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Recognition and management of atlanto-
occipital dislocation: improving survival
from an often fatal condition

Charles G. Fisher, MD, MHSc;* John C.L. Sun, MD;T Marcel Dvorak, MD*

Obijective: To provide an overview of atlanto-occipital dislocation and associated occipital condyle frac-
tures so as to alert physicians to this rare injury and potentially improve patient outcome. The pertinent
anatomy, mechanism of injury, clinical and radiologic evaluation and the management of these rare
injuries are discussed in an attempt to alert physicians to this type of injury and to improve outcome.
Data sources: The data were obtained from a MEDLINE search of the English literature from 1966 to
1999 and the experience of 4 spine surgeons at a quaternary care acute spinal cord injury unit. Study
selection: Detailed anatomic and epidemiologically sound radiology studies were identified and ana-
lyzed. Only small retrospective studies or case series were available in the literature. Data extraction:
Valid anatomic, biomechanical and radiologic evaluation was extracted from studies. Clinical data came
from limited studies and expert opinion. Data synthesis: Early diagnosis is essential and is facilitated by
a detailed clinical examination and strict adherence to an imaging algorithm that includes CT and MRI
scanning. When the dislocation is identified, timely gentle reduction and prompt stabilization throuigh
nonoperative or operative means is found to optimize patient outcome. Conclusions: Atlanto-occipital
dislocation should be suspected in any patient involved in a high speed motor vehicle or pedestrian
collision. Once suspected, proper imaging and appropriate management of these once fatal injuries can
improve survival and neurologic outcome.

Obijectif : Présenter un apercu de la dislocation de I'articulation occipito-atloidienne et des fractures
connexes du condyle occipital de facon a prévenir les médecins de I’existence de ce traumatisme rare et a
améliorer peut-étre le résultat pour les patients. On aborde I’anatomie pertinente, le mécanisme du trau-
matisme, I’évaluation radiologique et la prise en charge de ces traumatismes rares afin d’essayer de
prévenir les médecins de I’existence de ce type de traumatisme et d’améliorer les résultats. Sources de
données : Les données proviennent d’une recherche effectuée dans MEDLINE et portant sur des pub-
lications parues en anglais de 1966 a 1999 et de I’expérience de quatre chirurgiens spécialistes de la
colonne vertébrale a une unité de soins actifs quaternaires et de traumatologie de la moelle épiniere.
Sélection des études : On a trouvé et analysé des études anatomiques et radiologiques détaillées et
solides sur le plan épidémiologique. Seules des études rétrospectives ou des séries de cas d’envergure
limitée étaient disponibles dans les publications. Extraction des données : On a extrait des études des
données valides d’évaluation anatomique, biomécanique et radiologique. Les données cliniques prove-
naient d’études d’envergure limitée et d’avis d’experts. Synthese des données : 1l est essentiel de poser
un diagnostic rapide, qui sera facilité par un examen clinique détaillé et I’observation rigoureuse d’un al-
gorithme d’imagerie qui inclut une analyse tomodensitométrique et par IRM. Lorsque la dislocation est
définie, une réduction douce opportune et la stabilisation rapide par des moyens non opératoires ou
opératoires optimisent le résultat pour le patient. Conclusions : Il faudrait soupgonner une dislocation
de I'articulation occipito-atloidienne chez tout patient victime d’un accident de la circulation survenu a
grande vitesse ou d’une collision véhicule-piéton. Lorsqu’on soupgconne ce probleme, des techniques
appropriées d’imagerie et une prise en charge appropriée de ces traumatismes autrefois mortels peuvent
améliorer la survie et le résultat neurologique.
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Traumatic injuries to the occip-
ito—cervical junction have the
reputation of being rare and usually
fatal. However, these injuries are be-
ing diagnosed and treated more fre-
guently, with satisfactory neurologic
and functional outcomes. Therefore,
early diagnosis of occipitocervical dis-
sociation has become increasingly
important. As improved techniques
of resuscitation and immobilization
at the injury scene result in patients
presenting to the emergency physi-
cian or surgeon with intact or incom-
plete neurologic status, failing to
make a timely diagnosis may result in
catastrophic morbidity and mortality.

Despite the complex functional
anatomy between the occiput and
the C1 vertebra, there are 2 general
injury patterns that occur in this area,
atlanto-occipital dislocations (AODs)
and occipital condyle fractures. The
most severe injury is an AOD. Oc-
cipital condyle fractures, on the other
hand, appear less serious but can be
found in association with severe in-
juries of the atlanto-occipital com-
plex.** In this review, we will discuss
the mechanism, clinical features, di-
agnostic imaging and management
of these rare occipitocervical injuries.

Atlanto-occipital dislocation

Historically AOD was described
in reports of autopsy findings, but
improved prehospital and emergency
room assessment and care have made
AOD an emerging clinical entity.
Early autopsy studies reported a 6%
to 8% incidence of AOD in trauma
fatalities. More recently, autopsy
studies and clinical case reports have
shown that either this incidence has
increased or AOD is more diligently
sought. AOD is now estimated to
cause 8% to 35% of motor vehicle
fatalities and almost 10% of fatal cer-
vical spine injuries.**** The cause of
death in most postmortem studies is
acute neurogenic shock with neuro-
logic respiratory dysfunction. Many
injuries involve pontomedullary brain
stem and mid-brain laceration.*

With improved resuscitation, im-
mobilization and imaging techniques
as well as increased awareness, there
are now over 100 reported survivors
in the literature, with approximately
20% being neurologically normal,
10% having cranial nerve deficits, 34%
hemiparesis or hemiplegia and 38%
high quadriplegia or quadraparesis.
Surprisingly, only 24% of patients
with AOD had clinical evidence of a
closed head injury.” Other injuries as-
sociated with AOD include major fa-
cial trauma, mandible fractures, infant
airbag injuries and high-energy chest
trauma.*® Injuries characteristically
involve a high-energy mechanism,
commonly motor vehicle or motor
vehicle pedestrian crashes.®

One of the most significant find-
ings in recent clinical case studies is
that the diagnosis of AOD is often
delayed or not made in patients who
present neurologically intact or have a
variety of incomplete neurologic syn-
dromes; this, despite a history includ-
ing several risk factors. Patients who
present with normal neurologic status
or an incomplete neurologic injury
are at risk for neurologic deteriora-
tion, reported to occur in 36% of
patients with AOD. The cause is in-
adequate immobilization of the cervi-
cal spine in the course of further diag-
nostic or therapeutic procedures.’
This preventable morbidity, and the
frequent mortality that accompanies
it, demands a high level of diagnostic
vigilance, particularly because of the
increasing prevalence of this injury
pattern. The history and physical ex-
amination are often limited. There-
fore, fastidious attention to detail and
a high level of suspicion will enhance
the pretest likelihood of identifying
this injury and thus dramatically
improve the sensitivity of imaging
modalities chosen.

Osseous anatomy

The foramen magnum is a large
opening in the occipital bone at the
base of the skull through which the
spinal cord passes. The anterior rim
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of the foramen magnum is called the
basion, and the posterior rim is called
the opisthion. Two occipital con-
dyles are situated on the inferior sur-
face of the occipital bone along the
anterior lateral edge of the foramen
magnum.

The first cervical vertebra supports
“the globe of the head” and thus is
called the atlas. The atlas is a ring of
bone with an anterior and posterior
arch and 2 large lateral masses. The
concave superior surface of the lateral
masses articulates with the occipital
condyles, allowing the head to flex
and extend. The inferior aspect of the
lateral masses is concave and oval. It
articulates with the flat convex supe-
rior facet of C2, which allows rotation
of C1 on C2. The atlas has no verte-
bral body or spinous process. Func-
tionally, it acts like a bony meniscus
between the occiput and C2.

The axis, or C2, is a more conven-
tional vertebra, having a body, lam-
ina and spinous process. It has a
superior bony projection from the
body, called the odontoid process or
dens. The axis pivots or rotates
around the odontoid process. The
articular processes of the axis are in
different planes. The convex superior
facets are anterior along the odon-
toid, allowing rotation. The inferior
facets of the axis are posterior and
obliquely oriented, similar to the
lower cervical facet joints.

Ligamentous anatomy

The morphologic characteristics of
the craniocervical articulations ac-
counts for the wide range in neck
motion. The internal cranial cervical
ligaments include the tectorial mem-
branes, the transverse ligaments, and
the alar and apical ligaments. The in-
ternal cranial cervical ligaments pro-
vide significant biomechanical stabil-
ity.°*° The tectorial membrane and
the transverse ligament are located
posterior to the dens, limiting ante-
rior atlantoaxial translation. The tec-
torial membrane is the cranial contin-
uation of the posterior longitudinal
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ligament. It is a thin, flat ligament
that attaches to the foramen magnum
anteriorly, and acts to limit extension
of the occiput on the axis. Con-
versely, flexion is limited by impinge-
ment of the anterior arch of the atlas
on the basion. The transverse liga-
ment attaches to the lateral masses of
the atlas medially. The alar ligaments
run obliquely, from the tip of the
dens to the inner aspect of the occipi-
tal condyles. These 2 strong bands
limit lateral flexion and rotation. On
lateral flexion, the contralateral alar
ligament tightens, limiting flexion.
With moderate cervical rotation, the
ipsilateral alar ligament tightens ini-
tially, then shortens and winds
around the dens on extreme rotation,
allowing the contralateral ligament to
tighten and limit further rotation.
The tectorial membrane and alar liga-
ment also restrict distraction of the
occiput on C1 or C1 on C2. The
apical ligament is a vestigial structure
located between the tip of the dens
and the anterior midpoint of the
foramen magnum.

The external cranial cervical liga-
ments include the ligamentum
nuchae, ligamentous flavum, and
the anterior and posterior atlanto-
occipital membranes, as well as the
atlantoaxial membrane. They have
little effect on stability.

Neurologic anatomy

Incomplete neurologic syndromes
may result from trauma to the
medulla, upper spinal cord, cranial
nerves and upper cervical nerve
roots. The transition from lower
brain stem to spinal cord results in a
spectrum of neurologic injuries, of-
ten involving both structures due to
a combination of direct mechanical
compression, contusion, laceration,
and traction or impaired blood sup-
ply, or both. Despite a favourable
cord:canal ratio in this region, severe
instability predisposes these patients
to neurologic injury. Vital centres in
the medulla responsible for control-
ling circulation and respiration may

account for the high percentage of
fatal injuries. Injury to the brain stem
may result in decerebrate posturing.
Patients who receive aggressive re-
suscitation at the injury scene with
intubation and ventilation may sur-
vive a brain-stem injury.
Vertebrobasilar insufficiency or
cerebral or cerebellar infarcts may
contribute to the neurologic deficit.**
The carotid, vertebral and anterior
spinal arteries are all at risk and can
be solely responsible or contribute to
many of the neurologic sequelae that
occur with this injury. Intimal tears,
dissections, thrombosis and subse-
guent emboli, or complete disrup-
tion can occur. A unilateral vertebral
injury may cause a clinical syndrome
of cerebellar dysmetria or ataxia, ipsi-
lateral cranial nerve V, IX, X and XI
deficit, contralateral loss of pain and
temperature, and ipsilateral Horner’s
syndrome (Wallenberg’s syndrome).
Traumatic spinal cord injury can
result in either complete or incom-
plete cord lesions. One of the more
unique incomplete neurologic injury
patterns is that of Bell’s cruciate
paralysis. Cruciate paralysis is charac-
terized by midline dysfunction of the
cephalad portion of the pyramidal de-
cussation. This results in paralysis of
the upper extremity with minimal or
no lower extremity involvement. The
upper extremity motor fibres decus-
sate in a more cephalad and medial
position, whereas lower extremity
motor fibres decussate in the medulla
in a more caudal and lateral position.
Dysfunction of cranial nerves V
through XI1 has also been reported
with injuries at the craniovertebral
junction. The nucleus of cranial
nerve V extends distally in the spinal
cord to the level of the C2 vertebra
and can be injured along its course.
Other cranial nerves course through
susceptible foramen, such as the hy-
poglossal (XI1) nerve, which passes
through a canal in the occipital
condyle where it may be injured by
fractures of the base of the skull or
condyle. Cranial nerves IX, X and XI
are commonly injured, possibly due
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to their course through the jugular
foramen where they may be tethered.
The upper cervical nerve roots must
be carefully assessed as they can be
stretched or avulsed, and their dys-
function may be misinterpreted as a
brachial plexus injury.

Mechanism of injury

Occipitocervical instability s
caused by high-energy deceleration
forces that must overcome the im-
mense dynamic stability provided by
the muscular and ligamentous stabi-
lizers of the region. There is a spec-
trum of injury that includes undis-
placed, subluxated and dislocated
atlanto-occipital joints. The disloca-
tion or subluxation is usually multi-
directional; therefore, no one consis-
tent mechanism exists. Distraction
with hyperextension—flexion appears
to be the most likely force, often in
combination with rotation.?##? |f
the examiner is able to determine the
mechanism of injury from an assess-
ment of the history, physical exami-
nation and imaging studies, this may
guide treatment and facilitate avoid-
ance of inappropriate interventions
(i.e., traction).

Imaging

Imaging studies play a pivotal role
in the diagnosis and appropriate
management of patients with AOD.
Despite numerous radiographic crite-
ria and the advent of sophisticated
imaging studies such as magnetic res-
onance imaging (MRI), it remains
essential for the clinician to have a
clear understanding of the unique
bony and ligamentous anatomy of
this region to effectively diagnose
and manage these patients. Although
AOD may be overtly obvious on
plain films with severe dislocation,
these patients usually die; in sur-
vivors, the radiographic diagnosis is
often more subtle.

Imaging studies in survivors are
often difficult to obtain due to asso-
ciated injuries and unstable respira-



tory and hemodynamic status. De-
spite this, clinicians must follow cer-
vical spine precautions and carefully
proceed using an imaging algorithm
(Fig. 1) in order to expeditiously
identify an occipitocervical spine in-
jury when it is present.

Plain radiographs

Standard anteroposterior, lateral
and open-mouth odontoid views are
the routine screening radiographs.
Careful scrutiny for upper cervical
soft-tissue swelling, bone and motion
segment relationships will often lead
to a preliminary diagnosis. Paraverte-
bral soft-tissue swelling is an impor-
tant sign but not highly sensitive.
More dramatic findings such as free
air in the retropharyngeal space, indi-
cating a posterior pharyngeal wall or
tracheal disruption would enhance
the likelihood of AOD.*?31 The as-
sessment of bony relationships begins
with the occipitoatlantal joints, both
on the lateral and open-mouth odon-
toid films. The general orientation of
the basion (the anterior margin of the
foramen magnum at the inferior tip
of the clivus) with the odontoid
process and the relationship of the
opisthion (posterior margin of the
foramen magnum) to the spinal lami-
nar line provide general alignment
guidelines. More specific radiographic
criteria have included Powers’ ratio,
the X-line, Wackenheim’s clival line
and the Wholey method. Because of
the variable anatomy, inconsistencies
in imaging quality and intrinsic short-
comings these parameters are neither
reliable nor valid and therefore are
not recommended.***¢

The Harris method of detecting
AOD derives from a radiographic
analysis of 400 adults wherein the
basion-axial interval (BAI) and ba-
sion-dental interval (BDI) were both
determined to be less than 12 mm in
normal adults.** This method is inde-
pendent of x-ray technique, rotation,
tilt, flexion and extension, and ap-
pears valid and reliable for determin-
ing both normal and abnormal rela-

tionships of the atlanto-occipital
junction (Fig. 2). Although it has
not undergone thorough epidemio-
logic scrutiny for diagnostic tests, it
is easy to remember and currently
the best radiographic criterion avail-
able. The BDI, measured from the
tip of the dens to the basion, should
be less than 12 mm and the BAI,
measured from the basion to a verti-
cal extension of the posterior cortex
of the axis (posterior axis line),
should be between 0 and 12 mm. A
large value for the BAI suggests an-
terior displacement (Fig. 3) and a
negative value raises the possibility of
posterior displacement.

Computed tomography

For many years CT has remained
the standard radiologic technique for
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fractures and dislocations in the cran-
iocervical region. CT with 1.5-mm
cuts and reformatting in both the
coronal and sagittal planes provides
detailed visualization of the bony
relationships and congruency of the
atlanto-occipital joints.*” A CT scan of
the head may demonstrate cranial—
cervical junction subarachnoid hemor-
rhage*® or avulsion fractures of the oc-
cipital condyles,*>**%* both of which
are associated with atlanto-occipital
dissociation, and raises the suspicion of
severe craniocervical ligamentous in-
jury (Fig. 4). CT with intravenous
contrast can also aid in the diagnosis of
vascular injuries, particularly the highly
susceptible vertebral arteries. The
limitation of CT in its ability to diag-
nose ligamentous injuries has been
overcome by the detailed soft-tissue
imaging available with MRI.

Plain radiograph
Trauma series

‘Abnormal BAI and BDI ‘

v

CT and reconstruction to
assess anatomy
for stabilization

e T

CT reveals Obvious fracture
no bony injury and instability

/\

\ Normal BAI and BDI

v

If high energy head
injury or bony facial smash

i

Fine cut CT with
reformats

‘ CT abnormal ‘ ‘ CT normal ‘

‘ Occiput-C2 fusion ‘

5

> MRI for ligament
and cord detail

v
4{ High suspicion‘ ‘ Low suspicion

:

‘ No ligament or cord injury ‘

Clear |+

FIG. 1. Imaging algorithm to be followed when taking cervical spine precautions in
the presence of a possible atlanto-occipital fracture. AP = anteroposterior, BAI =
basion-axial interval, BDI = basion-dental interval.
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Magnetic resonance imaging

MRI is emerging as a valuable ad-
junct in the diagnosis of atlanto-
occipital trauma. MRI is unsurpassed
in evaluating ligamentous and neural
structures. New sequencing tech-
niques have allowed better visualiza-
tion of bone, vascular structures and
acute hemorrhage. These numerous
advantages, along with the need to
obtain a timely diagnosis, strongly
support MRI as the standard for the
evaluation of trauma to the occipito-
cervical region.

Specifically, T,-weighted images
demonstrate high signal in fat that
normally surrounds the odontoid
apex and anterior foramen mag-
num.?? Intermediate to low signal
in this region may suggest hemor-
rhage or edema, indicating possible
disruption of neighbouring tectoral,
anterior longitudinal, atlanto-occipital
membrane and alar ligaments.*

Edema around joint capsules can also
be visualized.* Imaging of the indi-
vidual ligaments can be accomplished
with specific new sequences and im-
age planes; however, the different
signal intensities and homogeneity of
normal ligaments with standard se-

guences limits interpretation in some
cases.®

T,-weighted images or varied se-
guences can demonstrate signal
change within the spinal cord and
brain stem. Measurement of the
cervicomedullary angle (normal
135°-175°) can be performed accu-
rately. When this is abnormal (<135°)
it has been correlated with neurologic
dysfunction.? Vascular abnormalities
and acute hemorrhage, particularly
venous bleeding, can also be seen.*
Despite the MRI’s impressive capabil-
ities, it remains very dependent on
software, hardware and the operator.
Similarly, more work must be done
on correlating pathoanatomy with
signal characteristics before optimal
levels of sensitivity and specificity are
obtained. For the present, MRI is an
integral part of the imaging arma-
mentarium and is extremely helpful
in better defining suspected injuries
of the craniovertebral junction.

Classification and management
principles

As with all traumatic spinal disor-
ders 3 fundamental issues are consid-
ered:; patient factors, stability of the

spinal column, and the presence and
severity of neurologic injury. The rar-
ity of AOD prevents any clinical trials
from effectively evaluating the classifi-
cation and treatment. Most patients
who survive this injury require appro-
priate assessment and treatment with
timely rigid stabilization to prevent
neurologic deterioration and to facili-
tate nursing care. Patients with signif-
icant neurologic impairment may
benefit from stabilization from oc-
ciput to C4 or C5 to provide stability
to the head and neck and improve
seating in a wheelchair.

Stability is often difficult to assess
due to the potential for neurologic in-
jury if any provocative tests (i.e., trac-
tion test, flexion—extension views) are

FIG. 3. Plain radiograph (top) and sagit-
tal reformat of a CT scan (bottom)

FIG. 2. Plain radiograph and schematic diagram demonstrating the relationship
between the tip of the dens and the basion (BDI) and the posterior axis line and the
basion (BAI), with normal for both being less than 12 mm.

showing anterior occipital cervical dis-
location with distraction. Both BDI and
BAI are greater than 12 mm.
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used. Therefore, reliance is placed on
clinical examination and static imag-
ing studies. A spectrum of displace-
ment occurs with atlanto-occipital dis-
sociation. For example, a high-energy
injury mechanism combined with se-
vere neurologic injury, joint subluxa-
tion and signal change within the liga-
ment complexes suggests instability.
This is especially true if the alar liga-
ments and tectoral membrane, 2 of
the stronger stabilizing structures, are
damaged.*?* Mid-substance tears of
these ligaments may be seen on MR,
and avulsion of the alar ligament from
the occipital condyle may be inferred
from CT images. Pure dislocation
leaves little doubt as to a severe capsu-
lar ligamentous disruption and grossly
unstable injury. When there are asso-
ciated injuries to C1 or C2, the risk of
instability increases.

Neurologic status is determined
from careful clinical evaluation and
indirectly from interpretation of MRI
spinal cord imaging.

Treatment

AOD patients are often multi-
traumatized and frequently suffer

concomitant neurologic injury.
Strict adherence to advanced trauma
and life support (ATLS) principles
and the treatment of life-threatening
injuries is always a priority. Traction,
if applied early without sufficient ap-
preciation of the pattern of instabil-
ity, may lead to further displacement
and iatrogenic neurologic injury or
worsening.*»* Sandbags and a hard
collar, on the other hand, are less
likely to lead to further instability
and will provide some splinting as
further diagnostic testing is per-
formed. Once AOD is diagnosed,
the initial treatment is directed at
safely achieving a reduction of the
subluxed or dislocated elements and
maintaining alignment in a reduced
position. Minimal increments of
controlled traction may be necessary
to achieve a safe closed reduction;
however, just as frequently axial
compression is required to reduce
distracted or translated vertebral seg-
ments.*> These manoeuvres must be
performed with careful monitoring
of vital signs and neurologic status,
fluoroscopic imaging and minimal
application of force. Reduction,
when there is neurologic deficit,

FIG. 4. A coronal reformat of a CT scan showing a right occipital condyle
fracture in an occipital cervical distraction injury.
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should be performed as soon as pos-
sible as this is often the most expedi-
tious technique of indirectly decom-
pressing the neurologic structures.

Definitive stabilization and main-
tenance of alignment may be
achieved through the use of or-
thotics or surgical stabilization. Pa-
tient factors such as the presence of
associated injuries, size and weight,
nursing concerns, functional expec-
tations, and others must be consid-
ered. Early rigid internal fixation is
recommended in the multitrauma-
tized patient as it has been shown to
improve outcome by facilitating mo-
bilization. The patient with a
mandible fracture will not tolerate a
brace, which rests on the mandible,
and thus may be better treated with
surgical stabilization. If subluxation
is minimal or absent, the injury may
be relatively stable and can be
treated with an orthosis and careful
monitoring. Only the halo-thoracic
vest affords stability to this region.
The Minerva and other types of cer-
vical orthosis are not recommended
for stabilization of the occipitocervi-
cal region.

The presence of a significant neu-
rologic injury is highly suggestive of
an underlying unstable bony or liga-
mentous injury. The neurologic in-
sult may occur secondary to direct
spinal cord compression, resulting
from subluxation or dislocation with
or without fractures. MRI, initially
obtained to evaluate the severity and
location of the neurologic insult may
provide evidence of ligament injury,
which may suggest mechanical insta-
bility. Ligament injuries do not heal
well in the spine and when the pre-
dominant injury is ligamentous with-
out significant bony fracturing, rigid
surgical stabilization is recommended
to prevent further neurologic injury
and facilitate rehabilitation.?

Successful results have been re-
ported when the surgical goal has
been to obtain an occiput to C2 fu-
sion.?® This has been achieved using a
spectrum of techniques including the
use of onlay autogenous bone grafts,
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various interspinous and occipital
wires and graft constructs, internal
fixation with sublaminar wires fixed
to pre-bent rods or pins, and screw-
plate constructs (Fig. 5). The specific
pathoanatomy of the patient, re-
source availability, surgeon prefer-
ence and surgeon experience all play
a role in the chosen technique. De-
pending on the rigidity of the inter-
nal stabilization and the functional
demands of the patient, the surgeon
may supplement the surgical stabi-
lization with varying degrees of
external immobilization including
traction, halo-thoracic vest or a re-
movable orthosis. Fusion across the
occiput to C2 complex significantly
limits cervical rotation and
flexion—extension. In the patient
with a high lesion spinal cord injury,
this loss of motion may improve
head and neck positioning in the sit-
ting position. As with any fusion, fas-
tidious attention to proper grafting
technique and the use of autogenous
bone will optimize the radiographic
success rate of the fusion. Our pre-
ferred technique provides rigid inter-
nal fixation and limits the need for
external bracing (Fig. 6).

Outcome

Once the fusion is solid, biome-
chanical studies suggest the patient’s
sagittal range of motion will be re-
duced by 23°, rotation by 50° and
lateral flexion by 8°.# If the patient is
neurologically intact, the outcome
would be similar to that for other
conditions requiring fusion across
the occipito—cervical junction. With a
neurologic deficit, the prognosis is
more difficult to predict. Patients
having a complete high lesion spinal
cord injury will be dependent on
ventilatory support but may live in
the community with portable home
ventilators. For incomplete lesions,
the patient’s progress and outcome
may be quite remarkable, thus the
importance of a careful neurologic
examination, particularly the perianal
examination, at the time of the
patient’s initial presentation.

In summary, atlanto-occipital dis-
sociations are rare but must always be
suspected in the multitraumatized pa-
tient with a compatible mechanism of
injury and head or facial trauma.
Strict maintenance of cervical spine
precautions and adherence to an

imaging algorithm is imperative. In
the presence of an occipitocervical in-
jury the goal is to preserve or improve
neurologic status by timely reduction
and then to provide stabilization
through nonoperative or operative
means, depending on the degree of
instability, the severity of neurologic
injury and the patient’s general status.

Occipital condyle fractures

Many of the anatomic and biome-
chanical concepts already discussed
apply to occipital condyle fractures.
These injuries are rarely diagnosed,
most likely due to a low incidence
and a tendency of these injuries to
go unrecognized as the majority
have a relatively benign course. The
true incidence is unknown, but in a
study of 21 patients with blunt cran-
iocervical trauma, 19% had occipital
condyle fractures.*® There is a strong
association with contiguous and
noncontiguous spinal fractures, espe-
cially of the axis and atlas.

Occipital condyle fractures are
usually unilateral and often isolated.
They can be associated with head in-
jury and facial fractures. Unlike

FIG. 5. A 40-year-old patient who had a distraction-type occipitocervical injury
demonstrated radiographically in the BDI (arrowheads). This patient required
occiput to C2 stabilization.
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FIG. 6. Occiput—cervical fusion in a high
tetraplegic patient after atlanto-occipital
dislocation, requiring occiput to C3 stabi-
lization.



AOD:s, these fractures can occur with
both low- and high-energy trauma.
The most common mechanism of in-
jury is an axial load with or without a
shear, rotation or lateral flexion
force.®* Depending on the mecha-
nism and force of the injury, the oc-
cipital condyle fracture can occur in
isolation or as part of a more com-
plex atlanto-occipital dissociation.*?

Clinical features

Patients with occipital condyle frac-
tures present with a spectrum of
symptoms. An isolated low-energy
fracture may present with suboccipital
neck pain, decreased range of motion
or spasmodic torticollis, whereas a
high-force event causing multiple
trauma presents similarly to AODs.%%
Careful attention must be paid to
spinal cord, cranial nerve and upper
cervical nerve root function. Vascular
injuries resulting in vertebrobasilar
symptoms must also be suspected.®

Imaging

Initial screening lateral and open-
mouth odontoid radiographs will of-
ten miss occipital condyle fractures
because of the overlying complex fa-
cial bone anatomy. Retropharyngeal
or pre-vertebral soft-tissue swelling
and occipital condyle joint asymme-
try may be seen. The study of choice
for condyle fractures is fine cut (1
mm) CT with coronal and sagittal
reformatting, which provides excel-
lent bone and joint detail.** Small
fragments in the region of the
condyle suggest ligamentous avul-
sion and potential instability. Lateral
subluxation of the occiput-C1 joint
less than 11 mm is not associated
with instability.*® In the setting of
closed head injury or multitrauma-
tized patients in whom the history
and physical examination are limited,
the routine CT of the head should
include bone window cuts through
the occipital C1 complex. The find-
ings on a standard head CT are not
sufficiently detailed to classify these

injuries and determine appropriate
treatment, so the fine-cut CT proto-
col should be used if a fracture is sus-
pected. If clinical suspicion is high,
MRI may be indicated to assess the
integrity of the ligamentous and cap-
sular anatomy.

Although the occipitocervical joint
is @ mobile synovial joint that trans-
mits significant load through a range
of motion, symptoms of post-
traumatic osteoarthritis have not been
reported. These symptoms, however,
may be camouflaged by the com-
monly associated head injury, contigu-
ous cervical spine fracture or may be
attributed to cervical soft-tissue strain.

Treatment

If an occipital condyle fracture is
associated with AOD, treatment of
the AOD should take precedence to
ensure stability of the atlanto-occipital
joint as already mentioned. With iso-
lated occipital condyle fractures good
results have been achieved with exter-
nal immobilization with orthotics or a
halo-thoracic vest.*
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CLINICAL PRACTICE GUIDELINES
FOR THE CARE AND TREATMENT OF

In February 1998 CMAJ and Health Canada published 10 clinical practice guidelines for the care and treatment
of breast cancer, along with a lay version designed to help patients understand more about this disease and the
recommended treatments. These guidelines are currently being revised and updated, and the series is being
extended to cover new topics. The complete text of the new and updated guidelines is available at eCMAJ:

www.cma.ca/cmaj/vol-158/issue-3/breastcpg/index.htm
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Guideline 7. Adjuvant systemic therapy for women
with node-negative breast cancer [Jan. 23, 2001]
Guideline 8: Adjuvant systemic therapy for women
with node-positive breast cancer [Mar. 6, 2001]
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Guideline 11: Lymphedema [Jan. 23, 2001]
Chemoprevention of breast cancer [June 12, 2001]
Guideline 13: Sentinel lymph node biopsy [July 24,
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