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Introduction

Occipitoatlantoaxial malformation (OAAM) describes trioss-
eous anomalies of the craniovertebral junction affecting the
occipital bones, axis and atlas.1–8 Case reports of OAAMexist in
various species, such as the cat, dog, goat, dromedary camel and
wild Japanese serow.1,3–11 The condition is thought to be
inherited in Arabian horses and Holstein cattle, whereas in
other species postnatal fracture, trauma or inflammation has
been reported.1,5–9 The theory of a developmental anomaly is
supported by genetic models where suppression of the Hox-3d
gene in mice led to occipitoatlantal assimilation and C2 defor-
mity.3,12 HOX and PAX genes regulate the development of
sclerotomes from the somites and their re-segmentationwhich
establishes thevertebral boundaries.12,13Most important in the
development of the craniovertebral junction is the proatlas

sclerotome (4thoccipital sclerotome) and1st spinal sclerotome.
Failure in separation of the proatlas and 1st spinal sclerotome
mayresult inuni-/bilateral, segmentalor focal fusionof theatlas
to the skull and possible atlantoaxial (AA) malforma-
tions.2,5,6,11–14 A partial or complete fusion of the base of the
occiput with the atlas is termed atlantooccipital assimilation,
whichmay lead to chronic AA instability, due to abnormal load
onto this segment.1–3,8 Prevalence in the human population is
0.08 to 0.3% and affected individuals can remain asymptomatic
or develop myelopathy, typically in the third or fourth decade.2

Clinical signs resemble those described in animals—neck pain,
torticollis, paresis and ataxia.2–9,11,12,14,15 Occipitoatlantoaxial
malformation is often associatedwith hypo-/aplasia of the dens
or inhumanswithan ‘osodontoideum’, a roundlyshapedossicle
not connected to the shortened odontoid process.4,6,11,12,15,16

Medical treatment options may be considered if signs occur
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Abstract Background Occipitoatlantoaxial malformation (OAAM) is reported rarely in dogs
and few treatment options are described. The congenital condition is thought to be
associated with a proatlas re-segmentation failure resulting in malformation and
malalignment of the craniovertebral junction which can result in C1 to 5 myelopathic
signs.
Methods Customized three-dimensional printed locking plate with trajectory screw
implantation points for the stabilization of the atlantoaxial joint in a dog with OAAM.
The dog was evaluated at time points 0, 2, 6 and 9 months to determine clinical
outcome, degree of fusion, implant positioning and subsidence.
Results New bone formation was noted 9 months after surgery, but complete fusion
remained absent, although no implant failure occurred. Clinically, the dogmade a good
recovery and was able to exercise normally 9 months after surgery. The only residual
deficit was a subtle left-sided cervical torticollis.
Clinical Significance This report illustrates a management option and outcome of a
dog treated with OAAM. Collaboration between clinicians and engineers provides a
new dimension of care for patients with vertebral malformations.

received
April 14, 2020
accepted after revision
October 1, 2020

DOI https://doi.org/
10.1055/s-0040-1721030.
ISSN 2625-2325.

© 2020 Georg Thieme Verlag KG
Stuttgart · New York

Case Report
THIEME

e170

Article published online: 2020-11-23

mailto:noelf@fitzpatrickreferrals.co.uk
https://doi.org/10.1055/s-0040-1721030
https://doi.org/10.1055/s-0040-1721030


after minor trauma. However, if neurological signs and AA
instability are present, as well as an os odontoideum, surgical
decompression with C1–2 fixation and fusion is recom-
mended.1,12,14–16 Surgical treatment evaluation of OAAM in
domestic animals is limited to reports in one cat and three dogs
with different implants and highly variable outcome.4,7,8 The
purpose of this report is to describe a novel surgical technique
and outcome for a dogwith OAAM, available due to advances in
individual and rapid implant design. Furthermore, we discuss
the imaging findings and underlying embryological defects.

Case Description

Clinical Report and Imaging Observations
A 1-year-10-month-old, male-entire Border Collie weighing
33.5 kg was presented with a 4-month acute onset and pro-
gressivehistory of generalized proprioceptive ataxia in all four
limbs and a left–sided torticollis after running into a wall.
Initially, the dog was managed with meloxicam, then a 4-day
course of prednisolone 1mg/kg/d and amoxicillin/clavulanic
acid at his family veterinarian. Due to lack of improvement, he
was presented 3 weeks after the initial trauma to a referral
centre. Neurological examination revealed obtundation, a left-
sided torticollis and left head turn.

He had an ambulatory tetraparesis with marked ataxia,
spontaneous knuckling and failure to correct abnormal paw
placement of the left thoracic limb with a marked delay in
correction of pelvic limb paw position. The remainder of the
neurological examination was normal. The dog was prescribed
paracetamol 10mg/kg every 8 hours for 2weeks, then dosewas
reduced to every 12 hours for an unspecific time. Four months
later neurological status was unchanged. The lesion was local-
ized to the C1–5 spinal cord segment based on the finding of
tetraparesis with normal spinal reflexes together with proprio-
ception deficits and no other neurological findings.

Prior to referral, magnetic resonance (MR) and computed
tomography (CT; SENSE NeuroVascular 16 top-off coil, Phil-
lips Healthcare, Best, the Netherlands) of the cervical spine
were performed. Magnetic resonance imaging sequences
included T2W_TSE_Sag, T2W_TSE_tra, T2W_mDixon_TSE
Dor, T2W_TSE TS, B_FFE, T2W_FFE TS and revealed deviation
of the cranial cervical spinal cord to the right with thinning of
the epidural fat signal at the AA junction due to dorsolateral
osseous compression (►Fig. 1). The dog was referred for
potential surgical intervention to our centre and radiographs
of the cervical spine in lateral and ventrodorsal projection
were obtained and the CT scan was repeated because the
diagnostic quality was insufficient for surgical planning. The
CT (160-slice Aquillion PRIME Toshiba, Canon Medical Sys-
tems USA, Inc., United States) was performed in the trans-
verse plane (0.5mm slice thickness) and the sagittal and
dorsal plane were reconstructed in 1mm slice thickness,
using the Aquilion PRIME Version 7 software by Toshiba. The
radiographic study (Cuattro, Cloud DR, Heska AG,
Switzerland) showed a step between the ventral arch of C1
and the vertebral bodyof C2. The area of the dens appeared to
be in the centre between the dorsal and ventral lamina of C1,
suggesting AA subluxation (►Fig. 1). Computed tomographic
studies showed fusion of the basiocciput with the ventral
arch of C1 on the left (occipitoatlantoaxial assimilation) and a
hypoplastic occipital condyle on the right. The left atlas wing
was distorted due to the fusion. A disconnected ossicle,
suspected to be an os odontoideum, was overlying the
occipitoatlantal junction. The axis had a shortened odontoid
process, the cranial articular foveaewere slightly rotated and
the dorsal spinous process deviated to the left (►Fig. 1).
Preoperative serum biochemistry was unremarkable. Con-
servative and surgical management options were discussed
with the owner. Although a sustained medical management
plan had not been adhered to prior to referral, it was

Fig. 1 Radiograph, computed tomography and magnetic resonance images showing conformational changes, (A) right-lateral radiographic view of the
craniocervical junction, showing fusion of the skull and atlas (*), suggesting of dens hypoplasia (thin arrow) andmild atlanto-axial subluxation/ overlapping
(arrow), (B andC) transverse sequence at the level of the left-sided atlantooccipital assimilation (arrow), (D) transverse sequence at the level of the axis, note
the spinousprocess rotated tothe left (*), (E)Osodontoideum(arrow), (F) dorsal viewof theoccipitoatlantoaxial region;atlantooccipital assimilation (arrow)
and os odontoideum (long arrow), (G) three-dimensional reconstruction displaying the fusion of the area of the left occipital condyle with the atlas (arrow),
(H) T2-weighted sagittal viewof thecraniocervical areawithnarrowingat theatlantoaxial (AA) junction, (I)dorsal T2-weighted view showing thedeviationof
the spinal cord to the right and thinning of the epidural fat signal at the AA junction.
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considered less likely to result in long-term improvement in
signs. The owners elected for surgical management.

Surgical Technique
The dog was positioned in dorsal recumbency with the head
and neck extended and a ventral midline approach to the AA
jointwasmadefacilitatingopeningof theAA jointcapsule,17,18

then debridement of the articular cartilage using a high-speed
burr was performed. Following this, the AA joint was com-
pressed using forceps and fixed in this position with two
Steinmann pins placed. Autologous cancellous bone graft
was harvested from both humeri and impacted in between
the atlas and axis. A three-dimensional (3D) printed, custom-
designed and carefully contoured 2.5mm thick locking plate
was placed ventrally on the AA surface. The plate was manu-
facturedby Fitzbionics Limited, Godalming,UK. CTscansof the
patient were processed using Materialize MIMICS imaging
software to generate 3D models of the bones and then the
AA implant was designed using Siemens Inc. NXCAD software
to fit precisely across the ventral aspect of the AA joint
(►Fig. 2). The implant was made using Direct Metal Laser
Sintering 3D printing process in Titanium Grade 5 alloy and
subsequently machined for threaded fixation holes. Seven
3.5 mm locking screws (Synthes, Wrington, UK) were
implanted into previously established safe corridors on 3D
reconstructedCT images. Three screwsengaged thepedicles of
C1–2almost perpendicular totheventral archandoneoblique,
onescrewwasplaced througharticular foveaofC1/2on theleft
and three placed in a dorsolateral oblique fashion through the
pedicles of C2 (►Fig. 2). Intraoperative cefalexin (Zinacef,
Glaxo Operations UK Ltd., Oxbridge, UK) at 22mg/kg was
administered intravenously. Postoperatively, orthogonal
radiographs and CT images revealed appropriate implant
positioning (►Fig. 3A,B). Screw placement accuracy compar-
ing planned position to postoperative CT images revealed
deviation of 0.5 to 3.3mm (median: 1.8).

Postoperative Care
The dog was hospitalized for 5 days after surgery and
received methadone (Comfortan, Eurovet by Animal Health

BV, Bladel, Netherlands) intravenously at 0.02mg/kg every 4
to 6 hours alongsidemeloxicam (Metacam, Boehringer Ingel-
heim, Ingelheim/Rhein, Germany). Cefalexin (Therios, Ceva
Animal Health Ltd., Amersham, UK) was continued 15 m/kg
orally twice daily for 10 days. The patient had a persistent
ambulatory tetraparesis with generalized proprioceptive
ataxia, and delayed hopping reaction on the left thoracic
limb together with a low head and neck carriage. Postopera-
tive complications included seroma formation and a right
Horner’s syndrome. The dog was discharged with activity
restriction to crate confinement and 5 to 10minutes leash
walks with a harness up to five times daily for 6 weeks.

Follow-Up
Clinical reassessmentwasperformedat 2 and6weeks, and 3, 6
and 9 months. Orthogonal radiographs (►Fig. 3A,B) and
repeated CT were performed immediately postoperatively,
and 3 and 9 months after surgery (►Figs. 3C,D and 4). Two
weeks after surgery, the dog received meloxicam once daily,
which provided sufficient analgesia. He displayed a normal
gait, was able to move his head and neck without restriction
butcontinuedtohavea low-neckcarriage. Theseromaresolved
but right Horner’s syndrome persisted. No other neurological
abnormalities were detected. At 6 weeks postoperatively, the
dog no longer required analgesia and the right Horner’s
syndromehad resolvedwith some degree ofmiosis persisting.
Neurological examinationwasotherwisewithinnormal limits.
Initial daily exercise of 5 minutes, 3–5 times, was increased by
5minutes each week. Orthogonal radiographs at the 6 weeks
postoperatively revealed satisfactory implant positioning. ACT
scan performed 3 months after surgery showed unchanged
implant positioning, no screw loosening or implant breakage
and mild new bone formation between the left-sided caudal
articular fovea of C1 and cranial articular surface of C2. Off
leash exercisewas gradually re-introduced. At 6 and 9months
after surgery, the Horner’s syndrome had resolved completely
and the gait was normal. Postural reactions were normal in all
four limbs and he displayed a good range ofmotion of the neck
without signsofpainonpalpationorflexion.A subtle left-sided
torticollis remained. Computed tomographic images obtained

Fig. 2 (A) Left-sided sagittal three-dimensional (3D) computed tomographic reconstruction at the 9 months recheck, (B) right-sided sagittal
plane, (C) ventral view of 3D reconstruction and (D) preoperative implant drawing.
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9 months after surgery revealed no subsidence, loosening or
breakage of the implants (►Figs. 2 and 4). Newbone formation
was present surrounding the plate and filling>90% of the AA-
joint space (►Fig. 4). The owner reported no signs of pain and
no restriction in his exercise.

Discussion

This is the first report of a Border Collie with OAAM. Combina-
tionof radiographs, CT andMRIs enabled a detailed description
of malformations and malarticulation. Without the ability to
simultaneously compare CT with 3D reconstruction and MRI
antemortem visualization is difficult.12,14 Our case was diag-
nosed with occipitoatlantal assimilation and suspected os
odontoideum. The aetiology of os odontoideum is undeter-
minedascouldbethe resultofanembryologicaldefectordueto
postnatal fracture of the apex of the dens.15,16 All detected
anomalies could be explained by failure of re-segmentation of
the proatlas, responsible for the development of the dens apex,
apical, cruciate and alar ligaments, occipital condyles, occipital
bone, thesuperiorportionof theposterior archof C1and lateral
mass of C2, to name a few and the first spinal sclerotome

forming the dens, the anterior arch of C1 and the inferior
portion of the posterior arch of C1.2,5,6,11–14 Treatment guide-
lines in human medicine are independent of the underlying
aetiology. Fusionof the skullwith the atlas leads to alteration in
stress load and movement at this segment and exacerbates
stressonto theAA joint. It ishypothesizedthis results inchronic
instability of the AA joint with risk of vascular or spinal cord
injury.1,2,6,8,12,15 Development of neurological signs is pro-
posed to be influenced by the shape of the os odontoideum.2,15

Surgical treatment is recommended in OAAM cases with
neurological deficits, particularly if associated with a loose
ossicle suspected to be part of the dens.12,14–16 There are four
previous cases described in the veterinary literature, all of
whichhaddifferentsurgical techniques,whicharesummarized
in►Table 1.4,7,8 Themost important cause of surgical failure is
implant failure and failure to achieve osseous fusion.19 This is
because the craniovertebral area is a verymobile joint. The risk
is increased in a young and active patient and sowe decided to
design an anatomical plate with trajectory screw implantation
to increase sturdiness of the construct. Precise and extensive
preoperative planning, familiarizationwith the anatomy using
3D reconstruction and precise implant planning are thought to

Fig. 3 Left-lateral and ventrodorsal radiographs of the implant. (A and B) immediate postoperative images (C and D) obtained at the 9 months recheck.
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havesparedvaluable intraoperative timewitha surgical timeof
225minutes. Further, patient-specific implant design aided in
establishing safe screw implantation corridors, reducing intra-
operative risks of vertebral canal breach or vascular injury.
Using a locking-plate implant, locking drill guideswere used to
ensure correct angulation of the locking screws. The use of an
anatomical plate avoided intraoperative bending of the locking
plate. Furthermore, bending of a locking implant could lead to
damagethethreadedscrewholes. Inaddition, theuseof locking
screws is generally thought to be associated with decreased
screw pull-out or implant migration.20

Postoperative complications included seroma formation,
considered a minor complication which resolved without
intervention and a right-sided Horner’s syndrome. Horner’s
syndromewas also reported as a postoperative complication
in a cat4 and dogs21,22 following a ventral cervical approach
and is described in 0.06% of human patients23 undergoing
anterior cervical discectomy and fusion due to injury to the
sympathetic trunk.21–23 This may be limited by maintaining
a midline surgical dissection and sub-periosteal dissection
that aids in retractor placement beneath the longus colli
muscle.23 Most of the human patients in the study by
Traynelis and colleagues made at least a partial recovery
without necessitating further intervention, as did the cases

described in veterinary literature and our case.4,21–23 Occi-
pitoatlantoaxial malformation, although rarely reported,
should be considered as a differential diagnosis, even in
adult animals.6,7,11 As in humans, signs might only occur
later in life. The onset is often associatedwith minor trauma,
although mild intermittent ataxia, paresis or cervical pain
may have been present before, as noted in this case and
previously reported in a cat and a dog.2,4,7,12,14,16 In conclu-
sion, surgical treatment of AA instability due to OAAMwith a
customized locking plate provided a good outcome in this
patient. This report illustrates the advances of new technol-
ogies, aiding in understanding and managing of complex
vertebral malformations.
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