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and posterior arches. The placement through the “pedi-
cle” refers to passing through the posterior arch and the 
narrow part of the posterior arch at the vertebral artery 
groove to the lateral mass of the atlas. Moreover, its 
anatomy is adjacent to important nerves and blood ves-
sels. Traditional manual screw placement is very difficult. 
Punyarat et al. [2] reported that the failure rate of pedicle 
screw placement with the freehand technique is 23%. 
Moreover, screw misalignment can increase the opera-
tion time, radiation dose and blood loss, reduce mechani-
cal stability, and even lead to neurological complications. 
In recent years, intraoperative imaging and robot-assisted 
technology have developed rapidly. Robotic systems 
commonly used in spinal surgery include the Renaissance 
Spine Assist and Mazor X. Mazor X is the most recent 

Introduction
Pedicle screws have been widely used in internal spinal 
fixation because of their excellent mechanical stability. It 
has been reported [1] that the mechanical strength of cer-
vical pedicle screws is 4 times greater than that of lateral 
mass screws. However, the atlas does not have a cone and 
is composed of only two lateral masses and the anterior 

BMC Geriatrics

†Zilin Gao and Xiaobo Zhang contributed equally to this work.

*Correspondence:
Dingjun Hao
haodingjun@mail.xjtu.edu.cn
1Department of Spine Surgery, Honghui Hospital, Xi’an Jiaotong 
University, Shaanxi 710016, PR China
2Xi’an Medical University, Xi’an, Shaanxi, China
3Shaanxi Key Laboratory of Spine Bionic Treatment, Xi’an, Shaanxi, China

Abstract
Background  Manual placement of cervical pedicle screws is risky, and robot-assisted placement of atlantoaxial 
pedicle screws has not been reported.

Case report  We describe a 74-year-old female patient with atlantoaxial fracture and dislocation combined with 
spinal cord injury caused by a car accident. The left lower limb muscle strength was grade 0, the right upper limb 
muscle strength was grade 1, and the right lower limb muscle strength was grade 2. Loss of sensation below the 
clavicle level, decreased superficial sensation in the extremities, loss of deep sensation in the left lower extremity, and 
incontinence were observed. We successfully placed atlas pedicle screws with the assistance of the Mazor X robot. 
One week after the operation, radiological imaging revealed that the reduction effect was good, the placement of the 
pedicle screws was satisfactory, the left upper limb and left lower limb muscle strength was level 2, the right upper 
limb and the muscle strength of the right lower limb were grade 3, and the sensory function was partially restored. 
No complications related to screw placement were found at the 3-month postoperative follow-up.

Conclusions  Mazor X robot-assisted descending pedicle screw fixation of the atlas is feasible and safe.
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Medtronic product and has a wide range of applications 
because of its high accuracy, automatic navigation and 
positioning system. All 90 Pedicle Screws Placed for the 
First Time with Mazor X Achieve Gertzbein-Robbins 
Grade A Accuracy [3]. Owing to deviations in the relative 
position of the body, the patient’s breathing movements 
and swing amplitude during nail placement may lead to 
failure of nail placement [4]. Robot-assisted atlantoaxial 
pedicle screw fixation has not been reported to date. We 
report the first successful case of Mazor X-assisted pedi-
cle screw fixation for the atlantopivot and lower cervical 
vertebra.

Case report
A 74-year-old female patient experienced general pain 
and limited limb movement after a car accident. Physical 
examination revealed loss of sensation below the clavicle. 
The superficial sensation in the extremities was reduced, 
and the deep sensation in the left lower limb was lost. 
Muscle strength in the left upper limb and left lower limb 
was 0, muscle strength in the right upper limb was 1, and 
muscle strength in the right lower limb was 2. No physi-
ological reflexes or pathological reflexes were observed. 
Impaired perineal sensation and incontinence. Imaging 
revealed a type II odontoid fracture with atlantoaxial dis-
location, congenital C3‒4 fusion malformations, cervi-
cal spinal cord signal abnormalities, and cervical spinal 
stenosis (Fig.  1). The patient was diagnosed with a type 
II odontoid fracture with atlantoaxial dislocation. Spinal 
cord injury (ASIA A). After the vital signs stabilized, the 
patient underwent surgery. The patient’s CTA showed 
left-sided dominance, mild stenosis of the right vertebral 
artery, calcified plaque, and no high span of the vertebral 
artery.

After general anaesthesia, cranial traction was applied, 
and after turning to the prone position, approximately 
2  cm on both sides of the posterior arch of the C1‒5 
spinous processes, vertebral plates and lateral blocks 
were exposed. A tracer was installed in the position 
of the C2‒3 spinous process, and after real-time posi-
tion scanning of the O-arm, an intraoperative plan was 
developed (Fig. 2). The working path w0as subsequently 
drilled under direct vision, the probe was verified, and 
screws 3.5*24  mm, 3.5*28  mm, 4.0*26  mm, and 8 tita-
nium screws were subsequently placed on the left and 
right sides of C1-2 and C4-5, respectively (Fig.  2). The 
surgery lasted a total of approximately 180 min, with the 
robotic system being used for approximately 85 min, and 
the average time for nail placement was 9.6 min. The total 
intraoperative fluoroscopy use time was approximately 
176 s, and the total blood loss volume was approximately 
200 ml.

After surgery, the surgical wound healed well, the mus-
cle strength of the left upper limb and left lower limb was 
Grade 2, the muscle strength of the right upper limb and 
right lower limb was Grade 3, and the sensory function 
was partially restored. Postoperative X-rays with visu-
alization of all the pedicle screws were performed, and 
CT visualization of the atlantoaxial pins was precise and 
without deviation (Fig.  3), without any implantation-
related complications. At the last follow-up, the patient 
had grade 2 muscle strength in the upper extremities 
and left lower extremity, grade 4 muscle strength in the 
right upper extremity and right lower extremity, com-
plete recovery of somatosensory sensation, and an ASIA 
grade of C. The patient was able to maintain a good level 
of muscle strength in the upper extremities and left lower 
extremity. All screws were free of deflection and loosen-
ing. Patients are satisfied with the treatment results.

Fig. 1  Preoperative images of patients (A–B) X-ray images; (C) Computed tomography (CT) scan: Type II odontoid fracture combined with atlantoaxial 
joint dislocation and congenital C3-4 fusion deformity; (D) magnetic resonance imaging (MRI). Cervical spinal stenosis and cervical spinal cord signalling 
abnormalities
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Discussion
In recent years, spinal robots have been used for thora-
columbar and lower cervical spine surgical nailing, but 
previous-generation Mazor Renaissance robots have 
relied on preoperative CT scanning and surgical plan-
ning [5]. Like the Tinavi robot, the robot lacks real-time 
intraoperative detection [6]. However, the cervical verte-
bra is highly mobile. A previous study reported that after 

placing the screw on one side, displacement can eas-
ily lead to failure or poor placement of the screw on the 
other side [7]. Mazor X visualizes the patient’s screw size, 
placement point, and trajectory through 3D rendering, 
which can effectively avoid damage to the spinal cord and 
vertebral arteries, personalize screw size and trajectory, 
and even handle complex and severe deformities or revi-
sion surgeries [8]. In addition, a greater degree of robot 

Fig. 3  Images showing that the screw position was accurate and without deviation 1 week after surgery. (A–B) X-ray images; (C) computed tomography 
(CT) scan of the atlas

 

Fig. 2  (A–D) Intraoperative O-arm scanning, Mazor X for planning; (E) Drill the working path under direct vision, probe verification, and screw insertion; 
(F–G) Intraoperative X-ray images showing accurate pedicle screw placement
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arm flexibility and operational freedom is provided. The 
whole process of visualization also makes it possible to 
perform robot-assisted cervical screw placement.

To review this new robotic technology, we searched 
PubMed for articles published in the past decade on 
“Mazor X” and “Spine”. The literature indicates that 
Mazor X has been extensively used for assisted place-
ment of thoracic and lumbar pedicle screws. However, 
we have not yet found any reports of atlantoaxial pedicle 
screws being placed by the robot. This will also be the 
first application of Mazor X in atlas screw placement.

According to the literature review, the accuracy of 
Mazor X reached 97.0-100% (Table 1). Lee et al. [4] com-
pared it with the Renaissance and found no significant 
difference in accuracy. However, both the breakage rate 
(Renaissance: 9.5% vs. X: 1.2%) and the robot abandon-
ment rate (Renaissance: 22.7% vs. X: 2.3%) are signifi-
cantly reduced, demonstrating the reliability of Mazor 
X. In addition, Abel et al.’s study showed that the robot 
abandonment rate reached 6.0%. Moreover, as the learn-
ing curve lengthened, the abandonment rate decreased.

Owing to the combination of severe SCI and lower cer-
vical deformity in this patient, the risk of unarmed place-
ment increased, so we attempted to place cervical pedicle 
screws under Mazor X assistance for the first time, and 
the entire procedure was performed by the surgeon with 
the most experience in atlantoaxial spine surgery in our 
hospital. The C1-2 entry point of this patient was easy to 
expose, and the C4-5 entry point was located outwardly, 
which might affect the accuracy of the placement because 
of the difficulty in exposing the entry points due to the 
large tension of the skin. This may affect the accuracy of 
nail placement. Therefore, we chose C1-2 for open nail 
placement and C4-5 for percutaneous placement. In 
addition, Lee et al. [10] reported that the Stealth Edition 
system avoids errors through intraoperative navigation, 
further reducing fluoroscopic radiation time, robotic 
abandonment, and blood loss during Mazor X use. The 
surgical time, intraoperative blood loss, and radiation 
time of freehand nail placement reported in previous 
studies [15] were all longer than those reported in our 
study. Li et al. [16] reported that 30% of patients expe-
rienced proximal articular surface invasion when pedicle 
screws were inserted manually. This patient had no dam-
age to any of his adjacent facet joints. In addition, Shi 
et al. [17] reported that the percutaneous placement of 
pedicle screws can preserve muscles and ligaments. The 
patient’s wound healed well after surgery, and no wound 
complications occurred.

However, Mazor X still has limitations. Zhang et al. 
[18] reported that severe obesity or osteoporosis may 
affect the accuracy of robotic nail placement in patients. 
Ghasem et al. [19] reported that the entry point of the 
nail has a greater slope and can easily slip and cause 

deflection. In our opinion, the robot cannot handle 
patients with severe cervical instability. In addition, intra-
operative checking needs to be repeated by the operator, 
who relies on the operator’s experience and intraopera-
tive navigation. The robot needs to be more precise and 
detailed at the cervical level.

Conclusions
We reported the first case of Mazor X robot-assisted ped-
icle screw fixation of the atlas. The pedicle screws were 
well placed after surgery, which broadened the scope of 
use of Mazor X in the orthopedic field.

Table 1  Summary of Mazor X-related clinical research within the 
literature
Reference Country Total of

patients
Total of
screws

Accu-
racy
rate

Robot
aban-
donment 
rate

Asham Khan, 
2019
[9]

USA 20 75 98.7% 0

Nathan J. Lee, 
2021
[10]

USA 186 1355 99.1% 2.2%

Nathan J. Lee, 
2021
[4]

USA 43 859 98.5% 2.3%

Tsutomu Aka-
zawa, 2023
[11]

Japan 125 1048 97.8% 2.2%

Frederik Abel, 
2023
[12]

USA 196 1001 97.0% 6.0%

Wenhao 
Zhao, 2024
[13]

China 45 200 100% 0

N. S Hernan-
dez, 2024
[14]

USA 17 100 97.0% 0
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