Reprinted in IVIS with the permission of the AAEP Close window to return to IVIS

RADIOLOGY m—

Magnetic Resonance Imaging in 18 Horses with

Palmar Foot Pain

Sue J. Dyson, VetMB, PhD; Rachel C. Murray, VetMB, PhD;
Michael C. Schramme, DVM, PhD; and Marion V. Branch, BSc

Magnetic resonance imaging can demonstrate core lesions, dorsal tears, and sagittal splits in the deep
digital flexor tendon within the hoof capsule in horses with unilateral or bilateral palmar foot
pain. Abnormalities of the navicular bone can be seen in horses with no detectable radiological
abnormality. Lesions of the articular cartilage and subchondral bone of the distal interphalangeal

joint can be identified. Authors’ address:

Centre for Equine Studies, Animal Health Trust, Lan-

wades Park, Kentford, Newmarket, Suffolk CB8 7UU, United Kingdom. © 2002 AAEP.

1. Introduction

Palmar foot pain is a common cause of equine lame-
ness, but definitive diagnosis of the cause is often
elusive. The specificity of local analgesic tech-
niques has been questioned.'™ There is contro-
versy about the interpretation of radiographs of the
navicular bone, and it is clear that radiography is
not a particularly sensitive indicator of navicular
bone disease. Nuclear scintigraphy provides
highly sensitive information about abnormal bone
activity, but anatomical localization is limited and
there is a relatively high incidence of false positive
results.* Ultrasonographic examination of the foot
is limited to the sagittal midline, and off-incidence
artifacts may confuse interpretation.®>® Computed
tomography (CT) can be used for accurate assess-
ment of the three-dimensional (3D) distribution of
both bone and soft tissue lesions, but this requires
general anesthesia.”1°

There are a number of case reports describing
lesions identified using magnetic resonance imaging
(MRI) in horses with pain localized to the foot,'*~!?

and a recent detailed study describing the use of
imaging sequences to examine the osseous and soft
tissue structures of the digit.'* Methodology for,
and results of, MRI of the foot of live horses have
recently been documented.”

The purposes of this paper are to describe the
results of MRI in horses with forelimb lameness in
which pain was localized to the foot using perineural
analgesia and in which there was improvement in
lameness by either intra-articular analgesia of the
distal interphalangeal (DIP) joint or intra-thecal an-
algesia of the navicular bursa, and to correlate these
with the results of other imaging modalities.

2. Materials and Methods

Eighteen horses with unilateral or bilateral forelimb
lameness, with pain localized to the foot, were ex-
amined using MRI at the Animal Health Trust be-
tween January and December 2001. A definitive
diagnosis of the cause of pain could not be estab-
lished using radiography and ultrasonography.

All horses were subjected to a detailed clinical
examination, with assessment of gait in straight
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lines on a hard surface and in circles on the lunge of
10- to 15-m diameter on both soft and hard surfac-
es. Lameness was graded under each circumstance
on a scale of 0—8 (0 = sound; 2 = mild; 4 = moder-
ate; 6 = severe; 8 = non-weight bearing).

Local analgesic techniques employed included
perineural analgesia of the palmar digital nerves
and palmar (abaxial sesamoid) nerves (1.5-2 ml
mepivacaine® per site), intra-articular analgesia of
the DIP joint (6 ml mepivacaine), and intra-thecal
analgesia of the navicular bursa (3—4 ml mepiva-
caine), performed wunder radiographic control.
Lameness was reassessed 10 min after perineural
analgesia and 5 min after intra-articular or intra-
thecal analgesia. Horses stood still after injection
before re-evaluation of the gait in both straight lines
and circles.

Radiographic examination was performed after
removal of the shoes and appropriate preparation of
the foot, using lateromedial, dorsoproximal-pal-
marodistal oblique, and palmaroproximal-palmaro-
distal oblique views, and flexed oblique views of the
interphalangeal joints and palmar processes of the
distal phalanx.'®

Ultrasonographic examination of the palmar soft
tissues of the pastern was performed using a 10-
MHz linear transducer, with and without a stand-
off. A 6.5-MHz convex array transducer was used
to examine the palmar aspect of the foot through the
bulbs of the heel and through the center of the frog.

Nuclear scintigraphic examination of the feet was
performed using vascular, pool, and bone phase im-
ages, and dorsal, lateral, and solar views were ob-
tained with 2-min acquisition times.*'® All horses
were lunged for 15 min before injection of the radio-
pharmaceutical (1 GBg/100 kg of body weight).®

At least 2 wk elapsed between intra-synovial in-
jections and MRI. Before MRI, all shoes were re-
moved, and the feet to be examined were cleaned
thoroughly. With the horse under general anesthe-
sia, the forelimbs were positioned in the isocenter of
a short-bore, flared-end 1.5-Tesla GE Signa Echo-
speed magnet General Electric, Milwaukee. A hu-
man extremity radiofrequency (RF) coil was placed
around the foot to be imaged. Sandbags were placed
on the limbs to reduce movement associated with
respiration.

A three-plane localizer image was obtained first to
ensure correct positioning of the limbs and for ori-
entation of subsequent sequences. Images were ob-
tained in sagittal, transverse, and dorsal planes and
included 3D T2?% gradient echo (GRE), spoiled gradi-
ent echo (SPGR), fat saturated 3D T2® GRE, and
short inversion recovery (STIR) sequences.®® In
some horses, repositioned images were obtained to
be perpendicular to the distal most part of the deep
digital flexor tendon (DDFT). Selection of se-
quences depended in part on the results of the pre-
vious clinical investigations. Both forefeet were
examined routinely.
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Nuclear scintigraphic images were assessed sub-
jectively and objectively.* Uptake of the radiophar-
maceutical in the navicular bone in solar views was
graded as a normal (the ratio of uptake in the na-
vicular bone and the peripheral regions of the distal
phalanx was <110%), mild (>110 and <120%), mod-
erate (>120 and <140%), or marked (>140%)
increase.* MR images were analyzed and reported
by one trained analyst (R.M.) and verified by the
examining clinicians (S.D. and M.S.).

3. Results

The signalment, history, and clinical findings are
summarized in Table 1. Thirteen horses had uni-
lateral forelimb lameness and five were affected
bilaterally. The horses ranged from 3 to 15 yr of
age. The duration of lameness varied between 3
and 12 mo. All horses underwent radiographic ex-
amination, and 14 horses were examined using nu-
clear scintigraphy. The results are summarized in
Table 2.

Seven horses (cases 1-7) had obvious lesions in
the DDFT that were restricted to either the medial
(2), lateral (4), or both lobes (1) and were considered
to be the primary cause of lameness (Table 3). One
horse (case 2) with bilateral lameness had bilateral
lesions. Three horses had lesions restricted to the
dorsal border of the tendon (cases 1, 5, and 6; Fig. 1),
and three (cases 2—4) had core lesions (Fig. 2), one of
which also had abnormalities of the dorsal border.
Case 7 had a split in the lateral lobe of the DDFT,
which extended to its insertion on the distal phalanx
and also had an abnormal signal at the insertion of
the medial lobe. The lesions varied in length (1.3—
7.0 cm) but usually extended distally from the prox-
imal border of the navicular bursa, although only in
case 7 was the insertion involved. One horse (case
4) had a separate lesion in the pastern region that
was detectable ultrasonographically. Lameness
was eliminated by perineural analgesia of the pal-
mar digital nerves in three horses (cases 1, 2, and 7)
and was improved in another (case 5). In the re-
mainder, perineural analgesia of the palmar nerves
abolished the lameness. Intra-articular analgesia
of the DIP joint was performed in six of these horses
(cases 2—-7) and resulted in substantial improvement
in five. Analgesia of the navicular bursa was per-
formed in four horses (cases 3 and 5-7) and pro-
duced significant improvement in lameness in three.
No significant radiological abnormality was identi-
fied in any of these horses. Ultrasonographic ex-
amination failed to identify any of the lesions within
the hoof. Nuclear scintigraphic examination was
performed in five horses (cases 2, 3, and 5-7), and
in two (cases 3 and 5), there was increased radio-
pharmaceutical uptake (IRU) in the lateral pool
phase image of the lame limb in the region of the
DDFT. In case 7, there was a marked focal IRU in
the solar bone phase view in the region of insertion
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Table 1. Age, Occupation, Lame Limb(s), Lameness Grade, and Response to Local Analgesic Techniques
Response to Local Analgesia of Lamer Limb
Age Lameness Grade
Case No. (yr) Occupation Lame Limb(s) (lamer limb)* PD P (AS) DIP NB
1 14 GP RF 2-4 S NP NP NP
2 10 SJ LF>RF 1-2 S NP NC NP
3 7 GP RF 2-4 NC S 1(80%) 1 (80%)
4 9 GP RF 4-6 NC S 1(70%) NP
5 10 E LF 4 I(40%) S 1(80%) 1(95%)
6 8 SJ RF 1-4 NC S 1(90%) NC
7 6 SJ LF 2 1(80%) S S S
8 10 E LF 2-4 1(60%) S NC S
9 3 R RF 1-4 S NP I (75%) NP
10 13 SJ RF>LF 2-4 1(20%) S NC S
11 7 SJ RF 2-6 1 (40%) S 1(90%) S
12 8 E RF 4 1 (50%) S NC NP
13 6 SJ LF>RF 2-4 S NP 1(60%) S
14 10 E LF 2-4 1(60%) S S NP
15 9 GP RF 4 S NP S NP
16 15 SJ LF>RF 14 1(20%) S 1(80%) NP
17 9 E RF>LF 4 1(90%) S 1(90%) NC
18 9 E RF 2-4 1(85%) S 1(85%) NP

GP, general purpose; SJ, show jumping; E, eventing; R, racing; PD, palmar digital; P (AS), palmar (abaxial sesamoid); DIP, distal
interphalangeal joint; NB, navicular bursa; NP, not performed; NC, no change; I, improved; S, sound (or lame on contralateral limb).
*The range reflects either variability within or between examination periods or assessment under different circumstances, e.g.,

straight lines and circles.

of the DDFT. Four horses (cases 2, 3, 5, and 6) also
had a mild or moderate IRU in the navicular bone of
the lame limb, three of which had abnormalities of
the navicular bone detected using fat-suppressed
MR images. Two additional horses (cases 11 and
13), with primary navicular bone lesions, also had
sagittal splits in the DDFT (Fig. 3). These were
bilateral in case 11, despite unilateral lameness.
Six horses (cases 8—13) had an abnormally bright
signal in the navicular bone in fat-suppressed im-
ages as the primary abnormality (Table 3 and Figs.
4 and 5). One additional horse (case 14) had an
abnormally low signal through the center of the
navicular bone in the T1 and T2 weighted images
(Fig. 6) and a more widespread bright signal in
fat-suppressed images. Three horses (cases 8, 9,
and 14) also had marked distension of the navicular
bursa. In all seven horses, lameness was improved
or eliminated by perineural analgesia of the palmar
digital nerves. Intra-articular analgesia of the DIP
joint improved the lameness in only four of the
horses (cases 9, 11, 13, and 14) in which it was
performed. Intra-thecal analgesia of the navicular
bursa removed the lameness in four horses (cases 8,
9, 11, and 13), including two with distension of the
navicular bursa (cases 8 and 9). Radiolucent zones
along the distal border of the navicular bone were
the only radiological observation. Nuclear scintig-
raphy was performed in six horses (cases 8 and
10-14) and revealed focal IRU palmar to the navic-
ular bone in the lateral pool images in two horses
(cases 8 and 10). In the bone phase images, uptake

of radiopharmaceutical was normal or reduced in
two horses (cases 8 and 12). In one horse (case 11),
there was marked IRU in the navicular bone in the
non-lame limb and moderate IRU in the lame
limb. One horse (case 10) had marked and moder-
ate IRU in the navicular bone of the lamer and less
lame limbs respectively. Case 13, with bilateral
lameness, had moderate IRU in both navicular
bones. Case 14, with an abnormally low signal in the
center of the navicular bone, had a corresponding
intense, focal, marked IRU. Three additional
horses (cases 6, 17, and 18), with other concurrent
abnormalities detected using MRI, also had a bright
signal within the navicular bone of the lame limb,
but this was more localized than in cases 8—14. Two
of these horses had moderate IRU in the navicular
bone of the lame(r) limb (cases 17 and 18).

Two horses (cases 15 and 16) had primary abnor-
malities in the DIP joint, with evidence of osteoarth-
ritis (Table 3). One horse also had mineralization
within the distal sesamoidean impar ligament
(DSIL). Lameness was improved by perineural an-
algesia of the palmar digital nerves in case 16 and
was eliminated in case 15. Intra-articular analgesia
of the DIP joint produced substantial improvement
in both horses. Intra-thecal analgesia of the navic-
ular bursa had no effect in case 16. One horse (case
16) had radiographic evidence of mild modeling of
the articular margins of the DIP joint. Nuclear
scintigraphy revealed moderate IRU in the navicu-
lar bone of the less lame limb and mild IRU in the
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Table 2. Results of Radiographic and Nuclear Scintigraphic Examinations
Nuclear Scintigraphy
Case No. Radiography Pool Phase Bone Phase
1 Sole thin; horizontal solar border of distal phalanx NP NP
2 Several large lucent zones distal border NB NAD LF NB = 103%
RF NB = 116%
3 NAD RIU in region of DDFT LF NB = 114%
(lateral view) RF NB = 126%
4 NAD NP NP
5 Subtle decrease in corticomedullary demarcation in RIU in region of DDFT LF NB = 125%
NB (lateral view)
6 NAD NAD LF NB = 121%
RF NB = 100%
7 NAD NAD LF NB = 113%
RF NB = 113%
8 NAD RIU palmar to NB Focal RIU
(lateral view) lateral
palmar
process
9 NAD NP NP
10 4 large lucent zones distal border NB; mild RIU palmar to NB LF NB = 125%
modelling articular margins DIP joint (lateral view) RF NB = 143%
11 7 large lucent zones distal border NB RIU region of DDFT LF NB = 150%
(lateral view) RF NB = 137%
12 NAD NAD LF NB = 98%
RF NB = 91%
13 NAD NAD LF NB = 113%;
focal area
132%
RF NB = 113%;
focal area
129%
14 NAD NAD LF NB = 123%;
focal area
197%
RF NB = 119%
15 NAD NP NP
16 Modelling of articular margin of DIP joint NAD LF NB = 111%
RF NB = 126%
17 NAD RIU region of insertion LF NB = 102%
of DDFT and DSIL RF NB = 122%
(lateral view)
18 Many lucent zones distal and lateral sloping border RIU region of insertion LF NB = 100%
NB of DDFT and DSIL RF NB = 121%
(lateral view) RIU insertion of
DDFT and
DSIL

NAD, no abnormality detected; NB, navicular bone; NB, navicular bone; % refers to the ratio of the mean counts per cell in the NB
compared with the mean value for the peripheral regions of the distal phalanx measured in solar views (Dyson 2001); NP, not
performed; NAD, no abnormality detected; RIU, region of increased uptake of radiopharmaceutical.

lamer limb in case 16, but no abnormality associated
with the DIP joint.

Two horses (cases 17 and 18) had several abnor-
malities in the region of the DSIL and insertion
of the DDFT, the navicular bone, and the DIP
joint (Table 3). Lameness was substantially im-
proved by perineural analgesia of the palmar digital
nerves and abolished by palmar nerve blocks. In-
tra-articular analgesia of the DIP joint resulted
in marked improvement in lameness, but intra-the-
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cal analgesia of the navicular bursa, performed only
in case 18, did not alter the lameness. Radio-
graphic examination revealed many lucent zones
along the distal and lateral sloping borders of the
navicular bone in case 18. Nuclear scintigraphic ex-
amination revealed increased IRU in lateral pool
phase images of the lamer limb in the region of
insertion of the DDFT and DSIL and moderate IRU
in the navicular bone in bone phase images of both
horses.
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Table 3. Results of Magnetic Resonance Imagingt

Case No.

Observations

10

11

12

13

14

15

16

17

18

Thin sole and collapsed heels LF and RF. Mineralization within the cartilage of the medial aspect of the DIP
joint, with no evidence of cartilage or subchondral bone roughening. Enlargement of medial branch of
DDFT, and loss of gap between it and navicular bone; rough dorsal border of DDFT, with a flap displaced
dorsally.

LF. Linear bright signal in DDFT from proximal limit of navicular bursa to proximal aspect of NB in lateral
branch. Dorsal aspect of DDFT roughened. Mild distension DFTS. Distension DIP joint capsule.

RF. Bright signal in DDFT and rough dorsal border as LF. Mild distension DFTS.

Core lesion in medial branch of DDFT from level of proximal aspect of navicular bursa to distal aspect of
NB. Tissue protruding into navicular bursa. Distension of navicular bursa and evidence of chronic
inflammation. Roughened medial flexor surface of NB.

2 core lesions in lateral branch of DDF in pastern region; separate core lesions extending from proximal level
of navicular bursa to distal aspect of NB. Distension DFTS.

Bright signal in NB in fat saturated images. Lesion in dorsal border of lateral branch of DDFT proximal to
NB.

Lesion in dorsal border of lateral branch of DDFT, extending from proximal aspect of navicular bursa to distal
aspect of NB, with dorsopalmar split at level of NB. Bright signal on dorsal aspect of distal phalanx LF
and RF.

Sagittal split in lateral branch of DDFT extending from distal aspect of proximal phalanx to insertion;
abnormal signal in medial branch at insertion. Bright signal in NB in fat suppressed images. Bright
signal in distal phalanx at DDFT insertion in fat suppressed images.

Distension of navicular bursa, with fibrous strands crossing it. Irregular outline of dorsal aspect of DDFT at
proximal pouch of navicular bursa. Bright signal in NB in fat saturated images. Mineralization in DSIL
adjacent to midline.

Bright signal in NB in central portion. Unusual vasculature medial aspect of NB. Linear increased signal
distal border NB laterally.

RF. Enlarged navicular bursa with synovial proliferation. Distension and synovial proliferation DIP joint
capsule. Osteophyte proximal aspect distal phalanx. Large synovial invaginations distal border
NB. Areas of bright signal in NB in fat saturated images. Increased vasculature in NB.

LF. As above.

RF. Rough flexor border of NB. Marked loss of fat content in medulla of NB. Bright signal throughout the
NB in fat suppressed images. Split in lateral branch of DDFT at level of navicular bursa.

LF. Split in DDFT at level of navicular bursa.

Bright signal in NB bilaterally particularly in midline, in fat suppressed images. Mineralization in DSIL
biaxially and bilaterally.

Bright signal in NB bilaterally in fat suppressed images, especially towards midline. Distension of DIP joint
capsule and navicular bursa.

LF. Rough dorsal border of DDFT at level of navicular bursa.

Very low or absent signal in the middle of the navicular bone, extending from proximal to distal borders,
compatible with mineralization; bright signal in large part of NB in fat suppressed images. Distension of
the navicular bursa and synovial proliferation. Roughened dorsal border of DDFT.

Rough articular margin of subchondral bone of distal phalanx and defect in subchondral bone margin distal
aspect of middle phalanx. Loss of signal in articular cartilage. Mineralization in DSIL medial to midline.

Loss of signal in articular cartilage in DIP joint; irregular outline of cartilage; subchondral bone of distal
phalanx irregularly thickened. Synovial proliferation dorsal and palmar pouches DIP joint. Irregular
proximal and distal borders of NB. Distension PIP joint capsule RF only.

Abnormal signal in cartilage lateral aspect of distal phalanx. Bright signal in lateral aspect of
NB. Mineralization in lateral aspect of DSIL, with abnormal fibre pattern in DSIL. Increased fluid in
DIP joint and navicular bursa.

Areas of fluid accumulation and irregular signal associated with most distal aspect of DDFT and its
insertion. Distal border fragments in DSIL on medial and lateral aspects of NB, with associated areas of
bright signal in adjacent NB and in body of bone. Similar distal border fragments in LF, but normal NB.

7No abnormalities were detected in the non-lame limb, unless stated.
NB, navicular bone; DFTS, digital flexor tendon sheath; PIP, proximal interphalangeal joint.

4. Discussion

MRI is not a screening tool, and it is essential to be
focused, based on the results of a previous compre-
hensive clinical investigation, so that examination is
limited to a specific region and appropriate imaging
sequences are selected based on the suspected le-

sion. Interpretation of the findings in this study
was based on comparison with previous cadaver
studies of normal horses? and published normal
studies,’*'” and also with horses with pathological
abnormalities of the foot verified at post-mortem¢ or
previously recorded.!113:18
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Fig. 1. Sagittal 3D T2? GRE image of the left front foot of case 2.
There is a linear bright signal involving the dorsal border of the
DDFT extending proximal to the navicular bone (arrow).

In this series of 18 horses, abnormalities of the
DIP joint cartilage and subchondral bone, lesions of
the DDFT, abnormalities of the navicular bursa,
pathological changes in the navicular bone, and ab-
normal signal in the DSIL were identified. There
was an interesting correlation with previously per-
formed diagnostic techniques. Of the seven horses
with primary DDFT lesions, five of six responded to
analgesia of the DIP joint and three of four to anal-
gesia of the navicular bursa. Four of six horses
with primary navicular bone lesions responded to
analgesia of the DIP joint, and all horses in which
analgesia of the navicular bursa was performed had
a positive response. This study verified the poten-
tial sensitivity and usefulness of high-quality pool
and bone phase scintigraphic images in localizing
the anatomical position of lesions in many horses.
Superimposition of radiographic and scintigraphic
images was sometimes required for accurate ana-
tomical localization of IRU. Quantitative image
analysis* helped to determine the potential signifi-
cance of IRU in the navicular bone. However, ra-
diopharmaceutical uptake was normal or reduced in
two horses with primary abnormalities of the navic-
ular bone seen using MRI. Moderate or marked
IRU was identified in the navicular bone of non-
lame limbs of two of the nine unilaterally lame
horses in which scintigraphy was performed.

The majority’ of DDFT lesions were located prox-
imal to the navicular bone, a region inaccessible for
ultrasonographic evaluation through the sole, and
an area where the ultrasound beam cannot be per-
pendicular to the line of the fibers if imaging
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through the heel, although changes in size can be
identified. Dystrophic mineralization may also be
seen, but was not present in any of these horses. The
lesions were usually restricted to either the medial
or lateral lobe of the tendon, thus those lesions ex-

Fig. 2. (a) Transverse 3D T2® GRE image of the right front foot
of case 3. Medial is proximal, and dorsal is to the left. The
medial lobe of the DDFT is enlarged and has a central region of
bright signal. There is tissue protruding from the dorsal border
of the DDFT (arrow) into the navicular bursa, which is distended.
(b) Sagittal 3D spoiled gradient echo image of the right front
foot of case 3. There is an abnormal bright signal in the center of
the enlarged DDFT, proximal to the navicular bone (arrow).
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images. However two horses with MRI abnormal-
ities in the region of insertion of the DDFT and DSIL
did have IRU in this region in lateral pool phase
images. Lesions of the DDFT within the hoof cap-
sule have previously been identified post-mortem?
by bursoscopy of the navicular bursa'®® and us-

Fig. 3. (a) Transverse spoiled GRE image of the right front foot
of case 11. Lateral is distal and dorsal is to the left. There is a
sagittal full-thickness split in the lateral lobe of the DDFT (ar-
row). (b) The same lesion as in Figure 3a, magnified. This full-
thickness split was confirmed at post-mortem.

tending to the level of the navicular bone were not
identified by ultrasonographic imaging through the
frog. The site of these lesions correlated with the
!Ocatlor,l of IRU in a lateral p001 phgse SClntlgraphlc bone. Compare with Figure 4b. (b) Sagittal fat-suppressed im-
lmage n ?WO of four horses. Les19ns extended !—’0 age of the right front foot of case 11. There is an extremely bright
the insertion of the DDFT on the distal phalanx in signal throughout the navicular bone compatible with bone
only one horse, and only in this horse was IRU ecdema or necrosis. Compare with the proximal and middle pha-
identified in this region in bone phase scintigraphic langes and with Figure 4a.

Fig. 4. (a) Sagittal T1 weighted image of the right front foot of
case 11. There is marked loss of fat signal within the navicular
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Fig. 5. Dorsal fat-suppressed T2 weighted image of the right
front foot of case 12. Note the bright signal in the central one-
third of the navicular bone.

ing CT,f but based on this study and that of
Nowak’s,! it is likely that the incidence has previ-
ously been underestimated. Fifteen of 78 horses
examined using CT had lesions in the DDFT in the
digit, without associated abnormalities of the navic-
ular bone; the most common site was proximal to the
navicular bone,’ as in this study.

Two horses had MRI evidence of osteoarthritis of
the DIP joint, one of which had mild periarticular
osteophyte formation detected radiographically.
Radiography was an insensitive indicator of patho-
logical abnormalities of the subchondral bone and
articular cartilage, which were clearly demonstrated
using MRI. There was normal radiopharmaceuti-
cal uptake in the region of the DIP joint in both of
these horses. Distension of the DIP joint capsule
was seen frequently and not restricted to the lame
limb, but enlargement of the navicular bursa was
only seen in the lame limb(s) and was identified in
eight horses (cases 4, 7, 8, 11, 13-15, and 17). Three
of these horses had IRU palmar to the navicular
bone in lateral pool phase images. Distension of
the navicular bursa can be identified ultrasono-
graphically through the frog, or the heel bulbs, but
only a limited portion can be examined properly.
Previously the only method of verification of navic-
ular bursitis was by invasive bursoscopy, which is a
useful diagnostic method and has been used to iden-
tify DDFT and DSIL lesions and erosions of the
flexor surface of navicular bone.’®® However ex-
amination is limited to the proximal pouch of the
bursa and the immediately adjacent structures.
Although changes in outline of the navicular bone
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were detected in standard sequences, and a cen-
trally located very low signal was seen in one horse,
fat-suppressed images were required to identify
other changes in internal architecture of the navic-
ular bone, which were identified in a further 11

Fig. 6. (a) Transverse 3D T2? GRE image of the left front foot of
case 14. There is low signal in the center of the navicular bone
extending from the dorsal cortex to the flexor cortex. This is
consistent with mineralization within the navicular bone. (b)
Dorsal 3D T2* GRE image of the left front foot of case 14. There
is low signal extending from the proximal to distal cortices in the
center of the bone, consistent with mineralization within the
bone.
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horses. Eleven of these 12 horses were examined
scintigraphically, and marked or moderate IRU was
identified in the navicular bone in seven. An addi-
tional horse with a primary DDFT lesion also had
roughening of the medial aspect of the flexor surface
of the navicular bone associated with moderate IRU
in the navicular bone. The bright signal in the
navicular bone is compatible with bone edema or
necrosis. The low signal in the central part of the
navicular bone of case 14 is compatible with in-
creased mineralization, possibly the result of a
fracture.

Areas of low signal in the DSIL compatible with
mineralized fragments were identified by MRI in
five horses (cases 8, 12, 15, 17, and 18), the clinical
significance of which remains unclear. In two
horses (cases 12 and 18), there were medial and
lateral fragments bilaterally. None of the frag-
ments was identified radiographically in any horse.
Four of these horses also had bright signal in the
navicular bone. The incidence of fragments in the
DSIL was higher in a post-mortem study of horses
with navicular disease compared with age-matched
controls.?°

This study clearly highlights the limitations of
radiographic examination in some horses with pal-
mar foot pain. It does however demonstrate the
potential value of intra-articular analgesia of the
DIP joint and intra-thecal analgesia of the navicular
bursa in helping to localize pain. Nuclear scinti-
graphic examination was helpful but potentially
misleading in some horses. The relationship be-
tween lesions identified using MRI and pain causing
lameness is at this stage speculative, but in the
majority of horses, major lesions were confined to
the lame limb in unilaterally lame horses and were
bilateral in those with bilateral lameness. Lesions
of the DDFT and the navicular bone were seen ei-
ther alone or in combination, and the relationship
between these lesions and what has previously been
referred to as navicular disease remains open to
question.

The interpretation of the MRI findings in this
study must be viewed in light of the other diagnostic
information available because only one of the horses
was examined post-mortem. It is hoped that as a
result of more accurate identification of the causes of
foot pain, more appropriate treatment regimens can
be developed, and in the future more accurate prog-
nostic information will be available.

We thank Dr. Russ Tucker for invaluable assis-
tance in the preliminary development of imaging
sequences, the Animal Health Trust anesthetists
and yard staff, and the referring veterinary surgeons.
We also thank John Wilkinson for production of the
figures.
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low signal (appears black), whereas the medullary bone has a
higher signal (looks brighter) because of increased fat content.
Tendons and ligaments also have low signal (black). Synovial
fluid has a high signal (appears white). Fat-suppressed images
are used to suppress the bright signal of fat to be able to detect
bright signal caused by bone edema or bone necrosis.
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