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Dorsal laminectomy for treatment of cervical
vertebral stenotic myelopathy in an alpaca

W. H. J. Barker, Bvsc, MvetMed; T. H. Witte, BvetMed, PhD; C. J. Driver, BvetMed, MVetMed;
P. Jull, pvm; C. E. Whitehead, Bvmas, ms; H. A. Volk, bvMm, phD

Case Description—An 11-year-old male breeding alpaca was evaluated for a 2-day history
of lowered head carriage and lethargy.

Clinical Findings—On initial examination, the alpaca had signs of lethargy and lowered
carriage of the head and neck, but no specific neurologic deficits. Medical management
improved the clinical signs, but 8 months later, the alpaca developed acute, progressive
general proprioceptive ataxia affecting all 4 limbs and was referred for further evaluation and
treatment. Magnetic resonance imaging and CT identified disruption of the normal osseous
architecture of C7 and T1. Medical management was attempted, but because of a lack of
improvement, the patient underwent surgery 14 months after initial examination.

Treatment and Outcome—A dorsal laminectomy of C7 and T1 via a dorsal midline ap-
proach was performed, and the spinous processes of both vertebrae were removed prior
to removal of the overlying lamina. Free dorsal expansion of the spinal cord was ensured
by resection of the ligamentum flavum. Six months after surgery, the alpaca had returned
to successful breeding with 7 hembra bred in the first year after surgery, producing 6
crias, and 4 crias in the second year. The patient was eventually euthanized 28 months
after surgery because of neurologic deterioration but was still ambulatory at that time.

Conclusions and Clinical Relevance—A good outcome with adequate alleviation of clinical
signs and breeding soundness for > 2 years following dorsal laminectomy was achieved in
this camelid patient. The surgical approach was similar to that in other species and was as-
sociated with mild postoperative morbidity. Veterinarians treating camelids should be aware
of the initial clinical signs and treatment options for cervical vertebral stenotic myelopathy. In
acute cases, the signs of reduced cervical mobility and pain on manipulation should prompt
investigation including appropriate diagnostic imaging. Timely surgical intervention should be
considered in patients that respond poorly to medical treatment to avoid irreversible spinal
cord injury and optimize outcome. (J Am Vet Med Assoc 2015;246:1122-1128)
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An 11-year-old sexually intact male alpaca (Vicug-
na pacos) was examined at the Royal Veterinary
College Farm Animal Clinical Centre with a 2-day
history of lowered head carriage and lethargy. No
neurologic deficits were identified. Results of a CBC
and serum biochemical analysis were within refer-
ence limits; however, Mycoplasma haemolamae was
identified on a fresh blood smear. The animal was
treated medically with IV fluids (sodium lactate® [2
mL/kg/h {0.9 mL/Ib/h}, 1V, q 4 h, administered as
boluses]) and an antimicrobial (oxytetracycline®
[20 mg/kg {9.1 mg/lb}, 1V, q 24 h]) for 5 days, and
the clinical signs improved. The alpaca remained at
pasture for 8 months but was reexamined for acute-
ly progressive general proprioceptive ataxia affect-
ing all 4 limbs (grade II/IV),"* with caudal cervical
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hyperesthesia and reduced cervical mobility. Results
of a CBC and serum biochemical analysis were again
within reference limits.

Radiographic evaluation of the cervical ver-
tebrae (Figure 1) identified collapse of the inter-
vertebral disk space at C7-T1 with sclerosis of the
vertebral end plates and proliferative new bone
on the ventral aspect of the vertebral bodies of C7
and T1. Medical management consisting of stall
confinement and rest from breeding activity and
NSAID treatment (meloxicam® [0.2 mg/kg {0.09
mg/lb}, SC, q 24 h]) was continued until the clini-
cal signs deteriorated 2 weeks later. At that time,
MRI was performed under general anesthesia. The
patient was premedicated with methadone? (0.15
mg/kg [0.07 mg/lb], IV) and xylazine® (0.2 mg/kg,
IV), followed by induction of anesthesia with pro-
pofol! (6.0 mg/kg [2.7 mg/1b], IV) and midazolams?
(0.2 mg/kg, IV). An endotracheal tube was then
placed, and anesthesia was maintained with sevo-
flurane® in oxygen. Magnetic resonance imaging' of
the cervical region identified complete disruption
of the normal osseous architecture of the caudal
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graphic evaluation™ of the same re-
gion confirmed the presence of pro-
liferative new bone and destruction
of the normal osseous architecture
of C7 and T1 with collapse of the in-
| tervertebral space (Figure 4).
Considering the deterioration in
clinical signs and the imaging find-
| ings, immediate surgical treatment
was elected during the same anesthet-
| ic episode. The alpaca was prepared
| for surgery. Ceftiofur’ (2.2 mg/kg, 1V,
q 12 h) and flunixin meglumine™ (1.1
mg/kg [0.5 mg/lb], 1V, q 12 h) were
initiated. The alpaca was placed in
sternal recumbency with the head and
neck extended, clipped, and asepti-
cally prepared for surgery from the
level of the first cervical vertebra to
the seventh thoracic vertebra, 10 ¢cm

Figure 1—Laterolateral radiograph of the caudal cervical vertebrae of an 11-year- from either side of the dorsal midline.

old sexually intact male alpaca with a history of lowered head carriage and leth-
argy and subsequent progressive ataxia. Image was acquired with the patient

A longitudinal skin incision was made

standing. A collapsed intervertebral disk space at C7-T1 is evident, with sclero- 2 cm left of the dorsal midline, from
sis of the vertebral end plates and proliferative new bone at the ventral aspect C4 to T3, on the basis of palpation of

of the vertebral bodies of C7 and T1.

and cranial bodies of C7 and T1, respectively (Fig-
ure 2), with a hypointensity of the adjacent bone tis-
sue in all sequences. The extensive loss of normal
osseous architecture and proliferation was highly
suggestive of a septic process resulting in vertebral
soft tissue and bone remodeling and spinal cord
compression. Considering the signalment, clinical
signs, and imaging findings, a degenerative disease
process such as caudal cervical spondylomyelopa-
thy was considered less likely. An 8-week course
of antimicrobials (ceftiofur’ [4.4 mg/kg {2 mg/Ib},
IV, q 12 h] and florfenicol* [20 mg/kg, SC, q 24 h
for 7 days, then q 48 h thereafter]) was initiated,
and the patient was discharged. According to the
referring veterinarian, the animal’s degree of ataxia
stabilized at grade 1/IV to II/IV.?

Six months later, the alpaca was once again
referred for evaluation because of further progres-
sive ataxia (grade III/IV). The ataxia was marked
in the pelvic limbs and moderate in the thorac-
ic limbs. The alpaca continued to have reduced
cervical movement and low head carriage. Re-
peated diagnostic imaging was performed under
general anesthesia. The patient was premedicated
with xylazine® (0.3 mg/kg [0.14 mg/lb], IV), fol-
lowed by induction of anesthesia with ketamine'
(2.2 mg/kg [1.0 mg/Ib], IV) and midazolams# (0.1
mg/kg [0.045 mg/lb], IV). An endotracheal tube
was then placed, and anesthesia was maintained
with sevoflurane® in oxygen. Magnetic resonance
imaging showed increased spinal cord compres-
sion (Figure 3) with further intervertebral disk
collapse and displacement of the spinal cord to
the right owing to lateral bone proliferation on
the left of the vertebral canal. Computed tomo-

anatomic landmarks. The nuchal liga-

ment was not separated longitudinally

but reflected to the right of midline
and in doing so separated from the dorsal aspect of
the spinous processes. The approach was continued
in the midline, separating the dorsal musculature
and reflecting the musculature from the spinous
processes of T1 and T2. The spinous process of T1
was removed to the level of the articular processes
with Ruskin rongeurs,® providing a flat dorsal sur-
face of the dorsal lamina.

Dorsal laminectomy was performed with a
pneumatic drill’ and 3-mm carbide burr, cooled by
means of copious lavage of the surgery site with
sterile fluids. A clear field of view was maintained
with fluid suction and bone hemostasis.® Bone was
removed in thin layers in a rectangular window
with the articular processes used as lateral land-
marks. The surface was monitored for pliability by
palpation, and the final portion of the dorsal lam-
ina was removed with Kerrison rongeurs® to avoid
trauma to the underlying spinal cord. Because lat-
eral compression of the spinal cord was identified
on MRI, additional bone was removed from the
axial aspect of the left vertebral pedicles of C7 and
T1 with a 2-mm burr. Free dorsal expansion of the
spinal cord was ensured by resection of the liga-
mentum flavum; the dura mater was tented with
a spay hook and sharply incised. Prior to closure
of the surgical site, bovine collagen sponge’ was
placed over the debrided area to minimize scar tis-
sue formation. Muscle and subcutis were closed in
a simple continuous suture pattern (2-0 polygle-
caprone 25%), and the skin was closed in a cruciate
suture pattern (size-1 nylon®). A cross-elastic ad-
hesive dressing' was applied, and anesthetic recov-
ery was uneventful. No external cervical support
was provided postoperatively. During the recovery
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Figure 2—Magnetic resonance images of the caudal cervical vertebral region of the patient in Figure 1 performed 8 months
after initial evaluation, after failure to respond to 2 weeks of medical treatment. The patient was under general anesthesia
and positioned in lateral recumbency. A—Sagittal T1-weighted image. B—Sagittal T1-weighted postcontrast image. C—Trans-
verse T1-weighted image. D—Sagittal T2-weighted image. The sagittal magnetic resonance images show extensive disrup-
tion of the normal architecture of the vertebral end plates of C7 and T1 with a hypointense signal, compared with the adjacent
bony tissue for all sequences; collapse of the intervertebral space; and ventral new bone proliferation. On the transverse
magnetic resonance image, the left articular facet processes appear hypointense and thickened, compared with the right.

period, the alpaca was assisted to stand. The de-
gree of ataxia remained unchanged for the first 48
hours (grade I1I/IV) and then increased with fur-
ther paresis and hypermetria in all 4 limbs. The an-
imal needed help to stand but could remain stand-
ing unaided with a wide base stance. Subsequently,
ataxia gradually improved, and at the time of dis-
charge 7 days after admission and surgery, the lev-
el of ataxia was improved from admission (grade

II/IV). Administration of flunixin was discontin-
ued 5 days after surgery. Because of the chronic-
ity of the primary lesion, treatment with ceftiofur?
(2.2 mg/kg, 1V, q 12 h) was continued for 8 weeks
to ensure complete resolution of the septic pro-
cess. Incisional healing was uncomplicated, and
skin sutures were removed routinely 14 days after
surgery. Repeated diagnostic imaging was not pos-
sible because of budgetary constraints.
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Figure 3—Magnetic resonance images of the caudal cervical vertebral region of the patient in Figure 1 obtained 14 months
after initial evaluation. The patient was under general anesthesia and positioned in lateral recumbency. A—Sagittal T1-
weighted image. B—Sagittal T1-weighted postcontrast image. C—Transverse T1-weighted image. D—Sagittal T2-weighted
image. The sagittal magnetic resonance images show limited progression of the disruption of the vertebral end plates of
C7 and T1, with a similar hypointense signal, compared with that of the adjacent bony tissue for all sequences; collapse
of the intervertebral space; and ventral new bone proliferation. In contrast, the left articular facet processes appear thick-
ened, causing a deviation of the spinal cord to the right. At the completion of diagnostic imaging, following repositioning
in sternal recumbency and standard sterile preparation, the patient was treated for cervical stenotic myelopathy by means
of dorsal laminectomy of C7 and T1.

The referring veterinarian and owner reported
a gradual improvement in ataxia, allowing pasture
turnout at 6 weeks after surgery and return to breed-
ing activity at 15 weeks after surgery. Cervical mo-
bility returned to normal. The ataxia improved con-
siderably but had not completely resolved at the 6
month follow-up (grade I/IV). The target outcome of
breeding soundness was achieved, with 6 of 7 hem-

bra bred in the first year confirmed pregnant on ul-
trasonographic examination, producing 6 crias, and a
further 4 crias in the second year. The alpaca was eu-
thanized 28 months after surgery owing to progressive
difficulty raising the head. There were also subjective
signs of increased hind limb weakness with knuckling
and slower proprioceptive reactions; however, it re-
mained ambulatory, never becoming recumbent.
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Figure 4—Computed tomographic images of the cervical vertebral region of the patient in Figure 1 obtained 14 months after
initial evaluation and immediately prior to dorsal laminectomy. A—Sagittal CT reconstruction of the caudal cervical vertebral
region showing marked remodeling of C7 and T1, with complete collapse of the intervertebral disk space, increased attenu-
ation of the vertebral endplates, and possible fusion of the vertebral bodies. B—Transverse CT image at the level of C7-T1
showing an increased attenuation and size of the left articular processes and facet joint. There is new bone formation associ-
ated with the intervertebral disk, and ventrally, the intervertebral disk appears mottled with areas of radiolucency.

Discussion

In the present report, cervical stenotic myelopathy
was treated successfully by means of dorsal laminec-
tomy in a South American camelid. A good outcome
with adequate alleviation of clinical signs and breeding
soundness for > 2 years was achieved following surgery.
We suggest that the most likely etiology in this patient
was diskospondylitis; however, a degenerative disease
process cannot be completely excluded. Early identifi-
cation of diskospondylitis is critical: in human patients,
if spinal cord compression results in paralysis for > 24
to 36 hours before treatment is initiated, neurologic
function rarely returns.* Acute forms of diskospondy-
litis in humans, horses, and cattle have been managed
medically with prompt antimicrobial treatment,”” and
this may have changed the clinical course of the case of
the present report, if the condition had been identified
and treated earlier.®* With more advanced disease, bone
and ligamentous remodeling has been described in hu-
mans and horses, resulting in spinal cord compression
and potentially manifesting in neurologic deficits and
reduced neck mobility, as was seen in this alpaca.'®!
Following the poor response to medical management
and the progression of ataxia, surgical management was
elected in this case.

Prior to surgery, attempts to establish whether the
lesion had a dynamic component were not performed. In
dogs, there is ambiguity in the diagnosis of clinically im-
portant compression of the spinal cord on a myelogram
following cervical flexion and extension, and the proce-
dure is not without risk of neurologic decompensation.
An 11% to 16% reduction in cross-sectional area of the
vertebral canal is expected during cervical extension in
clinically normal humans because of soft tissue infold-
ing.">!* Extension of the vertebral column has also been
shown to increase the cross-sectional area of the spinal

cord in sheep, dogs, and pigs."” Because of the risk of iat-
rogenic decompensation following cervical flexion and
extension, traction became the technique of choice to
differentiate dynamic from static lesions in dogs. But the
latter has never been standardized, and comparing my-
elographic to MRI evaluations has shown the diagnostic
technique to be highly subjective in dogs.'® In horses,
myelography may also be unreliable in localizing the site
of spinal cord compression.'”'8

Dorsal laminectomy was elected in this patient be-
cause osseous proliferation generally results in static
compression, and direct decompression is recommend-
ed for similar lesions in dogs.'** In the alpaca of the
present report, dorsal laminectomy allowed the delicate
debridement of proliferative new bone from the dor-
solateral wall of the vertebral canal. Hemilaminectomy
could have been performed in this patient; however, the
approach is technically more complex, with limited op-
portunity for atraumatic dissection down facial planes.
Also, we and others® believe that visualization is infe-
rior to that for a dorsal laminectomy in dogs. In this
caudal location, the cranial aspect of the scapula can
also limit access to the C7-T1 articulation when a dor-
solateral approach is used in dogs. Further, the dorsal
laminectomy technique retains the majority of the ar-
ticular facets, and stability is maintained.

Ventral decompression is routinely used in small
animals to remove extruded intervertebral disk mate-
rial that compresses the spinal cord.” In this alpaca,
the compression was not only limited to the ventral as-
pect of the spinal cord but also the left lateral margin,
and a ventral approach would not allow for dorsolateral
decompression and subsequent mobility of the spinal
cord in any direction. This technique would have also
involved disrupting the potentially septic process with-
in the vertebral bodies. Complications associated with
ventral decompression in dogs include instability fol-
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lowing extensive bone removal and penetration of the
vertebral venous plexus.?**

The surgical approach described for this alpaca was
similar to that used in dogs and human patients and
was associated with similar mild postoperative mor-
bidity.***° The dorsal laminectomy technique has been
reported in horses but has high morbidity and a low
success rate.””?® The procedure involves removing the
dorsocaudal aspect of the cranial vertebra and the dor-
socranial aspect of the caudal vertebra surrounding the
area of compression. This technique has been success-
fully used for the removal of intramedullary or extra-
medullary masses or lesions, such as metastatic mela-
nomas, hypertrophic dorsal laminae, and abscesses.”®
The procedure is made difficult if the horse is not po-
sitioned correctly, and currently the preferred positions
are lateral recumbency and sternal recumbency.*** The
procedure is not widely used because of its complex-
ity and the surgical time required as well as the risk of
severe postoperative complications including articular
fractures during recovery, compressive hematomas, and
suppurative meningitis.*#?** Unlike alpacas, the neck of
horses is heavily muscled. It has been suggested that
this results in large stresses on the remaining intact ar-
ticular processes, causing fractures; therefore, judicious
removal of the lamina is recommended.*

In light of the technical difficulties and morbid-
ity and mortality rate associated with dorsal laminec-
tomy in horses, vertebral stabilization is now routinely
achieved with vertebral interbody fusion via a ventral
approach with the horse placed in dorsal recumben-
cy. This can be achieved by means of a purpose-made
kerf-cut cylinder or a locking compression plate.>*3!
The kerf-cut cylinder requires custom equipment for
implantation, which results in additional initial costs,
and a recent comparative study®* on cadaver cervical
vertebrae suggests superior mechanical performance
of a single 4.5-mm broad 8-hole locking compression,
compared with the kerf-cut cylinder.

A calf with a spinal cord epidural abscess diagnosed
by means of plain and contrast MRI was successfully
treated with dorsal laminectomy.** The calf was posi-
tioned in sternal recumbency with the head and neck
extended; a similar technique to that reported for the
patient of this report was used to relieve spinal cord
compression at C3-C4. The calf responded well and was
growing at a normal rate with no neurologic deficits.*

Indirect decompression using vertebral distrac-
tion techniques, as described for dogs** and horses, "
was considered; however, distraction and stabilization
would not have immediately addressed the static com-
pressive lesion in this patient. This technique would
also have required placing implants into bone previ-
ously affected by a septic process, and complete resolu-
tion of the infection could not be confirmed at the time
of surgery. There was no evidence of instability in our
patient, and therefore we believed that distraction and
stabilization were unnecessary.

It is our opinion that a dorsal laminectomy was an
appropriate approach to treat the lesion at the C7-T1
articulation in the patient described in this report. Ac-
cess to the dorsal aspect of the vertebrae was relatively
straightforward despite the alpaca’s anatomy, with slen-

der spinous processes and relatively minimal muscula-
ture, compared with an affected adult horse. If the lesion
had been at the C2-C3 articulation, the more substantial
dorsal aspect to C2 and the insertion of the nuchal liga-
ment would have made the approach more challenging,
and a hemilaminectomy may have been more appropri-
ate. At all other cervical articulations, we suggest that
the anatomy would allow for a dorsal laminectomy to be
performed for a similar disease process.

Following surgery, the degree of ataxia worsened
in the short term before gradually improving. We have
observed worsening ataxia in dogs undergoing dorsal
laminectomy for caudal cervical spondylomyelopathy in
our practice, and the same has been reported in the lit-
erature.' It has been suggested that the increase in ataxia
is due to short-term instability in the vertebral column
induced by surgery.!” We question this theory and sug-
gest that it is due to reperfusion injury following relief
of a chronically compressed spinal cord. The mild ataxia
(grade I/IV) observed 6 months after surgery was con-
sidered a success, as the alpaca could return to breed-
ing soundness. Unlike in larger athletic animals, such
as horses, where ataxia can result in stumbling and fall-
ing with subsequent injury to bystanders or riders, this
grade of ataxia was subtle, and the alpaca was considered
no risk to itself or to human safety. The outcome of sur-
gery was considered successful for this patient because
it was able to breed for 2 seasons, producing a total of
10 live crias over 2 years. Furthermore, the dorsal lami-
nectomy enabled neurologic improvement such that the
alpaca lived for over 2 years (28 months) after surgery
while serving as a breeding animal. Euthanasia was even-
tually performed only when signs of neurologic deterio-
ration affected quality of life (inability to raise the head
as well as hind limb weakness, knuckling, and decreased
proprioception). The owner was highly satisfied with the
outcome of surgery.

Veterinarians treating camelids should be aware of
the initial clinical signs and possible surgical treatment
options for cervical vertebral stenotic myelopathy. In
patients with acute clinical signs, the reduced cervi-
cal mobility and signs of pain on manipulation should
prompt further investigation including appropriate di-
agnostic imaging. Patients that fail to respond to initial
medical management may be candidates for surgical
treatment.

a.  Vetivex Solution for Infusion, Dechra Veterinary Products,
Shrewsbury, Shropshire, England.

b.  Engemycin 10% DD Solution for Injection, MSD Animal Health,
Milton Keynes, Buckinghamshire, England.

c.  Metacam, Boehringer Ingeheim Ltd, Bracknell, Berkshire, England.

d. Methadone HCL, Dechra Veterinary Products, Shrewsbury,
Shropshire, England.

e.  Chanazine 10, Chanelle Animal Health UK, Loughrea, Galway,
Treland.

f. Vetofol, 1% wt/vol, Norbrook Laboratories (GB) Ltd, Corby,

Northamptonshire, England.

Hypnovel, 10 mg/2 mL, Roche Products Ltd (Pharmaceuticals),

Welwyn Garden City, Hertfordshire, England.

Sevoflo, Abbott Animal Health, Maidenhead, Berkshire, England.

Achieva 1.5T A-series, Philips Healthcare, Best, The Netherlands.

Excenel, Pfizer Ltd, Sandwich, Kent, England.

Nuflor, MSD Animal Health, Milton Keynes, Buckinghamshire,

England.

FooeE m

JAVMA, Vol 246, No. 10, May 15, 2015

Scientific Reports 1127

ol
==
=3
2
)
@ @




CAMELIDS

(2]
=
=z
<
=
=
2
14

QT o8B

ol

—-

Ketamidor 100 mg/mL, Chanelle Animal Health UK, Loughrea,
Galway, Ireland.

GE Lightspeed Pro scanner, GE Healthcare, Chalfont St Giles,
Buckinghamshire, England.

Finadyne, Norbrook Laboratories Ltd, Newry, Down, Ireland.
Sontec Instruments, Centennial, Colo.

Surgairtome 11, ConMed, Largo, Fla.

Bone Wax, Ethicon Inc, Johnson & Johnson Medical Ltd, Liv-
ingston, West Lothian, Scotland.

Lyostypt, B, Braun Melsungen AG Carl-Braun-Strabe, Melsun-
gen, Germany.

Ethicon Inc, Johnson & Johnson Medical Ltd, Livingston, West
Lothian, Scotland.

Animal Polster, Snogg AS, Kristiansand, Norway.

Nixon A]J, Stashak TS. Surgical therapy for spinal cord disease
in the horse (abstr), in Proceedings. 31st Annu Conv Am Assoc
Equine Pract 1985;61.

Grant BD, Bagby G, Rantanen N, et al. Clinical results of kerf cylinder
(Seattle Slew implant) to reduce implant migration and fracture in hors-
es undergoing cervical interbody fusion (abstr). Vet Surg 2003;32:499.

References

10.

11.

12.

13.

14.

15.

16.

17.

Mayhew IG, deLahunta A, Whitlock RH, et al. Spinal cord dis-
ease in the horse. Cornell Vet 1978;68(suppl 6):1-207.

Reed SM. Neurologic exam. J Equine Vet Sci 2003;23:484-492.
Holmes K, Bedenice D, Papich MG. Florfenicol pharmacokinet-
ics in healthy adult alpacas after subcutaneous and intramuscu-
lar injection. J Vet Pharmacol Ther 2012;35:382-388.

Darouiche RO. Spinal epidural abscess. N Engl ] Med 2006;355:
2012-2020.

Patzakis MJ, Rao S, Wilkins J, et al. Analysis of 61 cases of ver-
tebral osteomyelitis. Clin Orthop Relat Res 1991;178-183.
Hillyer MH, Innes JE Patteson MW, et al. Discospondylitis in an
adult horse. Vet Rec 1996;139:519-521.

Muggli E, Schmid T, Hagen R, et al. Diagnosis and treatment of
lumbosacral discospondylitis in a calf. BMC Vet Res [serial on-
line]. 2011;7:53. Available at: www.biomedcentral.com/1746-
6148/7/53. Accessed Mar 25, 2015.

Zanolari P, Konar M, Tomek A, et al. Paraparesis in an adult al-
paca with discospondylitis. J Vet Intern Med 2006;20:1256—1260.
Sura R, Creden A, Van Kruiningen HJ. Pseudomonas-associated
discospondylitis in a two-month-old llama. J Vet Diagn Invest
2008;20:349-352.

McHenry MC, Easley KA, Locker GA. Vertebral osteomyelitis:
long-term outcome for 253 patients from 7 Cleveland-area hos-
pitals. Clin Infect Dis 2002;34:1342-1350.

Hu A, Grant B, Cannon J. Cervical vertebral osteomyelitis in a
4-month-old foal. Equine Vet Educ 2009;21:71-75.

da Costa RC. Cervical spondylomyelopathy (wobbler syndrome)
in dogs. Vet Clin North Am Small Anim Pract 2010;40:881-913.
Reid JD. Effects of flexion-extension movements of the head
and spine upon the spinal cord and nerve roots. ] Neurol Neuro-
surg Psychiatry 1960;23:214-221.

Waltz TA. Physical factors in the production of the myelopathy
of cervical spondylosis. Brain 1967;90:395-404.

Wright F, Palmer AC. Morphological changes caused by pres-
sure on the spinal cord. Pathol Vet 1969;6:355-368.

da Costa RC, Parent J, Dobson H, et al. Comparison of magnetic reso-
nance imaging and myelography in 18 Doberman Pinscher dogs with
cervical spondylomyelopathy: Vet Radiol Ultrasound 2006;47:523-531.
van Biervliet J, Scrivani PV, Divers TJ, et al. Evaluation of deci-
sion criteria for detection of spinal cord compression based on

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

cervical myelography in horses: 38 cases (1981-2001). Equine
Vet ] 2004;36:14-20.

Prange T, Carr EA, Stick JA, et al. Cervical vertebral canal en-
doscopy in a horse with cervical vertebral stenotic myopathy.
Equine Vet ] 2012;44:116-119.

De Risio L, Munana K, Murray M, et al. Dorsal laminectomy
for caudal cervical spondylomyelopathy: postoperative recovery
and long-term follow-up in 20 dogs. Vet Surg 2002;31:418-427.
Rossmeisl JH Jr, Lanz OI, Inzana KD, et al. A modified lateral
approach to the canine cervical spine: procedural description
and clinical application in 16 dogs with lateralized compressive
myelopathy or radiculopathy. Vet Surg 2005;34:436—444.
Jeffery ND, McKee WM. Surgery for disc-associated wobbler
syndrome in the dog—an examination of the controversy.
J Small Anim Pract 2001;42:574-581.

Lemarié RJ, Kerwin SC, Partington BP, et al. Vertebral sublux-
ation following ventral cervical decompression in the dog. ] Am
Anim Hosp Assoc 2000;36:348-358.

Seim HB, Prata RG. Ventral decompression for the treatment of
cervical disk disease in the dog: a review of 54 cases. ] Am Anim
Hosp Assoc 1982;18:233-240.

Acosta FL Jr, Chin CT, Quinones-Hinojosa A, et al. Diagnosis
and management of adult pyogenic osteomyelitis of the cervical
spine. Neurosurg Focus 2004;17:E2.

Cherrone KL, Eich CS, Bonzynski JJ. Suspected paraspinal ab-
scess and spinal epidural empyema in a dog. ] Am Anim Hosp
Assoc 2002;38:149-151.

Ruf M, Stoltze D, Merk HR, et al. Treatment of vertebral osteo-
myelitis by radical debridement and stabilization using titanium
mesh cages. Spine 2007;32:E275-E280.

Nixon A]J, Stashak TS. Dorsal laminectomy in the horse I. Re-
view of the literature and description of a new procedure. Vet
Surg 1983;12:172-176.

Nixon AJ, Stashak TS. Dorsal laminectomy in the horse III. Re-
sults in horses with cervical vertebral malformation. Vet Surg
1983;12:184.

Walmsley JP, Grant BD. Surgical treatment of developmental
disease of the spinal column. In: Auer JA, Stick JA, eds. Equine
surgery. 4th ed. Philadelphia: WB Saunders Co, 2012;700-711.
Grant BD, Trostle SS, Rantanen N, et al. Preliminary results us-
ing an improved implant for cervical interbody arthrodesis in
the horse, in Proceedings. 12th Annu Sci Meet Eur Coll Vet Surg
2003;138-146.

Reardon R, Kummer M, Lischer C. Ventral locking compres-
sion plates for treatment of cervical stenotic myelopathy in a
3-month-old warmblood foal. Vet Surg 2009;38:537-542.
Reardon RJM, Bailey R, Walmsley JP, et al. An in vitro biome-
chanical comparison of a locking compression plate fixation and
kerf cut cylinder fixation for ventral arthrodesis of the fourth and
the fifth equine cervical vertebrae. Vet Surg 2010;39:980-990.
Zani DD, Romano L, Scandella M, et al. Spinal epidural abscess
in two calves. Vet Surg 2008;37:801-808.

Bruecker KA, Seim HB III, Withrow SJ. Clinical evaluation of
three surgical methods for treatment of caudal cervical spondy-
lomyelopathy of dogs. Vet Surg 1989;18:197-203.

Wagner PC, Bagby GW, Grant BD, et al. Surgical stabilization of
the equine cervical spine. Vet Surg 1979;8:7-12.

Wagner PC, Grant BD, Bagby GW, et al. Evaluation of cervical
spinal fusion as a treatment in the equine ‘wobbler’ syndrome.
Vet Surg 1979;8:84-88.

Wagner PC, Grant BD, Gallina AM, et al. Ataxia and paresis in
horses. Part II1. Surgical treatment of cervical spinal cord com-
pression. Compend Contin Educ Pract Vet 1981;3:5192-S202.

1128

Scientific Reports

JAVMA, Vol 246, No. 10, May 15, 2015



