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Tristan B. Fried, Douglas A. Hollern,
Michael Markowitz, Gregory D. Schroeder,
and Alexander R. Vaccaro

Introduction

The current role of nonoperative techniques for
the cervical spine is controversial, but it is criti-
cal that all spine surgeons have the ability to per-
form a closed reduction in their repertoire [1].
Closed reduction may be followed by treatment
in a halo orthosis or a cervical collar as the defin-
itive method of treatment, or it may be used in
the initial phase as an adjunct to eventual surgi-
cal stabilization [1]. A closed reduction is almost
exclusively performed for injuries in the cervical
spine, but there are a variety of fractures and dis-
locations of the cervical vertebrae that can be
corrected using closed reduction techniques.
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Indications and Patient Selection

The primary indication for a closed reduction of
a spinal injury is a displaced cervical fracture or
dislocation that is either compressing the neural
elements or a cervical injury that is unstable and
has the possibility of compressing the neural ele-
ments [2]. Specifically, cervical traction can be
used to treat cervical facet subluxations/disloca-
tions, AOSpine C type (Translation) injuries,
burst fractures, displaced odontoid fractures, and
displaced hangman’s fractures (with the excep-
tion of Ila fractures) [1, 3]. If a patient has an
incomplete neurologic injury with continued spinal
cord compression, urgent spinal cord decompres-
sion is recommended [4]. Surgeons should know
the capabilities of their institution, and if a surgi-
cal decompression cannot be done expeditiously,
a closed reduction should be performed [2].

Pre-procedure Considerations

Before inserting the Gardner-Wells tongs, the
patient must be checked for coexisting injuries.
If fractures of the skull are discovered, then other
options should be explored; however not all skull
fractures are a contraindication to traction (such
as base of the skull fractures), and so traction
may still be used if the fracture and its distribu-
tion are thoroughly understood. The use of
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Gardner-Wells tongs is contraindicated if there
are soft tissue injuries near the traction site [1].
Another consideration is the choice of traction
tong to be used during the reduction. Although
there are tongs that are compatible with MRI,
these tongs are not able to bear as much weight.
Therefore when using traction for injuries in
which a significant amount of weight may be
needed, such as a C7/T1 facet dislocations, stain-
less steel tongs should be used as opposed to
MRI compatible tongs [2].

Before any intervention begins, it must be
assured that the facilities used have the proper
equipment to handle a reduction, as well as the
possible complications. This must include access
to an MRI which is necessary if there is any rapid
deterioration of neurological signs. Before begin-
ning the procedure, a neurological examination
should be taken to serve as a baseline for repeat
neurological exams during the procedure [5].

Technique
Gardner-Wells Traction

The first step is clear identification of the injury
using CT or radiographs of the cervical spine.
After identification, the patient is prepared in a
RotoRest bed (KCI, San Antonio, Texas) or
Stryker bed (Stryker, Kalamazoo, Michigan), and
the skin is prepped with an iodine solution [5].
Most commonly Gardner-Wells tongs are applied
approximately 5-10 mm above the pinna of the
ear in line with the external auditory meatus. It is
critical that the pins are located below the equator
of the skull to prevent the pins from pulling out
after weight is applied. The pins should be tight-
ened until the force indicator is approximately
1 mm above the surface, which is 31 Ibs of force
[1]. Importantly, while the risk of overtightening
the spring-loaded pins exists, penetration of the
inner table of the skull leading to abscess or hem-
orrhage is a rare complication. Cadaveric studies
demonstrated nearly 162 pounds of force were
necessary to penetrate the inner table of the skull,
whereas only 30 pounds were needed to secure
the pins appropriately [6]. A folded towel may be

T.B. Fried et al.

used under the patient’s neck in order to get an
improved angle for the reduction. Intravenous
narcotics for pain control and muscle relaxation
can be administered, but it is critical the patient
be awake and alert and able to participate in a
reliable neurologic exam [1]. The placement of
the tongs more anteriorly or posteriorly depends
on the direction in which the vector of force must
be applied. Anterior application of the tongs will
lead to extension of the neck, while posterior
placement will lead to flexion of the cervical
spine. Posterior placement of the pins can be ben-
eficial in cervical facet dislocations, as often a
significant flexion moment is needed in the
reduction. If an anterior application of the tongs
is used, they must avoid the temporalis muscle
and superficial temporal artery and vein [5].
Patient positioning is crucial when adminis-
tering tong traction. While supine positioning is
preferred, the use of reverse Trendelenburg or the
application of arm/leg weights should be utilized
to counteract the traction weight as it is added to
the skull throughout treatment. When using beds
designed for traction, often shoulder rests are
present to prevent translation of the entire body
when traction is applied [2]. Prior to placing any
weight on the tongs, a thorough neurologic exam
should be performed and documented. Similarly,
every time any weight is added, a thorough neu-
rologic exam should be performed and docu-
mented. If at any time the patient begins to have
new neurologic symptoms, the closed reduction
should be aborted, and the patient should undergo
urgent MR scanning prior to surgical interven-
tion. Traction should begin at 5-10 pounds and
steadily increased with 5-10-pound increments
every 10-20 min in concurrence with serial neu-
rologic and radiographic studies [7]. The patient
must remain alert and oriented and able to par-
ticipate in the exam after the addition of increased
weight [2]. This method helps prevent over dis-
traction of an already unstable injury as well as
avoidance of muscle spasms derived from the
traction itself. It is important to note that physical
manipulation to recreate some of the deforming
forces (i.e., increased cervical flexion in a flexion
distraction injury) may be needed to help unlock
the injury, but this should be done with caution,
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as excessive manipulation may result in further
compression on the spinal cord. Additionally, in a
unilaterally dislocated cervical facet, an axial
load applied directly to the located facet while
the head is rotated 30-40° past midline toward
the injured facet may aid in the reduction [8].

Once reduction has been accomplished, the
cervical pathology will then dictate the next step.
In a cervical facet dislocation, once the facets are
relocated, all but 10-20 pounds of weight can be
removed, and the patient can remain in the
RotoRest bed until surgical stabilization is per-
formed. Alternatively the patient may be placed
in slight cervical extension in a halo vest. If trac-
tion is being used in the setting of a burst fracture
with retropulsion, the weight needed to decom-
press the spine through ligamentotaxis may
remain on the tongs (10-20 lbs) until surgical
decompression occurs.

Halo Traction

The initial evaluation and the actual reduction
technique are almost identical when performing a
reduction with halo traction compared to
Gardner-Wells tongs; however attachment of the
halo to the patient is significantly different.
Initially the ring should be appropriately sized to
fit with at least 1 cm of clearance between all
points of the head and attached via the four pin
sites [7]. With halo traction the optimal pin sites
anteriorly are the anterolateral areas of the skull,
about 1 cm superior to the orbital rim, superior to
the lateral two thirds of the orbit, and inferior to
the greatest circumference of the skull bilaterally
[9]. While lateral placement is more ideal, atten-
tion to the temporal fossa is also critical as this
bone is thin and in close proximity to the muscles
of mastication and the zygomaticotemporal nerve
[10]. The exact pin placement posteriorly is not
as crucial, as the skull is more uniform and
thicker, and neither neuromuscular nor vascular
structures are not in harm’s way. Initial data sug-
gested that pins only be inserted with a torque of
5-6 inches/pound, but that changed when cadav-
eric studies determined up to 10 inches/pound of
torque can be used to secure pins in place safely.

Recently, it has been determined that a torque of
8 inches/pound was preferred during traction-
reduction with minimal incidence of pin loosen-
ing and infection [9]. While the authors routinely
use Gardner-Wells tongs for traction if the patient
is going to require surgery, if the injury is to be
treated definitely in a halo orthosis, the authors
will use a halo for traction, and once the reduc-
tion is achieved, the reduction can be locked into
place with the halo vest orthosis.

Head-Halter Traction

A third, however rarely used way to perform cer-
vical traction is through a head-halter apparatus.
This apparatus is preferred by some because it is
entirely noninvasive; however it is not the
author’s choice because it is unable to handle the
same amount of weight as tongs. Head-halter
traction is also associated with the complication
of temporomandibular joint pain. As a result of
these factors, this device is not commonly used
outside of pediatric atlantoaxial subluxation/fixa-
tion [8].

lllustrative Case

This is a 45-year-old man who slipped and fell
down the steps in his house. He was brought to
the emergency room with severe neck pain, but
neurologically intact. A cervical spine computed
tomography (CT) scan demonstrated a Type III
odontoid fracture that was anteriorly displaced
by 7.5 mm (Fig. 1.1). The decision was made to
perform a closed reduction and treatment in a
halo vest. The patient was placed prone on a
RotorRest bed, and the aforementioned technique
for halo traction was performed. Initial radio-
graphs demonstrated continued anterior displace-
ment of the odontoid fracture (Fig. 1.2a), and 10
pounds of weight was added in a posterior vector,
and 10 pounds of weight was added in superior
(distraction) vector (bivector traction). A neuro-
logic exam showed no changes, but radiographic
alignment also did not change (Fig. 1.2b).
Another 10 pounds was added in both the
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Fig. 1.1 Sagittal (a) and coronal (b) CT scan demonstrating a type III odontoid fracture with 7.5 mm of anterior
translation
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Fig.1.2 Initial radiographs demonstrated continued ante-  superior vectors (c), followed by an additional five pounds
rior displacement of the odontoid fracture (a); 10 pounds  to the superior vector (d). The patient had no neurologic
of weight was added in a posterior vector, and 10 pounds  changes, but also had no significant change in radio-
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Another 10 pounds was added in both the posterior and



1 Cervical Traction and Reduction Techniques

PORTABLE

CROSS-TABLE

10/35

©

in halo

O

PORTABLE

CROSS-TAELE

«

Fig. 1.3 After gentle manipulation of the fracture, a significant reduction was achieved (a), and final upright radio-
graphs in the halo orthosis demonstrated 2.7 mm of anterior translation (down from 7.5 mm)

posterior and superior vectors, followed by an
additional five pounds to the superior vector. The
patient experienced no neurologic changes, but
there was significant change in radiographic
alignment (Fig. 1.2¢, d). The decision was made
to gently manipulate the fracture. The weight was
taken off of the posterior vector, and a small flex-
ion moment was placed by the surgeon on the
halo. This recreation of the deformity “unlocked
the fracture,” and then 35 lbs of weight was
placed in a superior vector, and 10 Ibs was placed
in a posterior vector. No neurologic changes were
noted after manipulation, and a significant reduc-
tion was achieved (Fig. 1.3a). The halo ring was
connected to the halo vest, and the weight was
removed. Final upright radiographs demonstrated
2.7 mm of anterior fracture displacement, and so
the patient was treated definitively in a halo
orthosis (Fig. 1.3b).

Technical Pearls
e All patients should be awake, alert, and able

to cooperate with a neurologic exam prior to
the closed reduction of a cervical spine

injury. After every incremental increase in
weight, a repeat neurologic exam must be
performed.

The use of a bed designed for a closed reduc-
tion is critical. These beds will often allow for
multivector traction that allows for both a dis-
traction and a flexion moment. Additionally, it
is often possible to remove the headpiece to
create an extension moment. These complex
vectors may be needed for different fracture
patterns (such as the one in the case illustra-
tion), and achieving them on a bed not designed
for cervical traction can be challenging.

Tong pin placement is critical [1]. When flex-
ion is required a more posterior pin placement
relative to the tragus of the ear is beneficial,
and when extension is desired, pins should be
placed more anteriorly. Additionally, if the
pins are placed asymmetric, there may be an
unwanted rotational vector on the cervical
spine [8].

If possible have a digital X-Ray machine in
the room, so time is not wasted as the techni-
cian is running to develop the film.

Similar to fractures elsewhere, slight manipula-
tion to “recreate the deformity” may be needed



to allow for fracture site disengagement in
order to achieve an adequate reduction. Any
manipulation should be done with extreme cau-
tion, particularly in patients with spinal cord
compression.

» If the patient is going to be treated definitively
in a halo vest orthosis, consider using the halo
ring for traction rather than Gardner-Wells
tongs.

Complications and Strategies
for Avoidance

Since Fehlings et al. demonstrated superior
long-term neurologic improvement in patients
who underwent early decompression of the cer-
vical spinal cord after injury, it is clear that
expeditiously decompressing the neurologic
elements is paramount [4]. However, cases of
neurologic worsening during a closed reduction
leading to displacement of a large disk hernia-
tion into the spinal cord have made the exact
treatment algorithm of cervical facet disloca-
tions controversial [11]. Often the diagnosis of a
facet dislocation can be made on a cross table
radiograph in the trauma bay, and the quickest
way to decompress the spinal cord would be to
perform a closed reduction at that time; however
at many institutions, surgeons prefer to initially
obtain an MRI to evaluate for the presence of a
herniated disk or hematoma. The need for this
delay was questioned by Vaccaro et al. when
they reported on nine patients who had dislo-
cated cervical facets. All nine patients had a
prereduction MRI, and two of the nine had disk
herniation identified on the MRI. A closed
reduction was then performed on all patients,
and none had worsening of their neurologic sta-
tus. Additionally, all patients underwent a post-
reduction MRI, and five patients had a herniated
disk after closed reduction. Based on these
results, the authors stated that it was likely safe
to perform a closed reduction in an awake, alert,
and cooperative patient [12].

In patients with a cervical facet dislocation,
the authors propose the following algorithm. If
the patient has dislocated cervical facets, but is
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neurologically intact or has an incomplete spinal
cord injury, an initial closed skeletal reduction
may be safely performed prior to obtaining an
MRI in an awake, alert, and examinable patient.
Alternatively, an MRI may be obtained prior to
an open or closed reduction. The urgency of a
decompression is significantly less in a neuro-
logically intact patient, and the delay in obtain-
ing an MRI is negligible. Conversely, if the
patient has a complete spinal cord injury, they
should undergo a closed reduction as soon as the
injury is identified, as there is little risk of wors-
ening the neurologic outcome. Any patients who
are not awake, alert, and cooperative should
undergo an MRI prior to reduction. Lastly, the
closed reduction should be stopped immediately
if the patient begins to have worsening neuro-
logic symptoms.

While halo and Gardner-Wells traction are
effective methods of cervical traction, the pin
placements for each may be problematic if placed
improperly. Halo pin placement should take place
with the patient’s eyes closed. This is to reduce
tethering of the skin and to avoid the inability to
close the eyes. Incorrect anterior pin placement
has been noted to cause injury to the supraorbital
and supratrochlear nerve, while penetration
directly into the frontal sinus or orbit is possible
with excessive pin tightening [7]. To avoid com-
plication, areas where pin placement can be
safely applied have been defined at approxi-
mately 1 cm above the orbital rim, remaining
below the equator of the skull, and above the lat-
eral two thirds of the orbit [9]. It is also of impor-
tance to avoid too lateral pin placement as there is
risk of compromising the temporalis muscle and
the zygomaticotemporal nerve. Complications
include impedance of mandibular motion and
increased risk of skull penetration in this area.
Posterior pin sites, while less dangerous to the
immediate anatomic structures, should be placed
inferior to the widest portion of the skull but
superior enough to minimize potential cephalad
pin migration and to avoid ring impingement on
the upper helix of the ear [7].

Garner-Wells tongs unlike halo devices only
require the placement of two pins. Appropriate
pin site insertion is most effective at 1 cm above
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the pinna, lined up with external auditory meatus,
and inferior to the equator of the skull [2]. With
pin site insertion, care must be taken as there is
risk of puncturing the superficial temporal artery
or penetration to the temporalis muscle. Similar
to complications of halo pin placement, effects
of this complication include impedance of man-
dibular motion and increased risk of skull pene-
tration [7]. Pins should also be angled upward
with simultaneous tightening on insertion until
the spring-loaded indicator protrudes 1 mm
above the flat surface of the pin head. Avoid
overtightening as it may result in penetration of
the skull leading to potential abscess or hemor-
rhage [2, 13].

Other issues common to both treatment modal-
ities include loosening and infection at pin sites.
This is much more of an issue when patients are
treated definitively in a halo orthosis; however
this also can happen if patients undergo a closed
reduction to temporarily stabilize the cervical
spine, and surgical management is delayed. It has
been reported that the pins loosen in up to 36-60%
of patients treated with a halo orthosis. Pin site
infection has been seen to occur in 20% of patient
cases [14]. When suspicious of infection exists,
measures must be taken immediately to prevent
long-term complications. First, it is appropriate to
obtain bacterial cultures, begin antibiotic therapy,
and determine appropriate alternative pin loca-
tion. Rarely the pin can penetrate the skull; failure
to resolve an infected pin within the skull has
been seen to cause abscess formation and severe
neurologic sequelae. Alarming symptoms include
generalized signs of infection, headaches, sei-
zures, disorientation, and psychosis. While skull
penetration is often a cause of pin overtightening,
care must be taken to appropriately fixate the pins
with the right amount of pressure. Typical pres-
sures to achieve skull penetration are much lower
than necessary to secure the pins appropriately,
making this error rare. Application with routine
pin tightening at 1 day and 1 week after halo fixa-
tion and every 24 h for Garner-Wells tongs has
been proven safe to secure and minimize pin pen-
etration into the skull [14].

Conclusion

Devices designed to provide cervical traction
deliver the necessary support for correction of the
pathologic process while simultaneously risking
the development of dangerous complications.
These complications surrounding cervical trac-
tion vary in severity but should always be
addressed and corrected immediately upon dis-
covery. Cervical traction is indicated for numer-
ous cervical spine pathologies with the goal of
spinal reduction and prevention or recovery of
neurologic damage. While the ideal protocol for
handling cervical spine pathologies remains con-
troversial, the use of traction-reduction can be
beneficial for many injuries.
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Abbreviations

CT  Computed tomography
MR  Magnetic resonance

Introduction

Cervical orthoses are used to restrict movement and
maintain proper spinal alignment in patients with a
wide range of spinal pathology, including trauma,
deformity, and tumor. Halo vest immobilization
with pin fixation to the skull has been considered
the gold standard for external immobilization of the
cervical spine since it was first introduced by Perry
and Nickel in 1959 [1]. A number of biomechanical
studies have quantified the degree of cervical immo-
bilization provided by the halo vest [2-5]. Schneider
et al. [6] performed a biomechanical evaluation of
intervertebral motion for seven cervical orthoses in
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45 healthy adult volunteers. The halo vest was the
most effective orthosis for limiting axial rotation
and lateral bending. Although the halo vest is most
effective in restricting motion below the C2 level
compared to more cranial levels [4], Richter et al.
[7] demonstrated that it is still the most effective
brace for restricting motion in the upper cervical
spine (C1-2,C2-3). The halo may provide superior
immobilization compared to other braces; however,
the device is less effective in restricting motion at
levels with instability and at the occipitocervical
junction and in cervicothoracic regions [5]. Thus,
careful clinical and radiographic follow-up of each
patient should be conducted in all cases of spinal
instability to ensure that the halo is adequately
restricting motion and that alternative treatment
(i.e., surgical fixation and fusion) is not warranted.
External immobilization with the halo device
has several advantages to surgical fixation and
fusion. First, the halo device may be motion-
sparing when treating pathology such as hang-
man’s fractures and odontoid fractures. After the
injured portion of the spine has healed, the patient
will most likely regain range of motion, which
would not be the case with most surgical tech-
niques that require fixation and fusion. Another
advantage is that the halo device eliminates the
risks of surgery, which may be substantial in
some patients, such as those that have suffered
trauma with multisystem injuries. Finally, halo
vest immobilization can be used as a temporizing
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measure to treat highly unstable spinal injuries
while preparing patients for surgery, and it can be
used in the operating room for positioning
because the halo can be attached directly to the
Mayfield head holder.

Although the halo device may be the most
effective device for external immobilization of the
cervical spine, it is not completely benign. The
halo device has been shown to impair vital func-
tions such as swallowing [8], respiratory function
[9], and mobilization [10] because of the vest’s
significant weight and constriction. Complications
associated with the halo device include infection
at the pin site, pin loosening, decubitus ulcers,
cerebral abscess, nonunion, and death [11-14].
The elderly are particularly vulnerable to serious
complications with the halo device. Horn et al.
[14] performed a retrospective review of patients
70 years of age or older who were treated with
halo vest immobilization. Of the 53 patients iden-
tified, four patients developed respiratory distress,
six developed dysphagia, and ten developed pin-
related complications. Eight deaths occurred, of
which six were secondary to respiratory distress
and cardiovascular collapse. Thus, it is imperative
to consider whether the patient is healthy enough
to tolerate halo vest placement.

Indications and Patient Selection

The indications for halo vest application remain a
topic of considerable debate. Pathological enti-
ties that may be treated with halo vest immobili-
zation include fractures of the cervical spine that
do not significantly compress the spinal cord or
spinal nerves. Examples of fractures of the upper
cervical spine that may be treated with the halo
vest include: Jefferson fractures, type II and type
IIT odontoid fractures, hangman’s fractures, and
various combinations of Cl and C2 fractures
[15]. Other indications for the use of halo devices
include preoperative traction for spinal defor-
mity. Halo-gravity traction has been shown to
achieve partial correction of cervical deformity
and may decrease the extent of the osteotomy
needed to achieve correction of spinal alignment
in some cases [16].
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Absolute contraindications for halo vest
placement include skull fractures and scalp lac-
erations at the pin sites. Relative contraindica-
tions include elderly patients, impairment of
pulmonary function, and barrel-shaped chest.

Preoperative Considerations

Several factors must be considered before nonop-
erative management with a halo vest is attempted.
One of the most important considerations is
whether the patient will tolerate halo vest immo-
bilization. Elderly patients and patients with poor
pulmonary function may not tolerate the signifi-
cant weight and constriction of the halo vest.
Instead, these patients may require nonoperative
management with a rigid cervical collar or opera-
tive intervention if more rigid fixation is required
to treat the instability.

Before application of the halo vest, the com-
puted tomography (CT) of the patient’s head (if
available) should be carefully analyzed. It is
important to note the location and extent of the
frontal sinus in order to prevent perforation of the
sinus. In additional, the patient should be evalu-
ated for any skull fractures that may preclude
placement of halo pins.

The preoperative alignment of the cervical
spine must be evaluated to determine which
maneuvers are necessary to achieve immobiliza-
tion in the ideal alignment. For example, if the
patient has a fracture with subsequent cervical
kyphosis, the patient’s spine may need to be
immobilized in extension to achieve a more lor-
dotic alignment.

During halo placement, appropriate place-
ment of the pins is key to avoid complications.
Careful preoperative planning should include
evaluation of CT of the head to determine the
location and extent of the frontal sinus.
Perforation of an enlarged frontal sinus with a pin
can result in intracranial infection, cerebrospinal
fluid leak, or pneumocephaly [17, 18]. Options
for safe zones for the anterior pins include the
supraorbital location and the frontolateral
location. The supraorbital location is 1 cm above
the lateral two-thirds of the orbital rim (Fig. 2.1).
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Fig.2.1 (a) Illustration of the halo vest components. (b)
Locations of the safe zone for the anterior pin (green) and
the danger zone (red) where the supraorbital nerve resides

This area avoids the supratrochlear nerve, the
supraorbital nerve, and the frontal sinus [13, 19].
The frontolateral location is just anterior to the
triangular portion of the temporal hairline and
thus may produce a more cosmetically accept-
able result [20]. For either the supraorbital or
frontolateral location, another key structure to
avoid is the temporalis muscle, because pin pen-
etration of the temporalis muscle, given its role as
a muscle of mastication, is painful. The typical
posterior pin placement is posterior and cranial to
the ear in the temporo-occipital region, with the
pins placed diagonal to the contralateral anterior
pins [13, 19].

Surgical Technique

Before the halo vest is applied, intravenous mus-
cle relaxants may be administered to provide
mild sedative and musculoskeletal relaxant
effects, as well as analgesic effects. However, it is
important that the patient be alert enough to

(Used with permission from Barrow Neurological
Institute, Phoenix, Arizona)

cooperate with the placement of the halo vest.
The patient is placed supine on a flat bed, with
the patient’s cervical spine in a neutral position
with the cranial-most portion of the head par-
tially overhanging the bed. Strict cervical spine
precautions should be maintained throughout the
procedure. The circumference of the patient’s
head is measured across the greatest circumfer-
ence of the skull, which is approximately one-
half inch above the ears, to determine the
appropriate ring size. The ring size should allow
for 1 to 2 cm between the ring and the skull for
patient comfort and for cleaning purposes. The
chest circumference should then be measured at
the level of the xiphoid process to determine the
size of the vest. The sternal length is then mea-
sured and is used to determine the vest size.

One of the most important steps in applying
the halo vest is ensuring that the spine is in an
ideal alignment. A rolled-up towel may be placed
under the neck/interscapular region to modify the
alignment as desired. If the roll is placed closer to
the interscapular region, then the cervical spine
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will achieve a more lordotic position. If it is
placed in a more cranial position along the neck,
then the cervical spine will be in a more kyphotic
position.

A cotton stockinette liner is then rolled up
from the patient’s waist to just below the patient’s
axillae.

With the help of an assistant to ensure that
strict cervical spine precautions are maintained,
the patient is logrolled to one side, and the poste-
rior vest is placed before the patient is rolled back
to the supine position. The anterior vest is then
applied, and care is taken to ensure that the ster-
nal notch and clavicles are not compressed.

The appropriate pin sites are then chosen (see
Technical Pearls), and the hair is then clipped at
the desired sites. The pin sites are prepared using
sterile technique with chlorhexidine swabs and
then anesthetized with 1% lidocaine with epi-
nephrine. The patient’s head and neck are stabi-
lized manually by the assistant during placement
of the ring. The ring should be placed as low as
possible without allowing it to touch the ears or
eyebrows. The pins are then placed at their
desired locations. The pins should be finger tight-
ened in opposing pairs. The pins are then tight-
ened with a torque driver to 8 in-Ib in adults and
4 in-lb in small children. Typically, 4-6 pins are
used in adult patients, and 8 pins are used in pedi-
atric patients. Studies have shown that 8§ in-1b of
force is safe and optimal for anterior and poste-
rior pin placement [21, 22]. Again, the pins
should be tightened in an opposing fashion so
that the ring is equidistant to the skull circumfer-
entially. The jam nuts are tightened against the
halo ring to prevent inadvertent protrusion of the
pins. The pins are tightened again after 24 h to
the same torque initially used.

Once the ring is secured, the head position is
maintained as the bilateral posterior, and anterior
rods are attached and secured to the ring via the
superstructure composed of ring attachment disk,
distraction assembly, and a transverse rod
(Fig. 2.1).

All bolts and straps are then rechecked to ensure
that they are adequately secured. Cervical radio-
graphs are obtained in supine and upright positions
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to ensure preservation of optimal alignment. If
alignment is not adequate, then the upright rods
and halo ring may be adjusted accordingly to find
the optimal position for healing.

Finally, daily hygiene is important for the pre-
vention of pin-site infections. Pin sites should be
cleaned daily with either hydrogen peroxide or
normal saline.

lllustrative Case
History and Examination

A 40-year-old man presented to the trauma bay
after a motor vehicle accident. Physical examina-
tion revealed tenderness to palpation in his cervi-
cal spine but no neurological deficits. The patient
reported no significant past medical history.

Imaging

CT imaging of the cervical spine demonstrated a
C2 hangman’s fracture (Fig. 2.2). CT angiogra-
phy revealed a traumatic dissection of the right
vertebral artery along the distal V2 and V3 seg-
ment. The patient administered a 325 mg dose of
aspirin for treatment of the dissection and to pre-
vent thromboembolic stroke.

Treatment

The patient was considered for surgical fixation
and fusion to treat the hangman’s fracture.
However, several factors persuaded us to attempt
treatment with external immobilization with a
halo vest. First, the patient had no injury to the
C2-3 disk space and no compression of the spinal
cord on magnetic resonance (MR) imaging.
Second, the risk of injury to the left vertebral
artery during surgical fixation and fusion was
concerning given the traumatic dissection of the
right vertebral artery. Third, the patient was
young and healthy without any contraindications
for halo placement.
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Fig.2.2 Sagittal
computed tomography
(CT) images of the
cervical spine showing a
C2 hangman’s fracture
in a patient who suffered
a neck injury in a motor
vehicle accident. CT
images showing
fractures of the (a) right
and (b) left C2 pars
(Used with permission
from Barrow
Neurological Institute,
Phoenix, Arizona)

Outcome

After placement of the halo, upright lateral radi-
ography of the cervical spine was obtained to
ensure ideal alignment (Fig. 2.3). At the patient’s
2-month follow-up, CT imaging revealed evi-
dence of a healing fracture, with bone beginning
to bridge the fracture (Fig. 2.4). The halo vest
was continued for another month, after which
flexion/extension radiography of the cervical
spine was obtained. The radiographs revealed
complete fusion of the fracture and no instability
(Fig. 2.5). The halo vest was removed at this
time, and the patient was placed in a rigid cervi-
cal collar. The purpose of the cervical collar was
to wean the patient from immobilization of the
neck muscles and allow him to gradually build up
his paraspinal muscle strength. This collar was
continued for 2 weeks, at which time he was
instructed to wean himself from it as tolerated.

Technical Pearls

e Appropriate placement of the pins is key to
avoiding complications. Careful preoperative
planning should include evaluation of CT of
the head to determine the location and extent
of the frontal sinus.

e Safe zones for the anterior pins include a
supraorbital location or a frontolateral loca-
tion. The supraorbital location is 1 cm above
the lateral two-thirds of the orbital rim. The

Fig. 2.3 After halo placement, proper alignment of the
spine is verified by upright lateral radiography of the cer-

vical spine (Used with permission from Barrow
Neurological Institute, Phoenix, Arizona)

frontolateral location is located just anterior to
the triangular portion of the temporal hairline
and may produce a more cosmetically accept-
able result [20].

* During insertion of the anterior skull pins, it is
imperative for the patient to close his or her
eyes to prevent skin bunching.

* Avoid pin penetration of the temporalis
muscle.

e Posterior pin placement is posterior and cra-
nial to the ear in the temporo-occipital region
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Fig.2.4 Computed
tomography (CT)
images at the patient’s
2-month follow-up
revealed evidence of a
healing fracture with
bone beginning to bridge
the fracture. CT images
showing fractures of the
(a) left and (b) right C2
pars (Used with
permission from Barrow
Neurological Institute,
Phoenix, Arizona)

Fig.2.5 One month
later, (a) flexion and (b)
extension radiographs of
the cervical spine
revealed no instability
and complete fusion of
the fracture (Used with
permission from Barrow
Neurological Institute,
Phoenix, Arizona)

and diagonal to the contralateral anterior pins
[13,19].

e Care should be taken to place pins completely
perpendicular to the skull in order to achieve
the most rigid fixation and prevent slippage
and subsequent scalp laceration.

e The vest should be carefully inspected after
placement to ensure that all bony prominences
are adequately padded in order to prevent skin
ulcerations.

Complications and Strategies
for Avoidance

Pin loosening is the most common complication
of halo fixation, and compressive forces decrease
an average of 83% during the halo treatment
period, thereby compromising immobilization

HJ

Extension

[12]. It is important that the pins be torqued to 8
in-1b, because doing so may help prevent loosen-
ing compared to lower torque pressures.
Additionally, the torque should be rechecked
24-36 h after application and retightened if nec-
essary. Periodic follow-up should be established,
and pin torque should be assessed during the
clinical visits.

Another potential complication is infection at
the pin sites. Botte et al. retrospectively reviewed
179 patients and found the incidence of pin-site
infections to be 20% [13]. The best protection
against pin-site infection is sterile technique dur-
ing application of the pins and optimal pin care.
When applying the halo ring, a 1-2 cm gap must
be present between the ring and the skull. This
gap allows for daily cleaning with soap and water.

Injury to the supraorbital and supratrochlear
nerve is a potential complication of halo vest
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application. This complication can occur if the
pins are not placed in the appropriate supraorbital
or frontolateral location. The nerves at risk reside
in the medial third of the supraorbital rim; there-
fore, no pins should be placed in this area.

Perforation of an enlarged frontal sinus with a
pin can result in intracranial infection, cerebro-
spinal fluid leak, or pneumocephaly [17, 18]. CT
of the head should be analyzed before pin place-
ment to evaluate the relevant cranial anatomy,
and care should be taken to avoid the frontal
sinus. The frontolateral location of the anterior
pin is typically farther from the frontal sinus and
may be a more appropriate location in patients
with enlarged or aberrant frontal sinuses [20].

Follow-up is critical in patients who are
immobilized with the halo vest to ensure that
excessive motion is not occurring [23]. Supine
and upright radiographs should be evaluated
immediately after placement of the halo and at
regular clinical follow-up examinations. If exces-
sive motion is apparent on radiographs, then
alternative management strategies (e.g., surgical
fixation) may be warranted.

Conclusion

Halo vest immobilization can be an effective
treatment strategy for the management of cervi-
cal fractures and instability. It is imperative to
consider the patient’s ability to tolerate the weight
and constriction of the vest prior to its applica-
tion. After the halo has been applied, close clini-
cal follow-up is necessary to ensure that the
patient is tolerating the vest and that it is effec-
tively immobilizing the cervical spine.
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Introduction

Cranial-cervical instability can be caused by
systemic illnesses or traumatic injuries and
often requires urgent attention and surgical sta-
bilization. The cranial-cervical junction is a
complex region of the spine with challenging
anatomical and biomechanical considerations.
The occipital-C1 joint is responsible for 15° of
flexion and extension of the cervical spine;
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C1-C2 provides 45% of the axial rotation [1-3].
Surgical techniques and fusion constructs have
evolved over time, mostly because of the his-
torical difficulty of dealing with surgical stabili-
zation and the associated high failure rates [4].
In spite of early failures, however, the evolution
of rigid fixation and the adoption of short-seg-
ment fixation have resulted in fusion rates near-
ing 100% [5, 6]. In this chapter, we discuss the
causes, both traumatic and systemic, of cranial-
cervical instability and describe its surgical
management.

Indications and Patient Selection
Causes of Cranial-Cervical Instability

Cranial-cervical instability results from laxity or
disruption of the occipital condyle-C1-C2 rela-
tionship; it is also described as and encompasses
the terms occipitocervical instability (O-C1) or
atlantoaxial instability (C1-2). We will focus on
occipitocervical instability as it relates to cranial-
cervical instability. Many conditions can lead to
occipitocervical instability, including congenital
cranial settling, trauma, rheumatoid arthritis,
inflammatory arthropathies, tumor burden, and
infection, and it can also develop after surgical
decompression (Table 3.1) [5, 7, 8].
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Table 3.1 Common causes for cranial-cervical instabil-
ity requiring surgical stabilization

Systemic

Rheumatoid arthritis
Reiter syndrome
Psoriatic arthritis
Inflammatory bowel
disease-related arthritis
Calcium pyrophosphate
deposition disease

Inflammatory

Infection Bacterial (osteomyelitis)

Fungal

Neoplasm Osteolytic

Osteoblastic
Traumatic/surgical

Trauma Atlanto-occipital
dislocation (AOD)
Atlantoaxial dislocation
Occipital condyle

avulsion fracture

After Chiari
decompression or foramen
magnum surgery

After upper cervical
laminectomy

Postsurgical

Traumatic Cranial-Cervical Instability

Traumatic occipitocervical dislocation, which is
defined as the traumatic dislocation of the occipi-
tal condyle and C1 lateral mass (O-C1 joint), is
the most common presentation of traumatic
cranial-cervical instability [8]. Patients often
present with neurological dysfunction consistent
with acute spinal cord injury, tetraplegia, and cra-
nial nerve deficits, and they often have significant
hemodynamic instability as a result of lower
brainstem dysfunction. Diagnosing such an
injury can be difficult, even with a high index of
suspicion, with previously reported “missed
diagnoses” on initial radiographic evaluation in
up to 75% of patients experiencing trauma [9,
10]. Most recently, the use of the condylar-Cl
interval (CCI) in adults with cutoffs of 1.5 mm
was found to have the highest sensitivity and
specificity for diagnosing atlanto-occipital dislo-
cation (AOD) [11]; the CCI was devised origi-
nally for use in evaluating children for AOD.

In rare scenarios, avulsion-type fracture of the
occipital condyle may lead to instability at the
cranial-cervical junction. This is due to the asso-
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ciation between avulsion fractures, type III con-
dyle fractures, and a rotational mechanism of
injury [12].

For cases of cranial-cervical instability, surgi-
cal treatment at O-C1 may be undertaken; how-
ever, additional instability from disruption of the
alar ligaments, tectorial membrane, and
transverse-atlantal ligament resulting in C1-2
rotational and translational instability [8, 13, 14]
is seen in up to 55% of patients. Thus, O-C1-C2
fixation/fusion is the most commonly used surgi-
cal fixation technique for traumatic dislocation
[15-17]. Early surgical treatment with stabiliza-
tion is key for optimizing neurological recovery
[9, 18].

Systemic Causes of Cranial-Cervical
Instability

Patients with systemic causes of instability often
present with progressive myelopathy, lower cra-
nial nerve (CN) dysfunction (CN IX, X, XI, XII),
neck pain, and obvious deformities of the cranial-
cervical region [5, 7, 8]. The symptoms are more
gradual in onset because of the natural history
and progression of the systemic illness.
Rheumatoid arthritis (RA) is the inflammatory
disease that most often affects the cranial-cervical
junction [8]. RA is a chronic inflammatory pro-
cess characterized by anti-cyclic citrullinated
peptide and rheumatoid factor. Whereas the cause
of RA is unknown, its downstream effects are
well characterized by an immune response that
causes destruction of the joints, capsules, and
ligaments. Specific to the cervical spine, patients
with RA are prone to progressive development of
a rheumatic pannus or inflamed granulation tis-
sue within the synovial joints capable of produc-
ing collagenases and enzymes that may destroy
adjacent bone, tendons, and joints. Patients with
RA presenting with cervical spine issues are
often elderly and cachectic. Other inflammatory
arthropathies that may also affect the cranial-
cervical junction by a similar mechanism include
Reiter syndrome, psoriatic arthritis, inflamma-
tory bowel disease-associated arthritis, and cal-
cium pyrophosphate deposition disease [19].
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O-Cl1 instability may occur with RA, but
atlantoaxial and subaxial instability are more
common. Additionally, cranial settling and/or
subaxial subluxation — often resulting in debili-
tating pain, spinal cord compression, and neuro-
logical dysfunction — may occur. Although
cervical involvement of RA is common because
of the large number of synovial joints, early inter-
vention and advancements in disease-modifying
antirheumatic drugs such as biologic response
modifiers have reduced the potential for debilitat-
ing neurological deficit and the need for surgical
intervention. Still, RA patients with cranial-
cervical instability who are treated conservatively
may have a grave prognosis, with a large number
of patients becoming bedridden and dying of
their systemic disease [8]; the mortality rate at
8 years has been reported to be as high as 100%
[20, 21]. Surgery with fusion for stabilization has
been reported to promote a twofold increase in
5-year survival rate; most patients were afforded
improvement in survival, pain reduction, and
myelopathy with an increased long-term func-
tional outcome [22, 23].

Infection, tumor burden, and postoperative
instability after foramen magnum decompression
(Chiari operation) or upper cervical spine decom-
pression are additional causes for cranial-cervical
instability [24, 25]. Surgical stabilization may be
necessary in these cases, but given the erosive
nature of infection and tumor, specifically osteo-
lytic lesions, the amount of bone available may be
unsuitable for screw placement [8]. Fusion to the
occiput can often be performed in these cases, spe-
cifically if there is irreducible subluxation of C1 on
C2, when the lateral masses of C1 are not suitable
for placement of hardware or if there has been an
anterior pannus resection ventral to C1-C2 [19, 26].

The embryological development of the
cranial-cervical junction is complex [27]; as a
result, there are numerous congenital conditions
and developmental anomalies of the cranial-
cervical junction that can lead to instability. The
most common congenital cause of occipitocervi-
cal instability is Down syndrome; if marked
instability is seen in dynamic imaging in these
patients, then fusion is typically required at a
young age [28].

Preoperative Considerations
Radiographic Measurements

There are several standard radiographic measure-
ments that can be used in diagnosing cranial-
cervical instability. In 1979, Powers [29]
developed a ratio for diagnosis of AOD (Fig. 3.1).
This method is sensitive for the evaluation and
diagnosis of anterior AOD [30], but a posterior
dissociation or vertical distraction injury could
result in a normal value causing misdiagnosis.

The atlantodental interval (ADI) is a standard
measurement used to evaluate the atlantoaxial
relationship. As originally described by [31],
normal values are <3 mm in men and <2.5 mm in
women on plain X-rays (Fig. 3.2); more recently,
a threshold of <2 mm on computed tomography
(CT) imaging has been described [29].

4mmmm  Basion Opisthion

4.42 cm I

3.16 cm (‘_, ¢ Posterior

arch of C1

Fig. 3.1 Sagittal CT of the cervical spine without con-
trast demonstrating the measurement of the Powers ratio
(calculated by dividing the measurement between the tip
of the basion to the spinolaminar line by the measurement
from the tip of the opisthion to the midpoint of the poste-
rior aspect of the anterior arch of C1). In the patient shown
here, the calculation would be 3.16/4.42 = 0.71. A
ratio > 1.0 suggests cranial-cervical instability
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Dens

Atlant@dental interval

Fig.3.2 Sagittal CT of the cranial-cervical junction dem-
onstrating the measurement of the atlantodental interval
(ADI) which is measured by drawing a line from the pos-
terior aspect of the anterior arch of C1 to the most anterior
aspect of the odontoid, preferably at the midpoint of the
thickness of the arch in craniocaudal dimension. On
X-rays, an ADI <3 mm is considered normal in men and
an ADI <2.5 mm is considered normal in women. On CT,
an ADI <2 mm is considered normal in all patients

Harris et al. [32, 33] described the use of the
basion-dens interval (BDI), originally devised by
[34], and the basion-axial interval (BAI) for diag-
nosing instability. They demonstrated that >95%
of adults in a normal study population had a BDI
and a BAI <12 mm. These measurements were
considered to be at the upper threshold of a nor-
mal measurement, as described by [30] who
found that CT measurement of the BDI yielded a
normal value of <8.5. In Fig. 3.3, we demonstrate
the use of the BDI and BAI in diagnosing cranial-
cervical instability. The original conception of
the aforementioned measurements was made on
plain radiographs, but [30] demonstrated the

value of using these measures on CT imaging
which is the most common method of screening
patients for traumatic dislocation. The use of any
measurements for diagnosis is typically supple-
mented by the use of magnetic resonance imag-
ing if available and tolerable by the patient.

Restoring cervical alignment to an anatomic
and physiological position is important in treating
patients with occipitocervical instability. The cra-
niovertebral angle, which is the angle formed by a
horizontal line drawn through the spinous process
of C7 and a line joining the spinous process of C7
with the tragus [35, 36], can be a reliable indicator
of head and neck posture [36]. Patients with a
smaller craniovertebral angle may have forward
head posture and resulting disability.

Transoral Decompression
(Odontoidectomy)

Some cranial-cervical pathological conditions
may require further decompression from an ante-
rior approach. These can include ventral spinal
cord compression from a degenerative or inflam-
matory pannus, from ventral spinal cord com-
pression due to intra- or extradural tumor, or in
the setting of irreducible atlantoaxial subluxation
with myelopathy and spinal cord compression
[37]. This approach can afford access to the area
from the top of CI to the C2-3 disc space. This
approach should only be used in patients who are
free of dental or oral pathology and have a mini-
mum of 2.5-3.0 cm of dental clearance to allow
adequate exposure for resection of the odontoid
[38]. Perioperative considerations include airway
edema, swallowing dysfunction, oral hygiene,
and injury to the oral cavity (soft palate, tongue).

Although large studies regarding outcomes
after transoral odontoid resection are lacking,
Menezes and VanGilder [39] presented a 10-year
review of 72 patients treated via a transoral-
transpharyngeal approach to the anterior
cranial-cervical junction. They reported two post-
operative deaths and one pharyngeal infection
requiring a revision operation. All patients in this
series, however, had improvement in their overall
neurological function [39]. Recent literature has
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Fig. 3.3 (a) Sagittal CT demonstrating the basion-axial
interval (BAI) and basion-dens interval (BDI). The BAI is
measured by drawing a line along the posterior cortex of
the body of the axis and extended cranially. The BAI is the
distance between the basion and this line (yellow). A nor-
mal value is <12 mm on plain X-ray. The BDI is the dis-

questioned the use of the transoral approach
for odontoid resection; for instance, Goel [40]
proposed that anomalies once requiring transoral
surgical decompression may be treated with
atlantoaxial facetal distraction spacers. However,
the transoral procedure remains a viable option in
the treatment of cranial-cervical instability with
spinal cord compression.

Surgical Management of Cranial-
Cervical Instability

Occipitocervical fusion (OCF) is performed to
correct joint instability caused by trauma, rheu-
matologic conditions, infection, neoplasm, or
congenital conditions [41]. Although nonrigid
constructs have previously been described in the
setting of OCF, rigid fixation involving screws
with plate or rods is biomechanically superior to
external immobilization in conjunction with sub-
laminar wiring and bone grafting [42—45].

L
UPRIGHT

tance from the most inferior portion of the basion to the
closest portion of the superior aspect of the odontoid
(blue). A normal value is <12 mm on plain X-ray or
<8.5 mm on CT imaging. (b) Postoperative CT in a
grossly unstable (both BAI and BDI >12 mm) patient who
underwent an occipital-C4 posterior spinal fusion

Occipitocervical Fixation

In the early twentieth century, instability at the
cranial-cervical junction was considered inoper-
able and was often fatal [8]. To this day, stabiliza-
tion of the mobile cranial-cervical junction
presents a surgical challenge and has been associ-
ated with high complication rates. The first surgi-
cal fusion of the cranial-cervical junction was
performed by Forster in 1927 [46] using a fibular
strut graft. Early techniques used stand-alone
onlay bone grafting with or without wiring to
secure the graft. This technique required the use
of postoperative halo fixation which caused dis-
comfort and can be associated with significant
complications [47]. Since then, significant
advances have been made for fixation to the
occiput. Wire-based techniques for OCF were
found to be biomechanically inferior to
screw-based fixation [8]. This is especially true
with respect to resistance of cranial settling and
axial rotation; additionally, significant neurologic
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morbidity may occur with previous graft and
wire-based methods [43, 48, 49].

Modern techniques now allow for rigid fixa-
tion of the cranial-cervical junction with a high
rate of fusion success [7, 50]. Fusion rates after
primary rigid posterior fixation for OCF have
been reported to be between 70% and 100% [3,
51-55]. Current constructs used for OCF include
polyaxial screws heads with either 3.5- or 4.0-mm
rods, which are bent depending on screw trajecto-
ries and the native and desired occipitocervical
angle [8]. Most current systems allow for place-
ment of cervical hardware and occipital hardware
independently, which can later be linked using the
rod/plate construct. The use of occipital plates
adds pullout strength to the construct; occipital
plates are applied most often to the occipital keel
in the midline [8]. This thick midline keel pro-
vides the highest resistance to pullout and is
attached to the atlantoaxial screws in the modern,
modular OCF construct [8, 56]. Some plates pro-
vide an option between fixation in the midline,
which is superior for axial rotation movements
and lateral fixation which may improve resistance
to lateral bending [57] (Fig. 3.4). With the devel-
opment of larger, more versatile occipital plating,
however, there can be a loss of bony surface area
for fusion medium, so careful attention should be
paid to ensuring the presence of adequate bony
contact to promote arthrodesis [8]. The ease of
use of the modular systems in OCF have made

Fig.3.4 Sawbone
model depicting the use
an occipital plate (Figure
reproduced with
permission from [80])
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fixation more successful, with an associated
increased fusion rate; an additional advantage
includes the reduced need for rigid cervical col-
lars after surgery [5, 58].

Surgical Technique: Occipital Plate

Presurgical workup includes high-resolution CT
with coronal and sagittal reconstructions to ver-
ify and confirm the bony anatomy. The thickness
of the occipital keel is of interest while placing
the occipital plate. Preoperative traction may be
necessary to distract the patient into anatomic
alignment.

Patient positioning is crucial in achieving
optimal alignment. The patient’s head should be
secured with rigid cranial fixation — either with
pin fixation or using a halo ring. The patient is
gently placed into the prone position; neurophys-
iologic monitoring can be useful, especially in
patients with highly unstable injuries, severe
myelopathy, or cranial-cervical compression [59,
60]. Prepositioning baseline monitoring can pro-
vide a useful reference. The head is then posi-
tioned in a neutral position with a slight military
tuck [8]; exaggeration of the tuck can lead to
postoperative dysphagia and chronic muscular
neck pain. If the head is too extended, the patient
may have difficulty with mechanical down gaze.
It is crucial to verify patient positioning by using
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lateral X-ray or C-arm fluoroscopy to ensure the
lateral masses align and the ears are parallel to
the floor. To improve venous drainage, the patient
is placed into slight reverse Trendelenburg posi-
tion with the patient’s back and legs elevated.

Antibiotics are routinely administered preop-
eratively. The planned incision is typically infil-
trated with local anesthetic with epinephrine (1%
lidocaine with epinephrine 1:100,000), which
can aid with hemostasis. For transarticular screw
placement, the trajectory of the screws necessi-
tates a separate stab incision; thus, the sterile
field should be made large enough to accommo-
date this [61]. The incision should extend from
the inion, which is palpable along the skull, to the
level of the C3 spinous process or lower depend-
ing on the operative plan. The incision is carried
through the fascia to the spinous processes of C1,
C2, C3, and lower if necessary. Then, a subperi-
osteal dissection is performed to expose Cl1, C2,
C3, and lower if necessary. An additional hori-
zontal incision can be made in the fascia 2 cm
inferior to the inion to access the occiput; a mus-
cular cuff aids in fascial closure and coverage of
the occipital plate and the associated hardware [8].
Careful dissection of the C1 lateral mass around
the C2 nerve root is necessary to access the entry
point for the C1 screw. Careful dissection with
bipolar cautery is used to avoid manipulation and
injury to the vertebral artery.

Once the cervical instrumentation has been
placed (see below), attention can be turned to the
occipital plate. Several occipital plates are avail-
able and approved for use, but a construct and
design with midline screw placement into the
bony keel in the midline is best for fixation given
the thickness of the keel. Any irregularities along
the surface of the occipital bone can be evened
using a high-speed drill. The plate is commonly
positioned 1 cm below the inion. Typically, the
most superior screw is placed first. A power drill
with associated drill guide is prepared and set to
a depth of 6 mm; drilling depth is increased in
2-mm increments until the ventral cortex is pen-
etrated [8]; the hole is probed to ensure the dura
mater is not penetrated. After the entire depth of
the hole has been tapped, a 4.5-mm blunt cortical
screw is placed. Depending on the design of the
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plate, an additional one or two screws can be
placed using the same technique.

Once the plate is secured, 3.5-mm rods are
contoured to fit the screw heads and plate.
Additional dissection around the C1 arch or C2
lamina may be necessary to facilitate Songer
cable placement that can be utilized for interposi-
tional bone graft placement. It is important to
decorticate all bony surfaces prior to graft place-
ment to enhance and promote arthrodesis. An
additional screw can be placed through the supe-
rior end of the graft into the occiput.

C2 Fixation

There are few reports of cranial-cervical fixation
involving direct fusion of the occiput to C1. It can
be achieved by using atlanto-occipital transartic-
ular screws placed through an anterior corridor
with a plate attached to the clivus and the anterior
portion of C2 as an adjunct; however, the gener-
alized use of this technique has not been adopted
[14, 62, 63]. The choice for fixation in OCF is an
O-C1-C2 construct if possible; however, O-C2 is
used if there is insufficient bone at C1 [5].
Depending on bone quality and the degree of
instability, the fusion constructs can extend to
C3, C4, or C5 utilizing lateral mass screws and
may need to extend to the cervicothoracic junc-
tion in cases of severe instability.

There are four screw-based fixation methods at
C2: transarticular, translaminar, pars, and pedicle
screws (Table 3.2 and Fig. 3.5a, b). Transarticular
screw fixation, introduced by Magerl and Seeman
[64], can be used for fixation of the atlantoaxial
joint. The screws can then be connected to the
rostral or occipital end of the construct with plates
or rods [8]. This technique is an improvement
biomechanically over the previous rod and wire
constructs and carries a fusion rate that nears
100% [43, 44, 50, 65]. Transarticular screw fixa-
tion can be technically challenging because of the
risk of vertebral artery injury and the need to
achieve complete reduction prior to screw place-
ment [8]. Up to 23% of patients may have unfa-
vorable vertebral artery anatomy that precludes
the use of transarticular screws [66-69]. The
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Table 3.2 Fixation strategies to C2 in cranial-cervical instability

Patients with unfavorable
Technique anatomy (%) Complications/pitfalls
Transarticular (C1-C2) 23 Vertebral artery injury
C2 pedicle/pars 9 (pedicle) Canal violation, vertebral artery injury
C2 translaminar screws Not reported Spinal cord injury (dorsal columns),
decreased surface area for fusion

Verte b rE\i
artery

Xy
A

(R

Fig.3.5 (a) Axial CT image cut through C2 with repre-
sentative lines depicting the trajectory for each of the
screw types (pars, pedicle, and translaminar). (b) Sagittal
CT image depicting the trajectory for a C1-2 transarticular

transarticular screw entry point is 3—4 mm rostral
and 3—4 mm lateral to the medial portion of the
C2-3 facet joint. A K-wire is passed 15° medially
oriented with the superior angle aimed at the C1
anterior tubercle (60°) [70].

Fixation can also be achieved through the
placement of a Goel-Harms construct — C1 lat-
eral mass screws in combination with C2 pars or
pedicle screws [58, 71]. This technique is advan-
tageous when the vertebral artery anatomy is not
favorable for placement of transarticular screws.
Its other advantages are the ability to perform
reduction maneuvers after screw placement and

C1 lateral
mass screw
fixation

screw. (¢) Axial CT image representative of placement
and trajectory of a Cl1 lateral mass screw. A C1 pedicle
screw (not shown) may also be utilized with a similar tra-
jectory with a higher starting point on the arch of C1

the technical ease of placing C2 pars screws [8].
Biomechanically, this construct has been shown
to be of similar strength to the transarticular
screw construct in cadaveric studies of cranial-
cervical instability [72]; however, the use of
pedicle screws at C2 may not be safe in approxi-
mately 9% of patients [73]. CI lateral mass
screws are placed by palpating the C1 lateral
mass with a Penfield 4. A pilot hole is made with
a 3-mm drill bit at the center of the CI1 lateral
mass. The trajectory for the screw is typically
10° medial angulation and aimed at the anterior
tubercle of C1 on lateral fluoroscopy (Fig. 3.5¢).
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The typical length of a C1 lateral mass screw is
34-36 mm [71, 74].

C2 pars screws are placed in a trajectory that is
similar to that of C1-2 transarticular screws but
much shorter. The entry point is 3 mm rostral and
3 mm lateral to the inferior medial aspect of the
inferior articular surface of C2. The screw follows
a steep trajectory (45-60° with 10-15° medial
angulation). Screws are typically 16—-18 mm in
length [71, 74].

The entry point for a C2 pedicle screw is located
in the pars of C2, lateral to the superior margin of
the C2 lamina, which is 2 mm lateral and 2 mm
superior to the C2 pars screw entry point. C2 ped-
icle screws require medial angulation of 15° with
an upward trajectory of 20°. Many patients may
have narrow pedicles at C2 that are unsuitable for
screw placement; thus, careful study of preopera-
tive imaging (CT) is necessary.

Translaminar screws can be placed across the
lamina of C2 in a crossed trajectory and subse-
quently connected by rods to the lateral mass
screws at C1 [5]. This can be used as a primary
method of fixation or a salvage technique with an
advantage of limited risk of injury to the vertebral
artery; an additional risk, however, is possible spi-
nal cord injury from ventral puncture through the
lamina which may lead to cerebrospinal fluid
(CSF) leak and dorsal column injury. Placing C2
laminar screws is technically less demanding than
placing C1-C2 transarticular screws or C2-pars/
pedicle screws because the C2 lamina (the largest
in the cervical spine) provides adequate space and
visualization, thus obviating the need for naviga-
tion [8]. The entry point is at the junction of the
spinous process and lamina, with the trajectory
meeting the slope of the lamina while aiming dor-
sally to avoid canal breach. Bone graft is often
placed into the C1-2 facet joint.

Translaminar screws attached to C1 lateral
mass screws are biomechanically equivalent to
the Harm-Goels construct but inferior to the
occipital-transarticular screw construct and the
occipital-C2 pedicle screw construct [72, 75]. An
additional drawback of the translaminar screw
technique is the screw head placement and loss of
surface area of bone to promote a fusion mass [8].
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Allograft Versus Autograft

Historically, the use of autograft was favored for
promotion of fusion in patients with significant
cranial-cervical instability because of the natural
trophic factors present in native bone. However,
bicortical allograft may provide the same osteo-
conductive conduit for bony fusion as traditional
autograft [76], with similar biomechanical prop-
erties [77]. Similar use of allograft for success-
ful arthrodesis has been demonstrated in anterior
cervical fusion [78] and posterior C1-2 fusion
[79]. Godzik et al. [80] found that patients with
symptomatic cranial-cervical instability can be
safely and successfully treated with a one-stage
OCF with bicortical iliac allograft, with no dif-
ference in fusion rate between allograft and
autograft groups at 12 months of follow-up
(=95% bony fusion in each group). The use of
autograft can be complicated by donor-site mor-
bidity, mostly pain, which has been reported to
be as high as 49%. Furthermore, the array of
available configurations for allograft allows for
adaptable use (strips, cubes, wedges, and matri-
ces) [80].

Postoperative Management
and Care

The use of cervical collar is controversial, thus
is at the choice of the surgeon. Patients with
systemic causes of cranial-cervical instability
that have adequate screw purchase and do not
suffer from osteoporosis or osteopenia and do
not take chronic immunosuppressive therapy
are typically may not be prescribed a rigid cer-
vical orthosis, based on surgeon preference. On
the other hand, patients with post-traumatic or
post-surgical cranial-cervical instability are
typically managed with rigid cervical orthoses,
and in severe cases of poor nutrition and bone
quality, a halo adjunct may be used [8]. More
than just a promotion of fusion and alignment, a
collar may be used to serve as a reminder to
patients of the severity of the cranial-cervical
instability [8].
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Illustrative Case

History Fourty-three-year-old male was involved
in a moped accident in Bermuda. He had signifi-
cant neck pain on admission to the hospital.

Physical Exam Posterior cervical spine tender-
ness. Neurologically intact.

Radiographic Imaging. Initial cervical spine
CT demonstrated ankylosing spondylitis, acute
type II displaced odontoid fracture and C6-C7
fracture dislocation (Fig. 3.6).

Initial Treatment The patient underwent ante-
rior cervical fusion and plating at C6-C7 with
multi-level posterior lateral mass fixation.
Cranial-cervical instability was evident within
24 h with increasing basion-dental interval
(>12 mm) (Fig. 3.7).

Cranial-Cervical Treatment The patient under-
went occipitocervical to upper thoracic fixation
and fusion to stabilize the instability both at the
occipitocervical region as well as the C6-C7 level
in the context of ankylosing spondylitis (Fig. 3.8).

Fig.3.6 Sagittal CT scan demonstrating C6-C7 fracture
dislocation and Type II odontoid fracture in a 43-year-old
male following a moped accident

Outcome The patient used a Miami J collar for
3 months and remained neurologically intact in
follow-up (Fig. 3.9).

Fig. 3.7 Following anterior-posterior fusion for the
C6-C7 injury, craniospinal instability was demonstrated
by an increased basion-dental interval

Fig.3.8 Sagittal CT following stabilization of the cranio-
spinal instability using occipital fixation
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Fig.3.9 Postoperative
lateral radiograph
demonstrating occipital-
thoracic fusion

Technical Pearls

e Careful study of preoperative imaging and
bone morphology can be useful in placement
and choice of cervical screw type and loca-
tion, specifically for the occipital condyle.

¢ Because cervical hardware (C1-2 transarticu-
lar screws, C2 pars/pedicle screws) placement
can be more difficult than the more straight-
forward occipital plate/screw placement, it
should be undertaken first for patient safety.

e Vertebral artery injuries may occur during
exposure or hardware placement. If vertebral
artery injury occurs during placement of the
first screw, the ipsilateral hardware should be
placed, and the contralateral side should be
abandoned to avoid bilateral injury.

e Alignment should be verified both by visual
inspection and with fluoroscopy prior to final
fixation.

Complications and Strategies
for Avoidance

Complication rates for both major and minor
complications during occipitocervical surgery
range from 12% to 30% [5, 7]. Potential compli-
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cations include, but are not limited to, wound
infection, CSF leak, intracranial traumatic hem-
orrhage (epidural, subdural hematoma), hard-
ware failure, nonunion requiring reoperation, and
fixation in a suboptimal, nonanatomic position
[5, 7]. Exposure is done through a midline inci-
sion and subsequent subperiosteal dissection to
expose the occipital bone and dorsal spinal col-
umn. Careful retraction with self-retaining
devices is used but should be done with little ten-
sion to avoid injury/irritation of the occipital
nerve and its branches. Preservation of the fascia
at the inion can allow for coverage of the occipi-
tal plate with tissue, which can help avoid hard-
ware prominence and discomfort. Blunt
dissection of the arch of Cl, rather than Bovie
electrocautery, is recommended to avoid injury to
the vertebral artery in the sulcus arteriosus.

The most severe complication that can occur
during exposure or while fixating C1-2 results
from vertebral artery injury. Depending on the
patient’s circulation and vertebral artery domi-
nance, a unilateral injury or occlusion may be
asymptomatic, but a bilateral injury can result in
brainstem infarction and death. After a unilateral
injury, the screw should usually be placed to tam-
ponade the bleeding; hardware should not be
placed on the contralateral side to avoid bilateral
injury. Additional care and consideration should
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be given to dural violation and cord injury. If CSF
leak is encountered while placing the occipital
screw, placement of the screw should provide a
permanent solution in most cases. If a CSF leak
cannot be repaired primarily, CSF diversion
(lumbar drain) should be considered. If a high
cervical cord injury is suspected intraoperatively,
the patient’s clinical and neurological status
should be assessed with all tools available,
including neurological monitoring, blood pres-
sure augmentation, and in severe cases abortion
of the procedure followed by a neurological
examination.

Conclusion

There are many potential causes of cranial-cervical
instability, and thus, there are multiple surgical
options for fixation of this complex biomechanical
area. The screw-based techniques have been
proven to be the most biomechanically sound and
have increased fusion rates to nearly 100%.
Although surgery for cranial-cervical instability
may be technically challenging, thorough knowl-
edge of the anatomy, both bony and vascular, and
surgical constructs available for the task can
improve the outcome of the operation and provide
the patient with successful arthrodesis.
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Introduction

Fusion of the atlantoaxial complex has been
achieved for decades through various tech-
niques, predominantly through a midline poste-
rior  approach. As  described below,
improvements in implant technology have per-
mitted an evolution of posterior techniques over
the past several decades. Anterior transoral sur-
gery has been described for indications such as
periodontoid pannus decompression/odontoid
resection and release of irreducible atlantoaxial
dislocation [1-3]. Ventral craniocervical tech-
niques and upper cervical plating through a
transoral approach may be associated with
wound complications, transoral contamination,
and potential infection. In contrast, anterior
approaches for transarticular screws have also
been described [4, 5]. Approach of the anterior
cervical spine by the Smith—Robinson approach
has a long track record of good clinical out-
comes and low associated infection and com-
plication rates for commonly performed
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procedures such as anterior cervical discectomy
and fusion (ACDF) and odontoid screw fixation
[6, 7]. An anterior approach for rigid atlanto-
axial joint fusion has the benefit of avoiding
occipital nerve exposure and manipulation and
avoiding the potential for postoperative C2 neu-
ralgia [8, 9]. It also provides another safe tech-
nique to the spine surgeons’ armamentarium for
use in patients with anatomy unfavorable for
posterior instrumentation [10-14].

Posterior atlantoaxial fixation techniques can
be broadly categorized into various types includ-
ing wiring, interlaminar clamps, atlantoaxial tran-
sarticular screws, screw—plate system fixation,
screw—rod system fixation, and hook—screw sys-
tem fixation techniques [15]. Gallie first reported
the use of sublaminar wires for atlantoaxial fixa-
tion in 1939 [16]. Early techniques for C1-C2
fixation described by Gallie and Brooks and
Jenkins utilized laminar wiring with concomitant
on lay bone graft [17, 18]. Transarticular screw
(TAS) fixation later demonstrated superior biome-
chanical strength [19] and higher rates of fusion
[19, 20]. Magerl and Seemann first introduced
C1-C2 transarticular screw (TAS) fixation in
1979 [21]. The technique described by Jeanneret
and Magerl involves placing a transarticular screw
through the C1-C2 articular surfaces [22]. This
technique has been used effectively in the stabili-
zation of AAI from a variety of causes. Despite
reliable stability and high fusion rates, enthusiasm
for TAS has decreased in some reports due to
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potential risk of vertebral artery injury [23].
Initially described by Goel et al. [24] and Goel
and Laheri [25] and later popularized by Harms
and Melcher [8], C1 lateral mass screw (C1 LMS)
and C2 pedicle screw (C2PS) posterior fixation
demonstrated biomechanical stability comparable
to TAS techniques [26]. A consecutive series of
319 patients reported by Wang et al. has reported
a low rate of screw misplacement and no clinical
manifestation of vascular injury with the Cl1
LMS-C2PS technique [27]. Certain anatomic
variations such as a “high-riding” vertebral artery
may preclude safe C2PS placement [11, 12].
Other techniques for fixation of the atlantoaxial
joint include the Wright C1 lateral mass—C2
translaminar (C1LM-C2TL) screw construct and
the C1 lateral mass—C2 (C1LM-C2) pars screw
construct [8, 24, 28-33]. C2 translaminar screws
provide an alternative technique for posterior
instrumentation [34]. There are limitations that
may preclude the use of this technique, however,
such as limited biomechanical strength of the
lamina, previous C2 laminectomy, and certain
morphologies of the lamina [35].

Indications and Patient Selection

The most common indication for atlantoaxial
fusion is atlantoaxial instability (AAI). AAlis a
clinical condition with symptoms ranging from
axial neck pain to life-threatening neurologic
injury caused by neural compression [36]. AAI
is characterized by excessive motion at the
atlantoaxial joint with potential for neurovascu-
lar compromise. The atlantoaxial articulation
has complex biomechanical properties. The
anatomy is unique in the sense that this motion
segment lacks an intervertebral disk between
the C1 and C2 vertebrae. The stability is pro-
vided primarily by the transverse, alar, and api-
cal ligaments in association with the joints’
articular and osseous structures [22]. AAI can
arise from trauma, rheumatoid arthritis (RA),
osteoarthritis, infection, Down syndrome, con-
genital anomalies, tumor, and iatrogenic desta-
bilization [37]. In adults, degenerative (RA) and
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trauma are the most common causes of AAI,
whereas in children congenital conditions such
as Down syndrome are more common. One
study found that approximately 13% of patients
with Down syndrome have asymptomatic AAI,
while up to 1.5% exhibit neurologic symptoms
stemming from instability [19]. The results of
one biomechanical study found that AAI may be
associated with an anterior atlantodental dis-
tance of greater than 3.5 mm due to laxity or
incompetence of the transverse atlantal ligament
[38]. Instability of the atlantoaxial articulation
may result in catastrophic neurological compro-
mise. Instrumentation and fusion of the C1-C2
joint is indicated in the setting of clinical or bio-
mechanical instability.

The goals of surgery are to provide stability
with fixation and bone grafting for biological
fusion. This may include reduction of the atlanto-
axial motion segment for improvement of align-
ment and decompression of the neuroanatomy.
The indications for anterior atlantoaxial fusion
are similar to posterior atlantoaxial fusion and
include failure of nonoperative treatments, severe
refractory arthritis of the atlantoaxial joint, unsta-
ble os odontoideum, and progressive neurologi-
cal deficit [9, 39].

Anterior transarticular screw fixation may
also be a more favorable surgical option in
patients where posterior fixation is challenged by
anomalous vascular anatomy which may pre-
clude safe posterior exposure and fixation [8,
40-42]. For example, various studies estimate
20-22% of patients are noted to demonstrate a
high-riding transverse foramen on at least one
side [10, 14, 43, 44]. Hypoplastic lamina of C2
may also preclude C2 translaminar fixation. An
inter-transverse branch of the vertebral artery
may occur which may make posterior C1 lateral
mass fixation a less desirable option. Findings of
a narrow C2 isthmus are seen in 10% of patients
[13]. Posterior transarticular screw placement
should not be attempted in patients with high-
riding foramina and ectatic vertebral arteries and
in patients in which the C2 isthmus will not
accommodate a 3.5-mm screw, or other associ-
ated anomalies. The authors recommend meticu-
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lous study of reformatted fine-cut cervical spine
CT images, potentially including multiplanar
reformatted images that can allow visualization
of each screw starting point and trajectory.
Abnormalities on CT cuts of the foramen trans-
versarium or other bony elements may suggest
vertebral artery anomaly in which case a CT
angiogram may help further characterize the vas-
cular anatomy.

The advantages of anterior transarticular
screws include surgical access through the com-
monly performed anterior approach with preser-
vation of the posterior cervical musculature
(dynamic stabilizers), reduction of anterior dis-
location of C1 by the patient’s head and neck
extension in a prone position, and potentially a
more predictable screw trajectory in relation to
the vertebral artery, decreasing risk of injury
[45]. Additional benefits of the anterior Smith—
Robinson approach include a lower risk of post-
operative infection by avoiding posterior
approaches to the cervical spine [7]. Posterior
transarticular screw fixations have been associ-
ated with a complication rate as high as 10% in
the form of superficial infections and occipital
nerve injury [46—48]. The avoidance of exposure
of the C1-C2 joint from the posterior aspect may
also decrease occipital neuralgia [49]. Posterior
approaches to C1-C2 may not be suitable in the
setting of revision posterior surgery, anomalous
vascular anatomy, hypoplastic bone morphol-
ogy, or deficit.

Anterior transarticular screw fixation is con-
traindicated in cases of fixed rotatory atlanto-
axial subluxation and cases in which spinal cord
decompression is necessary. Rotatory C1-C2
subluxation is a relative contraindication unless
it is possible to obtain intraoperative reduction
with cervical traction or by direct manipulation
of the C1-C2 articulations. In patients with cra-
niocervical malformations and anatomic condi-
tions that result in an extremely deep and narrow
surgical field (e.g., platybasia, basilar invagina-
tion, and low mandible projection), posterior
fixation may be considered [50]. Fixed cervical
kyphotic deformities or other unfavorable body
habitus (barrel-chested patients) may prohibit
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anterior C1-C2 exposure as well. Traumatic
injuries involving intra-articular extension into
the C1-C2 joints and severe osteoporosis may
make anterior C1-C2 fixation a suboptimal
procedure.

Preoperative Considerations

Prior to any atlantoaxial procedure, the authors
recommend meticulous study of reformatted
fine-cut cervical spine CT images. Multiplanar
reformatted images may be aligned along the
direction of the C2 pedicle, for instance, and
allow visualization of each screw starting point
and trajectory. Abnormalities on CT or MRI
imaging of the foramen transversarium or other
bony elements may suggest vertebral artery
anomaly in which case a CT angiogram may help
further characterize the vascular anatomy.

Preoperative patient evaluation includes
inspection of body habitus, range of motion of
the cervical spine, and any previous anterior cer-
vical surgery. In considering anterior cervical
approach that is contralateral to a previous neck
dissection, direct laryngoscopy may be under-
taken to assess vocal cord mobility and function
of the recurrent laryngeal nerve.

Surgical Technique

The patient is positioned supine with the neck in
slight extension and the shoulders securely taped
to the patient’s sides with all appropriate pressure
points padded. Gardner—Wells tongs are placed
in routine fashion with approximately 10 pounds
of axial traction for stabilization throughout the
procedure. A radiolucent operating room table
such as a Jackson table will permit essential
intraoperative imaging. The author’s preferred
technique involves AP and lateral fluoroscopy;
however, intraoperative navigation may augment
the technique. Neuromonitoring is performed on
all cervical spine procedures at our institution.
The open-mouth odontoid view can be enhanced
with the aid of a towel or cork in between the
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patient’s teeth and is checked prior to prepping
and draping the patient to ensure adequate visual-
ization of the C1-C2 articulation. Use of a radio-
lucent endotracheal tube by the anesthesia team
facilitates high-quality intraoperative fluoro-
scopic visualization of the upper cervical spine.
Dental implants may also prohibit optimal intra-
operative radiographic visualization and can be
assessed preoperatively.

Prior to prepping and draping the patient, it is
essential that adequate AP and lateral images of
the C1-C2 articulation are obtained. Also, a
guide wire or radiopaque wire may be placed on
the patient’s chest and visualized on lateral fluo-
roscopy to visualize the trajectory of the
implants and mark out the level of the appropri-
ate skin incision. The author’s experience is that
the skin incision may be transverse at a level
similar to a routine ACDF approach given the
significant cranial angulation of the implant tra-
jectory. It may be necessary to put the patient’s
cervical spine in neutral alignment or even slight
flexion to obtain the proper trajectory. In the
case of any compressive pathology, this should
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be done while checking with neuromonitoring
repeatedly.

Routine left-sided Smith—Robinson anterior
cervical approach is performed to expose the
anterior cervical spine. Gentle peanut dissection
is performed cranially along the anterior aspect
of the cervical spine to the C2 vertebrae. A radio-
lucent retractor may be placed on the anterior
arch of the atlas (Fig. 4.1a). A small-angled
curette can be placed into the C1-C2 articulation
to decorticate the atlantoaxial joint articular sur-
face and prepare an adequate fusion bed. Iliac
crest can be harvested and packed into the articu-
lation with a Penfield instrument. An awl or a
matchstick burr can be used at the base of the C2
vertebrae (with care taken to preserve the C2-C3
disk) for a 1-2-mm pilot hole. The starting point
can be visualized on AP radiography in the
medial one-third of the C1-C2 articulation
(Fig. 4.2). A threaded Kirschner wire (k-wire)
with protective drill sleeve is advanced through
the body of C2 in a cranial and lateral trajectory.
Resistance is felt at the C1-C2 articulation at
which point a “high-speed light touch” technique

Fig.4.1 (a) Placement
of a radiolucent retractor
on the anterior arch of
the atlas. (b) Coronal
view of threaded
Kirschner wire
placement. (c¢) Sagittal
view of threaded
Kirschner wire
placement
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will allow the guidewire to be advanced under
lateral fluoroscopy into the C1 lateral mass. The
authors prefer to use cannulated stainless steel
screws of 3.5 mm or 4.0 mm diameter depending
on the patient’s size and anatomy. The threaded
portion of the screw needs to be placed into the
C1 lateral mass to permit lag technique compres-
sion across the C1-C2 articulation. A self-cutting
cannulated partially threaded cortical screw is

advanced from medial-to-lateral and anterior-to-
posterior along threaded Kirschner wires under
image intensification (Figs. 4.1b, c and 4.3). Care
should be taken to avoid screw advancement too
far into the occipitocervical articulation.

Most patients can be managed in a cervical
collar for 6 weeks. Postoperative halo vest is
rarely used by the authors after anterior atlanto-
axial fusion; however, it may be appropriate if

Fig.4.2 Lateral and AP intraoperative fluoroscopy dem-
onstrating starting point and trajectory of threaded k-wire
inserted from the base of C2, through the C2 vertebral

body, across the C1-C2 articular surface, and into the C1
lateral mass

Fig.4.3 Lateral and AP intraoperative fluoroscopy demonstrating partially threaded screw fixation across the C1-C2
articulation
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Fig.4.4 Representative coronal CT image demonstrating
fusion of right C1-C2 articulation 1 year postoperatively
after C1-C2 anterior screw fixation
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fixation is suboptimal or bone quality is poor and
the patient can tolerate halo vest fixation.
Inpatient postoperative CT scan may be obtained
to visualize implant position and to obtain a base-
line for subsequent imaging to determine biologi-
cal fusion. Postoperative CT scan to visualize
fusion as an outpatient may be obtained prior to
advancing the patient’s activity level (Fig. 4.4).

Case lllustration

History A 34-year-old male patient presented
with a diagnosis of chronic atlantoaxial instability
secondary to an os odontoideum. He complained of
neck stiffness and denied numbness or weakness.

Physical Examination On examination, the
patient was neurologically intact and had full
range of motion of the cervical spine in flexion,
extension, lateral bending, and axial rotation.

Imaging CT and plain radiographs demon-
strated an os odontoideum. On flexion and exten-
sion radiographs, he had significant atlantoaxial
displacement (Fig. 4.5). MRI of the brain showed

Fig.4.5 Atlantoaxial

instability of os odontoid
on flexion/extension and
lateral plain radiography
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Fig. 4.6 (a) Postoperative axial computed tomography
(CT) demonstrating anterior atlantoaxial screw position in
the axis. (b) Postoperative axial CT showing tip of screw
in atlas

cerebellar infarct with confirmation on CT angio-
gram of bilateral vertebral artery occlusions
between C2 and C3, collateral reconstitution
from the right occipital artery, and bridging anas-
tomoses on the left.

Treatment Significant instability at CI1-C2
warranted surgical fusion and an anterior
approach was selected due to anomalous vascular
anatomy, which precluded a safe posterior expo-
sure and fixation by C1 LMS—C2PS. The patient
was treated with anterior transarticular C1-C2
instrumentation and fusion. Postoperative CT
scans confirmed acceptable screw placement in
the axial (Fig. 4.6a, b), sagittal (Fig. 4.7), and
coronal (Fig. 4.8a, b) planes.
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Fig. 4.7 Postoperative sagittal computed tomography
showing anterior atlantoaxial screw position across the
C1-C2 articulation

Outcome At 16-month follow-up, the patient
maintained painless range of motion of the cervi-
cal spine with stable fixation and fusion without
sensorimotor deficit.

Technical Pearls

e Prior to prepping and draping, AP and lateral
radiography are essential to visualize the C1-
C2 lateral mass. Cervical spine alignment may
be adjusted (with neuromonitoring) to obtain
the desired alignment for visualized implant
trajectory.

e Careful study of preoperative imaging study
will help determine candidates for C1-C2
anterior transarticular fusion. Multiplanar
reformatted images can help visualize screw
trajectory, and any suspicion of aberrant vas-
cular anatomy may require CT angiography
for evaluation.

e Careful intraoperative visualization of the
guidewire is essential during screw fixation to
avoid unwanted k-wire advancement.

e Threaded portion of screws should not tra-
verse C1-C2 joint to allow lag fixation.

e A curette may carefully be passed into the C1—
C2 joint for decortication and subsequent bone
grafting. A Penfield retractor may be placed
laterally to avoid injury to the vertebral artery.
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Fig.4.8 (a)
Postoperative coronal
computed tomography
(CT) demonstrating
screw placement through
the axis. (b)
Postoperative coronal
CT showing screw
placement into the atlas

Complications and Strategies
for Avoidance

Anterior transarticular screw fixation is not as
widely utilized as posterior fixation techniques.
With limited clinical data of outcomes in anterior
transarticular screw fixation, the literature is thus
far promising. Polli and Li reported successful
outcomes without complications in 14 and 8
patients, respectively [50, 51].

Possible complications include infection, fail-
ure of fixation, and those known to the Smith—
Robinson approach including but not limited to
injuries of the superior and recurrent laryngeal
nerve, carotid artery, esophagus, and trachea
[52-54]. Risks of dysphagia and dysphonia are
likely to be similar in incidence to that seen after
odontoid screw fixation.

A study investigating the risk to the vertebral
artery between anterior and posterior transarticu-
lar screws found no violation using anterior tran-
sarticular screws and risk associated with 19.2%
of posteriorly placed transarticular screws [55].
Lu et al. reported in a biomechanical study that
an anterior transarticular atlantoaxial screw
15-25 mm long can be inserted with a lateral
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angulation of 5-25° relative to the sagittal plane
and a posterior angulation of 10-25° relative to
the coronal plane [56].

Conclusion

While posterior techniques for atlantoaxial fixa-
tion have undergone a significant evolution and
improvements, posterior Goel-Harms techniques
may be associated with C2 neuropathy, extensive
muscular dissection, and a relatively high infec-
tion rate. The Smith—Robinson approach provides
a well-vascularized approach to the high anterior
cervical spine with minimal muscular dissection
and low associated infection rate. Anterior C1-C2
transarticular fixation is a viable technique for
atlantoaxial fusion in select patients. Multiplanar
reformatted images can help visualize screw tra-
jectory, and any suspicion of aberrant vascular
anatomy may require CT angiography for evalua-
tion. Screw trajectory is determined by patient’s
individual morphology of the C1-C2 complex.
An “up and out” trajectory allows k-wire place-
ment under image guidance and lag-screw fixa-
tion of the C1-C2 joint. Decortication and grafting
are essential to obtaining biological fusion.
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Introduction

The anatomy of the atlas and the axis is unique
and complex. The odontoid process of the axis
lies between the anterior atlantal arch and the
transverse atlantal ligament. These are the major
contributors to atlantoaxial stability. Any disrup-
tion in the integrity of these structures can result
in C1-C2 instability [1]. Secondary stabilizers
include the alar ligaments and their attachments
to the occiput. The complex anatomy of the atlan-
toaxial region, particularly its proximity to the
vertebral arteries, spinal cord, and internal carotid
arteries, differentiates it from the remainder of
the cervical spine. Therefore, surgical procedures
in this region are technically demanding and
require a deep understanding of the surrounding
anatomy [2, 3].

Atlantoaxial fusion may be performed in a
wide variety of settings including odontoid frac-
ture, atlantoaxial instability, basilar invagination,
severe degenerative arthrosis, or neoplasm of the
atlantoaxial region [2]. Although there is contro-
versy with regard to surgical interventions in the
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setting of an asymptomatic patient, a consensus
exists for surgical fixation of patients with symp-
tomatic or progressive instability [1, 4].

Multiple surgical techniques have been
described for posterior C1-C2 stabilization
including wire fixation, CI1-2 interlaminar
clamps, C1-2 transarticular screws, and C1-C2
screw-rod constructs, including C2 pedicle, pars,
or translaminar screws [2, 5]. The aim of this
chapter is to describe the surgical indications,
varying fixation techniques, and perioperative
pearls and pitfalls associated with posterior atlan-
toaxial fusion.

Indications

Congenital, traumatic, and inflammatory condi-
tions can lead to atlantoaxial instability with or
without subsequent neurologic impairment. The
most common diseases include rheumatoid
arthritis, odontoid fractures, Down syndrome,
C1-C2 rotatory subluxation, basilar invagination,
Klippel-Feil syndrome, osteogenesis imperfecta,
and neurofibromatosis [6—8]. The general indica-
tions for surgical intervention in patients with
atlantoaxial instability include intractable pain,
progressive myelopathy, and progressive radio-
logic or neurologic instability [9, 10].

Rheumatoid Arthritis Atlantoaxial instability
represents the most common manifestation of
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rheumatoid involvement of the spine [10, 11]
The inflammatory changes result in destruction
of ligaments, cartilage, and subchondral bone
[12]. Clinical manifestation varies from a com-
pressive myelopathy due to a retrodental pannus,
to a reducible anterior atlantoaxial subluxation,
and ultimately to an irreducible anterior and ver-
tical atlantoaxial subluxation [10]. The retroden-
tal hypertrophic pannus is a reaction to the
instability of the C1-C2 segment, not a direct
consequence of the inflammatory process [10,
13]. As such, the pannus generally disappears
after posterior surgical stabilization. Transoral
surgery is reserved for cases with a large com-
pressive pannus, irreducible dislocation, or basi-
lar invagination [10, 14-16].

Odontoid Fractures Odontoid fractures occur
with a bimodal distribution and considerable
controversy exists with regard to the optimal
treatment of type II fractures. Nonoperative treat-
ment for geriatric type II odontoid fractures is
associated with high rates of nonunion and mor-
tality [13]. A stable, asymptomatic pseudarthro-
sis can often be treated with observation, but
atlantoaxial fusion becomes indicated when
instability or neurologic decline occur.

Down Syndrome Approximately 15% of
patients with Down syndrome are affected by
atlantoaxial instability secondary to aplasia or
hypoplasia of the odontoid process, laxity of the
transverse atlantal ligament, or assimilation of
the atlas. Although they are mostly asymptom-
atic, the instability can progress with rapid neu-
rologic decline due to minor trauma. There are
no data from which to predict which asymptom-
atic patients will progress or develop symptoms
[17, 18].

Atlantoaxial Rotatory Subluxation Rotatory
subluxation has been reported to varying degrees
following upper respiratory infection or trau-
matic events, particularly in the pediatric popula-
tion. The initial treatment consists of cervical
traction for 2-3 weeks and is often sufficient to
correct the deformity [19]. If traction fails, poste-
rior C1-C2 fusion becomes indicated.
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Basilar Invagination Several congenital, trau-
matic, inflammatory, or connective tissue disor-
ders can result in basilar invagination (upward
migration of the odontoid process into the fora-
men magnum). In patients who are symptomatic
or at risk of progression, anterior decompression
by transoral odontoidectomy followed by poste-
rior occipitocervical or atlantoaxial fixation is
often the treatment of choice [10, 20].

Skeletal Dysplasia Patients with spondyloep-
iphyseal dysplasia, achondroplasia, pseudoa-
chondroplasia, Kniest syndrome, and Morquio
syndrome are at high risk for upper cervical spine
instability and subsequent spinal cord compres-
sion. These patients may require posterior stabili-
zation and fusion when the instability progresses
or becomes symptomatic [21].

Atlantoaxial Arthrosis The atlantoaxial articu-
lation lacks an intervertebral disc and all loads
are transmitted through the articular surfaces. In
addition, there is a high degree of sensory input
to this articulation so that atlantoaxial movement
can be tracked precisely presumably to aid in
coordination of visual fields. When osteoarthritis
with or without instability occurs, patients may
experience disabling suboccipital and occipital
pain and difficulty with head rotation. This dis-
ease process is likely associated with calcium
pyrophosphate disease and a destructive arthrop-
athy. Treatment is highly successful with atlanto-
axial arthrodesis.

Preoperative Considerations

Prior to considering a posterior atlantoaxial
fusion, it is critical to evaluate the patient’s anat-
omy using plain radiography, computed tomog-
raphy (CT), and sometimes magnetic resonance
imaging (MRI). Radiography is typically suffi-
cient to diagnose atlantoaxial instability on stan-
dard open-mouth and lateral flexion and extension
views [22].

Open-Mouth View C1-C2 rotatory sublux-
ation is represented by asymmetry or lateral
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displacement of the atlas on the axis by more
than 2 mm. Traumatic rupture of the trans-
verse atlantal ligament should be suspected
if combined overhang of the lateral masses
of C1 on C2 exceeds 8§ mm [23].

Anterior Atlantodens Interval (ADI) The ADI
is identified on the lateral view as the distance
between the anterior odontoid process and the
anterior arch of C1. The normal ADI is less than
3 mm in adults and less than 4 mm in children
[24, 25], whereas an ADI greater than 4-5 mm
indicates atlantoaxial instability. Occult instabil-
ity can be identified on the flexion-extension
views [26]. When the ADI exceeds 8—10 mm,
surgery is recommended, as this value suggests
total rupture of the transverse and alar ligaments
[25].

Posterior ADI This is the distance from the pos-
terior border of the odontoid to the posterior arch
of C1, which represents the space available for
the upper cervical spinal cord. The spinal cord
becomes threatened when the space available for
the cord (SAC) is less than 14 mm [27]. In rheu-
matoid patients, an ADI less than this value rep-
resents a poor prognosis as many will develop
neurologic deficits.

Computed Tomography Fine-cut CT images
with axial, sagittal, and coronal reformatting is
the best modality for evaluating the bony anat-
omy of Cl and C2. It is especially critical to
study the CT images prior to attempting place-
ment of C1 and C2 instrumentation since a pon-
ticulus posticus may be present on the C1 arch in
up to 15.5% of patients [28]. Understanding this
anatomic variation is important in order to avoid
injuring the vertebral artery. CT can additionally
be helpful in evaluating rotatory atlantoaxial dis-
placement [29].

Magnetic Resonance Imaging (MRI) MRI is
the study of choice to evaluate the integrity of the
spinal cord and surrounding soft tissues. It is
especially useful to diagnose transverse atlantal
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ligament rupture in equivocal cases and to evalu-
ate the epidural space in rheumatoid patients with
a retrodental pannus [30, 31]. Dynamic MRI in
flexion and extension is valuable in patients with
clinical signs of myelopathy or cervical pain but
without radiological changes on flexion and
extension radiographs or neutral MRI [32, 33].

CT Angiography (CTA) Careful preoperative
evaluation of the vertebral artery (VA) is manda-
tory to help prevent iatrogenic VA injury and
avoid postoperative neurologic sequelae. The
incidence of VA anomalies at the cranio-vertebral
junction is increased in patients with osseous
anomalies like Down syndrome. Two common
VA anomalies are the “C2 segmental type of VA”
and “fenestration” of the VA. In the former case,
the VA enters the spinal canal between C1 and C2
without passing through the C1 transverse fora-
men. In the latter case, the VA bifurcates after
exiting the C2 transverse foramen — one branch
follows the typical anatomic course, whereas the
other branch enters the spinal canal between C1
and C2, subsequently joining the other branch at
the cranial aspect of C1. Therefore, preoperative
CTA in patients with Down syndrome or other
bony anomalies can minimize the risk of intraop-
erative VA injury [34].

Additionally, the narrow isthmus caused by a
high-riding vertebral artery can jeopardize the
VA when performing the Magerl technique, and
many authors recommend that C1-C2 transartic-
ular fixation be abandoned if the isthmus is too
narrow [35]. Furthermore, the risk of VA injury is
higher in patients with isolated C2 fractures, par-
ticularly in type III dens fractures, presence of
intraforaminal fragment, or comminuted trans-
verse foramen fractures with intraforaminal frag-
ments greater than 1 mm [36]. Finally, in patients
with systemic diseases like rheumatoid arthritis,
anatomical variations of the VA and Cl1 lateral
mass deformation may increase the risk of VA
injury [37]. Therefore, preoperative evaluation of
VA anatomy via CT angiography can help to
reduce the complication rate related to the VA

injury.
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Surgical Technique

Positioning After endotracheal anesthesia, the
surgeon places Mayfield tongs to secure the
occiput. The neurophysiologic monitoring nee-
dles are secured in the appropriate areas, and the
patient is rotated prone over a draw sheet with the
arms secured to the side. The surgeon must coor-
dinate with the anesthesiologist in order to stand
at the head of the bed and hold the Mayfield tongs
during the turning process. It is best to keep a
cervical collar in place, if present. Once the
Mayfield device is secured to the table, the collar
is removed and the chin is flexed and retracted to
properly align the cervical spine and optimize
surgical exposure. The posterior occiput must
generally be at the same horizontal level as the
apex of the thoracic spine (in the absence of a
deformity).

The craniocervical ligament and atlantoaxial
reduction is checked using biplanar fluoroscopy.
Correct rotation of the head is checked by assur-
ing that the ears are located horizontally and par-
allel to the thorax. A fluoroscopic image may be
used to show that the mandible is in neutral rota-
tion indicating correct head rotation. Reduction,
if required, is achieved by translation and angula-
tion using the Mayfield device. In general, a
small amount of space between the occiput pos-
terior arch of C1 and C2 should be present on
lateral images.

Care is taken to assure adequate padding of
the chest, iliac crests, proximal hips, knees, and
elbows. The patient’s hair is shaved to the level of
the external occipital protuberance, and the skin
is prepped with chlorhexidine and alcohol.

Exposure A midline incision approximately
75 mm long from the base of the occiput to the
level of the C3 spinous process is performed. The
dissection is carried down with monopolar cau-
tery through the subcutaneous tissues to the level
of the fascia. Using the spinous processes as
landmarks, the ligamentum nuchae is dissected
down its midline with monopolar cautery in order
to remain within the relatively avascular plane
and avoid undue bleeding. At this point, the most
prominent cephalad spinous process is C2. Care
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is taken to preserve the attachments of the semi-
spinalis cervicis muscle on the caudal aspect of
the C2 spinous process. If the landmarks are not
clear, it is prudent to place a clamp on the pre-
sumed spinous process of C2 to verify the correct
operative level.

The dissection is then carried cephalad along
the midline to identify the C1 tubercle and the
base of the foramen magnum. Doing so will facil-
itate lateral exposure. Care must be taken not to
violate the thin atlanto-occipital and atlantoaxial
membranes. Subperiosteal dissection is then car-
ried laterally along the CI arch, taking care to
remain on the inferior aspect of the arch as the
vertebral arteries take a sinusoidal path along its
cephalad border. The safe zone of the C1 arch is
within 1.5 cm from the tubercle as this is the
point where the vertebral arteries ascend into the
foramen magnum. Next, subperiosteal exposure
of C2 is continued to the lateral edge of the C2
lateral masses, taking care not to violate the
C2-C3 facet joint. The subperiosteal dissection
for this portion of the exposure is carried out
bluntly with a periosteal elevator or Penfield ele-
vator, particularly around the C1 arch and lateral
pars of C2, as this minimizes the risk of VA injury
that could otherwise occur with electrocautery
dissection.

If C1 lateral mass screws are to be inserted,
the C2 nerve root must either be retracted cau-
dally or resected. Some authors, including
Goel, who first described this technique in
1988, advocate transection of the C2 nerve to
facilitate exposure of the C1 lateral mass and
C1-C2 facet joint [38], since sacrifice of the C2
ganglion results in suboccipital numbness that
is typically inconsequential for the patient and
rarely results in postoperative neuralgic pain
[39]. Nevertheless, it is our preference to pre-
serve the C2 ganglion and work rostral to it. At
this point, significant bleeding from the C2
venous plexus will be encountered. This can be
controlled with the use of bipolar electrocau-
tery, thrombin-soaked gel foam, and fibrillar
collagen. Workflow can be optimized by work-
ing back and forth bilaterally and allowing
adequate time for hemostasis of the venous
plexuses.
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Instrumentation

Many methods of atlantoaxial fixation have been
described. Wire techniques provide less fixation
strength and usually require a postoperative halo
vest. Although wiring methods have fallen out of
favor since the popularization of screw-rod con-
structs, they may still be useful in patients with
unfavorable VA anatomy. The two most common
fixation methods currently used, however, are C1
lateral mass screws with C2 screws and C1-2
transarticular screws which will be described
separately.

Posterior Wiring Techniques Several posterior
wiring methods have been described in the litera-
ture. Gallie, in 1939, described C1-C2 sublami-
nar steel wire fixation [40]. In his method, an
iliac crest bone graft is notched inferiorly and fit-
ted over the spinous process of C2 below and
leaned against the posterior arch of C1 above.
The steel wire is passed under the C1 lamina,
then dorsal to the iliac crest graft, and tightened
around the spinous process of C2. Sonntag
described a modification of this technique in
1991 [41], where the bone graft is fitted along the
caudal surface of the Cl posterior arch, as
apposed to leaning it on the dorsal surface of the
C1 posterior arch. This modification, which uti-
lizes the same wiring technique, but instead
applies a “press-fit” wedging of the graft, resulted
in significantly high fusion rates (up to 97%).
Brooks and Jenkins, in 1978, described another
wiring method [42] where two separate iliac crest
grafts are beveled and wedged between the pos-
terior C1 arch, and C2 lamina. These are secured
with two sublaminar wires, one on each side of
the midline, passed underneath the laminae of C1
and C2, and wrapped around each graft, respec-
tively. They reported a 93% fusion rate with this
technique.

The disadvantage of these wiring techniques
includes risk of dural or neurologic injury, as
well as weaker rotational strength than screw-rod
constructs. In addition, they usually require post-
operative immobilization with a halo-vest device.
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C1 Lateral and C2 Screws The use of C1 lat-
eral mass and C2 pedicle screws was initially
described by Goel in 1988 [38] and popularized
by Harms in 2001 [43]. Both reports describe a
100% fusion rate with this technique, which has
prompted widespread adoption of this screw-rod
construct for atlantoaxial arthrodesis.

C1 Lateral Mass Screw Once exposure is com-
plete, the dorsal root ganglion of C2 is retracted
caudally to expose the start point for the C1 lat-
eral mass screw, which is the midpoint of the
inferior lateral mass at its junction with the poste-
rior arch (Fig. 5.1a). An alternative start point for
the C1 lateral mass screw can be on the dorsal C1
arch, with advancement of the drill, tap, and
screw through the pedicle analog of C1 (the
height of the posterior arch at the groove for the
VA). The advantage of this modification is avoid-
ance of the venous plexus surrounding the C2
ganglion; however, meticulous preoperative
measurement is needed to ensure that the height
of the pedicle analog exceeds 4 mm at the level of
the groove of the VA [44]. This minimum height
is absent in 19.2% of patients, which would pre-
clude safe use of the alternative start point [44].

The start point is marked with a 2-mm high-
speed burr (Fig. 5.1a). The screw track is pre-
pared with a 2.5-mm drill medialized 15-20° and
with a sagittal trajectory toward the inferior half
of the anterior C1 arch (Fig. 5.1b, c). It is the
author’s preference to confirm the sagittal trajec-
tory with fluoroscopic imaging. The drill is
advanced to the posterior aspect of the anterior
atlantal arch as lying more anterior is the carotid
artery. Following drilling and tapping, a 3.5-mm
polyaxial screw is placed. The length of the screw
track within the lateral mass is typically
16—18 mm; however, the base of the screw con-
tains an additional 10-mm unthreaded portion,
which allows the screw head and tulip to line up
with the C2 screw and minimizes irritation of the
C2 nerve root [45]. There is variability in the
dimensions of the C1 lateral masses, and preop-
erative screw measurement is important. The
usual total screw length is 30-35 mm.
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Fig.5.1 (a) Dorsal view showing starting point (circle)
for C1 lateral mass screw. (b) Lateral view demonstrating
C1 lateral mass screw orientation (arrow). The screw

C2 Pedicle Screw The C2 pedicle is defined as
the portion of bone beneath the superior facet and
anteromedial to the transverse foramen [46].
Prior to attempting a C2 pedicle screw, the CT
images must be carefully examined to assure
adequate width of the C2 pedicle. This is best
measured on the axial images, which allows one
to measure the distance between the medial
aspect of the vertebral foramen and medial aspect
of the pedicle, which must be a minimum of
4 mm to safely place a pedicle screw. The start
point of the pedicle screw is within the superior
medial quadrant of the C2 pars and is marked
with a 2-mm high-speed burr (Fig. 5.2a). The
medial border of the pedicle is defined with a
Penfield 4, which is used as a reference point

should aim at the superior aspect of the C1 anterior arch.
(¢) Arrows show the slight medial orientation(arrows) of
Cl1 lateral mass screws

while drilling. The screw track is formed with a
2.5-mm hand drill directed 20-30° medial and
cephalad, taking care to hug the medial pedicle
wall, as the vertebral foramen is at risk laterally.
The position of the drill is verified on lateral fluo-
roscopic imaging and should lie just below the
bony isthmus (Fig. 5.2b, ¢). The track is then
verified with a blunt-tipped probe, which is
clamped at the entry point to obtain an accurate
length, followed by tapping and placement of the
appropriate length 3.5- or 4-mm polyaxial screw,
typically 22-26 mm in length.

C2 Pars Screw In cases where the C2 pedicle is
too narrow to safely place a screw, an excellent
alternative is the pars screw. The pars (or isthmus)
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Fig. 5.2 (a) Dorsal view of C2. The medial edge of the
right pedicle is identified by a Penfield elevator (gray
line). The starting point for screw insertion (circle) is just
lateral to the medial edge of the pedicle and is marked by
a burr. It is located 3-5 mm above the C2-3 facet joint.
The screw is oriented slightly medial (arrow) (b) (Lateral

of C2 is defined as the narrow portion of bone
between the superior and inferior articular facets
[46]. The start point is typically on the inferior
quarter of the vertical bisector of the pars, imme-
diately caudal to a ridge that is often present. The

view showing the screw position just below the upper
edge of the pedicle (gray arrowhead). (¢) On the axial CT,
the screw direction is slightly medial. On the left side,
there is a medial position of the vertebral artery with
therefore a high risk of vertebral artery injury

trajectory for the screw is directed 10—15° toward
the medial border of the pedicle, with a steeper
angle than the C2 pedicle screw, and directed
toward the C1 anterior tubercle. The trajectory
must be measured on preoperative CT imaging,



50

as the screw must stop short of the vertebral fora-
men (typically 16 mm in length). The same steps
for marking the start point and preparing the
screw track are used, except a high-speed drill
with a drill stop can be used. The typical length of
a C2 pars screw is 14—18 mm.

C2 Translaminar Screws This technique,
described by Wright in 2004, is an excellent and
relatively safe option in patients with aberrant
vertebral artery anatomy or with failed pedicle or
pars screws [47]. The risk of vertebral artery
injury is essentially eliminated, however, the risk
of spinal cord injury is still present if the inner
laminar cortex is breached. Prior to considering
this technique, the C2 laminae must be measured
on axial CT imaging to verify that a 3.5- or 4-mm
screw can be accommodated. After exposure of
the posterior elements, a 2.0-mm high-speed burr
is used to create an entry point at the spinolaminar
junction. One screw will have a rostral entry point
and the other a caudal entry point on the contra-
lateral spinolaminar junction; this is to ensure that
the screws’ tracks will not cross. Next, a cervical
pedicle finder is used to cannulate the contralat-
eral lamina, taking care not to breach the inner
cortex. After tapping and probing the track, a
polyaxial screw is placed (typically 3.5 x 30 mm).
A modified technique includes creating a cortical
“exit” window at the junction of the C2 facet and
lamina, which allows the surgeon to confirm the
lack of inner cortex breach, measure an accurate
screw length, and obtain bicortical purchase [48].

After C1 and C2 screw placement, appropri-
ate length rods are placed and set screws tight-
ened to proper torque. A crosslink can be placed
to increase the torsional strength of the con-
struct, which may be advantageous in the
trauma setting. Bone grafting is performed as
described below.

C1-C2 Transarticular Screw This technique
was first described by Magerl et al. in 1979 for
the treatment of odontoid fracture [49]. Prior to
considering the C1-C2 transarticular screw, one
must carefully study the CT images to verify that
the C2 pedicle is wide enough to accommodate a
3.5- or 4-mm screw. Once the patient is posi-
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tioned, a lateral fluoroscopic image is obtained to
confirm that the C1-C2 joint is reduced. A malre-
duced joint may increase the risk of vertebral
artery injury significantly [SO]. Another image is
obtained with a guide wire lateral to the neck
which allows the surgeon to visualize the trajec-
tory needed for the screw, plan the entry point for
the percutaneous cannula, and make positioning
adjustments prior to draping. The skin prepara-
tion must extend to the upper thoracic spine as
the percutaneous entry point for the drill is typi-
cally at the cervicothoracic junction.

The start point is similar to that of the pars
screw, but the trajectory must be steeper in order
to cross the C1-C2 joint and reach the anterior
border of C1 at the level of the arch (Fig. 5.3a, b).
Once C1 and C2 are exposed, the start point is
marked with a high-speed burr. The starting point
is just lateral to the medial edge of the C2 pedicle
which is palpated and 5-7 mm above the C2-3
facet joint. A stab incision in the skin and fascia
is made 1-2 cm from the midline at the cervico-
thoracic junction. A guide tube is passed percuta-
neously and docked onto the start point followed
by the passage of a guide wire. The guide wire is
medialized 10-15° while visualizing the medial
border of the pedicle with a Penfield 4. The sagit-
tal angle is confirmed with a lateral image to
ensure the proper trajectory. The tip of the wire is
placed a few millimeters short of the anterior C1
tubercle to avoid penetration into the retropha-
ryngeal space. Next, a cannulated drill is
advanced over the wire, taking care not to bind
the wire or breach the anterior C1 cortex. The
drill is removed while maintaining the guide wire
position; the track is prepared with a cannulated
tap, followed by advancing the appropriate length
3.5- or 4-mm cannulated screw.

Decortication Decortication is ideally done
after screw track tapping and prior to screw
placement, as the polyaxial screw tulips can
interfere with exposure. It is best to use a cutting
burr; however, one must be careful not to weaken
the screw tracks or injure neurovascular struc-
tures. It is safe to decorticate the middle third of
the C1 arch; however, the lateral two-thirds must
be decorticated with care to avoid injury to the
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Fig. 5.3 (a) The starting point for C1-2 transarticular
screw insertion is 3 mm above the C2-3 facet in a line just
lateral to medial edge of the pedicle. The screw is oriented
to aim towards the center of the C1-2 articulation (arrow).
(b) The arrow identifies the screw orientation from the

nearby C2 nerve roots and vertebral arteries.
Again, it is critical to study the preoperative
advanced imaging and assess the course of the
vertebral artery.

Bone Graft Although iliac crest bone grafting
is the gold standard for posterior fusion, this is
associated with a high potential for donor site
morbidity. In patients who are biologically com-
promised (smokers, diabetics, immunosup-
pressed, etc.), it may be prudent to harvest
autograft bone from the iliac crest.

Biomechanics There are many studies evaluat-
ing the biomechanical outcomes of the different
atlantoaxial fusion techniques [51]. Melcher
et al. compared the biomechanical properties of
C1-C2 transarticular screws with Gallie wiring to
those of C1 lateral mass-C2 pedicle screw and
rod instrumentation [52]. They found no statisti-
cally significant difference between the two
constructs in flexion/extension, lateral bending,

starting point (circle) in C2, across the C1-2 articulation
and into the C1 lateral mass. The screw tip should appear
to be angled end near the superior aspect of the anterior
arch of C1 (arrow)

or axial rotation. Du et al. performed a systematic
review and meta-analysis of studies evaluating
the biomechanical stability of various instrumen-
tation constructs for atlantoaxial fusion, includ-
ing Cl1 lateral mass-C2 pedicle screws, C1 lateral
mass-C2 pars screws, C1 lateral mass-C2 trans-
laminar screws, and C1-2 transarticular screws
[53]. Their meta-analysis showed that all con-
structs provided significant stabilization in all
axes of rotation, except for the C1 lateral mass-
C2 translaminar construct in lateral bending.

Elliott et al. performed a meta-analysis com-
paring the clinical and radiographic outcomes of
patients treated with transarticular screws versus
C1-C2 screw-rod constructs for atlantoaxial
fusion [54]. They found no difference in 30-day
mortality or neurologic injury between the tech-
niques. However, there was a higher incidence of
vertebral artery injury (4.1% vs. 2%) and malpo-
sitioned screws (7.1% vs. 2.4%) and a lower rate
of fusion (97.5% vs. 94.6%) with the transarticu-
lar screw technique.
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Illustrative Case
History

This is a 66-year-old female pedestrian who was
struck by a vehicle. She sustained a type II odon-
toid fracture in addition to multiple rib fractures,
bilateral pneumothoraces, and a clavicle fracture.
She was initially treated at an outside institution,
and her cervical spine was stabilized with a hard
cervical collar. She presented to our institution
2 months later with severe, intolerable neck pain
that was exacerbated by neck motion and alleviated
by immobilization. She had no previous history of
neck pain. She is a non-smoker and nondiabetic
and exercised daily prior to her injury.

Physical Examination

Her examination on presentation revealed a nor-
mal neurologic exam but significant pain in her
upper neck with cervical range of motion.

Imaging

Initial radiographic and CT, and MRI imaging
(Fig. 5.4a—) demonstrated a nonunion of her
odontoid fracture with no compromise of her spinal
canal or spinal cord.

Treatment

The C2 pedicles were closely examined on CT
imaging prior to planning the pedicle screws
(Figure 5.2¢). She underwent a C1-C2 fusion with
a C1 lateral mass-C2 pedicle screw/rod construct
and iliac crest autograft. (Fig. 5.4d and 5.4e).

Postoperative Course

Postoperatively, she noted resolution of her
neck pain once her surgical pain resolved and
achieved a solid C1-C2 fusion, which was
noted at 9-month clinical and radiographic
follow-up.
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Technical Pearls
* Preoperative planning

Preoperative evaluation of the CT is critical as
there is significant variability in the C2 pedicle
anatomy as well as the course of the vertebral
artery. It is not uncommon to encounter C2 pedi-
cles that are too narrow to safely insert a pedicle
screw in which case C2 pars or translaminar
screws are an excellent backup option.

Evaluating for the presence of a ponticulus pos-
ticus (osseous arch on the superior aspect of the C1
lamina that contains the vertebral artery) preopera-
tively is important as this can be confused with the
C1 lamina. Vertebral artery injury can occur if this
structure is not appreciated preoperatively.

e Positioning Pearls

Prior to positioning, a roll of gauze is placed
in the patient’s mouth to allow for adequate open-
mouth view shots during the procedure.

The chin is tucked to flex the base of the skull
away from the posterior arch of Cl1; this facili-
tates the exposure and placement of the C1 lateral
mass SCrews.

¢ (1 Lateral Mass Fixation

Placement of C1 lateral mass screws requires
adequate exposure. This is associated with signifi-
cant bleeding from the surrounding venous
plexus. Using hemostatic agents such as thrombin-
soaked gel foam or fibrillar collagen and alternat-
ing from side to side can optimize the workflow.

The optimal start point for the C1 screw is at the
junction of the inferior lateral mass and the C1
arch. In patients with an overhanging arch, the start
point can be exposed by burring the caudal aspect
of the arch. Alternatively, in patients with an arch
thick enough to accommodate a 3.5-mm screw, the
start point can be created directly on the arch.

e (2 Pedicle Screws
When placing C2 pedicle or transarticular

screws, it is critical to visualize the medial aspect
of the C2 pedicle which is typically done with a



Fig. 5.4 (a) Initial lateral radiograph of 66-year-old
female with non-displaced type II dens fracture. (b)
Coronal CT shows nonunion of dens fracture. (c¢) Sagittal
T2-weighted MRI demonstrates increased signal in non-
union of dens fracture. No spinal cord compression is

Penfield 4. This landmark allows the surgeon to
safely medialize the screw trajectory while
avoiding the vertebral artery laterally and the spi-
nal cord medially. This step is also helpful while
placing a C2 pars screw.

Complications and Strategies

for Avoidance

Vertebral Artery Injury (VAI)
Approximately 20% of patients have a vertebral

artery with an anomalous course at the level of C1
and C2 [49, 53]. It is critical to scrutinize the bony

present. (d) Postoperative lateral radiographs following
C1-2 posterior fusion using C1 lateral mass screws and
C2 pedicle screws. (e) Postoperative open-mouth radio-
graph following posterior C1-2 fusion

anatomy of the atlas and axis on CT imaging; fur-
thermore, one should consider a CT or MR angio-
gram if any doubt is present with regard to the
vertebral artery anatomy. The reported rate of ver-
tebral artery injury is up to 5.8% during C1 lateral
mass screw placement and up to 8.2% with C1-C2
transarticular screws [55, 56]. Madawi et al.
showed that VAI risk increases significantly when
C1 and C2 are not completely reduced [50].

Neo et al. performed a retrospective survey
that included 5641 cervical spine surgeries and
eight cases of VAI with C1-C2 transarticular
screw fixation [52]. When VAI occurred in the
screw hole, hemostasis was obtained by tampon-
ade or screw insertion. In contrast, VAI in the
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“open space” resulted in uncontrolled bleeding
and necessitated embolization. The authors
reported no deaths or postoperative neurologic
sequelae in this study; they recommend prompt
consultation with an endovascular team if hemo-
stasis cannot be achieved.

Internal Carotid Artery (ICA) Injury

The internal carotid arteries traverse anterior to
the lateral masses of Cl. Atlantoaxial fusion
puts this structure at risk since the ideal exit
point for a bicortical C1-C2 transarticular screws
and CI lateral mass screws is the center of the
C1 lateral mass. Currier et al. performed an ana-
tomic study using computed tomography to
evaluate the relationship of the ICA to the ideal
exit point of a bicortical screw through the C1
lateral mass [57]. They found the mean distance
of the ICA to the anterior cortex of C1 to be
approximately 2.9 mm and the ICA Iumen
medial to the foramen transversarium of CI in
nearly 85% of cases. They concluded that the
proximity of the ICA to the anterior arch of C1
posed a moderate risk of injury in 46% of cases
and a high risk in 12% of cases. In such cases,
they advise using unicortical fixation in order to
mitigate the risk of injury.

Conclusion

There are multiple posterior fixation options for
C1-C2 pathology and each with its advantages
and disadvantages. Pedicle screw-rod constructs
have gained widespread popularity due to the
increased biomechanical rigidity and low risk of
VA injury in the hands of experienced surgeons
who have a complete understanding of the atlan-
toaxial anatomy as well as the morphometric and
vascular variations. Preoperative planning and
evaluation of CT imaging is critical when
approaching these procedures. CT angiography
is especially important when aberrant vertebral
anatomy is suspected. It is our preference to per-
form C1 lateral mass-C2 pedicle screw-rod
instrumentation when possible; however, older
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wiring/arthrodesis methods have proven invalu-
able in our practice with regard to revision cases
or patients with unfavorable anatomy or history
of vertebral artery injury.
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Introduction

Anderson and D’ Alonzo [1] published their cat-
egorization of fractures of the odontoid process
of the axis in 1974 recognizing the unique chal-
lenges of managing type II odontoid fractures.
Their series described the outcomes of both those
treated nonoperatively in tong traction for
6 weeks and those treated with posterior wiring
and fusion, and they advocated for the use of
operative fixation in these patients. While there
have been significant developments in both non-
operative immobilization and operative fixation
since that time, operative fixation remains the
mainstay of treatment for type II odontoid frac-
tures today. In fact, the 2013 Neurosurgery Spinal
Trauma Guidelines concluded that “Surgical sta-
bilization and fusion of Type II and Type III
odontoid fractures with dens displacement
>5 mm, comminution of the odontoid fracture,
and/or inability to achieve or maintain fracture
alignment with external immobilization are rec-
ommended” [2]. In this chapter, we discuss the
role of anterior odontoid screw fixation for man-
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agement of odontoid fractures, its indications,
and how the procedure is performed. We also
provide a number of technical pearls and strate-
gies for complication avoidance.

Direct anterior fixation of a fracture of the
odontoid process or odontoid screw fixation was
first reported independently by both Bohler [3]
and Nakanishi in 1982. In the years since, there
have been many refinements to their techniques
and new instrumentation developed specifically
for this procedure. While a number of different
systems exist, we prefer to use a currently avail-
able system which allows for the insertion of
non-cannulated screws through an all-in-one
drill/tap/screw guide tube for reasons which will
be discussed later in the chapter. The procedure
below will be described using this system,
although the technique may be generalized and
applied to other systems.

There is controversy in the literature over the
optimal management of acute type II odontoid
fractures, especially in regard to rates of non-
union between operative and conservative man-
agement. Some authors [4-6] consider the
concept of a stable fibrous union which can
be defined as a lack of motion on flexion-exten-
sion radiographs, despite the lack of definitive
evidence of bony fusion in an asymptomatic
patient to be a satisfactory outcome. However,
this “stable fibrous union” concept is not univer-
sally accepted. This has a significant impact
on reported success rates of any management
strategy. For example, a retrospective study by
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Koech et al. [6] examined patients aged 65 years
or older with type II odontoid fractures treated
nonoperatively, including 10 who were treated
in cervical collars alone and 32 in halo braces.
While only 50% of those in collars and 37.5% of
those in halo braces had evidence of bony fusion
at follow-up, all patients except one treated in a
collar appeared to have developed a stable
fibrous union. We consider the primary goals of
anterior odontoid fixation to be stabilization of
the fracture fragment on flexion-extension
radiographs and relief of clinical symptoms.

The atlantoaxial interface plays a unique bio-
mechanical role among vertebrae as it is respon-
sible for approximately one-third of the total
rotation of the cervical spine [7]. As compared to
other methods of atlantoaxial fixation, odontoid
screw fixation may offer the benefits of preserv-
ing this motion [8], being less painful than poste-
rior fusion techniques, decreasing risk of
vertebral artery injury, and having no need for
bone graft harvest.

Indications and Patient Selection

The ideal candidates for odontoid screw place-
ment are patients with acute or subacute type II
odontoid fractures and selected patients with
shallow type III odontoid fractures [9], Table 6.1.
In regard to type II fractures, Grauer et al. [10]

Table 6.1 Indications and contraindications for odontoid
screw fixation

Indications
Acute or subacute type II fractures
Shallow type III fractures
Contraindications

Comminuted fractures

Severe medical comorbidities

Body habitus (barrel chest) or severe
kyphosis preventing appropriate
trajectory

Pathologic fractures

Associated transverse ligament injury
Chronic nonunion (>6 months)

Irreducible subluxation/translation of
dens fragment by >5 mm
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proposed three subtypes which can be used to
determine optimal management based on several
characteristics of the fracture. They suggest that
type Ila, transverse fractures without comminu-
tion or displacement, may be successfully man-
aged with external immobilization. Further, while
type IIb, displaced transverse fractures or frac-
tures that pass from anterosuperior to posteroin-
ferior, may be optimally treated with odontoid
screw fixation, they recommend a posterior
approach for type Ilc, fractures passing from
anteroinferior to posterosuperior or significantly
comminuted fractures.

Patient age plays an important role in deter-
mining the optimal management of type II odon-
toid fractures. While young, healthy patients may
be treated with external immobilization,
Lennarson et al. [11] examined 33 type II odon-
toid fractures treated with halo vest immobiliza-
tion and found that patients above the age of 50
had a risk of bony nonunion 21 times higher than
younger patients. In addition, halo vest immobili-
zation in elderly patients with odontoid fractures
has been associated with increased morbidity and
mortality [12].

In 1989, Hadley et al. [13] examined 68
patients of various ages with acute type II odon-
toid fractures treated with nonoperative immobi-
lization and found an overall nonunion rate of
28%. Furthermore, they found that a dens dislo-
cation of 6 mm or greater had a 78% nonunion
rate with nonoperative immobilization compared
with only 10% in those with dens dislocations
less than 6 mm. It is further discussed in the
Neurosurgery spine trauma guidelines [2] that a
greater degree of fracture displacement should
warrant consideration for operative fixation.

Absolute contraindications to anterior odon-
toid screw placement include comminuted and
pathologic fractures of the C2 vertebral body, as
well as other general contraindications to spine
surgery such as active infection, anticoagula-
tion, etc. Injury to the transverse atlantal liga-
ment (TAL) complex is also an absolute
contraindication as the C1-C2 complex would
remain unstable despite screw fixation of the
odontoid fracture.
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Furthermore, there are also several relative
contraindications such as an anterior oblique
fracture, extreme osteoporosis, patient anatomy,
and fracture age. While Grauer et al. [10] suggest
that an anterior obliquely oriented fracture is a
relative contraindication as the screw may cause
fracture displacement with tightening, we find
that in some cases, shallow, minimally displaced
anterior oblique fractures can be successfully sta-
bilized with a regular non-lag screw.

Chronic fractures are also considered to be a
relative contraindication for odontoid screw
placement because the presence of fibrous tissue
prevents reapproximation, and poor bony fusion
rates have been reported. Some authors have
described good outcomes in fractures up to
6 months old by using a specialized technique in
which a long-tipped right-angle curette is inserted
into the fracture gap and used to curette out any
fibrous tissue which has formed [9]. While good
results have been reported using this technique, it
is an advanced maneuver which requires special-
ized instruments and it has not been widely
adopted. In patients with symptomatic/unstable
chronic odontoid fractures, we recommend pos-
terior C1-C2 arthrodesis.

There are situations in which the patient’s
anatomy makes an anterior approach difficult or
even impossible. In individuals with a barrel
chest, severe thoracic kyphosis or lower cervical
kyphosis may prevent the correct screw trajec-
tory. In some patients, it may be impossible to
accurately determine whether the trajectory can
be reached until they are positioned in the operat-
ing room with fluoroscopy. Patients with possible
anatomic obstacles should be counseled preop-
eratively about the possibility of needing to con-
vert to a posterior approach.

Dysphagia in the elderly is a well-described
complication of any anterior cervical approach.
Dailey et al. [4] reported a 35% incidence of
dysphagia requiring diet modification and an
11% incidence of aspiration pneumonia after
odontoid screw fixation in an elderly popula-
tion. Other studies [14] have found as high as a
60% rate of dysphagia after anterior approaches
to the cervical spine. While this is not a true
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contraindication in the majority of patients, it
should be discussed with the patient preopera-
tively, and a posterior approach may be consid-
ered in those who have preexisting moderate to
severe dysphagia.

Preoperative Considerations

Patients with acute type II odontoid fractures
should be maintained in external immobilization
prior to surgical treatment. Generally, a hard col-
lar is appropriate and preferred to halo orthosis,
especially in elderly patients. As with other inva-
sive procedures, anticoagulation should be held,
if possible, and coagulopathies corrected prior to
surgery.

In any acute fracture, adequate and appropri-
ate imaging and trauma survey should be per-
formed. Some authors had previously considered
preoperative MRI for evaluation of transverse
atlantal ligament (TAL) injury to be mandatory
before odontoid screw placement; however, more
recent literature [15] suggests that concomitant
odontoid fracture and TAL injury is a rare event,
and MRI for this purpose should be reserved for
those with neurologic deficits or ADI (atlanto-
dental interval) widening. However, owing to the
routine technique of hyperextending the patient’s
head and neck during intraoperative positioning
for odontoid screw placement (which is neces-
sary to obtain the correct trajectory), we believe
there is benefit in obtaining a cervical spine MRI
preoperatively in order to rule out any potential
sources of neurologic compression which may
not be imaged well on plain radiograph or CT
scan. Many elderly patients with odontoid frac-
tures will have pre-injury degenerative spondylo-
sis, stenosis, and/or mid- or lower cervical spinal
cord compression that could cause neurological
deterioration with intraoperative positioning
maneuvers if not otherwise recognized with pre-
operative MRI. Based on local practices, we do
not routinely obtain preoperative flexion/exten-
sion films in acute fractures because of potential
concern for additional fracture fragment dis-
placement causing neurologic deficit.
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Surgical Technique
Anesthesia Considerations

While awake fiberoptic intubation is commonly
employed for unstable cervical spine injuries, the
spacious spinal canal at the level of C1-C2 usu-
ally does not necessitate such strict precautions.
Intubation techniques requiring hyperextension
should be avoided, and the goal of minimizing
spine movement should be discussed preopera-
tively with the anesthesiology team, but there are
a number of modern intubation techniques such
as video laryngoscopy which may be used with
minimal risk to the patient. In cases with greater
than average displacement of the odontoid frac-
ture and/or preoperative spinal cord compromise,
this may not apply.

We do not believe that there is great benefit to
the use of intraoperative electrophysiologic mon-
itoring during screw placement as, with the
exception of rare, obvious complications such as
a K-wire placed too deep or severe retropulsion
of a fragment, there is little risk of intraoperative
neurologic injury during this procedure, and it is
unclear whether monitoring would change an
outcome associated with these types of complica-
tions. We also position the patient under active
fluoroscopic control, minimizing the chances of
neurologic injury during the positioning process
(see below).

Patient Positioning

The patient is positioned supine on a flat-top
Jackson table with a large roll placed transversely
beneath the shoulders. A standard operating table
is also appropriate, although there can be difficul-
ties with metal pieces of the table obscuring the
open-mouth fluoroscopy views depending on the
angle of the patient’s head. The cervical spine is
then carefully extended and the head supported on
a gel or foam donut. Arms are tucked at the
patient’s side with pressure points appropriately
padded. We then apply light (5-10 pounds) cervi-
cal traction, typically via a soft, padded occipito-
mandibular traction sling, although many surgeons
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prefer Gardner-Wells tongs. In this often elderly,
frail patient population, we prefer to avoid the
additional, although minor, risk of pin-site
complications.

The use of fluoroscopy is necessary during
positioning in order to optimize trajectory and to
ensure that positioning has not caused further
displacement of the dens. We typically do not
extend the patient’s neck until lateral C-arm fluo-
roscopy is in place and images can be obtained as
the spine is positioned. Any undesired sublux-
ation can be immediately identified before fully
placing the patient into hyperextension. We
believe this is safer than simply obtaining a post-
positioning image after the patient is fully hyper-
extended. In patients with a posteriorly dislocated
dens, alignment can be improved by extending
the head with an axis of rotation at the atlanto-
occipital interface while maintaining extension
of the cervical spine. Conversely, anteriorly dis-
placed fragments can be realigned by flexing the
head without flexing the cervical spine. Once
optimal alignment is achieved, light traction is
applied as described above, more to maintain
position rather than to achieve any sort of distrac-
tion of the spine.

A radiolucent bite block should be used to
hold the patient’s jaw open in order to obtain an
open-mouth odontoid view with fluoroscopy. A
working view of the dens, fracture line, and body
of C2 without obstruction from the teeth is cru-
cial. The bite block should be placed with care so
as not to risk dislocation of the jaw, as anesthe-
tized patients cannot guard themselves against
this. Preoperative assessment of the patient’s jaw
opening can be helpful, although difficult to do in
a hard cervical collar. For our bite block, we typi-
cally use a wine cork, trimmed to an appropriate
height just short of the patient’s maximal jaw
opening, with V-shaped notches carved in each
end for upper and lower teeth (or gums, if
edentulous).

The use of intraoperative navigation has been
described for the placement of odontoid screws
[16]; however, as of this writing, there is no uni-
versally accepted technique for its use. Our tech-
nique (described below) allows for manipulation
of the fracture fragment intraoperatively if
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desired, which would immediately compromise
the accuracy of navigation based on any intraop-
erative imaging obtained prior to such fracture
manipulation. Should advances in technology
one day be able to compensate for this, intraop-
erative navigation could play an important role in
reducing the amount of radiation exposure to the
patient and operator associated with fluoroscopy.

Instrumentation System

A unique advantage of the non-cannulated sys-
tem compared to K-wire-based systems is the
ability to directly manipulate the C2 vertebral
body relative to the dens which often allows fine
tuning of the alignment between the dens and the
body of C2 during screw placement (see below).
In our experience, this cannot be achieved with
cannulated K-wire-based systems and is a large
part of the basis for why we use a non-cannulated
system. Additionally, non-cannulated screws
have stronger resistance to fatigue fracture.

Exposure

After positioning the patient, we place a K-wire
alongside the patient’s neck in line with the
optimal screw trajectory, viewed on lateral
C-arm fluoroscopy. We will then plan a trans-
verse incision at the area where the wire crosses
the anterior surface of the neck. If a skin crease
is present within a few millimeters of this loca-
tion, we will adjust accordingly for cosmetic
purposes. In addition, this maneuver has the
benefit of confirming that the patient’s anatomy
is conducive to odontoid screw placement. This
is the point in the case at which a final decision
is made whether odontoid screw placement will
be feasible or if the procedure will need to be
converted to a posterior fusion. In our experi-
ence, only in rare cases have we been forced to
convert to a posterior fusion prior to incision
because a barrel chest or thoracic kyphosis
made the optimal trajectory impossible to
achieve. In some cases, preoperative imaging
will strongly indicate the feasibility of obtaining
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correct trajectory (either for or against) well
before entering the operating room, but in many
cases, it can be questionable, with the final
determination only possible once the patient is
safely positioned in cervical extension in the
operating room. In our practice, even in cases
where we feel quite confident of our chances of
obtaining the correct trajectory, we still discuss
the possibility of needing to abort the anterior
screw and proceed with posterior arthrodesis
with every patient/family prior to the procedure.
We reassure them that this decision will be made
prior to a skin incision being made.

Once successfully positioned, the patient is
then prepped and draped in a sterile fashion and
local anesthetic is injected. A skin incision is
made in the previously determined location (typi-
cally around the C5-C6 disc space level, but we
base it on our intraoperative localization), and a
plane is dissected out over the platysma with
Metzenbaum scissors. We prefer to make a trans-
verse incision through the platysma using elec-
trocautery so that the two edges are easy to find
and re-approximate at the end of the case.

A standard Cloward-type approach to the
anterior cervical spine is carried out as one would
perform for anterior cervical discectomy surgery,
with dissection down along the medial border of
the sternocleidomastoid muscle and between the
carotid sheath and trachea, down to the preverte-
bral fascia. The longus colli muscle is then ele-
vated from the midline so that medial and lateral
retractor blades may be inserted beneath them
and connected to the retractor holder.

Retraction

A special angled retractor is then inserted from
caudal to cephalad into the prevertebral fascial
plane after it is dissected up to the level of Cl
using a Kittner dissector. The retractor should at
least extend past the fracture line on lateral fluo-
roscopy. This retractor blade is then connected to
the medial-lateral self-retaining retractor and is
used to protect the soft tissues anterior to C2
(Fig. 6.1). Subsequent steps are all performed
under biplanar fluoroscopy.
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Fig.6.1 Incision with
retractor blades in place
(Courtesy Aesculap)

Screw Insertion

A K-wire is inserted at an appropriate trajectory
and entry point in the inferior endplate of C2.
This generally will penetrate the anterior-most
part of the C2-C3 disc space (Fig. 6.2). The opti-
mal location of this is approximately 2 mm pos-
terior from the anterior surface of the body (even
1-2 mm further posterior than what is shown in
Fig. 6.2, ideally) and either midline or 3—4 mm
lateral to the midline if one or two screws are to
be used, respectively. The K-wire should be
impacted approximately 4 mm into the bone. It is
critical that this initial wire enters the inferior
endplate of C2 and not the anterior cortex of the
vertebral body as the cortical bone of the end-
plate is stronger and denser than the usually very

thin anterior cortex. Failure to ensure entry into
the inferior endplate will often result in postop-
erative construct failure with the screw(s) cutting
out through the anterior vertebral body of C2
when the patient extends his/her neck.

Once the K-wire is inserted, a cannulated
7-mm-fluted-twist drill/rasp is then inserted over
it and used to rasp a trough in the anterosuperior
aspect of C3 and the C2-C3 annulus (Fig. 6.3).

The drill guide is then assembled and passed
over the K-wire. The distal end of this drill guide
has anchoring spikes that are “walked” along the
ventral spine until the guide is appropriately
positioned over the C3 vertebral body (Fig. 6.4).
An impactor sleeve is then placed over the handle
assembly (which requires cutting the free end of
the K-wire) and is tapped with a mallet to impact
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Fig. 6.2 Tllustration showing K-wire entry point in the
inferior endplate of C2. The authors would suggest an
entry point even 1-2 mm posterior to that shown, if fea-
sible (see text) (Courtesy Aesculap)

Fig.6.4 The drill guide is impacted into the anterior C3
vertebral body (yellow arrowhead) before the K-wire is
removed and replaced with the drill. The inner guide tube
is advanced to the inferior endplate of C2 before com-
mencing drilling (blue arrowhead) (Courtesy Aesculap)

Fig.6.3 The fluted drill is inserted over the K-wire and a
rasp is used to create a trough in the anterosuperior aspect
of C3 and the C2-C3 annulus (Courtesy Aesculap)

the spikes into the C3 vertebra, thus firmly secur-
ing the drill guide to the body of C3. This
represents a sort of “point of no return,” and
before impacting the drill guide into position,
biplanar fluoroscopy images should confirm cor-
rect trajectory in both planes. At this point, the
inner guide tube is then advanced forward so that
it contacts the inferior endplate of C2 and the
K-wire is removed. From this point forward until
final screw placement, a firm grasp should be
maintained on the drill guide with the nondomi-
nant hand, not allowing it to move throughout
subsequent steps of drilling, tapping, and screw
placement. This is critical to the use of the non-
K-wire-based system. As previously mentioned,
the impacted drill guide can be used to fine-tune
the alignment of the odontoid fragment relative
to C2, a feature that cannot be accomplished with
K-wire-based systems. After ensuring the drill
guide is firmly seated in C3, one proceeds to drill
into the C2 vertebral body stopping just before
the fracture line is reached. Then, if the dens is
posteriorly dislocated, gentle downward (toward
the floor or dorsal) pressure on the drill guide will
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Fig. 6.5 A pilot hole is drilled through the C2 body and
fracture line and into the dens. It is important to drill
through the distal cortex of the dens (1-2 mm beyond
what is shown in this illustration) to achieve bicortical
screw purchase (Courtesy Aesculap)

usually cause C2 and C3 to move posteriorly,
while the dens, Cl1, and the skull will usually
remain fixed, thus aligning the fracture.
Maintaining light cervical traction, as described
in the patient positioning section, helps with this
process. Similarly, if the dens is anteriorly dislo-
cated, the drill guide can be “lifted” (toward the
ceiling or ventrally) while carefully maintaining
some cephalad pressure to ensure the spikes do
not disengage from the C3 vertebra which should
bring C2 and C3 into better alignment with the
dens. In our experience, these maneuvers can
easily correct up to ~3 mm of dislocation. In most
cases, with careful patient positioning as
described above, the fracture should have less
than that amount of dislocation prior to this step.
These maneuvers are easier in acute fractures and
may be less successful in subacute injuries.

A right-angled drill driver with a depth mea-
surement guide is then inserted through the inner
guide tube, and a pilot hole is carefully drilled
through C2 and, if no additional realignment is
needed (see above), into the odontoid fragment
(Fig. 6.5). It is critical to drill through the distal

Fig. 6.6 The drill is removed and replaced with the tap
which is then used to tap the pilot hole. This should also
extend through the distal odontoid cortex, 1-2 mm beyond
what is shown in this illustration (Courtesy Aesculap)

cortex of the odontoid tip so that bicortical pur-
chase can be achieved during screw placement, as
the distal tip of the odontoid and the inferior end-
plate of C2 are the strongest cortical surfaces in
C2. The inner guide tube and drill are then with-
drawn and a tap is inserted and used to tap the pilot
hole (Fig. 6.6). Both the drill and the tap come
with calibrated depth markings, although we
strongly recommend also measuring screw length
on the preoperative CT scans when selecting a
screw length. A lag screw is then inserted so that it
engages the distal odontoid cortex and approxi-
mates the dens to the body of C2 (Fig. 6.7). In the
scenario mentioned earlier in which there is an
anteriorly oblique fracture, a lag screw should be
avoided and a fully threaded screw may be prefer-
able. Once again, throughout the process of drill-
ing, tapping, and screw placement, the drill guide
must be maintained in position with a firm grip,
also maintaining any anterior or posterior align-
ment adjustments. In our experience, once familiar
with the system, the whole process from drilling to
final screw placement can usually be accomplished
in about 60-90 s, minimizing fatigue in the hand
stabilizing the drill guide.
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Fig.6.7 A lag screw is inserted into the previously tapped
pilot hole (Courtesy Aesculap)

If two screws are to be used, then the above
steps, beginning with K-wire insertion, are
repeated on the contralateral side. As the frag-
ment should already be approximated in contact
with the C2 body after placing the first lag screw,
a fully threaded screw can be used for placement
of the second screw.

Closure

The wound is then irrigated, meticulous hemosta-
sis is achieved (the site of spike impaction into
the C3 vertebral body often oozes after removing
the drill guide, but this can usually be controlled
easily with some sort of flowable hemostatic
agent and a few seconds of gentle pressure), the
retractors are then removed, and the wound is
closed in the usual fashion, again similar to the
surgeon’s preferred techniques for anterior cervi-
cal spine surgery.

Postoperative Care

Postoperatively, we do not routinely place patients
in a hard collar unless they have very radiolucent

bone on radiography or the bone is soft, and mini-
mal insertional torque is experienced during screw
placement, both indicators of worse-than-usual
osteoporosis or if the patient has had a bone density
scan confirming severe osteoporosis. Even in the
elderly population, this is only rarely necessary, but
many other surgeons routinely use postoperative
orthoses and this is per surgeon’s discretion.

Hlustrative Case

An 82-year-old female with no relevant past medi-
cal history presented to the emergency room after
a ground-level fall at home. She complained of
neck pain but was found to be neurologically intact
on examination. A CT scan of her cervical spine
was obtained (Fig. 6.8) which showed an acute
type II odontoid fracture. After discussion with the
patient about management options, she elected to
proceed with anterior odontoid screw fixation. The
patient was maintained in a Miami J cervical collar
until she was taken to the operating theater the fol-
lowing day. The procedure was performed as pre-
viously described and two screws were placed
(Fig. 6.9). The patient did well postoperatively and
tolerated a regular diet with no evidence of dys-
phagia. Postoperative CT scan (Fig. 6.10) demon-
strated satisfactory screw placement with bicortical
purchase. The screws in this case ended up longer
than they needed to be by about 4 mm, but they
remain extradural, causing no harm, and this has
no known consequence to the patient. Contrarily,
leaving the screws too short to engage the cortical
odontoid tip will usually result in screw backout
and construct failure; thus, it is preferable to over-
estimate, rather than underestimate, screw length
if any error is to be made.

Technical Pearls

e It is important to achieve bicortical purchase
of the inferior endplate of C2 and the distal
odontoid tip with the screw. The inferior end-
plate has much thicker cortical bone than the
anterior cortex of C2, and thus it is important
for initial K-wire placement to be in the infe-
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Fig. 6.9 Intraoperative lateral (left) and AP (right) fluoroscopy views showing the retractor blade elevating the soft
tissues and the final placement of the screws. Note the trough rasped in the anterosuperior aspect of the C3 body and the
distal cortical purchase of the screws

rior endplate, approximately 2-3 mm poste-
rior from the anterior cortex. In order to
achieve distal cortical purchase in the tip of
the odontoid, the initial drilling and tapping
should penetrate through the distal cortex.

We do not advocate the use of a cannulated
K-wire system for a number of reasons. These
include the inherently weaker structure of a
cannulated compared to a non-cannulated
screw and an inability to manipulate the rela-
tion of the odontoid fragment to C2 intraop-
eratively with the impacted guide tube as
described above. In addition, it is important to
recognize the potential for neurologic injury if
a drilling K-wire is inserted too far past the tip
of the odontoid process. Anecdotally, we have
heard of unpublished cases where a wire has
been inserted into the brainstem and caused

severe neurological and vascular arterial
compromise.

There is controversy surrounding the use of
either one or two screws for fixation. Two case
series have been published which compared
rates of successful stabilization between those
patients with either one or two screws placed.
One of these studies [5] included patients of
all ages and found no significant difference
between the groups. The other study [4]
focused solely on an elderly population and
found an increase in successful healing from
56% to 96% with the use of two screws. A bio-
mechanical study [17] found no difference in
shear or torsional stiffness between one and
two screw constructs. If the patient’s anatomy
is favorable, i.e., if the narrowest portion of
the dens is wide enough to accommodate two
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Fig.6.10 Postoperative coronal (left) and sagittal (right) CT imaging showing the final positioning of both screws with
good distal cortical purchase, although ideal screw lengths would have been about 4 mm shorter (see text)

screws side by side (4 mm needed for each
screw, so at least 8—9 mm width preferred), we
will routinely place two screws in patients
over the age of 70.

Complications and Strategies
for Avoidance

We recommend manually flexing and extending
the patient’s head under fluoroscopy at the com-
pletion of the case to detect any instability as a
result of previously undetected injury to the
TAL. In very rare circumstances, previously
undetected gross instability between C1 and C2
despite good fixation across the fracture line has
been observed which necessitated posterior
atlantoaxial fusion with the patient still under
general anesthesia. While this type of injury is
best diagnosed preoperatively, this simple
maneuver at the end of the case can confirm sta-
bility at C1-C2 quickly and easily.

The elderly are at an inherently higher risk
for dysphagia with any anterior cervical proce-
dure, and this should be taken into account
when determining a management strategy for a

patient’s fracture. Intraoperatively, this risk can
be slightly reduced with gentle dissection of the
prevertebral fascia and being careful not to ele-
vate or manipulate the hypopharynx more than
necessary with the superior retractor blade.
Minimizing operative time and only opening
the medial-lateral retractor blades as far as nec-
essary both may help reduce dysphagia,
although this is based on extrapolation from
studies on ACDF (anterior cervical discectomy
and fusion) surgery and has not been directly
studied in odontoid screw fixation cases.
Postoperatively, our nursing staff routinely per-
forms a simple bedside swallow test before
resuming a diet.

It is important to accurately measure the screw
length prior to placement. A longer screw has the
potential to either protrude too far in front of the
C2-C3 disc space which could lead to erosion of
the disc and hardware failure or extend past the
distal cortex of the dens and cause neurologic or
vascular injury. This will generally not occur
unless the screw is much too long (by a centime-
ter or more) or is angulated much too posteriorly
and breaches the posterior wall of the dens rather
than emerging from the tip. The latter would rep-
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resent more of a trajectory error than a screw
length error. Too short of a screw could lead to
poor engagement of the distal cortical bone at the
odontoid tip and most commonly will lead to
screw backout with failure of fixation.
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Introduction

Cervical spondylosis refers to age-related degen-
erative changes of the cervical spine. Over time,
cervical spondylosis may lead to progressive
axial neck pain, upper extremity radiculopathy,
and/or cervical myelopathy. These clinical enti-
ties may result from any of a variety of degenera-
tive changes including disc degeneration, disc
herniation, facet arthrosis, and osteophyte forma-
tion. Anterior cervical decompression and fusion
(ACDF) is a commonly utilized surgical treat-
ment option for patients experiencing radiculopa-
thy and/or myelopathy secondary to cervical
spondylosis that is refractory to nonsurgical man-
agement. Cervical corpectomy, another type of
anterior decompression, of one or several levels
can be performed for degenerative conditions,
neoplasia, and infection.

Anterior cervical decompression was first
described in 1955 by Robinson and Smith for the
treatment of degenerative disc disease [1]. Since
that time, this approach has been modified and
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improved to treat multiple cervical spinal pathol-
ogies including radiculopathy and myelopathy.
The primary aim of ACDF is physical decom-
pression of neurologic structures, restoration of
cervical alignment, and achievement of bony
fusion. Excellent results can be achieved through
careful patient selection and operative technique.
The current literature suggests that over 90% of
patients experience relief of symptoms following
ACDF when radiculopathy is the primary indica-
tion for surgery [2, 3]. Furthermore, patients suf-
fering from cervical myelopathy also demonstrate
favorable results postoperatively [2]. The pur-
pose of this chapter is to discuss the surgical indi-
cations and techniques for anterior cervical
decompressive and fusion surgery. Options for
optimizing results and avoiding complications
will also be discussed.

Indications and Patient Selection

Appropriate patient selection is essential to
achieving successful outcomes following ACDF.
The decision to decompress anteriorly as opposed
to posteriorly depends not only on surgeon exper-
tise but also on the location of neural compres-
sion, alignment of the cervical spine, and the
number of levels involved. In patients with
lesions posterior to the spinal cord, such as from
hypertrophy of the ligamentum flavum, ACDF
will not relieve the offending lesion. ACDF is
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suitable for patients with one- to three-level dis-
ease with neurologic compression at the level of
the disc space and in patients with kyphotic, neu-
tral, or lordotic alignment.

Corpectomy is indicated for patients who have
cord compression behind the vertebral body
proper that cannot be addressed through an
ACDF. This can be due to spondylosis, neoplasia,
and infection. It is suitable for patients with two-
or more level disease due to advanced spondylo-
sis with large vertebral body posterior osteophytes
that extend away from the disc space proper and
toward the vertebral body. In such cases, per-
forming a complete neurological decompression
using an ACDF approach can result in substantial
removal of the intervening vertebral body due to
the size of the posterior osteophytes. It is often
preferred to instead perform a corpectomy to
avoid this scenario.

The number of surgical levels and patient-
specific factors (i.e., risks for nonunion) should be
considered carefully when deciding between
ACDF and corpectomy in patients that have com-
pression localized to the disc space proper. There
is no ambiguity in the literature that rates of
pseudarthrosis increase with the number of fusion
surfaces. For example, a three-level ACDF has six
fusion surfaces, whereas a two-level corpectomy
only has two fusion surfaces. In this example, the
three-level ACDF will be expected to have a
higher chance of pseudarthrosis. Like the associa-
tion of surgical levels and pseudarthrosis, there is
also little ambiguity about worse clinical out-
comes with pseudarthrosis in the anterior cervical
spine. Therefore, it is incumbent on the surgeon to
carefully weigh all variables (type of graft sub-
strate, type of interbody cage, history of smoking,
steroids, or antimetabolites) when deciding the
proper surgery for a particular patient.

Patients presenting with radiculopathy with-
out myelopathy should be considered for ACDF
if their symptoms fail to improve after a trial of
nonoperative management and if advanced
imaging modalities demonstrate neural com-
pression in the neuroforamen of the index level.
Surgery may also be considered for patients with
progressive muscular weakness. Patients with
symptoms consistent with progressive myelopa-

V.J. Alentado and T.E. Mroz

thy or myeloradiculopathy are also candidates
for ACDF. Other indications for ACDF include
cervical discitis, anterior cervical epidural
abscess, cervical spondylolisthesis, and trau-
matic cervical instability. However, ACDF or
corpectomy with fusion is not a reliable surgical
option for the treatment of axial neck pain sec-
ondary to degenerative disc disease. Furthermore,
history of previous cervical radiation, radical
neck dissection, tracheostomy, severe osteopo-
rosis, vocal cord dysfunction, esophageal injury,
or preexisting dysphagia is relative contraindica-
tions to ventral surgery.

Preoperative Considerations

A complete history and physical examination
should be performed on any patient presenting
with possible cervical radiculopathy or myelopa-
thy. The patient should be asked about symptoms
related to myelopathy such as difficulty with but-
toning shirts or problems with gait and balance.
The patient should also be questioned about any
nonoperative treatment modalities that have been
trialed, any recent falls or trauma, problems with
bowel or bladder function, and any history of
neck surgery or radiation. In cases of radiculopa-
thy, it is important to ascertain the type and sever-
ity of the arm pain. Patients with a C6 or C7
radiculopathy may present with pain radiating
into the ipsilateral trapezius muscle region and/or
the periscapular or subscapular region. In some
instances, this will be the sole presenting com-
plaint (i.e., the patient will not have radicular arm
pain). It is imperative in such patients to perform
a complete shoulder examination to ensure such
pain is not due to shoulder or shoulder girdle
pathology. In such cases, an anesthetic selective
nerve root block is often helpful as a diagnostic
maneuver.

A careful observation of the patient is key.
Ability to use the arms to rise out of a chair can
offer important clues about pain level and
strength. Patients with severe radicular arm pain
sometimes will hold their shoulder in an abducted
position in order to relieve tension on the affected
nerve root and, hence, diminish their pain.
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Observe the cervical alignment and global sagittal
alignment and note range of forward flexion,
extension, left and right rotation, and lateral
bending. A Spurling’s maneuver (a maneuver in
which the patient extends their neck and turns to
the symptomatic side before axial compression is
performed) should be implemented on all
patients suspected of having a cervical radicu-
lopathy. A neuromuscular examination of the
upper and lower extremities should be performed.
Asymmetric motor weakness along with derma-
tomal sensory changes can help localize the level
of nerve root compression. Biceps, brachioradia-
lis, and triceps reflexes should be tested on both
upper extremities. Patients with radiculopathy
often have decreased deep tendon reflexes corre-
lating to the site of compression, whereas patients
with myelopathy may have hyperactive reflexes
with possible presence of a Hoffmann sign and/or
inverted radial reflex(es). Lower extremity
reflexes should also be assessed for hyperreflexia,
presence of Babinski sign(s), increased tone, and
sustained or asymmetrical non-sustained clonus
as these are potential indicators of myelopathy.
Gait analysis, including tandem gait and balance,
should also be assessed in patients who are able
to ambulate.

Most patients with a cervical radiculopathy do
not need imaging to make the diagnosis or initi-
ate treatment. If imaging is warranted, initial
imaging studies include standing anteroposterior,
lateral, flexion, and extension radiographs of the
cervical spine. These images will provide infor-
mation about spinal alignment, stability, and
presence of bony pathology. If further imaging is
desired, magnetic resonance imaging (MRI) is
the preferred modality. MRI allows for visualiza-
tion of the soft tissues, neural elements, interver-
tebral discs, and the vertebral artery. MRI can
also allow for visualization of myelomalacia or
spinal cord edema. If the patient is unable to
undergo MRI or if better assessment of bony
structures is required, then computed tomogra-
phy (CT) myelography is a suitable alternative.
This imaging modality allows visualization of
both neural elements and bony structures.

Patients with known anatomical anomalies,
especially of the vertebral arteries, or a history of
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previous anterior cervical surgical procedures,
including carotid artery and thyroid surgeries,
should undergo more extensive preoperative
planning. Notably, 2.7% of cadaveric specimens
were found to have tortuous vertebral arteries [4].
Therefore, axial images should be reviewed
intently on every operative case to ensure there
are no abnormalities of the vertebral artery, spe-
cifically medialization. Previous surgical treat-
ments may also lead to a more difficult approach
with less definitive anatomic planes or altered
anatomy. Furthermore, these patients should be
considered for preoperative evaluation by an oto-
laryngologist for assessment of vocal cord dys-
function secondary to recurrent laryngeal nerve
injury. If a patient had previous neck surgery and
the vocal cords are functioning normally based
on laryngoscopy, then the approach should be on
the contralateral side. Conversely, if the vocal
cords are not functioning normally on the side of
a previous surgery, then the approach should be
from the same side to avoid damage to the normal
vocal cord. Finally, patients with a history of
carotid bruit or carotid artery stenosis should be
approached opposite the side of the carotid artery
pathology to minimize the risk of an intraopera-
tive stroke [5].

Surgical Technique
Positioning and Approach

Anterior cervical discectomy and fusion is per-
formed in the supine position under general anes-
thesia with endotracheal intubation. Manipulation
of the neck should be done with caution in
patients with myelopathy. If the patient cannot
safely extend the neck without pain or neurologic
symptoms preoperatively, then fiberoptic assis-
tance may be needed to facilitate the intubation.
The endotracheal tube should be taped at the cor-
ner of the mouth opposite the side of the planned
approach. A bump or gel roll is placed transversely
under the scapulae to facilitate cervical lordosis,
but it is important to not exceed the degree of
extension that the patient can tolerate while
awake, prior to neurological decompression. The
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occiput should be placed on a foam doughnut
with the cervical spine placed in acceptable
alignment. It is often advantageous to place mul-
tiple towels under the head for patients with cer-
vical kyphosis if the goal of the surgery is to also
improve alignment. After the decompression(s)
have been performed, the towel can be sequen-
tially removed to allow the head and neck to gen-
tly assume a more lordotic posture. This is a very
controlled situation and aids in the deformity cor-
rection. The reconstruction then proceeds per
protocol.

The bed should be placed in approximately
20° of reverse Trendelenburg to allow for venous
drainage and to allow the shoulders to move infe-
riorly to afford better radiographic visualization.
The elbows and wrists should be padded with
foam to prevent compression neuropathy. The
arms should then be tucked at the patient’s sides.
The shoulders should be taped with downward
traction to improve visualization of the neck and
allow for improved exposure of lateral intraoper-
ative imaging by moving the shoulders caudally.
If an iliac crest autograft is planned, a pillow
should be placed underneath the ipsilateral but-
tock to elevate the iliac crest. An 8-cm oblique
line is then drawn 6 cm lateral to the anterior
superior iliac spine.

Currently, there is no conclusive evidence
demonstrating improved outcomes or reduced
complication rates with either a left- or right-
sided anterior cervical approach [6]. An advan-
tage of the left-sided approach includes the more
predictable and medial course of the recurrent
laryngeal nerve on the left side [7]. In contrast,
the right-sided approach is more comfortable for
the right-handed surgeon and avoids the thoracic
duct which is at risk during left-sided exposures
of C7-T1. Furthermore, there is a theoretically
decreased risk to the esophagus which lies
slightly to the left side.

The anatomic landmarks for surgical incision
are as follows: C3, hyoid bone; C4 to C5, thyroid
cartilage; and C6, cricoid cartilage. Transverse
incisions are more cosmetically appealing and
can be utilized for procedures of any level. For
surgery of three or more levels, the incision can be
extended to or past the midline, as well as further
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laterally, and followed by a more extensive release
above and below the platysma to improve access.
If a skin crease is present near the desired location
for incision, then the incision should be made
within the skin crease, as this is more cosmeti-
cally appealing. If a transverse incision is planned,
it should lie between the medial border of the ster-
nocleidomastoid (SCM) muscle and the midline.
Vertical incisions should be made 1 cm medial to
the border of the SCM. Once the incision is
marked, the operative field should be isolated
with circumferential adhesive drapes. Local anes-
thetic is then injected into the incision site.

Adequate exposure is an important part of
ACDF and corpectomy surgery. The skin should
be incised with a scalpel to the subcutaneous
layer. The skin edges can then be elevated with
small self-retaining retractors. The subcutaneous
tissue is dissected until the longitudinal muscle
fibers of the platysma are visible. The platysma
muscle can be divided either vertically or hori-
zontally with sharp dissection or electrocautery.
The anterior jugular venous system development
varies from person to person. It may be seen
deep to the platysma muscle, although it is typi-
cally located closer to the midline. If encoun-
tered, this vein may be ligated or retracted. The
loose areolar tissue deep to the platysma should
be dissected with blunt and sharp dissection to
facilitate better exposure and retraction. Once
this layer is developed, the medial border of the
SCM and lateral border of the strap muscles are
easily identified.

At this point, it is important to identify the
carotid sheath by digital palpation and visual
inspection. The middle cervical fascia must be
bluntly or sharply dissected medial to the sheath
and just lateral to the strap muscles. Be mindful
that the development of the middle cervical fas-
cia varies, and, in patients with a well-developed
fascial layer, sharp dissection is often an easier
technique. As one progresses through the anterior
exposure, it is critical to develop all planes
equally, as this will afford excellent visualization
and require less soft tissue retraction while
performing work on the spine. The carotid sheath
should be retracted laterally with a handheld
retractor to ensure that dissection is carried
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medial to it, thereby decreasing risk of injury.
Another retractor should be utilized to mobilize
and protect the infrahyoid muscles, trachea, and
esophagus medially. By retracting these struc-
tures medially, the risk of injury to the recurrent
laryngeal nerve is minimized.

The pretracheal fascia should be penetrated
bluntly along the medial border of the SCM to
avoid injury to the thyroid vessels or laryngeal
nerves. This can be done using Metzenbaum scis-
sors in a spreading fashion. In procedures involv-
ing the C5 or C6 level, the omohyoid muscle can
be divided to improve visualization. Once this
layer is developed, the spine can be palpated and
the esophagus and trachea retracted. If the esoph-
agus and trachea cannot be easily mobilized, the
esophagus may be adherent to the prevertebral
fascia or the neck may be overextended. If adher-
ent, the esophagus must be slowly dissected away
from the prevertebral fascia by using peanut dis-
sector sponges, which minimizes the risk of
esophageal injury.

At this point, the vertebral level should be
verified by using a marker and a lateral radio-
graph. It is critical to properly and meticulously
mark the intended, correct level of surgery in a
manner consistent with the operating surgeon.
The authors use a blue marker and a physical
electrocautery burn mark into the operative
disc(s). Careful examination of preoperative
radiographs may reveal anterior osteophytes that
can help in identification of the correct level. A
radiographic marker can be placed into the verte-
bral body, as this has been suggested to decrease
the chance of unintended disc degeneration at
nonsurgical levels. Placement of a needle within
a disc space at a non-fused level has been associ-
ated with a three-fold increased risk of develop-
ing degenerative changes postoperatively [8].

Once the level is confirmed, the longus colli
muscles and anterior longitudinal ligament are
dissected with electrocautery to the uncovertebral
joints bilaterally. The authors will intentionally
decrease the power on the electrocautery at this
point to decrease the thermal injury to the soft
tissues, thereby theoretically decreasing soft tis-
sue edema postoperatively. The longus coli mus-
cles should then be elevated on both sides with
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self-retaining retractors with or without teeth.
Efforts need to be made to ensure the retractors do
not migrate from underneath the longus coli as
this can injure the sympathetic chain, esophagus,
trachea, or carotid artery. Ideally the longus colli
muscles should not be divided transversely, as the
sympathetic chain is located on the anterolateral
aspect of both muscles.

ACDF and Instrumentation

At this point, Caspar pins are placed into the
midline of the cranial and caudal vertebral bod-
ies in a parallel manner into the operative level,
and distraction across the interspace is per-
formed. Another option for distraction is intra-
operative cervical traction. While this will not
provide as much as focal traction at the surgical
level as Caspar pins, cervical traction can be
useful for maintaining alignment during sur-
gery and increased distraction. One other option
to consider for traction is the use of two Caspar
pins per vertebral body and bilateral distractors.
This is a very powerful method to distract
across a disc space, and careful attention during
distraction is necessary to avoid over-distrac-
tion or pin pullout from the bone. Finally, after
the discectomy is performed, one may also
employ interspace distractors to achieve the
amount of desired distraction. After the verte-
bral body and disc are completely exposed, the
anterior lip of the inferior end plate of the cra-
nial vertebral body should be removed using a
high-speed burr, rongeur, or Kerrison rongeur.
Removal of this lip allows the surgeon an
improved visualization of the posterior disc
space during discectomy and allows for possi-
ble foraminotomy and/ or posterior longitudi-
nal ligament (PLL) resection, if desired.
Surgeons may use loupe magnification or the
operating microscope. It is the authors’ prefer-
ence to use loupes for the approach with a quick
transition to the operating microscope after the
final retractors are placed.

Next, the discectomy should be performed.
The anterior longitudinal ligament and the ven-
tral portion of the annulus should be incised with
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a 15-blade scalpel to create a 10—12-mm rectan-
gular opening to the uncovertebral joints. The
blade should be held 90° to the axis of the spine
such that the sharp end never faces the carotid
artery. Following incision of the annulus, the ven-
tral portion of the disc is removed using a pitu-
itary rongeur. Next, disc material and cartilaginous
endplates should be removed using a combina-
tion of 2-3-mm straight and angled curettes, 1-3-
mm Kerrison rongeurs, and a pituitary rongeur.

A high-speed burr is used to remove any poste-
rior osteophytes and prepare the endplates for
graft placement. The burden of the posterior
osteophytes varies considerably depending on the
extent of spondylosis. A high-speed burr is used to
remove the osteophytes parallel to the endplates
to the level of the PLL. This can be done safely
using an operative microscope. Flattening the sur-
face of both endplates allows for maximal bony
contact with the graft which encourages fusion.
The inferior endplate of the rostral vertebral body
may require more preparation due to the increased
concavity of inferior endplates. The cortical bone
should be removed to the deepest layer of the
natural concavity to create a flat surface and pre-
serve cortical bone. The cortical bone must be
preserved unless required for adequate decom-
pression or graft subsidence is more likely to
occur. Multiple punches should be made in the
endplates with a small angled curette to cause
bleeding which may increase the likelihood of a
successful fusion.

The PLL should be inspected for any defects
through which disc material may have extruded.
In all cases of myelopathy, the PLL should be
resected to directly visualize the dura and achieve
an adequate decompression. In cases of radicu-
lopathy, it is the surgeon’s discretion as to resect
the PLL. Some argue that it affords an easier
access into the foramen, while others maintain
that an adequate direct foraminal decompression
can be performed without resection of the liga-
ment. When PLL resection is indicated, a 2-mm
Kerrison rongeur should be used to create a win-
dow in the PLL that is large enough to visualize
the dura and remove any disc fragments from the
spinal canal. Neuroforaminal decompression can
be achieved indirectly through restoration of the
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intervertebral disc height. However, a direct ante-
rior foraminotomy should also be performed. The
landmark that defines the extent of an anterior or
posterior foraminotomy is the caudal pedicle of
the surgical level. The medial portion of the unci-
nate process can be thinned using a high-speed
burr. It is important at the same time to visualize
the ventral uncovertebral joint which was
exposed with longus coli elevation because this
gives the surgeon a clear understanding of how
far drilling can progress laterally without putting
the vertebral artery at risk. The termination of the
foraminotomy is palpation of the caudal pedicle
using a micro nerve hook. The authors’ prefer-
ence is to utilize the Rhoton microinstrument set
for this part of the procedure. A Kerrison rongeur
or microcurette is also used to remove any osteo-
phytes on the lateral border of the foramen. If
decompression is adequate, a 1- or 2-mm
Kerrison rongeur should fit within the foramen
anterior to the exiting nerve root. Larger Kerrison
use is discouraged in order to prevent iatrogenic
nerve root injury.

Interbody grafts provide structural support
and allow for formation of a solid fusion. Graft
options include tricortical autogenous bone,
cortical allogeneic bone, and a variety of syn-
thetic cages. Graft size should be determined
using trial spacers. The spacers should be
tamped into place gently with the use of a mallet
while the disc space is still under distraction.
The correctly sized spacer should fit snugly
within the distracted disc space. When using tri-
cortical autograft, the bone should be shaped
with the anterior height 1-2 mm taller than the
posterior height to facilitate lordosis of the cer-
vical spine and help avoid posterior retropulsion
of the graft into the spinal cord. Once the graft
is selected or created, it should be tamped to a
position approximately 4 mm anterior to the
dura and 2 mm posterior to the anterior lip of the
vertebral endplates. Once the graft position is
adequate, distraction should be released. The
graft should then be tested for stability within
the disc space using a right-angled probe.
Pinhole sites should be covered with bone wax.
A lateral radiograph should be taken to confirm
proper graft placement.
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Although a single-level ACDF procedure can
be performed without instrumentation, a plate
provides additional stability, increased fusion
rates, and prevents segmental Kyphosis in patients
who develop nonunion. The anterior plate needs
to fit flush on the cervical spine. If the plate rocks
prior to placement of screws, it will be tilted in
the final position and this can increase dysphagia
postoperatively. It must be long enough to allow
screw placement in both the superior and inferior
vertebral bodies, but not too long that it overrides
the adjacent disc, potentially contributing to adja-
cent segment disease. Plates that are within 5 mm
of the adjacent discs have been demonstrated to
increase adjacent-level ossification after ACDF
[9]. Ideally, the prepared endplates should be just
visible through the screw holes of the plate. Once
properly positioned, the plate can be secured
using 14-16-mm screws. Proper angulation of
the screws is important as screws that violate
adjacent disc spaces may contribute to the devel-
opment of adjacent segment disease postopera-
tively. Lateral and anteroposterior radiographs
can be taken to ensure proper placement of
instrumentation.

Corpectomy

The surgical approach for a corpectomy and
ACDF is identical, as are the techniques for plate
placement. Once the approach is complete and
the intended surgical levels are confirmed, then
the Caspar pins are placed above and below the
body of interest. As an example, if the intended
corpectomy is C6, then Caspar pins should be
placed into C5 and C7. After gentle distraction is
performed, discectomies above and below the
intended level proceed in an identical manner as
an ACDF previously described. It is very impor-
tant to have exposed the anterior uncus bilater-
ally at both levels as this is the “lighthouse” of
this procedure. That is, this important landmark
will verify throughout the surgery the midline as
well as the lateral extent of the corpectomy
trough. One of the major complications of this
procedure is drilling too far laterally, typically
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onto the contralateral side, which will put the
vertebral artery at risk.

After the discectomies are performed, a high-
speed bur is then used to complete a vertical
trough from the superior uncus to the inferior
uncus, and this should be done bilaterally. As the
trough progresses dorsally, a rongeur should be
used to remove the intervening vertebral body as
it is a prime source of autogenous bone graft.
This series of drilling and vertebral body removal
continues until the posterior longitudinal liga-
ment is encountered. Of note, some bone is
highly vascular, and it is sometimes necessary to
revert to a diamond tip bur as this will decreased
the amount of bleeding. However, use of a dia-
mond tip will add time to the drilling and bone
removal. Another option for the bleeding bone
wax, but this should be minimized on biological
surfaces as it can interfere with graft consolida-
tion. Once all of the bone has been removed, the
PLL is then resected with a Kerrison rongeur to
completely expose and decompress the dura. It is
not uncommon to encounter areas of PLL-dural
adhesions and care should be taken to avoid a
durotomy. The Rhoton instrument set is ideal for
management of these adhesions. If no plane
between the dura and PLL is achievable, it is
acceptable to “float” this region of PLL by
removing all of the PLL around it.

The typical trough length (left to right) in an
adult should be approximately 16—-18 mm. The
authors rely on the measurement, but also will
assess adequacy of the decompression by visual-
izing the equator of the dura on both the right and
left side along the entire superior-inferior extent
of the decompression. After the dimensions of
the decompression are measured, the authors
typically use fibular allograft packed with autog-
enous bone for reconstruction followed by the
placement of a plate as previously described.
Such allograft is preferred due to this ability to
consolidate, as well as its favorable biomechani-
cal properties and cost. There are other options
for reconstruction, however, that one may
consider. These include structural iliac crest bone
graft and synthetic (e.g., polyetheretherketone)
or metallic cages which can be expandable or
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static. Unlike allograft or iliac crest bone graft,
synthetic or metallic cages have no potential for
osseous integration, and this should be consid-
ered carefully when choosing a cage type.

Proper placement of the strut graft, or cage, is
critical. The endplates superiorly and inferiorly
should be flat and the graft/cage contact with the
endplate should be optimized to maximize fusion
and minimize graft/cage migration. A helpful
technique is to gently distract with the Caspar
pins, then place the graft/cage, and then release
distraction. This will afford an acceptable inter-
ference fit. Placement of the plate should pro-
ceed as previously described. It is particularly
important that the plate is flush against the cra-
nial and caudal vertebral bodies and that screw
length is optimal to maximize rigidity of the
construct. Morselized allograft or autogenous
bone graft can then be applied to the lateral
aspects of the strut graft/cage if there is enough
space.

Hybrid ACDF and Corpectomy

In some instances employing a combination
ACDF and corpectomy may be necessary
depending on the pattern of compression. For
example, consider a patient with cord compres-
sion behind the vertebral body of C5 but also a
herniated disc with neural compression at C6—
C7. In this scenario, performing a C5 corpectomy
and ACDF at C6—C7 will address both issues. If
pathology allows, the authors design a hybrid
construct with the ACDF inferiorly because it
provides four points of fixation inferiorly, which
can be a biomechanically vulnerable aspect of
the construct depending on global sagittal align-
ment, bone quality, and construct integrity.

Prior to closure, hemostasis should be
achieved with electrocautery and procoagulants.
The platysma muscle can be closed with 3-0
absorbable sutures. The skin is closed with sub-
cuticular absorbable sutures and the incision
should be cleaned and dressed in standard fash-
ion. The use of drains for anterior cervical sur-
gery is controversial, and the literature has not
demonstrated definitively that drain usage pre-
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vents symptomatic postoperative hematomas.
Their use is typically relegated to surgeon prefer-
ence. The authors, however, use 1/8th inch Davol
drains routinely for anterior surgery. The drain is
brought through the main incision, and the lay-
ered closure is performed around the drain which
is pulled typically on the first or second postop-
erative day. The use of rigid external orthoses
(braces) after anterior cervical fusion is also con-
troversial, and there is insufficient evidence in
the literature to support their routine use to
enhance fusion or clinical outcome. Activity fol-
lowing anterior cervical fusion is restricted to the
activity of daily living for 6 weeks. Thereafter,
routine patients can slowly resume more activity.
Patients that want to resume contact activity
should be further restricted until there is radio-
graphic evidence of mature arthrodesis and only
after a careful discussion with the surgeon about
the potential risks with such activity.

Hlustrative Case

History A 63-year-old right-handed male pres-
ents with complaints of numbness and tingling in
his right arm and right leg over the past 3 years.
His symptoms have been stable since onset and
do not vary with activities. However, he did
notice increasing difficulty grasping and opening
objects with his right hand. He denies any weak-
ness or numbness in the left upper or lower
extremity and denies any balance or gait issues.
His symptoms have failed to improve despite
several months of physical therapy and multiple
medications. He denies changes in bowel or blad-
der function.

Physical Examination The patient is able to
perform reciprocal heel-to-toe walking with
slight ataxia. The cervical spine appears lordotic
without tenderness to palpation or paraspinal
atrophy. He is able to flex his chin to his anterior
chest without pain. However, extension is lim-
ited, but also painless. Spurling’s test is negative
bilaterally. Neuromuscular exam is significant
only for diminished strength and sensation in the
right upper extremity and right lower extremity.
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Radiographic Imaging Plain radiographs
including flexion/extension views demonstrated
multilevel spondylosis with a stable retrolisthesis
of C5 on C6 (Figs. 7.1 and 7.2).
MRI of the cervical spine demonstrates spinal
cord compression with myelomalacia at C5-C6
due to spondylotic changes (Figs. 7.3 and 7.4).
There is also severe foraminal stenosis at C5-C6
and C6—C7 on the right side.

Given the clinical findings and confirmatory
imaging findings, the patient was offered ACDF

reutral

Fig. 7.1 Sagittal plain radiograph demonstrating multi-
level cervical spondylosis, most advanced at C5—-C6 and
C6-C7, with grade I retrolisthesis of C5 on C6
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at C5-C6 and C6-C7. His perioperative course
was uneventful and his preoperative symptoms
resolved postoperatively. Postoperative imaging
demonstrated improvement in cervical alignment
(Fig. 7.5).

Technical Pearls

* When the patient has a history or imaging
findings consistent with myelopathy, pre- and
post-intubation and pre-and post-positioning
neuromonitoring can be considered.

e Postoperatively, the patient should be kept
upright to at least 45° to help minimize fluid
accumulation and edema in the prevertebral
space.

* Be meticulous when localizing to a specific
level, and do not accept a suboptimal radio-
graph or fluoroscopic image during the local-
ization process.

e The use of an operating microscope is pre-
ferred by the authors as it has superior optics
and light source.

e Expose the anterior uncus bilaterally for
ACDF and corpectomy as it defines the mid-
line and lateral extent of decompression.

¢ Once the pedicle is palpated during the foram-
inotomy, then the decompression is complete.
Rarely is there ever anything compressive lat-
eral to the pedicle in a degenerative case.

Fig.7.2 Flexion/extension radiographs demonstrating stable appearance of spondylolisthesis
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Fig. 7.3 T2-weighted MRI demonstrating multilevel
degenerative changes with suspected early myelomalacia
and/ or edema

Fig. 7.4 Axial MRI demonstrating severe spinal canal
stenosis at the C5-C6 level
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corpectomy and reconstruction. It is equally
important that the plate and screw placement
is ideal for optimal stability.

Complications and Strategies
for Avoidance

Nearly all patients experience some dysphagia
after ACDF. The dysphagia is usually not clini-
cally significant and improves within the first
3 weeks postoperatively. Chronic dysphagia is
uncommon, occurring in approximately 4% of
patients receiving ACDF [10]. Potential causes of
delayed-onset dysphagia include plate or screw
dislodgement causing esophageal obstruction.

Dysphonia may be present in some patients
postoperatively due to postsurgical swelling. If
the dysphonia does not improve within 2-3 days
postoperatively, consider laryngeal nerve injury.
Most laryngeal nerve injuries are secondary to
retraction and should recover within 3—6 months.
However, persistent hoarseness necessitates eval-
uation by an otolaryngologist. Injury to the supe-
rior laryngeal nerve can lead to recurrent
aspiration, whereas injury to the recurrent laryn-
geal nerve usually manifests as hoarseness, but
can lead to airway obstruction [10, 11].

A hematoma may also develop postopera-
tively. Usually this occurs within 12 h of the
operation. If a hematoma is visible or palpable in
the anterior neck and the patient is experiencing

standng

Fig.7.5 Anteroposterior and lateral radiographs demonstrating anatomic position and alignment of the cervical spine

following a two-level ACDF
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dyspnea, the incision should be opened immedi-
ately. A hematoma can be prevented with place-
ment of a drain at the end of the operation.

Postoperative fluid collection may be second-
ary to CSF leak or esophageal injury, both of
which may lead to devastating consequences for
the patient, and therefore require urgent surgical
re-exploration. CSF leak can be avoided by
watertight closure of incidental durotomies
encountered during the procedure. Esophageal
injuries can be minimized with careful use of
blunt dissection along with gentle retraction of
the esophagus.

Symptomatic pseudarthrosis may occur post-
operatively. It can be treated with revision ACDF
or with posterior cervical fusion. Use of plating
instrumentation decreases the rate of pseudar-
throsis, especially in multilevel ACDFs. However,
plating may increase the risk of adjacent segment
disease over time.

Delayed-onset neurologic deterioration may
result from epidural abscess, graft dislocation,
subluxation, or intervertebral collapse, all of
which would require urgent surgical treatment.

Conclusion

ACDF and corpectomy with fusion are common
techniques to adequately treat neurological com-
pression with correlative clinical syndromes that
are not responsive to nonsurgical treatment. In gen-
eral, the surgical approach and techniques used to
decompress and fuse the anterior cervical spine are
safe with very low complication rates. It is impera-
tive, however, to maintain attention to detail and to
carefully consider the various factors that influence
patient outcomes when selecting a particular sur-
gery, a type of implant, and the graft substrate.
Typically, the outcomes following anterior surgery
for radiculopathy, myelopathy, and myeloradicu-
lopathy are very favorable and predictable.
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Jau-Ching Wu, Michael S. Virk,
and Praveen V. Mummaneni

Introduction

Cervical disc arthroplasty (CDA) has become a
widely accepted option for surgical management
of cervical spondylosis and degenerative disc
disease (DDD).Unlike the standard anterior cer-
vical discectomy and fusion (ACDF) that aims at
arthrodesis of the diseased spinal segments, CDA
allows maintenance of segmental motion at the
indexed levels [1-5]. Therefore, CDA not only
maintains physiological neck motion after sur-
gery but also has the theoretical advantage to
avoid adjacent segment disease (ASD). There
have been eight prospective randomized control
(RCT) investigational device exemption trials
monitored by the United States Food and Drug
Administrations (USFDA) of these CDA devices,
with 5-8 years of data published [6—12]. These
trials demonstrate similar or superior clinical
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results of CDA to ACDF in the relief of
neurological symptoms for one- and two-level
spondylosis and DDD [6-8, 13]. The clinical tri-
als also demonstrate that the segmental motion
was well preserved by each of these artificial
discs with an averaged range of motion of
approximately 7-8° during flexion-extension in
each level treated by CDA [10, 14-16].
Maintenance of motion was consistently demon-
strated in a high percentage of patients during
follow-up of these enrolled patients. However, it
is still debatable that CDA actually reduced the
incidence of ASD which was reported to range
from 0.8% to 2.9% per year after ACDF [3, 17].

Currently, available data suggests that, in
selected patients, CDA could alleviate neurologi-
cal symptoms caused by cervical spondylosis and
DDD while maintaining the range of motion at
the indexed segments after anterior cervical dis-
cectomy [5]. Cervical radiculopathy and myelop-
athy refractory to medical treatment could be
managed by CDA with low rates of adverse
events and few reoperations. A successful CDA
not only decompresses neural tissues but also
aims to maintain motion. To achieve optimal
functional outcomes and segmental motion,
meticulous techniques must be used in perform-
ing CDA operations. Theoretically, the surgery
for CDA is more demanding than conventional
ACDF because of the need to preserve motion.
The pros and cons of current CDAs and the best
candidates for each specific application remain
uncertain. Despite very few studies to date

81

L.T. Holly, P.A. Anderson (eds.), Essentials of Spinal Stabilization,

DOI 10.1007/978-3-319-59713-3_8


mailto:jauching@gmail.com

82

comparing these artificial discs, complications
and adverse effects of all kinds of CDA devices
are reportedly as low as or even lower than con-
ventional ACDF. Most of the implanted artificial
discs had few problems and seldom required
reoperations. Therefore, as the techniques, mate-
rials, and designs of these CDA devices continue
to improve, the utilization of CDA is likely to be
more prevalent in the future.

Indications and Patient Selection

The accepted indications of CDA are one- or
two-level cervical DDD (e.g., disc herniation) or
spondylosis from C3 to C7 causing radiculopathy
or myelopathy that is not responsive to medical
treatment or physical therapy after 612 weeks
[2, 5, 18]. Candidates for CDA should not have
cervical kyphosis, facet arthropathy, instability
(i.e., more than 2-3 mm translation/subluxation
on dynamic flexion/extension lateral radio-
graphs), ankylosis, or osteoporosis. The best can-
didate for CDA is a young patient who has
radicular symptoms caused by a herniated cervi-
cal disc without any facet arthrosis. The CDA
replaces the intervertebral disc and preserves seg-
mental motion but cannot correct facet joint dis-
ease that frequently coexists with DDD in
patients with severe cervical spondylosis. On the
other hand, conventional ACDF surgery not only
removes the diseased disc, but the graft also
increases disc height as well as enlarging the neu-
roforamen, and is capable of increasing cervical
lordosis. By alleviation of segmental motion
between fused vertebral bodies, ACDF immobi-
lizes the facets. Therefore, elderly patients (aged
over 65 years) with severe spondylosis and those
who also have facet degeneration or malalign-
ment of the cervical spine are better candidates
for ACDF rather than CDA.

The FDA trials enrolled patients with one- and
two-level cervical disc herniation, DDD, or spon-
dylosis and demonstrated similar results for both
CDA and ACDF for up to 8 years [6, 8, 10-12,
14-16]. However, these patients with slightly dif-
ferent pathologies and degrees of degeneration
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might have different outcomes in long-term
follow-up. For example, a patient with radicular
symptoms from a herniated disc has less degen-
eration than a patient with an osteophytic spur
causing myelopathy [4, 19].

The theoretical advantages of preservation of
motion with decompression of the neural tissue
by CDA include the decreased risk of ASD and
reoperations. Nevertheless, these potential bene-
fits may not be demonstrated in short-term fol-
low-up. This could explain why the ASD rates
were very similar among these patients, at least in
the short- to midterm reports [6, 7, 20]. However,
longer-term studies are showing possible benefits
of CDA over ACDF in reoperations. Meta-
analyses by Luo et al. and Zhong et al. show sig-
nificantly lower rates of reoperation at both index
and adjacent levels following CDA compared to
ACDF [21, 22]. One caution is that while CDA
preserves segmental motion at the indexed level,
there is also a high chance of continuous facet
degeneration. Therefore, facet joint arthropathy
and spondylosis at the indexed level, as well as at
contiguous levels and ASD, can occur even after
the most successful CDA surgery.

Currently available data demonstrate that
patients with medically intractable myelopathy
or radiculopathy, or both, could be managed with
CDA. Nevertheless, patients with osteoporosis,
kyphotic deformity, diffuse idiopathic skeletal
hyperostosis (DISH), and severe facet disease
causing ankyloses (i.e., those whose dynamic
radiographs demonstrate a range of motion less
than 2-3°) are not considered good candidates
for CDA. Also, trauma patients who have liga-
mentous injuries causing preoperative instability
are better suited to ACDF rather than
CDA. Because the surgery for CDA only aims to
replace the diseased disc, there is little chance of
correcting any preexisting deformity, to halt fur-
ther degeneration or to eliminate pain generators
in the facets. Therefore, the promising results
should only be expected in selected patients. In
cervical spines that are too severely degenerated,
CDA is not likely to yield results as good as
ACDF because CDA only replaces the disc but
leaves other pathologies behind.
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Preoperative Considerations

All patients in preparation for CDA should have
an MRI for evaluation of stenosis of the spinal
canal or neuroforamen. Moreover, reformatted
CT scans are suggested for the detection of ossi-
fication of the posterior longitudinal ligament
(OPLL) and calcified discs or osteophytes. For
patients with segmental OPLL or a large calcified
disc, anterior discectomy may be associated with
the unnecessary risk of durotomy and nerve
injury and may therefore be avoided. Preoperative
CT scans also provide information about facet
arthropathy. There is a low chance of preserva-
tion of motion if the facets are severely degener-
ated or fused preoperatively, even after the most
successful CDA.

Lateral dynamic radiographs, including both
flexion and extension views, are necessary for
evaluation of the segmental range of motion and
global alignment of the cervical spine. Patients
with preexisting kyphotic deformity, ankylosed
joints, diffuse idiopathic skeletal hyperostosis
(DISH), or immobile segment (less than 2-3° of
motion during flexion/extension) should not
undergo CDA [2, 20]. Evaluation of bone quality
is also important prior to surgery, because the pri-
mary stability of CDA depends largely on the
carpentry and bone quality at the interface.
Osteoporosis could increase the risk of subsid-
ence or dislodgement of the artificial disc. The
adverse effects of cigarette smoking found in
arthrodesis (i.e., ACDF) remain uncertain in
CDA. Other chronic diseases involving the mus-
culoskeletal system, such as rheumatoid arthritis
and seronegative spondyloarthropathies, should
be considered with caution. The midsagittal
diameter of the segment should be measured to
assure that the selected implant system has appro-
priate sizes.

The FDA trials enrolled diseased discs from
C3 to C7 [6-9]. However, the most commonly
performed levels of CDA are C5-C6, followed by
C4-C5 and C6-C7. It is usually technically feasi-
ble to perform CDA in C3-C4, though less com-
monly encountered. There has been a case report
of CDA at C7-T1, but this operation could be
limited by the access angle in obese patients or
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patients with a barrel chest. After positioning of
the patient, a lateral fluoroscopy of the cervical
spine is necessary prior to the CDA surgery for
confirmation of visualization of the index level
and that it is properly aligned. A right-sided
approach for all levels of subaxial cervical spine
CDA is recommended for right-handed surgeons.
For patients with prior anterior cervical discec-
tomy or thyroid surgery, a preoperative evalua-
tion of the vocal cord is helpful. An approach
from the virgin side is suggested if both vocal
cords are functioning normally. The same side
approach must be taken when there is unilateral
vocal cord palsy in order to avoid the risk of per-
manent tracheostomy after surgery. General
anesthesia (with either a nasal or an oral endotra-
cheal tube) and prophylactic antibiotics are usu-
ally recommended for all patients. Both
intraoperative neuro-monitoring and periopera-
tive steroids are optional.

Surgical Technique

Proper positioning of the patient’s neck is essen-
tial for optimal placement of a CDA. The patient
should be positioned supine with the neck in neu-
tral or slightly lordotic alignment, Fig. 8.1a. The
targeted level of disc space should be well visual-
ized on biplanar fluoroscopy and both endplates
should be parallel or slightly lordotic. Shoulder
retraction is sometimes useful for CDA at the
caudal levels of the subaxial cervical spine.
Adequate cushioning underneath the neck and
head is also required to maintain the orthogonal
position [2]. Prior to incision, biplanar fluoros-
copy images are obtained to assure proper patient
position and that imaging will be adequate.
Initially, a standard anterior cervical discec-
tomy is performed. A transverse skin incision
along one of the preexisting skin creases near the
indexed level is good for exposure up to 2 levels
of disc spaces. Dissection between the carotid
sheath and strap muscles via an avascular plane,
which is anterior-medial to the sternocleidomas-
toid muscle, allows entry to the prevertebral ret-
ropharyngeal space. The trachea and esophagus
are retracted and protected medially by placement
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Fig.8.1 (a) The patient
is positioned supine with
the head in the neutral
alignment. It is
important to avoid neck
extension. A roll is
placed behind the neck
or shoulders and head
stabilized with a
doughnut ring. The arms
will need to be taped
down to allow adequate
intraoperative
radiographic imaging. A
radiolucent table is
required that allows
biplanar imaging. From
Medtronic Sofamor
Danek USA, Inc., with
permission. After
discectomy and
foraminal
decompression, trials are
used to determine
implant height and
anteroposterior
dimensions. (b) The left
image shows a too small
implant. (¢) The right
image shows maximum
footprint and appropriate
height. Also the surgeon
should place the disc
replacement implant in
the correct orientation
that lies parallel to the
endplates. (d) When
slots for keels are
required, the appropriate
jig is placed, checked
radiographically, and
slots created. (e) Final
anterior view showing
complete discectomy
and placement of the
four rail slots
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of the retractor blades underneath the insertion of
the collis longus muscles lateral to the anterior
vertebral bodies. Caution should be taken during
dissection to avoid injury to the superior and
recurrent laryngeal nerves which could be associ-
ated with postoperative hoarseness and dyspha-
gia. Fluoroscopic confirmation of the indexed
level is performed before discectomy. Distraction
pins are placed into the vertebral bodies to facili-
tate anterior cervical discectomy. In the majority
of systems, distraction pin placement will control
milling operations and final alignment so that
care is needed to assure midline placement of the
pins. Curettes, Kerrison rongeurs, or high-speed
drills are commonly used during decompression.
Generous decompression of the spinal canal and
bilateral neuroforamen is recommended for each
level. We typically remove the posterior longitu-
dinal ligament and both uncovertebral joints to
ensure no disc fragments or osteophytes are left.
It is essential to balance soft tissue, e.g., if remov-
ing the PLL, it needs to be removed
symmetrically.

For CDA patients, endplate preparation is
more critical than in ACDF because the primary
stability of artificial disc devices largely depends
on the integration between the interfaces. Caution
must be taken not to violate too much the cortical
surfaces; otherwise, it could increase the risk of
device subsidence or migration. Precise midline
placement, appropriate sizing (including both
footprint and disc height), and a proper insertion
trajectory are extremely important to allow resto-
ration of the physiological range of motion after
CDA, Fig. 8.1b. Each of the CDA devices has a
specialized fixation mechanism, such as keel,
teeth, or dome-shaped designs with screws,
requiring meticulous installation, Fig. 8.1c.

The cornerstone of CDA surgery consists of
full decompression and good carpentry, Fig. 8.1d.
Despite many kinds of artificial discs on the mar-
ket, which have various biomechanical properties
and require different techniques of insertion, they
all share a common feature in that thorough
decompression including removal of the PLL is
absolutely necessary at the index level. Since the
devices aim to restore joint function rather than
fusion, tailor-made installation of the most-fit
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artificial disc allows the best chance to maintain
mobility for the long term. The accuracy of car-
pentry in CDA surgery might be related to its
long-term outcomes.

Illustrative Case

A 55-year-old male presented with right-sided
radiculopathy and mild symptoms of cervical
myelopathy that were refractory to medical man-
agement for 4 months. MRI demonstrated disc
herniations at the C4-C5 and C5-C6 levels. The
preoperative CT scan also confirmed the forami-
nal stenosis at the right C4-C5 and C5-C6 and
found no OPLL. The dynamic lateral radiographs
demonstrated a normal range of motion of both
disc levels prior to the surgery.

The patient underwent a two-level CDA. The
symptoms were completely relieved after sur-
gery, and the postoperative radiographs demon-
strated good mobility at both levels (Fig. 8.2a, b).
The patient has been free of secondary surgery or
other cervical spine issues at 2.5 years of
follow-up.

Technical Pearls

e Complete decompression of the spinal canal
and neuroforamen is crucial.

e Avoid CDA in patients with incompetent facet
joints or osteoporosis.

* Resection of bilateral uncovertebral joints and
posterior longitudinal ligament in every
patient.

* Appropriate sizing and centering of the device
is critical.

* Attempts to change the cervical alignment by
CDA are rarely effective.

Decompression

The key component of a successful CDA or
ACDF remains complete decompression. The
importance of decompression cannot be overem-
phasized in CDA surgery. In conventional ACDF
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Fig.8.2 (a) Flexion radiographs after C4-C5 and C5-C6 total disc replacement. (b) Extension radiographs after C4-C5
and C5-C6 total disc replacement. Excellent motion at both levels is present

surgery, by insertion of a large enough bone graft
into the disc space, the effect of indirect decom-
pression automatically increases foraminal
height, and radicular symptoms are easily ame-
liorated. Further remodeling of osteophytes may
occur with successful fusion. However, in CDA
surgery, complete decompression and resection
of uncovertebral joints is essential because there
is little advantage to indirect decompression or
bony remodeling gained by tall interbody grafts.
On the contrary, during extreme neck range of
motion (e.g., flexion/extension, axial rotation,
and lateral bending), the nerve root might be
impinged by osteophytes or residual disc mate-
rial surrounding the neuroforamen. Therefore,
we suggest complete resection of the bilateral
uncovertebral joints, including the asymptomatic
side. Resection of the posterior longitudinal liga-
ment also assists in visual confirmation of a thor-
oughly decompressed spinal canal. Copious
venous bleeding might be encountered upon
decompression of the neuroforamen, and it also
indicates proximity to the vertebral artery and
nerve root. Excessive epidural venous hemor-
rhage could be troublesome, but generally it can

be controlled by temporary packing with hemo-
static agents.

Placement

Proper positioning of the CDA is extremely
important for preservation of motion and satis-
factory long-term results [23-25]. Only an accu-
rately positioned, suitably sized artificial disc can
achieve proper joint kinematics. In lumbar disc
replacements as little 3 mm, malposition leads to
poor clinical outcomes.

Sagittal Alignment

Each level of CDA also requires a thorough con-
sideration of the indexed and the neighboring
segments, since CDA has very little effect on cor-
rection of kyphosis. Various choices of implant
sizes (including the footprint and height of the
artificial discs) should be considered. Excess
kyphosis or hyperlordosis may lead to edge
impingement and higher rates of wear.
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Complications and Strategies
for Avoidance

Some retrospective series reported that a substan-
tial portion of patients would develop heterotopic
ossification (HO) after CDA [26, 27]. Although
the HO did not affect clinical outcomes in
3—4 years of follow-up, the unwanted bone for-
mation might be problematic in the long term.
The incidence of HO also varied with the method
of detection (by plain radiographs or CT) among
studies and different ethnicities. The risk factors
for HO might include preexisting degeneration,
elderly male patients, Asian ancestry, multilevel
DDD, surgical techniques, or design of arthro-
plasty devices [4, 10, 19, 23-25, 27, 28]. In some
trials, attempts to reduce HO by administration of
nonsteroidal anti-inflammatory medication were
recommended. In our opinion, HO could be
regarded as the accelerated consequence of con-
tinuous degeneration after CDA and has had few
adverse effects on the clinical outcomes accord-
ing to published studies so far. Given that CDA is
unlikely to halt further cervical spine degenera-
tion, the heterogeneity among these CDA patients
could cause different outcomes that might require
long-term follow-up to demonstrate.

Perioperative management for avoidance of
complications in CDA and ACDF surgery is very
similar. Both operations use the same anterior
cervical approach, so the approach-related com-
plications, such as dysphagia, hoarseness, and
swallowing difficulty, are theoretically similar
for CDA and ACDF. The potential advantages of
CDA over ACDF are less hardware (e.g., no tita-
nium plates and screws are required for most
CDA) and thus perhaps a lower chance of dys-
phagia after surgery [29].

Hardware Failure

The ACDF naturally has the risk of pseudoar-
throsis and implant failure (e.g., broken screws).
The problems with CDA are dislodgement of
the artificial disc and the issue of wear. One dis-
tinct difference between CDA and ACDF is the
issue of durability. The ACDF has less chance
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of long-term problems once successful bone
fusion is achieved since motion is sacrificed.

Adjacent Segment Degeneration

The most concerning long-term issue regarding
ACDEF is that of accelerated degeneration of the
neighboring disc. CDA was designed to reduce
the risk of ASD by preservation of motion at the
treated level [3]. Recent reports suggest a reduc-
tion of the incidence of ASD by CDA, and all
reports have unanimously confirmed the effec-
tiveness of CDA in the preservation of mobility at
the index disc level [7]. For patients with
multiple-level cervical DDD, preservation of two
levels of physiological motion by CDA is theo-
retically beneficial and definitely noticeable. In
order to achieve the goal of preservation of the
range of motion, the device in CDA must be
properly installed according to its biomechanical
design. Therefore, appropriate selection of the
size and accurate execution of placement of the
device into the optimal position during CDA sur-
gery is crucial. Studies have demonstrated that a
large-enough footprint to cover the entire disc
area and a tight-enough device height to support
but not to over-distract the neutral disc height
could lead to less HO formation [23, 24].
Although the most optimal carpentry of these
CDA devices varies among each design and is
debatable, the aim of CDA remains to restore
physiological motion of the disc and maintain
cervical spinal alignment.

Keys to Success

The key to success of CDA is appropriate patient
selection and accurate execution of surgical tech-
niques [28, 30, 31]. Although it is not possible to
reverse the process of aging by CDA, we should
always try to halt or slow down the ongoing
degeneration in the subaxial cervical spine.
Advances in technology would further increase
the accuracy of installation and the tailor-made
fitness of CDA devices according to each indi-
vidual’s pathology. Of course, CDA cannot treat
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every patient with cervical DDD or spondylosis,
but CDA is indeed superior in motion preserva-
tion to ACDF and is a safe and effective option.
Long-term follow-up is necessary to determine
the true efficacy and efficiency of CDA surgery.

Conclusion

The most commonly accepted indications of
CDA include cervical disc herniation and spon-
dylosis that involved one or two levels of subax-
ial cervical spine. The neurological improvement
after CDA is at least non-inferior to the gold stan-
dard ACDF surgery. The safety and effectiveness
of CDA have been demonstrated by many reports.
As the techniques, materials, and designs of these
CDA devices continue to improve, the utilization
of CDA is likely to be more prevalent in the
future.
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Introduction

Posterior cervical fusion is a highly successful
procedure aimed to achieve arthrodesis and
maintain alignment. Modern techniques with lat-
eral mass screws and/or pedicle screw fixation
achieve high rates of success with low complica-
tion rates. The procedures can be used for a wide
range of indications, and lateral mass fixation
procedures are relatively easy to master, although
pedicle screw fixation is more difficult. In addi-
tion, subaxial posterior cervical fixation is exten-
sile and often extended to include atlantoaxial,
occiput, and across the cervicothoracic junction.

Fixation may be achieved using various ana-
tomic structures of the posterior elements includ-
ing the spinous processes, lateral masses, and
pedicles. Traditionally, fixation was described
using simple wire loops around the spinous pro-
cesses. Roy-Camille and Magerl developed lat-
eral mass screw-plate techniques that offered
more stable fixation, high fusion success, and
less postoperative bracing [1]. Variable-angle lat-
eral mass screws and rod fixation are now stan-
dard and offer ease of placement over plate
methods but are more costly. Pedicle cervical
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screw fixation has been championed in Asia and
improves fixation over lateral mass constructs but
increases the risk of injury to the vertebral arter-
ies and neural elements. Regardless of the type of
surgery, meticulous techniques are required as
fixation is placed in small bony structures in
close proximity to neurovascular structures.

This chapter will outline the indications and
technique for subaxial posterior cervical fixation.
The outcomes and complications will be reviewed
and tips to gain excellent results while avoiding
complications will be discussed.

Indications

Posterior cervical fusion with instrumentation is
as versatile procedure that can be used to treat a
variety of conditions, Table 9.1. It has an advan-
tage as being extensile, that is, easily extended
cranial and caudally.

Indications for Posterior Surgery
in Trauma

Subaxial fixation is commonly used for treatment
of unstable spines as a result of trauma. Instability
has been defined as the loss of the ability of the
spinal column to protect the neural elements from
injury, maintain alignment, development of
long-term pain, or loss of function. Applying this
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Table 9.1 Indication for posterior subaxial cervical fusion

1 Traumatic instability

(3]

Destructive lesions from tumor, infection,
inflammatory disease

Degenerative instability
Pseudoarthrosis
Adjunct to anterior fusion

AN B W

Extension to craniocervical and/ or
cervicothoracic junction

definition has proved difficult and therefore numer-
ous classification systems have been developed.
More recently quantitative systems grade severity
and can aid in surgical decision-making. These
include the Subaxial Cervical Spine Injury
Classification System (SLIC) and the Cervical
Spine Injury Severity Score (CSISS) [2, 3]. In addi-
tion an updated AO classification system has been
proposed based on injury morphology, facet injury,
neurologic status, and case-specific modifiers [4].

A posterior approach can be used for most
unstable injury patterns of the subaxial cervical
spine. The choice of anterior versus posterior is
dependent upon many variables such as comminu-
tion, requirement for additional decompression,
the goal of minimizing the number of levels fused,
bone quality, and reduction. A cohort study by
Brodke showed no difference between anterior
and posterior fusion for three column injuries
when reduction has been achieved prior to surgery
[5]. Fracture types where the posterior approach is
preferred are fractures in ankylosed spines, frac-
ture dislocations with associated vertebral body
fractures, injuries at the cervicothoracic junction,
and when reduction of dislocation is required.

Additional Indications for Subaxial
Posterior Fusion

The posterior approach is useful as an adjunct to
multilevel anterior fusion for degenerative condi-
tions, degenerative spondylolisthesis, subaxial
instability associated with inflammatory condi-
tions, and stabilization of destructive processes
such as tumors and infections and, when needed,
to extend fusions from the craniocervical or cer-
vicothoracic regions. Posterior fusion is more
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reliable to gain fusion for anterior pseudoarthro-
sis, although it is not associated with better clini-
cal outcomes than repeat anterior fusion [6].

Preoperative Considerations
Surgical Anatomy

Posterior cervical fixation is obtained by attach-
ments to the spinous processes, lateral masses, and
pedicles. The spinous processes are midline poste-
rior projections extending from the lamina and
serve as attachments of the nuchal ligaments and
multifidus muscles. They are largest in size at C2,
C7, and T1 where the nuchal ligaments are firmly
attached. The spinous processes from C3-C5 are
bifid and may be relatively small which limits fixa-
tion opportunities. The C6 spinous process may be
larger and may or may not be bifid. The base of the
spinous process can be perforated and a hole can
be created to allow the passage of wire or cable. At
C7, the lamina can be wide enough (mean 5.6 mm)
to accept translaminar screws [7].

Lateral Mass Anatomy

The lateral masses form an articular column lat-
eral to the spinal canal. Viewed posteriorly, the
lateral masses are square-shaped with the supe-
rior and inferior borders being the cranial and
caudal facet joints, Fig. 9.1a. The medial border
is the valley at the junction of the lamina and the
lateral mass and the lateral border is the far edge
of the lateral mass. From the side, the lateral
masses are parallelogram-shaped with upward
and downward projects known as superior and
inferior facet articulations. Anterior to the lower
half of lateral mass is the exiting nerve root and
further anterior is the vertebral artery above C6.

Pedicle Anatomy
The pedicles are small, truncated, cone-like struc-

tures that connect the bodies to the lateral masses.
The pedicles have a mean transverse diameter of
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Fig.9.1 (a) Dorsal view of the cervical spine. The lateral
notch (white arrowhead) is at the sulcus of the pars interar-
ticularis just below the cranial facet joint. The boundaries
of the lateral mass (box) are the inferior and superior facet
joints, the lateral edge of the lateral mass, and the valley at
the junction of the lamina and lateral mass. The junction of
the lamina and lateral mass is the valley or inflection point

approximately 5.5-6.5 mm with range 4-8 mm [8].
They are taller in the sagittal plane by 2-3 mm. They
are medial deviated when viewed posteriorly from
43° at C3 decreasing caudally to 36° at C7, Fig. 9.1c.
In the sagittal plane, the pedicles have upward angu-
lation of about 7° at C2—-C3, neutral at C4—C5, and a
mean downward angulation of 3-6° at C6 and C7,
respectively [9]. The pedicles attach to the vertebral
body near the superior end plate anteriorly and at or
just below the base of the superior facet joint poste-
riorly. When viewed posteriorly, a lateral notch can
be identified which is a sulcus along the far edge of
lateral just below the superior articular facet,
Fig. 9.1a. The dorsal projection of the C3—C6 pedi-
cle (which is an essential landmark to identify pedi-
cle screw placement) is located 2 mm medial to the
lateral notch [9]. At C7, the pedicle is located 4 mm
medial from the lateral notch. There is a wide varia-
tion of individual morphology, and each patient’s
imaging studies should be carefully examined before
screw placement is attempted.

Vertebral Artery

The first part of the vertebral artery ascends from
its origin off the subclavian artery and passes
anterior to the C7 transverse process between the
longus colli and anterior scalene muscles. In the

(black arrow on left side). (b) On the lateral projection, the
lateral mass is parallelogram-shaped bounded by the supe-
rior facet cranially and inferior facet caudally. (¢) Axial
view of C5. The junction of the lateral mass and lamina is
seen as a valley (white arrow). Projected anterior and
slightly lateral (line) is the vertebral artery (red circle). The
pedicle is oriented 35-45° medially (black arrow)

second part, the vertebral artery enters the spine
between the C6 and C7 transverse processes and
ascends upward to C2 in the foramen transver-
sarium. The vertebral artery can be injured by
lateral breaches from cervical pedicle screws and
insufficient outward angulation or from a too
medial starting point of a lateral mass screw.

Nerve Root

The exiting nerve roots lie above each corre-
sponding pedicle in front of the lateral masses.
They can be injured by inferiorly placed (insuf-
ficient cephalad angle) or too long lateral mass
screws or cervical pedicle screws.

Bony Anomalies

Bony anomalies from congenital malformations are
frequently accompanied by vascular anomalies. In
these cases, a CT angiogram is recommended before
screw placement. Similarly, fracture dislocations
and fractures involving the foramen transversarium
are associated with vertebral artery injury and a CT
angiogram is recommended. If there is an arterial
injury, then the fixation method with the lowest risk
to the functioning artery should be selected.
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Biomechanics

Biomechanical studies confirm that cervical pedi-
cle screw fixation offers the greatest flexural, lat-
eral bending, and axial stiffness [10]. However, in
most cases lateral mass screws appear to have a
sufficient stabilization effect; therefore, the author
questions the use of cervical pedicle screws
between C3 and C6 except in exceptional cases as
the risk of vertebral artery injury is too great.
Interspinous wire fixation has a long legacy, is
relatively low cost, and requires significant post-
operative immobilization to be effective but is the
safest form of fixation.

An important biomechanical principle is to
match the fixation to the requirements of an indi-
vidual patient. For example, a stable nonunion of
an anterior fusion may be successfully treated by
an interspinous wire method. Similarly, a highly
unstable fracture with comminution of the bodies
and lateral masses or a tumor with similar mor-
phology may best be treated with cervical pedicle
screw fixation.

Bone quality is paramount to successful fixa-
tion. Many patients, such as those with rheuma-
toid arthritis, may have osteoporosis or erosions
from facet arthritis that limit fixation strength
especially when using spinous process wires or
lateral mass plates. To gain fixation in such cases,
pedicle screws could be considered.

Surgical Technique
Anesthesia and Positioning

Patients requiring posterior fusion frequently
have unstable spines and/or spinal cord compres-
sion, therefore requiring special consideration
during induction and intubation. If cord compres-
sion is present, then the mean arterial pressure is
maintained at a minimum of 80 mm Hg during
the procedure which may require vasopressors.
Intubation is performed with a fiberoptic tech-
nique that allows the least cervical displacement.
Placing a patient prone with an unstable subaxial
cervical spine has risks and care must be exercised.
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If traction has been applied, the use of a turning
frame which rotates around the long axis of the
operating table can be used while traction is
maintained. Other considerations are use of a
four-poster frame with the head controlled in a
Mayfield device. This is especially useful in
patients with significant kyphosis such as anky-
losing spondylitis. In unstable conditions, intra-
operative radiographs or fluoroscopy should be
readily available to check alignment. Patients
with more stable conditions can be positioned
prone on a Jackson-type table with the head sta-
bilized with a special foam pillow. The arms and
sometimes skin are pulled downward to reduce
skin folds and allow access for radiographic
imaging. Appropriate preoperative antibiotics are
given before skin incision.

Exposure

The skin is incised and the nuchal fascia exposed.
An incision is made along each spinous process
and the multifidus muscle stripped off subperios-
teally. The supraspinous and interspinous liga-
ments are maintained to avoid adjacent segment
kyphosis. Dissection is carried out to the far edges
of the lateral masses. Radiographic confirmation
of the level is performed.

Reduction

If required, facet reduction is performed by man-
ual manipulation of spinous processes or by
resection of a portion of the superior facet and use
of a small elevator placed into the dislocated facet
that acts as a lever to achieve reduction. If kypho-
sis is present, reduction is easiest by using an
interspinous wire or cable. When fixation crosses
the cervicothoracic junction, achieving closure
between spinous process from C6-7 and C7-T1
can improve sagittal plane alignment. If possible,
prior to placement of rods, an interspinous cable
is tensioned between C6-7 and or C7-T1 until the
spinous processes are compressed, assuming the
foramen is not stenotic.
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Fixation

The surgeon has several choices available to
achieve fixation including monofilament wires,
braided wires, cables, screws and plates, and vari-
able angle screws and rods. Selection is dependent
on the severity of the condition being treated and
bone quality. The author prefers lateral mass fixa-
tion from C3-6 and pedicle screws in C2 and C7.

Rod diameter is important since bending stiff-
ness is proportional to the radius*. Titanium and
cobalt-chrome rods have a modulus of elasticity
of 110 Gpa and 220 Gpa, respectively, indicating
that titanium rods are half as stiff as cobalt-
chrome rods. Simply increasing the diameter to
4 mm from 3.5 mm and using cobalt-chrome rods
increase stiffness by 3.1 times. However, mixing
cobalt-chrome rods with titanium alloy screws
may create a potential for galvanic corrosion due
to dissimilar metals. However, in vivo both met-
als produce an oxide layer (self-passivating) that
diminishes any battery effect. In the presence of
motion, such as between a titanium wire and
cobalt-chrome rod, the passivation layers wear
off and galvanic corrosion can occur.

Interspinous Wire Fixation

Interspinous wire fixation was described by
Hadra in 1890 using silver wire for a fracture dis-
location which required a revision but ultimately
was a success. Rogers popularized the interspi-
nous wire techniques using stainless steel wire
and reported success in 30 of 35 patients with
cervical fractures [11]. Bohlman modified the
Rogers technique by adding an additional two
wires to hold bone grafts along the spinous pro-
cesses [12]. Since cables composed of stainless
steel and titanium became available, they have
largely replaced wire fixation. Cables can be ten-
sioned under control and conform to bony con-
tours and have lower risk of fracture. Cables
require a crimping mechanism and do not allow
adjustment once crimping has been performed.
Although polymers have been developed as
potential substitutes, they all suffer from creep
and potential for loosening over time. Another

alternative is to use sublaminar wire fixation
which captures the lamina and rods. This pro-
vides poor fixation having no resistance to axial
loads, is invasive to the spinal canal, and, in the
author’s opinion, should be avoided.

To place an interspinous cable, a 3-mm hole is
placed with a burr on each side of the middle point
of the cranial spinous process at its base, Fig. 9.2a.
The hole is enlarged with a towel clip or Leween
clamp. The cable has a stiff leader and the opposite
end has a crimp. The leader is shortened and bent
in a curve and is passed through the hole to the
opposite side. It is then passed over the spinous
process through the interspinous ligament. The
leader is then passed back through the hole thus
creating a loop around the cranial spinous process.
The leader is then passed below the caudal spinous
processes and then through the crimp, Fig. 9.2b.
The excess length is shortened and the leader
passed into the tensioning device. Under careful
observation, tension is applied to the cable, usually
no more than 30 pounds. The crimp is crushed and
excess wire sectioned.

Lateral Mass Fixation

Viewed posteriorly, the square-shaped lateral
masses are identified. The superior and inferior
borders are the cranial and caudal facet joints,
respectively, Fig. 9.1a. The lateral border is the
outside edge. The medial border is the valley or
inflection point at the junction of the lateral mass
and lamina. Deep and anterior to this valley is the
vertebral artery, Fig. 9.1c. Thus all lateral mass
screws need to start lateral to this point and angle
outward. The center of the lateral mass is the
summit, its highest point, Figure 9.2a.

The starting point for screw insertion is 1-2 mm
medial to the center of the lateral mass, Fig. 9.2a.
A starting hole of each lateral mass to be instru-
mented is placed with a 3-mm burr. These should
be oriented in a relatively straight line.

The screw orientation is upward and out-
ward, usually easily identified by laying the drill
guide against the next caudal spinous process,
Fig. 9.3a. The upward direction is about 20-45°
so that it is parallel to the facet joint surfaces,
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Fig. 9.2 (a) Interspinous wire technique with cable.
3-mm holes are placed (black hole) in the base of the
spinous process. A cable is passed from one side to the
other and looped around cranial aspect of spinous pro-

cess and back through the hole. It then passes under the
next caudal spinous process. (b) The cable is passed
through a crimp and tensioned and then the crimp is
compressed

Fig.9.3 (a) The center of the lateral mass is identified on
the right lateral mass at the summit (cross) of the lateral
mass. The starting point is marked with a burr 2 mm
medial to the lateral mass center (circle). The vertebral
artery (red line) is located anterior to the medial border of
the lateral mass. The screw orientation is upward 30-40°
and outward 15-20° on the left lateral mass (arrow) away

Fig. 9.3b. The outward angulation is 15-20° and
is limited by abutment of the spinous process,
Fig. 9.3c. To place the pilot hole, an adjustable
drill is used to avoid inadvertent plunging. The
author uses a k-wire as a drill as it is less likely
to wrap around a nerve or vessel. Starting at
12-14 mm, a hole is drilled and then checked
for perforation. The drill is reset 2 mm and the
process repeated until desired length or perfora-
tion of the far cortex ensues. Unicortical screws
are satisfactory in most cases, but for patients
with poorer bone stock or higher degrees of
instability, bicortical screws can be placed
safely and are more effective.

from the vertebral artery. Usually the drill guide will lie
against the next caudal spinous process. (b) Sagittal view
showing the screw orientation (/ine) parallel to the facet
articulations. (¢) Axial view showing orientation of the
lateral mass screw outward (arrow) angulation away from
vertebral artery and starting 2 mm medial from the lateral
mass center

Lateral mass systems use variable head tulip-
like screws and 3.5—4-mm rods. The appropriate
length screw is placed maintaining proper
orientation. Once the screws are placed, the pos-
terior one-third of the facet joints are decorti-
cated with a burr and packed with local bone or
bone graft substitute. Rods of appropriate length
are chosen which may require sectioning. Excess
rod length should be avoided as it may cause irri-
tation in muscles or impinge on adjacent non-
fused bony structures. Lordosis or kyphosis is
created with rod contouring as needed. The rods
are inserted in the tulips and set screws inserted
and tightened to their desired torque. If needed,
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compression along the rod can be performed but
this risks screw loosening. A final lateral radio-
graph is obtained.

Pedicle Screw

Cervical pedicle screws, except at C7 (in 95% of
cases), are at risk for injury to the vertebral artery,
and, therefore, complete understanding of the sur-
gical anatomy and identification of landmarks are
required. The key landmark is the lateral notch of
the lateral mass, Fig. 9.1a. The lateral notch is the
most medial part of the pars interarticularis located
at a sulcus on the far edge of the lateral mass just
below the superior articular facet [9, 13].

For C3—C6 the starting point is 2 mm medial
from the lateral notch, Fig. 9.4a. At this point, a
3-mm starting hole is placed with a burr. The
pilot hole is orientated medially, the degree being
determined from imaging and can range from 25°
to 55°. The angulation is greater at C3 than more
caudal, Fig. 9.4b [9]. The starting point is more
lateral when the medial angle is greater. The sag-
ittal angle is neutral from C3-C6 and upward 7°
at C7. The pilot hole can be created using an awl
or by a stopped drill technique, checking for per-
foration as one goes deeper. Usually a 22-25-mm
length hole may be placed. CT, navigation, and
fluoroscopic aid have all been shown to improve
accuracy [14, 15].

Prior to screw placement, the facets are decorti-
cated and bone graft material placed into the joints.

The screws are placed, radiographs are obtained to
confirm correct positioning, and rods of appropri-
ate length are placed. The set screws are tightened
to desired torque.

C7 Fixation

Fixation of C7, like C2, can be safely achieved by
several means including interspinous wire and
pedicle, lateral mass, or translaminar screws. In
general, the author does not recommend stopping
fixation of multilevel constructs at C7 and would
include fixation to at least T1 with pedicle screws.
Combining C7 and T1 pedicle screws provides
maximum biomechanical strength with low risk
of injury to the vertebral artery. Longer constructs
into the thoracic spine are often treated using tran-
sition rods which taper from 3.5 mm for cervical
fixation to 5.5 mm in the thoracic spine. This taper
precludes fixation at one level, which is usually
C7 in the author’s experience. Cervical fixation
can also be combined with more rostral fixation at
C2 and even to the occiput. Keeping the points of
fixation in a line aids rod placement.

Fixation into C7 can be achieved as described
above by translaminar screws as well. Translaminar
C7 fixation is achieved by crossing screws and is
applicable to C2 and C7 [7]. Computed tomogra-
phy or MRI should be scrutinized to assess the fea-
sibility of these techniques and will require a
minimum of 4-mm inner diameter. The screw
length is also judged and is approximately 25 mm.

Pedicle Screws

Fig.9.4 (a) The lateral notch is located at the sulcus of
the pars interarticularis (arrowhead). The starting point
for pedicle screw insertion (circle) for C3—C6 is 2 mm
medial to the lateral notch and is just below the superior
facet joint. The orientation is medial 25-45° (black

arrow). (b) The screw is oriented parallel to the superior
end plate and is angulated slightly downward more cau-
dally. (¢) Axial view showing 40° medial angulation
required for pedicle screw insertion to avoid the verte-
bral artery (red circle)
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A 3-mm burr hole is placed at the base of the
spinous process in line with the projection of the
opposite lamina. To avoid impingement of oppo-
site screws, the starting point on one side is
placed lower and the contralateral slightly higher.
Using a pedicle finder or stopped drill technique,
the hole is cannulated toward the opposite lamina
for approximately 25 mm. During placement the
hole is checked for perforation. The screw is
inserted and the opposite side is cannulated with
the screw placed in similar manner. After screw
placement, the appropriate facet joints are decor-
ticated and packed with bone graft material. The
lamina and spinous processes should not be
decorticated to avoid loss of fixation. Rods are
placed and all set screws fully tightened. A final
lateral radiograph is obtained to confirm satisfac-
tory screw position.

Extending to Thoracic Spine

Extending the fusion from the cervical to thoracic
spine is becoming more common as there is
increasing desire to correct sagittal plane deformi-
ties which cause cervical kyphosis, dropped head
syndrome, and chin-on-chest deformity. The cervi-
cal fixation can be placed as described above using
lateral mass plates or, if needed, cervical pedicle
screws. Thoracic fixation is obtained using pedicle
screws. A stiffer rod is required, and transition rods
are often utilized, where a 5.5-mm rod tapers to a
3.5-mm rod or is connected by a joint. These transi-
tions take up space and preclude one level from
being instrumented, usually C7. The rods require
contouring, usually cervical lordosis and thoracic
kyphosis. At the cervicothoracic junction, interspi-
nous wires are placed at C7, and T1 if possible, and
tensioned to achieve as much lordosis as possible.

Bone Grafting

The ultimate goal of posterior fixation is to obtain
arthrodesis. Regardless of the technique, poste-
rior fusion is obtained by decortication and bone
grafting. Partially decorticating the facet joints
with a burr provides an excellent area for bone
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union. Decortication can also be performed along
the laminae and spinous processes depending
upon fixation. Many bone graft materials can be
used including autograph, allograft, demineral-
ized bone matrix, and ceramic products. BMP-2
has been used in posterior fusion but is rarely
needed as there is a high fusion success in the
posterior cervical spine.

Wound Closure

Reattachment of the nuchal ligaments to the spi-
nous processes of C2, C7 and T1 is essential to pre-
vent development of cervical kyphosis. There is a
tendency for the multifidus muscle to slide more
anteriorly with the spinous processes becoming
prominent and loss of the ability to hold the head
upward. Thus, proper fascial repair is required.
Multiple interrupted sutures are placed through
these ligaments and into the periosteum of the spi-
NOus Processes.

Posterior cervical wounds are at high risk for
infection, and placement of 1-2-gm vancomycin
powder into muscles at closure has been shown to
reduce infection by 80% or more [16].

Since these wound are under tension from shoul-
der motion, the skin is closed with staples or inter-
rupted nylon.

Postoperative Care

Postoperatively patients with unstable conditions
are immobilized in a hard collar, while those with
stable type spines (such as pseudoarthrosis repair
or in degenerative conditions) may not require
immobilization.

Illustrative Case

History A 56-year-old male patient with anky-
losing spondylitis sustained a hyperextension
injury from a fall and complains of neck pain. He
was noted to have a preexisting thoracic kyphotic
deformity and stiff spinal column. He is immobi-
lized in a collar.
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Physical Examination Neurologic examination
shows a Frankel C central cord syndrome.

Radiographical Imaging CT shows preexisting
thoracic kyphosis and increased cervical kypho-
sis. A minimally displaced transverse fracture at
C6-C7 is present, Fig. 9.5a. A displaced laminar
fracture results in posterior cord compression.
Fractures of the superior articular facets with
subluxation are seen on parasagittal CT, Fig. 9.5b.
The MRI shows a narrow spinal canal and signifi-

cant stenosis at C6—C7 but absence of epidural
hematoma, Fig. 9.5c.

Treatment He underwent immediate posterior
decompression of C6—C7, cervicothoracic fusion
from C3-T6 using lateral mass screws in the cer-
vical spine, pedicle screws in thoracic, and a tran-
sition rod, Fig. 9.5d. Posterior fusion at C6-C7
with allograft was performed. Postoperative CT
shows placement of lateral mass screws in C6,
Fig. 9.5e. The right screw should have started

Fig.9.5 (a) Midline sagittal CT of ankylosing spondyli-
tis with extension injury through the body of C7 (arrow)
and facet joints. There are 3 mm of subluxation and a dis-
placed fracture of the lamina compressing the spinal cord
dorsally. (b) Sagittal CT through facet joints showing
transverse fracture of C7 superior facet with 2-3-mm dis-
placement (arrow). (¢) A fat-suppressed T2 MRI showing
spinal canal stenosis caused by subluxation of C6—C7 and

a displaced laminar fracture (arrow). (d) Postoperative
lateral radiograph after C3-T6 instrumentation. (e)
Postoperative axial CT at C6 showing outward direction
of lateral mass screws away from the vertebral artery. The
right screw should have started 2 mm more medially. (f)
Postoperative sagittal CT in the plane of the lateral masses
demonstrating correct upward angulation of lateral mass
SCIews



100

1-2 mm more medially but both show outward
angulation avoiding risk to the vertebral artery.
Sagittal CT shows correct upward angulation of
lateral mass screws, Fig. 9.5f.

Outcome He made significant recovery of neu-
rologic function and is now fully ambulatory and
has excellent hand function. He complains of
chronic spinal pain which is minimally different
than prior to injury. His fusion appears healed at
6 months of follow-up.

Technical Pearls

e Adjust relative position of head to neck to
optimize alignment and then confirm by radio-
graphs prior to skin incision.

* Maintain midline soft tissue envelope to avoid
postoperative kyphosis at adjacent segment.

e Place a small burr hole at the ideal lateral mass
starting points prior to drilling.

e Drilling from opposite side provides a more
natural trajectory for the screw, but it can be per-
formed from the ipsilateral side if preferred.

e Use adjustable drill guide or pedicle probe.

e Decorticate facets and place bone grafts.

Complications
Surgical Site Infection

Posterior cervical wounds are at high risk for sur-
gical site infections (SSI) with wide ranges from
1.5 to greater than 10% [17]. Using the American
College of Surgeons data, Nassr reported a rate of
2.9% in 5441 patients [18]. Others have reported
greater than 10% with higher incidences in trauma
settings. Risk factors for SSI in posterior cervical
surgery are older age, BMI > 35, chronic steroid
use, and procedures lasting longer than 3 h [19].
The use of 1 gm of intrawound vancomycin pow-
der in posterior wound has been shown to reduce
SSI by 80-100% although not uniformly [17].
Martin found no statistically significant differ-
ences in SSI between control (6.9%) and vanco-
mycin (5.2%) [20].
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Screw Malposition

Coe reported that screw violation of the foramen
transversarium, neuroforamen, and facet joint
was 1.5%, 1.0%, and 0.6%, respectively, while
no patient had screw malposition into the spinal
canal [21]. Yoshihara noted that 1.1% of patients
required revision surgery for lateral mass screw
malposition [22].

Cervical pedicle screw insertion is more chal-
lenging than lateral mass screws with higher
rates of malposition. Ghori performed a system-
atic review of studies and found pedicle screw
penetration rates from 6.7% to 30% with two-
thirds being lateral penetration toward the verte-
bral artery [15]. The most important risk factor
was operative level with higher rates of perfora-
tion occurring more proximally, especially at
C3, due to smaller size and more medial angula-
tion. Kast reviewed 94 pedicle screws using CT
and found that only 46 were completely within
the bone and 20 screws had no more than 1 mm
of cortical perforation. [23] Another 20 screws
had minor cortical violation (£25% of screw
diameter) and an additional 8 had major viola-
tions. The most common penetrations were
medially (10.6%) and lateral narrowing of the
foramen transversarium (10.6%). Anterior and
lateral perforation of the vertebral body was seen
in 5.7% of cases and caudal perforation into the
neuroforamina occurred in 3.1% of patients.
Only two patients had clinically relevant screw
malposition. Hojo reviewed 1090 pedicle screws
placed using fluoroscopy in multiple centers and
found that 14.8% of screws were malpositioned
[14]. Four-fifths of screws were laterally mis-
placed, while one-fifth were medially malposi-
tioned. There is a documented learning curve
with more accurate positioning after 10-20
cases. Computer navigation-aided screw inser-
tion reduces malposition by 3-5 times [15].

Neurologic Injury
Neurologic injury is most commonly associated

with the procedure and not directly to the internal
fixation. Coe reported that 3.9% of patients treated
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by lateral mass screws had a nerve root injury but
only 1.0% were considered to have been caused
by the screw placement. Two large case series
(Sekhon, Katonis) reported no nerve root injuries
in a combined 2688 lateral mass screws.

Cervical pedicle screws similarly have a low
rate of neurologic complications. Abumi reported
only 2 nerve root injuries in 712 pedicle screws,
while Kast had 2 in 96 screws [23, 24]. No spinal
cord injuries related directly to screw insertion
were noted. Hojo found that only 1% of patients
had root injury from misplaced cervical pedicle
screws [14].

Fixation Failure

Failure of fixation with loss of lordosis or
increased translation occurs more commonly
when crossing the cervicothoracic junction or in
treatment of more complex conditions such as
trauma or tumor reconstruction. Prevention is best
achieved by creation of a load-sharing construct
using proper anterior reconstruction if possible.
Using lateral mass fixation, Yoshihara reported
2.2% and Heller 2.6% of patients had loss of cor-
rection [22, 25]. Hojo found that 2.5% of patients
treated by pedicle screw fixation had screw loos-
ening, almost exclusively in rheumatoid arthritis
patients [14]. Correction of sagittal plane defor-
mity, use of orthosis including the halo vest when
needed, and using longer constructs with more
points of fixation should be considered to avoid
fixation failure.

Poor Screw Purchase

Inadequate screw purchase is not uncommon when
placing interspinous wire or lateral mass screws.
When the lateral masses are small or eroded from
inflammatory diseases, there may be little area for
screw purchase. Additionally, obtaining the safest
screw orientation, upward and outward, may lead
to the screw breaking out during insertion or when
the rods are loaded into screw heads. Yoshihara
reported in a systematic review that 1.62% had lat-
eral mass fracture during placement [22]. Careful

attention to detail during screw insertion and proper
rod bending is required to avoid excessive pullout
forces on screws. Creating a starting point with a
small burr can help to avoid walking of the drill
laterally which leads to poor purchase when
drilling. When conditions do not allow adequate
screw purchase, alternatives include adding lon-
ger constructs, pedicle screws, and combined ante-
rior reconstruction, and use of facet cortical grafts
should be considered.

Broken Hardware

The rods used in posterior cervical fixation
have small diameter (3.5 mm) and usually are
made of titanium alloy. Titanium alloy is notch
sensitive which occurs during rod bending
causing poor fatigue resistance and thus possi-
ble breakage. This is particularly common at
the craniocervical and cervicothoracic junc-
tion. Use of larger rods (4.0 mm) and pre-bent
rods will minimize the chance of rod failure.
When bending rods, try to contour the rod at
multiple points and avoid creating a sharp bend
at a single point.

Vertebral Artery Injury

The vertebral artery is at risk when placing lat-
eral mass screws and pedicle screws from C3 to
C6. Although theoretically possible, no cases of
lateral mass screw placement injuring the verte-
bral artery have been reported [4, 22]. Lateral
breaching of cervical pedicle screws is relatively
common when analyzed by CT but does not nec-
essarily result in vertebral artery injury. Abumi
reported one case of vertebral artery injury in his
first 180 patients treated with cervical pedicle
screws [26]. Uehara reported 20% of pedicle
screws violated the pedicle with 75% being lat-
eral toward the vertebral artery although no inju-
ries occurred [27]. In a multicenter study, Hojo
reported 2 of 283 patients sustained vertebral
artery injury after cervical pedicle screw place-
ment using the freehand technique as described,
Abumi [14].
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Conclusion

Posterior subaxial fusion is commonly performed
and can be used for a variety of conditions. The
indications are most frequently secondary to insta-
bility and as adjuncts for treatment of degenerative
conditions. Interspinous wire or cable fixation is
less often used but still highly successful. Modern
instrumentation using lateral mass screws and rods
is highly effective with low rates of complications.
Added strength of fixation can be obtained from
subaxial pedicle screws with the added risk of ver-
tebral artery injury. Meticulous technique is
required as the area for fixation is limited and neu-
rovascular structures are in close approximation.
In all cases, proper bone grafting techniques are
required to obtain ultimate arthrodesis.

References

1. Denaro V, Di Martino A. Cervical spine surgery:
an historical perspective. Clin Orthop Relat Res.
2011;469(3):639-48.

2. Vaccaro AR, Hulbert RJ, Patel AA, Fisher C, Dvorak
M, Lehman RA Jr, et al. The subaxial cervical spine
injury classification system: a novel approach to rec-
ognize the importance of morphology, neurology, and
integrity of the disco-ligamentous complex. Spine.
2007;32(21):2365-74.

3. Anderson PA, Moore TA, Davis KW, Molinari RW,
Resnick DK, Vaccaro AR, et al. Cervical spine injury
severity score. Assessment of reliability. J Bone Joint
Surg Am. 2007;89(5):1057-65.

4. Vaccaro AR, Koerner JD, Radcliff KE, Oner FC,
Reinhold M, Schnake KJ, et al. AOSpine subaxial
cervical spine injury classification system. Eur
Spine J (Official Publication of the European Spine
Society, the European Spinal Deformity Society, and
the European Section of the Cervical Spine Research
Society). 2016;25(7):2173-84.

5. Brodke DS, Anderson PA, Newell DW, Grady MS,
Chapman JR. Comparison of anterior and posterior
approaches in cervical spinal cord injuries. J Spinal
Disord Tech. 2003;16(3):229-35.

6. McAnany SJ, Baird EO, Overley SC, Kim JS,
Qureshi SA, Anderson PA. A meta-analysis of the
clinical and fusion results following treatment of
symptomatic cervical pseudarthrosis. Global Spine
J.2015;5(2):148-55.

7. Ilgenfritz RM, Gandhi AA, Fredericks DC, Grosland
NM, Smucker JD. Considerations for the use of C7
crossing laminar screws in subaxial and cervicotho-
racic instrumentation. Spine. 2013;38(4):E199-204.

11.

12.

13.

14.

16.

17.

18.

20.

P.A. Anderson

. Ludwig SC, Kramer DL, Balderston RA, Vaccaro AR,

Foley KF, Albert TJ. Placement of pedicle screws in
the human cadaveric cervical spine: comparative accu-
racy of three techniques. Spine. 2000;25(13):1655-67.

. Lee DH, Lee SW, Kang SJ, Hwang CJ, Kim NH,

Bae JY, et al. Optimal entry points and trajectories
for cervical pedicle screw placement into subaxial
cervical vertebrae. Eur Spine J (Official Publication
of the European Spine Society, the European Spinal
Deformity Society, and the European Section of the
Cervical Spine Research Society). 2011;20(6):905-11.

. Kotani Y, Cunningham BW, Abumi K, McAfee

PC. Biomechanical analysis of cervical stabilization
systems. An assessment of transpedicular screw fixa-
tion in the cervical spine. Spine. 1994;19(22):2529-39.
Rogers WA. Fractures and dislocations of the cervi-
cal spine; an end-result study. J Bone Joint Surg Am.
1957;39-a(2):341-76.

Bohlman HH. Surgical management of cervical
spine fractures and dislocations. Instr Course Lect.
1985;34:163-87.

Karaikovic EE, Kunakornsawat S, Daubs MD, Madsen
TW, Gaines RW Jr. Surgical anatomy of the cervical ped-
icles: landmarks for posterior cervical pedicle entrance
localization. J Spinal Disord. 2000;13(1):63-72.

Hojo Y, Ito M, Suda K, Oda I, Yoshimoto H, Abumi
K. A multicenter study on accuracy and complications
of freehand placement of cervical pedicle screws under
lateral fluoroscopy in different pathological condi-
tions: CT-based evaluation of more than 1,000 screws.
Eur Spine J (Official Publication of the European
Spine Society, the European Spinal Deformity
Society, and the European Section of the Cervical
Spine Research Society). 2014;23(10):2166-74.

. Ghori A, Le HV, Makanji H, Cha T. Posterior fixa-

tion techniques in the subaxial cervical spine. Cureus.
2015;7(10):e338.

Pahys JM, Pahys JR, Cho SK, Kang MM, Zebala LP,
Hawasli AH, et al. Methods to decrease postoperative
infections following posterior cervical spine surgery.
J Bone Joint Surg Am. 2013;95(6):549-54.
Bakhsheshian J, Dahdaleh NS, Lam SK, Savage JW,
Smith ZA. The use of vancomycin powder in modern
spine surgery: systematic review and meta-analysis of the
clinical evidence. World Neurosurg. 2015;83(5):816-23.
Sebastian A, Huddleston P 3rd, Kakar S, Habermann
E, Wagie A, Nassr A. Risk factors for surgical site
infection after posterior cervical spine surgery: an
analysis of 5,441 patients from the ACS NSQIP
2005-2012. Spine J (Official Journal of the North
American Spine Society). 2016;16(4):504-9.

. Sebastian AS, Adair MJ, Morris JM, Khan MH, Arndt

CA, Nassr A. Minimally invasive treatment of a painful
osteolytic lumbar lesion secondary to epithelioid heman-
gioendothelioma. Global Spine J. 2015;5(2):135-9.
Martin JR, Adogwa O, Brown CR, Kuchibhatla M,
Bagley CA, Lad SP, et al. Experience with intrawound
vancomycin powder for posterior cervical fusion sur-
gery. J Neurosurg Spine. 2015;22(1):26-33.



21.

22.

23.

Subanxial Posterior Cervical Fusion with Instrumentation

Coe JD, Vaccaro AR, Dailey AT, Skolasky RL
Jr, Sasso RC, Ludwig SC, et al. Lateral mass
screw fixation in the cervical spine: a system-
atic literature review. J Bone Joint Surg Am.
2013;95(23):2136-43.

Yoshihara H, Passias PG, Errico TJ. Screw-related
complications in the subaxial cervical spine with
the use of lateral mass versus cervical pedicle
screws: a systematic review. J Neurosurg Spine.
2013;19(5):614-23.

Kast E, Mohr K, Richter HP, Borm W. Complications
of transpedicular screw fixation in the cervical spine.
Eur Spine J (Official Publication of the European Spine
Society, the European Spinal Deformity Society, and
the European Section of the Cervical Spine Research
Society). 2006;15(3):327-34.

24.

25.

26.

27.

103

Abumi K, Kaneda K. Pedicle screw fixation for
nontraumatic lesions of the cervical spine. Spine.
1997;22(16):1853-63.

HellerJG, Silcox DH 3rd, Sutterlin CE 3rd. Complications
of posterior cervical plating. Spine. 1995;20(22):2442-8.
Abumi K, Shono Y, Ito M, Taneichi H, Kotani Y,
Kaneda K. Complications of pedicle screw fixation
in reconstructive surgery of the cervical spine. Spine.
2000;25(8):962-9.

Uehara M, Takahashi J, lkegami S, Mukaiyama K,
Kuraishi S, Shimizu M, et al. Screw perforation features
in 129 consecutive patients performed computer-guided
cervical pedicle screw insertion. Eur Spine J (Official
Publication of the European Spine Society, the European
Spinal Deformity Society, and the European Section of the
Cervical Spine Research Society). 2014;23(10):2189-95.



Mena Kerolus and Vincent Traynelis

Introduction

Cervical spondylosis is a common disease pro-
cess that is increasing in frequency given the lon-
ger mean survival age. Individuals with
symptomatic cervical spondylosis who have
failed to respond to nonoperative therapy are can-
didates for surgical intervention. The goals of
surgery in these cases include decompression of
the spinal cord and/or nerve roots while main-
taining stability either by limiting surgical desta-
bilization or performing an arthrodesis. In this
chapter we discuss the role of the subaxial facet
joint in the pathogenesis of cervical spondylosis,
a brief overview of the biomechanical and ana-
tomical considerations of the subaxial facet joint,
the surgical technique when placing subaxial
interfacet spacers, indications, complications,
and clinical outcomes when using interfacet
spacers for subaxial spine fusion.

Fusion techniques of the cervical spine have
been well described and consist of anterior, pos-
terior, or combined anterior and posterior proce-
dures depending on the extent of disease,
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deformity, and history of prior surgery. Cloward
introduced the anterior discectomy and fusion
approach in 1958 and it has since gained wide
popularity due to its safety and efficacy [1].
Various posterior fusion procedures have been
described for the fixation of the subaxial cervical
spine including interfacet, spinous process, or
sublaminar wiring, lateral mass or pedicle fixa-
tion with screw/plate or screw/rod instrumenta-
tion, and hook/rod constructs [2, 3]. Recently a
technique using cervical interfacet grafts has
been added to as another means of achieving sta-
bilization and arthrodesis. The use of the facet
joint for fusion has shown promising radiologic
and clinical outcomes [4-6].

The pathogenesis of cervical spondylosis has
traditionally been thought to be initiated by disc
degeneration which translates to changes in other
aspects of the spinal functional unit. With age,
there is a natural decrease in disc height which
triggers a cascade of events which may include
thickening and/or buckling of the posterior longi-
tudinal ligament and ligamentum flavum, osteo-
phyte formation, foraminal stenosis, vertebral
listhesis, and facet degeneration. Depending on
the specific changes and their severity, this
degenerative process may also produce defor-
mity and/or segmental instability. Recently, an
alternative hypothesis has been suggested by
Goel et al. which defines facet degeneration as
the origin of the spondylotic process [7]. The
facet joint can undergo degenerative changes
similar to other synovial joints in the body. Goel
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et al. describes a sequence of events that begin
with cartilage degeneration and can progress to
include a number of other pathological changes.
Sclerosis of the facet joint begins to form, the
bony pillars of the facet are exposed, and facet
osteophyte formation, synovial cyst formation
and capsule calcification become evident [4, 6—
8]. These changes are thought to subsequently
cause disc degeneration and osteophyte forma-
tion leading to foraminal and central canal steno-
sis. Regardless of the etiology, degenerative
pathologic changes in the cervical spine may
result in stenosis, instability, and structural mis-
alignment, all of which are associated with symp-
tomatic radiculopathy and myelopathy. The
radiographic evaluation of facet arthropathy has
been reported and graded by computed tomogra-
phy (CT) as described by Pathria et al. where
Grade I corresponds to facet joint space narrow-
ing, Grade II corresponds to facet sclerosis or
hypertrophy, and Grade III corresponds to osteo-
phyte formation [9].

The cervical facet has been advocated as a
strategic location for fusion given its relatively
large size and surface area, biomechanical
strength, firmness, and anatomical distance from
critical neural structures. The interfacet space
provides an effective means for distraction of the
spinal segment. The distraction itself will stiffen
the segment, and if further stabilization is needed,
the articular pillar is a common site for screw
purchase [10, 11].

Facet strength was tested in cadavers by
Raynor et al. in 1985. In fresh and fixated
cadaveric specimens, the facet was able to
withstand compressive loads of up to 195
pounds before either dislocation or loss of fixa-
tion of the vertebral bodies. Even with 50% of
the facet removed, facet fracture required loads
of 1351Ibs [12]. In a separate study Raynor and
Carter examined the use of the Roy-Camille lat-
eral mass plates in a human cervical spine facet
injury model. When half of the facet was
removed, placement of 3.5 mm diameter lateral
mass screws resulted in a significant decrease
in the load due to failure at the instrumented
level. Failure occurred by fracture through the
screw holes. These authors concluded that fol-
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lowing partial medial facetectomy, use of the
lateral mass plate may result in inadequate
holding strength, and failure is likely to occur
through the screw holes [13]. Frequently a
foraminotomy may result in resection of half of
the lateral mass which makes screw fixation
precarious. Interfacet spacers can open the
foramen and preserve bone for screw purchase
if that is desired.

Finite element models of the ligamentous cer-
vical spine segments have estimated that the cer-
vical facet joint can be responsible for up to 23%
of axial loading [4, 14, 15]. Morphometric and
volumetric analysis of the superior facet of the
subaxial cervical spine ranges from 7.5 to 12 mm
in width and the inferior facet of the subaxial cer-
vical spine ranges from 8 to 15 mm in width. The
smallest facet is at C4 [16, 17]. The distance from
the inferior facet to the transverse foramen ranges
from 5 to 7 mm, the furthest at C3 and closest at
C4 in the subaxial spine [17]. The anatomic rela-
tionship of the lateral mass to the nerve roots,
spinal cord, and vertebral artery is important to
understand if one plans to place screws into this
structure [18-20].

In 2007, Goel described the use of cervical
interfacet spacers as a new method of facet fixa-
tion [21]. These facet spacers were composed of
titanium alloy spikes on both sides to provide
fixation. Multiple holes were made to allow bone
arthrodesis. Various sizes of the spacers are used
for distraction and adequate graft size placement
[6, 7, 21]. These spacers provided indirect neu-
roforaminal decompression while providing a
large osteoconductive surface for fusion. The
natural compressive forces applied by the cervi-
cal spine on the facet may also increase the rate
of fusion [4].

Cervical interfacet spacers assist with an
increase in the height and diameter of the cervical
intervertebral foramen and a simultaneous
increase in the interlaminar distance and interver-
tebral body height. Goel and Shah reported a
mean increase of 2 mm for interspinous distance
and an increase of 0.4—1.2 mm in intervertebral
body distance when cervical interfacet spacers
were used [6]. Tan et al. found that the use of
interfacet spacers provide distraction of the
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foraminal area as high as 18.4% in a cadaver
study [4]. Maulucci et al. examined the kinetics
and stiffness of the subaxial cervical spine with
the use of cervical interfacet spacers. They found
that the addition of 2 mm or higher interfacet
grafts provided a significant increase in the
foraminal area cross-section but did not provide
any more significant stiffness compared to an
intact spine. However, when using 3 mm or 4 mm
spacers without posterior instrumentation, the
stiffness of the segment increased along with
foraminal height [22]. Siemionow et al. per-
formed an in vivo study and found a significant
increase in foraminal area and height with bilat-
eral facet joint cages at a 3-, 6-, and 12-month
follow-up. However, foraminal area did decrease
from the 6- to the 12-month follow-up, but this
was not significant and favorable clinical out-
comes remained [23].

Due to the relatively new development of cer-
vical interfacet spacers, clinical outcomes are
limited but promising. Goel and Shah reported on
his series of 36 patients with placement of cervi-
cal interfacet spacers without additional posterior
instrumentation with 92% of patients having an
excellent or good outcome. Fusion rates were
100% at 6-month follow-up based on flexion and
extension radiographs. However, in their series of
patients, they reported a non-statistically signifi-
cant loss of lordosis at the levels treated, espe-
cially when longer levels were treated [6]. Tan
et al. reported similar results in a series of 64
patients who underwent 154 levels of implanted
cervical interfacet spacers. This group did not
show any statistically significant loss of cervical
lordosis compared to preoperative lordosis. No
patients developed kyphosis [14]. Kasliwal et al.
reported on a series of 19 patients with symptom-
atic pseudoarthrosis after anterior cervical
decompression and fusion. There was statisti-
cally significant improvement in VAS scores for
neck pain (83% improved, p < .004) and radicu-
lar arm pain (72% improved, p < .007) after a
mean follow-up of 20 months after posterior
instrumentation and fusion with facet spacers
were used. Also, although a small number of
patients were described in this series, 100% of
patients fused at the prior levels of pseudoarthro-
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sis. Although not statistically significant, there
was an improvement in cervical lordosis but
worsening sagittal vertical axis [5].

Indications and Patient Selection

Patients with symptomatic cervical spondylosis
treated using the posterior approach who require
foraminal enlargement or fusion are candidates
for cervical interfacet spacers. MRI or CT myelo-
gram findings of severe compression or forami-
nal involvement should correlate with the clinical
scenario. Cervical interfacet spacers can still be
placed after a prior laminectomy or prior fusion
as long as the facet is not already fused or com-
promised. Also, facet interfacet spacers can be
placed at the time of laminectomy and fusion for
patients have myeloradiculopathy and may be a
substitute for direct foraminal decompression in
these cases. Patients with anterior cervical hard-
ware that develop symptomatic pseudoarthrosis
may benefit from the addition of cervical inter-
space spacers when addressing the fusion with a
posterior cervical approach. Transitioning a
straight or kyphotic spine to a lordotic configura-
tion using a posterior strategy can produce or
exacerbate foraminal stenosis. The risk of creat-
ing iatrogenic foraminal narrowing is minimized
or even negated by first placing the cervical inter-
facet spacers as they increase the foraminal area
and height. Interfacet spacers are indicated for
patients having degenerative spondylolisthesis
secondary to erosive facet remodeling. In these
cases, the spacers can provide a reduction force
and aid in prevention of reoccurrence of

slippage.

Preoperative Considerations

Evaluation of a preoperative MRI or CT myelo-
gram should be carefully examined to determine
the desired approach to the cervical spine. If a
posterior approach with fusion is needed, cervi-
cal interfacet spacers may be used. Preoperative
imaging for candidates of cervical interfacet
spacers should include plain cervical AP, lat-
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eral, and dynamic flexion and extension films.
Preoperative C2/C7 lordosis, sagittal vertical
axis, and T1 slope should all be measured pre-
operatively to identify and quantify the degree
of deformity (if present) and the amount of cor-
rection needed. Dynamic films are important to
verify stability. CT may also be used to assess
any prior arthrodesis. If there is a solid arthrod-
esis either anterior or posterior, there is no need
to place a cervical interfacet spacer.

If a posterior cervical approach is needed, cer-
vical interfacet spacers may be used prior to or
after a cervical laminectomy. CT, MRI, or CT
myelogram should be used to assess foraminal
height and width. Facet width and length can also
be assessed to make sure there is adequate sur-
face area for the 8 x 8 mm spacer. MRI may be
used to carefully examine the exiting nerve root
and vertebral anatomy. If the desired cervical lev-
els involve the C4/C5 disc space, it may be
worthwhile to address this level first as it is a sen-
sitive nerve root.

Each patient will undergo general anesthesia
and the operation will be performed in the prone
position. The patient will need to be on a
Jackson table using a Mayfield clamp for fixa-
tion. The patient’s arms are placed along the
body and well-padded over the elbow and hand.
The C-arm can be placed in the operative field
and will be used to determine the correct level
of surgery.

Surgical Technique

Each patient will be induced using general
endotracheal anesthesia. The patient is placed
prone on a Jackson table and the head secured
with a Mayfield clamp. A midline incision and
subperiosteal dissection is utilized to expose the
dorsal cervical spine including the lateral
masses. Care is taken to avoid detaching the
muscle insertions onto the C2 spinous process
or dissecting too far lateral to the articular pil-
lars. It is our practice to place the interfacet
grafts just after exposure. At this point, the lam-
ina protects the spinal cord and the lateral
masses have not been compromised by drilling
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or the exposure hampered by instrumentation.
The intended facet joint is inspected and capsule
removed. If needed, removal of osteophytes to
gain access to the joint is done using rongeur or
high-speed burr. The facet joint is freed of all
articular cartilage using customized rasps which
are 8 x 8§ mm in width and depth and vary in
height (2, 3, 4 mm) (Fig. 10.1) (FacetLift,
Medtronic, Memphis, TN). Each size is used
twice beginning with the 2 mm rasp and increas-
ing to 3 or 4 mm. The rasp also serves to deter-
mine the size of the graft. If the 3 mm fits very
snugly, then the 4 mm rasp is not used and a
3 mm graft placed. It is best to place at least a
3 mm graft, but in select circumstances only a
2 mm graft will fit. The interfacet spacer is
tapped into place and slightly countersunk
(Fig. 10.2). It is important not to place the graft
too deeply into the joint or it could impinge the
nerve root. The C4/C5 level is always addressed
first followed by the other cervical levels as we
believe this will minimize the likelihood of
developing a postoperative C5 palsy. Once the
grafts are in position, the decompression and/or
lateral mass fixation is performed. Prior to final
fixation of the rods to the polyaxial screws, the
Mayfield device is released and the neck is man-
ually extended to improve lordosis. Hemostasis
is achieved using bipolar cautery, thrombin-
soaked Gelfoam, or similar hemostatic agents.
The wound is irrigated and closed in layers.

Clinical Case

A 42-year-old female with a history of multiple
sclerosis presented to our clinic after a hydraulic
door fell on her head. She was suffering from
severe right-side neck pain which was exacer-
bated with activity. She was also experiencing
interscapular pain as well as numbness and tin-
gling in the middle three digits of both her hands.
On physical examination she had neck discom-
fort on flexion and extension with tenderness on
palpation of her posterior cervical neck. She was
full strength on individual motor testing but
found to have hypesthesia in the right C4 derma-
tome. She had normal deep tendon reflexes and
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Fig.10.1 Illustration of
a 2 mm rasp. All rasps
are 8 x 8 mm in depth
and width. The height
changes depending on
the rasp selected which
will help determine the
size of the graft

Fig.10.2 Tllustration of a graft holder and interfacet graft
which will be lightly tapped into the prepared interfacet
space

no Hoffman’s reflex. A course of conservative
management with physical therapy, NSAIDs,
and muscle relaxants was suggested but the neck
pain remained.

Her radiographs revealed kyphosis at C3/C4
and loss of lordosis at C4/C5 (Fig. 10.3). Flexion
and extension cervical radiographs showed
increased disc collapse at C3/C4 and C4/CS.
Magnetic resonance imaging (MRI) revealed
bilateral C3/C4 and C4/C5 foraminal narrowing
and central canal stenosis.

She underwent a C3/C4 and C4/C5 anterior
cervical discectomy and fusion (ACDF) which
resulted in resolution of her symptoms (Fig. 10.4).
Unfortunately she did not fuse at either level and
the nonunion was symptomatic. Radiographs
revealed a new C3 screw fracture and widening
of the C3/C4 and C4/CS interspinous space with
flexion.

Fig. 10.3 Upright neutral lateral cervical radiograph
revealing kyphosis at C3/C4 and loss of lordosis at C4/C5

She was treated with a posterior fusion using
cervical interfacet spacers and lateral mass fixa-
tion. The C4/C5 level was addressed first using
an 8x8x3mm spacer. At the C3/C4 level, an
8x8x4mm spacer was used. Posterior instrumen-
tation with lateral mass screws and a rod place-
ment was used to secure the reconstruction.
Postoperative lateral plain radiographs and sagit-
tal CT revealed good placement of the cervical
interfacet spacers and posterior instrumentation
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Fig. 10.4 Upright neutral lateral cervical radiograph
after undergoing a C3/C4 and C4/C5 anterior cervical dis-
cectomy and fusion

Fig.10.5 (a,b)
Postoperative neutral
lateral radiograph (a)
and parasagittal cervical
computed tomography
(b) of the same patient
after undergoing a C3/
C4 and C4/CS5 posterior
cervical instrumented
with interfacet spacers
for symptomatic
pseudoarthrosis and a
fractured C3 screw

(Fig. 10.5a, b). Postoperative coronal CT high-
lights the placement of the facet spacers in
relationship to the central canal (Fig. 10.6). The
patient’s pain subsequently improved, and at her
1-year follow-up, there was radiographic evi-
dence of successful arthrodesis of the facet and
interbody space at C3/C4 and C4/CS5 (Fig. 10.7).

Technical Pearls

e Interfacet spacers are placed rather easily,
safely, and quickly. They can be utilized with
and without supplemental spinal fixation tech-
niques [5, 6]. The “joint hammering tech-
nique” for placement of cervical interfacet
spacers was first described in atlantoaxial fixa-
tion [21] and then applied to the subaxial spine
for placement of cervical facet spacers with-
out supplemental hardware [6]. A similar
technique has been used and described in
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Fig. 10.6 Postoperative coronal cervical computed
tomography highlighting bilateral interfacet spacers at
C3/C4 and C4/C5 in relationship to the central canal

patients with the addition of posterior cervical
instrumentation [5, 14].

Some caution while impacting the facet spac-
ers should be taken. This may require a fair
amount of force. Some surgeons could be
alarmed at what is necessary in terms of the
degree of impact, but it is totally safe. The key
is to prepare the interspace correctly and
choose a graft size that mirrors the interspace
preparation. Creating a pathway using a burr
or rongeur may help placement if osteophytes
are present. Occasionally after placement of
one graft, the other space seems to be too
small. This “teetotaler” effect should be man-
aged by re-rasping the joint in question.
Concerns regarding iatrogenic loss of lordo-
sis or formation of kyphosis with placement
of cervical interfacet spacers have been
reported [6]. Tan et al. reported on a series of
64 patients who underwent 154 levels of
implanted cervical interfacet spacers. This

Fig.10.7 One-year follow-up upright neutral lateral cer-
vical radiograph with evidence of successful arthrodesis
of the facet and interbody space at C3/C4 and C4/C5

study demonstrated that there was no statisti-
cally significant difference between those
patients with spacers and those without in
terms of preoperative and postoperative lor-
dosis. No patient in this study developed
kyphosis [14]. Goel and Shah reported simi-
lar results with mild loss of lordosis with no
kyphosis in 36 patients [6]. Kasliwal et al.
reported on a series of patients who devel-
oped a nonsignificant loss of lordosis but
with improved outcome with the use of inter-
facet spacers and posterior instrumentation
after failed anterior instrumentation [5].

Complications and Strategies for
Avoidance

Risks involved with the placement of cervical
interfacet spacers are similar to that of tradi-
tional posterior fixation techniques. Nerve
injury, spinal cord injury, or vertebral artery
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injury is possible. When impacting the inter-
facet spacer, careful attention to the width of
the facet and location of the graft in relation-
ship to the spinal canal will negate this compli-
cation. In the summation of all cases of cervical
interfacet spacers, there have been no reported
vertebral or neurologic injuries directly related
to interfacet spacers [5, 6, 14].

Conclusion

Cervical interfacet spacers is a promising adju-
vant for the treatment of cervical spondylosis
where both fusion and foraminal enlargement is
desired. The use of cervical interfacet spacers is a
safe technique and adds minimal time compared
to traditional posterior fusion techniques.
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Introduction

Multilevel cervical stenosis and resultant
myelopathy can arise from ventral and/or dorsal
compressive structures. Examples of ventral
pathology include disc osteophyte complexes,
spondylotic bars, or ossification of the posterior
longitudinal ligament (OPLL). These patholo-
gies lead to greater cord compression in the set-
ting of congenital stenosis. Dorsal pathology can
include hypertrophied or ossified ligamentum
flavum. There is a wide variety of surgical
options for addressing multilevel cervical steno-
sis, which can be broadly categorized into ante-
rior, posterior, or combined approaches. Anterior
approaches can directly address ventral com-
pressive pathology and include procedures such
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as anterior cervical discectomy or corpectomy
combined with fusion. Posterior options are able
to directly address dorsal compressive pathol-
ogy, but can also achieve indirect cord decom-
pression by allowing the cord to drift posteriorly
away from anterior pathology as long as the cer-
vical alignment is not excessively kyphotic.
Posterior procedures that have been used to
address multilevel stenosis include multilevel
laminectomy alone, laminectomy and fusion,
laminoplasty, and skip laminectomy.

Multilevel laminectomy without fusion was
traditionally used to effect multilevel neuro-
logic decompression, but was complicated by
high rates of postoperative kyphosis and is not
routinely recommended today [1, 2]. Multilevel
laminectomy with fusion minimizes the risk of
postoperative kyphosis; however, it does so at
the expense of cervical motion, requires more
stringent postoperative restrictions, has higher
implant costs, has greater risk of complica-
tions, and may be associated with the potential
for accelerated adjacent segment degeneration
(ASD).

Laminoplasty is a posterior method for spinal
cord decompression that was originally devel-
oped as an alternative to multilevel laminectomy
[3]. Laminoplasty achieves decompression of
the spinal canal by expanding, but not com-
pletely removing, the posterior laminar arch.
Laminoplasty achieves decompression from
ventral pathology by allowing the spinal cord to
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drift posteriorly [4]. Laminoplasty affords several
advantages over laminectomy alone. First of
all, laminoplasty has a much lower rate of post-
operative kyphosis and thus potentially less
neck pain, deformity, or recurrent myelopathy.
Laminoplasty also avoids the development of a
post-laminectomy membrane, which can cause
recurrent cord compression. Additionally, the
preservation of bone stock and covering over the
dura can make a revision posterior operation
safer and easier to perform than after multilevel
laminectomies. Laminoplasty is also a motion-
sparing approach that has the advantage of
avoiding potential fusion-related complications
(e.g., nonunion, implant failure, potential for
accelerated ASD), and patients can also be more
aggressively rehabilitated in the early postopera-
tive phase.

Skip laminectomy is a newer technique that
was developed as a less invasive method of pos-
terior cervical decompression with the aim of
minimizing intraoperative damage to the cervi-
cal extensor musculature that can come with
laminoplasty [5]. This technique involves per-
forming standard laminectomies at appropriate
levels along with partial laminectomies of the
cephalad half of the laminae at other levels
where the muscle attachments are left undis-
turbed. Using this technique, decompression
from C3 to C7 can be accomplished with stan-
dard laminectomies of C4 and C6 and partial
laminectomies of the cephalad half of the C5
and C7 laminae. A recent systematic review of
the skip laminectomy literature showed no dif-
ference in postoperative neurological outcome,
range of motion, and cervical lordosis when
compared to laminoplasty for the treatment of
multilevel cervical spondylotic myelopathy [6].
However, patients undergoing skip laminec-
tomy did have a shorter operative time and less
blood loss. Most of the studies included in the
systematic review did not demonstrate a signifi-
cant difference in the complication rates between
the two techniques. The same systematic review
did highlight the fact that almost all of the pub-
lished studies have had small sample sizes, were
not randomized, and had a high risk of bias.

K.L. Juetal.

Thus, higher-quality, randomized controlled
studies are needed to better discern and compare
the outcomes following skip laminectomy for
the treatment of multilevel cervical spondylotic
myelopathy.

The purpose of this chapter will be to discuss
the indications, alternatives, risks, and different
techniques of cervical laminoplasty.

Indications and Patient Selection

Cervical laminoplasty is ideally indicated for
those patients with myelopathy due to multilevel
spinal cord compression at three or more motion
segments, little to no spondylotic axial neck pain,
and preserved cervical lordosis (Table 11.1).
Preoperative upright neutral lateral radiograph is
necessary for assessing cervical alignment and
ensuring there is no significant segmental insta-
bility. It is important to determine whether suffi-
cient posterior cord drift can be achieved after
posterior decompression by evaluating the
K-line. This is a straight line that connects the
midpoints of the spinal canal at C2 and C7. If
anterior impinging structures, such as OPLL, do
not intersect or cross posterior to the K-line, then
adequate drift back can likely be achieved with a
posterior decompression [4].

Myelopathic patients with significant axial
neck pain may have poorer results with lamino-

Table 11.1 Indications and contraindications for cervi-
cal laminoplasty

Contraindications

More than 13° of
cervical kyphosis

Indications

Cervical myelopathy
involving three or more
levels

Cervical alignment that is
lordotic

Ventral compressive
pathology intersects or
extends posterior to the
K-line

Primary complaint of
axial neck pain

Ventral compressive
pathology does not intersect
or extend posterior to the
K-line
Significant segmental
instability
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plasty, as this is a motion-preserving procedure
and thus not designed to address potential sources
of spondylotic axial neck pain such as facet
arthrosis or disc degeneration. Patients with
concomitant cervical instability may require a
fusion procedure, either with a decompressive
laminectomy or laminoplasty, to avoid any wors-
ening postoperatively. Rheumatoid arthritis is
also a relative contraindication to laminoplasty as
these patients may be at higher risk for postoper-
ative instability [7].

Preoperative Considerations

Preoperatively, it is important to check the
amount of neck extension and flexion a patient
can tolerate without developing any exacerbation
of their neurologic symptoms (e.g., increased
numbness, Lhermitte’s, etc.) and then take great
care to never exceed this during the intubation
and positioning process, especially in a severely
myelopathic patient. Determining the cranial-
most level to include in the laminoplasty also has
important implications. A laminoplasty of C3
requires detaching some of the extensor muscle
attachments along the caudal aspect of C2 in
order to get sufficient exposure to allow the open-
ing of C3. Disrupting these C2 muscle insertions
has been associated with increased postoperative
axial neck pain [8] and a greater loss of cervical
lordosis postoperatively [9]. Fortunately, patients
with multilevel myelopathy often do not have
stenosis at the C2/C3 disc level. This is advanta-
geous because then one can start the laminoplasty
at C4, which only requires dissecting the muscle
off the inferior portion of C3, allowing all muscle
attachments on C2 to remain undisturbed.
However, patients with stenosis above the level
of the C3/C4 disc (e.g., OPLL behind the C3 ver-
tebral body, stenosis at C2/C3, etc.) may require
a C3 laminoplasty, necessitating the detachment
of at least some of the muscle insertions on C2. In
a study by Michael et al., when the most proxi-
mal laminoplasty level was at C3, the average
postoperative loss of lordosis was 9° compared to
only 3° if the most proximal level was C4 [9].
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Surgical Technique
Positioning

Proper patient positioning is critical for facilitat-
ing a successful surgery and avoiding potential
complications. Mayfield tongs are typically used
to immobilize the cervical spine and also prevent
any pressure on the eyes and face. The patient is
then positioned prone onto longitudinal bolsters
on the operative table in order to diminish abdom-
inal pressure, and care is taken to pad the knees
and lower legs. The foot of the operative bed is
then flexed up, which bends the knees and pre-
vents the patient from sliding caudally as the
table is placed into a reverse Trendelenburg posi-
tion in order to decrease venous pressure at the
surgical site. Next, the shoulders are gently pulled
caudally and taped in this position to both keep
them out of the way for lateral x-ray localization
and also to reduce redundant skinfolds along the
back of the neck. It is important to not tape the
shoulders with excessive force, as this may lead
to a brachial plexus neurapraxia. The neck is then
placed into a neutral to slightly flexed alignment.
Avoiding neck extension during positioning is
important for a couple of reasons. First, neck
extension generally results in further narrowing
of the canal diameter and thus can worsen spinal
cord compression. Second, neck extension results
in more overlap and shingling between adjacent
laminae, making the operation more difficult to
perform. Typically, once the neck position is
properly set during positioning, it does not need
to be changed during the laminoplasty procedure.
However, if one is performing a fusion in con-
junction with laminoplasty, it will be important to
reposition the neck into an appropriate amount of
lordosis prior to securing the instrumentation.

Anesthesia

When operating on myelopathic patients, it is
important to develop a plan with anesthesia. For
these patients having symptomatic spinal cord
compression, anesthesiologists need to avoid
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neck extension more than what the patient could
tolerate preoperatively. This may necessitate
using a video laryngoscope (e.g., GlideScope) or
even a fiber-optic intubation in patients who can-
not tolerate much neck extension without devel-
oping neurologic symptoms or who have difficult
airways. Furthermore, it is important to maintain
adequate spinal cord perfusion intraoperatively,
being especially mindful during anesthetic induc-
tion and when raising the head to place the patient
in a reverse Trendelenburg position. There is no
consensus on the optimal intraoperative blood
pressure, but keeping the mean arterial pressure
(MAP) above 80 mmHg is a good guideline.
Those patients with significant preoperative
hypertension may require a higher MAP goal
throughout the surgery. An arterial line can be
necessary for those with labile blood pressure or
when cuff readings are not reliable.

Neurologic Monitoring

Although there are no absolute accepted guide-
lines, intraoperative neurophysiological monitor-
ing is generally used during laminoplasty. Even
though laminoplasty does not involve deformity
correction, monitoring still provides potentially
useful information. Baseline readings should be
obtained just after positioning to serve as a point
of comparison throughout the case. Pre-
positioning baselines in the supine position may
also be considered in those with severe myelopa-
thy to detect any malpositioning when the patient
is turned prone, but we do not routinely find this
necessary. Excessive cervical traction or exten-
sion can adversely affect neuromonitoring sig-
nals due to stretching or increased compression
of the spinal cord, respectively. Monitoring can
also help detect cord hypoperfusion, which can
occur from a drop in blood pressure, oxygen-
ation, or hematocrit. It is also helpful for identify-
ing positioning-related nerve compression in the
extremities or excessive traction on the brachial
plexus from forcefully taping the shoulders.
Even though motor evoked potentials (MEPs)
have generally become the standard of care with
deformity surgery due to their high sensitivity in
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detecting neurologic injury during correction
maneuvers, the utility of MEPs during lamino-
plasty remains unclear. MEPs may be more sen-
sitive than somatosensory evoked potentials
(SSEPs), but they are less specific and thus more
prone to false-positive results as MEPs tend to be
more affected by anesthetic and other factors
[10]. Opponents of using MEPs during lamino-
plasty argue that false-positive results require
searching for a possible cause, which can lead to
increased operative time and unnecessary maneu-
vers that can be counterproductive (e.g., remov-
ing fixation devices that may not be problematic,
converting to a full laminectomy to be certain
there is no cord compression under the lamina, or
possibly even aborting the surgery). As a result,
the authors typically use SSEPs, but not MEPs,
during routine laminoplasty.

Exposure

The posterior cervical spine is exposed via a mid-
line longitudinal approach, taking care to stay
strictly in the midline raphe in order to minimize
muscle damage and bleeding. Once down to the
spinous processes, exposure is continued sub-
periosteally along the lamina laterally to just
beyond the lateral mass-laminar junction. During
the approach, we do not attempt to preserve the
supraspinous or interspinous ligaments as the
spinous processes will ultimately be removed. If
plate fixation will be used, the central portion of
the lateral mass will need to be exposed a little
further to accommodate the plate. However, the
remainder of the facet joint should be kept intact
as much as possible. Also, the muscle attach-
ments to C2 and C7 should be left intact when-
ever possible in order to help preserve the
integrity of the cervical extensor mechanism.
After exposure has been obtained and the correct
levels verified with an intraoperative radiograph,
the interspinous ligaments at the top and bottom
of the construct are removed. The ligamentum
flavum at both ends of the construct can also be
excised at this time with a Kerrison rongeur, or it
can be removed after the laminae have been
opened.
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Creating the Opening Trough

The first step is to create the opening trough. By
completing the opening trough first, one is able to
lift up on the lamina and serially test the “springi-
ness” of the hinge to guide how deep the hinge
trough needs to be burred in the next step. In those
patients with purely myelopathic findings, the
authors favor opening from the side with greater
radiographic compression or clinical symptoms.
For patients with concomitant root compression,
foraminotomies are easier to perform on the open
side, although they can be performed on the hinge
side. The opening trough is created at the lateral
mass-laminar junction by using a burr to go
through the dorsal cortex and cancellous bone and
thinning down the ventral laminar cortex until
there is only a thin shell of bone remaining. Our
personal preference is to use a 3 mm matchstick
burr to accomplish this. A curette or small
Kerrison rongeur is then used to remove the
remaining flake of bone. Sufficiently thinning the
bone is important as it allows smaller instruments
to be used, minimizing canal intrusion, epidural
bleeding, and possible spinal cord injury.

Of note, it is often necessary to focus the burr-
ing along the cephalad aspect of each lamina as
this is the area that tends to be both thicker and
potentially covered by the overhang, or “shin-
gling”, of the caudal aspect of the superior lam-
ina. Paradoxically, burring in this cephalad region
requires extra caution because, whereas the dura
is protected by the ligamentum flavum along the
inferior portion of the lamina, there is no protec-
tive flavum along the cephalad aspect of the lam-
ina. As the lamina is thinned, it becomes
somewhat translucent, and one can appreciate the
yellowish hue of the underlying ligamentum
along the caudal aspect of the lamina and, along
the cephalad aspect, the bluish hue of the under-
lying dura or the crimson of the longitudinal epi-
dural veins. Once this color change is seen, the
bone is sufficiently thin enough to be removed
with a curette or small Kerrison rongeur. As the
lamina is being thinned, a Penfield 4 or angled
micro-curette can also be used to periodically
palpate whether the lamina has been completely
divided or not.
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Creating the Hinge Trough

Next, the hinge trough is created at the contralat-
eral lateral mass-laminar junction. However, this
time only the dorsal cortex and the cancellous
bone are burred away, leaving the rest of the ven-
tral bone intact to serve as a hinge. For the same
reasons as discussed above, deeper burring will
be needed along the cephalad portion of each
lamina. As the hinge is progressively thinned, it
is repeatedly tested for pliability by using a nerve
hook or curette to lift dorsally along the cut edge
of the lamina created during the opening trough.
It is important to not thin the bone excessively in
order to maintain a “springy” hinge. However,
great care must be taken whenever testing the
hinge to ensure that the lamina does not acciden-
tally recoil and slam down onto the dural sac. If
the hinge becomes completely incompetent at
some point during the procedure, either through
excessive burring or hinge fracture, it can be
reconstructed with a hinge plate that fixates the
lamina to the lateral mass on the hinge side,
effectively creating a stable “hinge.” However,
we have found that hinge plates are generally not
necessary if stable fixation can be provided on
the open side. We prefer to use plate fixation to
keep the laminoplasty open, which typically
affords enough stability in the setting of an
incompetent hinge to allow the hinge side to heal
without the need for a hinge plate.

Opening the Laminae
and Application of Fixation

Once the opening and hinge troughs have been
created, the laminoplasty is sequentially opened
by lifting the lamina dorsally away from the
canal one level at a time. The surgeon can
accomplish this by using a curette to lift dorsally
on the cut edge of the lamina while the assistant
places an angled curette or nerve hook along the
same cut edge to help hold it open. As the lamina
is being held open by the assistant, the ligamen-
tum flavum at each segment along the opening
side will come under stretch and is resected with
a Kerrison rongeur. Similarly, the ligamentum
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flavum extending across the interlaminar space
at the cranial and caudal ends of the construct
should be resected at this time if this has not
been done already. As the flavum is excised, epi-
dural bleeding may be encountered and should
be controlled with bipolar cautery or thrombin-
gelfoam. This bleeding can be quite vigorous at
times, but will often subside substantially once
the entire length of the construct has been opened
and the tourniquet effect on the epidural veins is
released.

Once the entire length of the laminoplasty has
been opened, fixation is applied to maintain this
opened position. There are several different tech-
niques for stabilizing and maintaining the
expanded canal, including sutures passed around
the base of the spinous process and into the hinge
side facet (Hirabayashi technique), bone struts
(either spinous process autograft or rib allograft)
wedged across the open side from the cut edge of
the lamina into the lateral mass, or plate fixation.
The authors prefer plate fixation as it affords
more secure fixation than the alternative methods
and is easy and safe to apply. Typically, each
level is instrumented with two screws placed into
the lateral mass and either one or two screws into
the hemi-lamina on the opening side.

According to Matsumoto et al., premature
laminoplasty closure occurs in up to 34% of seg-
ments with suture fixation, and bone struts can
dislodge into the spinal canal causing neurologic
compression [11]. In contrast, a study of 217
laminoplasty levels with plate fixation alone and
no supplemental bone graft demonstrated no pre-
mature closures, plate dislodgements, or plate
failures [12]. In addition, CT scans confirmed
that 93% of hinges were healed by stringent cri-
teria at 12 months postoperatively and the
remaining 7% had a stable fibrous union that
maintained an expanded canal without cord
compression.

Foraminotomy
Foraminotomies can be done where necessary.

However, there is no conclusive evidence on
whether prophylactic C4/C5 foraminotomy
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decreases the incidence of postoperative C5 root
palsy. The authors will generally perform a C4/
C5 foraminotomy on the opening side after the
plate fixation has been applied. However, if a
foraminotomy is needed on the hinge side, it
should be performed prior to opening the lamino-
plasty, as this process limits access to the hinge
side to perform the foraminotomy.

Occasionally, lateral mass fusion is per-
formed in conjunction with laminoplasty. The
benefit of “laminoplasty and fusion” versus
“laminectomy and fusion” is that the former
provides a larger surface area for bony fusion.
However, this is at the expense of using the
laminae for local autograft. Additionally, the
sequence of instrumentation needs to be appro-
priately orchestrated because lateral mass
screws need to be inserted prior to opening the
laminoplasty. In general, we prefer laminec-
tomy and fusion over laminoplasty and fusion
for the reasons above.

French-Door Laminoplasty

French-door laminoplasty is similar to the open-
door variant discussed above, but involves cre-
ating a midline opening trough through the
spinous process and bilateral hinge troughs at
the lamina-lateral mass junction. The technique
for creating the opening and hinge troughs is
identical to those used in the open-door proce-
dure. Once all three troughs are created, the
hemi-laminae are then opened bilaterally and a
graft or plate is inserted in the midline to keep
the two doors open. This technique tends to
result in less epidural bleeding than the open-
door technique because the epidural veins are
generally located along the lateral aspect of the
spinal canal.

We generally favor the open-door technique
because it is simpler and potentially safer to per-
form because burring is always performed lat-
eral to the spinal cord, thus minimizing the risk
for direct injury to the spinal cord during the
creation of either the hinge or opening troughs.
The French-door technique involves opening
the canal directly dorsal to the spinal cord and
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thus carries with it the potential for spinal cord
compression as instruments are used to create
the midline opening.

Open-Door Laminoplasty
with Unilateral Muscle-Ligament
Complex Preservation

This is a variation of the traditional open-door
laminoplasty technique discussed earlier that was
introduced by Yoshida et al. with the goal of pre-
serving much of the posterior ligaments and mus-
cle attachments along the hinge side of the
cervical laminae [13]. Proponents of this proce-
dure tout its lower incidence of postoperative
axial neck pain and better maintenance of post-
operative cervical alignment and range of motion
[14-16].

With this technique, the paraspinal muscles on
the opening side are elevated to expose the hemi-
laminae (Fig. 11.1a). An osteotomy is then per-
formed at the base of the spinous process to
detach the spinous process from the lamina at

Fig. 11.1 Open-door laminoplasty with unilateral
muscle-ligament complex preservation. (a) Hemi-laminae
on the opening side are exposed. (b) Spinous processes
are detached at each of the laminoplasty levels. (¢) A hole

each of the operative levels (Fig. 11.1b). A hole is
then burred through the spinous process
(Fig. 11.1c) so that it can be secured to the opened
laminae once the laminoplasty is opened. The
spinous processes with the preserved unilateral
muscular attachments are then retracted toward
the hinge side to facilitate exposure of the contra-
lateral lamina-lateral mass junction (Fig. 11.1d),
completing the bilateral exposure to allow the
creation of the opening and hinge troughs as dis-
cussed earlier in this chapter. Just prior to creat-
ing the troughs, the hemi-laminae on the opening
side are decorticated with a burr (Fig. 11.2a).
Once both troughs are made and the laminoplasty
opened, a hole is burred through the ipsilateral
hemi-lamina at each level (Fig. 11.2b). The pre-
viously osteotomized spinous process, with its
preserved muscular attachments, is now secured
to the surface of the decorticated hemi-laminae to
keep the laminoplasty open (Fig. 11.2c). This is
accomplished by passing titanium cables through
the drill holes in the spinous process and its cor-
responding hemi-lamina (Fig. 11.2c). A sche-
matic of the final construct is seen in Fig. 11.2d.

“

is drilled through each detached spinous process for later
reattachment to the opened lamina. (d) The contralateral
hemi-laminae are exposed
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Fig. 11.2 Open-door laminoplasty with unilateral
muscle-ligament complex preservation. (a) Decortication
of the hemi-laminae on the opening side. (b) After the
opening and hinge troughs are created, a hole is drilled
through each hemi-lamina on the opening side. (¢) At each

Finally, the paraspinal muscles on the opening
side are sutured back to the spinous processes
and the wound is closed.

Closure

As with any posterior cervical procedure, a lay-
ered closure of the muscle, fascia, subcutaneous,
and skin layers is important. After a deep drain is
placed, the cervical extensor muscles are first
reapproximated with Vicryl sutures. This is fol-
lowed by figure-of-eight stitches to securely
close the fascial layer in a watertight fashion.
With each interrupted figure-of-eight suture, the
fascia is reattached to the underlying muscle. It is
important that this fascial layer be accurately
identified, especially since it may be retracted lat-
erally by the end of the case when the wound is
being closed. The subcutaneous and skin layers
are then closed in separate layers and the incision
covered with a sterile dressing.

Postoperative Care
Since the goal of laminoplasty is to preserve
motion, we do not typically put patients in a

laminoplasty level, the spinous process is now secured to
the previously decorticated hemi-laminae with titanium
cable. (d) A schematic showing the final laminoplasty
construct

cervical collar postoperatively. In fact, we
encourage patients to move their necks as toler-
ated after surgery. Patients are instructed to
work on cervical extension as soon as possible
and to avoid flexion of the neck. Patients are
typically discharged 1-2 days after surgery.

lllustrative Case

History A 78-year-old woman with cervical
myelopathy involving the upper and lower
extremities. She complained of progressive gait
imbalance, hand clumsiness, and numbness and
tingling involving the hands. She denied pain, in
either the neck or arms.

Physical Exam Preserved strength in the bilat-
eral upper extremities with the exception of 4/5
strength in the bilateral finger flexors and interos-
sei. She has 3+ deep tendon reflexes in the
bilateral biceps, brachioradialis, and triceps with
a positive Hoffmann’s and inverted brachioradia-
lis reflex in both arms.
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Radiographical Imaging Preoperative neutral
lateral radiograph (Fig. 11.3) demonstrated mul-
tilevel spondylosis with preservation of lordosis.
Preoperative MRI (Fig. 11.4) showed multilevel
cord compression from C3 to C6.

Treatment The patient underwent a C4-C6
open-door laminoplasty and C3 laminectomy
without complication (Fig. 11.5).

Outcome Postoperatively, she had rapid
improvement in the numbness and tingling in her
hands. Over the next several months, her gait
gradually improved as did the strength in her fin-
ger flexors and interossei. She is over 1 year post-
op now and has not had any deterioration in her
neurological status.

Technical Pearls
e Positioning the patient with some cervical

flexion helps facilitate the operation by
decreasing the shingling of the lamina.
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Fig. 11.3 Preoperative neutral lateral cervical
radiographg of a 78-year-old woman with progressive
cervical myelopathy showing multilevel spondylosis with
preservation of lordosis

Fig. 11.4 Preoperative cervical MRIg of a 78-year-old woman with progressive cervical myelopathy demonstrating
spinal cord compression from C3 to C6
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Fig. 11.5 Postoperative neutral lateral cervical radio-
graph after C3 laminectomy with C4 to C6 open-door
laminoplasty

* Keep the patient’s blood pressure normoten-
sive and maintain mean arterial blood pressure
to a minimum of 80 mm Hg.

e If asymmetric compression is present, it may
be beneficial to open the laminoplasty on the
more affected side.

e If unilateral foraminotomies are planned, then
one should consider making the opening
trough on the ipsilateral side as foraminoto-
mies are easier to perform on the opening side
of the open-door laminoplasty.

e The cephalad portion of each lamina is
thicker and deeper; thus, this region will
require more burring than the caudal aspect
of the lamina.

* When creating the hinge trough, repeatedly
checking how easily the lamina will open is
critical for avoiding a hinge that is too stiff on
the one hand or too floppy on the other. Be
sure that the opening trough is complete
before proceeding onto making the hinge; oth-
erwise, it will be impossible to judge how

much to thin the hinge bone because the lam-
ina will still be tethered on the opening side.

e To open the laminoplasty, use a curette to lift
up on the cut edge of the lamina while the
assistant places an angled curette or nerve
hook along the same cut edge and holds the
lamina open. Repeat this for each level of the
laminoplasty.

Complications and Strategies
for Avoidance

Axial Neck Pain

Laminoplasty has often been associated with
symptomatic postoperative axial neck pain.
However, the literature is not clear as to whether
this pain is simply a persistence of preoperative
spondylotic pain or de novo pain postoperatively.
There are mixed reports on this phenomenon as
some have published a relatively high rate of
new-onset postoperative neck pain [17], while
others contend that persistence of preoperative
pain is more common [18].

In the authors’ experience, appropriate patient
selection is the most critical factor to avoiding
postoperative axial neck pain. Typically, those
who deny significant neck pain preoperatively do
not develop long-term axial pain postoperatively,
which is why we believe laminoplasty is indicated
for patients without significant preoperative spon-
dylosis or axial neck pain. On the other hand,
patients with severe preoperative axial neck pain
who undergo laminoplasty will likely have a
worsening, or at least lack of resolution, of that
pain postoperatively. Of note, there is literature to
support that preserving the C2 muscle attach-
ments diminishes postoperative axial pain [8].

Loss of Cervical Lordosis

Even though laminoplasty was developed as a
means to avoid post-laminectomy kyphosis,
some loss of lordosis does occur even with lami-
noplasty. Fortunately, it is rarely of the cata-
strophic variety that can be seen with multilevel
laminectomy without fusion. According to Suk
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et al., patients tend to lose approximately 5° of
lordosis after C3—C7 open-door laminoplasty,
and 11% developed postoperative kyphosis [19].
As discussed earlier, a recent study demonstrated
that starting the laminoplasty at C4 results in less
loss of lordosis than if the laminoplasty extends
up to C3 [9]. Another risk factor for postopera-
tive kyphosis is a preoperative lordosis <10°,
which is why we recommend laminoplasty for
patients with well-preserved lordosis. Patients
with kyphotic cervical spines may be better can-
didates for laminectomy and fusion, anterior sur-
gery, or combined anterior-posterior surgery.

Wound Complications

Postoperative infection can occur, as with any
surgical procedure, and it is well documented
that posterior cervical procedures, including
laminoplasty, are associated with higher rates of
infection (approximately 1-2%) than anterior
cervical surgery. Meticulous attention to sterile
technique and multilayered closure may be help-
ful in decreasing infection rates. During closure,
the authors routinely use a subfascial drain and
approximate the cervical extensor muscles prior
to performing a watertight fascial closure to
diminish the dead space within the surgical bed.

Neurologic Injury

Fortunately, iatrogenic spinal cord injury is a rare
complication during laminoplasty. As empha-
sized previously, whenever testing the hinge or
opening the laminoplasty, great care must be
taken to prevent the laminae from recoiling back
onto the dura and injuring the spinal cord.

What is more common is the development of a
postoperative root palsy, which has a reported
incidence of 5-12% after laminoplasty and most
commonly affects the C5 root resulting in deltoid
and/or biceps weakness [20]. C5 root palsies may
also occur with laminectomy, laminectomy and
fusion, and even anterior cervical surgery, but
direct comparison of rates among the different
approaches remains controversial in the current
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literature. These root palsies tend to be motor-
dominant, but sensory dysfunction and radicular
pain are also possible. Although this complica-
tion can present at any point postoperatively,
from immediately to a few weeks after surgery, it
typically presents a few days after the procedure.
Several theories have been proposed as to its eti-
ology, but it is most likely multifactorial and may
involve stretching of the involved root as the cord
drifts into the decompressed space. As alluded to
previously, the utility of prophylactic foraminot-
omy in lowering the rate of postoperative root
palsy is unclear. Recovery of useful motor func-
tion usually occurs over 6-12 months in the
majority of patients, though some will be left
with residual deficits.

Conclusion

Multilevel cervical stenosis with resultant
myelopathy is a problem with several possible
solutions. Multilevel anterior cervical discec-
tomy and fusion can effect neurologic decom-
pression, but pseudoarthrosis, dysphagia, and
dysphonia are real concerns when multiple levels
are being addressed. Additionally, conditions like
OPLL can make an anterior approach less desir-
able. An alternative is multilevel posterior cervi-
cal decompression and fusion; however this
procedure sacrifices cervical motion and is asso-
ciated with higher implant costs and the potential
for accelerated adjacent segment degeneration.
Laminoplasty, on the other hand, is a safe,
motion-preserving operation that can effectively
decompress the spinal cord in the properly
selected multilevel cervical spondylotic myelop-
athy patient, i.e., those with little to no axial neck
pain, no significant cervical instability, and a lor-
dotic cervical alignment.
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Introduction

Posterior cervical fusion techniques have been
employed to address acute as well as chronic
pathologies. These techniques can be used in
the setting of trauma or instability requiring
stabilization of the axial or subaxial spine.
Alternatively, it can be used for decompression
and stabilization in the setting of cervical
spondylotic myelopathy, one of the leading
causes of chronic degenerative neurologic
decline [1, 2]. Specifically, minimally invasive
posterior cervical fusion techniques provide an
alternative to traditional open procedures.
Minimally invasive techniques were initially
limited to decompressive procedures but are
now commonly used for instrumentation and
fusion as well [3-5].

The safety and efficacy of minimally invasive
posterior cervical decompression was initially
described by Adamson and then subsequently by
Fessler and Khoo [3, 4, 6]. Wang et al. later
described the safety and efficacy of minimally
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invasive posterior cervical fusion techniques. The
long-term results of these minimally invasive
fusion techniques were described by Wang and
Levi, where they found no complications or
pseudarthroses at 2 years. Similar findings were
again confirmed by Fong and DuPlessis and other
series [7-9]. Over the last decade, there has been
a noticeable shift toward minimally invasive pro-
cedures. This is likely multifactorial, including
improvements in the technology of the tubular
retractor systems, improvements in intraopera-
tive imaging, and the natural learning curve for
surgeons incorporating these techniques into
their practice.

With appropriate patient selection and surgi-
cal technique, minimally invasive procedures can
achieve the same goal as open procedures while
minimizing complications.

One of the main advantages to this tech-
nique is that it maintains the integrity of the
posterior tension band. Additionally, it mini-
mizes muscle dissection, which decreases sur-
gical blood loss and postoperative pain, thus
shortening hospital stays [10-13]. Finally, it
also decreases prolonged muscle retraction
which can lead to devascularization and dener-
vation injury as has been previously described
in animal models, as well as in the lumbar
spine [14, 15]. The goal of this chapter is to
elucidate the process of patient selection for
such procedures and to detail the nuances of
the surgical technique.
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Indications and Patient Selection
Patient Selection

The choice of surgical approach is largely deter-
mined by the patient’s clinical picture as well as
image findings. Patients eligible for posterior cer-
vical decompression and fusion include those with
progressive symptoms of myelopathy including
motor or sensory deficits, gait instability, and
bowel or bladder dysfunction. Patients with C1-
C2 instability secondary to chronic processes such
as rheumatoid arthritis and os odontoideum or
more acute processes such as odontoid fractures
can also be good candidates for posterior cervical
fusion. If cervical pathology extends over several
segments, a posterior approach is preferred over
an anterior approach by some surgeons [5].
Furthermore, for patients undergoing multi-level
anterior decompression, posterior supplementa-
tion can be considered to prevent hardware subsid-
ence as bony fusion takes place [16].

Generally, these aforementioned indications
are suitable for patients undergoing either open
or minimally invasive techniques. One important
consideration is that minimally invasive posterior
cervical fusions are generally limited to three
vertebral levels.

Patients with a rotatory component to their
atlantoaxial instability may not be good candidates
for minimally invasive procedures as the anatomy
can be distorted. Additionally, in order to correct
the rotatory component, it may be necessary to
release the muscular and ligamentous attachments,
thus making a minimally invasive approach not
feasible. Patients with a significant kyphotic defor-
mity or sagittal imbalance should not be addressed
from a solely posterior approach and are not good
candidates for minimally invasive approaches
[17]. Finally, the patient’s body habitus is also an
important consideration as it can make intraopera-
tive visualization of bony landmarks a challenge.

Radiographic Imaging
Imaging studies including MRI and computerized

tomography (CT) should be obtained to confirm
the presence of cervical compressive pathology.
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The most common pathologies causing com-
pression of the spinal cord include osteophytes,
ossified posterior longitudinal ligament, and
hypertrophied ligamentum flavum. This can lead
to intrinsic T2 signal change in the spinal cord or
myelomalacia if present for prolonged periods of
time.

Obtaining a CT scan with sagittal and coronal
reconstructions is particularly important for eval-
uation of the bony anatomy to determine orienta-
tion of the facet joints, the size of the lateral
masses and pedicles, and the location and course
of the vertebral artery within the foramen trans-
versarium. If it appears that the vertebral artery
has a tortuous or unconventional course, a CT
angiogram can be obtained to evaluate its course.
This can be useful for surgical planning in order
to avoid intraoperative injury [18].

Flexion-extension plain radiographs should
also be part of the diagnostic workup. In the set-
ting of atlantoaxial pathology, flexion-extension
radiographs can provide information about the
presence and degree of dynamic instability.

Preoperative Considerations
Patient Counseling

The goals of surgery and, specifically, the advan-
tages and disadvantages of a minimally invasive
approach must be made clear to the patient.
Rather than reverse neurologic damage, the goal
of this surgery is to prevent further neurologic
decline from compressive pathology or instabil-
ity. While this approach attempts to minimize
complications, there is still the potential for neu-
rologic injury that can be clinically relevant.
These risks include damage to neurologic
structures including the spinal cord itself or a
nerve root leading to motor deficits, sensory
deficits, bowel and bladder dysfunction, or
focal weakness such as a deltoid palsy. There is
also a possibility of vascular complications
such as an epidural hematoma requiring re-
operation or a vertebral artery injury that can
lead to stroke or death. Additionally, minimally
invasive approaches introduce the possibility of
cerebral spinal fluid leaks that can be difficult
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to repair and can lead to fistulas or wound com-
plications in the long term. Delayed complica-
tions are similar to that of open procedures and
can include hardware breakdown, failure of
fusion, or adjacent segment disease.

It is important to counsel patients that if the
goals of surgery cannot be adequately achieved
through minimally invasive methods, there is
always the possibility that the procedure will be
converted to an open procedure. Patients must
understand prior to surgery that this does not rep-
resent a failure of the procedure, but rather a
dynamic intraoperative decision made to suc-
cessfully achieve the goals of surgery while
avoiding complications.

Anesthesia and Positioning

Minimally invasive posterior cervical procedures
are performed under general anesthesia. In all
patients undergoing an operation for cervical ste-
nosis or instability, particular attention must be
paid to the alignment of the neck during intuba-
tion. Neutral positioning should be maintained at
all times. For patients with instability secondary
to fractures, a cervical collar must be kept in
place during intubation and an asleep fiberoptic
intubation should be performed. For patients
whose symptoms are exacerbated by gentle
motion or with a tenuous neurologic exam, an
awake fiberoptic intubation should be consid-
ered. The endotracheal tube should be tightly
secured using tape. During positioning, the cir-
cuit should be disconnected and the anesthesiolo-
gist should be aware of the endotracheal tube at
all times to prevent unintentional extubation.

An arterial line should be placed in order to
monitor mean arterial blood pressure continu-
ously throughout the procedure. The blood pres-
sure should be maintained in the normotensive
range and can be increased pharmacologically if
there is concern for decreased spinal cord perfu-
sion during a particular portion of the procedure,
such as the decompression. A Foley catheter can
be placed by the surgical team if deemed neces-
sary. A single dose of prophylactic antibiotics
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should be given by the anesthesia team within
1 hour of start time.

The eyes should be protected with occlusive
bandages to prevent mechanical injury or chemi-
cal burns from prep solutions during the time the
patient is in the prone position. The head is fixed
to a Mayfield three-point fixation device (Integra
LifeSciences Corporation, Cincinnati, Ohio).
The patient is carefully turned into the prone
position on an operating table with two parallel
gel rolls. The Mayfield head holder is attached to
the operating table. The head is positioned in
slight military flexion for fusion procedures of
the subaxial spine. The degree of flexion can be
increased during positioning for atlantoaxial
fusions so as to open up the space between Cl
and C2. In the setting of fractures, a hard cervical
collar should be in place during the flip, and the
head adjustments for final positioning should be
done under fluoroscopic guidance in order to
reduce and align the fractured segments. If neces-
sary, tape can be used to retract the shoulders
caudally and should be secured to the operating
table. The feet should be elevated and the operat-
ing room table should be placed in reverse
Trendelenburg for final positioning. This, along
with avoidance of hypotension, helps prevent
postoperative visual loss. A fluoroscopy machine
should be available for image guidance through-
out the entirety of the procedure. Alternatively,
three-dimensional fluoroscopy and CT-based
image guidance have also been used to increase
accuracy of hardware placement [19].

Neurophysiologic Monitoring

Neurophysiologic monitoring should be used
during all minimally invasive posterior decom-
pression and fusions. Baseline somatosensory
evoked potentials (SSEPs) and motor evoked
potentials (MEPs) should be obtained once the
patient is asleep. If there are residual paralytics
on board after intubation, it may not be possible
to obtain baseline signals. In order to obtain reli-
able signals throughout the case, total intrave-
nous anesthesia must be used.
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Any change in neurophysiologic monitoring
throughout the case must be taken seriously. A
methodical approach should be taken to address
this. First, the neurophysiologic monitoring team
should ensure that all electrodes are appropri-
ately positioned and connected. Second, the
anesthesiologist must ensure that the patient is
still under total intravenous anesthesia and that
the patient has not received any volatile anes-
thetics or paralytics. Third, the surgeon should
ensure there is no structural compression of the
neural structures in the surgical field. It may be
necessary to reverse the steps of the operation
back to the point where neurophysiologic moni-
toring was stable. Once all of the above steps
have been confirmed, one can consider increas-
ing the mean arterial pressure greater than 85 to
increase perfusion to the spinal cord [20]. The
patient’s core body temperature should also be
brought to normal ranges as this can affect neu-
rophysiologic monitoring as well as anesthetic
metabolism [21]. Finally, one can consider a
wake-up test if none of the aforementioned inter-
ventions have worked.

Surgical Technique
MIS Atlantoaxial Fixation

Once the patient is in the appropriate position,
the fluoroscopy machine should be brought in to
confirm appropriate reduction at C1-C2. The
midline is marked and a starting point 2-2.5 cm
lateral to the midline is chosen (Fig. 12.1).
Alternatively, a slightly larger midline skin inci-
sion can be made and taken down to the fascia,
and then the fascial incision can be made off mid-
line. The trajectory is defined by inserting a spi-
nal needle parallel to the C2 spinous process
under fluoroscopic guidance. This trajectory
leads to the C2 lateral mass. The skin is incised
sharply at the previously marked incision cen-
tered around the spinal needle. Monopolar elec-
trocautery is used to dissect through the
subcutaneous tissues until fascia is reached. A
small cut is made in the fascia using the monopo-
lar electrocautery, and the smallest dilator from
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Fig. 12.1 For minimally invasive atlantoaxial fusions,
the incision should be made 2-2.5 cm off midline. The
spinous process of C2 can be used as a landmark and this
can be confirmed with lateral fluoroscopy

the Quadrant retractor set (Medtronic Sofamor
Danek, Memphis, TN) is passed down to the lam-
ina of C2. It is important to sharply incise the cer-
vical fascia. It is thick and requires a considerable
amount of force to pass the serial dilators which
could lead to violation of the canal and spinal
cord injury if the fascia is not sharply incised. A
working channel is created by passing serial dila-
tors (Fig. 12.2). The retractor is then placed over
the dilators and is fixed to the bed using a flexible
arm (Fig. 12.3). The retractor is opened superfi-
cially with the crank system and then flared out at
its depth. The dilators are removed taking care
not to dislodge the positioning of the retractor
(Fig. 12.4). This provides good exposure from
the C1 lateral mass to the C3 lateral mass.

The monopolar is used to complete the sub-
periosteal dissection for exposure of the C2 lat-
eral mass. The C2 pars is then traced along its
superior border until the C1-C2 facet joint is
reached. It is then dissected and exposed using
bipolar cautery and scissors. The C2 nerve root
is coagulated using bipolar electrocautery and
cut to allow for better visualization of and access
to the C1-C2 facet joint. This is well tolerated
with minimal numbness in the C2 dermatome
distribution and allows for improved surgical
visualization as well as increasing the surface
area for decortication and arthrodesis [22]. The
dissection is also continued cranially for expo-
sure of the inferior portion of the CI1 lateral
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Fig.12.2 TImage that depicts the working channel created
by the serial dilators. It is important to sharply incise the
thick cervical fascia prior to passing the dilators so as to
prevent violation of the canal and injury to neurovascular
elements

Fig. 12.3 The configuration of the retractor system
passed over the dilators and fixed to the bed using a flexi-
ble arm. Care must be taken when removing the dilators
so as to not dislodge the retractor system

mass. Throughout this dissection, the surgeon
must always maintain awareness of the location
of the vertebral artery in the sulcus arteriosus on
the superior surface of the C1 lamina.
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Fig. 12.4 Retractor system in place opened superficially
with the crank system and flared out at its depth to allow
for adequate visualization from C1 to C3

Once the anatomy is adequately exposed,
focus can be shifted to instrumentation and
arthrodesis. The C1-C2 facet joint is opened
using a small upgoing curette. A micro-facet
shaver (Medtronic Cornerstone, Memphis, TN)
is used to clean off the C1-C2 facet joint. The
articular surface is then decorticated. The facet
joint is packed with allograft bone chips mixed
with a cancellous matrix, a facet micrograft, or a
cervical facet unloading implant. The C1 lateral
mass and C2 pedicle screws are placed under
fluoroscopic guidance using the trajectory and
technique described by Harms and Melcher [23]
(Figs. 12.5 and 12.6). A rod is then cut, fit into
the polyaxial screw heads, and fixed into place
with set screws (Fig. 12.7). This is final tightened
using a torque/counter-torque device. The proce-
dure is completed bilaterally. The wounds are
copiously irrigated and closed in multiple layers.
There is no need for the placement of drains
given the small size of the wounds.

Subaxial Fixation

The patient is positioned prone as previously
described and lateral fluoroscopy is used
throughout the case. A 2-2.5 cm midline skin
incision is made with the entry point centered at
two spinal segments below the intended level of
instrumentation. Monopolar electrocautery is
used to dissect through the soft tissues until fascia
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Fig.12.5 Lateral fluoroscopic image of placement of C1
lateral mass pilot hole through a minimally invasive
approach using a tubular retractor system

Fig. 12.6 Lateral fluoroscopic image of placement of
C1-C2 screw and rod construct placed using a minimally
invasive approach

is noted. The fascia is sharply incised using
monopolar electrocautery to allow for the pas-
sage of the dilators. Serial dilators from the
Quadrant retractor set (Medtronic Sofamor
Danek, Memphis, TN) are placed in a trajectory
that is parallel to the facet joint in the sagittal
plane, hence the reason why the entry point must
be two levels below the intended level. An
expandable tubular retractor is placed over the
dilators, directed superolaterally in the intended
trajectory of the screw, and then fixed to the bed
using a flexible bed-mounted arm. Using the
crank system, the retractor is then opened super-
ficially and flared out at the depth of the expo-

Fig. 12.7 Intraoperative image of the C1-C2 screw and
rod construct as visualized through the tubular retractor
system

sure. Once the retractor is secured into place,
monopolar electrocautery is used to clean off the
overlying muscle and soft tissue so as to expose
the lateral mass. The facet joints are cleaned off
using small curettes and are then decorticated to
act as a surface for arthrodesis.

At this juncture, attention is paid to screw
placement. With the retractor in place, the supe-
rior, inferior, medial, and lateral borders of the
lateral mass should be identified for the place-
ment of each hole. The pilot hole can be per-
formed with a high-speed drill or an awl and
should be placed 1 mm medial and 1mm inferior
to the hillock of the lateral mass. Next, a power or
hand twist drill set to a fixed depth is used to drill
a hole within the lateral mass using the Magerl
technique [24, 25]. The drill is aimed 20-30° cra-
nially to avoid the neural foramen and 20 to 30°
laterally to avoid the vertebral artery within fora-
men transversarium.

The hole is then prepared with a 3.5 mm tap,
and bicortical cervical polyaxial lateral mass
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screws measuring either 3.5 or 4 mm in diameter
and 14 or 16 mm in length are placed. Slight
adjustments of the retractors are made to allow
for the placement of the screws at adjacent lev-
els. After the screws are placed on one side, a
connecting rod is placed down the retractor
lengthwise and then advanced cranially toward
the superior polyaxial screw head. The retractor
is then adjusted and lifted up slightly in order for
the inferior end of the rod to fit into the polyaxial
head of the screw at the caudal end of the con-
struct. Locking cap screws are then placed and a
torque/counter-torque device is used to final
tighten. This same procedure is carried out bilat-
erally. The wound is copiously irrigated. The
fascial incisions are closed and then the midline
incision is closed in multiple layers. Again,
given the small size of the wound, a drain is not
necessary.

Postoperative Management

Given the small incisions and minimal muscle
retraction, the postoperative pain that patients
experience is minimal compared to open proce-
dures. This is beneficial for purposes of early
mobilization which helps prevent deep venous
thrombotic complications. Additionally, the
blood loss is significantly less during these pro-
cedures [9, 11, 13, 26]. The absence of postoper-
ative anemia precludes the need for aggressive
resuscitation with intravenous fluids, and this
also helps patients mobilize more quickly after
minimally invasive procedures. Finally, patients
require smaller doses of narcotics which prevent
postoperative urinary retention and constipation.
All of these factors shorten the length of the hos-
pital stay and allow patients to begin physical and
occupational therapy to maximize their func-
tional status.

The decision to use a soft cervical collar, a
rigid cervical collar, or no collar at all depends
on the patient’s preoperative pathology and
intraoperative findings. In the setting of insta-
bility, patients can be kept in a rigid cervical
collar in the acute postoperative setting. Lateral
and anteroposterior (AP) cervical spine x-rays

are obtained either intraoperatively or postop-
eratively to evaluate the spinal instrumentation.
A CT may be obtained if there is a particular
concern about the instrumentation secondary
to intraoperative difficulties. There is no need
for routine use of steroids postoperatively.
Nonsteroidal agents should be avoided for
3 months. The patients should be evaluated at
2 weeks for an initial neurologic and wound
check and then followed sequentially with
x-rays to inspect the hardware as well as assess
for evidence of fusion.

Ilustrative Case A 54-year-old male presented
to the hospital after a fall while intoxicated com-
plaining of neck pain. A CT of the cervical spine
for evaluation of trauma revealed a Type II odon-
toid fracture. It was also noted on the preopera-
tive CT scan that the patient had a high riding
vertebral artery groove and a small C2 isthmus
(Fig. 12.8). The patient was neurologically intact
at presentation.

He underwent a C1-C3 minimally invasive
posterior instrumented fusion. C1 lateral mass
screws were successfully placed under fluoro-
scopic guidance using the technique described by
Harms and Melcher [23]. Given the findings on
the CT scan, the anatomy prohibited the place-
ment of adequate C2 pedicle screws (Fig. 12.9).
Therefore, the decision was made to place short
C2 pars screws and extend the construct down to
C3 for further supplementation (Fig. 12.10). The
patient remained neurologically intact and his
neck pain improved after surgery. At his 2-year
follow-up, dynamic imaging revealed a stable
construct, and the patient continued to do well
clinically. It is important to note from this case
that a minimally invasive approach does not pre-
clude the ability to extend the construct as needed
based on patient-specific anatomy.

Technical Pearls

e Minimally invasive cervical fusions are diffi-
cult due to limited access to the anatomic
landmarks that are normally available in an
open procedure. One of the keys is being able
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Fig. 12.8 (a) Sagittal and coronal computerized tomog-
raphy (CT) images revealing a Type II odontoid fracture.
(b) Sagittal and axial computerized tomography (CT)
images revealing high riding vertebral artery groove and a

Fig.12.9 Lateral fluoroscopic image of the placement of
C1 lateral mass and short C2 pars screws in a patient
whose anatomy was not suitable for placement of C2 ped-
icle screws

small C2 isthmus which precluded the placement of C2
pedicle screws. Consequently, the decision was made pre-
operatively to extend the construct to C3

Fig.12.10 Lateral fluoroscopic image of the C1-C3 con-
struct for the same patient
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to use fluoroscopic guidance as an adjunct in
order to correctly place the hardware.

¢ In the case of atlantoaxial fixation, the identi-
fication of the C1-C2 facet joint and its orien-
tation is critical not only to identify the starting
point for the C1 lateral mass screw but also
from an arthrodesis standpoint. Some authors
advocate for inferior retraction of the C2 nerve
root. However, we feel that sacrificing this
nerve root for better visualization of the anat-
omy is one of keys to success in this procedure
and carries minimal consequence.

Complications and Strategies
for Avoidance

Given the limited working space in minimally
invasive procedures, intraoperative complica-
tions can be difficult to manage. Again, as previ-
ously mentioned, it is crucial to obtain and
interpret fluoroscopic images as a guide to assist
in finding the correct anatomic landmarks that
dictate the starting point for the instrumentation
so as to prevent misplacing hardware. One of the
most dangerous complications when performing
a minimally invasive atlantoaxial fusion is injury
to the vertebral artery. If this occurs, a screw
should immediately be placed in the pilot hole to
tamponade the bleeding. The case should be
aborted at this point and the contralateral screw
should not be placed in order to avoid bilateral
vertebral artery injuries. If vertebral artery injury
occurs during the approach, it may be necessary
to hold pressure and convert to an open proce-
dure. The patient will need to have postoperative
angiography to assess and treat any intraopera-
tive vertebral artery injuries.

Conclusion

Minimally invasive posterior cervical instrumen-
tation is a valuable technique that should be in the
armamentarium of all complex spine surgeons. In
the properly selected patient, these techniques
reduce approach-related complications, blood
loss, and postoperative pain, while preserving the
efficacy of open posterior cervical fusions.
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Introduction

Multilevel laminectomy is commonly performed
for patients with cervical stenosis and may lead
to cervical kyphosis or swan neck deformity. Up
to 47% of patients who have undergone decom-
pression without concurrent fusion develop post-
laminectomy kyphosis [1]. Kaptain et al.
evaluated patients without sufficient preoperative
cervical lordosis and noted that they had signifi-
cantly higher rates of kyphotic progression post-
operatively than those with adequate preoperative
alignment [2]. Finite element analysis has shown
increased flexion after laminectomy, and in vivo
sheep models have confirmed this finding and
also shown that endplate chondrocyte apoptosis
may be involved in the pathway leading to
kyphotic deformity [3, 4]. Because nearly two-
thirds of the load in the cervical spine is borne
through the posterior column, disruption can pre-
dispose to altered biomechanics. However, cur-
rent evidence suggests that careful laminectomy
with meticulous preservation of facets and mus-
cle integrity can be performed without fusion for
properly indicated patients with cervical stenosis,
predominantly those with sufficient preoperative
lordosis [5-9].
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Van Geest et al. showed an 18% rate of post-
operative kyphosis after cervical laminectomy
for degenerative spinal cord compression; how-
ever, they reported that these cases occurred
nearly always in patients who had decreased cer-
vical lordosis preoperatively [7]. Li et al. per-
formed a long-term review of patients who had
undergone multilevel laminectomy for cervical
spondylotic myelopathy due to stenosis with lig-
amentum flavum hypertrophy [8]. In patients
who initially had cervical lordosis, they showed
that at mean follow-up of 12.1 years, the cervical
curvature index had significantly decreased;
however, despite a decrease in the amount of lor-
dosis, none had experienced neurologic deterio-
ration, and on average they had only mild pain at
follow-up.

Cervical deformities present debilitating prob-
lems to patients and have significant impact on
their quality of life. They can result in not only
pain and disability from loss of horizontal gaze
but also myelopathy and radiculopathy as the
deformity progresses. Severe cases can also result
in dysphagia and even chest sores from chin-on-
chest deformity. Additionally, they pose difficult
challenges to surgeons who seek to safely improve
their patients’ pain, disability, and deformity.
Before attempting to surgically intervene in these
cases, it is important to understand the etiology of
the deformity and also the various operative and
nonoperative treatment options available.

Cervical deformities can have several different
etiologies. A clear understanding of the reason
for the deformity and the history of any previous
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cervical or other spinal surgeries can help guide
treatment options. Cervical kyphotic deformities
are the most common types of deformities
encountered. Patients can develop cervical
kyphosis after laminectomy procedures or as a
result of prior fusion (surgically induced or
through autofusion, e.g., from ankylosing spon-
dylitis). Scoliosis, tumors, trauma, and compen-
satory change after thoracolumbar deformity or
correction can all be reasons for loss of normal
cervical alignment as well.

The goals of surgery must be tailored to each
individual patient. In general, one major goal of
surgery is pain control. Another major goal is
improvement of function which could include
restoration of neutral horizontal gaze. Another is
decompression of neural elements that might be
compromised in progressive deformities. It is
crucial to achieve a fixed fusion between verte-
bral levels which may require adjunct procedures
to achieve circumferential fusion. Finally, it may
be helpful to focus not only on cervical alignment
but also global spinal alignment to achieve
regional and global balance.

This chapter will describe various types of
cervical deformities and develop a framework of
understanding the conditions and how to
approach them in a stepwise fashion. First we
will discuss indications, patient selection, and
other preoperative considerations. Then we will
specifically address surgical options for manage-
ment of post-laminectomy kyphosis and fixed
cervical flexion deformities.

Indications and Patient Selection

Before surgical intervention, several factors must
be considered about the patient’s underlying
pathology and clinical situation. The surgeon
must elicit what brought the patient to the office,
whether that may be neurologic compromise,
pain, inability to maintain horizontal gaze, or
even cosmesis — or a combination of these. Some
may also complain of dysphagia or dysphonia as
a result of sufficient deformity.

Then the patient’s medical status must be
fully evaluated to determine if they are able to
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tolerate surgery including a full assessment of
their comorbidities, especially their cardiac and
pulmonary health. Nutritional, vascular, and
endocrine workup should also be performed in
order to optimize postoperative healing and rule
out deep venous thrombosis and osteoporosis.
Those with osteoporosis should be considered
for treatment with metabolic therapies preoper-
atively in order to avoid fractures at end verte-
brae with deformity correction. Additionally, it
is recommended that patients be weaned off nar-
cotics before surgery. Those on significant pre-
operative doses could require massive doses of
narcotics postoperatively, predisposing them
to risks such as respiratory depression and
pneumonia. Smoking cessation is essential for
healing before proceeding with any operation of
the magnitude needed to correct cervical
deformity.

Preoperative Considerations

Proper preoperative planning hinges on several
factors. These help determine whether to
approach the spine anteriorly, posteriorly, or
circumferentially and also help determine fusion
levels:

1. Flexibility of deformity. Surgery for flexible
deformities can be performed anteriorly,
posteriorly, or circumferentially based on
other considerations. Rigid deformities must
be treated with osteotomies, regardless of
whether the rigidity is due to natural diseases
such as ankylosing spondylitis or iatrogenic
etiologies as a result of prior fusion. These
osteotomies can also be done anteriorly,
posteriorly, or circumferentially.

2. Neurologic deficit. Presence of neurologic
compromise may help determine approach.
An anterior approach may be indicated if there
is anterior compression or severe foraminal
compromise that requires direct anterior
decompression rather than indirect deformity
correction. Similarly, posterior soft tissue
scarring may more successfully be managed
directly.



13 Correction of Post-laminectomy Kyphosis and Cervical Deformity 137

3. Osteoporosis. Poor bone quality necessitates should be instrumented. If the deformity is

circumferential fusion rather than a unilateral
approach in order to improve the strength and
stability of the construct.

. Other approach-related considerations. The
patient’s clinical and personal scenario as well
as their past medical history should be consid-
ered when deciding direction of approach.
Patients who are singers and those who have
had prior anterior surgery or anterior radical
neck dissections may have decreased risk with
posterior approach. In contrast, a posterior
approach may be more difficult in patients
who, for example, have dural ectasia (Fig. 13.1).
. Severity of deformity. Patients with severe
chin-on-chest deformity may be difficult to
access anteriorly. They may be best suited for
a posterior or circumferential approach.

. Location of deformity. The location of the
deformity helps determine the distal fusion
level. In general all laminectomized levels

focal, correcting it locally should be all that is
necessary. If the focal deformity is severe,
such that a posterior correction would leave a
large anterior gap, it may even be necessary to
perform an anterior arthrodesis. Anterior
arthrodesis should also be considered if poste-
rior fixation is deemed to be inadequate. If the
kyphosis is a compensatory phenomenon due
to a more distant deformity or otherwise part
of a more global deformity, full-length radio-
graphs must be considered to plan the order
and extent of correction.

All patients with post-laminectomy kyphosis
and cervical deformity should receive routine
multiplanar radiographs of the cervical spine, as
well as flexion-extension films to assess and
reveal the rigidity of the deformity. If the patient
has a severe local imbalance or global imbalance,
full-length films are necessary. An MRI can help

Fig. 13.1 Myelopathic 45-year-old lady status post anterior-only operation. Although the results are not per-
C4-C6 laminectomy for astrocytoma at age 15. Because  fect, it is a vast improvement and avoided possible dural
of the patulous dura posteriorly, we elected to perform an ~ complications
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identify sites compression in patients with neuro-
logic symptoms, and a CT scan can further assist
with preoperative planning due to its enhanced
bony resolution. Patients with significant defor-
mity or those undergoing osteotomies may bene-
fit from CT or MR angiogram to better identify
the course of the vertebral arteries.

Post-laminectomy Kyphosis

Overview
Patients with iatrogenic post-laminectomy kypho-
sis can be surgically managed with either anterior-
only or circumferential procedures. Anterior
compression can be managed with corpectomy and
discectomy at the offending levels. If only a single-
level corpectomy is required, then an anterior-only
approach can be considered in patients with suffi-
cient bone quality. Only in those patients with good
bone quality can one consider anterior-only proce-
dures to restore cervical lordosis. Ideally, these
patients should also have four to six points of fixa-
tion above and below the level of the corpectomy.
Sole reliance on anterior approach for correc-
tion of post-laminectomy kyphosis had been
associated with high risk of complications of
over 60% in patients treated with up to four-level
corpectomy within a 2.7-year follow-up period
[10]. In these patients without instrumentation,
the studies showed a high rate of pseudarthrosis,
progressive kyphotic deformity, reoperation, and
graft extrusion despite use of halo vests. With
instrumentation and adequate immobilization,
Herman et al. and Steinmetz et al. showed
improvement in neurologic function and kypho-
sis after performing corpectomies with plate fixa-
tion [11, 12]. These were predominantly one- and
two-level corpectomies. We recommend circum-
ferential fixation for two or more corpectomy
levels in order to minimize graft- and plate-
related complications. In patients who have had a
laminectomy, the vertebra is divided, and a sub-
sequent corpectomy then separates the vertebra
anteriorly producing two halves that are only
connected by soft tissues. With multilevel cor-
pectomies, this results in a highly unstable con-
struct, even with anterior instrumentation.
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Whenever possible, anterior cervical inter-
body fusions (ACDF) are preferred over corpec-
tomies, as they have decreased risk of subsidence
and graft extrusion. Because ACDFs also
allow for segmental fixation, they are inherently
more stable than corpectomies. However, if com-
pression located behind the vertebral body
necessitates a corpectomy, one should minimize
the number of corpectomy levels and perform
discectomies whenever possible, with the goal of
avoiding long corpectomy segments (Fig. 13.2).
One way to avoid a posterior operation in a
patient who requires a corpectomy is to perform
a hybrid procedure with ACDFs above and below
the corpectomy level(s). With an anterior-only
construct, we always use at least one ACDF con-
struct at the caudal end which allows for the
placement of four screws above and below the
ACDF. This provides distal stability which helps
to prevent graft-related complications. Park
reported 23 cases of this hybrid technique, cor-
pectomy, and ACDF with plate fixation, for cor-
rection of post-laminectomy kyphosis [13]. They
showed a mean improvement from 20.9° of
kyphosis to 9.6° of lordosis at average 4-year
follow-up, with significantly improved outcome
scores and only one pseudarthrosis at one level.

For most patients, however, it is recommended
that circumferential fusions be performed to pro-
mote fusion and mitigate instability incurred by
removing the anterior column in levels where the
posterior elements have previously been removed
(Fig. 13.2) [14].

Surgical Technique

Anterior surgical reconstruction can be per-
formed with or without supplemental posterior
fixation, according to the criteria outlined
above [13, 14]. For the anterior approach, all
patients should have appropriate intraoperative
motor and somatosensory evoked potential moni-
toring; these potentials should be monitored at
positioning, after application of traction and
periodically throughout the case, especially dur-
ing deformity correction. Gentle retraction of
the shoulders with tape, as well as kerlix applied
to the wrist and extended distally to the foot of
the bed, can be used to help improve visualiza-
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Fig.13.2 A 20-year-old female presenting with post-laminectomy kyphosis. Circumferential fusion is obtained using
hybrid anterior fixation involving a corpectomy and an ACDF

tion especially when offending vertebral levels
at the apex of the kyphotic deformity is more
distal in the cervical spine. With flexible defor-
mities, it is important to make sure that the neck
is positioned in lordosis prior to prepping the
skin. A lateral radiograph should be obtained
after patient positioning to check alignment.
Adjustment, as needed, can then be performed
and radiographs rechecked. In cases where the
deformity is inflexible, the flexible segments
must be placed into hyperlordosis at the outset
or the positioning will make correction of the
kyphotic segment more difficult.

After a standard preoperative cleansing
regimen of alcohol foam and chlorhexidine,
standard anterior cervical approach is performed
at the levels of interest [15]. We recommend a
transverse incision and mobilization of soft tis-
sue that can allow exposure from C2 to T1 in
most cases. After radiographic localization, dis-

traction pins are placed into the vertebral bodies
of interest. They can be angled to converge ante-
riorly so as to help achieve more angular correc-
tion when distracted. The disc space can be
entered with sharp dissection and the disc
removed with a pituitary rongeur and curettes.
Bony resection can be performed with a burr;
dural tears are minimized with constant motion
of a side-cutting matchstick burr along the
superficial aspect of the PLL. Ossified PLL may
be removed to assist in extension of kyphotic
deformity.

In patients with osteoporosis or those in which
at least one ACDF at the proximal and distal ends
of the construct with at least four fixation points
above and four to six points of screw fixation
below the corpectomy levels is not obtainable,
the construct should ideally be supplemented
with posterior fixation. Occasionally a single-
level corpectomy can be fixed with an anterior-
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only operation, but for most patients with
kyphosis and stenosis, circumferential fusion is
required. In most situations anterior plating of the
corpectomy site would help prevent graft extru-
sion; however, in some circumstances (such as in
patients with significant dysphagia), posterior
fixation without an anterior plate may suffice.
The posterior spine must be approached with
care, given the revision nature of the surgery. The
scar must be meticulously dissected through with
awareness of the exposed spinal cord. Sufficient
posterior fixation consisting primarily of lateral
mass and pedicle screws can then be applied to
promote circumferential fusion. Unless there is
pathology at the cranio-cervical junction, we try
never to include levels cranial to C2. Usually, the
highest fixation strength proximally can be
achieved at C2.

Following surgery, patients should be placed
in rigid cervical collars for 6 weeks. For exten-
sive intubation, consideration should be given
to transferring the patient to the ICU intubated
postoperatively to prevent airway compromise
in the setting of significant soft tissue
swelling.

Rigid Flexion Deformity

Overview

Flexion deformities can occur for a variety of
reasons aside from loss of posterior support after
laminectomy. Rigid flexion deformities must be
treated with osteotomies; crucial in planning
surgery is an understanding of the degree of
extension correction needed. Osteotomies,
including posterior column, pedicle subtraction
and anterior, as well as combinations of the
three, can help improve alignment, pain, and
function.

Before deformity correction, the curve should
be assessed globally to determine if it is compen-
satory to, for example, a thoracolumbar sagittal
deformity. Examination of the regional and
global sagittal alignment, as well as the chin-
brow vertical angle to assess horizontal gaze,
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can help assist with preoperative planning to
optimize balance and function postoperatively.

Detailed review of the imaging can confirm
the rigidity of the deformity before performing
osteotomies. If the curve appears flexible, then
the neck can be manually manipulated into
appropriate position and fused with either a pos-
terior, anterior, or circumferential approach. If
the curve has only a minimal amount of flexibil-
ity, a combination of anterior releases with dis-
cectomies may provide sufficient mobility. If the
spine does prove to be completely ankylosed,
osteotomies are the only option to achieving
angular correction.

Patients should undergo extensive nonopera-
tive treatment for symptomatic improvement
before undergoing a cervical osteotomy, due to
the severity of risks inherent in the procedure;
this could be expedited or circumvented in the
presence of progressive neurologic deteriora-
tion. In reality, however, for a fixed deformity,
there is no effective nonoperative treatment.

The choice of an anterior or posterior osteot-
omy is determined by a number of factors. Most
deformities are amenable to correction either
anteriorly, posteriorly, or with a combination
approach [16, 17]. Different surgeons with vary-
ing levels of experience and preference can
achieve a successful outcome with radically dif-
ferent procedures. In the past, our most common
approach to deformity correction was posterior,
utilizing a pedicle subtraction osteotomy. We
subsequently developed an anterior osteotomy
technique that we have found to be as fast or
faster than a posterior osteotomy and associated
with less blood loss [19].

Anterior Osteotomy

The anterior approach may be physically difficult
to access in some circumstances, especially in the
apex of a rigid deformity. Often, the depth of the
osteotomy is so deep that the burr has to be held
at the most distal part of the handle. This makes it
difficult to control the tip so only surgeons who
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Fig.13.3 Divergent Caspar pins are placed initially; distraction of the pins introduces lordosis (From Kelly et al. [20]

with permission)

are highly experienced and comfortable using a
burr should attempt the anterior approach in a
severely kyphotic case.

If an anteriorly based osteotomy is to be per-
formed, one must decide which side to approach
from. If the patient has undergone prior anterior
surgery, recurrent laryngeal nerve function on the
previously approached side should be assessed
preoperatively. If it remains uninjured, the contra-
lateral approach can be utilized, in order to navi-
gate through normal anatomy rather than scar
tissue. If the prior surgery has damaged the recur-
rent laryngeal nerve on the initial side, the same
side must be used in order to preserve the integrity
of the contralateral nerve. If more correction than
an anterior osteotomy or posterior column osteot-
omy (PCO) is needed, both can be combined,
which has been shown to yield similar angular cor-
rection than a single pedicle subtraction osteotomy
(PSO) with lower length of stay and operative
blood loss [16].

Instead of, or in addition to, a posterior
approach, an anterior approach can be utilized
for an anterior cervical osteotomy [18, 19].
Positioning may require a setup tailored to the
individual in order to cushion the head which
may be elevated off the frame due to kyphosis.
Gardner-Wells tongs are applied and the head is

rested on a foam donut and sheets as needed.
When planning to perform osteotomies, 2.2 kg
of traction is applied initially with more weight
applied at osteotomy closure. A standard Smith-
Robinson approach is utilized, with attention to
the side of approach as mentioned above if there
has been prior anterior cervical surgery.
Divergent Caspar distraction pins are placed at
kyphotic vertebral segments around the osteot-
omy site, and then the bone is resected with a
burr to correct the planes of deformity present
(Fig. 13.3). The bone is resected posteriorly until
the posterior longitudinal ligament is reached.
Laterally, care is taken to avoid iatrogenic injury
to the vertebral artery. Foraminotomies can be
performed at these levels prophylactically to
prevent neural compromise with extension of the
osteotomy.

Then, extension forces can be applied to
achieve correction. The padding underneath the
patient’s head can be removed, and gentle con-
stant pressure can be applied on the patient’s
forehead. Concurrently, an intervertebral
spreader can be used for distraction at the oste-
otomy site (Fig. 13.4). Traction is increased at
this time to 9 or 11.3 kg if needed in order to
maintain lordosis. A maximally wide and deep
graft is placed with anterior hardware. This can
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Fig. 13.4 Extension is obtained using an intervertebral spreader as well as pressure on the patient’s forehead (From
Kelly et al. [20] with permission)

all be performed as an anterior-only procedure or
with adjunctive posterior osteotomy or simply
instrumentation and fusion for supplemental
support (Fig. 13.5). Because the center of rota-
tion with an anterior osteotomy is at the poste-
rior aspect of the vertebral body, there is minimal
stretching of the cord or vertebral artery. In our
series of 17 patients who underwent anterior
osteotomies with the average of 23° of mean
angular correction, no patients had intraopera-
tive neuromonitoring changes or neurologic def-
icits [19]. However, if any of these occur, the
neural elements must be carefully inspected to
ensure thorough decompression; less correction
may be warranted in order to minimize stretch
on the spinal cord.

Pedicle Subtraction Osteotomy
Surgical Technique

The site of deformity and proposed osteotomy
must be planned in context with the direction of
approach. Determining how much correction is
needed will influence which osteotomy to per-
form. As in the thoracolumbar spine, pedicle sub-
traction osteotomies can provide more curve
correction than posterior column osteotomies.
The principle also remains that more distally

based osteotomies allow for larger absolute
distances of translation than more proximally
based ones.

If a PSO is needed, C7 is the most desirable
level for multiple reasons, provided it would be
suitable to provide correction to the individual’s
deformity. This allows for decreased risk to the
vertebral artery which usually lies anterior to the
foramen transversarium at this level unless it is
aberrant. The vertebral foramen is also larger at
this level. As mentioned previously, the more dis-
tal the osteotomy, the greater the translation of
the proximal vertebra.

Posterior column osteotomies can be per-
formed at a single or multiple levels. In a
patient with a mobile anterior column, simple
Ponte osteotomies can achieve correction. In a
patient with an ankylosed spine, however,
Smith-Petersen or pedicle subtraction osteoto-
mies must be performed. With both osteoto-
mies, the superior and inferior facets are
removed, along with the lamina and ligamen-
tum flavum at that level, as well as part of the
adjacent levels, as needed. With a Smith-
Petersen osteotomy, one creates an opening
wedge that elongates the anterior column.
Without adequate posterior fixation, this is
more unstable than a pedicle subtraction oste-
otomy which is a closing wedge osteotomy
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Fig.13.5 Cervical deformity corrected with anterior cer-
vical osteotomies at C2—C3, C3-C4, and ACDF C4-C5
followed by posterior revision of hardware and revision
decompression and fusion C2-T2 with posterior column
osteotomies at C2—C3 and C3—C4 for patient with achon-
droplastic dwarfism and congenital spinal stenosis pre-
senting with myelopathy

Fig.13.6 Bivector traction attached to the Gardner-Wells
tongs, with one rope pulling in line traction and the other
providing an extension moment

with an intact anterior column. In truth, how-
ever, when large corrections are performed uti-
lizing a pedicle subtraction osteotomy, often
the anterior column opens up. This usually
occurs when an inadequate amount of the body
is decancellated from the posterior approach.

Positioning

Positioning can be difficult due to the kyphotic
deformity. We utilize the OSI Jackson frame with
extra padding under the chest which is nearly
always necessary to support a kyphotic thoracic
spine. The head is suspended with Gardner-Wells
tongs with bivector traction (Fig. 13.6) to provide
neutral and extension moments. Before the oste-
otomy, 20 pounds are suspended from the neutral
traction rope; after the osteotomy, the weight is
transferred to the extension rope.

To prevent infections, we square off a large
area with plastic drapes, ideally 10 cm or more
past the site of the incision cranially and caudally
and as wide laterally as possible. We then spray
alcohol foam over the skin and the plastic drapes.
After drying, we do a standard prep.
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Operative Technique

The exposure is a critical part of the case. A
meticulous exposure in the midline avascular and
amuscular raphe results in minimal blood loss. A
poorly done exposure can result in several 100 ml
during the exposure and throughout the case, as
the muscles bleed. We dissect down to the spi-
nous processes and then osteotomize the tips of
the spinous processes with the muscles attached
to them. From C3 to C6, they are usually bifid, so
we cut it in the axilla of the bifid process. For
lower levels that are monofid, we cut the tips of
the spinous processes obliquely with the paraspi-
nal muscles attached. This allows us to close
bone to bone at the end of the case, minimizing
muscle necrosis from sutures.

With a planned PSO at C7, the posterior aspect
of the spine is exposed in the usual fashion.
Proximally, the instrumentation is placed at least
four to six points above the osteotomy, depending
upon the quality of fixation. If the ankylosis
extends to C2 or even to the occiput, we will usu-
ally go as high as the ankylosed level. This is
because, with long-standing ankylosis, the spine
becomes very osteoporotic and prone to screw

pullout. In addition, patients are at risk for a frac-
ture above the instrumented level. Distally, fixa-
tion should be extended preferably to T3, T4, or
lower, with a minimum of six points of distal
fixation for the construct. One cannot use both
C6 and T1 screws, as, after the closure of the
osteotomy, they are too close together and inter-
fere with full closure of the osteotomy. With
extensive corrections, both C6 and T1 screws
have to be skipped. We usually skip the C6 level
since, after the closure of the osteotomy, the C6
screws are too close to the T1 screws to be utiliz-
able. Alternatively, one can use the C6 screws
and skip the T1 screws, depending upon the fixa-
tion points available for a given patient. The
proximal and distal fixation levels also are cho-
sen based on the patient’s medical condition, as
the longer the construct, the longer the operating
time. In cases with a chin-on-chest deformity in
the prone position, the patient’s head is pointed
toward the ground. In such a position, a prolonged
operation with excessive blood loss increases the
risk of postoperative blindness. So the operation
must be performed as expeditiously but as safely
as possible (Figs. 13.7 and 13.8).

Fig. 13.7 This patient with ankylosing spondylitis had a missed fracture and developed a chin-on-chest deformity,
which was corrected with an anterior osteotomy/corpectomy, followed by posterior stabilization
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Fig. 13.8 We performed an anterior osteotomy followed
by posterior stabilization to correct this ear-on-shoulder
and chin-on-chest deformity. The use of stand-alone cages

After complete C7 laminectomy and adjacent
removal of the caudal and cranial halves of the
C6 and T1 laminae, respectively, the lateral
masses of C7 are resected. The inferior portion of
the C6 facet and the superior portion of the T1
superior facet are removed as well. The C7 pedi-
cle is then entered with a burr, leaving the walls
intact to protect the nerves and cord. Through the
pedicle, the body is decancellated, using the burr,
reverse angle curettes, and tamps (Fig. 13.9).
Then the pedicle walls are thinned and removed
and the posterior cortex of the vertebral body is
pushed anteriorly.

At this point, the rods are placed into the
screws and the set screws are placed loosely. We
prefer to use rods that have an articulation that
allows bending, as it is easier than bending the
rods. Some of the correction occurs through the
articulation, but the rods also have to be able to

makes it easier to get further posterior correction and is
faster than multilevel plate fixation

Fig.13.9 The vertebral body is decancellated after enter-
ing the pedicle in a PSO (From Kelly et al. [20] with
permission)

slide through the screws distal to the osteotomy.
The surgeon then holds the Gardner-Wells tongs,
and the suspending weight is switched to the
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extension rope. By pulling up on the tongs, the
decancellated body collapses and the osteotomy
site begins to close down. Once closed, the set
screws are tightened down. The C7 and C8 nerve
roots and the cord must be protected throughout
the resection as well as the closure in order to
confirm that no overhanging facet from C6 or
T1 compresses the C7 or C8 nerve roots.
Neuromonitoring should also be checked
throughout osteotomy closure, and mean arterial
pressure should be elevated above 80 mmHg at
this time; neurologic status can be confirmed
with a wake-up test as needed. Bone graft is
added to fuse the spine. One can use the laminec-
tomy bone alone in most cases, as the osteoto-
mized segment usually fuses well.

Closure

Proper closure of the wound is critical to avoid
dehiscence and infections. Our infection rate for
posterior cervical procedures is less than 0.05%,
even including massive osteotomies and occiput
to thoracic procedures. Part of this is due to the
meticulous dissection described above. We also
irrigate frequently. We then place vancomycin
powder 1 g in the wound [15], a deep drain,
followed by thrombin-soaked Gelfoam on top of
the drain. Gelfoam minimizes the postoperative
bleeding such that most patients are able to be dis-
charged after an overnight stay. It should not be
used if a laminectomy has been performed as it
can expand and compress the cord. We then place
interrupted sutures every 1 cm using 75-100
sutures to close a C2 to T4 wound. This prevents
any dead space where blood can accumulate and
act as a nidus for infection. If there is greater than
5 cm of fat, we place a supra-fascial drain also.

Illustrative Case

A 20-year-old female presented with post-
laminectomy kyphosis of C3—C6 with axial neck
pain, stiffness, and myelopathy due to remote his-
tory of C1-C4 laminectomy and radiation treat-
ment for a meningioma (Fig. 13.2). Preoperatively
she had numbness in her feet worsened with
extension of her neck, difficulty picking up
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objects, and occasional numbness, pain, and
subjective weakness in her right hand, as well as
a positive Hoffman’s sign. Anterior cervical cor-
pectomy was performed at C4 with ACDF at C5—
C6, as well as posterior cervical instrumentation
and fusion from C3-C4 with revision decompres-
sion C3—C4 to achieve circumferential stabiliza-
tion. Despite having a “flexible” deformity
without any areas of autofusion, she was very stiff
and immobile. This is very common in patients
with long-standing post-laminectomy kyphosis.
Only partial correction could be achieved anteriorly.
We then used dynamic screws to allow for greater
posterior fixation. However, posteriorly, we found
osteoporotic bone and could not achieve further
lordosis without risking instrumentation failure.
We therefore accepted a suboptimal correction.
To avoid this, we recommend using a buttress
type of plate with screws into C5 and C6 but with
the plate only about 50% of the distance in
front of the corpectomy to prevent the graft from
kicking out. By not fixing into C3, one can get
better posterior correction. The patient did very
well postoperatively; at 12-week follow-up, she
reported continued resolution of her symptoms
and had complete resolution of her neck pain.

Technical Pearls

* Positioning the cervical spine preoperatively
can be optimized with traction to achieve
optimal correction of deformity, especially
when osteotomies are performed. Increasing
traction, using an intervertebral spreader, and
adjunct manual force can help restore lordo-
sis when anterior, and bivector traction can
assist when posterior.

e Anterior osteotomies may be used in addition
or instead of posterior osteotomies and may
allow for comparable correction with decreased
blood loss.

e Divergent Caspar pins can be placed anteri-
orly in kyphotic deformity; these can then be
distracted to become more parallel, which
helps restore lordosis.

¢ In patients with osteoporosis or those in which
four to six points of fixation are not achievable
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above and below sites of corpectomy (ideally
with ACDFs proximally and distally), the con-
struct should be supplemented with posterior
fixation.

e In patients with rigid cervical deformity,
Smith-Peterson or pedicle subtraction osteoto-
mies must be performed. Proximal fixation
should extend throughout the ankylosed levels
and at least four to six levels above the oste-
otomy, while there should be at least six points
of distal fixation.

e Meticulous wound closure technique can help
decrease infection rates, especially in poste-
rior cervical surgery.

Complications and Strategies
for Avoidance

One of the most devastating complications that
can result from cervical spine deformity surgery
is paralysis. Protection of the neural elements is a
primary focus throughout the case. When per-
forming the anterior decompression, a high-speed,
side-cutting burr is used; by applying gentle
downward pressure with a continuous sweeping
motion along the PLL, dural tears are minimized.
This step can be especially difficult during ante-
rior approach to rigid flexion deformities, some-
times requiring the surgeon to hold the burr at the
tip to use the full depth of the instrument, so sur-
geon comfort with the burr is a prerequisite.
Additionally, nerve root compression can be pre-
emptively avoided by performing foraminoto-
mies before osteotomy closure. Communication
with the anesthesia and neuromonitoring teams
during osteotomy closure also helps decrease risk
of overcorrection and neurologic deterioration; a
wake-up test can be employed for further confir-
mation of neurologic status.

Damage to the vertebral artery can also be life
threatening. These should be studied carefully on
preoperative imaging to localize and identify any
aberrant anatomy so that they can be protected,
especially during the osteotomies. Also, anterior
decompression occurs widely until the uncinate
processes bilaterally; if they are removed, caution

must be used to free up and protect the vertebral
artery with a Penfield during uncinectomy.

Hardware failure can occur, especially in
osteoporotic bone. If insufficient fixation is
achievable in both proximal and distal directions,
or in the case of osteoporotic bone, circumferen-
tial fusion can help strengthen the construct.
Larger screws and grafts can also provide addi-
tional strength. After an anterior extension
osteotomy, graft placement slightly posterior
with a small buttress plate or interference screws
in the adjacent endplates can be used to prevent
graft extrusion. An anterior fracture may result
from closure of a posterior osteotomy if too little
bone is resected or if the anterior cortex had been
perforated during a PSO. If there is adequate fix-
ation posteriorly, then no further intervention
may be needed, although our preference is to flip
the patient and plate anteriorly with four points of
fixation above and below the fracture site.
Postoperative use of a rigid cervical collar can
also be used to protect fixation, especially in
osteoporotic patients and those in which osteoto-
mies were performed.

Meticulous, efficient surgical technique also
can help avoid certain complications. Prolonged
posterior surgery, especially without appropriate
padding, can lead to blindness as a result of pres-
sure on the eyes. Patients with prolonged cervical
surgery or increased blood loss should be consid-
ered for delayed extubation to avoid airway com-
promise. Efficient, minimally tissue destructive
surgery with decreased blood loss can also
decrease the risk of surgical site infection.
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Introduction

The cervicothoracic junction (CTJ) is a challenging
region for spine surgeons. Anatomically, it is an
area of transition from cervical lordosis to tho-
racic kyphosis and from medially placed cervical
pedicles to more laterally placed thoracic ones,
making posterior spinal instrumentation and fusion
more technically challenging. Radiologically,
conventional radiographic images have histori-
cally been difficult to interpret in this area
because of the superimposed shadows of nearby
bony structures; however, the issue has been

J.S. Harrop, MD, FACS

Department of Neurological and Orthopedic Surgery,
Division of Spine and Peripheral Nerve Surgery,
Neurosurgery Director of Delaware Valley SCI
Center, Thomas Jefferson University,

909 Walnut Street, Philadelphia, PA 19107, USA

J. Wilson, MD PhD FRCSC

St. Michael’s Hospital, University of Toronto, Li Ka
Shing Knowledge Institute, 30 Bond Street, Toronto,
ON M5W 1WS8, Canada

e-mail: WilsonJeff@smbh.ca

P. Vahedi, MD (D<)

Department of Neurosurgery at Tehran Medical
Sciences Branch, Islamic Azad University,
Tehran, Iran

Department of Neurosurgery, Thomas Jefferson
University Hospitals, 909 Walnut Street,
Philadelphia, PA 19107, USA

e-mail: payman.vahedi @gmail.com;
payman.vahedi @jefferson.edu

© Springer International Publishing AG 2017

resolved to a great extent in recent years with the
advent of 3D-reconstructed CT scan and high-
resolution MRI. Biomechanically, it is regarded
as a high stress zone; crossing from the fairly
mobile lordotic lower cervical to the rigid
kyphotic upper thoracic spine mandates sophis-
ticated preoperative and intraoperative justifi-
cations for any decompressive surgery or
instrumentation in this area. Large bending forces
are encountered at the CTJ, while only smaller-
sized fixation devices may be used or are avail-
able to provide resistance. From the surgical
standpoint, anterior approaches to this region are
confined by the sternum and crowding of neuro-
vascular structures which may pose significant
postoperative morbidity.

Two main concerns of operating on the CTJ
are adjacent segment disease (ASD) and treat-
ment failure/pseudarthrosis. Several risk factors
have been suggested for treatment failure and
regional instability following cervicothoracic
junction surgery including multilevel corpectomy
and laminectomy crossing over the CTJ, history
of prior surgery, tobacco use, and surgery for the
correction of deformity. Moreover, because of the
higher range of flexion/extension movement at
the CT]J, posterior constructions terminating near
the CTJ area theoretically have higher risk of
developing ASD in future [1]. Adjacent level
stress is most pronounced in flexion-extension
which represents the most likely construct failure
mode. Biomechanical data supports rostral and
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caudal extension of constructs in some cases, but
must be supported by clinical outcomes. The sur-
geon should take into account added operative
time/blood loss, loss of additional motion seg-
ments, and potential morbidity of screw place-
ment when considering extending constructs to
include C2 and/or T2 in order to offset changes in
adjacent level biomechanical stress. Herein, we
describe the relevant surgical anatomy, indica-
tions for the surgery, techniques, and biomechani-
cal issues any spine surgeon must know before
operating on CTJ area.

Biomechanics

The contour of the spine consists of five sagittal
curves which include three kyphotic (occiput to
C2, T2 to T11, and S1 to coccyx) and two lor-
dotic curves (C2 to T2 and L1 to L5). CTJ is the
junction of cervical lordosis to thoracic kyphosis.
The normal lordosis of the cervical spine is 14.4°,
and the weight-bearing axis is posterior to verte-
bral bodies. A load transmission of 36% and 64%
is divided between anterior and posterior col-
umns, respectively. Loss of posterior tension
band after laminectomy in posterior approaches
to this area or in traumatic cases with posterior
ligamentous injury shifts the weight-bearing axis
anteriorly and may gradually proceed to a
kyphotic deformity. Muscular fatigue and pain
may also exacerbate the deformity and result in
spinal cord draping and uncompromised sagittal
deformity. It is believed that up to 36% of cervi-
cal extension capacity comes from semispinalis
capitis only [2] and removal of its attachments on
C2 results in cervical loss of alignment and the
development of kyphosis [3].

Facets play a pivotal role in the cervicothoracic
junction. Although both cervical and upper thoracic
vertebrae are coronally oriented, the transition from
C6 to T3 vertebrae increases axial rotatory move-
ments while restricting flexion/extension and lateral
bending motions. This is mainly because of thoracic
attachments to the rib cage.

Two-column injury biomechanical studies on
cadavers suggest that posterior instrumentation
alone is sufficient to stabilize two-column injury
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at the CTJ; however, the length of construct is
controversial [4, 5]. Nonetheless, three-column
injury cadaveric studies suggest that posterior
instrumentation alone is insufficient for stabiliza-
tion of the CTJ and an anterior supplementation
in combination with posterior instrumentation
restores stability [5]. However, this has not been
repeated in clinical studies of injuries at the CTJ.

Adjacent segment disease (ASD) at the rostral
or caudal segments of a posterior cervical con-
struct may develop over time. The results of a
cadaveric biomechanical study have found that
regardless of laminectomy length, marked
increases in adjacent level range of motion and
intradiscal pressure at both rostral and caudal
segments of a C3 to C6 laminectomy model
occur with increasing construct length [1].

Surgical Anatomy

The term CTJ denotes the C7 and T1 vertebra
with intervertebral disk and ligamentous struc-
tures. However, because of biomechanical con-
cerns in surgical procedures on this area, the
caudal extent may be considered to be down to
T2 or T3. At the cervicothoracic junction area,
transition happens from smaller mobile cervical
vertebrae to larger thoracic vertebrae supported
by the rib cage. Posterior anatomical structures
include muscle and bony structures. Major mus-
cles include trapezius, rhomboid, and serratus;
the trapezius extends from the spinous processes
of C7 to T10 and attaches onto the scapula, acro-
mion, and posterior lateral third of clavicle.

The anatomy of a lower cervical vertebra
includes body, thin pedicles and lamina, spinous
process, transverse process, and lateral masses
(superior and inferior articulating processes). In
contrast, lateral masses are absent in the upper
thoracic spine, and separate articulations exist
between the body and transverse processes with
the ribs. Relatively small pedicles allow limited
margin of error when placing instrumentation;
moreover, intraoperative fluoroscopic imaging is
limited to the AP view, as the lateral view is
frequently unhelpful due to obscuration from
shoulder structures.
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Three important parameters in inserting pedi-
cle screws at this area are transverse pedicle
angle, transverse pedicle diameter, and pedicle
height (sagittal pedicle diameter). The width and
height of the pedicle increases from C5 to TlI,
while the angle between the pedicle and body
decreases [6]. It becomes increasingly more dif-
ficult to put pedicular screws from T1 to T4 due
to gradual decrease in the transverse pedicle
diameter [7, 8, 9]. Pedicle height constantly
decreases in the thoracic spine from T1 to T12
and superiorly projecting transverse processes at
upper thoracic turn to project inferiorly at lower
thoracic spine [10].

The vertebral artery is main vascular structure
of the posterior approach in the cervical spine
which ascends through transverse foramina of C6
to C2. There is a 5% chance for this artery to tra-
verse the C7 transverse foramina. The possibility
of this variant anatomy should be considered
whenever attempting to put a lateral mass or a
pedicle screw into the C7 vertebra.

Major anatomical considerations in an anterior
approach are muscular, bony, and critical neuro-
vascular structures. The cricoid cartilage is a land-
mark for C6 level from which the skin incision
usually starts. Anterior bony structures include
the sternum, the clavicle, and the first rib. Because
of their important muscular attachments, the clav-
icle and the first rib play a pivotal role in the sta-
bility of the shoulder girdle. The thoracic inlet is
composed of T1 posteriorly, cartilaginous tissue
of the first rib laterally, and the suprasternal notch
anteriorly. Surgically, important muscular tissues
include platysma, sternocleidomastoid (SCM),
scalene, strap, and deep prevertebral (longus colli)
muscles. SCM originates from two different
sites — the manubrium of sternum and the clavi-
cle — and runs superolaterally to attach to the mas-
toid process of the temporal bone. It divides the
anterolateral surface of the neck into two separate
anterior and posterior triangles. The anterior tri-
angle includes the common carotid artery (CCA),
internal jugular vein, and the vagus nerve, all
within the carotid sheath. The posterior triangle is
divided by the inferior belly of omohyoid muscle
into supraclavicular and occipital triangles. The
external jugular vein crosses obliquely ventral to

SCM and drains into the subclavian vein at the
base of the posterior triangle. The course of the
subclavian vein is ventromedial and runs ventral
to the anterior scalene muscle and joins the inter-
nal jugular vein on the medial border of this mus-
cle to form the innominate vein. The internal
jugular vein runs deep to SCM within the anterior
triangle and lateral to the CCA and finally joins
the subclavian vein at the posterior sternal end of
the clavicle. The surgeon should be very vigilant
not to injure the thoracic duct when attempting a
left approach to CTJ, because it runs an ascending
course to drain into the junction of the left subcla-
vian and internal jugular veins.

The left subclavian artery originates directly