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Snake-Eye Screwing: A Novel Free-Hand Technique
of Pedicle Screw Placement in Cervicothoracic Spine

and Preliminary Clinical Results
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Objective: To propose a novel technique of free-hand pedicle screw placement in cervicothoracic spine (snake-eye
method) and evaluate the preliminary effects and safety in clinical practice.

Methods: This is a retrospective study and we defined the period of this study as from December 2017 to April 2019
in our institution. Forty patients were included in this study who underwent cervicothoracic internal fixation in our hos-
pital, and all patients undergoing implantation of 200 pedicle screws were divided into two groups. Twenty-two
patients (108 screws) had screw placement using traditional method, while 18 patients (92 screws) had screw place-
ment using snake-eye method. To reduce the possible selection bias, the patients we recruited in this study was origi-
nally performed on by one radiological doctor who was blind to the objective of this study. Patient demographics,
including patient age, sex, obesity, smoking, and hypertension, were evaluated to figure out baseline differences
between groups. Medical information was recorded including time, accuracy, and immediate (within 30 days after sur-
gery) postoperative complications of pedicle screw placement (including pulmonary embolism or other thromboembolic
events, surgical site infection, neurovascular injury, and mortality).

Results: There were 24 males and 16 females, with an average age of 52.2 years (range, 24–77). Finally, a total of
200 screws were successfully inserted in these patients, including fifteen patients with four pedicle screws, four
patients with six screws, three patients with eight screws in traditional method group, and 12 patients with four pedi-
cle screws, two patients with six screws, four patients with eight screws in snake-eye method group. Patient demo-
graphic and comparison of two surgery methods are shown in Tables 1 and 2. The data baselines of the two groups
were comparable because no impact of the two groups on population characteristics was demonstrated in the pres-
ented experiment. Also, we noticed that time and accuracy of the two groups were different with statistical significance
at the level of P = 0.05. We observed that immediate (within 30 days after surgery) postoperative complications,
including pulmonary embolism (PE), surgical site infection (SSI), neurovascular injury (NI), and mortality, in the two
groups did not differ.

Conclusion: This study highlights a safe and effective technique for pedicle screw placement in cervicothoracic spine
named snake-eye method, and this technique may be particularly useful in emergency conditions with limited
resources.
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Introduction

Pedicle screw placement is the most fundamental proce-
dure for spine surgeons in posterior spinal reconstruc-

tion surgery, and has been shown by biomechanical studies
to provide stronger stability than other posterior cervical fix-
ation methods1. Numerous studies have demonstrated that
the technique of free-hand pedicle screw fixation is an effec-
tive and reliable method2, 3. Since its inception, lots of
research efforts have been made to improve the speed and
accuracy of pedicle screw fixation. According to the measure-
ments of anatomical parameters, a variety of pedicle screw
placement strategies have been devised and assessed.
Computer-assisted surgery has influenced traditional screw
placement methods, especially in high-risk patients with ana-
tomical abnormalities. Although computer-assisted surgeries
can be an option for pedicle screws since they may be bio-
mechanically better than free-hand techniques, these surger-
ies have a higher risk of vascular and neural injury. Many
navigation systems, including pre- and intra-operative 3-D
computed tomography (CT) image navigation (CTNav),
fluoroscopy-assisted (FA) techniques, and robot-assisted
(RA) techniques, have been introduced for pedicle screw
placement. However, there are still high risks in placing
screws in cervicothoracic segments where perforations fre-
quently happened. We believe that the basic surgical anat-
omy of the cervical and thoracic vertebrae is the key factor
causing the perforations: (i) Cervicothoracic segments (C6–
T6) are in deep position with complex adjacent structures,
including large vessels (such as the aortic arch), trachea,
esophagus, thoracic duct, recurrent laryngeal nerve, sympa-
thetic nerve, etc4–6. (ii) The cervicothoracic segments transit
from cervical vertebrae with a high level of mobility to rela-
tively fixed thoracic vertebrae, where the lordosis becomes
kyphosis gradually7. Special morphological features of
cervicothoracic segments make it vulnerable to injury and
cause difficulties in intraoperative exposure of visual field
and localization8. (iii) Moreover, diameters of cervicothoracic
pedicles are quite small when compared with lumbar pedi-
cles, making it quite difficult to put the screw without
peaking out. T4 has the smallest pedicle diameter from ana-
tomical studies. Therefore, difficulties and risks of pedicle
screwing in the cervicothoracic segments is much greater
than that in other segments of the spine.

Free-hand technique is still the most commonly used
method to place screws, especially in emergency and limited
situations. Currently, Albumin method9, Jeanneret method10,
fenestration11 and funnel method12 are commonly used
methods of free-hand pedicle screw placement in
cervicothoracic spine, which provide valuable clinical refer-
ences. Pedicle screw placement accuracy of these different
methods has been exhaustively reported, because accuracy is
indispensable for achieving surgical success. These traditional
methods include two key steps: finding the entry point and
the angle of the screw trajectory. Taking the Jeanneret
method as an example, the entry point is 3 mm from the
caudal-side of the intersection of the transverse process and

the superior articular process. And screw trajectories are per-
pendicular to the sagittal plane, and 30� abducent for the
midline. The rate of pedicle screw malposition has been
reported from 5% to 41% in the cervical spine and from 3%
to 55% in the thoracic spine13–17. Also, the varied trajectories
make it quite a challenge for young spine surgeons,
prolonging the learning curve. Thus, free-hand screwing is
still a great challenge in cervicothoracic spine.

It is important to examine how to place screws into
the pedicles of cervicothoracic vertebrae safely and simply.
Therefore, the aims of this study are: (i) to propose a novel
technique of free-hand pedicle screw placement (snake-eye
method) in cervicothoracic spine (the procedure diagram
and customized surgery instruments are described in detail);
and (ii) to evaluate the effects and safety of snake-eye
method in clinical practice.

Materials and Methods

Patient Information
From December 2017 to April 2019, 40 patients were
included in this study who underwent cervicothoracic inter-
nal fixation in our hospital, and all patients undergoing
implantation of 200 pedicle screws were divided into two
groups. Twenty-two patients (108 screws) had screw place-
ment using traditional method, while 18 patients (92 screws)
had screw placement using snake-eye method. There were 24
males and 16 females, with an average age of 52.2 years
(range, 24–77). Twenty-six patients were treated for
cervicothoracic trauma, and the other 14 patients included
nine cases of cervical spondylotic myelopathy (CSM), four
cases of disc herniation, and one case of cervical spondylotic
radiculopathy (CSR), respectively.

Finally, a total of 200 screws were successfully inserted
in these patients, including fifteen patients with four pedicle
screws, four patients with six screws, three patients with
eight screws in traditional method group, and 12 patients
with four pedicle screws, two patients with six screws, and
four patients with eight screws in snake-eye method group.

Surgical Technique
The main surgical instruments are pedicle screws, custom-
ized screw tap, cortical bone grinding head, electric drill
power transmission device, control switch, and 2 mm electric
drill mushroom grinding head (Fig. 1). Bilateral lamina and
facet joint were exposed using a standard posterior midline
approach under general anesthesia and prone position; three
frames of references were determined to provide an optimal
method for establishing pedicle screw entry point, that is, the
root of the transverse process, the pars interarticularis, and
superior articular facet. By finding these anatomical markers,
we had a frame of reference that can be used to determine
the appropriate entry point for pedicle screw placement. The
entry point is positioned in the middle of the triangle formed
by the lower edge of the superior articular facet, the medial
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edge of the transverse process, and the pars interarticularis
(Fig. 2A,B).

The surrounding cortical bone was removed with a
rongeur and a high-speed burr, and then the cancellous bone
was exposed (Fig. 2C). Cortical bone lacks blood supply and
appears white while cancellous bone is rich in blood supply
and appears bright red, the white cortical bone around and
the bright red cancellous bone in the middle are shaped like
“snake eyes” (Fig. 2D).

The blunt-headed opener designed and manufactured
by ourselves was used to enter the vertebral pedicle with a
hammer in the position of the snake eye (Figs 2E, 3). After
entering the depth of about 30 mm, the trajectory is detected
with a probe in case of perforation (Fig. 2F). We moved for-
ward along the cancellous bone during path-making without
any drastic progression which may prevent breaching. The

screw tap is then inserted approximately 40 mm along the
pedicle cancellous bone (Fig. 2F). A blunt probe was applied
again to explore the trajectory to ensure intactness of the
cortical bone (Fig. 4). After constructing the screw trajecto-
ries, a screw with a diameter of 3.5 mm or 4.0 mm and an
appropriate length was then implanted with the axis of the
screw consistent with the axis of the pedicle.

Collection of Evaluation Indicators

Patient Demographics
Patient demographics including patient age, sex, obesity,
smoking, and hypertension were evaluated to figure out
baseline differences between groups. Medical information
was recorded including time, accuracy, and complications of
pedicle screw placement. Time of screwing was recorded for

Fig. 1 Key instruments in surgery.

(A) Common screw tap. (B) 2 mm electric

drill grinding head. (C) Cortical bone

grinding head, electric drill power

transmission device and control switch.

(D) Customized screw tap. (E) Customized

blunt-headed opener.
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Fig. 2 (A, B) The entry point is positioned in the middle of the triangle formed by the lower edge of the superior articular facet, the medial edge of the

transverse process and the pars interarticularis. (C) The surrounding cortical bone was removed with a rongeur and a high-speed burr, and then the

cancellous bone was exposed. (D) Cortical bone lacks blood supply and appears white while cancellous bone is rich in blood supply and appears

bright red, the white cortical bone around and the bright red cancellous bone in the middle are shaped like “snake eyes.” (E) The blunt-headed

opener designed and manufactured by ourselves was used to enter the vertebral pedicle with a hammer in the position of the snake eye. (F) After

entering the depth of about 30 mm, the trajectory is detected with a probe in case of perforation, then the screw tap is then applied to insert

approximately 40 mm along the pedicle cancellous bone.

Fig. 4 Hammering blunt opener into the pedicle. The white narrow

indicates blunt opener, square indicates marker which is inserted into

the trajectory constructed by the opener.

Fig. 3 Designed blunt opener and intra-operative X-ray examination of

markers. (A) an intra-operative X-ray film of markers in T1-T5 pedicles after

constructing the trajectory by snake-eye method, indicating all markers in

excellent position; (B) the designed opener with a ball tip of varied diameter.
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each surgery. Postoperative computed tomography (CT) and
X-ray was performed to evaluate the accuracy.

Rampersaud Criterion
The Rampersaud criterion was used to evaluate the accuracy
of pedicle screw. The Rampersaud criterion categorizes
patients into four grades from A to D: A, no breach; B, less
than 2 mm breach; C, 2–4 mm breach; D, more than 4 mm
breach18. Grade A or B was considered accurate insert posi-
tioning based the concept of “safe-zone”19–21 (Fig. 5), and
grade C or D was considered as inaccurate insert position-
ing (Fig. 6).

Immediate Postoperative Complications
Immediate postoperative complications refer to a series of
adverse events related to surgery that occur within 30 days
after surgery. The index of immediate postoperative compli-
cations mainly includes: pulmonary embolism (PE) or other
thromboembolic events, surgical site infection (SSI), neuro-
vascular injury, and mortality.

Statistical Analysis
Statistical analysis was performed using the Statistical Pack-
age for the Social Sciences (SPSS) version 18.0 (IBM
Armonls, NY, USA). Numerical data are expressed by mean
values ± standard deviation (SD). A P value of <0.05 was
considered statistically significant. Student t test or chi-
squared test was performed to compared the mean values or
data distribution.

Results

Patients Demographics
Patient demographic and comparison of the two surgery
methods are shown in Tables 1 and 2. There were 24 males
and 16 females, with an average age of 52.2 years (range, 24–
77). There were 22 in the traditional group and 18 in the
snake-eye method group. And the age (mean ± SD) of tradi-
tional method group and snake-eye method group was
53.77 ± 12.87 and 50.33 ± 10.48, respectively. The gender of
traditional method group and snake-eye method group was

Fig. 5 Accurate insert positioning: no

bleach and less than 2 mm breach.

Fig. 6 Inaccurate insert positioning: The

white arrow indicates that the screw

penetrates the cortex, and the red arrow

indicates that the screw has penetrated

the inner wall of the pedicle.
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15 males (68.18%) and nine males (50%), respectively. The
traditional group had 12 (54.54%) obese people (BMI > 28
kg/m2), while the snake-eye method group had 10 (55.56%).
The traditional group had 14 (63.64%) people with high
blood pressure, while the snake-eye method group had 11
(61.11%). There were 16 (72.73%) smokers in the traditional
group and 12 (66.67%) in the snake-eye method group. The
data baselines of the two groups were comparable because
no impact of the two groups on population characteristics
was demonstrated in the presented experiment.

Rampersaud Criterion
During the operation, C-arm machine showed that the posi-
tion of pedicle screw was accurate (Fig. 7). The time
(mean ± SD) of traditional method group and snake-eye
method group was 5.34 ± 1.04 min and 3.27 ± 0.896 min,
respectively, and the time of the two groups were different
with statistical significance at the level of P = 0.05. According
to Rampersaud criteria, the traditional group had
68 (62.96%) accurate insertions (grade A and B) of pedicle
screws and 40 (37.04%) inaccurate insertions (grade C and
D), while the snake-eye method group had 79 (85.87%) accu-
rate insertions (grade A and B) of pedicle screws and
13 (14.13%) inaccurate insertions (Grade C and D). There
was a statistical difference in accuracy between the two
groups at the level of P = 0.05.

TABLE 1 Patient demographic showed no significant differences between the two groups

Variables Traditional method group Snake-eye method group P-value

Cases 22 18 —

Age (mean±SD, years) 53.77 ± 12.87 50.33 ± 10.48 0.3673
Sex [male (%)] 15 (68.18) 9 (50) 0.243
Obesity (BMI > 28 kg/m2) (%) 12 (54.54) 10 (55.56) 0.949
Smoking [Yes (%)] 16 (72.73) 12 (66.67) 0.677
Hypertension [Yes (%)] 14 (63.64) 11 (61.11) 0.641

TABLE 2 Time, accuracy and immediate (within 30 days after surgery) postoperative complication between the two groups

Variables Traditional method group Snake-eye method group P-value

Time (mean ± SD, min) 5.34 ± 1.04 3.27 ± 0.896 <0.001
Accuracy (Rampersaud criterion)
Grade A and B (%) 68 (62.96) 79 (85.87) <0.001
Grade C and D (%) 40 (37.04) 13 (14.13)

Compication
PE 0 0
SSI 2 1 0.714
NI 1 0 0.832
Mortality 0 0

NI, neurovascular injury; PE, pulmonary embolism; SSI, surgical site infection.

Fig. 7 During the operation, C-arm machine showed that the position of

pedicle screw was accurate.

40
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 1 • FEBRUARY, 2021
SNAKE-EYE SCREWING



Immediate Postoperative Complications
The freehand technique has been proved to be safe and effec-
tive. We have applied the technique successfully in
40 patients, with minimal complications (Fig. 8). Pulmonary
embolism (PE) and mortality were not detected, but we did
find two cases of surgical site infection (SSI) and one case of
neurovascular injury (NI) in the traditional method group,
and one case of NI in the snake-eye method group. All cases
of SSI were performed with 0.5% iodophor and 75% alcohol
and all patients improved gradually. We noticed that postop-
erative complications, including PE, SSI, NI, and mortality,
in the two groups did not differ at the level of P = 0.05.

Typical Cases

Case 1
A case of kyphosis in a 52-year-old female treated with
snake-eye screwing. Preoperative scoliosis was severe and
compressed the viscera (Fig. 8A). The patient was treated
with surgery for the correction of kyphosis. Postoperative
correction scoliosis was satisfactory, screws were inserted
along the axis of the pedicle, demonstrating that the pedicle
screw placement was accurate and satisfied correction of
kyphosis (Fig. 8B).

Case 2
A 47-year-old female with some neurological symptoms was
finally diagnosed with ossification of posterior longitudinal
ligaments (OPLL), and was treated with surgery. Preopera-
tive radiographic images showed ossification of the posterior
longitudinal ligament in the T7-9 segments (Fig. 9A–C).

Postoperative X-ray images showed accurate insert of pedicle
screws and spinal cord compression was relieved completely
(Fig. 9D,E).

Case 3
A 34-year-old male patient with neurological symptoms of
OPLL. Preoperative radiographic images showed ossification
of the posterior longitudinal ligament in the C7 segment
(Fig. 10A,B). Postoperative X-ray images showed pedicle
screw position was accurate (Fig. 10C). Postoperative mag-
netic resonance imaging (MRI) showed that spinal cord
decompression was complete (Fig. 10D).

Discussion

Free-hand Screwing and Computer-assisted Screwing
Free-hand screwing is still the most commonly used way to
achieve tri-column stability from a posterior approach.
Cervicothoracic screwing has always been a challenge, even
for experienced spine surgeons. Our study found that the
snake-eye method was an effective free-hand method to
screw safely and quickly in the cervicothoracic region.
Despite the small size of the cervicothoracic pedicles, the
newly developed snake-eye method could be effective in
finding the correct pedicle trajactory without perforation.
Advances have been made in intraoperative navigation sys-
tems, with newly applied ultrasound, or CT-based navigation
system, which increases the screwing accuracy and decreases
complications, especially in patients with spine deformities.
Yet, the system costs millions of dollars and few medical cen-
ters could afford the investment, which may inhibit the

Fig. 8 A case of kyphosis in a 52-year-old female treated with snake-eye screwing. (A) Preoperative scoliosis was severe and compressed the

viscera. (B) Postoperative correction scoliosis was satisfactory, screws were inserted along the axis of the pedicle, demonstrating that the pedicle

screw placement was accurate.
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applications in hospitals from small- and medium-scaled cit-
ies. Also, it might increase the screwing time when adjusting
the machine and system. Free-hand technique is still the

most commonly used method to place screws, especially in
emergency and limited situations. Studies have shown that
there was no statistical significance between robot-assist group

Fig. 9 OPLL in a 47-year-old female with some neurological symptoms. (A, B, C) Preoperative radiographic images. The blue arrows indicate

ossification of the posterior longitudinal ligament in the T7-9 segments. (D, E) Postoperative X-ray images.

Fig. 10 OPLL in a 34-year-old male with neurological symptoms. (A, B) Preoperative radiographic images. The blue arrows indicate ossification of the

posterior longitudinal ligament in the C7 segment. (C) Postoperative X-ray images showed pedicle screw position was accurate. (D) Postoperative

MRI showed that spinal cord decompression was complete.
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and free-hand group in accuracy and complication rate of pedi-
cle screw placement1, 18. Since the navigation has difficulty in
synchronizing with the cervical activities of the patient, Liu22

poses that manual screw placement is the more effective
method.

Comparison of Entry Point
The free-hand procedure usually requires a clear understand-
ing of the anatomy of cervicothoracic spine and a precise
preoperative plan. Appropriate choice of entry point is the
key to successful cervical pedicle screw placement. Various
entry points have been demonstrated in previous reports.
Abumi et al.23 selected the entrance point slightly lateral to
the center of the lateral mass and close to the inferior edge
of the inferior facet joint of the cranially adjacent vertebra,
while Jeanneret et al.10 suggested that the entry point should
be 3 mm beneath the facet joint on a vertical line in the mid-
dle of the articular mass. Lee et al.24 chose the entry point
2 mm medial to the lateral notch. According to Liu’s study22,
it is difficult to find the entry point during surgery when the
vision is limited and anatomical structure is unclear, which
may result in a higher risk of spinal cord injury caused by
the screw entering the spinal canal. In our study, we set the
entry point in the middle of the triangle formed by the lower
edge of the superior articular facet, the medial edge of the
transverse process, and the pars interarticularis. The entry
point of snake-eye method we develop in this study facilitates
the removal of cortical bone and the exposure of cancellous
bone with less variation in parameters of frame of reference.

Advantages of the Snake-Eye Method
One of the advantages of the snake-eye method is that time
of pedicle screw placement is short. In this study, the time of
pedicle screw placement between snake-eye method group
and other groups are different with statistical significance at
a level of P=0.05. The snake-eye method is quick and conve-
nient, which has more advantages in emergency conditions
or without intraoperative navigation systems. Practically the
snake-eye method has lower learning curve which can be
obtained by continuous practicing.

Anatomic Considerations
A special blunt tap designed and manufactured by us was
used to penetrate the vertebral pedicle gradually along the
direction of the cancellous bone, reducing risks of screw per-
foration into the canal or outside the vertebra. This tech-
nique could significantly prevent iatrogenic cord injury and
blood vessel lesions. Noticeably, the blunt drill (probe) could
find the pedicle trajectory by itself and adjust the angulation
when the bund head tough the stiff cortical bone. Parker et
al.25 found that the accuracy rate of pedicle screw placement
in thoracic spine (97.5%) was lower than that in lumbar
spine (99.1%) with statistical significance at the level of

P < 0.001, and T4 and T6 were estimated to be the levels with
the highest incidence of screw perforation. Yukawa et al.26

reported that the proportion of lateral deviation of
malpositioned screws reached 72%. We proposed some rea-
sons for lateral perforation: (i) According to the research of
Panjabi et al.27, the medial cortical shell (average value range:
1.2–2.0 mm) was measured to be 1.4 to 3.6 times as thick as
the lateral cortical shell (average value range: 0.4–1.1 mm),
so the lateral cortex is vulnerable to perforation. (ii) Screws
are often inserted using a designed angle, however, screws
tend to be inserted vertically relative to the pedicle because
of the contractionary force of the paravertebral muscles.
Complication assessment mainly includes: pulmonary embo-
lism or other thromboembolic events, surgical site infection
(SSI), neurovascular injury (NI), and mortality. Snake-eye
method did not significantly influence complication rates
after spine surgery.

Limitation of the Study
From the above discussion, we have attempted to introduce
some concepts associated with a snake-eye method based on
fuzzy sets. However, this method we proposed in this study
has its own limitations. Firstly, certain surgical experience is
required to determine the location, which will undoubtedly
increase the difficulty of surgery. Secondly, we had a small
number of patients and insufficient follow-up time, leading
to a lack of judgment about the long-term effects of snake-
eye method. However, we can be sure that this method has
great advantages in fast nailing with bare hands, especially
for nailing in emergency. Thus, first extension of the
approach could be increased with experimental data and
prolonged follow-up time. In conclusion to this, it becomes
obvious that the snake-eye method is a novel and effective
free-hand technique of pedicle screw placement in
cervicothoracic spine.

Conclusion

This study highlights a safe and effective technique for
pedicle screw placement in cervicothoracic spine. This

technique may be particularly useful in emergency condi-
tions with limited resources.
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