of numerousresearch sudiesover thepast severd years. Thereareseverd reasons.
the essentid role articular cartilage playsin the function of the diarthrodid joints
of the bodly, the high prevalence of degeneration and traumetic injury of articular
catilage, and the recent development of new surgica procedures that hold the
promise of forming repair tissue thet is hydine or hydine like catilage. This
imaging method has great promise and may emerge as an effective technique for
detecting even the early stages of chondra abnormdities MR imaging is the
most important imaging moddity for the evauation of traumetic or degenerative
catilaginouslesonsin theknee. Apart from MR imaging techniques that depict
cartilage morphology, there is growing interest in developing MR imaging
techniquesthat are senstive to early structurd damagein articular cartilage. Two
techniques that have demonstrated promise are quantitative T2 mapping and T1
mapping with delayed gadolinium-enhanced MR imaging of cartilage after
administration of gadopentetate dimeglumine®’.

Imaging articular cartilageisachalenge. It isthin, with amaximum thickness of
about 4 mm, and usudly has curved surfaces. To obtain high-quaity MR images,
one must maintain abaance between high spatia resolution and adequate SNR.
Any increasein the SNIR that can be obtained affordsthe potentiad to increasethe
spatid resolution and thustoimprove M Rimagesensitivity for small dbnormdlities
and ealy disease in articular cartilage. For example, a new MRI system that
provides a twofold improvement in SNR should be able to provide a twofold
increase in spatiad resolution at the same SNR asthe old system.

Because SNRislinearly proportiona to magneticfield strength, imaging at higher
magneticfield strengthsshould dllow greater spatia resolutionwithequa imaging
time and SNR. If dl other factors were to remain equd, a change froma 15T
systemtoa3-T sysem, for instance, should provide atwofold increasein SNR a
thesamespatia resolution andimaging time, atwofoldincreasein spatia resolution
a thesame SNIR and imaging time, or afourfold reduction inimaging time a the
same SNR and spatia resolution. However, a higher fidd strengths, the T1
relaxaiontimesincrease, particularly for cartilage. Also, theincreasein frequency
differencebetween marrow fat and cartilagewater at 3 T versuslower field strength
reduces the benefits obtained from an increase in magnet field strength for non-
fat-suppressed methods. Longer T1 relaxation times require longer-pulse TR,
resulting in an increase in image acquiisition time or achangein the flip angle of
the excitation pulse to maintain the same image contrast & higher field strength.
Inaddition, for non-fat-suppressed images, the greater separation of fat and water
frequencieswill leed togreater chemicd shift artifactsat thecartilage-boneinterface
becauseof marrow fat. Althoughincreasing thebandwidth of theimageacquisition
may reduce this artifact, the SNR of the acquisition decreases. Despite these
challenges, high-fieldimaging shows great promiseasan overdl improvement in
aticular cartilage assessment by MRI.

New pulse sequences and image acquisition methods under development for
aticular cartilagehavefocused onimage contrast and spatia resolutionthat would
improve both quantitative cartilage andlyses and the clinical diagnosisof articular
cartilage abnormalities. A major emphasis of articular cartilage ressarch hasbeen
the measurement of articular cartilage thickness and volume as biomarkers for
disease progression or trestment response in ostecarthritis. To perform these
andysss, it is desrable to use computer dgorithms to identify, or “segment,”
aticular cartilage tissue in an automated manner. This god requires high image
contrast between cartilage and the surrounding tissues, including bone, bone
marrow, joint fluid, menisci, joint capsule, ligaments, and intraarticular fat. To
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date, no one acquisition sequence has proven ided, dthough the mgority of
publications on volume and thickness measurements have used the 3D T1-
weighted SPGR sequence. Although this sequence shows good cartilage-water
and cartilage-fat image contragt, the cartilage-meniscusand cartilage-capsuleimage
contrast has been relatively poor. Automated and semi-automated image-
processing approaches that combine two image acquisitions-for example,
subtraction of image acquisitions with and without binomia pulse saturation
trandfer-haveshowntheability toisolatearticular cartilageautomaticaly for volume
and thicknessmeasurements. However, double-acquisition techniquescan betime-
consuming and may require image registration if the patient moves between
acquistions.

TO CONCLUDE

The preceding is only a partid list. MRI continues to be a fertile area for
technological advances:

e Signd Processing and Image Reconstruction

e RF technology

e Magnet technology

e Contrast mechanisms
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