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Objective: To investigate the use of low-field magnetic resonance imaging (MRI)
and MR arthrography in normal canine stifles and to compare MRI images to
gross dissection.

Study Design: Descriptive study.

Sample Population: Adult canine pelvic limbs (n = 17).

Methods: Stifle joints from 12 dogs were examined by orthopedic and radio-
graphic examination, synovial fluid analysis, and MRI performed using a 0.2T
system. Limbs 1 to 7 were used to develop the MR and MR arthrography imaging
protocol. Limbs 8—17 were studied with the developed MR and MR arthrography
protocol and by gross dissection. Three sequences were obtained: T1-weighted
spin echo (SE) in sagittal, dorsal, and transverse plane; T2-weighted SE in sagittal
plane and T1-gradient echo in sagittal plane.

Results: Specific bony and soft tissue structures were easily identifiable with the
exception of articular cartilage. The cranial and caudal cruciate ligaments were
identified. Medial and lateral menisci were seen as wedge-shaped hypointense
areas. MR arthrography permitted further delineation of specific structures. MR
images corresponded with gross dissection morphology.

Conclusions: With the exception of poor delineation of articular cartilage, a low-
field MRI and MR arthrography protocol provides images of adequate quality to

assess the normal canine stifle joint.

Magnetic resonance imaging (MRI) is currently one of the
most effective diagnostic tools for assessment of joint dis-
orders and has led to a better understanding of normal
anatomy and pathologic features in people.’ The soft tissue
image resolution, the ability to image in multiple planes and
the absence of ionizing radiation have made MRI the diag-
nostic modality of choice for traumatic, degenerative, and
inflammatory diseases of joints in people.>? It is the only
noninvasive modality that allows combined evaluation of
articular cartilage, subchondral bone, and soft tissue struc-
tures associated to the joint. Moreover, in human medicine
MRI of the knee is reported to be the most common non-
neurologic application* and detection of meniscal tears,’
ligament tears,’ and cartilage lesions’ has been reported.
MR arthrography is more invasive than conventional
MRI, but provides additional information about the
integrity of joint structures, especially cartilaginous and
ligamentous abnormalities. In people, indications for MR
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arthrography include evaluation of articular cartilage, men-
isci, identification of intraarticular loose bodies, evaluation
of osteochondritis dissecans and diagnosis of recurrent men-
iscal tears after meniscal surgery.* ' MR arthrography can
be considered supplemental to conventional MR study or,
may be the preferred initial examination.'*!°

High- and low-field MRI has been used for detection of
intraarticular lesions and for diagnostic investigation of sti-
fle injuries and degenerative changes in small animals. High-
field MRI is more sensitive than computed radiography in
assessing onset and progression of degenerative changes in
canine experimental osteoarthritis and provided discrimina-
tion between joint effusion and synovial thickening.'? High-
field MRI provided a sensitivity of 100% for the diagnosis of
a meniscal tear in naturally occurring cranial cruciate injury
in dogs."* High-field MR arthrography study in military
dogs identified pathologic meniscal changes.'* Low-field
MRI allowed detection of early subchondral bone changes
(as early as 2 weeks) in induced cranial cruciate ligament de-
ficiency in dogs.!® Low-field MRI of meniscal lesions corre-
lated well with arthroscopy and necropsy findings in another
canine study.'®There are few reports on high- or low-field
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MRI of the normal canine stifle'”'; carpuslg; elbow®®: and

shoulder.?! The lower signal to noise ratio of low-field sys-
tems requires a relatively long acquisition time and requires
thicker slices to produce images of acceptable quality. Spa-
tial resolution is also reduced with low field compared with
high-field systems, whether this difference in spatial resolu-
tion is clinically important in dogs is unknown until studies
comparing high- and low-field systems are reported. Never-
theless, low-field MRI machines recently made available for
practitioners have advantages including presence of the
anesthetic equipment in the same room, open design for
easy patient positioning, and lower equipment purchase and
maintenance expenses.'’

There are few reports of the use of CT or CT arthro-
graphy in the canine stifle.*>?*>* The results for identifying
simulated meniscal injury are encouraging®; however,
2 clinical studies questioned the value of CT arthrography
for detection of naturally occurring meniscal injuries.”***
As in people, MR contrast arthrography may improve
noninvasive observation of intraarticular stifle structures
(menisci, ligaments), tendons, and articular margins in
dogs. We are only aware of 1 report of MR arthrography
of the canine stifle joint using a high-field MRI unit.'° Stifle
study using low-field MRI combined with MR arthro-
graphy in normal dogs has not been reported.

Our purpose was (1) to develop a protocol for stifle MRI
and MR arthrography in normal dogs using a low-field
magnet; (2) to describe low-field MRI anatomy of the nor-
mal stifle and to compare findings with gross dissection ob-
servations in cadaveric limbs; and (3) compare conventional
MR and MR arthrography images of the normal stifle.

MATERIALS AND METHODS

Pelvic limbs (n = 17) from 12 dogs euthanatized for reasons
unrelated to stifle disease were studied. Stifles were consid-
ered normal based on physical orthopedic examination, ra-
diographic examination (mediolateral and caudocranial
projections), and joint fluid analysis (< 2 mononucleated
cells/uL) performed while the dogs were anesthetized, and
later by gross dissection.

Dogs were administered diazepam (0.2 mg/kg intrave-
nously [IV]), anesthetized with propofol (4 mg/kgIV) and
maintained with isoflurane in oxygen. MRI was performed
with a 0.2T system (Esaote Vet MR, Genova, Italy).
Different dog positions were experienced before standard-
izing the protocol. Dogs were positioned in lateral recum-
bency with the upper stifle in 145° of flexion. A rigid coil
intended for examining the human elbow was used (Fig 1).
Three image sequences were used: a T1-weighted spin echo
(SE) sequence (660 TR 26 TE; NEX 4; matrix 192 x 115;
FOV 200 x 180 mm; pixel dimension 1.57 mm x 1.04 mm;
time 4 minutes) in sagittal, dorsal, and transverse planes;
a T2-weighted SE sequence (920 TR 26 TE; NEX 4;
matrix 288 x 173; FOV 200 x 180 mm; pixel dimension
1.04 mm x 0.7 mm; time 10 minutes) in sagittal plane and
a T1-gradient echo (GE) sequence (600 TR 16 TE; NEX 4;
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Figure 1

Rigid extremity coil used for this study.

matrix 288 x 173; FOV 200 x 180 mm; pixel dimension
1.04mm x 0.7mm; time 8 minutes) in sagittal plane. This
resulted in images with a 4 mm slice thickness with 0.4 mm
of interslice gap. Different orientations of the sagittal,
transverse, and dorsal planes were tried before stan-
dardizing the protocol. Using a 30-second acquisition
T1-weighted SE sequence, the sagittal plane was set to be
parallel with the plane of the cranial cruciate ligament; the
dorsal plane was set parallel to the patellar ligament,
and the transverse sequences were set parallel to the tibial

plateau.
After the precontrast sequences, a solution of diluted
gadopentate (Magnevist, gadopentate dimeglumine,

469.01 mg/mL; 1 mL gadopentate was diluted in 100 mL
0.9% sodium chloride solution'#) was introduced by lateral
parapatellar injection (20 G needle, 20 mL syringe) into the
stifle until palpable distension of the articular capsule
(10-15mL). The stifle was then flexed and extended several
times to distribute fluid within the joint. Postcontrast im-
ages were acquired using the same sequences except for the
T2-weighted SE. Total imaging time for both studies
(MR+MR — arthrography) was < 75 min/stifle.

Limbs 1 to 7 were used to develop the MR and MR
arthrography imaging protocol. Limbs 8-17 were studied
using the developed MR and MR arthrography protocol
and by gross dissection. Systematic anatomic review was
conducted for each MR examination and included periar-
ticular muscles, joint capsule, patella and patellar tendon,
cranial and caudal cruciate ligaments, femoral condyles,
articular cartilage, subchondral bone, medial and lateral
menisci, extensor fossa, sesamoid bones, and meniscal lig-
aments. The images of pre- and postcontrast studies were
matched and compared.

Dogs were euthanatized with sodium pentobarbital af-
ter MRI without recovery from anesthesia. Limb dissection
was performed immediately after euthanasia in a repro-
ducible manner. All extra/intraarticular structures de-
scribed earlier were checked. Collateral ligaments, cruciate
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ligaments, and meniscofemoral ligament were transected
with care to “open” the stifle in an atraumatic manner. All
menisci were removed to look for abnormalities on their
distal surface.

Data obtained from anatomic structures was recorded
and digital photographs were taken. Findings from gross
dissection were compared with MR and MR arthrography
images to ascertain the lack of abnormalities. Menisci from
6 stifles were examined by histopathology (4% formalin
fixation; 2 pm sections stained with hematoxylin—eosin).

RESULTS

Ten hind limbs from 8 medium and large breed dogs were
included. Mean weight was 40.5 kg (median, 35kg; range,
20-47kg). Mean age was 11.1 years (median, 12 years;
range, 7-13 years). Breeds were Doberman (2), Labrador
retriever (2), and 1 each of German short-hair pointer,
Rhodesian Ridgeback, German Shepherd, and Beauceron.
Seven left and 3 right stifles were evaluated.

MR Findings

On all limb images, specific bony and soft tissue structures
were easily identifiable (signal intensities by MRI se-
quences, Table 1), except articular cartilage. Extraarticular
structures (muscles, bones, tendons, and ligaments) were
clearly visible for each stifle in all sequences. Semite-
ndinosus, semimembranosus, and gastrocnemius muscles
were observed as intermediate signal intensity structures,
better defined with sagittal T1-weighted GE sequence (Fig
2A). A thin hypointense band at the peripheral margins of
the muscles and cartilage (or joint capsule) was seen on T1-
weighted GE sequences. The patella had intermediate sig-
nal intensity in all sequences because of bone marrow. In
the 3 planes and in all sequences, the patella was delineated
by a low-intensity signal corresponding to cortical bone.
The femoral condyles and sesamoid bones were easily eval-
uated in dorsal and sagittal planes, with intermediate in-
tensity signal. The patellar tendon had low signal intensity
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in all sequences. The infrapatellar fat pad appeared hyper-
intense in all sequences (Fig 2B). The tendon of the long
digital extensor muscle could be seen on transverse and
sagittal planes with low signal intensity. The collateral lig-
aments were observed as low signal bands in dorsal and
transverse planes.

The cranial and caudal cruciate ligaments were sys-
tematically identified as 2 low homogeneous intensity
oblique bands in all sequences, better seen in sagittal and
dorsal planes. The cranial cruciate ligament could not be
seen in its entirety in the same image in all stifles. The cau-
dal cruciate was more frequently seen in its entirety in a
single image (Fig 2C and D).

Medial and lateral menisci of all limbs were seen as
wedge-shaped areas of low signal intensity in dorsal and
sagittal plane (Fig 2E and F). An inhomogeneous increase
of central intrameniscal signal without extension to the pe-
riphery was seen in GE sequence in 8 joints (Fig 2G). The
caudal horn of lateral meniscus was difficult to see in some
dogs, because of interference with popliteus tendon inser-
tion zone.

The articular cartilage itself was not clearly identified
in any stifle. A combination of joint fluid and articular car-
tilage was identified as high signal intensity line in T2-SE
(Fig 2E item “°k”’) and even better in GE sequences (Fig 2G
item “k”). In both sequences, the combination of articular
cartilage and joint fluid was separated from trabecular
bone by a hypointense line that corresponded to sub-
chondral bone.

MR Arthrography

MR arthrography improved identification of some struc-
tures. The meniscofemoral ligament was identified as a lin-
ear oblique band of low signal intensity between the caudal
part of the lateral meniscus and the medial femoral condyle
dorsally in the dorsal plane (Fig 3A, A’, and A”). The joint
capsule was better observed than with noncontrast MRI in
all stifles (Fig 3B). The cranial and caudal cruciate liga-
ments were better defined than in conventional MRI in
most dogs and were seen as low signal intensity bands. The

Table1 Summary of the MR intensities of Different Structures in Each Sequence

T2 GE

T1
Muscles Intermediate
Patella Intermediate

Patellar tendon
Infrapatellar fat pad

Long digital extensor tendon
Collateral ligament
Femoral condyles
Sesamoid bones

Cruciate ligaments
Meniscal horn

Central part of the menisci
Joint fluid-articular cartilage
Subchondral plate

Bone marrow

Hypointense
Hyperintense
Hypointense
Hypointense
Intermediate
Intermediate
Hypointense
Hypointense
Hypointense
Hypointense
Hypointense
Intermediate

Intermediate
Intermediate
Hypointense
Hyperintense
Hypointense
Hypointense
Intermediate
Intermediate
Hypointense
Hypointense
Hyperintense (8/10)
Hyperintense
Hypointense
Intermediate

Intermediate
Intermediate
Hypointense
Hyperintense
Hypointense
Hypointense
Intermediate
Intermediate
Hypointense
Hypointense
Hypointense
Hyperintense
Hypointense
Intermediate

GE, gradient echo; MR, magnetic resonance.
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hyperintense signal of joint fluid and distension of joint
capsule increased contrast between ligaments and fluid al-
lowing improving ligament identification (Fig 3C, C’, C”
and D, D’, D”). Image quality of the menisci was similar
for both types of studies.

Comparison of MR Findings with Anatomic Dissection

All MR images corresponded with gross dissection obser-
vation. All stifles were free of degenerative changes (osteo-
phytes, cartilage erosion). The meniscofemoral ligament
closely matched the MR images. Cruciate ligaments were
normal and menisci were free of macroscopic lesions. The
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Figure2 (A) Sagittal T1 gradient echo (GE) image of the medial joint
compartment: a, semimembranosus muscle, cranial (a) and caudal (a’)
belly; b, semitendinosus muscle; ¢, gastrocnemius muscle. (B) Sagittal
T1 GE image of the central joint compartment: d, patella (note the cor-
tical bone delineating the patella); e, patellar tendon; f, infrapatellar fat
pad; g, cranial cruciate ligament; h, caudal cruciate ligament. (C) Sagittal
T2-weighted SE image of the central joint compartment: g, cranial cruci-
ate ligament; h, caudal cruciate ligament. (D) Dorsal T1-weighted SE im-
age of the central joint compartment: g, cranial cruciate; h, caudal
cruciate. (E) Sagittal T2-weighted spin echo (SE) image of the medial
joint compartment: i, caudal horn of the medial meniscus; j, cranial horn
of the medial meniscus; k, hyperintensity of a combination of joint fluid
and articular cartilage. Note the hypointense line separating cartilage
from trabecular bone corresponding to subchondral bone. (F) Sagittal T2-
weighted SE image of the lateral joint compartment: i, caudal horn of the
lateral meniscus; j, cranial horn of the lateral meniscus; |, extensor fossa.
Note the hypointense line separating cartilage from trabecular bone cor-
responding to subchondral bone. (G) Sagittal T1 GE image of the medial
joint compartment: i, caudal horn of the medial meniscus, note the
hyperintensity of the central part; j, hyperintensity of the cranial horn of
the medial meniscus; k, hyperintensity corresponding to joint fluid and
articular cartilage. Note the hypointense line separating cartilage from
trabecular bone corresponding to subchondral bone.

medial meniscus was smaller than the lateral meniscus in all
dogs; however, measurements were not made. Menisci
from 6 stifles with an inhomogeneous increase of intra-
meniscal signal were histologically normal.

DISCUSSION

With the exception of poor delineation of articular carti-
lage, the protocol we used provided images of adequate
quality to observe extra- and intraarticular structures in the
normal canine stifle. MR images correlated well with ob-
servation of structures during gross dissection.

Dog Positioning

Different dog positions were tried before we selected this
protocol. Positioning is an important factor to improve
observation intraarticular structures; some authors have
positioned dogs in dorsal recumbency with the pelvic limb
extended,'*!”!® whereas others have used lateral recum-
bency.'? In our experience, cruciate ligaments are best seen
with the dogs positioned in lateral recumbency with 145° of
stifle flexion, which places the cruciate ligaments under ten-
sion. Two previous MRI anatomic studies of the canine
stifle used different low-field systems (0.064T'” and
0.5T'®). The main difference between these reports and
our study is stifle position. In those studies, dogs were
positioned in dorsal recumbency with pelvic extended or in
45° of flexion; however, the imaging protocol used was
comparable. Nevertheless image quality differs among
studies. Soler et al'® published better quality images of lig-
amentous structures than Baird et al.'” We tend to explain
this by advances made in radiofrequency coil technology
and in software between these reports published in 2007
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Figure 3

(A) Dorsal T1-weighted spin echo (SE) image of conventional magnetic resonance imaging (MRI) (A’) and MR arthrography (A”) of the caudal

joint compartment: m, meniscofemoral ligament. (B) Sagittal T1 gradient echo (GE) MR arthrography of the central joint compartment: d, patella; e,
patellar tendon; f, infrapatellar fat pad; g, cranial cruciate ligament; h, caudal cruciate ligament; n, distended joint capsule. (C) Sagittal T1 GE of con-
ventional MRI (C’) and MR arthrography (C”) of the central joint compartment: d, patella; e, patellar tendon; f, infrapatellar fat pad; g, cranial cruciate
ligament; h, caudal cruciate ligament; n, joint capsule. (D) Dorsal T1-weighted SE of conventional MRI (D’) and MR arthrography (D”) of the central joint

compartment: o, lateral meniscus; p, medial meniscus.

and 1998, respectively. Our conventional MRI study is of
comparable quality to Soler and colleagues.

Image Quality

To improve image quality, an MR coil must adapt closely
to the body region of interest.'* This improves signal-
to-noise ratio and, as a consequence, allows increased spa-
tial resolution. Dedicated rigid extremity coils are used for
MR of human knees providing the best quality image;
however such coils designed for dogs were not available.
The rigid extremity coil designed for human elbow that we
used provided adequate images because it conformed
closely to the dogs’ stifle joint.

We found that images obtained in the dorsal and sag-
ittal planes were most helpful to identify structures like
cruciate ligaments and menisci, as reported by Blond
et al."> The transverse plane was less helpful for assessing
these structures. T1-weighted and T2-weighted SE se-
quences allowed excellent observation of anatomic detail
of the joint and Tl1-weighted GE maximized signal and
contrast between structures.

Our basic sequences using a standard software pack-
age were selected because they appeared to provide the
quality required to properly image the normal canine stifle.
It may be that imaging of pathologic joints with the same
unit requires more sophisticated sequences. A recent study
of diagnostic accuracy of high-field MRI for meniscal tears
in dogs affected with naturally occurring cranial cruciate
ligament rupture reported a global sensitivity of 100% and

specificity of 94% using proton density sequences,'® the
more sophisticated imaging protocol proposed in that
study could be replicated for pathologic cases using a low-
field unit. Nevertheless, the use of chemical fat saturation
and special 3D GE sequences has become standard in
human knee MR, and may become in dogs as well. Such
sequences are currently not possible with low-field units.

The cranial cruciate ligament could not be seen in its
entirety in the same image in all stifles, likely because of its
oblique and spiral orientation within the joint. To limit this
shortcoming, we did select an MR sagittal plane aligned
with the cranial cruciate ligament. In contrast, the caudal
cruciate ligament was seen in its entirety in all stifles prob-
ably because of its straight position.

In human MR imaging, the normal meniscus appears
as low signal intensity on all sequences because of the low
proton density of its fibrocartilage.* Canine menisci appear
as wedge-shaped discs of fibrocartilage on sagittal and dor-
sal planes, with the lateral one larger than the medial one.
All menisci were normal on gross dissection; however,
8 had a central increase of intrameniscal intensity without
extension to the periphery in GE sequence. Menisci in these
dogs were macroscopically normal and histology of 6 did
not reveal any degenerative changes. Martig et al'® re-
ported that normal menisci had an inhomogeneous low
signal intensity on GE sequences, a finding we agree with.
It also corresponds to people where a higher internal signal
can appear within the normal meniscus on GE sequences.’
No rational explanation for this has been reported; one hy-
pothesis about this central hyperintensity in GE could be
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related to the composition of menisci and the vulnerability
of GE sequences, producing this hyperintense effect. An-
other example of the vulnerability of GE sequences could
be the thin hypointense band at the peripheral margins of
the muscles and cartilage (or joint capsule) that may be
linked to susceptibility artifacts. GE sequences should be
interpreted with caution because of the high number of
possible artifacts.

MR Arthrography

We used diluted gadolinium similar to other veterinary
studies'*?* and because it is the contrast media used more
frequently in people.!® The imaging characteristics of
intraarticular gadolinium confer certain advantages over
saline solution, such as the capability of diagnosing a joint
capsule tear on T1. Distension of joint capsule by this con-
trast media allowed hypointense structures (eg, cruciate
ligaments, meniscofemoral ligament, joint capsule), to
stand out more easily against the hyperintense contrast
media and joint fluid mixture. However, these were merely
subjective observations on our part, with no scoring
system.

Observation of menisci was not improved by MR ar-
thrography likely because none of the dogs had macro-
scopic meniscal lesions. We simply aimed to explore the
feasibility and advantages of MR arthrography in normal
stifles. If a meniscal tear had been present, the contrast me-
dia would have likely filled the defects and a hyperintensity
line crossing the meniscus would probably be seen, as
reported.'®

We chose to compare MR and MR arthrography im-
ages with gross dissection instead of arthroscopy because
gross dissection provided advantages, such as removal of
menisci and complete evaluation of all aspects, particularly
the distal surface; and viewing of extracapsular structures
like patella, patellar tendon, and collateral ligaments.

To our knowledge, a validated low-field MRI protocol
to investigate articular cartilage does not exist in the veter-
inary literature. Boileau et al*® reported a 3D spoiled gra-
dient sequence with fat saturation with high-field magnet
only used to perform quantitative measurement of carti-
lage volume in experimental canine stifle osteoarthritis. Ca-
nine stifle articular cartilage is very thin (0.6—1.3 mm) and it
is difficult to differentiate with low-field units®’ and even
with high-field units.?® One might argue that the hyperin-
tense line surrounding the hypointense subchondral bone
in our dogs corresponded to articular cartilage as has been
proposed'”'%; however, observation of thin articular carti-
lage with a low-field unit is extremely difficult or impossi-
ble. We consider that the hyperintense zone identified in T2
and GE sequences in our dogs is a combination of joint
fluid and articular cartilage.

Limitations

Our study had limitations, one of which could be total
imaging time. Seventy-five minutes may seem impractical
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for clinical use; however, MR arthrography may not al-
ways be needed. Another limitation is the 4 mm slice thick-
ness used. With low-field units, spatial resolution is limited
with the same acquisition time, but acquisition time in-
creases when slice thickness decreases. Our slice thickness
can result in partial volume averaging and affect the cons-
picuity of small structures. However, we think that our slice
thickness provides a good compromise between image
quality and acquisition time. Moreover, image quality
would decrease with thinner slices in small joints.

Our low-field MR protocol offers useful information
on anatomic stifle structures in normal dogs and establishes
the ability to investigate canine stifles with a low-field MR
unit. We consider that the low-field MRI protocol we used
provides images of adequate quality to assess the normal
canine stifle joint. Nevertheless articular cartilage is not
well delineated. Even though MR arthrography provides
no additional information on normal menisci it may help
diagnose meniscal injuries. This imaging protocol should
be tested on pathologic joints and compared with high-field
units to establish the diagnostic value of low-field MRI for
stifles in dogs.
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