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Occipitocervical Fixation: General
Considerations and Surgical Technique
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Joseph A. Osorio, MD, PhD?, and K. Daniel Riew, MD?

Abstract
Study Design: Narrative literature review.

Objective: To review and present details on the occipitocervical fixation (OCF) technique as well as considerations for planning
the procedure.

Methods: We present the surgical technique of OCF in a step-by-step didactic and practical manner with surgical tips and tricks,
including C1 and C2 screw fixation techniques. Additionally, we discuss complications, the extension of fusion, types of OCF, and
how to avoid common side effects associated with OCF.

Results: The complex and mobile anatomy of the craniocervical junction, when requiring fixation and fusion, warrants rigid
instrumentation that can be achieve using a modern screw-plate-rod construct. Indications for OCF are craniocervical instability,
and atlantoaxial instability when selective atlantoaxial fusion is not feasible. OCF generally involves occiput-C2 fusion. C1 fixation
is generally unnecessary, since it increases the surgical time and is associated with the risk of vascular complications. Selective
occiput-C2 fusion is recommended when there is no need for including the cervical subaxial region (eg, when stenosis or fractures
coexist in the subaxial spine), and good fixation is achieved at C2. Most instrumentation systems now have occipital plates that are
not pre-integrated to rods, making fixation much simpler. Surgical steps, from position to wound closure, are presented in detail,
with pearls for practice and discussion of cervical alignment.

Conclusions: OCF is a challenging procedure, with potential risk of severe adverse effects. Understanding the surgical indi-
cations, as well as the nuances of the surgical technique, is required to improve patient outcomes and avoid complications.
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stabilization particularly challenging (there are 4 synovial
joints in the occipito-atlantoaxial complex that are considered
when undergoing stabilization).*” Nearly half of the cervical
flexion/extension, and cervical rotation, are generated from the
craniocervical junction.®*'” These highly mobile segments are
due to the rounded architecture of the occipital condyle joints

Introduction

Occipitocervical fixation (OCF), also known as craniocervical
fixation, is a procedure used for treating instability between the
skull and the cervical spine.'™ This instability may be second-
ary to conditions such as spinal trauma (eg, atlanto-occipital
dislocation and occipital condyle fractures), congenital dis-
eases (eg, basilar invagination [BI], os odontoideum, Down’s
and Morquio’s syndrome), tumor destruction leading to
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instability (eg, clival chordomas or spinal metastasis), iatro-
genic injuries (eg, after a far lateral neurosurgical approach),
infectious diseases (eg, tuberculosis), and inflammatory arthri-
tides (eg. rheumatoid or psoriatic arthritis).'”

The highly mobile relationship between the occipital con-
dyles and the atlanto-axial joints is associated with a complex
set of force vectors between the skull and the spine that makes
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(allowing movements of flexion-extension in the sagittal
plane); additionally, the rotational capacity of this region
results from the architecture of the dens of the atlanto-axial
complex.® ' All of these joints are highly stabilized by a strong
ligamentous complex that preserves stability and, importantly,
protects the spine cord integrity; these ligaments include the
transverse, alar, and apical ligaments, among others.®'°

Before the development of modern instrumentation specif-
ically designed for craniocervical stabilization, OCF was lim-
ited to in situ fusions, wiring, and cable techniques.
Autologous bone graft was generally harvested from the iliac
crest or the ribs, and it was placed between the squamous part
of the occipital bone and the posterior cervical spine for an in
situ fusion, with or without supplemental wiring or cables.
These surgeries required a prolonged postoperative period
of immobilization with a cervical collar or a halo vest and
had high rate of pseudoarthrosis."!' Today, OCF are based on
screws, plates, and rods, with rigid constructs that offer imme-
diate stability. Additionally, recent designs allow for intrao-
perative repositioning of the craniocervical junction that aid
in realignment, which may be useful in cases where the joints
are dislocated or indirect ventral decompression is necessary;
this can occur in basilar invagination cases with atlanto-axial
dislocation.*!? Distraction techniques can be used to ante-
riorly translate the cervical spine relative to the foramen mag-
num; this can be achieved by distracting the rod (using a
rod-holder) and the plate away from each other. This opera-
tive technique can similarly be used in a vertical direction to
translate the spine when the indication calls for pulling the
dens out of the foramen magnum (pushing the occipital plate
away from the cervical spine).*'*!?

Basic Surgical Anatomy of the
Occipitocervical Junction

Before inserting occipital screws, proper knowledge of the
patient-specific occipital bone anatomy and the location of the
internal dural venous sinus is necessary. The external occipital
protuberance (EOP) is a midline boney prominence on the
outer surface of the occipital bone; this is the point of attach-
ment of the nuchal ligament.'* The superior nuchal line is the
ridge that extends laterally from the EOP, in both directions, to
the lateral angle of the occipital bone.'* The trapezius, splenius
capitis and sternocleidomastoid muscles all attach at the super-
ior nuchal line.'* Of note, the inion is the most prominent
projection of the EOP. It is within the inner portion of the skull,
at the level of the EOP, that the torcula lies.'* The torcula is
also known as the confluence of the dural venous sinuses: the
superior sagittal sinus, the straight sinus, and the occipital
sinus.'* Inappropriate screw insertion causing injury or occlu-
sion to the torcula, or any of these sinuses (in the setting of
sinus dominance), has the potential to cause a rare but cata-
strophic vascular injury, and even death. This can be avoided
by placing the plate just below the EOP (to avoid a prominent
plate) and using unicortical screws.

Figure 1. (1) Superior nuchal line—insertion of the trapezius, sple-
nius capitis, and sternocleidomastoid muscle. The transverse sinus and
the torcula are internal to this line. (2) Inferior nuchal line—insertion
of the obliquus capitis superior, rectus capitis posterior major, and
rectus capitis posterior minor muscle. We generally perform, when
necessary, decompression below this area. (3) The “red trapezium”
corresponds to the area of preference to insert the occipital screws—
just below the superior nuchal line to avoid a prominent plate, in the
midline, where the occipital squama is thicker. (4) The “red star” is the
external occipital protuberance, which corresponds to the confluence
of the dural sinuses (torcula).

The squamous portion of occipital bone is often thickest at
the midline (especially at the EOP), and it decreases in thick-
ness from medial to lateral; it also decreases in thickness infer-
iorly toward the foramen magnum.'> As a general rule,
occipital screw fixation is performed just below the EOP to
keep it from being prominent. In cases where a large subocci-
pital decompression has been performed, and there is not suf-
ficient occipital bone below the transverse sinus for plate
fixation, instrumentation at the EOP may be required. In such
cases, it is preferable to shave down part of the inion to partially
recess the plate under the bone to prevent it from being too
prominent under the skin. It is always preferred to place occi-
pital screws near the midline given that the bone is thickest in
this region. It is critical to understand the patient specific anat-
omy during the planning stages of the operation, given that this
anatomy could be highly variable. In patients with occipital
dysplasia, such as those with BI and condylar hypoplasia, a
vestigial occipital bone may preclude screw insertion below
the superior nuchal line. Figure 1 demonstrates key features
of the occipital bone anatomy that are often referenced when
discussing occipital fixation.

Batista et al'® performed a study in 100 asymptomatic adult
patients reporting on the occipital bone thickness variability.
They reported that the EOP thickness ranged from 7.4 to 22.3
mm (mean of 14 mm); 1 cm below the EOP, the thickness



Joaquim et al

ranged from 2.9 to 13.4 mm."® Given this wide range of mea-
surements in occipital bone thickness, it is critical for surgeons
to be aware of the patient-specific anatomy in order to plan
appropriate occipital screw fixation.

Preoperative imaging for the OC fusion patient should
include a magnetic resonance imaging (MRI) to evaluate the
underlying suboccipital neuroanatomy (vascular and neural
elements), and a computed tomography (CT) scan of the occi-
pital region, in addition to routine imaging of the cervical
region. The occipital bone imaging with CT will provide
insight on the thickness and morphology of the region for
planned fixation. Additionally, an MR or CT angiogram may
also be necessary in cases with potential vertebral artery
anomalies, such as those with congenital craniocervical mal-
formations or syndromic diseases, in order to avoid iatrogenic
injuries.

Cervical Alignment in
Occipito-Cervical Fusion

It is important to have a clear understanding of the sagittal
parameters involved in cervical alignment prior to performing
an OCF. The vast majority of cervical lordosis (about 77%) is
located in the occiptal-C2 region.'® The assessment of this is
made with the O-C2 angle—an angle measured between the
McGregor’s line and the inferior end plate of C2.'%!” Addi-
tionally, the T1 slope correlates with the O-C7 angle (the angle
created between the McGregor line and the inferior end plate of
C7); thus, patients with an increased T1 slope will require
higher O-C7 angles (increased cervical lordosis) to maintain
horizontal gaze.'®!” After occipitocervical fusions (with the
lower instrumented vertebrae being either at C2 or C3), Mat-
subayashi et al'” reported that there was an inverse correlation
between the O-C2 angle, and the C2-7 angle after an OCF (O-
C2 or O-C3); therefore, the high O-C2 angle, had a reciprocal
decrease in the C2-7 angle, and vice versa. In other words,
patients with O-C2 kyphosis would require a large amount of
C2-7 lordosis as a compensatory alignment change to maintain
horizontal gaze. Additionally, excessive lordosis at the cranio-
vertebral junction can lead to reciprocal kyphotic changes in
the subaxial cervical spine. On the other hand, the O-C7 angle
is generally stable after OCF fusion since it is dependent on the
T1 slope. Understanding these compensatory changes are
important in order to avoid unnecessary complications. A
description of these angles is shown in Figure 2.

Atlas Fixation in Occipitocervical Fusion

Hankinson et al'® performed a multi-institutional study evalu-
ating the need for C1 fixation when performing pediatric OC
fusions. They analyzed 77 cases of O-C2 instrumented fusions
for atlantooccipital instability that were performed in 9 differ-
ent hospitals, and they excluded cases with subaxial instability.
They divided patients into 3 groups: Group 1—16 patients
(20.8%) with C2 instrumentation, group 2—22 patients
(28.6%) with Cl and C2 instrumentation but without

Figure 2. O-C2 angle—angle between the McGregor line and the
inferior end plate of C2. O-C7 angle—angle between the McGregor
line and the inferior end plate of C7 (O-C7 angle = O-C2 + C2-7
angle). C2-7 angle—angle between the inferior endplate of C2 and the
inferior endplate of C7. T| slope—the angle between the horizontal
line and the superior endplate of C7. T| slope has correlation with
O-C7 angle (a high T1 slope requires high O-C7 angle) and O-C2
and C2-7 angles had inverse correlation to each other to maintain
horizontal gaze.

transarticular screw placement, and group 3—39 patients
(50.6%) with at least 1 transarticular screw. Groups were eval-
uated for rates of fusion and perioperative complications. There
were no differences in the groups for fusion rates and compli-
cation rates were low. They concluded that there was not a
distinct advantage of including C1 in occipitocervical fusions
in children.

We believe that when good C2 fixation is obtained (C2
pedicle screws), C1 lateral mass fixation for OC arthrodesis
may be unnecessary in routine cases. C1 lateral mass screws
are relatively more demanding with an increased risk of ver-
tebral artery injury, venous bleeding, and C2 neuropathy. How-
ever, if fixation at C1 is necessary or preferred, we recommend
leaving the Atlas screws more proud than for C1-2 cases, as
that will make it easier to engage the rod to the C1 screws.

Axis Fixation Versus Extended Fixation
to the Subaxial Cervical Spine

The extension of the cervical spine fixation in OCF depends on
factors that include associated subaxial cervical spine pathol-
ogy (subaxial stenosis or highly unstable fractures with multi-
level involvement), poor screw fixation at C2 (bone anomalies,
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bone fractures, etc), and poor bone quality requiring additional
fixation. As a general rule, choosing C2 as the lower instru-
mented vertebrae is reasonable and is associated with high rates
of fusion in the majority of the cases.>'®!°

Pan et al*® compared OCF in 2 different groups: those who
had O-C2 fusion (short segment fusion: SSF), and occiput to
subaxial spine fusion (multisegment fusion: MSF). The mean
follow-up was 33.9 months; fusion rates and neurological
improvement was not statistically different in both groups. The
authors concluded that including subaxial fusion was unneces-
sary with adequate C2 fixation when treating occipitocervical
instability. Biomechanical studies have also suggested no dif-
ference in stiffness of an OC construct that ends with good
fixation at C2, versus one with additional subaxial
instrumentation.*°

Current Options of Occipital Fixation
Systems: Condylar Screws, Plates
Integrated to the Rods and
Nonintegrated Occipital Plates

Although there are many different commercial systems for
OCF, most modern systems have a skull plate that attaches to
the rod. This is preferable to older systems where the plate was
integrated into the distal end of the rod. Such integrated rod-
plate systems required complex bends to fit perfectly and the
skull sometimes was reduced to the rod, instead of placing the
rod onto the reduced skull. Additionally, some of the manufac-
tured integrated rod-plate systems have large plates that pre-
clude the insertion of C1 lateral mass screws, and at times even
make placement of C2 screws challenging; in some, the plate
system extends down into the cervical spine making the con-
nection to the heads of screws at C1 and C2 challenging).
Finally, integrated rod-plate systems require paramedian occi-
pital screws, where the bone is thinner than midline; in com-
parison to nonintegrated systems that can take advantage of
fixation onto the midline occipital bone, allowing for improved
occipital bone fixation.

Modern systems have also improved the rods used for OCF.
Several systems have articulated rods that allow for minimal
bends and adjustment of the occipitocervical angle after fixing
the rod to the occipital plate and cervical screws. Other systems
have prebent rods that make it easier to attach the skull to C2.
Because titanium rods are notch sensitive, they should never be
bent in more than one direction. If the bend has been too
extreme, it should be discarded, since bending it back will
likely make it fail in the early postoperative periods.

More recently, some authors have proposed the use of con-
dylar screws. Uribe et al*' performed a biomechanical study
comparing occipital plate, C1 lateral mass screws and C2 pars
screws versus occipital condylar screws, C1 lateral mass
screws and C2 pars screws. They reported that both configura-
tions reduced the range of motion by 80%, compared with
normal anatomy, and there was no statistical differences
between the fixation techniques. Ahamadian et al** reported

the results of 12 patients with occipital condyle screws that
were used as the primary cranial fixation point. After 6 months,
all had achieved occipitocervical fusion without neural or vas-
cular complications. Electromyographic monitoring of the
hypoglossal nerve is recommended when performing occipital
condyle screw fixation. Although this technique has been
shown to provide adequate fixation, we believe it should be
reserved for selected cases when the occipital bone has largely
been removed or destroyed by tumor, and there is an inability to
achieve fixation to the occiput.

Finally, for young children (generally younger than 6 years),
the vertebral dimensions are too small and therefore preclude
the use of occipital plates and cervical screws. In these cases,
we recommend wiring and cables, use of rib allograft, and
postoperative rigid cervical orthosis fixation.?®> Figures 3 and
4 are illustrative cases of condylar screw fixation, integrated
rod-plate systems, and occipital plate constructs.

Surgical Steps

Many patients who go on to need an OCF, often come into
surgery using a rigid cervical brace. For patients with instabil-
ity, intubation is commonly performed using fiberoptic gui-
dance, in order to minimize neck extension or flexion. For
those with high-risk instability, we prefer to obtain motor and
somatosensory evoked potentials while they are in a neutral
supine position, prior to positioning, to allow for baseline data
prior to prone positioning.

Patients are positioned prone using either a fixed head
holder or with tongs for continuous traction with the neck in
the neutral position. Traction is contra-indicated when the
etiology is a traumatic atlanto-occipital dislocation. When
using traction, pay attention to minimize rotation, which if
unrecognized, can go on to affect the final head position; the
result of a misaligned neck positioned during surgery could
result in a fusion with the head laterally rotated. Thus, checking
the position is of paramount importance; the patient should be
positioned so that they are looking directly at the floor. Exces-
sive extension or flexion may result in swallowing problems;
excessive flexion may result in a spinal deformity where
patients compensate by hyperextending the spine or flexing
at the knees in order to walk and look straight. We obtain a
preoperative standing lateral radiograph with the head and neck
in a comfortable position for swallowing and use this as a
template to compare with an intraoperative lateral radiograph,
in order to prevent misalignment.

The cranio-cervical area is shaved and cleaned with anti-
septic agents, followed by proper draping. The incision is per-
formed in the midline, and it is carried down along an avascular
and amuscular plane, in the standard fashion. A subperiostal
exposure of the occipital squama is performed with monopolar
cautery, and minimal midline monopolar electrocautery is used
on the axis. We avoid exposure overlying the levels not
included in the fusion to preserve the posterior tension band.

In cases where decompression is necessary, we generally
performed bone removal below the inferior nuchal line. The
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Figure 3. This patient underwent a posterior fossa decompression some years ago. He developed new neurological worsening with progressive
weakness in the 4 limbs and occipito-cervical pain. In (A), a sagittal T2 MRI with a syringomyelia and posterior fossa compression (a fibrous tissue
was compressing the spinal cord at the level of Cl). Sagittal CT scan in extension (B) and flexion (C), with the atlanto-dens interval increasing
from 4.33 mm in extension to 7.63 mm in flexion, suggesting atlanto-axial instability. Also, there is occipital assimilation of the atlas at the condyle
(D). Intraoperative picture of a condyle screw on the left side and a plate integrated to the rod with C2 laminar screws (E). Final lateral plain

radiograph (F).

inferior nuchal line is located about 2 to 3 cm below the EOP,
and it is the insertion of the obliquus capitis superior muscle,
rectus capitis posterior major muscle and rectus capitis poster-
ior minor muscle. The region between the superior and inferior
nuchal line is sufficient to occipital plating in the vast majority
of the cases. The occipital bone is carefully drilled to remove
surface imperfections and allow for the plate to lie flat. Minor
plate bending is also required in the majority of cases (slight
curvature added to the plate). We then position the plate just
below the inion. A matchstick burr is then used to create a pilot
hole for the top midline screw. Then, we use a handheld drill to
achieve unicortical screws into the EOP and bicortical screws
lower, using a drill guide set initially to a depth of 4 to 6 mm,
depending on the bone thickness on the preoperative CT and
progressively increase the drill length by 2 mm to avoid drilling
too deep. The depth achieved is measured according to the
length of the hand drill. Because the EOP has the second

strongest bone in the body (after one’s teeth), we rarely use
bicortical screws into the inion and typically stop once the
midline top screw hole is >16 mm. With at least three 10-
mm screws, it is extremely rare for the screws to fail.

For patients with cranial settling or basilar invagination,
distraction on the rods when connecting them from the occipi-
tal plate to the cervical screws could be used, but for atlanto-
occipital dislocation, distraction is not recommended. Instead,
when treating atlanto-occipital dislocation, vertex compression
onto the rods may be required.

The rods should be placed without any tension; sometimes
in situ benders are necessary to achieve proper occipitocervical
adjustment. Proper decompression of the neural elements
should be performed when necessary, based on preoperative
MRI findings. After proper connection of the rods, bone graft is
placed from the occipital squama to the cervical spine. Wound
closure is performed in multiple layers.
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Figure 4. This patient underwent a posterior fossa decompression and C1-2 wiring 3 years before being referred to our center. He developed
severe pain when flexing the head, along with dysphagia. In (A), a sagittal T2 MRI showing the dens compressing the spinal cord and posterior
fossa decompression. In (B), an occipital plate was affixed with 4 screws just below the superior nuchal line. On the axis, there were 3 screws:
bilateral pars screws and a unilateral laminar screw. (C) Postoperative lateral plain radiograph (C).

CI1 Lateral Mass Screw Fixation

The exposure of Cl involves a posterior arch subperiosteal
dissection. The superior aspect of the C1 posterior arch is pre-
served and not exposed in order to avoid injury to the vertebral
artery.>* The lamina and the spinous process of C2 are also
exposed, as well as the inferior portion of the occipital squama,
which will allow for lateral retraction of the soft tissues for a
working corridor.?* The large venous plexus covering the
region can easily be disrupted, resulting in a significant amount
of bleeding that can obscure the working corridor.>* One strat-
egy that we utilize is to expose the atlanto-axial ligament at the
midline, and from this ligament expose from medial to lateral;
when exposing, you are using the bipolar to coagulate the veins
above the dura mater until you have reached the lateral mass of
C1 bilaterally. Bipolar cauterization with loupes, or a micro-
scope, allow for improved visualization of these delicate struc-
tures. As the exposure moves laterally, the C2 nerve root is
encountered and visualized, and the surrounding soft tissues
adjacent to the C2 nerve root is removed or retracted to allow
exposure of the lateral mass. After dissection of the surround-
ing soft tissues, the C2 nerve root is mobilized inferiorly, and
the medial aspect of the lateral mass is palpated. In some cases,
such as in congenital craniovertebral anomalies with severe
atlantoaxial subluxation, the lateral mass is anteriorly located
and access may be difficult. In these cases, proximal coagulation
and cutting the C2 nerve root may improve the visualization of
the lateral mass. Huang et al*> reported that sacrifice of C2 nerve
root carries a high risk of postoperative numbness, but preserva-
tion of the nerve can also result in neuralgia. Yeom et al*®
performed a post hoc analysis of prospectively collected
patient-derived outcome data to compare 24 consecutive patients
who had bilateral C2 nerves transected versus 41 consecutive
patients without transection. Seventeen percent of patients in the

transected group had persistent neuralgic pain requiring medica-
tions at final follow-up (44-80 months) versus none in the
patients without transection. Despite this article, the topic
remains controversial with strong proponents for and against
transection. Therefore, there is no consensus about preserving
or cutting the C2 nerve root for C1 lateral mass fixation, and
each case should be thoughtfully planned while also discussing
the risks associated with the planned procedure with the patient.

Once the lateral mass exposure is complete, the entry point
can be identified. The entry point is in the midportion of the
lateral mass (often 4-6 mm lateral to the medial border of the
lateral mass), and the trajectory is generally of about 15° medi-
ally oriented (the preoperative CT can allow for visualization
of atlas and a planned trajectory). We generally use the junction
of the lateral mass and the inferior aspect of the C1 arch to be
sure we are not violating the C1-2 joint. Lateral fluoroscopic
guidance can be utilized at this point to align the screw trajec-
tory in the direction of the anterior tubercle of C1. Matching the
angulation of the C1-2 joints can also provide an accurate
trajectory. Short bicortical purchase is usually safe at this level
but a longer screw can violate the internal carotid artery.?” For
bicortical purchase, a hand drill is used until some resistance is
achieved. Commonly, the screw length is chosen about 1 to 2
mm longer than the measured length of the depth achieved with
the hand drill to allow for bicortical purchase. To avoid excess
bleeding, hemostatic agents are used as well as bipolar cauter-
ization. Additionally, raising the head position, in a reverse
Trendelenburg position, will allow for decreased venous pres-
sure. Finally, we use a screw size of about 10 to 12 mm longer
than the measured depth in the lateral mass, so that the head of
the C1 screw is in line with C2 screw, which will facilitate rod
placement (otherwise the head of the C1 lateral mass screw will
be deep adjacent to C1-2 joint).
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CI1 Posterior Arch Screws

In some patients, the posterior arch of C1 is large enough that
one can start the screw on the arch of Cl1 instead of the lateral
mass.”® This has the advantage of avoiding lateral mass dissec-
tion, with the attendant blood loss and risk of C2 nerve irrita-
tion. In addition, it allows for a longer screw with better bony
purchase. The risk of this screw is cranial violation of the arch,
resulting in vertebral artery injury. To help avoid this, we rou-
tinely obtain CT images with 3-dimensional reconstructed
views to determine if the arch is thick enough to accept a
3.5- or 4-mm screw. If the arch appears to be thick enough to
accept a screw, intraoperatively, we carefully dissect the artery
off of the cranial surface of the C1 posterior arch and place a
small paddy between the arch and the artery to protect it. Then
a starting hole is made on the arch with a burr until it is deeper
than the artery, followed by a drill to complete the hole. Care
must be taken to identify a ponticulus posticus, which gives the
false impression of a thick posterior arch, but in fact is a thin
bridge of bone covering the vertebral artery (see Figure 5).%°
Even when the arch is not very thick, it is possible to place
screws starting from the dorsal arch.”® However, if the arch is
split, it may compromise the C1-2 fusion, unless an intra-
articular fusion is performed.

C2 Screw Fixation Techniques

The most commonly used fixation techniques for C2 screws are
pars, transarticular C1-2, pedicle, and laminar screws. In
Table 1, we described the main techniques as well as specific
considerations for each one, as it follows:

Figure 5 illustrates the entry points of the most common
techniques utilized for C1 and C2 screw fixation techniques.

Adverse Events

Numerous complications can occur during and after an OCF.
Before surgery, especially in patients with additional craniofa-
cial abnormalities, intubation, and airway-related complica-
tions can occur. Preoperative evaluation of the airway and
fiberoptic assistance may be necessary.>> In select cases, a
tracheostomy may be necessary, such as in some children with
mucopolysaccharidosis or other syndromic diseases. Neurolo-
gical injury is avoided using proper stabilization before posi-
tion, with rigid craniofixation during surgery and
neurophysiological monitoring (before positioned and then,
just after head fixation before starting the procedure itself).*~
In our experience, some severe neurologically compromised
patients with craniovertebral junction instability may require
head position adjustment prior to fixation before beginning the
procedure due to decreased neuromonitoring data (motor and
sensory evoked potentials). Given the likelihood of this occur-
ring, we strongly advise obtaining baseline neurophysiological
data before positioning and prior to starting the procedure.
Venous bleeding can be minimized by elevating the patient
body (torso and head) to about 30° of reverse Trendelenburg,

and additionally having careful hemostasis in the venous
plexus when C1 lateral mass fixation is required. Arterial injury
can be avoided with proper preoperative radiologic evaluation,
careful evaluation for arterial anomalies, and good surgical
strategy. Preoperative evaluation using an MRI and/or a CT
scan is necessary. In cases where an MRI does not allow suf-
ficient resolution or detail to evaluate the vertebral artery, a CT
angiogram should be obtained at that time. Examples where
this could be encountered are in complex congenital craniover-
tebral junction anomalies or in patients with anomalous posi-
tion of the foramen transversarium. If a vertebral artery injury
is encountered, direct repair is the preferred treatment modal-
ity, although it may be not possible in the majority of the
cases.’! If the injury is addressed using an endovascular
approach, the vertebral artery can be sacrificed if it is nondo-
minant and sufficient collateral circulation is observed (gener-
ally the smaller diameter artery in preoperative exams).
Immediately following a vertebral artery injury, the surgeon
should remain calm and control the hemorrhage with direct
pressure.’! Additionally, a vascular surgeon should be con-
sulted (an endovascular procedure may avoid ligation and rees-
tablish arterial flow). If hemostasis is difficult to achieve,
applying direct pressure with a small cottonoid in the foramen
transversarium of C2 may help decreasing bleeding.

In some cases, dural injury may occur when placing the
occipital screws. Generally, the leak will stop immediately
after screw insertion. If a persistent leak continues after occi-
pital screw placement, fibrin glue and a subarachnoid lumbar
drain may be considered.

Implant failure generally occurs when the surgeon cannot
achieve good screw purchase, or when there is an insufficient
amount of bone graft. To avoid this, a careful preoperative bone
anatomy evaluation is necessary, followed by a meticulous
surgical technique, and placement of large screws (maximizing
screw length). A large amount of bone graft is generally
required for fusion, preferentially with autologous iliac or rib
graft. Fixation of the patient with the neck hyperextended, will
impact walking because it limits the patients ability to view the
ground while walking; excessive flexion will result in compen-
satory torso bending backward in order to perform activities of
daily living.? Difficulty with swallowing will occur with both
hyperextension and hyperflexion.

Finally, general complications such as posterior fossa hema-
toma, infection, thromboembolism, among others, may also
occur. In the setting of any of these being suspected, close
monitoring in an intensive care unit during the immediate
post-operative period may be preferred.

Postoperative Use of a Cervical Orthosis

With higher fusion rates, modern hardware for OCF does not
require routine use of a cervical orthosis. However, in complex
cases, such as in patients with bone abnormalities, poor bone
quality, or suboptimal screw purchase, a hard cervical collar or
a halo may be advisable.>



Figure 5. (A) Sawbone model with a posterior view of C1-2-3. Black dot—entry point of Cl lateral mass screw—midportion of the lateral mass just below the inferior
posterior Cl arch. Red dot—entry point of C2 pars screws and C2 transarticular screw—about 3 to 5 mm above the medial junction of C2-C3 facet joint, the medial position
should not violate the medial portion of the spinal canal. Orange dot—entry point of C2 pedicle screw—transition between the lateral portion of the lateral mass of C2, a little
inferior (2 mm) to the transition of the lateral mass-pars. Green dots—upper and inferior junction of the lamina-spinous process, which are entry points for laminar screws
(crossing screws). (B) Sawbone model comparing the lateral mass screw entry point (left) with the entry point of posterior arch screw (right). (C) and (D) Posterior and lateral
view of the ponticulis posticus—a thin thick bone covering the vertebral artery. (E) Posterior and (F) lateral comparative perspective of a C2 pedicle screw with a C2 pars
screw—the entry point of the pedicle is above and lateral to the pars screw. (G) lllustrative direction of the C2 pedicle screw, with an intraoperative (H) picture of the entry
point.
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Table 1. Surgical Techniques and Special Considerations for C2 Screw Fixation.

Type of Axis
Fixation

Surgical Techniques®

Special Considerations—Pearls for Practice

Pars screws

Transarticular CI-2
screws

Pedicle screws

Entry point: 3-5 mm above the C2-3 junction, medial
position without violating the spinal canal.

Trajectory: Parallel trajectory to the pars, may be guided by
lateral fluoroscopy

Same entry point as a pars screw with greater craniocaudal
direction.

Palpating the medial and superior border of C2 pedicle to
avoid breaking the cortical bone.

Removal of the CI-2 articular cartilage—improves fusion
rates.

Trajectory: Guided by lateral fluoroscopy, through the pars
into the lateral mass of Cl

Entry point: The entry point in the cranio-caudal direction is
an imaginary line extending the rostral border of the C2
lamina. Medial-laterally, it is 2 mm lateral to the midpoint
of the pars

Trajectory: Palpating the medial and rostral portion of the
pedicle for guidance

Average screw length is [2-18 mm.

Evaluate the foramen transversarium: Generally, just
anterior to the posterior vertebral line—more vertical
trajectory increases the risk of vertebral artery injury

Average screw length is 20-30 mm.

Computed tomography (CT) scan: The entire pars should
be visualized on a single image slice of a parasagittal CT
scan (average CT scan cut is 3 mm)—failure to identify a
medial located vertebral artery may result in vascular
injury

C1-2 joints must be aligned on fluoroscopy

Axial support in the vertex may be useful to avoid CI-2
joints distraction

Excessive angulation may cause: (1) cranial—may violate the
condyle-C1 joint, (2) caudal—inadequate fixation of CI,
(3) medial—spinal cord injury, (4) lateral—vertebral
artery injury

True pedicle screws—cross obliquely into the pedicle
toward the body of the axis

CT scan: The entire pars should be visualized on a single
image slice of a parasagittal CT scan (average CT scan cut
is 3 mm)—failure to identify a medial located vertebral
artery may result in vascular injury

Up to 20% of the patients do not have pedicles large enough
to allow for pedicle screw cannulation

Laminar Entry point: Junction of the spinous process and lamina. The Free hand technique. May require of head screw extension
trajectory is directly into the lamina but avoiding a ventral ~ to capture the rod
breech (dorsal perforation is possible and may also Contraindicated when there is a hemilaminectomy of C2
improve purchase with a bicortical screw) Alternative to pedicle and transarticular screws given 20%
of the patients cannot have safely placed pedicle screws
With a dissector it is possible to palpate the inner portion of
the lamina, which may help in selecting trajectory
Conclusions References

OCF can sometimes be a challenging procedure, with the
potential risk of severe complications. Understanding the sur-
gical indications, as well as the details of the surgical tech-
niques, is necessary to improve outcomes and avoid
complications.
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