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PURPOSE: To describe the CT findings in occipital condyle fractures in patients suffering cranio

cervical trauma . METHODS: Six occipital condy le fractures in five patients were analyzed. Be

cause of clin ical or plain -film findings, the craniocervical junction in each patient was imaged using 

thin-section , high-resolution CT. Axial data were reformatted in the coronal plane or in both 

coronal and sagittal planes. Clinical and radiologic findings associated with occipital condy le 

fractures reported in the English medical literature were correlated with our cases to determine 

conclusive predictive features indicating condylar injury. RESULTS: Two avulsion (type Ill ) frac 

tures in two patients, two compression (type I) fractures in one patient, and two compression 

fractures in two patients were diagnosed by CT. Specifi c predicti ve features indicating occipital 

condyle fracture could not be confirmed. CONCLUSIONS: CT greatly facilitates diagnosing and 

typing of occipital condy le fractures . Nonspecific parameters prompting CT after trauma are 

unexplained persistent upper-neck pain with normal plain -film findings, lower cranial nerve palsies, 

spasmodic torticollis , retropharyngeal or prevertebral soft -tissue swelling, and fractures of the atlas 

or axis. 

Index terms: Atlantooccipital joint; Occipital bone; Skull , fractures; Skull , computed tomography; 

Spine, computed tomography 
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In the spectrum of craniocervical injuries, oc
cipital condyle fractures have been considered 
rare. After Bell's first report in 181 7 , only 1 7 
cases were described through 1983 ( 1). Since 
1983 the number of published cases in the 
world literature has more than doubled, with 
most having been published after 1988 ( 1). 

We evaluated five patients with six occipital 
condyle fractures during a 4-year period. Only 
one patient had plain-film findings remotely 
suggesting a condyle injury. None of the clinical 
symptoms or signs suggesting cervical injury 
raised suspicion of a condylar fracture . The un
expected frequency of condylar fractures , the 
lack of specific predictive features for these 
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fractures , and the inherent difficulty in imaging 
the craniocervical junction prompted further in
vestigation. 

Our purpose is to increase awareness of and 
raise suspicion for occipital condyle fractures in 
patients suffering craniocervical trauma. We 
suggest criteria to prompt computed tomogra
phy (CT) of the craniocervical junction. 

Patients and Methods 
Four patients involved in severe motor vehicle acci

dents and one patient who was shot in the neck were 
evaluated. In each case, cl inical or radiologic findings 
prompted thin-section, high-resolution CT study of the 
craniocervical junction . Two- to 3-mm-thick axial scans 
from the skull base above the level of the foramen mag
num and through the C-2/ C-3 intervertebral disk were 
acquired. The data were reformatted in either the coronal 
plane or in both coronal and sagittal planes. 

The English m edical literature was reviewed to inves 
tigate the frequency of reported occipital condyle frac 
tures , to determine whether specific predictive clin ical or 
radiologic features of condy lar inj ury could be identified , 
and to define the optim al im aging modality for fracture 
diagnosis. 
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A B 
Fig 1. A, Lateral cervical spine film showing widening between the 

C-1 and C-2 spinous processes (double-headed arrow) and an increase in 
the atlantoaxial distance (arrows). 

B, Axial CT image at the foramen magnum demonstrating a bone 
fragment (arrow) medial to the left occipital condyle. 

C, Reformatted coronal image showing the medially displaced left 
occ ipital condy le fracture fragment (arrow). 

D, Reformatted coronal image anterior to B displaying distraction of the 
right atlantooccipital j oint (long arrow) and the left condyle fracture (short 
arrow) . 

Results 

Clinically, two patients were neurologically 
intact at presentation. One patient with bilateral 
lower-extremity pareses had neck pain. One 
patient was unresponsive with decerebrate pos
turing. One patient presented with bilateral 
upper-extremity pareses compatible with cen
tral cord syndrome. The mechanism of injury 
was a motor vehicle accident in all cases except 
one. None had cranial nerve deficit. All but one 
had conservative treatment. 

CT of the craniocervical junction was 
prompted by abnormal findings on cervical 
spine plain films in three cases. These findings 
were increased interspinous distance between 
C-1 and C-2 , craniocervical dislocation, and 
traumatic spondylolisthesis of C-2. In another 
case, a CT scan of the head fortuitously in
cluded the occipital condyles and revealed a 
mildly displaced occipital condyle fracture. A 
gunshot wound to the upper neck generated the 
need for CT at the level of the craniocervical 
junction. 

The diagnosis of occipital condyle fracture in 
all cases was made with CT. In two cases an 
occipital condyle fracture with medial displace
ment of the fracture fragment (Figs 18, 1C, 2A, 
and 28) and craniocaudad separation of the 
contralateral atlantooccipital joint (Figs 1 D and 
28) were defined. In the remaining three cases 
four condylar fractures with little or no fragment 
displacement were identified (Figs 38, 4A, and 
5A). Atlantooccipital subluxation was not seen 
in these cases. Fractures in the first two cases 
were classified as type Ill avulsion injuries (see 
"Discussion"). The four fractures in the latter 
three cases were classified as type I compres
sion injuries. 

Discussion 

Craniocervical junction InJury is a common 
occurrence in motor vehicle accidents and div
ing injuries. Occipital condyle fractures are part 
of the spectrum of injury and can contribute 
significant morbidity , yet these fractures are 
rarely discussed. 
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Fig 2. A , 2-mm-thick axial CT image of skull base showing 

the right occipital condyle fracture rotated and medially displaced 
(arrow). 

B, Reformatted coronal image demonstrating the medial tilt of 
the right condyle fracture fragment (straight black arrow) and 
distraction of the left atlantooccipital joint (curved arrow). 
Avulsed fracture from the superior lateral margin of the left lateral 
mass of C-1 (white arrow) is also shown. 

Bucholz et al's postmortem study of 100 con
secutive motor vehicle fatalities identified 24 
patients with cervical spine injuries. Twenty of 
these injuries were localized between the occi
put and C-2; only 12 of the 20 were clinically 
suspected before postmortem search. Two pa
tients were found to have occipital condyle frac
tures (2). These findings indicate a greater than 
8% incidence of occipital condyle fracture in 
cervical injury patients dying in motor vehicle 
accidents. The incidence of this injury in surviv
ing patients remains unknown. 

Our search of the medical literature reveals a 
significant increase in the reporting of occipital 
condyle fractures since 1988. From 1817 until 
1974, before clinically available CT, we found 
11 cases reported ( 1). Nine clinical cases and 2 
autopsy cases are reported between 1978 and 
1986 (1, 2). Since 1988, we find 18 new cases 
of which 14 are diagnosed by CT, 2 by CT plus 
polytomography, and 2 by polytomography ( 1, 
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3-10). The increase in diagnosis probably re
flects improvements in CT technology and bet
ter trauma care, resulting in improved patient 
survival. 

Diagnosis of an occipital condyle fracture, 
particularly the avulsed condyle (Figs 1B, 1C, 
2A, and 2B), can be critical. Displacement and 
migration of the fractured condylar fragment 
can impinge and compress the brain stem and 
the lower cranial nerves (1, 11, 12). Delayed 
onset of lower cranial nerve function is reported 
(6, 7, 12) and may result from unrecognized 
instability at the craniocervical junction or late 
migration of an occipital condyle fracture frag
ment. Despite the potential for serious neuro
logic deficit or death, the mainstay of therapy 
remains conservative treatment, with immobili 
zation the most common practice (1 , 8, 10). 

Wessels ( 1 0) and Bolender et a! ( 12) de
scribe five cases of occipital condyle fracture 
resulting in lower cranial nerve palsies. The hy
poglossal canal is located at the base of the 
occipital condyle, and the jugular foramen is in 
close proximity lateral to the condyle. Cranial 
nerves IX, X, and XI passing through the jugular 
foramen and cranial nerve XII passing through 
the hypoglossal canal are susceptible to injury 
in the event of occipital condyle fracture . Palsies 
of the cranial nerves may result (10, 12). Cra
nial nerve palsy may not be present immedi
ately after a traumatic event. Orbay describes a 
case of hypoglossal palsy which developed 3 
months after the original trauma. It is postulated 
that callus formation or fracture mobility may 
have resulted in the late onset of nerve com
pression ( 6) . 

From our review of the literature, we could 
determine no conclusive predictive features 
leading to the specific diagnosis of occipital 
condyle fracture. Various clinical and radiologic 
findings reported are persistent neck pain and 
normal cervical spine films (1, 3), skull-base 
fracture ( 1), prevertebral soft-tissue swelling on 
plain film (8, 9), torticollis with only minor sub
luxation (7, 10), atlantooccipital distraction (4), 
brain-stem injury ( 1 ), and lower cranial nerve 
palsies (6, 10-13) . Some previous reports have 
asserted a predictive value to lower cranial 
nerve palsy for occipital condyle fracture (3, 7, 
8, 10, 11). Our own cases were the result of 
violent automobile accidents and one missile 
injury. Patient presentation was varied, but 
no lower cranial nerve palsies were detected. 
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Fig 3. A, Lateral cervica l spine film showing acute posterior angulation at the C-2/C-3 disk level, mild forward subluxation of C-2 on 
C-3, and C-2 lamina fractures (arrow), which are obscured by the overlying contra latera l lamina. 

8, Thin-section axial CT scan through the occipital condyles demonstrating a nondisplaced fracture through the right condyle and a 
minimally displaced left condyle fracture fragment (arrows). 

C, Two-month fo llow-up coronal polytomogram showing a minimally displaced left occipital condyle fracture with the fracture line still 
visible (arrow). 

A 

Fig 4. A, Thin -section high-resolution axial CT image through 
the occ ipital condy les demonstrating a minimal medially dis
placed left occipital condyle fracture fragm ent (arrow). 

8, Reformatted coronal image showing the oblique course of 
the fracture through the left occipital condyle (arrows). 

Other previous case reports also describe no 
lower cranial nerve injury (1, 3 , 5 , 7-9 , 11). 

Despite the lack of specific predictors of the 
occipita l condyle injury, our review reveals sev
eral parameters that, when present, should 
prompt further imaging of the craniocervical 
junction with high-resolution CT. These param
eters are unexplained persistent posttraumatic 

upper-neck pain with normal plain films, palsies 
of cranial nerves IX, X, XI, or XII, posttraumatic 
spasmodic torticollis, posttraumatic retropha
ryngeal or prevertebral soft-tissue swelling, up
per cervical spine fracture/dislocation of the 
axis or atlas, or fracture of the occipital skull 
base. From our cases, one patient had prever
tebral swelling and a questioned odontoid frac
ture (Fig 1A) ; one patient had atlantooccipital 
subluxation; and a third patient had bilateral 
C-2 lamina fractures (Fig 3A). 

The occipital condyles form the superior por
tion of the craniocervical junction, which func
tionally consists of the occipital condyles, the 
atlas , and the axis. These structures are consid
ered together because of their profound interre
lationship with regard to the mechanics of the 
upper cervical spine. The articulation of convex 
occipital condyles on concave atlantosupe
rior facets is a configuration that allows good 
flexion-extension and lateral bending but lim
ited axial rotation. The atlas-axis articulation 
provides liberal axial rotation; however, less 
flexion-extension and little lateral bending is 
permitted (14-16). 

Ligamentous attachments to the occipital 
condyles are important for craniocervical stabil
ity. Arising from the superolateral surface of the 
dens , the alar ligaments connect the dens of the 
axis to the medial surfaces of the occipital con
dyles and to the lateral masses of the atlas (Fig 
68). The purpose of the alar ligaments is to 
restrain rotation of the upper cervical spine. The 
cruciform ligament is composed of the trans-
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Fig 5. A, Axial CT image through the 
upper craniocerv ical j unction demonstrating 
a fracture (arrow) on the left. 

8, Reformatted coronal CT image clearly 
showing the fracture to arise from the m edial 
margin of the left occipita l condyle (arrow). 

Fig 6. A, Posterior view of the craniocervical junction with the lamina and spinous processes of C-1 and C-2 removed; A indica tes 
occipital condyle; 8, lateral mass of C-1; C, body of C-2; 0, superior longitudinal band; and £, transverse portion of the cruciform 
ligament. 

8 , Same view as A, but with the cruciform ligament removed; A, 8 , and Care as in A; D, alar ligaments. 

verse ligament of the atlas and the vertical lon
gitudinal fasciculi (Fig 6A). The transverse lig
ament passes posterior to the dens, linking the 
lateral masses of the atlas. The vertical longitu
dinal fasciculi, also referred to as the superior 
and inferior longitudinal bands, are the weak 
and inconsistently present vertical components 
of the cruciform ligament. The superior longitu
dinal band blends with the atlantooccipital 
membrane (see below), joining the dorsal sur
face of the body and dens of the axis to the 
dorsal surface of the clivus. Together with the 
transverse ligament, these ligaments restrict 
both flexion at the craniocervical junction and 
anterior displacement of the atlas. Arising from 
the apex of the dens, the apical ligament se
cures the dens to the tip of the clivus. The an
terior atlantooccipital membrane, the superior 
extension of the anterior longitudinal ligament, 

and the tectorial membrane, the superior exten
sion of the posterior longitudinal ligament, both 
attach to the anterior margin of the foramen 
magnum to provide further anterior support. 
The apical interspinous ligaments, ligamentum 
nuchae, and fibrous capsules of the atlantooc
cipital joints provide posterior support for the 
craniovertebral junction (Fig 7). 

Three types of occipital condyle fractures 
have been described. The type I injury (Figs 
3-5) is an impaction fracture occurring as a 
result of axial loading. Although the ipsilateral 
alar ligament may be functionally impaired , the 
intact tectorial membrane and contralateral alar 
ligament preserve spinal stability ( 1). Diving 
accidents and motor vehicle accidents are com
mon causes of axial loading-type injuries to the 
occipitoatlantoaxial complex ( 1 7) . The type II 
injury is a basilar occipital fracture that includes 
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Fig 7. Parasagittal view of craniocervi
cal junction; A indicates anterior atlantooc
cipital membrane; 8, apical ligament of the 
dens; C, transverse ligament; D, anterior lon
gitudinal ligament; E, tectorial membrane; F, 
superior longitudinal band; G, occipital 
bone; H, interspinous ligament; and /, pos
terior longitudinal ligament. 

or exits through one or both occipital condyles 
and results from direct trauma to the skull. In
tact tectorial membrane and alar ligaments 
maintain stability. The type Ill injury (Figs 1 and 
2) is an avulsion fracture of the occipital con
dyle and partial or complete tearing of the con
tralateral alar ligament and the tectorial mem
brane. The mechanism of injury is forced 
rotation, usually combined with lateral bending 
at the craniocervical junction. The condylar 
avulsion, combined with loading and injury to 
the contralateral alar ligament and tectorial 
membrane, makes the type Ill injury potentially 
unstable ( 1). 

When imaging the upper cervical spine for 
trauma , it is imperative that one include the 
occipital condyles and lower occipital skull. 
High-resolution 2- to 3-mm-thick axial CT is the 
method of choice in examining the skull base 
( 1, 7) and craniocervical junction for fracture . 
Hematoma and other soft-tissue injury also may 
be identified. Coronal and sagittal reconstruc
tions may be extremely helpful to assess frac
ture displacement with particular reference to 
the spinal canal and spinal cord. Care must be 
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taken to ensure that off-midline sagittal images 
include the entire occipital condyle. If clinical 
conditions and time permit, 1.5-mm axial im
ages could be acquired to allow for higher
quality coronal and sagittal reconstructions. 
Spiral or helical CT scanning enables recon
struction of axial images at 1-mm increments; 
overlapped stacking of the spiral axial images 
yields high-quality coronal and sagittal refor
mations. Plain-film examination to detect injury 
at the craniocervical junction is limited by com
plex overlying radiodensities. Normal variants 
of the occipital condyles further complicate ra
diographic evaluation ( 18). Assessment by 
magnetic resonance may be limited by the 
metal contents of some cervical halo braces 
and collars (19) . Decreased cortical bone detail 
further limits magnetic resonance. Severity of 
clinical condition and remote access prevented 
timely magnetic resonance study of our pa
tients. Conventional CT remains useful, primar
ily in the follow-up setting. 

We and others (3 , 4) believe occipital con
dyle fractures may be present more frequently 
than generally accepted, possibly as much as 
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8% of craniocervical junction injuries. There are 
no specific predictors of occipital condyle frac
ture; however, using parameters defined above 
to increased awareness and prompt CT exami
nation, the true incidence of occipital condyle 
fractures eventually may be determined. CT 
with sagittal and coronal reconstructions is the 
modality of choice for evaluating craniocervical 
junction trauma. Imaging the craniocervical 
junction must include the lower occipital skull 
and condyles as well as the atlas and axis of the 
upper cervical spine. Diagnosis of the unstable 
type lli avulsion fracture of the occipital condyle 
is important because of the potential for serious 
delayed neurologic injury. Treatment, however, 
remains conservative. 
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