibial cartilage loss, but
that is not present in this case.
The only visible cartilage abnormality
is a small fissure at the medial
weight-bearing femur (arrowhead).
(F) Sagittal T2-weighted fat-suppressed
MRI shows a faint hypointense line
(arrow) within the large bone marrow
hyperintensity representing a
subchondral fracture. The large bone
marrow hyperintensity is indeed a
bone reaction to the subchondral
fracture and not degenerative bone
marrow lesion seen in osteoarthritis.

2 Pelletier J-P, et al. Ann Rheum Dis 2013;0:1–11. doi:10.1136/annrheumdis-2013-203631

Review

 group.bmj.com on August 21, 2013 - Published by ard.bmj.comDownloaded from 

http://ard.bmj.com/
http://group.bmj.com/


RESULTS
MRI of joint structures in knee osteoarthritis
One major advantage of MRI is that it provides a comprehen-
sive view of many of the joint structures.12 The joint structure
most commonly measured by MRI in osteoarthritis of the knee
is cartilage, specifically its changes in volume and thickness over
time. Other information provided includes the presence of syno-
vitis and synovial fluid effusions, BML, meniscal damage, osteo-
phytes, muscle, bursae, ligaments, fat pad and defects in bone.
To ensure accurate evaluation of osteoarthritis, investigators
need to select appropriate pulse sequences suited for the
purpose of each study.13 Moreover, readers of MRI need to be
aware of differential diagnoses for images, which may mimic
osteoarthritis, such as BML, which can be observed in traumatic
and non-traumatic pathologies (figure 1).14 For these reasons,
MRI should be interpreted by trained individuals, ideally with
experience in clinical MRI of the knee, particularly in the
context of clinical trials in which protocols are too elaborate for
use in routine clinical practice.

In recent years, there has been a series of advances in the
solutions for MRI reading. These include semiquantitative
methods and quantitative technologies involving semi-
automated and, more recently, fully automated systems. The
development of new technological segmentation took into
account some of the problems that were encountered with the
previous methods.

Semiquantitative methods
Semiquantitative techniques are available for most of the joint
structures relevant to osteoarthritis, including cartilage, syno-
vium, menisci and subchondral bone.15 They are applicable in
large-scale RCT. The most commonly used semiquantitative
methods for evaluating cartilage are whole organ MRI score
(WORMS), Boston Leeds osteoarthritis knee score (BLOKS) and
MRI osteoarthritis knee score (MOAKS).16–18 These methods
can assess lesions in the whole knee and in defined anatomical
sub-regions.

WORMS considers 14 articular features covering cartilage
damage, BML, osteophytes, meniscal damage, cruciate and col-
lateral ligament damage, synovitis/effusion, intra-articular loose
bodies, and peri-articular cysts/bursitis in up to 16 regions pro-
viding whole-organ multi-feature assessment.17 The BLOKS
method covers the evaluation of BML, cartilage, osteophytes,
synovitis and effusions in nine regions.16 WORMS and BLOKS
have good to excellent reliability,19 20 inter-reader agreement
(κ 0.69–1.0 and 0.65–1.0, respectively),21 similar results for the
prevalence and severity of cartilage loss (inter-method κ for car-
tilage lesions, 0.66–0.95), and similar sensitivity and specificity
to radiographic joint space loss (specificity 88% vs 86%).19 20

The MOAKS system further refines the scoring of BML, cartil-
age and meniscal morphology.18 MOAKS has also been shown
to have very good to excellent reliability (κ 0.61–1.0, for most
measures of inter-observer and intra-observer).18

Semiquantitative methods can therefore evaluate the progres-
sion of lesions in the different sub-regions of the knee and
provide a comprehensive assessment of the knee lesions cross-
sectionally and longitudinally.15

In order to detect longitudinal structural changes with higher
sensitivity, ‘within-grade’ scores have been introduced and used
to record changes observed between time points that do not
fulfil the criteria in the original integer grading scale.21 Despite
not being part of the published grading systems, incorporating
recording of within-grade changes increases the sensitivity to

change of semiquantitative assessments.22 The association of
within-grade changes with risk factors and outcomes suggests
that they are clinically relevant.22

Quantitative methods
The developed semi-automated and fully automated quantitative
MRI technologies can assess joint tissues, including cartilage
volume and thickness,3 23–26 both globally and regionally.
Quantitative MRI was also developed to assess the volume of
synovial fluid,27 synovial thickness,28 subchondral BML29 and
osteophytes.29 These quantitative joint tissue assessment tech-
nologies were shown to have very good to excellent reliability.

Parametric mapping techniques, such as delayed
gadolinium-enhanced MRI of cartilage (dGEMRIC), chemical
exchange saturation transfer (GAG-CEST) T1ρ and sodium MRI
provide direct or indirect measures of cartilage glycosaminogly-
can content, whereas T2 mapping, diffusion-weighted imaging
and diffusion tensor imaging probe cartilage water content and
the integrity of the collagen matrix. These techniques can be
useful for quantifying early disease,3 30 but experience in their
performance in multicentre clinical trials is still limited.
Gadolinium enhancement may lead to rare but potentially
serious side effects, which has led to a warning from the US Food
and Drug Administration,31 limiting its use.

Cartilage
Characterisation of cartilage damage is central to the assessment
of osteoarthritis. Quantitative methods involve three-
dimensional reconstruction to measure cartilage volume and
thickness, and their change over time, and can be semi-
automated or fully automated.3 23–26 These methods also effect-
ively evaluate the morphological characteristics of articular car-
tilage, or quantify regional cartilage loss. Progression of the
WORMS cartilage score, ie, cartilage loss, is known to correlate
with JSN in patients with knee osteoarthritis.32 Semiquantitative
as well as quantitative scoring methods have been demonstrated
to have adequate validity, accuracy, reliability and sensitivity to
detect change in cartilage damage.11 33 34 As an example, in one
study, the intra-reader coefficient of variation (RMS CV%) for
repeated measures was 2.2% for the quantitative global cartilage
volume and 1.2% and 2.6% for the medial and lateral compart-
ments, respectively.35 These values were very similar in another
study.36 For evaluating focal cartilage defects, multiple pulse
sequences are recommended.34 37 38

Fully automated technology can provide accurate and precise
quantitative assessment, with reduced inter-observer variability
for reliable analysis of large patient cohorts (eg, the
Osteoarthritis Initiative cohort (OAI)) and RCT. With regard to
the choice of parameters between cartilage volume or thickness,
a similar level of sensitivity to change was reported in patients
with knee osteoarthritis.39 Moreover, the potential for gaining
statistical power by measuring change in these parameters in
central weight-bearing knee sub-regions—where cartilage loss is
usually the greatest—is limited by the fact that from one patient
to another the site of the focal cartilage loss is highly variable.39

A comparative RCT study in patients with knee osteoarthritis
followed over 2 years showed that quantitative measurement of
changes in cartilage volume loss was more sensitive than semi-
quantitative methods, suggesting that quantitative methods may
be more useful for determining treatment effects.34

Synovitis and synovial fluid effusion
Synovitis is a common feature of knee osteoarthritis and occurs
in nearly 90% of referred patients.40 Synovitis and synovial
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fluid effusion can be measured by MRI using quantitative or
semiquantitative methods.16–18 41–43 The MOAKS study uses
two new terminologies ‘Hoffa-synovitis’ and ‘effusion-
synovitis.’18 Hoffa-synovitis is the presence of hyperintensity
within Hoffa’s fat pad, and acts as a surrogate marker for syno-
vitis on non-contrast-enhanced MRI. Effusion-synovitis is syn-
onymous with ‘joint effusion’, although the term can indicate
that MRI-detected joint effusion equals both inflamed synovium
and synovial fluid. Quantitative MRI evaluation of synovial
membrane volume has been shown to be strongly associated
with the severity of knee osteoarthritis, in terms of radiographic
Kellgren–Lawrence (KL) grade, JSN, JSW and BML.28 The lit-
erature suggests that contrast-enhanced MRI can accurately
assess the extent of synovitis.42 44 45 Although synovitis and
effusion can be evaluated by both non-enhanced and
gadolinium-enhanced MRI, and contrast enhancement helps to
differentiate the thickened and inflamed synovium from synovial
fluid,28 44 46 47 thus far, no clinical trials for DMOAD have uti-
lised contrast-enhanced MRI, mainly due to the additional cost
and potential rare side effects of gadolinium.31

A fully automated technology to quantify synovial fluid using
non-contrast-enhanced MRI sequences showed that fluid
volume correlated with data from phantoms and joint aspir-
ation, with magnification by a factor of 3.4 for MRI.27 In
another study, the effusion volume measurement using semi-
quantitative methods based on non-enhanced compared to
contrast-enhanced sequences resulted in a magnification of the
effusion volume by a factor of 1.9.45 47 The difference in the
amount of synovial fluid as measured by aspiration and MRI is
likely to be related to the incomplete drainage of the joint with
the former method, which can be considerably difficult in many
patients.

Bone marrow lesions
The presence of BML in knee osteoarthritis has been associated
with symptoms and cartilage loss.48–58 Although it is recom-
mended that BML be evaluated using fluid-sensitive fast spin
echo sequences (eg, T2 weighted, proton density weighted or
intermediate weighted) with fat suppression,59 in a recent study,
the sensitivity to change of gradient echo and water-sensitive
intermediate-weighted sequences in the assessment of BML
prevalence and size change over time were similar.60 In knee
osteoarthritis patients, the BML size and score have been shown
in many studies to fluctuate over time,54 56 59 60 and the results
have been found to be variable from one study to another. BML
may decrease or increase in size, or resolve completely. The
development of new BML is also common.

BML can be assessed using semiquantitative techniques such
as WORMS.17 However, a fully automated method to quantify
BML in knee osteoarthritis has recently been published.29 Most
BML changes appear to occur in the medial compartment, with
similar prevalence in the femur and tibia, followed by the patel-
lofemoral compartment, with relatively few changes in the
lateral compartment.55

Meniscal lesions
Damage to the menisci due to degeneration or injury increases
the risk of developing knee osteoarthritis.61 Meniscal lesions
can be assessed by MRI via either quantitative or semiquantita-
tive approaches.62 In the semiquantitative approach, meniscal
tears and meniscal extrusion are the two main types of lesions
that are scored in knee osteoarthritis, and both are believed to
be important markers of disease.63 Meniscal tears have been
associated with cartilage loss57 58 62 64 and knee pain,65 and

meniscal extrusion with knee malalignment and cartilage
damage.57 58 62 66

Predicting clinical endpoints with MRI-based
structural endpoints
Clinical endpoints in knee osteoarthritis
One of the major challenges in current research on osteoarthritis
is the absence of precisely defined clinical endpoints, which
complicates the assessment of the disease, particularly in the
early stages, and the development of DMOAD. Patient-centred
outcomes, evaluating pain or symptoms, are often too indirect
or non-specific. Although of key clinical importance, they often
show poor correlation with structural change, which challenges
studies evaluating DMOAD activity. Osteoarthritis structural
outcomes are a better option, but the question of how well
certain biomarkers, including MRI measurements, relate to clin-
ical outcomes remains uncertain.

Joint replacement is one of the ultimate outcomes of clinical
relevance in knee osteoarthritis. Indications for joint replace-
ment include pain, functional impairment and structural
changes on radiography. The severity of structural change is not
an indication in most clinical guidelines; disability and participa-
tion restriction are the main features to consider. The advan-
tages of joint replacement as a primary outcome in clinical trials
are that it is a good marker of end-stage knee osteoarthritis, it is
dichotomous and easy to document, and it improves pain and
function in the majority of patients. It is an expensive procedure
(approximately €6800 (US$8900) per knee replacement in
2009),67 although it is cost-effective in cases with severe symp-
toms or substantial functional limitations.68 Germany and the
USA lead the world in the rate of knee replacement surgery
(213 procedures per 100 000 population) (figure 2).69 With
more than 600 000 procedures per year in the USA, the aggre-
gate cost to the USA is US$9 billion.70 Switzerland’s population
is one tenth that of Germany’s, but it has a knee replacement
rate (200 per 100 000 population) that is comparable to that of
Germany and the USA. The rate of knee replacement in the
USA nearly doubled in the past decade. In Denmark it almost
tripled (figure 3).69 In the USA, the number of knee replace-
ments is projected to increase to 3 000 000 per year by 2030,
amounting to an estimated cost of US$45 billion. Therefore,
reducing the number of knee replacements would represent a
major socioeconomic benefit. Even delaying surgery by a few
years will ultimately decrease the total number of knee
replacements.

There are a number of limitations to using knee replacement
as a primary endpoint in large-scale RCT. First, knee replace-
ment is less relevant in patients with mild structural changes, at
which stage the use of DMOAD may be more effective.
Moreover, rates of knee replacement may be affected by eco-
nomic and cultural influences. For example, country-to-country
variations may occur due to the differing prevalence of osteo-
arthritis, differing capacities to deliver and cover the cost of the
procedure, and differing national guidelines and practices.67

Other confounding factors are comorbidities and patient/pro-
vider preferences, which include the effects of availability based
on socioeconomic status in some countries. Time to surgery
may therefore vary among patients, physicians and geographical
locations. Second, the proportion of patients receiving knee
replacement is relatively small, with only approximately 0.1% of
the European population over the age of 50 years receiving the
procedure annually. To achieve adequate statistical power,
DMOAD trials based on this endpoint would have to include
large populations followed over a long duration. Finally, and
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perhaps most importantly, there is no consensus on the precise
definition of joint failure, which refers to the loss of joint func-
tion (as assessed by various functional measurement tools),
which is consequent on the multiple tissue pathologies that
comprise the osteoarthritis process: cartilage loss, subchondral
bone reaction, synovial inflammation, meniscal and ligamentous
damage.

With these issues in mind, the Osteoarthritis Research Society
International/Outcome Measures in Rheumatoid Arthritis
Clinical Trials initiative proposed an alternative primary
outcome of virtual knee replacement.71 This composite index
comprises domains on pain, functional disability and radio-
graphic structural damage, and was proposed as a surrogate
outcome for the evaluation of DMOAD in RCT. It was tested in
a sample of 1379 patients from eight RCT in knee osteoarth-
ritis. Even for virtual knee replacement, the authors concluded
that very large sample sizes and long follow-up times would be
necessary to attain the power required to detect between-group
differences in DMOAD trials.71 Similar hurdles were encoun-
tered in the field of osteoporosis when definitions based on
bone mineral density were devised. One solution to this may be

to use a more sensitive measure of structural disease progres-
sion, assuming good predictive validity, such as MRI.

Evidence for MRI parameters as a predictor of knee replacement
The relationship between MRI measurements and clinical symp-
toms of osteoarthritis has been studied in depth. There appears
to be a moderate to strong association between MRI-measured
BML and synovitis or synovial effusions and increasing symp-
toms, but a weak association between MRI cartilage loss or
meniscal tears and symptoms.33 72 The correlates between mea-
surements from MRI and those from radiography and other tech-
niques for evaluating osteoarthritis are well established, but there
have been few studies on the predictive power of MRI measure-
ments for the clinical outcome of knee replacement. A systematic
review performed in 2009 identified 243 papers on the concur-
rent and predictive validity of MRI-based measurements of struc-
tural change in osteoarthritis, but only three papers on the
predictive value with regard to joint replacement.33 Interestingly,
all three of those studies reported a statistically significant associ-
ation between changes in MRI-based parameters and joint
replacement (p<0.05).73–75 Since then, there have been further

Figure 2 Knee replacement surgery
per 100 000 population in 2009 (or
nearest year). Source: Health at a
Glance. OECD 2011 (available at http://
dx.doi.org/10.1787/888932524773).69

OECD, Organisation for Economic
Cooperation and Development includes
34 member countries (Australia,
Austria, Belgium, Canada, Chile, Czech
Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary,
Iceland, Ireland, Israel, Italy, Japan,
Korea, Luxembourg, Mexico, The
Netherlands, New Zealand, Norway,
Poland, Portugal, Slovak Republic,
Slovenia, Spain, Sweden, Switzerland,
Turkey, UK, USA).
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publications,76–83 all with significant results. The results of the
studies are summarised in table 1.73–83

One of the first indications that MRI could predict knee
replacement came from a trial recruiting 123 patients with
symptomatic osteoarthritis.73 MRI assessment indicated that
every 1% increase in the rate of tibial cartilage volume loss was
associated with a 20% increase in the risk of knee replacement
(95% CI 10% to 30%). Tibial cartilage loss was shown to be an
independent predictor, and patients with the highest rates (car-
tilage loss >8%) had a seven times higher risk (OR 7.1, 95% CI
1.4 to 36.5) of surgery.73 Another study from the same group
showed that higher total cartilage defect scores increased the
risk of joint replacement over 4 years by six times compared to
those with lower scores (OR 6.0, 95% CI 1.6 to 22.3).74 This
result was unaffected by a variety of possible confounders,
including radiographic severity.

The presence of BML has also been found to predict progres-
sion to knee replacement independently. A study75 reviewing
381 cases in a database of approximately 4000 MRI identified
25 patients with osteoarthritis alone and 48 patients with osteo-
arthritis and BML. They reported that the patients with BML
were 8.95 times more likely to undergo knee replacement
within 3 years (p=0.016).75 The association was particularly
strong for individuals with diffuse BML (ie, occupying most or
all of the femur or tibial plateau), who were 13 times more
likely to progress to surgery (p<0.01). These authors failed to
detect a correlation between cartilage loss or meniscal tears and
knee replacement.75 In other studies, in which 15% of symp-
tomatic osteoarthritis patients went on to have knee replacement
over 4 years,77 78 MRI evaluation showed a progressive increase
in the risk of knee replacement as bone abnormalities pro-
gressed from patients with no BML, to those with BML, and
then to those with BML and cysts. The results correlated well
with cartilage loss. For every one unit of BML severity score at
baseline, there was an increase of 1.14% (95% CI 0.29% to

1.87%, p=0.01) in cartilage loss.78 Similar observations have
been made in a community study,80 which also demonstrated
that the presence of BML in the right knee predicted the occur-
rence of joint replacement in both the left and the right knees.

One of the first RCT to use assessment with MRI, as opposed
to radiography, comparing treatment with licofelone versus
naproxen showed that MRI cartilage volume loss was a good
measure for the analysis of DMOAD in knee osteoarthritis, and
that 14.6% of the patients had a knee replacement in the 4–
7 years79 following enrolment in the original trial.84 The pres-
ence of the following features on MRI at baseline was shown to
be strongly predictive of knee replacement: BML in the medial
compartment (p=0.0001), severe medial meniscal tear
(p=0.004) and medial meniscal extrusion (p=0.013). The
changes in cartilage volume loss in the medial compartment at
2 years were also associated with knee replacement within
6 years (p=0.005).79 Similar results were found in a trial with
chondroitin sulfate, which was found to reduce the cartilage
volume loss and BML85 as well as total knee replacement.86

Moreover, further results are expected from the analysis of the
MRI data on the phase III strontium ranelate knee trial
(SEKOIA).87

The OAI is the largest natural history study of osteoarthritis
to date. This ongoing observational study is following a cohort
of 4796 subjects aged 45–79 years, with or at risk of knee osteo-
arthritis. Within this cohort, 165 (3.5%) subjects had a knee
replacement by 4 years.76 Patients with greater loss of cartilage
thickness in the central and total medial tibiofemoral compart-
ments were more likely to progress to surgery than controls
(area under the curve (AUC) 0.59, 95% CI 0.52 to 0.67,
p=0.006 and AUC 0.58, 95% CI 0.50 to 0.65, p=0.016,
respectively). Cartilage thickness loss appeared to be the stron-
gest longitudinal predictor, while the area of denuded bone was
the best cross-sectional predictor. When these results were strati-
fied by KL grade, the MRI parameters were the most predictive
in patients with KL grade 2 knees; however, they depend on the
use of radiographic KL grade as a measure of severity, even
though only 25 patients were classified as KL grade 2 or lower.
It is noteworthy that the results appear to be better for measure-
ments in the central tibiofemoral compartment than for the
global values.76 Structural endpoints other than those in cartil-
age have also been explored using semiquantitative MRI
methods in the OAI cohort.81–83 When compared with controls
matched for KL grade, age, body mass index and gender, knee
replacement had increased odds of large BML in the medial
femur and/or tibia before surgery.81 Moreover, they also had
increased odds for worsening of BML size in three or more sub-
regions in the medial tibiofemoral compartment.81 The presence
of maceration of the meniscal body and of the medial posterior
horn was more likely in knees that received knee replacement
than in control knees.82 Risk of knee replacement was increased
when a maximum grade of meniscal maceration was present in
any of the analysed medial meniscal locations.82 Knees undergo-
ing knee replacement were more likely to have effusion synovitis
before surgery and worsening of both Hoffa synovitis and effu-
sion synovitis longitudinally compared with control knees.83

Together, these results imply that MRI parameters including
cartilage volume and thickness, semiquantitative scoring of car-
tilage defects, BML, meniscal lesions and synovitis could be
useful additions to a model of knee replacement. Comparison
of results for radiographic JSN and cartilage volume loss in the
medial compartment on MRI over 2 years79 suggests that they
have similar predictive value for knee replacement within
6 years of follow-up ( JSN, OR 15.45, 95% CI 1.98 to 120.39,

Figure 3 Trend in knee replacement surgery, 2000–9, selected
countries. Source: Health at a Glance. OECD 2011 (available at http://
dx.doi.org/10.1787/888932524811).69 OECD, Organisation for
Economic Cooperation and Development includes 34 member countries
(Australia, Austria, Belgium, Canada, Chile, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland,
Israel, Italy, Japan, Korea, Luxembourg, Mexico, The Netherlands, New
Zealand, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain,
Sweden, Switzerland, Turkey, UK, USA).
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p=0.009 versus cartilage volume loss, OR 18.70, 95% CI 2.40
to 145.67, p=0.005). However, preliminary results from the
OAI support a better predictive value of MRI cartilage volume
loss over JSN in early radiographic osteoarthritis.88 Further
research will show whether MRI is more sensitive than radiog-
raphy for knee replacement.

The individual contributions of pain, functional impairment
and structure in the progression to surgery have yet to be deter-
mined. In a recent study,79 a strong signal of less improvement
in symptoms, particularly the Western Ontario and McMaster
Universities arthritis index (WOMAC) pain, observed in the
2-year follow-up predicted the subsequent occurrence of a total

Table 1 Studies exploring the predictive value of MRI parameters and knee replacement

Study Design/patient characteristics MRI parameter Main results

Cicuttini et al73 Observational study
123 patients with osteoarthritis
113 completers at 2 years
18 (16%) knee replacements over
4 years

Quantitative MRI
Tibial cartilage volume loss over 2 years

▸ 1% increase in tibial cartilage volume loss was associated with a
20% increase in risk for surgery (95% CI 10% to 30%)

▸ Patients with tibial cartilage volume loss >8% had higher risk
for surgery than those with >3% (OR, 7.1, 95% CI 1.4 to 36.5)

Wluka et al74 Observational study
117 patients with knee osteoarthritis
18 (15%) knee replacements over
4 years

Semiquantitative MRI
Cartilage defect score

▸ Higher cartilage defect scores (8 to 15) were associated with a
higher risk for surgery than lower scores (2 to 7) (OR, 6.0, 95%
CI 1.6 to 22.3)

Scher et al75 Observational study
25 patients with knee osteoarthritis
48 patients with knee osteoarthritis
and BML
15 (21%) knee replacements over
3 years

Semiquantitative MRI
BML

▸ BML placed patients at higher risk for surgery (OR, 8.95, 95% CI
1.49 to 53.68)

▸ Global BML placed patients at even higher risk (OR, 13.04, 95%
CI 2.06 to 82.58)

▸ No correlation for cartilage loss or meniscal change

Tanamas
et al77 78

Observational study
109 patients with knee osteoarthritis
16 (15%) knee replacements over
4 years

Quantitative MRI
BML and bone cysts

▸ BML increased risk for surgery (OR, 1.57, 95% CI 1.04 to 2.35)
▸ Both BML and bone cysts in the medial compartment further

increased risk for surgery (OR, 1.99, 95% CI 1.01 to 3.90)

Dore et al80 Community study
395 subjects
12 (3%) knee replacements over
5 years

Quantitative MRI
BML (right knee)

▸ BML in right knee predicted surgery in both knees (right knee
OR, 22.63, 95% CI 3.72 to ∞; left knee, OR, 12.85, 95% CI
1.82 to 90.91)

▸ BML in right knee predicted surgery in both knees (right knee
OR, 2.88, 95% CI 1.84 to 4.52; left knee, OR, 2.78, 95% CI 1.58
to 4.90)

Raynauld et al79 Randomised controlled trial
population
161 patients with knee osteoarthritis
18 (15%) knee replacements
between 4 and 7 years

Semiquantitative MRI
BML, meniscal tears, and meniscal
lesions
Quantitative MRI
Change in cartilage volume over 2 years

▸ The strongest predictors of surgery were medial BML (OR, 1.48,
95% CI 1.21 to 1.82), severe medial meniscal tears (OR, 5.69,
95% CI 1.75 to 18.49), and medial meniscal extrusion (OR, 4.06,
95% CI 1.35 to 12.23)

▸ Medial cartilage volume loss was also a strong predictor (OR,
18.70, 95% CI 2.40 to 145.67)

Eckstein et al76 Case–control study (Osteoarthritis
Initiative)
4796 patients with/at risk of knee
osteoarthritis
165 (3.5%) knee replacements over
4 years
Controls without surgery

Quantitative MRI
Change in cartilage thickness and area of
denuded bone from baseline to just
before surgery

▸ Patients with greater loss of cartilage thickness in central and
total medial compartments had greater risk for surgery than
controls (AUC, 0.59, 95% CI 0.52 to 0.67, p=0.006; and AUC
0.58, 95% CI 0.50 to 0.65, p=0.016, respectively)

▸ Cartilage thickness loss appeared to be the strongest
longitudinal predictor, while area of denuded bone was the best
cross-sectional predictor

Roemer et al81 Case–control study (Osteoarthritis
Initiative)
4796 patients with/at risk of knee
osteoarthritis
121 knee replacements over 4 years
121 matched controls without
surgery

Semiquantitative MRI
BML

▸ Worsening of BML size in ≥3 subregions in the medial
tibiofemoral compartment was associated with increased odds of
knee replacement compared to knees without worsening in any
subregion in the same compartment (OR 3.35, 95% CI 1.14 to
9.82)

Roemer et al82 Case–control study (Osteoarthritis
Initiative)
4796 patients with/at risk of knee
osteoarthritis
121 knee replacements over 4 years
121 matched controls without
surgery

Semiquantitative MRI
Meniscal damage

▸ Maceration of medial meniscal body (OR 2.78, 95% CI 1.50 to
5.16), maceration of the posterior horn (OR 2.20, 95% CI 1.07
to 4.53), and maximum grade meniscal maceration in any
location (OR 2.96, 95% CI 1.51 to 5.82) were associated with
higher odds of knee replacement than knees without these
lesions

Guermazi et al83 Case–control study (Osteoarthritis
Initiative)
4796 patients with/at risk of knee
osteoarthritis
121 knee replacements over 4 years
121 matched controls without
surgery

Semiquantitative MRI
Hoffa synovitis and effusion synovitis

▸ Knees that underwent knee replacement were more likely to
have effusion-synovitis of any grade (OR 2.45, 95% CI 1.22 to
4.95) than controls

▸ Knees that underwent knee replacement were more likely to
have worsening Hoffa- (OR 7.00, 95% CI 1.59 to 30.80) and
effusion synovitis (OR 2.27, 95% CI 1.11 to 4.62) than controls

BML, bone marrow lesions.
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knee replacement at 6 years following study inception. Recent
publications have demonstrated that cartilage loss in knee osteo-
arthritis patients is associated with worsening of pain.
According to two recent publications, cartilage volume loss was
predictive of the later occurrence of total knee replacement in
multivariate models that included age, gender, body mass index
and WOMAC pain.73 79 This demonstrates that such MRI find-
ings independently predicted total knee replacement occur-
rences regardless of patients’ symptom level.

DISCUSSION
The non-invasive technique of MRI allows for comprehensive
imaging of joint structures and structural changes over time in
patients with knee osteoarthritis. A number of semiquantitative
scoring methods and quantitative technologies have been devel-
oped and validated. They have been shown to be reliable in the
assessment of structural changes cross-sectionally and
longitudinally.

The evidence for the predictive value of MRI parameters
for knee replacement has increased over the past few years
(table 1).33 73–83 Studies linking MRI parameters with joint
replacement were performed using both quantitative and semi-
quantitative techniques. One recent RCT showed that MRI
quantitative methodology may be more sensitive to change
during a 2-year observation period than the semiquantitative
scoring methods to assess cartilage loss in the context of clinical
trials.34 This relative lack of sensitivity to change compared with
quantitative methods is a known weakness of semiquantitative
assessments.15 However, both appear good options in the place
of joint replacement to be used in RCTof DMOAD.

Review of the currently available studies suggests that medial
compartment cartilage volume/thickness assessment by MRI is
predictive of joint replacement.73 76 79 This forms the basis of
the first ESCEO statement in box 1. The MRI equivalent to
radiographic JSN, in terms of a longitudinal parameter, would
be medial compartment cartilage loss. Other MRI parameters,
such as the assessment of cartilage defects, BML, meniscal
lesions and synovitis also seem to be predictive of knee replace-
ment,74 75 77–83 and may be useful as structural endpoints in
trials of DMOAD, which underlies the second ESCEO state-
ment in box 1. Further research will determine the value of
these parameters.

Another dimension to consider is exactly how MRI should be
used in RCT in knee osteoarthritis. In this context, we should
note that patient selection in RCT is usually driven by regula-
tory considerations.8 9 The European and American regulatory

agencies require evidence of an impact on radiographic structure
( JSN) as well as an effect on pain and function for authorisation
as a DMOAD, and so RCT are generally designed with this in
mind. This is unlikely to change in the absence of a step change
in pharmacological therapy, which could provide the stimulus
for regulatory change from radiographic criteria to MRI assess-
ment. Nevertheless, it is recommended that MRI be used as a
secondary DMOAD endpoint in RCT.

Reduction in knee replacement is a reasonable therapeutic
goal in the management of knee osteoarthritis, but using knee
replacement as an endpoint in clinical trials is limited by con-
founders. Virtual knee replacement (ie, structural damage end-
point justifying knee replacement) is an attractive alternative.71

However, some of the definitions based on radiographic criteria
lack discriminative power, and would necessitate large study
populations and long follow-up times. The use of MRI-based
virtual knee replacement promises to be more powerful, and
further research with sufficiently powered MRI studies with
adequate follow-up times (ie, at least 12 months) could verify
this. This could eventually lead to revision of the definition of
virtual knee replacement to include MRI criteria, which consti-
tutes the third ESCEO statement (box 1).

There are a number of other issues that need to be addressed
before MRI parameters can be used as surrogate outcomes in
knee osteoarthritis. There is still room for better standardisation
and validation of MRI measurements, which may improve its
potential for interpreting the progression of disease on a large
scale. Although MRI is at this time an expensive technique and
can only be performed in relatively small patient groups, data
indicate that with the use of MRI in RCT, fewer patients would
probably be needed to reach statistical power.

CONCLUSION
The ESCEO group has reviewed current knowledge on the pre-
dictive value of MRI in the occurrence of joint replacement
surgery in knee osteoarthritis. The ESCEO considers that MRI
is a viable alternative to radiography for evaluating structural
changes in knee osteoarthritis. Currently, MRI parameters such
as medial compartment cartilage volume/thickness loss, and the
assessment of cartilage defects, BML, meniscal lesions and syno-
vitis seem to be able to predict progression to knee replacement
surgery.
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