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Why arenWhy aren’’t we there yet?t we there yet?

Where are we now?Where are we now?

Where is Where is ““ThereThere””??????

Case Study Case Study 

Mr. A. SymptomaticMr. A. Symptomatic

50 y.o. without prior health problems50 y.o. without prior health problems

Physical exam, 2008Physical exam, 2008

Joint evaluationJoint evaluation

pain, pain, mobilitymobility

Blood pressureBlood pressure

Blood lipidsBlood lipids

ColonoscopyColonoscopy

Diet changesDiet changes

Stress test / angioStress test / angio

BiopsyBiopsy

Detection of early disease process ; Detection of early disease process ; 
prevention of pain, end stage disease and disabilityprevention of pain, end stage disease and disability

AnalgesicsAnalgesics……

Total jointTotal joint

In the early 1980s there was hope that In the early 1980s there was hope that 

MRI could impact this situation; MRI could impact this situation; 

19841984 20082008

While MRI has progressedWhile MRI has progressed……

X-ray

•• Radiography is the primary diagnostic imaging procedure for OARadiography is the primary diagnostic imaging procedure for OA

•• Radiography is the mainstay of OA clinical investigationsRadiography is the mainstay of OA clinical investigations

•• Few bench studies utilize MRI for research purposesFew bench studies utilize MRI for research purposes



Why hasnWhy hasn’’t MRI made more of an impact in the diagnosis, t MRI made more of an impact in the diagnosis, 

study, and understanding of joint diseases? study, and understanding of joint diseases? 

I.I. Current  paradigms are limiting how we design studies, view Current  paradigms are limiting how we design studies, view 

the data, and how we interpret the implications for clinical the data, and how we interpret the implications for clinical 

trials, ultimately limiting MRItrials, ultimately limiting MRI’’s utilitys utility..

II.II. We have been seeing what we can image, instead of imaging We have been seeing what we can image, instead of imaging 

what we need to seewhat we need to see

III.III. Resource limitationsResource limitations

The red universeThe red universe……

OA is a progressive disease OA is a progressive disease 

of cartilage lossof cartilage loss

Radiography is appropriate as a primary imaging tool Radiography is appropriate as a primary imaging tool 

for OA (K/L, joint space)for OA (K/L, joint space)

OA is a reversible multiOA is a reversible multi--tissuetissue

disease state; disease state; ““endend--stagestage”” diseasedisease

can be avoidedcan be avoided

MRI can interrogate molecular parametersMRI can interrogate molecular parameters

of joint structures to investigate early diseaseof joint structures to investigate early disease

The green universeThe green universe……

Example of Red Universe Paradigm:Example of Red Universe Paradigm:

Cohort delineation for clinical trials should be along the Cohort delineation for clinical trials should be along the 

lines of radiographic criteria (JSG, KLG)lines of radiographic criteria (JSG, KLG)
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Red Universe Design of Trial and Interpretation of DataRed Universe Design of Trial and Interpretation of Data

Design: Cohort is grouped by JSGDesign: Cohort is grouped by JSG

(Williams, Arthritis Rheum 52:3528, 2005)

Interpretation: Interpretation: ““dGEMRIC decreases with joint space gradedGEMRIC decreases with joint space grade””

If MRI metrics are mainly presented as correlating with If MRI metrics are mainly presented as correlating with 

standard radiographic metrics (and therefore we can standard radiographic metrics (and therefore we can 

already differentiate those groups), there is no advantage already differentiate those groups), there is no advantage 

to using the much more expensive MRIto using the much more expensive MRI……

The additional information achievable with MRI is not The additional information achievable with MRI is not 

elucidated.elucidated.
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Green Universe Interpretation

“What is different about the two groups of high and low 
dGEMRIC values, all with normal joint space ?”

KLG 0 knees should not be lumped into the same category…
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-- ArenAren’’t a t a ““controlcontrol”” in terms of diseasein terms of disease

-- May benefit from an interventionMay benefit from an intervention

KLG 0 KLG 0

Example of Red Universe Paradigm:Example of Red Universe Paradigm:

Entry criteria for intervention trials should be those with Entry criteria for intervention trials should be those with 

KL2 or 3, KL2 or 3, ““fast progressorsfast progressors””
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But are these the knees that we should be evaluating for 
the “protective” effects of a DMOAD?

Why hasnWhy hasn’’t MRI made more of an impact in the diagnosis, t MRI made more of an impact in the diagnosis, 

study, and understanding of joint diseases?study, and understanding of joint diseases?

I.I. Current  paradigms are limiting how we design studies, view Current  paradigms are limiting how we design studies, view 

the data, and how we interpret the implications for clinical the data, and how we interpret the implications for clinical 

trials, ultimately limiting MRItrials, ultimately limiting MRI’’s utility.s utility.

II.II. We have been seeing what we can image, instead of imaging We have been seeing what we can image, instead of imaging 

what we need to seewhat we need to see

III.III. Resource limitationsResource limitations
1994 – segmentation

1993 – Diffusion

1996 – dGEMRIC

1997 – T1rho

1989 – T2

1988 – sodium image

1991 – MT

1984



But, there are major differences between tissues of the joint But, there are major differences between tissues of the joint 

and those of other major organ systems: and those of other major organ systems: 

I.I. Articular cartilage is relatively acellular (5% vs 70%)Articular cartilage is relatively acellular (5% vs 70%)

II.II. Articular cartilage / meniscus has little or no vascularizationArticular cartilage / meniscus has little or no vascularization

III.III. The tissue function is mainly a property of the extracellular The tissue function is mainly a property of the extracellular 

matrix, not the cells (although cells produce the matrix)matrix, not the cells (although cells produce the matrix)

Therefore, the interpretation of Therefore, the interpretation of ““standardstandard”” MRI metrics of MRI metrics of 

tissues of the joint may not be appropriate or optimal.tissues of the joint may not be appropriate or optimal.

Instead of seeing what we can image, Instead of seeing what we can image, 

we need to think more about finding ways we need to think more about finding ways 

to image what we want to seeto image what we want to see……

What do we know? What do we know? 

What do we need to learn?What do we need to learn?

BIOLOGY:BIOLOGY:

e.g.e.g.

-- Are there regional variations in the permeability of the subchAre there regional variations in the permeability of the subchondral bone?ondral bone?

-- Can we image cell death in cartilage?Can we image cell death in cartilage?

Oh No!
Not again!

Inflammation

IL-1/TNF-α
BMP-2, TGFß

Matrix
Synthesis

Catabolic Enzyme
Synthesis

Down-regulation
of matrix

Degeneration

Products of
Degraded molecules

What do we know? What do we know? 

What do we need to learn?What do we need to learn?

PATHOPHYSIOLOGY:PATHOPHYSIOLOGY:

Capsule

Normal
synovium

Articular
cartilage

Synovial
cavity

Bone

Subchondral bone cyst

Limited synovitis

Early focal
degenerate lesion

Cartilage cap of
osteophyte

Subchondral bone
of osteophyte

‚Fibrillated‘ cartilage

Altered bone turnover

Normal OA

-- What is a BML lesion in OA?  (water, cells, blood)What is a BML lesion in OA?  (water, cells, blood)

-- At what point can tissue / joint still be repaired to preAt what point can tissue / joint still be repaired to pre--injury or preinjury or pre--disease disease 

state, i.e. is the disease fully reversible?state, i.e. is the disease fully reversible?

Why hasnWhy hasn’’t MRI made more of an impact in the diagnosis, t MRI made more of an impact in the diagnosis, 

study, and understanding of joint diseases?study, and understanding of joint diseases?

I.I. Current  paradigms are limiting how we design studies, view Current  paradigms are limiting how we design studies, view 

the data, and how we interpret the implications for clinical the data, and how we interpret the implications for clinical 

trials, ultimately limiting MRItrials, ultimately limiting MRI’’s utility.s utility.

II.II. We have been seeing what we can image, instead of imaging We have been seeing what we can image, instead of imaging 

what we need to seewhat we need to see

III.III. Resource limitationsResource limitations



no business model

Imaging Technology
Constrain further development

Therapy concepts
OA (= DMOAD)

Development / validation / clinical use

MRI IndustryMRI Industry

Started on the path…. 

www.nebh.caregroup.org/display.asp?leaf_id=17765

Web search for OARSI Beverly Workshop

www.nebh.caregroup.org/display.asp?leaf_id=17765 Thanks to our sponsors!

Thanks to our sponsors!Thanks to our sponsors!
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