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Abstract

An 8-year-old Warmblood gelding presented with a history of progressive ataxia for

6 weeks. Intra- and intervertebral ratios measured from lateral radiographs of the cer-

vical spine were within normal limits. Computed tomographic myelography of the cer-

vical spine revealed focal compression of the dorsal and the ventral contrast column as

well as a ventral displacement of the spinal cordwithin the spinal canal due to a bulging

of soft tissue attenuatingmaterial in the dorsal half of the intervertebral junction of C6

and C7. Post-mortem histopathological examination confirmed chondroid metaplasia

of the ligamentum flavum at C6-C7.
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1 SIGNALMENT, HISTORY, AND CLINICAL
FINDINGS

An 8-year-old Warmblood gelding with a bodyweight of 612 kg used

for pleasure driving was referred with a 6-week history of sudden

onset and progressive ataxia. Based on the anamnesis travel history

was negative and the gelding was stabled at the same farm for a cou-

ple of years in Germany. On presentation, the gelding’s mentation and

attitude were normal. The vital parameters were within normal range.

The gelding showed ataxia grade 3–4/5with severe hypermetria in the

hind limbs and the front limbs. No abnormalities were detected dur-

ing assessment of the cranial nerves, but latero-flexion of the neck was

markedly reduced on the right side. Spinal reflexeswere preserved and

blood work (hematology, electrolytes, glucose, total protein, and lac-

tate) was within normal range. Latero-lateral radiographs of the cer-

vical spine were unremarkable and the intra- and intervertebral ratios

of the cervical spine were within normal limits. Based on the history,

negative radiographic findings and the neurological examination, dif-

ferential diagnoses were osteoarthritis of the caudal articular process

joints, cervical compressivemyelopathy, intervertebral disc protrusion,

and extradural masses.
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2 IMAGING, DIAGNOSIS, AND OUTCOME

Standing latero-lateral and lateral50◦ventral-laterodorsal oblique

radiographs of the cervical spine were repeated, with the head and

neck in a neutral position (CR HP, AGFA Healthcare, Bonn, Germany).

The intervertebral foramina of C5-C6 and C6-C7 were mildly nar-

rowed due to an enlargement of the adjacent articular process joints

(Figure1). Intra- and intervertebral ratiosofC5,C6, andC7werewithin

normal limits (>0.5).1 Because radiographic findings did not explain

the clinical signs, plain CT and CT myelographic imaging of the cer-

vical spine were performed under general anesthesia using a 16-slice

CT scanner (BrillianceCT- Big BoreOncology, PhilipsMedical Systems,

Best, TheNetherlands) with a gantry diameter of 85 cm. The horsewas

placed in right lateral recumbency using the following settings: 120 kV,

350 mA, slice thickness 1 mm, pitch 0.567, field of view set to 50 cm,

and matrix 512 × 512. Bone and soft tissue reconstructions were per-

formed.After the nativeCT scan, the area of the atlantooccipital region

was clipped and aseptically prepared. A 18G 3.5 in. spinal needle (BD

Medical; Madrid, Spain) was advanced into the subarachnoid space

and 60 ml of cerebrospinal fluid (CSF) were obtained. Subsequently,

0.1mL/kg of positive contrast fluid, Iohexol (Accupaque™ 300mgI/mL,
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F IGURE 1 Latero-lateral computed radiograph of the caudal
cervical spine (C5-C7) of the gelding. Cranial is to the left. There is
slight obliquity andmild enlargement of the articular process joints of
C5-C6 and C6-C7, causing a narrowing of the adjacent intervertebral
foramina (white arrows)

GE Healthcare, Braunschweig, Germany) were injected slowly. Imme-

diately afterward, the head and neckwere elevated approximately 30◦

for 8min, then repositioned, followedbyaCTmyelographyof the cervi-

cal spine as described for the native scan including bone and soft tissue

reconstruction.

On plain CT images, therewas bilateral enlargement of the articular

process joints at C6–C7withmild osteophyte formation on the abaxial

aspects and concurrent narrowing of the intervertebral foramina. Soft

tissue window display images indicated a flattening of the spinal cord

in dorso-ventral direction as well as a ventral displacement within the

spinal canal at this location. CT myelography images revealed severe

focal narrowing of the dorsal and ventral contrast columns over a

length of 2.5 cm from the caudal aspect of C6 to the cranial margin of

C7 indicative for spinal cord compression. There was separation of the

dorsal contrast column from thedorsalwall of the spinal canal between

C6 and C7, suggestive of an extradural soft tissue mass within the dor-

sal aspect of the spinal canal at C6-C7 (Figures 2B and 3).

Analysis of the cerebrospinal fluid (protein, glucose, leucocytes, and

erythrocytes) sample was within normal limits. Based on clinical, imag-

ing, and laboratory findings, the gelding was diagnosed with cervi-

cal vertebral stenotic myelopathy at C6-C7 secondary to a soft tissue

extradural space occupying mass and adjacent osteoarthrosis of the

articular process joint of C6-C7.Differential diagnoses included hyper-

trophy of the ligamentum flavum, extradural hematoma, abscess, gran-

uloma, or neoplasia. Other differential diagnoseswere ruled out due to

a negative herpes virus test, and normal blood analysis results. Equine

protozoal myeloencephalitis was ruled out because it was not endemic

in Germany.

Given a poor prognosis for horses with this diagnosis and expecta-

tions for progressive ataxia, the owner declined further treatment and

decided to have the horse euthanized. Postmortem examination of the

cervical vertebrae and spinal cord identified a soft tissue thickening of

1 cmdiameter at the intervertebral junction at C6-C7within the dorsal

F IGURE 2 a:Midsagittal plain CT image (bone reconstruction
window) of the caudal cervical spine (C4-C7). A 16-slice CT scanner
(Brilliance CT- Big BoreOncology, PhilipsMedical Systems, Best, The
Netherlands) using the following scan parameters: 120 kV, 350mA,
slice thickness 1mm, pitch 0.567, andmatrix 512× 512was used for
all CT images (Figure 2a, 2b and 3). Cranial is to the left. There is mild
step formation at the dorsal aspect of the cervical vertebral canal at
C6-C7 (arrow) but there is no evidence of spinal cord compression. 2b:
Midsagittal CTmyelography image (bone reconstruction window) of
the caudal cervical spine (C4-C7) of the gelding. Cranial is to the left.
There is marked narrowing and partial loss of attenuation of the dorsal
and ventral contrast column (arrows) at the caudal aspect of C6, close
to the dorsal margin of the intervertebral disc of C6-C7. The spinal
cord is markedly ventrally displaced at this location

aspect of the spinal canal, associated to the ligamentum flavum. Cor-

responding mild focal hemorrhage was present in the adjacent dorsal

musculature (Figure 4). Histopathology revealed a chondroid metapla-

siawith granulation tissueof the ligamentum flavumatC6-C7. Further-

more, there was a focal hemorrhage with associated hemosiderosis in

this localization. The cervical spinal cord at the intervertebral junction

of C6-C7 displayed degenerative changes consisting of multifocal dila-

tion of myelin sheaths with associated spheroids and myelinophages

mainly within the ventromedial funiculi and secondary to the focal

spinal cord compression.

3 DISCUSSION

Based on our review of the literature, this is the first published report

of confirmed hypertrophy of the liagmentum flavum diagnosed by

CT myelography in a horse. Cervical vertebral stenotic myelopathy

(CVSM) is a common cause of ataxia in horses and is caused by narrow-

ing of the cervical vertebral canal and compression of the spinal cord
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F IGURE 3 Transverse plane CTmyelogram at C6-C7 (bone
reconstruction window) of the caudal cervical spine (C4-C7). Right is
to the left in the image. There is marked ventral displacement of the
dural cord within the spinal canal indicated by the severely decreased
contrast column surrounding the spinal cord (black arrowheads).
Enlargement of the left articular process joint at C6-C7, narrowing of
the left intervertebral foramen (black arrow) and dorsal periarticular
osteophyte formation (white arrow)

often in combination with malalignment and malformation of the cer-

vical vertebrae.1 Cervical static stenosis is defined as the narrowing

of the vertebral canal with subsequent compression of the spinal cord,

regardless of the position of the neck. In older horses, the stenosis is

primarily related to degenerative joint disease of the articular process

joints and/or periarticular proliferation and themost common sites are

at C5-C6 and C6-C72.

The ligamenta flava are short interarcuate ligaments in the dor-

sal aspect of the spinal canal constituted of elastic fibers that con-

nect the laminae of adjacent vertebrae.3 Hypertrophy of the ligamen-

tum flavum in combination with disc degeneration and facet hyper-

trophy is a common cause of lumbar spinal stenosis in elderly human

patients.4–6 In dogs, the majority of cervical spondylomyelopathy is

disc-associated and seen in combination with hypertrophy of the lig-

amentum flavum.7,8 In horses with cervical static stenosis, a dorsal

depression of the cervical spinal cord caused by a thickened, firm lig-

amentum flavum in association with degenerative joint disease of the

articular process joints is described as a post mortem finding.9,10 Pre-

vious equine studies indicate that CVSM is more prevalent in male

horses and in Warmbloods.11,12 In the present case, the Warmblood

gelding was used as a driving horse and was of middle age. Probably

the more extended neck position of a driving horse may increase the

risk of ligamentum flavum hypertrophy, or the hypertrophy developed

secondary to the existing osteoarthritis of the adjacent articular pro-

cess joint. There was no history of a trauma and the gelding showed

progressive ataxia in the past weeks prior to presentation. Therefore,

we support the theory of repeated stress injury as etiology of the

ligamentum flavum hypertrophy rather than a single acute injury.

However, a ligamentum flavum hypertrophy in a horse has not been

previously described as an antemortem imaging diagnosis using CT

F IGURE 4 Longitudinal section of the cervical spinal cord at C6-C7, cranial is to the left in the image. Hypertrophy of the ligamentum flavum
with corresponding hemorrhage is visible in the dorsal aspect of the intervertebral junction of C6-C7 (asterisk). Cranial to this, the normal sagittal
intravertebral diameter of the spinal canal at C6 is visible (left double-headed arrow). Ventral to the ligamentum flavum hypertrophy, the
intervertebral sagittal diameter of the spinal canal is narrowed (right double-headed arrow) andmarkedly decreased in comparison to the
intravertebral diameter [Color figure can be viewed at wileyonlinelibrary.com]
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myelography. In dogs and humans, magnetic resonance imaging (MRI)

is the diagnosticmodality of choice for spinal imaging, due to the direct,

non-invasive multiplanar imaging and an excellent soft tissue char-

acterization with an absence of ionizing radiation.13,14 Additionally,

adverse reactions are described in 34% of horses after myelography,

potentially related to the contrast medium, which is not required in an

MRI examination.15 However, it is not used for cervical vertebral eval-

uation in clinical equine cases due to limited bore dimensions of high

fieldMR scanners and the increasedmuscle tissue in the caudal region

of the cervical spine, where themajority of lesions are located.2

Currently, CTmyelography of the equine cervical spine is restricted

to scannerswith increased bore diameters but it is the diagnostic imag-

ing modality of choice for the detection of caudal neck diseases in

horses; it is in general superior to conventional CT and radiographic

myelography and permits correct identification of extradural compres-

sion in other species.16,17 In the present case, CT myelography added

the important information of an extradural soft tissue mass in the cau-

dal cervical canal that was not available from radiography or plain CT

and helped the owner tomake their decision to euthanize the gelding.
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