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Introduction

Posterior instrumentation of the cervical spine with pedicle 
screws has long been considered risky given the low margin 
of error that it affords. Cervical pedicle screw (CPS) breach 
rates have been reported as being anywhere from 1.1–29.0% 

(1-5). The possible neurovascular complications including 
injury to the nerve roots as well as the vertebral artery 
(3,6,7) are daunting to even the most experienced surgeons. 
Anatomical variations in cervical pedicles as well as the 
course of the vertebral arteries contribute to the challenge (8).  
However, studies have shown that the use of CPS results in 
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biomechanically stronger fixation constructs than the use 
of lateral mass screws (9-13). As such, fixation with cervical 
pedicles screws is advantageous for deformity surgery (14-16), 
osteoporotic bone (17), and stabilization of unstable segments 
such as in trauma, tumour and spondyloarthritis (18-20).

In view of the aforementioned risk-benefit profile, there 
have been many endeavours to reduce the margin of error 
during insertion of CPS—these include detailed anatomical 
studies (21-25), drill jig template designs (26-33), as well as 
the use of navigation (10,34-43). Despite these numerous 
studies, at present, there has yet to be an established gold 
standard technique for insertion of CPS. While 3D printing 
(of patient-specific drill jigs), navigation and robotic 
technologies continue to develop and help narrow the 
margin for error, expertise in freehand insertion of CPS 
remains pertinent. It is only with a good understanding of 
the freehand technique that we can fully utilize technology 
to improve outcomes. Therefore, this review article aims 
to discuss freehand CPS insertion techniques as established 
in the current literature, while sharing experience from 
the senior author who exclusively performs pedicle screw 
insertion for posterior cervical instrumentation.

Methodology

A comprehensive literature search was performed for this 
review study using the following electronic databases: 
PubMed, Medline, EMBASE, Web of Science, Cochrane 
Central Register of Controlled Trials and Cochrane Database 
of Systematic Reviews on the 22nd of July 2019. Search 
terms used were a combination of “cervical spine’’, “pedicle 
screws”, “insertion’’, and “techniques’’. The reference lists 
of included studies and review articles identified were also 
hand-searched for additional eligible articles. We included 
all full-text articles on CPS insertion techniques, focusing 
on clinical studies and those describing freehand techniques. 
Articles which were on cadaveric studies, drill jig, navigation 
or robotic technology were excluded. Other exclusion criteria 
meta-analyses and non-English publications. 

Results

Study characteristics 

The search strategy identified 132 potentially relevant 
studies; titles were de-duplicated, and abstracts were 
screened. A further 43 studies were excluded due to 
conflicting research focus after review of 56 full-text articles 
(Figure 1). In all, a total of 13 primary references comprising 

1,480 patients were included in this review (1,2,20,44-53).  
Baseline characteristics of included studies and study 
population are detailed in Table 1.

Surgical techniques 

Entry point landmarks
The present study finds significant heterogeneity in 
reporting of landmarks for CPS insertion across all 13 
studies. Of note, majority of studies reported (to varying 
levels of detail) utilizing the cranial margin of lamina for C2 
levels, as well as lateral to centre of the articular mass, and 
just medial to the lateral border of the superior articular 
process for C3–7 levels.  A summary of various reported 
landmarks for CPS insertion are noted in Table 2. Pilot hole 
formation was primarily performed via removal of cortical 
bone with high-speed burrs with head types ranging from 
1.8 to 4 mm. 

Tracking and formation of trajectory
Eight of 13 included studies utilized curved pedicle probes 
(tips ranging from 2 to 2.5 mm) to track through the 
pilot hole(1,2,44,46,48,49,52,53), with varying insertion 
depths ranging from specific measurements (20–30 mm) 
to ratioed measurements (no less than two-thirds of lateral 
mass thickness) under fluoroscopic guidance (46,48). 
Alternatively, nerve retractors (20), or a 2 mm burr (47) 
were used instead for path-tracking. Three studies specified 
the method for locating and subsiding into the cancellous 
channel by pushing the pedicle probe medially whilst in 
contact with the thick medial cortical pedicle wall, with 
an upward and downward movement of the tip (1,45,49). 
Subsequently, ball-tip probes were reported in most 
included studies to facilitate finding the right trajectory, 
with straight probes ensuring a wider, straighter track (1,45). 

Limited included studies reported trajectory of CPS 
insertion in detail. In total, 7 studies noted the angle 
of screw insertion, with only Xu et al. accounting for 
superior-inferior trajectory (10° cephalad for C6 and 7, 
10° caudad for C3 and C4, and vertically for C5) (52). Of 
note, other studies exhibited convergence angle trajectory 
ranging from 30° to 47° between the sagittal plane and 
longitudinal axis in the middle cervical spine (2,20,47,51,53).  

Pedicle wall integrity and screw insertion

Seven studies specified use of a ball-tip probe at various 
checkpoints to confirm pedicle wall integrity, namely after 
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132 Potentially relevant articles after initial literature search 
75 from PubMed 
40 from EMBASE 
17 from Medline

92 Articles after 40 duplicates removed

5 Additional studies
by hand searching

56 Full text articles reviewed

13 Studies included 
in literature review

41 Articles that were excluded: 
- 10 studies with jig/drill templates
- 17 anatomic studies
- 14 navigation studies

43 Articles that were excluded: 
- Research focus conflicting

Figure 1 PRISMA flowchart of literature search.

insertion of curved probes, insertion of straight probes, and 
after tapping (1,2,45,47,48,51,52). Detection of perforation 
or screw malposition was followed by pedicle screw 
repositioning or conversion to lateral screw mass. A total 
of 10 studies reported subsequent tapping with 3.5 mm  
diameter tap followed by insertion of screw diameters 
ranging from 3.5–4.0 mm (1,2,44,47-53).

Discussion

As the margin of error in CPS fixation is small, meticulous 
planning of the surgery is crucial. The main risks associated 
with this surgery, such as vertebral artery injury, nerve root 
injury, CSF leak and postoperative infection (as detailed in 
Table 3), can be minimized with sufficient analysis of pre-
operative imaging, the surgeon’s expertise and thorough 
knowledge of the local anatomy, as well as the use of 
validated, reproducible techniques of screw placement.

Pre-operative imaging

Pre-operative imaging in the form of a CT scan of the 

cervical spine is essential for the insertion of CPS. To 
begin with, it is important to determine from the CT 
scan whether the pedicle of interest can accommodate 
a screw. Previous cervical pedicle morphometric studies 
have shown that the outer pedicle diameter is more than 
5 mm in most cervical vertebrae (54-56). CPS diameters 
used are usually 3.5, 4.0 and 4.5 mm, while screw lengths 
are usually 20, 22, and 24 mm (57). An outer pedicle 
diameter less than 4 mm makes CPS insertion challenging, 
and alternative forms of fixation such as lateral mass 
screws or posterior wiring can be considered. CPS are 
also contraindicated if the medullary canal of the pedicle 
appears to be sclerotic on pre-operative radiographic 
images as this confers a higher risk of screw malposition (8).  
Spine surgeons should meticulously evaluate the CT 
images pre-operatively in order to check the shape, size 
and direction of the pedicle, as well as to identify the screw 
trajectory and entry point. We recommend fine cut axial 
CT scans in 1.0–2.0 mm slices for this purpose. For each 
vertebra, right and left pedicles should be individually 
analyzed as pedicle morphology can often vary within 
a single vertebra. Usually, a smaller pedicle diameter 
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Table 2 Cervical pedicle screw insertion landmarks

Study Anatomical landmarks 

Abumi 1994 Slightly lateral to center of articular mass and close to posterior margin of superior articular surface

Heo 2019 Level of lateral vertebral notch in the sagittal CT scan

Medial to the lateral border of the superior articular process by a quarter of its width in the axial CT scan

• C7 entry point was moved more medially in the axial plane toward the one-half-width point of the superior 
articular process in the axial plane

Hojo 2014 NA

Lee 2017 Lamina and medial portion of lateral mass

Lee 2017 • Lateral vertebral notch level in the sagittal plane, medial to the lateral border of the superior articular 
process, by one quarter of its width in the axial plane

• Entry point for the C7 vertebra was moved more medially and closer to the one-half-width point of the 
superior articular process in the axial plane

Lee 2012 Virtual pedicle entrance point on the perpendicular line of pedicle axis, medial half of the lateral mass 

Mahesh 2017 Center of lateral mass medio-laterally and along a horizontal line just below the articular margin

Pan 2019 Slightly medial and caudal to the lateral vertebral notch from C3 to C6 except for C7, and is nearly the same as the 
start point of the longitude of the pedicle axis on the sagittal plane

Park 2014 Level of lateral vertebral notch in the sagittal plane

Medial to the lateral border of the superior articular process by one-quarter of its width in the axial plane

Tofuku 2012 Cancellous bone at the pedicle entrance, which is commonly observed to be reddish because of vascular 
cancellous bone

Wang 2013 Cortex of the superolateral quadrant of lateral mass 

Xu 2009 Superolateral corner of the lateral mass in the sagittal plane

Yukawa 2009 Entry point at centre of the circle (pedicle cortex wall) seen on the pedicle axis view

accompanies an enlarged transverse foramen, signifying 
that the vertebral artery coursing through it is dominant 
on that side (58-60). In one study of 127 subjects, left 
vertebral artery dominance was 69.3% (61).

Some surgeons routinely perform 4-vessel MRI 
angiograms pre-operatively to study the course of the 
patient’s vertebral arteries. Others only perform an 
angiogram when there is a high index of suspicion (for 
example, if the aforementioned transverse foramen 
variations are noted on CT), to look for meandering or 
aberrancies in the vertebral arteries’ course. The vertebral 
arteries are known to sometimes loop close towards the 
vertebral bodies (8), and either an irregular vertebral artery 

pathway or irregular anatomy of the cervical pedicle can 
be present in up to 23.6% of patients (61). The highest 
incidence of irregularities is found at C2 (61), and therefore, 
some spine surgeons request for MRI angiogram whenever 
instrumentation of C2 and above is involved. Unless 
there is an intraosseous vertebral artery course, keeping 
the screw within the pedicle and vertebral body is always 
safe, and should be emphasized. A morphometric study 
by Tomasino et al. demonstrated significant individual 
variations in pedicle diameter, safe zone, and space occupied 
by the vertebral artery in the transverse foramen (61). 
These findings highlight the importance of evaluating 
the potential risks to the neurovascular structures prior to 
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inserting CPSs.

Operation room set-up and positioning

As per Abumi et al. (19,20,57), we also recommend that the 
first surgeon stand at the head of the patient to be able to 
determine optimal trajectory for bilateral screw placement. 
The assistant usually stands at the left side of the patient 
next to the C-arm. The patient is positioned prone on the 
surgical table with his/her head secured firmly with a skull 
clamp to provide 3-point rigid cranial fixation. If the lower 
cervical levels are to be visualized, the shoulders are pulled 
caudally with heavy adhesive bandages to ensure ease of 
lateral fluoroscopic imaging.

Exposure

We recommend a generous longitudinal skin incision for 
CPS insertion to better determine and visualize the entry 
point, as well as to achieve the necessary screw convergence 
angle. The cranially adjacent lamina and lateral masses 
of the upper instrumented vertebra should be almost 
entirely exposed, taking care to preserve the cranial facet 
joint capsule and interspinous ligament. The paravertebral 
muscles are dissected laterally for complete exposure of the 
lateral margins of the articular masses. This helps determine 

screw entry point, as will be described below. 

Implant selection 

Screws should be selected according to each pedicle width 
and length. Based on the senior author’s experience, 
diameters of 3.5 to 4.5 mm are appropriate, and lengths 
around 22 to 30 mm are often used for C3–C7 vertebrae. 
The use of polyaxial screws is recommended, unless there is 
a need to correct for rotational deformity.

Entry point landmarks

Abumi et al. were successful in establishing generic entry 
points to guide the placement of CPS (8), and till present, 
their methods are emulated by many spine surgeons. They 
recommended using the lateral vertebral notches of cervical 
vertebrae as a reference point to identify the entry points for 
C2 through to C7. Figure 2 combines the recommendations 
by Abumi et al. and illustrations by the senior author. 

Pan et al. also recognized the anatomic consistency of the 
lateral vertebral notch as first described by Abumi et al. (20) 
and conducted radiological (62), cadaveric (63) and clinical (48)  
studies to demonstrate that using the lateral vertebral notch 
as a reference point to determine CPS entry points is a safe 
and accurate technique (48). However, the offsets from the 

Figure 2 Cervical entry point identification and screw insertion trajectory

Cervical Level Landmark for Screw insertion Angle of Screw insertion

Measurement landmarks for pedicle screw 
insertions: C2: cranial margin of lamina,  
C3-7:2-4mm medial to lateral margin of  
cervical spine articular mass (Red Cross). 

C2 Cranial margin of lamina, which 
coincides with the lateral ridge of C2 
lateral mass

(Penfield can be inserted cranial to C2 
lamina to feel the medial border of C2 
pedicle for further confirmation)

15-25° convergence in transverse plane  

(Smaller angle than pedicle axis is 
acceptable)

Craniocaudal direction perpendicular to 
anterior border of odontoid peg on C-arm

C3-7 1) Slightly medial to the lateral vertebral 
notches 
 
2) Slightly inferior to margin of the 
inferior articular process of the cranial 
adjacent vertebra.
 
(May be at lateral notch for maximal 
convergence anatomical axis screw with 
slight increase chance of breach into 
foramen transvesarium)

Craniocaudal orientation of the screw 
insertion point can be confirmed by a lateral 
image intensifier. Aim slightly upward in 
relation to endplates for C3 and C4.

(Two penfields can be placed on inferior 
laminas of each vertebra bilaterally to 
determine true lateral image was obtained on 
C-arm) 

C7 If the patient’s shoulder girdle is disturbing confirmation of screw starting point with 
lateral C-arm projection, a small laminotomy at the cranial margin of the C7 lamina can 
be performed to visualize and palpate the pedicle
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lateral vertebral notch described by Pan et al. (48) differ 
marginally from Abumi et al. (8). 

While it is helpful to use a given set of landmarks, such 
as the aforementioned, as an initial guide during pre-
operative planning, these should not be prescriptive. Rather, 
we advocate that patient-specific, level-specific, and side-
specific entry points should be identified on pre-op CT 
and confirmed on intraoperative image intensifier C-arm. 
Furthermore, in cases involving markedly degenerative 
lateral masses, the identification of prescribed entry points 
may prove difficult. Use of a high-speed burr to remove 
the proliferative lateral mass may help reveal more familiar 
anatomy, and help determine a tenable entry point. Hojo 
et al. evaluated over 1,000 screws with CT and found that 
malposition rate of CPS inserted by freehand technique 
was especially high (26.7%) in rheumatoid patients and 
attributed this to the difficulty in finding the established 
screw entry points due to destructive changes in the 
posterior elements as well as severe bone fragility (2). This 
finding reiterates the importance of identifying patient-
specific screw trajectories and entry points on the pre-
operative CT prior to insertion of CPS. In the senior 
author’s own series, patients with previous anterior cervical 
spine fusion surgeries, cervical scoliosis with rotational 
deformities and ankylosed spines are at a higher risk of 
screw malpositioning. 

Screw insertion

After adequate dissection, the lateral C-arm is used for 
localization of the entry point during screw insertion and 
should remain in position for the duration of insertion.

In terms of superior-inferior trajectory, Abumi et al. 
recommend that the angle of screw insertion in the sagittal 
plane should be parallel to the cranial endplate for C5 to 
C7 pedicles, while aiming slightly cephalad for C2 to C4 
pedicles (8,57). 

In terms of convergence angle trajectory, anatomical 
studies have shown that the average angle between the 
sagittal plane and the longitudinal pedicle axis in the 
middle cervical spine was 46° (range, 30–62°) (64). The 
convergence angles generally increase down the cervical 
spine, with the smallest angle occurring at C2, and the 
largest angle occurring at C5 (64,65).

Yukawa et al. introduced their technique of finding the 
“pedicle axis view’’ to determine the appropriate screw 
trajectory (7,53). In this technique, a true lateral view of 
the vertebra is obtained, followed by the fluoroscope being 

turned until it shows the cortex of the pedicle of interest 
appearing as a circle – the “pedicle axis view’’. 

The angle at which the fluoroscope is tilted to obtain this 
view gives the trajectory in which to insert the screw. Unlike 
Abumi et al., Yukawa et al. did not utilize the lateral vertebral 
notch to determine entry point and did so instead by 
correlating the true lateral and pedicle axis views. Therefore, 
while they reported finding the convergence angle to range 
from 30 to 55°, they mentioned their preference to for a 
smaller screw trajectory (30–35°) in order to prevent the need 
for additional surgical exposure (7).

Abumi et al. also described a funnel technique, in which, 
using a diamond-tipped high-speed burr, a funnel-like 
whole is created at the screw entry point, down to the 
beginning of the pedicle. The funnel created allows direct 
visualization of the pedicle, and also allows for wider range 
of trajectories in which the screw can be inserted (8). This 
method is thus versatile, while reducing the risk of vertebral 
artery injury. With this technique, the aim is to insert a 
screw in an oblique angle smaller than the angle of the true 
anatomical axis of the pedicle. A convergence trajectory 
of 40–60° from the sagittal plane for C3 to C6 pedicles is 
desirable, while a smaller convergence trajectory is required 
for C2 and C7 pedicles (57).  

As with the rest of the spine, the medial cortex of the 
cervical pedicle is thicker than that of the lateral (55). 
Therefore, the medial pedicle must be used as a guide to 
insert a screw into the vertebral body through the pedicle 
isthmus, and tactile awareness of the medial cortex in 
contrast to the lateral cancellous bone is important during 
probing, tapping and screw insertion. Some groups have 
tried to exploit this by coming up with their own varying 
methods such as the “medial funnel technique” (44) and the 
“cervical medial cortical pedicle screw” (66). 

Prior to insertion of the screws, we recommend that the 
surgeon confirms the direction and insertion depth via a 
small ball-tip probe visualized on lateral II. Heo et al. laid 
out 5 key steps for safe CPS insertion (1):

(I) Screw entry point determination on preoperative 
CT scan;

(II) Small, curved pedicle probe used to ensure 
sufficient medial angle for screw insertion;

(III) Detection of pedicle breach using a ball-tip probe;
(IV) Conversion to a lateral mass screw when a breach is 

detected;
(V) Check on the intraoperative AP radiograph for 

acceptable screw position.
With regards to Heo et al.’s steps (II) and (III), if a large 
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amount of venous bleeding is encountered, it is highly 
suggestive of breach, as the bleeding may originate from 
either the venous plexus around the vertebral artery or the 
venous plexus within the vertebral canal itself. 

Karaikovic et al. suggested that there is no safe zone 
anterior to the cervical vertebral bodies in the cervical spine 
except at the level of C2 (67). Thus, they recommended that 
only C2 allows for bicortical purchase of pedicle screws. 
However, in the senior author’s series, bicortical screws 
were placed for all levels to allow for stronger fixation, and 
a penetration of 1 mm of the anterior cortex remained safe. 
Nevertheless, bicortical screw purchase in the cervical spine 
is not always necessary, and its biomechanical advantages 
should be weighed against the known potential complications 
and the individual surgeon’s expertise in CPS placement.

Given the challenges faced in inserting CPS, there have 
been numerous other publications describing various other 
methods of identifying the ideal entry point or screw trajectory. 
Besides detailed studies performed to validate drill jig template 
designs (26-33), as well as the use of navigation (10,34-43) 
there have been other studies identifying anatomical references 
in attempts to mitigate risk of screw malposition. These 
include the superomedial edge of lamina (68), the nutrient 
foramen (25), and intersection between the horizontal line 
through the midpoint of the transverse process root and the 
vertical line through the mediolateral third of the superior 
articular process (69) to locate the entry point; as well as 
the contralateral lamina (70) and ipsilateral lamina pedicle  
angle (21) to aim the screw in the right trajectory. However, 
with the exception of navigation, the aforementioned specific 
methods have not gained widespread practice.

Learning curve

Given the challenges faced during CPS insertion, it is 

important that we recognize its significantly steep learning 
curve so that spine surgeons learning the technique can 
receive the appropriate guidance necessary to minimize the 
possibility of making fatal mistakes. Heo et al. reported an 
initial 6% breach rate, and a plateaued breach rate of 3% (1), 
while Yoshimoto et al. reported an initial 12% breach rate, 
and a plateaued breach rate of 1% (5). Figure 3 superimposes 
the learning curves of the two studies for comparison. 

Conclusions

Instrumentation with CPS is a worthwhile endeavour 
despite its inherent risks as CPS confer biomechanical 
advantage useful in certain clinical scenarios. To date, there 
is no single gold standard technique for CPS insertion. 
While Abumi’s pioneering technique remains the most 
well-known method of freehand pedicle screw insertion, 
newly emerged adaptations, and complementary techniques 
further improve the practicality of this mode of posterior 
instrumentation. Ultimately, success in CPS insertion is 
dependent on the surgeon's ability to identify the ideal 
screw entry point and trajectory—both of which are 
made less elusive with meticulous preoperative planning. 
Therefore, while work on patient-specific drill jigs, 
navigation and robotic technologies has brought significant 
progress to the field and improved the safety profile of 
this procedure, good expertise in freehand CPS insertion 
technique remains all the more pertinent.
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