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KEY POINTS

� Although radiography and ultrasonography are widely available and noninvasive, their
diagnostic value is more limited as compared with myelography, computed tomography
(CT), and magnetic resonance imaging (MRI).

� Diagnostic imaging findings should be interpreted in light of the clinical signs.
INTRODUCTION

Diagnostic imaging is often an important part of the diagnostic approach to neurologic
disease. Although the same modalities are available for equine patients as are used in
humans and small animals, there are significant differences in how these modalities can
be used in horses due to the large size of horses and the need for general anesthesia for
some modalities. Advanced imaging techniques such as myelography, computed to-
mography (CT), and magnetic resonance imaging (MRI) provide more information
than radiography and ultrasonography but are more limited in their availability.

RADIOGRAPHY
Plain Radiography–cervical Spine

Radiography is often the imaging modality first pursued when neurological disease is
suspected to originate from the cervical spine region. Although diagnostic quality ra-
diographs can be obtained with portable x-ray generators, image quality in the caudal
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cervical spine is generally better with more powerful clinic-based systems. Sedation
improves patient compliance as the horse must remain still and some horses are ner-
vous with equipment close to their heads.
Laterolateral views from C1-T1 are included in a standard study of the cervical spine

in adult horses. With a larger detector (14 � 17 inches), these can generally be ob-
tained in 3 images. Using a larger detector also assists with vertebra identification
on the images, as C2 and C6 can be identified by their distinctive shapes. Radio-
opaque markers taped to the skin in the images can also help with vertebra identifica-
tion. Left and right ventrolateral-dorsolateral oblique views at a 45 to 55� angle serve to
separate the left and right sides of the vertebrae and highlight the articular processes
(Fig. 1).1

General principles of radiographic image evaluation should be followed for interpre-
tation. Common pathologies in the cervical spine include articular process enlarge-
ment, degenerative joint disease, osteochondral fragmentation, vertebral body
subluxation, narrowing of the intervertebral space, and fracture (Figs. 2–4). The clini-
cian should be aware that there can be variation in the appearance of the transverse
processes of C6 and C7 which are generally not associated with clinical signs.2–4

Additionally, articular process enlargement alone in the caudal neck may not be asso-
ciated with clinical signs.5

For horses with suspected cervical spine pathology, one of the primary differential
diagnoses is cervical vertebral stenotic myelopathy (CVSM). Standing laterolateral
cervical spine radiographs are generally the first imaging modality pursued in these
cases. In addition to the assessment of morphologic changes in the spinal column,
measurements of various spinal canal dimensions have been used in an effort to iden-
tify potential sites of spinal cord compression. Although the use of minimum sagittal
diameter and longitudinal ratios has been described, most clinicians use intravertebral
Fig. 1. Right-ventral to left-dorsal oblique radiographic image of the caudal cervical spine.
Cranial is to the left of the image. The right cranial and caudal articular processes (arrow-
heads) are superimposed over one another and the joint spaces between the left cranial
and caudal articular processes are highlighted (arrows).



Fig. 2. Laterolateral radiographic image of the caudal cervical spine. Cranial is to the left of
the image. At C5-C6, the articular processes are enlarged with areas of lysis and sclerosis (ar-
rows). Osteophytes are present on the joint margin at C6-C7 (arrowhead) and the subchon-
dral bone is irregular (circle).
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sagittal ratios (minimum vertebral canal sagittal diameter/maximum height of the cra-
nial aspect of the same vertebral body) and intervertebral sagittal ratios (minimum
intervertebral distance/maximum height of the cranial aspect of the caudal vertebral
body) to determine potential sites of spinal cord compression (Fig. 5).6–8 For intraver-
tebral ratios, Rush Moore and colleagues7 recommended using a cut off value of 0.52
Fig. 3. Laterolateral radiographic image of the caudal cervical spine. Cranial is to the left of
the image. An osteochondral fragment is present at C5-6 (arrow).



Fig. 4. Laterolateral radiographic image of the mid-cervical spine of a horse with grade 3 to
4 ataxia in all limbs. Cranial is to the left of the image. There is subluxation at C3-C4 leading
to spinal canal narrowing (arrow). The intravertebral ratio at this site was 0.42 and the inter-
vertebral ratio was 0.33.

Garrett174
for C3-4, C4-5, C5-6, and a cut off value of 0.56 for C6-C7 to determine sites of
possible spinal cord compression (Fig. 6). For intravertebral ratios, Hahn and col-
leagues8 recommended using a cut off value of 0.485 for all sites from C3-C7. How-
ever, there are limitations to using sagittal ratios as decision criteria. The sensitivity
and specificity of these cut-off ratios are not ideal. One study using histology as the
criterion standard for spinal cord compression found a sensitivity of 84% and speci-
ficity of 32% for these intra-vertebral ratio cut off values and a sensitivity of 20%
Fig. 5. Laterolateral radiographic image of the mid-cervical spine. Cranial is to the left of the
image. The intravertebral sagittal ratio is calculated by dividing the minimum height of the
spinal canal (dotted line) by the maximum height of the cranial aspect of the same vertebral
body (double arrowed line). The intervertebral ratio is calculated by dividing the minimum
intervertebral distance (solid line) by the maximum height of the cranial aspect of the
caudal vertebral body (double arrowed line).



Fig. 6. Laterolateral radiographic image of the mid-cervical spine. Cranial is to the left of the
image. The intravertebral ratio at C4-C5 is 1.75 cm (blue line)/4.17 cm (yellow line) 5 0.42
and the intravertebral ratio is 1.75 cm (orange line)/4.17 cm (yellow line) 5 0.42, both of
which are below the recommended cut off values that suggest spinal canal narrowing.
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and specificity of 100% for this intervertebral ratio cut off value.9 Additionally, interob-
server agreement for these ratios is considered low.9,10 The clinician should interpret
the radiographic findings in light of the horse’s clinical signs as well as with the knowl-
edge that these cut-off points for the diagnosis of CVSM on standing laterolateral ra-
diographs have limitations.
Radiographic Myelography–cervical Spine

As a result of the limitations of standing plain radiography, myelography has become
the technique of choice for the diagnosis of CVSM. Myelography involves the injection
of radio-opaque positive contrast media in the subarachnoid space at the atlanto-
occipital space. For radiographic myelography, contrast injection is followed by
laterolateral radiographs in neutral, flexed, and extended neck positions. General
anesthesia is required and the use of a purpose-built myelogram table to assist with
horse and detector positioning can greatly reduce the physical demands on the
personnel performing the procedure as well as protect the digital detector. From a
technical perspective, kV should be kept low to maximize the contrast of the contrast
media and the forelimbs should be pulled caudally to improve image quality in the
caudal neck. Strategic placement of pads keeps the vertebral column straight to avoid
oblique images.
Myelographic images have been evaluated for extradural spinal cord compression

at vertebral articulations using a variety of criteria. The 2 most commonly used are a
50% reduction in the height of the dorsal contrast column as compared with the height
of the dorsal contrast column in the cranial vertebra and a 20% reduction in the total
dural diameter of the contrast column as compared with the total dural diameter of the
contrast column in the cranial vertebra (Fig. 7).6,11–13 Van Biervliet and colleagues11

investigated the sensitivity and specificity of various cut off values for dorsal contrast
column reduction and total dural diameter reduction to determine spinal cord
compression at individual locations using histology as the criterion standard. The
reader is directed to this article for the details, but from C3-C6, the authors



Fig. 7. (A) Latero-lateral radiographic image. Laterolateral radiographic images of the mid-
cervical spine after subarachnoid contrast administration. Cranial is to the left of the images.
(B): Dorsal contrast column measurements (in mm). Black lines indicate the measurement
sites for C4-C5 and white line and arrow indicate the measurement sites for C5-C6. At C4-
5 the dorsal contrast column is narrowed by 21% and at C5-6 it is narrowed by 89%. (C): To-
tal dural diameter measurements (in mm). Black lines indicate the measurement sites for C4-
C5 and the white lines indicate the measurement sites for C5-C6. At C4-5 the total dural
diameter is narrowed by 9% and at C5-6 it is narrowed by 51%.
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recommended cut off values of 20% total dural diameter contrast column reduction in
the neutral view and a 70% dorsal contrast column reduction in the flexed view to
maximize specificity with the knowledge that sensitivity will be low. At C6-7, 100%
sensitivity and 90% specificity were achieved with a cut off value of 70% reduction
of the dorsal contrast column in the neutral position and a sensitivity and specificity
of 100%with a cut off value of a 25% reduction of the total dural diameter in the flexed
position. Another study showed a sensitivity of 71% and a specificity of 65% for the
50% dorsal contrast column reduction cutoff using postmortem findings from C2-
C7 as the criterion standard.13 As with sagittal ratio compression criteria, no perfect
cut-off value exists and sensitivity and specificity of various values is lower than is
ideal, so the clinician is again faced with a complex decision matrix. Additional factors
to consider include the implications of false negatives versus false positives in light of
the clinical signs, intended use of the horse, and owner wishes.
For both plain radiography and myelography, interpretation is complicated by the

fact that obtaining orthogonal views of the cervical spine in an adult horse is not
possible. In practical terms, lesions on the lateral aspect of the spinal column are diffi-
cult to identify so radiographic myelography may not identify lateral compression of
the spinal cord.
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Skull

Horses with signs of head trauma can be evaluated with skull radiographs. The most
common abnormal finding in this situation is fracture (Fig. 8). Horses with vestibular
disease should be evaluated for temporohyoid osteoarthropathy, which may include
radiography. However, in general, skull radiographs can be difficult to evaluate due
to the complexity of the anatomy and superimposition, so if CT is available, it often
yields superior diagnostic information.

ULTRASONOGRAPHY

Although the spinal cord and brain are generally inaccessible via ultrasonography due
to their location within the skull and spinal cord, ultrasonography does have a role in
diagnostic and therapeutic procedures of neurologic disease. General principles of ul-
trasonography are applicable. The area to be imaged should be clipped if possible, the
skin or hair cleaned, and acoustic coupling gel applied. Machine settings such as fre-
quency, focal zone location, and depth should be appropriately adjusted. Sedation
often improves patient compliance.
Although examination of the vertebral column is limited to the lateral aspects of the

spine, the articular processes can be examined for the signs of osteoarthritis (Fig. 9).
Perhaps the most common use of ultrasonography in equine neurologic disease is
ultrasound-guided injection of the synovial joints of the cervical spine. Various tech-
niques are described but all involve the visualization of the joint space and needle
placement within the synovial joint to deposit the therapeutic product (Fig. 10).14–16

Ultrasonography may also be used to collect cerebrospinal fluid from the atlantoaxial
space in the standing, sedated horse.17 More recently, ultrasound-guided approaches
to deliver therapeutics to the region of the spinal nerves have been described but as of
this writing, there have been few reports of clinical use and outcomes of these tech-
niques.18,19 Although linear transducers can be used, curvilinear transducers are help-
ful with their smaller footprint and wedge-shaped image.
Osteomyelitis and septic synovitis affecting the vertebral column is seen in foals and

presents in a wide variety of ways. Ultrasonography can identify areas of bony irreg-
ularity or synovial effusion and assist with the sampling of abnormal areas (Fig. 11).
Fig. 8. Laterolateral radiographic image of the skull. Cranial is to the left of the image.
There is a fracture of the basisphenoid bone with ventral displacement of the fragment
(arrows).



Fig. 9. Ultrasound images from the lateral aspect of the neck at the level of the C5-C6 artic-
ular processes. Dorsal is to the right of the images (A) is a normal horse and (B) is a horse
with osteoarthritis indicated by the irregular bony contour (osteophytosis) and synovial
effusion. The arrow indicates the joint space and the arrowheads indicate the joint capsule.
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MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging is the imaging modality of choice to examine the brain
and spinal cord. Current designs limit the areas accessible in the adult horse to the
brain and cranial-most portion of the spinal cord. However, in foals that can be posi-
tioned within the bore of the magnet, the entire spinal cord, and vertebral column can
be imaged. General anesthesia is required and examinations typically take between 30
to 60 minutes to complete. Magnet strength influences both the duration of the exam-
ination and the resolution that is able to be achieved.
Fig. 10. Ultrasound image from the lateral aspect of the neck of an intra-articular injection
of a cervical synovial joint. Dorsal is to the right of the image. The needle (arrows) seems as a
hyperechoic line extending to the joint space (arrowhead).



Fig. 11. Ultrasound image from the lateral aspect of the neck at the level of C3 of a foal with
neck pain and swelling. Cranial is to the right of the image. There is bony irregularity of the
vertebra (arrowheads) and an associated hypoechoic, encapsulated area (arrows) consistent
with an abscess that communicates with the area of bony irregularity.

Fig. 12. Transverse T2W MR image of the brain at the level of the rostral cerebellum of a
horse with an acute onset of ataxia progressing rapidly to recumbency. Left is to the right
of the image. There is a region of T2 hyperintensity in the brainstem (arrowhead). Protozoal
organisms were found in this area on postmortem examination. Temporal muscle atrophy is
also apparent (arrow).
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Fig. 13. Transverse T2W (A) and T1W postcontrast (B) MR images of the skull at the level of
the tympanic bullae of a horse with otitis media who presented with a head tilt. Left is to
the right of the images. The left tympanic bulla (arrows) contains material with heteroge-
neous signal intensity. The lining of the tympanic bulla undergoes contrast enhancement
but the material within it does not.
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A variety of abnormalities can be identified in adults with neurologic disease local-
ized to the head, including multifocal inflammation consistent with equine protozoal
myeloencephalopathy, otitis, hydrocephalus, intracranial abscessation or hemor-
rhage, cerebrovascular events, temporohyoid osteoarthropathy, nigropallidal ence-
phalomalacia, brain edema, and neoplasia (Figs. 12–16).20,21 MRI examinations are
often normal in horses who present with seizure, narcolepsy, or headshaking as the
primary complaint.20,21 The findings of an MRI examination (even if negative) can
help determine prognosis and treatment. Although MRI of the cervical spine of the
adult horse is not currently possible on a premortem basis, postmortem studies
have shown that it may be useful for the diagnosis of intervertebral disc disease
and CVSM.22,23
Fig. 14. Paramedian (A) and transverse (B) T2WMR images of the brain of a 3-year-old horse
with hydrocephalus who presented with abnormal behavior and possible vision abnormal-
ities present since birth. Cranial is to the left in image A and left is to the right of image B.
The lateral ventricles are dilated (arrows) and the brain parenchyma is distorted with
decreased volume (arrowheads).



Fig. 15. Transverse T2W (A), T1W precontrast (B), and T1W postcontrast (C) MR images of
the brain at the level of the caudal pituitary fossa in a horse with ataxia and recurrent
febrile episodes. Left is to the right of the images. A mass with distinct margins and an
encapsulated appearance in the pituitary fossa (arrows) compresses the brainstem. The
mass has rim enhancement after intravenous positive contrast administration (compare B
and C) consistent with an abscess. (D) is a transverse T2W MR image at the same location
obtained 2 months later after long-term antibiotic therapy that shows resolution of the
mass. Clinical signs had improved.

Fig. 16. Transverse T2W MR image of the brain at the level of the pituitary gland in a horse
with acute development of ataxia, circling to the left, left-sided heat tilt, lack of menace OS,
and seizures which progressed to obtundation. Left is to the right of the image. Abnormal-
ities in the right cerebral hemisphere include areas of hemorrhage (arrowhead) and inflam-
mation (arrow) as well as cerebral hemisphere swelling that causes a mass effect.
Postmortem examination showed multifocal infarcts and suppurative encephalitis in the
right cerebral hemisphere.
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Fig. 17. Median plane (A) and transverse plane (B) T2W MR image of the cranial cervical spi-
nal column of a foal with ataxia, a low and extended head carriage, and neck pain. Cranial is
to the left of image A and left is to the right of image B, which is at the C1-C2 articulation.
There is severe synovitis of the atlantoaxial joint (arrowheads) which compresses the spinal
cord (black arrow) as well as abnormal signal intensity in the dens of C2 consistent with oste-
omyelitis (white arrow). These findings were confirmed at post-mortem examination.
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In foals, areas of osteomyelitis, abscessation, and synovial sepsis can be identified
throughout the spinal column (Figs. 17 and 18). This is particularly useful in foals who
have vague signs of lameness or neurologic deficits whereby radiography and/or ultra-
sonography have failed to yield a diagnosis. Congenital abnormalities can also be
identified (Fig. 19).20,21
Fig. 18. Transverse plane T2W MR image of the spinal column at the level of the sacroiliac
joint of a foal with left hindlimb proprioceptive deficits. Left is to the right of the image.
There is heterogeneous signal intensity in the left sacrum and sacroiliac region consistent
with osteomyelitis. There are more focal hyperintense areas consistent with abscessation (ar-
rows) causing spinal cord compression (arrowhead).



Fig. 19. T2W MR images of the spinal column at the cervicothoracic region in a foal with
weakness and ataxia since birth. (A) is a median plane image with cranial to the left of
the image. (B) is a transverse plane image at the level of C7-T1 with left to the right of
the image. Dilated cyst-like structures (arrows) are present in the spinal cord, one of which
extends into the vertebral body at T1-2. Postmortem examination confirmed hydromyelia.
IVD: Intervertebral disc.
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COMPUTED TOMOGRAPHY

Computed tomography provides excellent bony detail and the examination itself can
often be completed in less than 5 minutes. Due to technological advances, systems
are now available that can scan the skull of standing, sedated adult horses, reducing
the need for general anesthesia. However, horses who are unable to maintain a stable
standing position or who demonstrate sudden head movements may still require a
skull examination to be completed under general anesthesia to obtain diagnostic-
quality images and for patient safety. Many designs also permit the examination of
the entire cervical spine of an adult horse. Some of these systems (typically cone
Fig. 20. Transverse CT myelographic image at the level of C6-C7. Left is to the right of the
image. Osteophytes are present on the margins of the left articular processes (arrows).



Fig. 21. Transverse CT myelographic image at the level of C6-7. Left is to the right of the im-
age. The left articular processes are enlarged and the left intervertebral foramen is nar-
rowed (arrow). The subarachnoid contrast column is normal.
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beam systems) do not require general anesthesia but clinicians should be aware of the
differences between cone-beam systems versus fan-beam systems.
The cross-sectional nature of CT images allows the evaluation of the cervical spinal

column in all planes (with the use of reconstructions) without superimposition. This has
significant advantages as the spinal column can be evaluated for the signs of osteo-
arthritis or osteochondral fragmentation, intervertebral foramen narrowing, interverte-
bral disc disease, fracture, malformation, and spinal canal narrowing (Figs. 20–
Fig. 22. Transverse (A) and dorsal plane reconstruction (B) myelographic CT images at the
level of C5-6. Left is to the right of the images and cranial is to the top of image B. There
is a fracture of the right cranial articular process of C6 (arrows).



Fig. 23. Dorsal plane CT reconstruction (A) and 3D rendering (B) of a foal with severe verte-
bral abnormalities, including the presence of 8 cervical vertebrae. Cranial is to the top (A) or
left (B) of the images.
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24).24–27 Computed tomographic myelography is particularly useful in identifying po-
tential sites of spinal cord compression indicated by contrast column narrowing, but
as CT scans of the cervical spine are generally not able to be performed with the
neck in a flexed or extended position, a radiographic myelographic examination that
includes these positions is recommended in conjunction with the CT myelogram.25,27

As the use of CT for cervical spinal cord disease is relatively new, the clinical signifi-
cance of some abnormalities has yet to be determined.24,25

The same lack of superimposition of anatomy provides is beneficial when evaluating
the skull for signs of temporohyoid osteoarthropathy or skull fracture (Figs. 25 and 26).
However, information about the brain itself is much more limited with CT as compared
with MRI.
Fig. 24. Transverse CT myelographic image at the level of C6-C7. Left is to the right of the
image. There is enlargement of the left articular processes, narrowing of the left interverte-
bral foramen (arrow), and circumferential narrowing of the subarachnoid contrast column
(arrowheads). Postmortem examination confirmed compressive myelopathy at this location.



Fig. 25. Transverse CT image of the skull at the level of the temporohyoid articulation. Left is
to the right side of the image. There is severe right temporohyoid osteoarthropathy with a
large amount of new bone formation (white arrows) as well as increased opacity in the right
tympanic bulla (black arrow). There is mild-moderate left temporohyoid osteoarthropathy
(arrowhead).

Fig. 26. Transverse (A) and paramedian plane reconstruction (B) CT images of a horse with a
basioccipital and basisphenoid bone fracture. The fragments are displaced caudally and
ventrally (white arrows) from the parent bones (black arrow). There is a large amount of
fluid opacity consistent with hemorrhage with small gas opacities between the guttural
pouches (arrowheads).

Garrett186



Special Diagnostic 187
CLINICS CARE POINTS
� Myelography provides more definitive diagnosis of spinal canal narrowing than does plain
radiography.

� Diagnosis of intra-cranial abnormalities is best accomplished with magnetic resonance
imaging.

� Computed tomography (including myelography) is currently the most practical way to gain
information about the cervical spine in adults.
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