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  Original Article  

Although various posterior craniocervical spine 
screw placements have been developed to increase 
the ease and accuracy, there is still controversy over 
which is the safe surgical technique to evaluate the 
landmarks and measurements for C2 screw placement 
in the craniovertebral region. The C2 pedicle is the 
portion of posterolateral to the vertebral body and 
is located beneath the superior articular facet and 
anteromedial to the transverse foramen. However, 

the C2 pars interarticularis is the narrowest portion 
of the neural arch and located between the superior 
and inferior articular processes. That being stated, the 
locations of the C2 pedicle and pars interarticularis 
are still controversial(1-4). The transpedicular C2 
screw fixation is longer and has an angle that is 
more medial, thus, makes the transpedicular screws 
have a higher rate of successful fusion and be more 
biomechanically stable. However, there is a higher 
incidence to develop some vertebral artery injury than 
with the pars screw(3,5-8).

The C1 to C2 vertebrae are called atypical 
vertebrae. They have unusual shapes and architecture 
that result in injury to the vertebral artery during 
surgery in this region(8). The variation in the 
effectiveness and safety technique in preventing 
screws from breaching the cortical surface of the 
pedicle in the many studies is significant. The various 
entry points, angles, and trajectories described in 
those studies for these screws can act only as a rough 
guide(3,7,9). The risk of injury can be reduced with the 
aid of preoperative imaging and a navigation system 
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to improve screw accuracy. However, they are not 
routinely performed for all approaches because of the 
limited application due to its high cost and unavailable 
in all institutions(10,11). The freehand placement of the 
cervical transpedicular screw under fluorography 
is used as a technique for transpedicular screw 
placement in the cervical spine(12).

The aim of the present study was to assess the 
accuracy and safety for C2 transpedicular screw 
placement by freehand under lateral fluoroscopy 
with an anatomical landmark using the direct 
visualization technique. Although descriptions of the 
C2 transpedicular screw have been reported in many 
studies, the proposed screw trajectory is still different.

Materials and Methods
The present study was a retrospective data 

review of 19 consecutive patients with unstable 
or deformities in the occipitocervical spine that 
underwent C2 transpedicular screw fixation between 
March 2017 and February 2019 in Pathum Thani 
Hospital. Preoperative CT cervical spine evaluated 
before the operation and postoperative CT angiogram 
images of the neck (0.2 mm slice thickness) were 
taken in all patients after they were clinically stable, 
for evaluating vertebral artery and accuracy of the 
transpedicular screw placement. When the different 
three planes on the CT scan image were set-up, 
the superior and medial angulation were measured 
parallel to the medial and superior aspect of the C2 
pedicle with the sagittal and axial planes, respectively 
(Figure 1)(2). The length and diameter of the cervical 
screw was derived from the operative record.

The present study was approved by the 
Institutional Review Board of the author’s institution 
(no. 0032.203.3/21), which waived the requirement 
for informed consent due to the retrospective nature 
of the study.

Surgical technique
Under general anesthesia, the patient was placed 

in a prone position under the guidance of lateral 
fluoroscopy. The head was stabilized in a halo ring 
and the neck was held in alignment by skull tongs 
and maintained in a neutral position. A midline skin 
incision was made, and paravertebral muscles were 
retracted laterally to cover the pathologic lesion. The 
subperiosteal exposure was performed to expose the 
C2 lateral border of the lateral mass and facet joints. 
The soft tissue was removed to expose the dorsal root 
ganglion of C2. The superomedial border of the C2 
pars interarticularis and pedicle was decorticated. The 
posterior surface of the lateral atlantoaxial articular 
capsule was dissected to identify atlantoaxial space 
and the superomedial border of proximal C2 pedicle 
that was an important landmark for screw trajectory 
and ability to control the point of directional drilling 
clearly (Figure 1)(3).

The entry point was adjusted to place the screw 
at the middle point between the superolateral border 
of the spinal canal and the lateral border of the C2, 
then the high-speed 2-millimeter diamond head drill 
bit from the entry point and the trajectory parallel 
to superomedial border the spinal canal. The dorsal 
root ganglion of C2 was retracted in a superomedial 
direction and guarding by Penfield retractor (Figure 2). 
A pilot hole deep about 10 millimeters, a sounder was 
used to check whether there was no breaching out to 
either the spinal canal or the vertebral foramen.

When the cancellous channel of the pedicle 
was not perforated to the spinal canal or transverse 
foramen, the high-speed diamond burr drilled to 
the vertebral body. After tapping was done, the 

Figure 1. The entry point adjusted to place the screw at the 
middle point between the lateral border of the C2 and the 
superolateral border of the spinal canal. The screw trajec-
tory to the superomedial border of the proximal C2 pedicle.

Figure 2. The dorsal root ganglion of C2 was retracted in a 
superomedial direction and guarding by Penfield retractor.
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created hole was checked again by a sounder and the 
polyaxial titanium screw 3.5 millimeters in diameter 
and appropriated 24 to 26 millimeters in length was 
inserted. The trajectory for the insertion of the C2 
screw was guided by anatomic landmarks with lateral 
fluoroscopic imaging (Figure 3). 

Measurement
When all different three planes on postoperative 

CT scan images were set-up. The superior angulation 
was measured a superior aspect of the C2 pedicle 
and parallel to the superior facet in the coronal and 
sagittal planes (Figure 4). The medial angulation was 
measured parallel to the middle point of the odontoid 
in the coronal and axial planes (Figure 5). However, 
measurement of the medial inclination of the pars 
interarticularis was difficult because of its relatively 
superior angulation(13).

Accuracy of C2 screw placement was evaluated 
in the axial CT images and classified into three 
grades, grade 0 (G-0) correct placement, grade 1 

(G-1) malposition by less than half screw diameter, 
grade 2 (G-2) malposition by more than half screw 
diameter(12).

Statistical analysis
Descriptive statistics were used to describe 

demographic data of the patients and normality tests. 
The degrees of the superior and medial angulation of 
C2 transpedicular screw directions were determined 
by two spine surgeons. The randomized measurement 
performed in all patients prevented the selection 
and insured against the accidental bias from age, 
gender, and clinical presentation. The data were 
compared to the difference between the superior and 
medial angulation, and the right and left angulation 
measurements. The paired sample t-test will be used 
for comparing the difference between the first and 
second measurements and the right and left superior 
and medial angulation by one-way ANOVA test. All 

Figure 4. The superior angulation was measured as a su-
perior aspect of the C2 pedicle and parallel to the superior 
facet in the coronal and sagittal planes. Figure 5. The medial angulation was measured parallel to 

the middle point of the odontoid in the coronal and axial 
planes.

Figure 3. The high-speed diamond burr drill to C2 pedicle and deep about 10 millimeters, after a sounder was used to check 
then drill again to the vertebral body. After tapping was done the polyaxial titanium pedicular screw was inserted.
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statistical analyses were performed using IBM SPSS 
Statistics software, version 23.0 (IBM Corp., Armonk, 
NY, USA).

Results
The nineteen patients underwent posterior 

cervical fixation and 37 transpedicular screws were 
inserted. One tuberculous spondylitis patient could 
not have the screws placement because the right side 
of C1-2 was destroyed (Figure 6). Most of patients 
were male and averaged 58.11 (range 20 to 82) years 
old. Most of the indication for surgery was upper 
cervical trauma (Table 1). One patient had minimal 
lateral perforation grade 1 (G-1) at the right side 
and minimal medial perforation (Figure 7) and one 

patient had partial tear right vertebral artery between 
dissected the lateral border of axis but could control 
bleeding by gel foam. In two patients, there were 
anterior and posterior surgical approaches, irreducible 
C1-2 subluxation was performed with the transoral 
odontoidectomy and occipitocervical screws fixation 
(Figure 8) and unstable C2 to C3 spondylolisthesis 
was performed with the anterior cervical plate and 
posterior C2-3 screws fixation (Figure 9). All the 
patients did not have neuro-vascular complications 
after surgery.

The mean of right superior angulation in first 
and second measurements was 31.39° and 30.33°, 
while the mean of left superior angulation in first 
and second measurements was 31.87° and 30.18°. 

(a) (b) (c) (d) (e) 

(f) (g) (h) (i) (j) 

Figure 6. The 3D and coronal CT images illustrating the C1 to C2 tuberculous spondylitis with lytic destruction of the right 
portion of the vertebral body and pedicle (a-c) MRI show epidural abscess compress the cervicomedullary junction (d) post 
occipitocervical fixation (e) pre and post right C2 transpedicular screw and follow up at 1, 3, 6, 12 months (f-j).

Table 1. Demographic data of patients (n=19)

Characteristics Operations Value

Sex: male/female 15/4

Age (year); mean (min-max) 58.11 (20 to 82)

Indication of surgery

Burst fracture C1 with transverse ligament rupture Posterior C1 to C2 fixation 1

Alantoaxial dislocation with transverse ligament rupture Posterior C1 to C2 fixation 2

Irreducible C1 to C2 subluxation with cord compression Transoral odontoidectomy with occipito-C2 to C3 fixation 
and C1 to C2 wiring 

1

Unstable spondylolisthesis of axis Anterior C2 to C3 and posterior C2 to C3 fixation 1

Spondylolisthesis of axis with facet dislocation Posterior C1 to C3 fixation 1

Unstable fracture odontoid process Posterior C1 to C2 fixation 5

Os odontoideum Posterior C1 to C2 fixation 4

Rheumatoid arthritis with cord compression Posterior C1 to C2 fixation with laminectomy 1

Rheumatoid arthritis with cord compression Posterior C1 to C3 fixation with laminectomy 1

Cervicomedullary junction tuberculosis and atlantoaxial 
dislocation with cord compression 

Occipito-C1 to C4 fixation and laminectomy 1

Tuberculous epidural abscess C3 to C5 with cord 
compression

Posterior C2 to C5 fixation with laminectomy and pus 
drainage

1
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The mean of right medial angulation in first and 
second measurements was 19.54° and 18.96°, while 

the mean of left medial angulation in first and second 
measurements was 22.00° and 20.74°, respectively. 
The paired sample t-test revealed no significant 
difference between the first and second measurements 
(Table 2). Besides, the one-way analysis of variance 
revealed no significant difference between right and 
left superior and medial angulation (Table 3).

Discussion
The C2 transpedicular screw was described by 

Goel and Laheri in 1994 as part of a plate and screw 
construct that was utilized for posterior atlantoaxial 
fixation and later popularized by Harms and Melcher 
in 2001(14-16). The transpedicular screw and rod 
constructs have gained popularity in cervical spine 
pathologies as it provides increased stability. Although 
the biomechanical study shows the C2 transpedicular 
screw generated a greater insertional torque and pull-
out strength in comparison to lateral mass, pars, and 
laminar screws, the screw placement demands the 
precise and the exact three dimensional understanding 
of the anatomy in the atlantoaxial region(5,17,18). 

Figure 7. Minimal lateral perforation grade 1 (G-1) on the right side and minimal medial perforation.

(a) (b) (c) (d) (e) 

Figure 8. Irreducible C1-2 subluxation (a, b) and post transoral odontoidectomy with occipitocervical fixation (c-e).

(a) (b) (c) (d) (e) 

Figure 9. Traumatic C2 to C3 spondylolisthesis (a-d), post anterior and posterior C2 to C3 fixation (e).

Table 2. The paired sample t-test to determine the differ-
ence in mean of superior and medial angulation between 
the first and second measurements

n Mean±SD Min-max p-value

Right superior angulation 0.07

1st measurement 18 31.39°±8.97° 18.4° to 53.9°

2nd measurement 18 30.33°±8.55° 16.5° to 48.3°

Left superior angulation 0.06

1st measurement 19 31.87°±10.26° 16.6° to 53.9°

2nd measurement 19 30.18°±9.03° 14.8° to 46.6°

Right medial angulation 0.50

1st measurement 18 19.54°±6.74° 9.7° to 36.2°

2nd measurement 18 18.96°±5.36° 10.4° to 30.2°

Left medial angulation 0.32

1st measurement 19 22.00°±8.46° 11.8° to 37.8°

2nd measurement 19 20.74°±7.55° 11.4° to 37.3°

SD=standard deviation
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Recently, differentiating between a pars screw and a 
transpedicular screw have been confusing, possibly 
because the C2 superior articular process is almost as 
anterior as the vertebral body(1,2).

Xu et al studied dry pedicle C2 cervical vertebrae 
in American people and found that the medial 
angulation was 33° and the superior angulation was 
20°(19). Yuan et al study in the external morphologic 
dry C2 vertebrae in Chinese adults revealed that the 
mean the medial angulations were 41.8° and 43.4° on 
the right and left sides and the superior angulations 

were 10.6° and 11.5° on the right and left sides, 
respectively(4). Nitising et al studied the dry C2 
vertebrae in Thai. The mean of the medial angulation 
was 29.88° and 29.55° on the right and left sides 
and the superior angulation were reported at 27.66° 
and 28.35° on the right and left sides, respectively(2). 
Bunmaprasert et al studied the radiography in Thai 
adults. The mean of the medial angulation was 38.95° 
(28.07° to 52.85°) and the superior angulation was 
reported at 27.54° (20.65° to 33.95°)(13).

Although the previous studies showed the medial 
and superior angulations of C2 anatomical study 
were different from the transpedicular trajectory, the 
multiple landmarks and measurements have been 
used by spine surgeons. These are often varied in 
the literature(20) (Table 4). However, the area of the 
entry point for screw insertion, the lateral masses and 
beneath the facets, as well as near the bony endplates 
suggests that having a good cancellous bone quality 
and a high density of trabecular bone is important(6). 

The entry point
Placement of screws into the C2 pedicle should 

be preceded by careful avoidance of complications 
such as vertebral artery injury because of the anatomic 
variation of the structures. The third part of the 
vertebral artery running within the C2 groove is a 
transitional segment that is variable and different from 
the other parts and the proximity of the C2 pedicle to 
the transverse foramen, which are considerable risks 

Table 3. The one-way analysis of variance to determine the 
difference between left and right angulation measurement

df Sum of 
squares

Mean 
square

F p-value

Superior angulation

Right: 1st measurement 3 96.07 32.02 0.36 0.78

Left: 1st measurement 70 6,162.85 88.04

Right: 2nd measurement

Left: 2nd measurement

Total 73 6,258.92

Medial angulation

Right: 1st measurement 3 103.28 34.43 0.64 0.60

Left: 1st measurement

Right: 2nd measurement 70 3,792.09 54.17

Left: 2nd measurement

Total 73 3,895.36

Table 4. Overview of C2 pedicle screw techniques

Surgical technique The entry point Direction

Ebraheim, et al. 1996(21) 5 mm inferior to the lateral border of the C2 and 7 
mm lateral to the lateral border of the spinal canal

30° toward the midline in the transverse plane and 
cephalad in the sagittal plane

Harms, et al. 2001(15) The cranial and medial quadrant of the isthmus 
surface of C2

Approximately 20° to 30° in a convergent and 
cephalad direction

Mummaneni and Haid 2005(17) 5 mm rostral and 1 mm lateral to the inferior medial 
part of the inferior articular facet of C2

20° up angle and 15° to 25° medial from the entry 
point

Stulik, et al. 2007(22) 2 mm from the medial border and 5 mm from the 
caudal border of the C2 inferior articular process

20° to 30° cranially and convergent direction at an 
angle of 20° to 25°

Chun and Bak 2011(23) 4 mm lateral to and 4 mm caudal to from the 
superior line of the lamina to the isthmus of the pars 

interarticularis

Approximately 20° to 30° in a medial and 20° 
cephalad direc¬tion.

Ajayi, et al. 2016(18) 5 mm rostral and 1 mm medial to the inferomedial 
aspect of the inferior articulating surface of C2

15° to 25° of medial angulation

Tawfik, et al. 2018(9) The nutrient foramen of the pedicle 15° to 25° with medial angulation and just lateral to 
the medial aspect of the spinal canal.

Sai Kiran, et al. 2018(3) 5 mm rostral and 1 mm lateral to the inferior medial 
part of the inferior articular facet of C2

Superior angulation of 20° and medial angulation of 
15° to 25°

Marco, et al. 2018(24) Approximately 2 mm lateral to the medial wall of the 
pedicle and 3 mm cephalad to the C2 to C3 facet.

approximately 20° medial angulation and 30° 
cephalad angulation
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of intraoperative injury that may cause malposition of 
screw and catastrophic consequences. This is directly 
related to patient mortality and morbidity(18,25).

The present study found that the entry point was 
not significantly different from the previous literature. 
However, the entry point measurement for the screw 
trajectory in Thai people might be different from 
Westerner because of the anatomy of the Asian(13). 
The entry point could be the point that visualizes and 
simplifies identifying landmarks during the operation. 
Furthermore, the starting point should be generally 
more cephalad than the vertebral artery, thereby 
decreasing the risk of injury to the vertebral artery. 
The medial angulation should be set at an angle that 
minimizes the vertebral artery groove violation(5,26).

The trajectory of screw
The transpedicular screw trajectory is still the 

rough guideline for the screw placement in the 
literature. The screw insertion should be dissecting 
the anatomical landmarks clearly and determined by 
direct visualization. A high-riding vertebral artery and 
narrow pedicles of C2 are the two anatomic variations 
that have been suggested to be associated to increase 
the risk of vertebral artery injury. The reduced risk of 
the vertebral artery for freehand technique requires 
visualization of the lateral atlantoaxial joint and the 
direction of the screw trajectory which coagulated 
the epidural venous plexus and retraction of the C2 
nerve root were readily visible and widely exposed 
to facilitate transpedicular screw placement(15,27). The 
decortication of the superomedial border of the C2 
par interarticularis and pedicle is the most important 
step in C2 pedicle screw placement because the 
angulation for screw placement was guided by direct 
visualization of the superomedial border of the pedicle 
used as reference plan through C1 to C2 joint space. 
There was possible irritation of the C2 ganglion by 

retraction, but there was no instances of occipital 
neuralgia(3,10,15).

The trajectory superomedial of the C2 pedicle 
along the strong medial cortex of the pedicle is 
thicker than the lateral cortex. The lateral cortical 
wall of the cervical pedicle is the thinnest, smaller 
dimension of the pedicle and the extreme medial 
angulation of the cervical pedicle probably explains 
why cervical transpedicular screw misplacement is 
more likely to happen laterally. Moreover, the high 
riding vertebral artery extends superiorly deeper 
into the undersurface of the superior articular facet 
in the vertebral artery cave and inadequate medial 
angulation that may result in vertebral artery injury 
and serious complications(10,20,21). In the present study, 
the operation used the high-speed diamond head burr 
introduced into the cancellous core of the pedicle 
aided decreased the chances of lateral perforation 
of the pilot hole compared with the use of a blunt 
pedicle probe (Figure 10)(11,15,28,29). Moreover, the 
high-speed drill reduced the force required to make 
the pilot hole and transmitted proper trajectory to the 
pedicle consequently decreased the deformation of the 
cervical spine during surgery(29). 

The accuracy and safety for C2 transpedicular 
screw placement

Although the exact locations of the C2 pedicle 
and pars interarticularis are still controversial to the 
appropriate entry point and screw trajectory, there 
are no difference in bone density and trabecular bone 
between the pedicle and pars interarticularis(1,2). The 
present study found that the measurement of the 
C2 pedicle revealed that the medial angulation was 
lesser than in some anatomic studies and that there 
was no significant difference between right and left 
superior and medial angulation(2,4,13,19). However, 
the mean of the superior and medial, and the right 
and left angulation for the C2 transpedicular were 
similar in literatures(9,15,17,18,22-24). In addition, to avoid 
catastrophic consequences of vertebral artery injury, 
using a small size, more cephalad in the entry point 
and direction of the screw is parallel the superomedial 
border of the C2 pedicle is considered for pedicle 
screw trajectory because it is far from the vertebral 
artery, which is located inferiorly and laterally to the 
C2 pedicle and might be decreasing risk of injury 
to the vertebral artery (Figure 11)(15). Placement 
of a 3.5- or 4.0-millimeters screw in diameter was 
considered a low risk of injuring the vertebral artery 
and manipulation of polyaxial screws in C2 simplify 
the following reduction maneuver and fixation(15,24). 

Figure 10. The drawing shows using a blunt pedicle probe 
results in the cervical spine deformation and lateral perfo-
ration of the pilot hole to the transverse foramen.
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The appropriate position and angulation for the 
C2 screw fixation may not be identical as the 4.5 
millimeters in diameter screws are not suitable for 
C2 fixation because of the increased risk of vertebral 
artery injury and nerve root injury(13). However, the 
polyaxial titanium screw 3.5 millimeters in diameter 
and 24 to 26 millimeters in length (24 millimeters in 
female, 26 millimeters in male) might be suitable. 
The 4.0 millimeters in diameter cannot be routinely 
used in Thai people(2). 

The risk of injury can be reduced with the aid 
of preoperative angiogram imaging that expresses 
the distance of the lateral pedicle to the vertebral 
artery. The diameter of the transverse foramen 
compare the vertebral artery or occupation ratio, and 
the space available in the transverse foramen for the 
displacement of the vertebral artery, which helpful 
in determining screw insertion that does not lead to 
vascular injury(10,20,30). The other way to avoid the risk 
of neurovascular injury is to make sure that the length 
of the screw should be less than the distance between 
the entry point and the transverse foramen in case that 
cannot be avoided(2). However, the C2 transpedicular 
screws cannot be used in some patients due to various 
C2 anatomical deformation, the intralaminar screw, 
or pars screw that can also be an alternative effective 
surgical technique with lesser chances of injury to the 
vertebral artery and can usually be placed safely(5,7).

Limitation
The present study was a retrospective study from 

a single institute that may cause unavoidable sample 
selection with limited sample size and pathological 
conditions. Moreover, the preoperative angiogram 
was not performed in all patients at the author 
institution.

Conclusion 
The C2 transpedicular screw trajectory is still a 

rough guideline for the screw placement. The screw 
insertion should be cleanly dissected at anatomical 
landmarks and determined by direct visualization 

to assure accuracy and safety. The high-speed drill 
with superior and medial angulation should be 
determined by direct visualization. It reduces the 
force transmitted, is the proper trajectory to the 
pedicle, and avoids the vertebral artery injury during 
the operation. The polyaxial titanium screw 3.5 
millimeters in diameter and 24 to 26 millimeters in 
length might be suitable in Thai people. The risk of 
injury can be reduced with the aid of preoperative 
imaging and the navigation system to improve screw 
accuracy, but these procedures are not routinely 
performed in all institutions. However, when the 
C2 transpedicular screw cannot be used in some 
patients, the intralaminar screw or pars screw can be 
an alternative technique.

What is already known on this topic?
The C2 transpedicular screw trajectory has been 

a rough guideline for the screw placement. There 
are various entry points, angles, and trajectories 
described in literature. There is still no consensus on 
the accurate and safe technique to prevent catastrophic 
consequences. 

What this study adds?
The study found that the measurement of the C2 

pedicle revealed superior angulation is more cephalad 
than in the anatomic studies. Using a small screw size 
in diameter, more cephalad in the entry point, the 
direction of the screw is parallel to the superomedial 
border of the C2 and dissected anatomical landmarks 
clearly and determined by direct visualization lead to 
the greater accuracy and safety for C2 transpedicular 
screw placement by freehand using the anatomical 
visualization technique under fluoroscopy.
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