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Abstract: Occipitocervical instability is a life threatening and disabling disorder caused by a myriad 
of pathologies. Restoring the anatomical integrity and stability of the occipitocervical junction (OCJ) is 
essential to achieve optimal clinical outcomes. Surgical stabilization of the OCJ is challenging and technically 
demanding. There is a paucity of options available for anchorage in the cephalad part of the construct in 
occipitocervical fixation systems due to the intricate topography of the craniocervical junction combined 
with the risk of injury to the surrounding anatomical structures. Surgical techniques and instrumentation 
for stabilizing the unstable OCJ have undergone several modifications over the years and have primarily 
depended on occipital squama-based fixations. At present, the occipital-plate-screw-rod construct is the 
most commonly adopted technique of stabilizing the OCJ. In certain distinct scenarios like posterior fossa 
craniectomy (absence of occipital squama for screw placement), malignancy and infection of occipital squama 
(poor screw purchase in the diseased occipital bone) and in revision surgery for failed occipitocervical 
stabilization, occipital plate-based instrumentation is not feasible. To overcome these difficulties, recently, 
a novel technique of occipitocervical stabilization, using the occipital condyle (OC) as the cephalad anchor, 
namely the direct occipital condyle screw (OCS) fixation was described. Several cadaveric and biomechanical 
studies have suggested that OCSs are feasible options as additional augmentative anchors in a standard 
occipital plate-screw-rod construct or as salvage cephalad anchors in previous failed occipital-plate-screw-
rod constructs. The OCS placement technique has a steep learning curve. We have done a review of the 
techniques of OCS fixation and have described the indications, biomechanical and technical considerations, 
preoperative planning, surgical technique, complications, advantages and limitations of OCS based 
occipitocervical fixation.
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Introduction

Occipitocervical instability is a rare potentially life 
threatening and disabling disorder caused by a myriad of 
pathologies such as congenital malformations, trauma, 
infections, tumors, rheumatoid arthritis and degenerative 
conditions, wherein immediate reconstruction of the 
occipitocervical junction (OCJ) to regain its stability is 
of paramount importance (1). Occipitocervical fusion is 
used to restore the biomechanical stability of the OCJ. 
Stabilization of the OCJ remains a challenge. For many 
years, surgical stabilization of craniocervical junction, has 
primarily depended on occipital squama-based fixations (2).  
The options available for anchorage in the cephalad part of 
the construct in occipitocervical fixation systems are limited 
by the complex topographical anatomy of the craniocervical 
junction and the critical neurovascular structures in the 
vicinity. With the availability of modern spinal implant 
systems, intra-operative image guidance and the advent 
of intraoperative image-guided navigation, it is possible 
to access areas that were previously considered difficult 
to be accessed or unsuitable for implant anchorage. The 
occipital condyle (OC) through its articulation with the 
superior facet of the C1 lateral mass, plays a pivotal role in 
maintaining the stability at the OCJ. Recently, La Marca  
et al. and Uribe et al. described a novel method of segmental 
occipitocervical stabilization by utilizing the OCs for screw 
anchorage (3-5). Although this is not a common technique 
for occipital stabilization, it may be required in specific 
situations. We describe the indications, biomechanical and 
technical considerations, preoperative planning, surgical 
technique, complications, advantages and limitations of 
occipital condyle screw (OCS) based occipitocervical 
fixation.

Prerequisites of an ideal fixation system for 
stabilizing the OCJ

The OCJ forms the most cranial part of the neuraxis, 
extending from the occiput to the second cervical vertebra. 
The C0-C1 articulation allows significant movement in 
the sagittal plane, while simultaneously maintaining the 
anatomical integrity and stability (4). A sound knowledge of 
the intricate osseoligamentous and neurovascular anatomy 
(Figure 1) and the biomechanics of the OCJ is imperative to 
develop an ideal implant system to address the instability at 
the OCJ. The ideal system for stabilizing the craniocervical 
junction should fulfill these criteria (6): (I) it should 

provide rigid segmental stabilization; (II) no spinal canal 
compromise by hardware; (III) it should facilitate immediate 
correction of the deformity and maintain stability till the 
occurrence of bony fusion, without the need for external 
immobilization after surgery; (IV) must be useful in 
stabilizing the OCJ even in scenarios where the posterior 
elements and occipital plate are deficient or compromised.

Anatomical considerations for OCS placement

The paired OCs are the key anatomical structures which 
render stability while maintaining significant mobility at 
the craniocervical junction by forming the occipitoatlantal 
(O-C1) joints with the superior facet of lateral masses of 
atlas. Successful exposure and preparation of the OCs for 
screw placement requires an in-depth knowledge of the 
osseous anatomy of the OCJ and its relationship with the 
neurovascular structures in its vicinity namely, the vertebral 
arteries, spinal canal, hypoglossal canal (HC) and the 
jugular foramen (7).

The OCs project from the undersurface of the lateral 
part of the occipital bone. The OCs lie anterolateral to the 
foramen magnum. They are on an average, 23.6 mm (range, 
16.7 to 30.6 mm) long, 10.5 mm (range, 6.5 to 15.8 mm)  
broad, 9.2 mm (range, 5.8 to 18.2 mm) tall. The OCs are 
oval (in more than half of the population) and converge 
ventrally with a mean angulation of thirty degrees (10 to 
54 degrees) to the sagittal plane (8,9). Laterally, the lateral 
atlantooccipital ligament and the rectus capitis lateralis 
muscle separate the OC from the jugular foramen and its 
contents (the internal jugular vein and cranial nerves IX, X, 
XI) (8,10). The HC and the jugular tubercle lie cranial to 
the OC while the inferior surface of the OC articulates with 
the superior facet of C1 forming the atlantooccipital joint.

The condylar fossa is a concave depression lying 
posterosuperior to the OC (Figure 2A). The condylar fossa 
contains the posterior condylar foramen through which the 
posterior condylar emissary vein (PCEV) communicates 
posteriorly with the deep cervical vein and horizontal 
portion of the vertebral artery venous plexus and drains 
anteriorly into the superior bulb of the internal jugular vein 
and sigmoid sinus (Figure 2B,C) (11,12). An important step 
in surgical exposure is to identify the PCEV, which defines 
the lateral extent of dissection, and is imperative to avoid 
profuse bleeding during surgery. The PCEV is located 
8-10 mm cranial to the inferior surface of the OC (3).

The V3 segment of vertebral artery along with the 
dense network of veins surrounding it, rests on the superior 
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surface of posterior arch of the atlas within the sulcus arteriae 
vertebralis. It must be identified early through meticulous 
exposure along the posterior arch of C1 vertebra, where 
the artery turns medially around the posterior surface of 
the lateral mass of C1 vertebra (Figure 3A,B). The artery 
and its venous plexus are protected with cottonoids and by 
gentle inferior retraction during condylar screw insertion. 
Meticulous care must be taken to protect the V3 segment 
of vertebral artery throughout its extradural course till it 
pierces the spinal dura and arachnoid to continue as V4.

The HC contains the hypoglossal nerve, which passes 
in an anterolateral direction just above the base of the OC. 
It is embryologically homologous to the intervertebral 
foramen (13). The HC lies cranial to a horizontal plane 
passing through condylar emissary vein foramen. The 

vertical height from the undersurface of the HC to the 
undersurface of the OC was variable (9.1 to 11.5 mm), but 
adequate for safe insertion of an OCS (7,8). A more relevant 
parameter is the presence of an effective height (EH) for passage 
of a 3.5 mm diameter occipital condyle screw along the safe 
corridor situated between the inferior surface of the HC above and 
C0-C1 joint line below (Figure 4A). Allowing a safety margin 
of 1 mm, an EH of at least 4.5 mm must be available for 
safe placement of an OC screw (7). 

Biomechanical considerations and their 
implications

(I) Occipitocervical stabilization with OC screws 
as the cranial anchors has been shown to be 

Figure 1 Three dimensionally reconstructed computed tomographic arteriography (A) and venography (B) scans of the occipitocervical 
junction clearly depicting the critical neurovascular structures in the vicinity of the occipital condyles.

Figure 2 Three-dimensional volume reconstructed computed tomographic angiography image of the craniovertebral junction showing, (A) 
the bilateral posterior condylar fossa (red arrows) which defines the lateral limit of surgical dissection to expose the condylar entry point for 
placement of occipital condyle screws. (B) Green arrowheads showing the posterior condylar emissary veins passing through their foramina 
in the condylar fossa. (C) Sagittal oblique computed tomographic angiography image of the occipitocervical junction showing the posterior 
condylar emissary canal (yellow arrows) and vein.
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biomechanical ly equivalent to the standard 
occipitocervical plate/rod system (14-16). 

(II) The OCS (20 to 24 mm intraosseous) being longer 
than occipital screws (10 to 14 mm) have better pull 
out strength and greater tolerance to higher screw 
loads (16). This would decrease complications like 
screw loosening, implant breakage, construct failure 
and obviate the need for multiple occipital fixation 
points.

(III) Occipitocervical fusion using the technique of 
occipital condylar fixation with OCs as the cephalad 
anchors has several technical advantages. It obviates 

the need for rod bending to negotiate the sharp 
angulation of the craniocervical junction.

(IV) Since OCS are in alignment with C1 lateral mass 
screws and C2 pars/pedicle screws, it allows easy 
accommodation of the rod into screw heads in a C0-
C1-C2 construct.

(V) The lateral placement of OCSs allows creation of 
two parallel occipital condylar cervical constructs 
which are in alignment with the lateral masses. This 
results in an increase in the effective moment arm of 
the construct with resultant decrease in the rate of 
implant failure (17).

Figure 3 Three dimensionally reconstructed CT angiography image (A) and sagittal CT angiography image (B) of the occipitocervical 
junction showing the relationship of the vertebral artery (yellow arrow) to the condylar entry point (yellow asterisk). 

Figure 4 Figures depicting the preoperative assessment of the occipitocervical junctional anatomy using computed tomography (CT) scan. (A) 
Reconstructed sagittal CT image of occipitocervical junction (bone window), showing measurement of effective height (EH) available (double 
headed arrow) for occipital condyle screw placement. The atlantooccipital joint line (solid blue line) is the line connecting the highest 
points of anterosuperior and posterosuperior rim of C1 lateral mass. (B) Sagittal CT image showing the pre-operative planning of various 
possible craniocaudal trajectories for screw placement in the sagittal plane, without violating the hypoglossal canal. (C) Axial CT image of 
the occipital condyles showing measurement of the medial angulation for placement of occipital condyle screw. (D) Sagittal CT image of the 
occipitocervical junction depicting the presence of aberrant canal for posterior fossa emissary vein (yellow arrow) in communication with the 
hypoglossal canal (orange arrow) and its location along screw path presenting a risk of significant neurovascular injury.
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(VI) Occipital condylar cervical fixation is a lower profile 
construct leaving generous occipital surface area for 
bone grafting and osseous fusion, while preventing 
complications related to wound healing (16).

(VII) OCS can be incorporated into the traditional 
occipital plate-rod construct and can be used 
to augment the standard occipital plate-C1-C2 
construct.

Indications for OCS placement

There is limited evidence in the literature, to suggest the 
use of OCs screws as the primary option or the sole cranial 
fixation points for craniocervical stabilization (18). In 
certain distinct scenarios like posterior fossa craniectomy 
(for foramen magnum decompression, removal of posterior 
fossa tumors or hematoma) with deficiency of occipital 
squama for screw placement, malignancy and infection 
of occipital squama (poor screw purchase in the diseased 
occipital bone) and in revision surgery for failed occipital 
squama-based craniocervical stabilization, occipital plate-
based instrumentation is not feasible.  In these scenarios, 
OCS can be used as salvage cephalad anchors. They can also 
be used as additional augmentative anchors in a standard 
occipital plate-screw-rod construct.

Preoperative planning

A sound knowledge of the anatomical and radiological 
landmarks is imperative before contemplating an OCS 
placement. A thin slice computed tomography (CT) scan of 
the OCJ in the axial, coronal and sagittal planes along with 
multiplanar three-dimensional reconstructions is essential 
to study the bony anatomy of the OCJ and anatomical 
variations if any (Figure 4B,C,D) (7). The size, orientation, 
and integrity of the OCs are assessed. The safe screw length 
for placement of a screw along the planned trajectory with 
bicortical purchase was measured. The space available 
between the base of the occipital bone and upper surface of 
the posterior arch of C1 is an important parameter which 
dictates feasibility of OCS placement (18). The position 
of the HC and the EH available for OCS placement are 
analyzed. A CT angiography of the OCJ is mandatory to 
assess the relationship of the condyles to its neurovascular 
neighborhood (vertebral artery, PCEV, hypoglossal nerve, 
jugular bulb) and to identify any variations in the normal 

anatomy (Figure 4D).

Patient positioning

Owing to the highly unstable nature of diseases at the OCJ, 
patient’s cervical spine is protected with a Philadelphia 
collar or halo fixation while shifting to the operating 
room. Surgery is performed under general endotracheal 
anaesthesia and intraoperative neuromonitoring, along 
with EMG monitoring of both hypoglossal nerves. Patients 
are intubated using a flexometallic endotracheal tube. In 
cases of severe cervical canal compromise, a fiber-optic 
laryngoscope is used for intubation without hyperextending 
the cervical spine. Afterward patients are positioned prone 
on a radiolucent spinal table, with the head supported in a 
Mayfield head holder. It is ensured that the cervical spine 
is neutrally aligned using an image intensifier. The head is 
then placed in slight flexion for better exposure of the CVJ. 
In patients with atlantooccipital dislocation, reduction is 
achieved and maintained using skull tong traction. Screw 
placement is performed under fluoroscopic guidance or 
neuronavigation.

Surgical technique

Exposure 

A standard posterior-midline skin incision is made from the 
inion to the spinous process of the caudad cervical vertebra 
to be instrumented. Deep dissection is carried down up to 
the spinous process by dividing the ligamentum nuchae in 
the midline. The occipital squama, laminae of C1,C2 and 
the exposed subaxial cervical vertebrae were exposed by 
stripping the paraspinal muscles in a subperiosteal fashion. 
The horizontal segment of the vertebral artery is identified 
by continuing the subperiosteal dissection laterally from 
the midline along the superior surface of posterior arch 
of C1. Caution must be exercised to protect the artery 
and its surrounding plexus of veins. The atlantooccipital 
membranes, ligamentum flavum and the laminae of C2 
and C3 are exposed by blunt dissection. This is followed 
by exposure of the lateral masses of the first and second 
cervical vertebra for placing C1 lateral mass screws and C2 
pars/pedicle screws. Exposure of the subaxial cervical lateral 
masses is performed as needed for placing lateral mass 
screws (18).
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The atlantooccipital membrane is carefully dissected 
from the foramen magnum in a medial to lateral direction, 
using curette till the medial border of the OC is reached. 
Dissection is carried out laterally along the condylar fossa 
while staying on the occipital bone, taking care to avoid 
injury to the V3 segment of vertebral artery, until the 
PCEV is identified, which defines the lateral most extent of 
dissection (18). Meticulous dissection is carried out to avoid 
injuring the PCEV which can cause profuse bleeding (12). 
C1 lateral mass screws and C2 pedicle/pars interarticularis 
screws were placed as described in literature (19,20). Initial 
placement of the C1 lateral mass screws gives an idea of the 
approximate location and orientation of the OCs as they 
form the superior articulating surface of the C0-C1 joint.

The condylar entry point (CEP) is identified using 
anatomic and radiographic/fluoroscopic landmarks. The 
condylar emissary vein foramen, the foramen magnum 
and the superior articular facet of atlas are identified as 
important cranial, medial and caudal anatomical landmarks 
for identifying the entry point of OCS. 

La Marca technique

The CEP is about 3 mm inferior to the condylar emissary 
vein foramen, along the middle of the posterior surface 
of the OC. The lateral margin of the OC is established 
by an imaginary line extending cranially along the lateral 
border of the occipitoatlantal joint capsule, while the 
medial margin to be the posterolateral edge of the foramen 
magnum. A pilot hole is made at the entry point defined 
by a combination of anatomic landmarks and fluoroscopic 
guidance, after protecting the horizontal segment of the 
vertebral artery using cottonoids and by inferior retraction. 
The planned trajectory for screw placement was, 30 degrees 
caudad and 10 degrees medial to avoid injury to the HC and 
the jugular foramen, respectively (3). Using fluoroscopic 
guidance, the holes were drilled to the depth determined 
preoperatively using CT scan. Tapping of the holes was 
done using a 3.5 mm tap and probed to rule out cortical 
breach. A screw of 22 mm length and 3.5 mm diameter was 
inserted into the OC.

Uribe technique

The entry-point for OCS is made, 5 mm lateral to the 
posteromedial corner of the OC at the midpoint of its 
posterior surface using an awl and is confirmed with 
fluoroscopy or free hand navigation (4). The planned 

trajectory for screw placement is: 15 degrees of medial 
angulation in the axial plane and 5 degrees of cranial 
angulation in the sagittal plane. Drilling is performed 
under fluoroscopic or navigational guidance with 
continuous hypoglossal nerve EMG monitoring with 
slow advancements till the anterior cortex of the OC was 
penetrated, typically at a length of 20 mm (5). Screw length 
is calculated preoperatively using CT scan and confirmed 
intraoperatively using a probe and fluoroscopic imaging. 
After tapping the hole, a 3.5 mm diameter polyaxial shank 
screw of predetermined length is inserted bicortically. 
Approximately, 9–12 mm of unthreaded portion should 
remain superficial to the posterior cortex of the OC, to 
allow the screw tulip to remain above the posterior arch 
of C1 in alignment with the rest of the construct to avoid 
compromise of vertebral artery by rods. Implant position 
is confirmed with fluoroscopy/intraoperative navigation 
and hypoglossal nerve integrity is checked with EMG 
stimulation.

Rod construct (C0-C1-C2 construct with or without 
subaxial lateral mass screws) is completed bilaterally. 
Autografts/allografts are laid on the prepared fusion bed. 
Closure is performed in layers over a subfascial drain. Post 
procedure CT scan and radiographs of the cervical spine are 
performed to confirm implant position.

Table 1 shows the safe trajectories and screw lengths 
described in literature for placement of OCS.

Complications and tips to avoid them

Many authors have described the possible complications that 
might be encountered during each stage of occipitocervical 
stabilization using the OCS fixation technique. Table 2 
highlights the complications that must be foreseen while 
performing this technique and provides tips to avoid  
them.

Conclusions

OCSs are feasible alternative or salvage cranial anchors 
for occipitocervical stabilization, where occipital squama-
based fixations are not feasible. The indications for their 
use are limited and rather specific. The technique of 
OCS placement has a steep learning curve. Due to the 
complex bony and vascular anatomy of the OCJ, a detailed 
preoperative assessment using multislice computed 
tomography scan including 3D-CT angiography before 
screw placement. Navigational guidance, will be a valuable 
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Table 1 The trajectories and screw lengths for placing occipital condyle screws described in literature

Author
Safe permissible sagittal plane 

angulation (degrees)
Medial plane angulation (degrees) Screw length† (mm) Screw diameter (mm)

La Marca et al. 30 caudal 10 medial 22 (intraosseous) 3.5 

Uribe et al. Zero to 5 cranial 15 medial 20 (intraosseous) 3.5 

El-Gaidi et al. 4±6.2 caudad angulation (range, from 
5 cranially to 12 caudally)

30±6.7 (range, 20–40) medial 22±3.1 (intraosseous) 3.5 

Bosco et al. From 0 to 5 cranial 23–38 medial 19.9±2.3 (intraosseous) 3.5 
†, screw lengths denote the length of the screw seated within the body of the occipital condyle alone. An additional 10–12 mm of 
unthreaded portion of the screw remains superficial to the posterior cortex of the OC, allowing the screw head to remain above the 
posterior arch of atlas to avoid compromise of vertebral artery by rods.

Table 2 Possible complications during occipital condyle screw placement and tips to prevent them

Complications Preventive strategies/management

Posterior condylar emissary vein injury This can be avoided by meticulous dissection along the condylar fossa to identify the vein

When injured, the bleeding can be controlled using bone wax and oxidized cellulose polymer or 
the vein can be safely coagulated without neurologic sequelae

Vertebral artery (V3 segment) injury Prevented by having a working knowledge of the course of the vertebral artery and its 
anatomical variations on preoperative 3D CT angiography

Meticulous dissection along the posterior arch of C1 using blunt dissection, and protecting the 
artery by inferior retraction during drilling, tapping and screw insertion

Hypoglossal nerve injury Preoperative CT analysis of the position of hypoglossal canal and estimation of the effective 
height available for OCS placement

Bilateral EMG monitoring during surgery

Spinal cord injury Meticulous subperiosteal blunt dissection

Jugular bulb injury Avoided by adopting a medial angulation in the axial plane

Pseudarthrosis Decortication and judicious use of allograft and autograft from iliac crest

aid for safe placement of these screws. The preoperative 
planning strategies and the surgical techniques presented 
here will be a valuable aid in guiding the spine surgeon 
during placement of OCSs.
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