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Summary

Magnetic resonance imaging (MRI) has been used for skeletal and central nervous system imaging in humans for years. It is currently the
imaging modality of choice for examination of soft tissue intraarticular injuries such as ligament and meniscal damage. Equine studies have
been performed in cadaver specimens of the carpus, metacarpophalangeal joint, femorotibial/femoropatellar joints, flexor tendons, and foot.
Current technology provides diagnostic images but does not allow in vivo imaging of horses. Newer technology may allow imaging of distal
limbs in standing, sedated horses.
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Die Anwendung der Kernspintomographie im Rahmen der Lahmheitsdiagnostik beim Pferd

Die Kernspintomographie wird seit Jahren beim Menschen zur Darstellung des Skelettes und des zentralen Nervensystems eingesetzt. Sie
ist zur Zeit die Methode der Wahl bei der Untersuchung von intraartikuldren Weichteilverletzungen wie Bénder- und Meniskusschéden, Un-
tersuchungen im Pferdebereich wurden an Praparaten des Karpus, metacarpophalangealsn Gelenks, Femorotibial- und Femoropatellarge-
lenks, der Beugesehnen und des FuBes toter Pferde durchgefuhrt. Mit der derzeitigen Technologie kénnen Darstellungen zur Diagnose er-
zeugt werden, aber es ist keine Untersuchung lebender Pferde moglich. Neue Technologien eréffinen die Méglichkeit, die distalen Glied-
mafen stehender, sedierter Pferde zu untersuchen:
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Introduction

Magnetic resonance imaging (MRI) has been described for use in
human medicine for over two decades (Weisman et al. 1972). The
most valuable application of MRI might be in musculoskeletal ima-
ging. For instance, it now seems to be the imaging modality of
choice in examining soft tissue damage (e.g., cruciate ligaments,
menisci) in injured knee joints (Kean et al. 1983) in football and
basketball players.

Principles of MRI

All atoms with differing numbers of protons and neutrons have in-
trinsic magnetic spin properties. These atoms with spin produce
an electrical current which results in an intrinsic magnetic field
(Schild 1920). Because hydrogen is abundant in most mammalian
tissues (as H,0), its spin characteristics are relied upon most of-
ten in MRI.

A magnet surrounding the tissue creates an external magnetic
field which causes the hydrogen protons to align themselves with
the direction of the magnetic field. When an external field at the
appropriate frequency is switched on and off, the result is a ra-
diofrequency (rf) pulse. At the conclusion of the rf pulses, the tis-
sue protons return to their original configuration. The rate at which
this occurs is tissue-dependent and is called the relaxation time.
This aligning and relaxing of protons in synchronisation with the rf
pulse is detected by the MRI instrument, and provides information
from which images are computed.

In response to the I pulses, each tissue produces discrete signals
which can be unigue and thus allow MRI to more readily discern
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between different tissues (e.g., zones of cartilage) which on radio-
graphy appear to be of a similar density (e.g., all cartilage appears
as soft tissue density radiographically). Tissue-dependent signal
intensities are detected externally and computer-processed to
create a magnetic resonance (MR) image. Two- and three-dimen-
sional images can be computer-reconstructed from MRI (Lauter-
bur 1973).

Previous equine research

Magnetic resonance imaging has been used in the equine meta-
carpophalangeal joint (Park et al. 1987; Martinelli 1995), flexor ten-
don (Crass et al. 1992), foot (Denoix et al. 1993), carpus (Kaser-
Hotz et al. 1994), and femorotibial/femoropatellar joints (Holcombe
et al. 1995). All of these MRI studies were performed in recently-
harvested cadaver specimens of limited numbers (<10 specimens
per study). In some studies, excellent correlations have been
shown between ultrasonographic (Crass et al. 1992) or histologic
(Martinelli 1995) sections and MR images obtained post-mortem.
Limited work is available in diseased limbs, but initial studies de-
monstrate that MR can document considerable pathological chan-
ges which are not always readily-discernible by more traditional
diagnostic methods such as arthroscopy (Martinelli 1995).

Advantages of MRI

Magnetic resonance provides excellent visualisation of soft tissue
structures not easily imaged by radiography. Ultrasonography
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and MRI are probably similar in imaging detail in soft tissue flexor-
surface structures such as the flexor tendons and suspensory li-
gament (Crass et al. 1992). Magnetic resonance allows soft tissue
images of articular cartilage not readily visualised by radiography
and ultrasonography (Sabiston et al. 1987; Martinelli 1995). Zones
of articular cartilage can be imaged by MRI alone (Lehner et al.
1989; Mod/ et al. 1991). The only other definitive methods of de-
termining the depth of an articular lesion are by direct probing via
arthroscopy and/or by cartilage biopsy.

One question in need of further research is the correlation of ar-
throscopic findings and MRI-detected articular cartilage lesions.
Many investigators feel that MRI lesions probably precede ar-
throscopic lesions (Martinelli 1995), but others have characterised
such early MRI lesions as false positives (Reiser et al. 1988) since
they cite arthroscopy as the current “gold standard” for detection
of articular lesions. If MRI can discern differences in hyaline carti-
lage at the level of differentiating between articular cartiage zones
(Lehner et al. 1989; Mod! et al. 1991), then it is logical that MRI is
probably more discerning as to the depth and extent of cartilage
injury than is arthroscopy. In addition, the depth and breadth of
articular cartilage lesions seem to be visualised earlier by MRI
when not yet easily seen by arthroscopy (Sabiston et al. 1987),
either due to the depth of the cartilage lesion and/or due to inac-
cessibility via arthroscopy of the area of interest of the joint.

Disadvantages of MRI

There are at least three significant barriers to adoption of more
frequent use of MRI technology in equine medicine. First, current
technology dictates that only disarticulated portions of the appen-
dicular skeleton of horses can be imaged by MRI. Tables which
can support the weight of adult horses must be custom-built, as
has been done for computerised tomograghy at other institutions.
Such tables will then allow in vivo imaging of appendicular skele-
ton, head, and cervical region in most adult horses. Second, there
will remain a need for complete immobilisation during an MRI stu-
dy. General anaesthesia will be required using current equipment.
Third, the cost of MRI equipment is quite high, in part because ol-
der magnets are still in use in human medicine, thus diminishing
the chances of obtaining useful MRI equipment at considerable
savings as older, used equipment is discarded by human institu-
tions. Currently, arthroscopy is considerably more affordable for
routine use in equine lameness diagnosis.

Future equine applications of MRI

Current equine research efforts are two-fold. First, continued re-
search is occurring with current technology, primarily on cadaver
specimens as described above. Second, at least one commercial
manufacturer is developing a portable “clam-shell” magnet for use
in standing, sedated harses. Current technology has resulted in
adeguate but not ideal images using this device. The image cap-
ture time, however, remains at approximately 4 min and requires
minimal patient movement for adequate images. Decreasing the
capture time further will allow better images by decreasing the ar-
tefact caused by patient motion. The portable configuration of this
magnet will allow imaging of distal appendicular skeleton, inclu-
ding feet, but no higher than the elbow and stifle regions.
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