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Case Report

Unilateral degenerative joint disease of a cervical articular process
joint between the fourth and fifth cervical vertebrae causing
asymmetrical ataxia in a young horse
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†School of Veterinary Medicine and Science, University of Nottingham, Nottingham, UK; and ‡Oakham Veterinary
Hospital, Oakham, UK
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Summary
A 5-year-old horse was examined for investigation of
asymmetrical, quadrilateral ataxia and paresis. Clinical
examination was unremarkable, and a thorough neurological
examination localised the lesion to the cervical spine.
Following this, magnetic motor evoked potentials were
acquired to allow for latency times to be determined.
Abnormal conduction times were found to the right thoracic
and right pelvic limbs, confirming that the horse had an
asymmetrical cervical spinal myelopathy. Radiographs were
acquired to ensure that the horse had no significant
pathology which would contraindicate general anaesthesia.
There were no abnormalities noted on these, so the horse
underwent contrast-enhanced computed tomography of its
cervical spine which revealed enlargement of the right
articular process joint between C4 and C5 with dorsolateral
impingement of the spinal canal and cord. Due to the poor
prognosis for future performance, the horse was subsequently
euthanised. A post-mortem examination confirmed the
findings of degenerative joint disease, with some unexpected
changes seen on histology of the spinal cord. The unilateral
right-sided compression had caused degenerative changes
to ascending and descending tract bilaterally indicating a
dynamic component to this lesion, which would be more
commonly understood to be static.

Introduction

Neurological deficits are a relatively frequent presentation for
clinicians working in equine practice with an overall
prevalence of 0.5% in the UK (Slater, 2018). Ataxia is the most
common presentation, and its investigation has typically
relied upon subjective assessment of gait and the subjective
and objective assessment of radiography. The reliability of
subjective assessment of horses with ataxia and paresis is
questioned (Olsen et al., 2014), as is the reliability of
radiographic assessment (Beccati et al., 2018; Hahn et al.,
2008; Koenig et al., 2020); therefore, advanced imaging
techniques and functional tests of nerve conduction have
been investigated and established as methods for improving
diagnostic reliability (Journ�ee et al., 2019). Contrast-
enhanced computed tomography (CT myelography) has
become increasingly accessible with some large case reports
now documenting its diagnostic capabilities (Lindgren et al.,
2020; Tucker et al., 2020). This case report describes the
application of these methods in the diagnosis of

degenerative joint disease as a cause of quadrilateral
neurological deficits and demonstrates the value of
electrodiagnostics and CT myelography in achieving a
diagnosis. The incorporation of objective diagnostic
techniques added certainty to the decision-making criteria to
undergo invasive procedures with known potential
complications.

Case history

A 5-year-old unbroken Irish Draught crossbred gelding was
referred to Oakham Veterinary Hospital for further
investigation of a hindlimb gait abnormality that was thought
to be consistent with ‘shivering’ but was also associated with
an unusual gait pattern at the walk and canter. The horse
had been in the owner’s possession for 4 months, and the
abnormality had been consistent during this time. Whilst
cantering, the horse was reported to adopt a ‘croup-high’
frame with a narrow base and was often disunited in canter
when circling in both directions. An inconsistent mild left
hindlimb lameness was noted on one occasion.

Clinical findings

The horse was found to be in good body condition (473 kg)
and appropriate muscling for its age and type. It had normal
mentation and was found to have normal clinical parameters
(heart rate 40 beats/min, respiratory rate 16 breaths/min and
rectal temperature 37.8°C), and there were no significant
findings on palpation of the neck, back and limbs. There was
no evidence of lameness at any gait. Baited neck flexion was
normal in all directions; the horse could easily touch its muzzle
to both elbows and to the ground. A cranial nerve
examination revealed no abnormalities. The horse did not
resent the hindlimbs being lifted but, when they were
released, it showed a characteristic repetitive flexion and
adduction of its hindlimbs consistent with ‘shivering’.

The findings of a dynamic neurological examination
concluded that the horse showed consistent signs of ataxia
and paresis affecting all four limbs which were more
profound in both right limbs. The horse showed inconsistent
and erratic foot placement at the walk with significant
variation in stride length and stride height. These stride
characteristics were exacerbated by asking the horse to walk
in ‘serpentine’ formation. When asked to halt abruptly, it
stood with its front and hind feet pointing in inappropriate
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directions compared with each other and compared with its
trunk, and there was no effort made to correct this. When
walked up and down a small step, the horse was often seen
to catch the step with a toe, place a foot halfway on the
step edge and stumble as it stepped down. These signs were
more commonly seen with the right front and hindlimbs.
When walked up and down a small slope, the horse became
significantly hypermetric particularly with its right forelimb and
this was worsened further by raising his head. When turning in
tight circles, the horse pivoted around its front feet without
lifting them. When circling to the left, the right hindlimb
significantly circumducted landing outside of the base of
support and the inside hindlimb failed to cross under its
abdomen and sometimes strook the other hindlimb when
circling in both directions. Standing ‘tail pulls’ were
unremarkable, but when these were done during walking,
the horse was found to be weak, particularly when pulled to
the right.

The abnormalities in each limb were graded separately
according to an established ataxia scale (Mayhew et al.,
1978). The left thoracic limb and left pelvic limb were graded
2/5. The right thoracic limb and right pelvic limb were graded
3/5.

Differential diagnoses
Static or dynamic CVSM or equine degenerative
myeloencephalopathy. Infectious causes such as equine
herpes myeloencephalitis and West Nile virus were
considered unlikely due to chronicity. Equine protozoal
myeloencephalopathy was not considered due to
geographical location.

Diagnostic tests

Magnetic motor evoked potentials
Magnetic motor evoked potential (MMEP) latency times were
determined using published techniques (Rijckaert et al.,
2018). Briefly, this involved short but high power (4T)
transcranial magnetic cortical stimulation using a round
electromagnetic coil (MagStim 2002, Magstim Co Ltd. UK)
and an immediate sweep of an electromyogram (EMG)
(Medelec Synergy Sapphire, Viasys Healthcare, FR)
monitoring muscle activity via 30G concentric needle
electrodes (Natus neurology, IRE). Latency times were
obtained to left and right extensor carpi radialis (ECR)
muscles and left and right tibialis cranialis (TC) muscles using
cut-off values established for these two locations (Rijckaert
et al., 2018). The results of this showed an increase in the
conduction time through the corticospinal tract to the right
thoracic and pelvic limbs (Table 1).

Plain radiography
Plain latero-lateral radiographs of the cervical vertebrae from
the occiput to the cervico-thoracic junction revealed no

significant radiological findings which would contraindicate
general anaesthesia. Objective inter- and intra-vertebral
sagittal ratios from these radiographs were within normal limits
and are shown in Table 2. The horse was subject to general
anaesthesia to facilitate computed tomography (CT) of the
cervical spine that was enhanced with intrathecal contrast
medium (myelography).

CT myelography
The horse was premedicated with acepromazine (0.05 mg/
kg) (Dechra Veterinary Products) and flunixin meglumine
(1.1 mg/kg) (Zoetis UK Limited) 60 min before the procedure,
then was sedated with detomidine (0.01 mg/kg) (Animalcare
Limited) immediately prior to induction of anaesthesia with
ketamine (2.2 mg/kg) (Chanelle Pharma) and midazolam
(0.1 mg/kg) (Dechra Veterinary Products). After positioning
within the bore of the CT machine (GE Lightspeed 16, GE
Healthcare, Buckinghamshire, UK) in left lateral recumbency,
the horse was connected to an anaesthetic circuit and
anaesthesia maintained with isoflurane (Isoflo, Zoetis UK
Limited) in oxygen.

A plain CT from the occiput to the articulation between
the first and second thoracic vertebrae was obtained prior to
the injection of contrast medium with the technical variables
set at 100 kV and 275 mA. Images were reconstructed with
slice thickness of 0.625 mm with a field of view measuring
60 cm and a matrix of 512 9 512. The horse’s head was then
elevated, and contrast was instilled into the epidural space
via the atlantooccipital space following the aspiration of an
equivalent volume of cerebrospinal fluid using a previously
described technique (Gough et al., 2020). Five minutes
following injection, the head was lowered, and a second CT
scan performed. Images were processed using multiplanar
reformation software (Horos, Horos Project, USA) in the
transverse plane to assess each APJ for primary abnormalities
and secondary impingement on the spinal canal.
Longitudinal images were created to better identify any
malformation or malarticulation at the intervertebral joints
and to visualise any ventral compression on the spinal cord.
After the identification of the abnormal articular process joint
on the transverse images, images in the dorsal plane were
examined to better appreciate the extent of the
degenerative changes seen in this articular process joint
(Fig 1). The significant findings were osteophyte formation at
the margins of the right articular process joint between C4
and C5 with narrowing of this joint when compared to the
left side. There was modelling at the joint margins both
abaxially and also a larger area of modelling axially adjacent
to the spinal canal. The contrast study shows no significant
compression of the dorsal or ventral dye columns, but there
is significant dorsolateral compression present adjacent to
the right articular process joint at C4-C5 with soft tissue
opacities appearing within the spinal canal. Flexed and
extended latero-lateral radiographic views were

TABLE 1: Latency times calculated using MMEPs compared with cut-off values for the extensor carpi radialis (ECR) and tibialis cranialis
(TC) muscles

ECR latency (mean of three
readings)

ECR cut-off value (Rijckaert
et al., 2019)

TC latency (mean of three
readings)

TC cut-off value (Rijckaert
et al., 2019)

Left 21 ms 22 ms 40 ms 43 ms
Right 46 ms 22 ms 65 ms 43 ms
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obtained prior to recovery from anaesthesia which was
uneventful. There were no abnormalities noted on these
radiographic myelograms. Based on a presumed poor
prognosis for a return to athletic function suggested by the
chronicity, clinical and diagnostic findings in this case, the
horse was euthanised.

Post-mortem findings
The cervical spinal cord was removed from the vertebral
column and was found to have multiple congested and
engorged blood vessels on its dorsal surface at the level of
the compressive lesion (Fig 2). The articular process joints
were opened by careful sharp dissection of their joint
capsules to visualise the articular cartilage surfaces. The
affected side was found to have significant cartilaginous
pathology characterised by a linear branching fissure in the
cartilage covering the right caudal articular process of C4
and a generalised irregular and fibrillated appearance to the
cartilage covering the right cranial articular process of C5
(Fig 3). Histological examination cranial to the compressive
lesion (level with mid body of C4) showed that the white
matter in the dorsolateral funiculi (ascending tracts) had
evidence of axonal (Wallerian) degeneration characterised
by dilated myelin sheaths containing either glassy,
eosinophilic, swollen axons (spheroids) or necrotic debris
(ellipsoids) admixed with single to multiple foamy
macrophages (digestion chambers) (Fig 4). The descending
tracts at this level showed no abnormality.

At the level of the compressive lesion, congested capillaries
were found in the dorsal horn bilaterally and these vessels
showed diffuse, mild gliosis. Also, within the dorsal horn there
was a focal small haemorrhage with neuronal satellitosis. In all
white matter tracts, there were ballooned myelin sheaths
which occasionally contained macrophages. Within the grey
matter, small spheroids were found multifocally. Caudal to the
compressive lesion (level with mid body of C5), similar Wallerian
degenerative changes could be seen but this time within the
ventral funiculi (descending tracts) (Fig 4) whereas ascending
tracts showed no abnormality.

TABLE 2: Inter- and intra-vertebral sagittal ratios calculated by measurements from latero-lateral radiographs of the horse’s cervical
spine

Cervical location C2/3 C3 C3/4 C4 C4/5 C5 C5/6 C6 C6/7 C7

Inter- or intra-vertebral sagittal ratio 1.08 0.69 0.83 0.58 0.89 0.56 0.80 0.59 0.90 0.64

Fig 1: Above: Multiplaner reconstructed contrast-enhanced CT
image in the transverse plane at the level of the articular process
joints of C4/C5 (right is to the right) showing osteophytes at the
axial (white arrow) and abaxial (white arrowhead) aspects of the
joint. There are multiple soft tissue densities sitting within the spinal
canal (black arrowhead). There is also an appreciable increase
in subchondral bone density of both right articular processes
compared with the opposite side. Below: Reconstructed CT
image in the dorsal plane at the level of the articular process
joint (right is to the bottom). The large axial osteophyte is clearly
visible here (white arrowhead).

Fig 2: Dorsal view of spinal cord acquired after excision from the
spinal canal at the level of C4/C5 (the nerve roots of the fifth
spinal nerve are visible biaxially as they leave the spinal cord)
showing engorged blood vessels consistent with a compressive
lesion.
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Discussion

This case report documents subjective and objective
diagnostics combining to accurately diagnose unilateral
degenerative disease of the right APJ between the fourth
and fifth cervical vertebrae causing dorsolateral compression
of the cervical spinal cord by means of proliferative bone
and soft tissue. Histology confirmed the diagnosis of a chronic
compressive myelopathy with characteristic changes to
ascending and descending white matter tracts cranial and
caudal to the site of compression.

The diagnostic pathway in this case followed the findings
of a recent meta-analysis of the diagnostic modalities
available to assess cervical pathology (Rijckaert et al., 2020).
Whilst a thorough neurological examination provides the
logical first step and highest sensitivity, its specificity is poor. It
has also been shown that rater agreement in the description
of neurological gait assessment in the horse is very
inconsistent (Olsen et al., 2014). It is noteworthy in this case
that despite having degenerative joint disease, there were no
abnormalities found during palpation or baited neck

stretches. This finding highlights the poor sensitivity of these
diagnostic techniques for detecting neck pathology and that
the results of these common parts of the neurological
examination (and most notably a lack of significant findings)
should be interpreted with caution.

The MMEP latency times suggested, with a high degree of
certainty, that this horse has spinal cord disease. The cut-off
values given here were associated with 100% specificity in a
population of ataxic horses (n = 17) (Rijckaert et al., 2019).
The acquisition of MMEP latencies is a minimally invasive
means of assessing the patency of descending motor tracts,
and its high diagnostic specificity has been repeatedly
demonstrated (Nollet et al., 2004, 2010; Rijckaert et al., 2020).
The lateralisation of the lesion found at CT was in
agreement with the abnormal latency of the right-sided
MMEPs, although histological structural abnormalities were
present bilaterally. While this may represent changes that
occur without a functional impact on nerve conduction, the
horse was subjectively considered to have bilateral
ataxia. Theoretically, it is possible that function of the motor

Fig 3: Post-mortem appearance of the right caudal articular process of C4 (left) and the right cranial articular process of C5 (right)
showing a branching fissure of the cartilage (circled) of C4 and irregular and fibrillated appearance to the cartilage on C5.

Fig 4: left—H&E-stained section of spinal cord showing Wallerian degeneration in ascending white matter tracts (dorsolateral funiculus)
cranial to the lesion (green arrows show an ellipsoid and a digestion chamber), right—H&E-stained section of spinal cord showing
Wallerian degeneration of descending tracts (ventral funiculus) caudal to compressive lesion (Green arrows: spheroids, large cavity
bottom right: digestion chamber) scale bars measure 100 um.
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pathways may have been intact on the left-hand side, but
abnormalities of the proprioceptive pathways may have
been present resulting in the signs of ataxia or that our
normal MMEPs were conducted through one of the few
remaining motor tracts within a largely affected population.
Studies validating MMEPs have all used horses with severe
signs of ataxia (mean grade of 3.6/5) (Rijckaert et al., 2019),
and this case illustrates the need for further validation
on horses with less severe disease states. This may suggest
that abnormal latency of MMEPs is only seen in more severe
cases of spinal cord compression, and as such may assist with
decision-making for euthanasia and could provide an
objective tool that insurance underwriters could find
invaluable as evidence of significant cord compression.
Further studies to link changes in MMEP latency to
histopathological changes at necropsy would be required to
establish its use.

Subjective and objective evaluation of radiography has
poor sensitivity and specificity for detecting cervical
pathology and its inability to identify compression is known to
be problematic (Hellige et al., 2021). Even with the addition
of contrast medium, its ability to detect spinal cord
compression is limited (Janes et al., 2014; Levine et al., 2010;
Van Biervliet et al., 2004). The gold standard imaging
modality is the three-dimensional CT myelogram which has
been shown to have good agreement with findings at
dissection (Sleutjens et al., 2014), but this is an inherently more
invasive procedure and incurs the risks of anaesthesia and
epidural injection. CT is able to accurately identify the extent
of bony pathology, and, with the addition of contrast, it can
also outline the extent of soft tissue involvement in spinal cord
compression (Hellige et al., 2021). The major shortfall of CT,
however, is the inability to image the cervical spinal cord in
flexion or extension making it possible for some dynamic
lesions to go undetected and for the dynamic component of
‘static’ lesions being underestimated. Flexed lateral
myelography would allow the clinician to assess the influence
of flexion on static dorsolateral compressive spinal cord
lesions. As yet, there is no described technique for imaging
the cervical spine in lateral flexion. It has been
recommended that oblique projections of the neck are
acquired during standing myelography to better evaluate
the compressive nature of enlarged articular process joints
and associated soft tissues (Claridge et al., 2010), and there
could be scope to allow for oblique projections to be
acquired whilst the neck is in lateral flexion. This would be the
only way to assess the dynamic nature of these enlarged
articular process joints.

The diffuse nature of the histological changes in the spinal
cord was not expected given the focal evidence of
compression identified using myelography. However, similar
findings are seen in dogs with spinal cord injury with Hansen
type II compression being most equivalent to equine CVSM
(Spitzbarth et al., 2020). This finding likely explains why we
most commonly see a combination of ataxia and paresis in
cases of CVSM and potentially throws the textbook
differentiation of static and dynamic compression into
question. The lesions classically described as static mostly
involve enlarged articular process joints, but this case would
support previous suggestions (Nout & Reed, 2003) that there is
also a dynamic component to these lesions. Static lesions
should be more accurately described as ‘static and
dynamic’ lesions and this may explain why we can see acute

worsening of ataxia in the post-anaesthetic period (Lindgren
et al., 2020) after profound and sustained manipulation of the
horse’s cervical spine. This classification is important in the
ongoing management of cases with these findings and likely
affects how cases would respond to current and future
therapies. The biomechanics of the cervical vertebrae are
very different depending on location, and whilst the caudal
cervical spine provides most lateral flexion (Clayton et al.,
2012), we could assume that the C4-C5 region will also be
affected by lateral flexion. Although the aetiopathogenesis of
caudal- and mid-cervical APJ disease may be similar, the
response to medical and surgical interventions could be very
different depending on location of pathology. In this case,
euthanasia was decided to be the appropriate option for
many reasons (some horse-specific and some owner-
specific). Medical and surgical therapies were considered
and would not have been contra-indicated in this case.
Medication of the affected APJ with corticosteroids could
help to manage the inflammation within the joint space and
could have reduced the soft tissue component of the
compressive lesion (although the bony remodelling is
assumed to be permanent) but the improvement would likely
be incomplete and transient. Now that we understand that
this lesion may also have a dynamic component, we could
also hypothesise that ventral stabilisation might have had a
positive effect on the horse’s disease state. Reported success
rates vary widely with some early work suggesting good
prognosis for return to function, particularly for young horses
(Moore et al., 1993). More recent work has described some
less desirable outcomes with 57% of horses requiring
euthanasia due to vertebral body fracture or implant
migration (Szklarz et al., 2018). New methods of providing
ventral stabilisation are being explored (Pezzanite & Easley,
2019) but until CT findings are included as a variable for
study, predicting which lesions will respond positively to
stabilisation remains challenging.

This case is a clear example of the poor diagnostic acuity
of palpation and radiography; contrast-enhanced CT would
have been the only way to establish an antemortem
diagnosis in this case. CT myelography is now offered by
many centres and is rightly becoming the standard
approach to the investigation of spinal ataxia. The addition
of MMEP acquisition to this diagnostic pathway provides
objectivity to the decision to undergo procedures and assign
significance to the lesions that are subsequently found.
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