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ABSTRACT

Background: Although various subaxial cervical pedicle screw implantation techniques have been proposed, clinical
operators have been unable to exactly determine the entry points and trajectory . The objective of this article is to propose
freehand regional techniques (FRT) for subaxial cervical pedicle screw placements and to investigate the clinical effectiveness
of FRT.

Methods: A total of 80 consecutive patients who underwent open subaxial cervical pedicle screw fixation using FRT
from January 2015 to December 2020 were retrospectively reviewed, and preoperative cervical computed tomography (CT)
images were used to observe the entry point and screw trajectory. The horizontal and vertical lines at the center of the cervical
lateral mass was marked, and the entry point was chosen at the outer upper quadrant of the lateral mass. Both sagittal and axial
trajectories were determined by CT images, generally perpendicular to the cervical laminae. Screw implantation accuracy was
assessed using postoperative CT.

Results: After virtually inserting pedicle screws by FRT on preoperative cervical CT images, all of the entry points were
located in the outer upper quadrant of the lateral mass and the trajectory perpendicular to the cervical laminae was just parallel

to the pedicle’s axis. A total of 694 pedicle screws were placed by FRT clinically, with a 96% accuracy rate.

Conclusions:
and accuracy.

Cervical Spine

Pedicle screw implantation by FRT for subaxial cervical spine can be performed with acceptable safety

Keywords: freehand regional techniques, subaxial cervical, pedicle screws

INTRODUCTION

With the development of modern cervical spinal surgery
technology, pedicle screw fixation has become the pre-
ferred choice to treat cervical trauma, deformity, tumor,
and degeneration because of its stabilizing capability of
all 3 columns.! Biomechanical research has shown that
the 3-dimensional fixation effect of the pedicle screw is
better than the lateral mass screw.” However, pedicle screw
implantation remains technically complicated to implant
in the subcervical area because of its smaller diameter and
circumambient neurovascular structures. Misplacement of
cervical pedicle screws can lead to several kinds of compli-
cations, including screw loosening, neurological damage,
and vertebral artery injuries.*”

Successful freehand implantation of subaxial cervical
pedicle screws requires adequate experience of the surgeon,
who needs a long learning curve.® As the subaxial cervi-
cal freehand pedicle screw implantation technique relies
solely on anatomy, local anatomical marks are crucially
important to select an appropriate entry point. Various sub-
axial cervical pedicle screw implantation techniques have
been proposed to improve screw placement accuracy.™

However, these methods are technically complicated and
require surgeons to remember a large amount of data. The
status increases the operative difficulty, prolongs the oper-
ative time, and extends the learning curve accordingly. A
reliable method for subcervical pedicle screw implantation
is prerequisite for reducing operative difficulty, reducing the
operative time, and shortening the learning curve.

Although different entry points at the subcervical spine
have been proposed, they are all located in a limited area.
This area is easier to identify than the accurate entry points
of traditional techniques as well as not influenced by indi-
vidual differences. The purpose of this study was (1) to
employ freehand regional techniques (FRT) for successful
subaxial cervical freehand pedicle screw implantation and
(2) to clinically determine the accuracy of FRT.

METHODS
Introduction of FRT

The anatomic landmark of lateral mass was deter-
mined, including the inner and outer edges and the
superior and inferior articulating processes. The hor-
izontal and vertical lines at the center of the lateral
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Figure 1.
FRT was located in outer upper quadrant of lateral mass.

Diagram of freehand regional techniques (FRT). The entry point of

mass of the subaxial cervical spine were labeled,
dividing the lateral mass into 4 quadrants. The entry
point was located in the outer upper quadrant of the
lateral mass. The surface of cervical laminae should
be exposed to determinate screws trajectories. The
exposed area should extend from the medial edge of
lateral mass to the spinous process. Screw trajectory
should be perpendicular to the laminae (Figure 1).
(Figure 2)

Clinical Assessment

Eighty patients who underwent subaxial cervical
pedicle screw implantation from January 2015 to
December 2020 were retrospectively analyzed. In
these 80 patients (61 men and 19 women), the eti-
ologic diagnosis included: trauma (12 cases), tumor
(13 cases), deformity (15 cases), spinal infection (4
cases), and spinal degenerative diseases (36 cases).
The distribution of the cervical level was from C3 to
C7, and the age ranged from 20 to 71 years.

Inclusion criteria were as follows: (1) lower cer-
vical tumor, trauma, or congenital deformity; (2)
completed perioperative cervical x-ray imaging,
computed tomography (CT), and magnetic resonance
imaging; and (3) patients with high compliance and
complete follow-up data.

Figure 2. Typical cases. (A-C) Preoperative imaging shows cervical
spondylotic myelopathy. (D-F) postoperative imaging shows good pedicle
screw position.

Exclusion criteria were as follows: (1) severe oste-
oporosis; (2) cervical infection; (3) vertebral pedicle
damage or absence caused by trauma or tumor inva-
sion; (4) small vertebral pedicle caused by congenital
malformations or local adjacent neuro-vessel varia-
tion.

Assessment on Preoperative CT Images

Cervical CT images from 80 cases were obtained.
The images were reconstructed using Mimics soft-
ware (Mimics Research 20.0). Reconstructed subaxis
cervical vertebras were used to test the entry point
and sagittal and axial trajectories described above.
According to the vertebral anatomic structure, the
surfaces of the laminae of the isthmus and lateral
mass were determined with Mimics software. The
planes perpendicular to the subaxis cervical laminae
were established to virtually determine the pedicle
screw trajectory. Next, the established virtual tra-
jectory was 3-dimensionally observed to assess the
accuracy of FRT.

Surgical Technique

All cases were performed by the author (J.M.). All
pedicle screws were inserted using FRT. The prone
position was taken under general anesthesia with tra-
cheal intubation. The head was positioned neutrally
with moderate cervical flexion. The surgical seg-
ments were confirmed with fluoroscopy if necessary.
The middle incision was taken, and the length of the
incision was determined by fixation segments. The
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lower edge of the superior articular process, the upper
edge of the inferior articular process, and the medial
and lateral edges of the lateral mass were exposed.

After exposure, pedicle screws were implanted with
FRT, and the horizontal and vertical lines were drawn
at the center of lateral mass. A straight awl was used
to disrupt the cortical bone at the outer upper quad-
rant. A straight, blunt-ended gearshift was employed
to cannulate the pedicle to the desired depth based
on the sagittal and axial trajectories described above.
In this process, the resistance feeling changes were
carefully felt and the direction was adjusted if resis-
tance increases substantially. A ball-ended feeler was
used to contact breaches. After the typical tapping
and probing was repeated, an appropriate size screw
was placed. Intraoperative fluoroscopy was used for
initial localization and then again for a final antero-
posterior and lateral radiograph. After the surgery,
standard x-ray imaging and CT were taken to assess
safety and accuracy for all 80 patients.

Postoperative Assessment of Pedicle Screw
Safety and Accuracy

Placements of pedicle screws were assessed using
CT data and outcome-based classifications: Type 0
(good)—screw within the pedicle medullary canal; Type
1 (acceptable)—minimal penetration of the pedicle wall
by the screw (<2 mm of medial or lateral cortical perfo-
ration or anterior cortex perforation); Type 2 (unaccept-
able)—Iess than half of the diameter of the screw was
outside the pedicle wall (2—4 mm of perforation); and
Type 3 (grievous)—more than half of the diameter of
the screw was outside the pedicle wall ( >4 mm of per-
foration) (spinal cord injury or screw abutting the aorta
or vertebral artery). Types 2 and 3 were classified as
grades of perforation or misplacements.

Statistical Methods

Statistical analyses were performed using SPSS 25.0
software (IBM SPSS Statistics 25) to evaluate the accu-
racy of screw placement.

RESULTS

Trajectory Observation in Preoperative
CT Images

In the pedicle’s axial view, the extension line of the
cervical pedicle axis was located at outer upper quad-
rant of the lateral mass and was approximately perpen-
dicular to the ipsilateral laminae.

Clinical Accuracy

Among the 80 postoperative CT patients, which
included trauma (12), tumor (13), deformity (15), spinal
infection (4), and spinal degenerative disease (36) cases,
a total of 694 pedicle screws were placed.

The operation time was 2.4-4.1 hours (average 3.2
hours); the intraoperative operative blood loss was 120-
1300 mL (average 325 mL); there were no vascular or
nerve injuries during the operation, and patients with
neurological symptoms improved to different degrees
after surgery. The postoperative hospital stay time was
5-14 days (average 7.4 days).

It was found that 4% of the screws had penetrated the
pedicle wall (Types 2 and 3). There were no screws with
any neurological, vascular, or visceral complications in
the 80 patients.

DISCUSSION

The subaxial cervical pedicle screw placement tech-
nology was proposed by scholars in 1996, which was
recognized by spine surgeons for its obvious superiority
to other internal fixation systems.’

By measuring specimens cervical spine, it was
concluded that the cervical pedicle has little distance
from the vertebral artery.'® Therefore, accurate cervical
pedicle screw placement is particularly important. The
key to accurate implantation of cervical pedicle screw
is to determine the entry point and sagittal and axial
trajectories. Scholars have proposed various methods
for determining the entry point and sagittal and axial
trajectories.

According to the Abumi method," the entry point
was located laterally to the midpoint of the lateral mass,
1-2 mm from the superior articular process. The cortex
bone was ground with a drill to reveal the entry point.
Next, the path was explored with a probe before insert-
ing the screw. As a classic freehand cervical pedicle
screw placement technology, this method is a direct
exposure method, and the penetration rate is 6.7%.°

To reduce the amount of removed cortex and reduce
the risk of vertebral artery damage by screw perfora-
tion, Lee et al proposed the medial funnel technique,'*
and the entry point was selected on the inside of the
lateral mass. Basing on the cervical pedicle anatomy,
the subcervical pedicle screw entry point was recom-
mended at 2 mm medially to the outer edge depression
of lateral mass with an average inclination of 45° at
C3-5 and 38° at C6. The entry point at C7 is 2 mm
superior-laterally to the middle point of the lateral
mass with an inclination at 28°, parallel to the upper
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end plate. The pedicle penetration rate of this tech-
nique is 5.2%.

According to the pedicle exposure technique pro-
posed by Mingsheng Tan," the data of width and length
of cervical pedicle and the angle between cervical
pedicle axis and sagittal surface should be measured
perioperatively. Rongeur or power drill was used to
remove the cortical bone at the entry point of lateral
mass. Then cancellous bone was scraped to expose the
trumpet-shaped portal of the pedicle. The cancellous
bone in the pedicle was also scraped to determine the
direction and the correct angle of pedicle screw.

Jeanneret et al proposed another planting method'*
in which the tilt angle was determined preoperatively
according to the CT measurement results. A small part
of the lamina was removed to reveal the inner and upper
edge of the pedicle. The entry point was located at the
intersection between 3 mm from the superior articular
process and the perpendicular bisector of the lateral
mass, with an inclination of 45°. At the sagittal plane,
the screw should enter the upper one-third of the verte-
bra. They found that the probability of screw penetra-
tion is greater at the outer wall than at the inner wall.
Thus, Jeanneret et al concluded that large inclination
angles offer greater safety than smaller ones and sug-
gested that an inclination angle of 45° is safer.

Using these methods, the cortical bone of the lateral
mass is basically destroyed to implant the pedicle screw.
Although these technologies can accurately explore the
pedicle, the lost bone loss between the pedicle and the
cortex of the lateral mass reduces the holding strength
of the pedicle screw, especially in patients with osteo-
porosis. Some of the above methods need complicated
data, whereas some rely on more advanced equipment
to provide high quality imaging data.

We marked the specimen according to the entry
points described in the literature and found that the
entry points identified by various methods were always
located in a certain region. Through clinical practice, we
propose use of FRT, where the entry point is determined
by the lower edge of the superior articular process and
the upper edge of the inferior articular process. The
medial and lateral edge of the lateral mass is exposed
so that 2 vertical and 2 horizontal lines form a rectange,
and a right angle coordinate system is established at the
rectangular midpoint so that the entry point is located in
the outer upper quadrant of the coordinate system.

The entry points obtained from FRT take into account
individual differences. For example, for the larger ver-
tebrae, the corresponding entry area will become larger,
and for the smaller vertebrae, the entry area will also

narrow. The FRT has no fixed data range and fixed entry
point, and the entry area changes with anatomic land-
marks. The operator does not need to remember exten-
sive data but only needs to find anatomic landmarks
during the operation.

The inclination mentioned in the literature was
focused on 35°-55° and 0° on the sagittal plane.
However, in the actual operation, due to the body posi-
tion, exposure range, individual variation, and other
reasons, the angle was not accurately determined and
ultimately depends on the experience of the operator.
By measuring the inclination of pedicle screws based
on the CT axis image of each cervical vertebra, we
found that inclination was around 45° and sagittal angle
was around 0°. In the process of screw placement, the
operator needs to experience the change of resistance
feeling; if the resistance becomes hard, the direction
should be adjusted appropriately.

As technology advances, computer navigation—
aided planting technology has become more common
in clinical practice. Takahashi et al reported that the
misimplanting rate of screws was 8%, and Scheufler
reported 7% 1516 However, some scholars still have a
high penetrating rate with the help of computer naviga-
tion, 12% reported by Ludwig and 20% by Uehara.'”'®
The high penetrating rate should be attributed to indi-
vidual differences and the complex operation of com-
puter navigation assistance systems. It can be seen that,
with the assistance of computer navigation, the impact
of individual differences can still not be excluded. The
technology still has defects such as complex operation,
high price, machine failure, navigation drift, and so on.
Therefore, freehand screw planting technology is par-
ticularly important.

The penetration rate of FRT was 4% in the present
study. The FRT has significant advantages over the
screw planting technology reported in the literature.
Routine CT is required to understand the form of the
vertebral pedicle; because female patients are typically
smaller than male patients, it is necessary to examine
how they feel during the operation. When vertebral
artery deformity is discovered, pedicle screws should
be abandoned.

The present study has some limitations. First, this
was a retrospective study with a relatively small sample
size. Second, no corresponding cadaveric measure-
ments were performed.

CONCLUSION

It is feasible to employ FRT for subaxial cervical
pedicle screw placements. The FRT fully takes into
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account individual differences, improving the success
rate of screw placement as well as simplifying the oper-
ative process. While other techniques are effective and
widely employed, this particular method may be easier
to learn and adopt.
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