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Over the past century, steady advances have been made in 
fixating an unstable atlantoaxial complex. Current options 
for fixation of the atlantoaxial complex include posterior 
clamps, posterior wiring techniques, C1-C2 transarticular 
screw fixation, posterior C1 lateral mass screw with C2 
pars or pedicle screw fixation, and anterior transoral C1 
lateral mass to C2 vertebral body fixation. 
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Introduction 

Attempts at surgical stabilization of C1 and C2 from a posterior 

approach date to 1910, when Mixter and Osgood described using 

heavy silk thread to wire the spinous processes of C1 and C2 

together.[1] 

The use of posterior cervical wiring of the lamina of C1 and C2 

dates to 1939 in a report by Gallie.[2] Brooks and Jenkins offered 

an alternative method of posterior C1-C2 laminar wiring in 1978.[3] 

Dickman and Sonntag, et al further modified the posterior wiring 

technique in 1991.[4] We will further explore each of these 

techniques in this review article. 

In the 1980’s interlaminar clamps[5] were popularized as an 

alternative method of posterior C1-C2 fixation. 

Posterior screw fixation utilizing C1-C2 transarticular screws 

and C1 lateral mass screws with C2 pars screws were the final two 

alternative methods of posterior C1-C2 fixation. The C1 lateral 

mass screw with C2 pedicle screw construct was initially created 

with plates and screws by Goel et al in the 1980’s.[6,7] The method 

has recently gained popularity and a variety of instrumentation is 

now available for application with this technique (26). 

Transoral instrumentation has also been described for 

stabilization of unstable craniovertebral region, but has received 

only limited support. 

We will discuss the indications and further elucidate the 

instrumentation options for posterior C1/C2 fixation. 

Indications for Posterior C1-C2 Stabilization 
Trauma is among the most frequent indications for posterior 

C1-C2 stabilization. Traumatic injuries that are amendable to 

posterior C1-C2 fixation include certain subsets of Type II and 

Type III odontoid fractures. 

Although most Type II odontoid fractures can be treated either 

with immobilization or with anterior odontoid screw fixation,[9] 

there are several subsets of this fracture pattern which are not 

amendable to these treatment measures. These include Type II 

odontoid fractures associated with fractures of the atlantoaxial 

joint, Type II odontoid fractures with oblique fractures in the 

frontal plane that preclude odontoid screw placement, Type II 

odontoid fractures with significant displacement which may not 

heal in immobilization (and are too displaced to place an odontoid 

screw), Type II odontoid fractures with an associated Jefferson 

fracture, and Type II odontoid fractures with a ruptured 

transverse ligament.[9] 

In addition, patients with a very large thoracic kyphosis or a 

very large barrel chest preclude the appropriate angle for anterior 

odontoid screw placement, and must be treated with a posterior 

C1 and C2 stabilization procedure.[9] 

Even when there is a Type II odontoid fracture that might heal 

with immobilization, there are certain cases where immobilization 

is not practical. Elderly patients in particular do not heal well with 

immobilization. They have a higher rate of nonunion due to 

osteoporosis and have increased respiratory morbidity when 

placed in halo vests.[8] 

In addition, all patients initially treated with immobilization 

who develop a pseudoarthrosis are not good candidates for 

subsequent attempts at anterior odontoid screw fixation because 

of the pseudoarthrotic material occupying the fracture line which 

prevents contact of the decorticated fracture surfaces.[9] 

For patients who have failed immobilization and are no longer 
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good candidates for anterior odontoid screw fixation, C1 and C2 

fixation is the only remaining treatment option. 

Type III odontoid fractures with atlantoaxial joint fracture 

combinations and Type III odontoid fractures with associated 

Jefferson fracture are also unstable and are often best treated 

with a posterior C1 and C2 stabilization procedure.[9] 

Congenital malformations of C2 (i.e. os odontoideum and 

odontoid agenesis), degenerative diseases, inflammatory diseases, 

tumors, and infections can also result in instability of the 

atlantoaxial complex. Specifically, rheumatoid arthritis can often 

result in atlantoaxial subluxation or superior migration of the 

odontoid into the foramen magnum (with compression of the 

brainstem and upper cervical spinal cord) necessitating a posterior 

occipitocervical decompression and fusion (with or without 

transoral resection of the odontoid). 

Post-surgical instability relating to C1 and C2 laminectomies 

with or without removal of adjoining facets is another indication 

for posterior C1-C2 fixation. We have performed posterior lateral 

approaches to remove retro-odontoid degenerative masses and 

also to remove tumors within the spinal canal that inherently 

destabilize the C1-C2 complex and require posterior C1-C2 

fixation. 

Patients may also have ligamentous laxity and have resultant 

C1 and C2 instability. Ligamentous instability of C1/2 is identified 

with measurements of the atlanto-dental interval on flexion and 

extension views. Normally this interval should not exceed 2 to 4 

mm.[10,11] When the atlanto-dental exceeds 5 mm in non

rheumatoid patients and when it exceeds 8 mm in rheumatoid 

patients, there is instability of the C1-C2 complex and posterior 

C1/2 fixation is indicated.[12,13,14,15] 

Furthermore, atlanto-axial rotatory dislocations are also an 

indication for C1 and C2 fixation. This problem can be treated via 

a posterior reduction and fusion approach or via an anterior 

transoral reduction and C1-C2 fixation. 

Methods of posterior C1-C2 Fixation 
Posterior C1-C2 fusion with interlaminar clamps 

Posterior interlaminar clamps can be used if the C1-C2 lamina 

are intact. The technique cannot be used if there are significant 

degenerative changes or if osteoporosis of the posterior elements 

of C1 and C2 present. In addition, in cases where there is a 

Jefferson’s fracture or a Hangman’s fracture this technique cannot 

be used. 

The clamps are used by placing hooks on the superior surface 

of the C1 lamina and hooks on the inferior surface of the C2 

lamina. The hooks are tightened and preferably a bone graft is 

placed between the two lamina before the laminar clamps are 

tightened (Figure 1). 

Biomechanically, posterior laminar clamps have excellent 

stability with flexion and extension maneuvers. However, in 

rotational motion the clamps are not as effective as other techniques 

involving posterior screws or wires.[16] 

If the posterior clamp construct loosens before bony fusion is 

achieved, then further surgical intervention will be required. 

Consequently, patients are placed in a hard cervical collar or a 

halo following posterior clamp fusion. 

Posterior wiring techniques 
The posterior wiring techniques, like the posterior clamping 

technique, require an intact posterior arch of C1 and C2. They 

cannot be utilized if there are fractures of the C1 or C2 posterior 

elements (including Hangman’s or Jefferson’s fracture), or if 

posterior decompression of the C1-C2 complex is required, or if 

there is significant osteoporosis. 

Unlike the interlaminar clamping techniques, the posterior wiring 

techniques require sublaminar passage of a cable and have the 

potential for injury to the dura or spinal cord during this 

maneuver. 

When we perform posterior wiring techniques, we prefer to use 

Atlas double braided titanium cables (Medtronic Sofamor Danek, 

Memphis, TN) because they are more flexible than steel wire and 

have less chance of causing dural or neural injury. 

Gallie fusion 
Gallie first described posterior C1-C2 sublaminar wire fixation 

in 1939 with the use of steel wire.[17] In the Gallie technique, a 

single autograft harvested form the iliac crest is notched inferiorly 

and placed over the C2 spinous process and leaned against the 

posterior arch of C1. The graft is held in place by a sublaminar 

wire that passes beneath the arch of C1 and then wraps around 

the spinous process of C2. Passage of the sublaminar wire under 

the lamina of C2 is avoided in order to decrease the risk of neural 

or dural injury. 

The Gallie fusion offers good stability in flexion and extension. 

However, like interlaminar clamping it offers very poor stabilization 

and rotational maneuvers. Consequently, the rate of nonunion 

Figure 1: Lateral X-ray of posterior cervical clamp fixation from C1–3 
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with the Gallie fusion has been reported to be as high as 25%.[18] 

Brooks-Jenkins fusion 
In the Brooks-Jenkins fusion technique, unlike the Gallie fusion 

technique, two separate iliac crest autografts are placed between 

C1 and C2. Each autologous iliac crest graft is beveled superiorly 

and inferiorly and wedged in between the C1 and C2 lamina on 

each side of the midline. One sublaminar cable is then passed on 

each side of the midline under both the C1 and C2 arches and 

wrapped around each bone graft respectively. The cables are then 

tightened around the grafts and secured and crimped in place. 

The Brooks-Jenkins fusion technique provides more rotational 

stability than does the Gallie technique.[19] The Brooks-Jenkins 

technique has similar stability in flexion and extension as does the 

Gallie fusion technique.[20] The rate of fusion after this technique 

has been reported to be as high as 93% and is improved by the use 

of halo immobilization.[4] 

The disadvantages of the Brooks-Jenkins fusion technique 

include the need for passage of bilateral sublaminar cables beneath 

both C1 and C2. This entails a higher potential rate of neurological 

or dural injury than does the single cable passage under the 

posterior C1 arch for the Gallie technique.[19] 

Sonntag posterior C1-C2 technique 
The Gallie technique was modified by Volker Sonntag in the 

early 1990s. Sonntag’s modified technique improves the rotational 

stability of the Gallie fusion technique while avoiding the bilateral 

sublaminar C1-C2 cable passage of the Brooks-Jenkins technique. 

In the Sonntag technique, a sublaminar cable is passed under 

the posterior C1 arch from inferior to superior. Next a notched 

iliac crest is placed in between the spinous process of C2 and 

wedged underneath the posterior arch of C1 (Figure 2) (unlike 

the Gallie technique where the bone graft is notched over the spinous 

process of C2 and simply leaned onto the posterior arch of C1). 

Both the superior aspect of the C2 spinous process and the inferior 

arch of C1 are decorticated before graft placement. 

The cable is then looped over the iliac crest autograft and placed 

into a notch created on the inferior aspect of the C2 spinous 

process. The cable is then tightened and crimped. 

In patients treated with a wiring procedure only, Sonntag 

recommends the use of a halo to immobilize patients for three 

months after surgery and the use of a rigid cervical collar for an 

additional one to two months after that. With this kind of 

immobilization he has demonstrated a 97% fusion rate with the 

technique.[4] 

C1-2 transarticular screw technique 
1n 1979, Magerl and Jeanneret described transarticular screw 

fixation for the treatment of odontoid fractures. Over the past 

decade, the senior author (RWH) has used the C1-C2 

transarticular screw fixation technique in approximately 100 

patients to treat not only C1/2 trauma but also C1/2 inflammatory 

disease, infection, tumor, congenital anomalies, and acquired (post

surgical) deformities.[21,22] 

One advantage of the C1-2 transarticular screw technique is the 

complete obliteration of rotational motion of the atlantoaxial joint. 

However, the disadvantages of this technique are the steep learning 

curve and the potential for serious complications including errant 

screw placement leading to spinal cord injury, hypoglossal nerve 

injury, or vertebral artery laceration. 

To avoid complications we routinely perform pre-operative CT 

scanning of the cervical spine (often with three-dimensional 

remodeling sequences on a Stealth station (Medtronic Sofamor 

Danek, Memphis, TN) to identify an anomalous vertebral artery 

course (Figure 3), destruction of bone at the intended site of 

screw fixation, or an unacceptably small C2 pars. In addition, we 

recommend and routinely use pre-operative MRI scanning in 

order to assess the degree of neural compression and the integrity 

of the transverse atlantal ligament prior to performing this 

procedure. 

In order to minimize the risk of vertebral artery injury with 

transarticular facet screw placement, we only place the screw if the 

preoperative CT confirms the normal anatomic position of the 

vessel.[23,24,25] In cases with aberrant unilateral vessel position, we 

Figure 3: Axial CT scan of C2 revealing aberrant vertebral artery in the 
intended path of a right C1–2 transarticular screw 

Figure 2: Artist’s illustration of Sonntag wire fusion. Additional 
morsellized autograft may be placed to promote fusion (arrow) 
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place the screw only on the normal side. In case of a vertebral 

artery injury during screw placement, our preference is to place 

the screw to tamponade the bleeding. The contralateral screw 

should not be attempted in this setting in order to avoid the risk of 

bilateral vertebral artery injury. The patient should be taken to 

angiography to assess the injury which has occurred and to 

potentially sacrifice the injured vessel angiographically. 

To perform the C1-2 transarticular screw technique, we position 

the patient prone in a Mayfield head holder (OMI, Inc., Cincinnati, 

Ohio). We leave the neck in a neutral position and flex the head on 

the neck in a “military tuck” position (Figure 4A). This affords 

posterior translation and reduction of the C1-C2 complex allowing 

the surgeon access to the desired C1-2 trajectory. The patient is 

prepared and draped to expose from the suboccipital to the mid

thoracic area. Before making a skin incision, we use lateral 

fluoroscopy we determine the planned entrance site on the skin 

for the screw trajectory (usually the paramidline area near the T1 

spinous process) in order to ensure that enough of the thoracic 

spine is prepped into the surgical field. We create a separate mid

line incision to expose the posterior elements of C1-C3. 

Next we identify and palpate the bony limits of the C2 lateral 

mass. The superior and medial aspect of the C2 pars are exposed 

and palpated with a Penfield dissector. Using the Penfield 4 

dissector, the C2 nerve is undermined with gentle sweeping 

movements in a rostral direction. The Penfield 4 dissector is then 

passed medially and superiorly over the pars and pedicle of C2 to 

determine the angle for the screw. There is typically a robust 

epidural venous plexus on the medial aspect of the pars of C2 

which can be controlled by bipolar cautery. We do not dissect on 

the lateral portion of the pars of C2, as this is not necessary and 

can increase the risk of bleeding from the paravertebral venous 

plexus. 

In patients with significant C1-C2 subluxation, a reduction of 

C1 onto C2 must be performed before the screw path can be 

drilled. The reduction can be accomplished by simple manipulation 

of the Mayfield head holder, or it can be accomplished by first 

creating a posterior interspinous tension band with a Sonntag 

interspinous construct. 

With fluoroscopic guidance or with intraoperative 

neuronavigation with a Stealth station, the proper trajectory is 

confirmed by placing the drill or similar instrument adjacent to 

the neck outside of the incision. This trajectory should cross the 

C1-C2 facet joint and at the anterior arch of the atlas. We usually 

find that the percutaneous entrance site for the drill lies 

approximately 2cm lateral to the T1 spinous process (Figure 

4B) (and this is why we prepare and drape the upper thoracic 

spine into the surgical field). We create stab incisions approximately 

1cm from the midline bilaterally. We place a guide tube with an 

obturator through the stab incision site and into the open surgical 

site at C1-C3. The tip of the guide tube is docked at the C2 entry 

site. The C2 entry site is identified by locating the inferior medial 

angle of the C2-C3 facet joint. The entry site is approximately 3

4 mm rostral and 3-4 mm lateral to this point (i.e., from the 

inferior medial facet joint of C2-3 “go up 3 mm and out 3 mm’’. 

A B 

Figure 4: (A) Trajectory for a C1–2 transarticular screw if the patient is 
positioned without capital flexion of the head on the neck. 

(B) Trajectory for a C1–2 transarticular screw for a patient positioned 
with capital flexion of the head on the neck (military tuck position) 

Figure 5: Lateral X-ray of a C1–2 transarticular screw placed over 
a K-wire 

With a high speed drill the cortical bone is pierced to mark a K

wire entry site. The K-wire trajectory is typically 15 degrees medial 

with the superior angle visualized by fluoroscopy. The K-wire is 

directed down the C2 pars and pedicle complex and across the 

C1-C2 joint, aiming at the anterior tubercle of C1. The tip of the 

K-wire is advanced to a point 3-4 mm posterior to the anterior C1 

tubercle (to avoid penetration of the wire into the retropharyngeal 

area).

 While the K-wire is drilled, subtle changes may be perceived in 

resistance as the K-wire subsequently traverses the 4 cortical 

surfaces along its path into the C1 lateral mass. The cortical 

surfaces include the posterior C2 entry point, the superior articular 

surface of C2, the inferior articular surface of C1, and the anterior 

cortex of C1 ring. 

After the K-wire is placed, a cannulated drill bit is passed over 

the K-wire and drilled to the same target point. Care must be 

taken to avoid advancing the K-wire further as the drilling is 

performed. We typically have an assistant hold the K-wire with a 
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needle driver as the drill bit is advanced in order to avoid advancing 

the K-wire beyond the anterior arch of C1 and into the soft tissues 

of the neck. 

The pilot hole is then tapped over the K-wire through the C1-

C2 facet joint and into the lateral mass of C1. Subsequently, a 

fully threaded 3.5 mm or 4 mm cortical screw is placed over the K

wire (Figure 5). The necessary screw length can be measured 

directly from the drill or from the K-wire inserted. The screw is 

usually 1-3 mm shorter than the actual measured length since 

some degree of compression of the C1-2 joint occurs with screw 

placement. (We typically use screws 34-44 mm in length). An 

oversized screw may breach the anterior cortical margin and injure 

the pharyngeal soft tissue. On the other hand, a screw that is too 

short may compromise purchase. 

This same technique is repeated on the opposite side as well. If 

not already performed, we usually supplement transarticular screw 

fixation with a Sonntag posterior interspinous wiring procedure 

for added stability.[21,22, 26] 

We typically mobilize patients in a hard cervical collar for three 

months after performing the procedure. We prefer to perform the 

C1-2 transarticular fixation with either Axis screws or UCSS 

screws (Medtronic Sofamor Danek, Memphis, TN). More recently, 

we have incorporated a C1/2 transarticular screw into a multi

level cervical construct using the VERTEX polyaxial screw-rod 

system (Medtronic Sofamor Danek, Memphis, TN). 

Goel’s C1 lateral mass screwwith C2 pars or pedicle 
screw fixation 

The technique of segmental atlantoaxial fixation and fusion 

using C1 lateral mass screw and C2 pedicle screw and plates was 

pioneered by Prof Goel et al.[6] The authors achieved 100% fusion 

with minimal rate of complications.[7] The authors advocate 

bilateral sacrifice of C2 ganglia in order to prepare the atlantoaxial 

facet joints for arthrodesis. 

Goel et al have highlighted the advantage of their method over 

other constructs.[7] One of the advantages of the C1 lateral mass 

in combination with C2 screw technique is that anatomic alignment 

of the C1-C2 complex is not necessary prior to instrumentation. 

In addition, this technique can still be utilized in cases where there 

is an aberrant vertebral artery. The plates act as tension-band, 

providing stability in flexion/extension and hence a midline 

procedure by Gallie’s fusion or Brooks fusion is not necessary. 

The procedure is technically demanding and precise and an exact 

three-dimensional understanding of the anatomy of the region 

and of the vertebral artery is mandatory. Large venous plexuses 

in the lateral gutter need to be handled appropriately. Goel et al 

have reported that sacrifice of the C2 ganglion provides a wide 

exposure to the region for the conduct of the surgery and does not 

lead to any significant neurological symptom. Biomechanical 

testing has shown that C1 lateral mass screw with C2 pars screw 

construct allows an average of 0.6 degrees more motion than does 

a C1-2 transarticular screw.[29] 

Recently several authors including us have modified the 

technique and use polyaxial screws and top loading rods and do 

not sacrifice the C2 ganglia.[26, 27] 

Surgical technique 
The patient is positioned prone using a Mayfield head holder 

(OMI, Inc, Cincinnati, OH). The neck is kept neutral and the 

head is placed in the military tuck position. The arms are tucked 

at the sides. The shoulders are retracted caudally using tape. A 

midline incision is made extending from the suboccipital area to 

the spinous process of C3. The C2-C3 facet joints are exposed 

and the dorsal arch of C1 is exposed laterally exposing the vertebral 

artery in the vertebral groove on the superior aspect of the C1 

arch (sulcus arteriosis). The C2 nerve root is identified and is 

either sacrificed or mobilized inferiorly. Bipolar cautery and 

haemostatic agents such as gel foam are used to control bleeding 

from the venous plexus surrounding the C2 nerve root and also 

surrounding the vertebral artery. The lateral mass of C1 inferior 

to the C1 arch is exposed after the C2 nerve root has been sacrificed 

or mobilized inferiorly. The medial wall of the C1 lateral mass is 

identified using the forward angle curette to palpate the medial 

limit of screw placement. The medial aspect of the transverse 

foramen at C1 and C2 can also be identified and serve as a lateral 

limit for screw placement. 

The entry point for the C1 lateral mass screw is identified at the 

centre of the C1 lateral mass. Another suggested entry point by 

Goel et al[30] is at the junction point of the midpoint of the C1 

lateral mass midpoint and the inferior aspect of the C1 arch 

(Figure 6). It should be noted that the vertebral artery often runs 

in a sulcus on the superolateral aspect of the C1 arch and care 

should be taken to avoid drilling in this area (Figure 7). 

Using fluoroscopy, a 3 mm drill bit and guide are used to drill a 

hole with 10-15 degrees medial angulation to penetrate the anterior 

cortex of C1. On lateral fluoroscopic imaging the drill is aimed 

towards the anterior tubercle of C1 so that the drill penetrates the 

ventral cortex of the lateral mass midway between the superior 

and inferior facets of C1. The hole is tapped and subsequently, a 

Figure 6: Artist’s illustration of a completed C1 lateral mass with C2 
pedicle screw (Goel’s technique) construct. 
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Figure 7: Photograph of a spine model demonstrating the entry point 
for a C1 lateral mass screw 

Figure 8: Artist’s illustration of the creation of a defect in the 
posterior lamina of C1 prior to placement of a C1 lateral mass screw. 

This defect accommodates the screw shaft and head 

C1 lateral mass screw is placed (Figure 8). 

We then turn our attention to placing a screw at C2. The C2 

screw can either be placed in the pars of C2 or in the pedicle of C2. 

The pars of C2 is defined as the portion of the C2 vertebra between 

the superior and inferior articular surfaces. A C2 pars screw is 

placed in a trajectory similar to that of a C1-C2 transarticular 

screw except that it is much shorter. The entry point for the C2 

pars screws 3 mm rostral and 3mm lateral to the inferior medial 

aspect of the inferior articular surface of C2. The screw follows a 

steep trajectory paralleling the C2 pars (Often 40 degrees or more) 

(Figure 9). We are usually able to achieve this trajectory through 

an incision that extends down to C4 without using a percutaneous 

stab incision at T1 (Figures 10 and 11). The screws are passed 

with 10 degrees of medial angulation. Screw length is typically 16 

mm, which often stops short of the transverse foramen (Again, 

we confirm this with pre-operative CT scanning). Vertebral artery 

injury is still a risk with C2 pars screws but the risk is not as high 

Figure 9: Artist’s illustration of the placement of a C1 lateral mass 
screw 

Figure 10: Lateral X-ray of a C1 lateral mass screw and C2 pars screw 
construct demonstrating the angulation and ideal positioning of the 
screws. An interspinous wiring has also been added to enhance the 

fusion 

Figure 11: Artist’s illustration of a completed C1 lateral mass with C2 
pars screw construct 
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as with transarticular screws. 

The C2 pedicle, on the other hand, is the portion of the C2 

vertebrae connecting the dorsal elements with the vertebral body 

(The C2 pedicle is anterior to the C2 pars). The trajectory of the 

C2 pedicle screw is different than that of C2 pars screw. The entry 

point for a C2 pedicle screw is in the pars of C2, lateral to the 

superior margin of the C2 lamina. This point is usually 2 mm 

superior and 2 mm medial to the entry point for the C2 pars 

screw that we have just described. Goel's C1 lateral mass screw 

with C2 pars/ pedicle screw fixation (Figure 6). The screw is 

placed with 15-25 degrees of medial angulation. The thick medial 

wall of the C2 pedicle will help redirect the screw if necessary and 

prevent medial wall break out and entry into the spinal canal. The 

screw is placed after a drill is used to create the entry hole and 

after the hole is tapped. The trajectory of the C2 pedicle screw is 

20 degrees up angle and 15-25 degrees medial from the entry 

point. The screws are tightened over a plate or rods are top loaded 

onto the screw heads (our modification). 

The versatility of this technique for the treatment of various 

craniovertebral disorders has been highlighted by Goel et al in 

their numerous publications.[31-35] 

Recently, various authors have reported variations of this 

technique by substituting C1 or C2 laminar hooks or by using C2 

translaminar screws.[36] 

Anterior C1 and C2 fixation technique 
Transoral instrumentation for unstable craniovertebral junction 

was described by Goel et al in 1994.[36] Harms and colleagues 

have recently used transoral technique to fixate the anterior cervical 

spine in patients undergoing transoral approaches to the odontoid 

for rotatory dislocations, tumors, or infections. The advantage of 

this technique is that the patient undergoing transoral 

decompression with anterior fusion can avoid a subsequent 

posterior neck incision for C1-2 fixation. 

The technique is performed with the use of a “T-plate” (Depuy 

Spine, Raynham, MA). The horizontal portion of the plate is 

placed over the C1 lateral masses anteriorly and screws are placed 

through the plate apertures into the anterior C1 lateral mass to 

achieve a bicortical purchase. The vertical portion of the plate 

rests on the body of C2 inferior to the base of the dens. Two 

vertebral body screws are then placed just superior and parallel to 

the C2-3 disc space. This procedure requires an extensive posterior 

pharyngeal “C” shaped flap via the transoral approach. Midline 

linear posterior pharyngeal exposures are not recommended if 

this “T-plate” is used because they are prone to wound breakdown 

due to the profile of the “T-plate” causing pressure on the 

pharyngeal incision. 

Discussion 

We have utilized most of the constructs that we have described 

in the article in our practice over the past decade. In our opinion, 

C1-2 transarticular screws are the gold standard for re-establishing 

C1-C2 stability. C1-2 transarticular screws, combined with a 

Sonntag type interlaminar wiring construct, have been shown to 

be biomechanically superior to all other constructs in achieving 

rigid fixation of the axis to the atlas. The C1 lateral mass screw 

technique, on the other hand, is very close to achieving the rigid 

fixation of the transarticular screw technique. The C1 lateral mass 

screw with C2 pars/ pedicle screw technique is advantageous 

because it is not constrained by vertebral artery anomaly or by 

lack of alignment of C1 on C2. 

Either of these screw techniques allow the patient to avoid the 

use of a halo postoperatively. We typically utilize only a hard 

cervical collar after these procedures. 

C1-2 posterior wiring and clamping techniques are not as rigid 

as the screw techniques. They do offer higher rates of fusion when 

combined with halo immobilization. However, they require an intact 

posterior arch of C1 and C2, which is not always available. 

Anterior C1 and C2 fixation is technically possible but is 

challenging and risks retropharyngeal wound breakdown. This 

technique has limited applications. 
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