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Abstract: Pedicle screw placement is a well-established pro-
cedure in spine surgeries, and the utilization of robots in spinal
surgery has been on the rise. This study aims to investigate the
accuracy and screw placement time associated with the use of
Mazor X robots in robotic-assisted pedicle screw placement. A
retrospective case study was conducted on 12 patients with
lumbar spine disease who underwent Mazor X robot-assisted sur-
gery. Screw placement accuracy was assessed using the Gertz-
bein-Robinson classification. Additionally, total screw placement
time and fluoroscopy time were documented for analysis. A total
of 60 screws were placed in the 12 patients who received robot-
ic-assisted pedicle screw placement. Of these screws, 98.3%
were found to be within the safe zone. As the cases progressed,
there was a noticeable decrease in total screw placement time
and fluoroscopy time. Our findings suggest that Mazor X robot-
ic-assisted spine surgery boasts high accuracy rates and demon-
strates a decreasing trend in screw placement time and fluoros-
copy time. To the best of our knowledge, our institution is the first
in China to employ the Mazor X robot for pedicle screw placement
surgeries and to document its associated characteristics.
Keywords: Robotics; Pedicle Screw; Accuracy; Spinal Surgery;
Mazor X.

INTRODUCTION

The pedicle screw is a structure with strong internal fixation and
three-column support. Its structural peculiarities provide the basis for
the surgical treatment of spinal disorders and therefore is now widely
used in the treatment of various spinal disorders!. The insertion of
pedicle screws can restore spinal stability, prevent further neurologi-
cal damage, and enable the early return of patient activity. Currently,
pedicle screw fixation is the surgical procedure of choice for various
spinal disorders, such as unstable spinal fractures, degenerative spi-
nal disease, spinal deformities, and tumors'?. Surgeons usually place
pedicle screws using either a freehand or fluoroscopy-assisted tech-
niquel. The most basic freehand technique of screw placement tends
to penetrate the medial wall of the pedicle, and the incidence of screw
misplacement ranges from 8.3% to 50.6% in published articles™.
Screw misplacement can lead to severe clinical consequences such
as nerve, vascular, and vital organ injuries. To reduce the incidence
of screw misplacement and to avoid as much as possible the severe
clinical consequences due to screw misplacement, robot-assisted tech-
niques are beginning to be used in surgery.
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Robotic-assisted technology has gained popu-
larity in many surgical procedures, and as technolo-
gy advances, orthopedic surgical robots are becom-
ing more widely used in the field of spine surgery.
A growing number of studies have demonstrated
the advantages of robot-assisted techniques in the
surgical treatment of spinal trauma and degener-
ative diseases®. This technique can significantly
improve the surgical safety and accuracy of screw
placement, thereby effectively reducing damage to
adjacent vessels, nerve roots, and the spinal cord, as
well as reducing the impact on adjacent small syno-
vial joints. The current literature on spinal robots
focuses on older devices, including Renaissance®,
SpineAssist®, and ROSA®!®. The latest Mazor X
robot has been released and is already used abroad!”.

Given the advantages of robot-assisted surgery
and intending to update existing domestic reports
on robotic technology, we conducted a case series
study to determine the accuracy of robotic use for
surgical pedicle screw placement in lumbar spine
disorders. We studied the accuracy of screw place-
ment, preparation time, and screw placement time
with the Mazor X robotics in 12 patients who un-
derwent pedicle screw placement.

Although the feasibility, safety, and learning
curve of the Mazor X robot have been report-
ed in overseas studies”, to our knowledge, we
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are the first in China to use the Mazor X robot
to assist in pedicle screw placement for lumbar
spine disease surgery and to report its associated
characteristics.

MATERIAL AND METHODS
Patient selection and inclusion criteria

At a single institution (Xuanwu Hospital), consec-
utive patients undergoing minimally invasive ped-
icle screw placement using the Mazor X between
July 2022 to September 2022 were retrospectively
enrolled. All cases were performed by a neurosur-
geon with resident assistance.

Workflow

The Mazor X robot can produce a preoperative
plan based on existing CT images through a com-
puterized program that precisely positions surgical
tools or spinal implants along a developed trajec-
tory. We obtained high-resolution 3D CT sweeps
preoperatively and used the Mazor X software to
plan the screw trajectory, including identifying and
optimizing the axial and sagittal trajectories of the
screws, and the preoperative planning for one of the
patients is shown in Fig. 1.

12:41 F4F

Figure 1. Mazor X Software&#389;s Preoperative Screw Trajectory Planning Diagram.

In preoperative preparation for device attach-
ment, the surgeon attaches the robotic arm to the
surgical bed. The bed frame adapter is mounted
on the bedside rail of the surgical bed to provide a
stable interface for attaching the robotic arm to the

surgical bed. The bedside adapter connects to the
C-arm image adapter to correct image edge distor-
tion and orient the image. Mazor X offers a vari-
ety of options for platform attachment components
to improve surgical accuracy based on various
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surgical procedures, surgical sites, and operator
preferences. The intraoperative robotic arm takes
images above the patient, stitching the images to-
gether for 3D modeling and 3D scanning of the op-
erative area, which defines a safe distance between
the arm and the patient during the operation. Any
joint of the robotic arm never enters the established
surgical area, ensuring the safety of the patient.
With safety guaranteed, the robotic arm takes the
most efficient trajectory during operation, improv-
ing surgical efficiency.

We used 6.5-mm diameter pedicle screws with
the patient in a prone or lateral position during the
operation. After merging the CT plan images with
the preoperative radiographs and the surgeon in
charge confirms the screw trajectory, the surgical
tool is placed into the robotic arm introducer, the
robotic arm is aligned with the potential screw hole
for drilling and the corresponding pedicle screw is
placed.

RESULTS

The study included 12 patients with lumbar spine
disease requiring pedicle screw placement with a
total of 60 screws placed. Eight patients were fe-
male, the mean age of all patients was 56.25 years,
the mean weight was 67.36 kg, and the mean age of
all patients was 56.25 years, the mean weight was
67.36 kg, and the mean BMI was 25.41 kg/m? The
basic information characteristics of the patients are
summarized in Table 1.

Parameter Overall
Number of patients 12
Gender

Male, n(%) 4, 33.3%

Female, n(%) 8, 66.7%
Mean age (years) 56.25
Mean mass (kg) 67.36
Mean BMI 25.41

Table 1. Patient demographics.

We recorded the total screw placement time
for seven surgeries from Aug 11 to Aug 25, 2022
(Fig. 2). The total screw placement time was not
recorded for the Aug 23 surgery because the fixed
screw in the posterior superior iliac spine was
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found to be positioned inward during fluoroscop-
ic registration, so it was re-stapled and registered.
Our data indicated that total screw placement time
showed a decreasing trend as the dates of the case
proceeded.

total screw placement time
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Figure 2. Time of screw placement.

To assess their accuracy, we measured the
degree of cortical invasion of the 60 screws we
placed according to the Gertzbein Robbinson
classification. Accuracy of pedicle screw place-
ment is classified into 5 grades, which are as fol-
lows: grade A, the screw is completely within the
pedicle; grade B, the screw breaches the pedicle’s
cortex by <2mm; grade C, pedicle cortical breach
<4mm; grade D, pedicle cortical breach <6mm;
grade E, pedicle cortical breach of >6mm. The
total number of screws in the “safe zone”® i.e.,
the total number of screws rated A, B, and C, was
59, accounting for 98.3% of all screws (Fig. 3). It
is not difficult to see that robot-assisted pedicle
screw placement has high accuracy in each verte-
bral segment, and most of the pedicle screws can
be classified as Grade A, which indirectly proved
the accuracy of robot-assisted pedicle screw
placement.

The fluoroscopic exposure time of the surgery
from Aug 11 to Aug 23 was also recorded (Fig. 4).
We plotted fluoroscopy time recorded from Aug 11
to Aug 23 as well. Our data showed that fluoroscopy
time also presented a decreasing trend with increas-
ing surgeon experience.

We evaluated the difference between the pre-
set screw track and the actual screw track by mea-
suring the angle between the screws on both sides
of the cone and the midline of the cone, which is
plotted in Figs 5-6. We can see that the discrepancy
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Gertzbein Robbinson classification
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Figure 3. Gertzbein-Robbins screw classification based on the vertebral body level.

between the pre-set screw track and the actual
screw track does not decrease significantly as the
surgery date progresses. However, all angular dif-
ferences remain within 10°, which proves to some
extent that our Mazor X robot has a high degree of
accuracy. With an average angle of 3.805°, the right
side shows a higher accuracy than that of the left
side with an average angle of 4.225°,

Before surgeries, most patients experienced
weeks or months of lower back pain and numbness,
tingling and other sensory abnormalities in the
lower limbs. After surgeries, all patients’ incisions
healed well with smooth recoveries, and patients
were discharged within three to seven days.

fluoroscopy time
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Figure 4. Time of fluoroscopy.
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Figure 6. Right side average angle deviation.
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DISCUSSION

Whereas in past years, pedicle screw placement was
often performed with freehand or 3D fluoroscopic
assistance, in recent years, there have been tremen-
dous advances in robotic-assisted technology and
science in spine surgery. Freehand screw placement
has a high rate of screw malposition, and while nav-
igation has improved accuracy, it requires repeated
trajectory adjustments, resulting in a very inconve-
nient procedure. Robot-assisted surgery can make
this process easier and has been shown to improve
safety and accuracy'.

The surgical technique requires a learning curve
to reduce case completion time and improve surgi-
cal accuracy. However, due to the small number of
cases we included, we could only observe the trend
of total screw placement time, and fluoroscopy
time. However, we could not obtain a more accurate
learning curve. In our case series, the total screw
placement time increased from 27 to 143 minutes
but decreased to 7 minutes in a recent case, with
an overall decreasing trend. Fluoroscopy time was
also reduced from the initial 45 minutes required to
15 minutes.

The accuracy of robot-assisted pedicle screws
has been demonstrated in numerous published ar-
ticles. Li et al.' pointed out in their study that
the TINAVI robot-assisted technique was more
accurate in screw positions, whereas the Renais-
sance robot-assisted technique showed the same
accuracy as the freehand technique in screw po-
sitions. Matur et al.l'Y proved that robotic and
navigated pedicle screw placement techniques
were associated with higher odds of screw ac-
curacy. Han et al.'? discovered that in the ro-
bot-assisted group, 95.3% of the screws were
perfectly positioned (grade A). In the freehand
group, 86.1% screws were perfectly positioned.
Zhou et al."¥ pointed out in his article that, the
robot-assisted techniques showed more accurate
pedicle screw placement and lower intraoperative
radiation dose. Tarawneh et al." reached a con-
clusion that robot-assisted technology is superior
to the conventional freehand technique in terms
of grade A and grade A+B screw accuracies and
in the reduction of intraoperative radiation time
and dosage. Fu et al."™® found out the extent of
the improvement with robot-assisted techniques
in screw position grade A in Gertzbein-Robbins
classification of the screw placement accura-
cy, postoperative stay, intraoperative blood loss,
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intraoperative radiation dose, and proximal facet
violations was significantly better than conven-
tional freehand techniques.

We report an accuracy rate of 98.3% for 59 of
60 screws inserted within the safety zone, demon-
strating the high accuracy of the screw placement
procedure using Mazor X robotic assistance.

Our case series indicate that the primary surgeon
required less screw placement time and fluoroscopy
time as the time of the case progressed while the
screw placement accuracy remained at a relatively
high level. This proves that Mazor X robot-assisted
screw placement surgery has superior results.

To evaluate the angular difference between the
actual screw placement track and the pre-set screw
placement track, we collected data and found that
the angle between the extension of the screws placed
on both sides of the pedicle and the midline of the
pedicle ranged from 4° to 27° in the pre-set Mazor
X system, while the actual angle ranged from 4° to
23°, and the difference between the pre-set and ac-
tual values was within 10°and showed a tendency
to repeat back and forth. Therefore, we believe that
the difference between the actual placement track
and the pre-set track when using the Mazor X robot
for screw placement proves that the accuracy of the
screw placement track of the new generation Mazor
X robot system still needs to be improved.

The Mazor X system shares many core technol-
ogies with its predecessors!”. However, compared
to previous robotic systems, the Mazor X system
introduces a newly designed robotic arm that avoids
the need for additional platforms or assistive tools.
The Mazor X 3D camera is designed to reduce col-
lision errors between the patient and the surgical
environment, and the Mazor X Eye camera is used
to verify proper arm position and trajectory at each
instrumented level, helping to reduce the robot
abandonment rate and improve screw accuracy. Our
findings also suggest that using the Mazor X robot
to assist in pedicle screw placement effectively im-
proves screw placement accuracy and reduces in-
traoperative screw placement and fluoroscopy time.
Therefore, we consider the Mazor X robot a reliable
surgical assistant technology.

There are known limitations in this study. Only
12 cases were included in our case series, and we
believe the number of cases is too small to obtain
an accurate learning curve for the Mazor X robot.
We need to include more cases to study the learning
curve of the robot and to determine if the Mazor
X robot has more advantages over its predecessors.
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CONCLUSIONS

We present the first Mazor X robotic-assisted tech-
nique in China to our knowledge. Our screw place-
ment accuracy was 98.3%, with a decreasing trend
in total screw placement time as well as fluorosco-
py time during the procedure over case time. We
believe the Mazor X robotic technique offers high
accuracy and efficiency.
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