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Abstract

BACKGROUND

The combined anterior/posterior approach appears to be capable of recons-
tructing spinal stability, correcting thoracolumbar deformity, and promoting
neural recovery in severe thoracolumbar fracture dislocation. However, this type
of operation requires changing the body position during the procedure, resulting
in a lengthy operation time. As a universal surgical robot, TINAVI robot has
achieved good surgical results in clinical surgery. But to our knowledge, no
reports describing TINAVI robot-assisted single lateral position anteroposterior
surgery for thoracolumbar fracture dislocation.

CASE SUMMARY

We describe a case of a 16-year-old female patient with severe thoracolumbar
fracture and dislocation underwent surgery assisted by the TINAVI robot. A one-
stage combined anterior and posterior operation was performed on a severe
thoracolumbar fracture dislocation using the TINAVI robot, and the operation
was completed in right lateral position.

CONCLUSION

The TINAVI robot-assisted one-stage anterior and posterior surgery in right
lateral position for severe thoracolumbar fracture and dislocation is both safe and
effective.

Key Words: TINAVI; Thoracolumbar fracture; Spine surgery; Case report
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Core Tip: Currently, there is no reports describing TINAVI robot-assisted single lateral position anteroposterior surgery for
thoracolumbar fracture dislocation. We describe a case of a 16-year-old female patient with severe thoracolumbar fracture
and dislocation underwent surgery assisted by the TINAVI robot. A one-stage combined anterior and posterior operation was
performed on a severe thoracolumbar fracture dislocation using the TINAVI robot, and the operation was completed in right
lateral position. We hope to bring more options to the approach of spinal surgery by sharing the case.

Citation: Ye S, Chen YZ, Zhong LJ, Yu CZ, Zhang HK, Hong Y. TINAVI robot-assisted one-stage anteroposterior surgery in lateral
position for severe thoracolumbar fracture dislocation: A case report. World J Clin Cases 2023; 11(22): 5358-5364

URL: https://www.wjgnet.com/2307-8960/full/v11/i22/5358.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i22.5358

INTRODUCTION

Thoracolumbar fracture-dislocation is a high-energy spinal injury caused by compression or flexion/traction force[1].
Simple anterior or posterior surgery cannot completely decompress and reconstruct the stability of the three columns of
the spine in severe thoracolumbar fracture and dislocation[2]. The combination of anterior and posterior surgery is an
effective method for treating severe thoracolumbar fracture and dislocation. The combined anterior and posterior
approach of thoracolumbar fracture and dislocation, on the other hand, frequently requires changing the position during
the operation, resulting in a longer operation time. If the anterior and posterior operations are only performed in a lateral
position, pedicle screw placement becomes more difficult, and frequent fluoroscopy is required to confirm screw
accuracy, resulting in a longer operation time[3,4]. In addition, inaccurate placement of pedicle screws may lead to
several complications, such as peripheral neurovascular injury, cerebrospinal fluid leakage, thoracic and abdominal organ
injury, and so on[5,6]. To improve the accuracy of screw placement location in thoracolumbar pedicle screw fixation
surgery, several robotic systems for have been used in clinical surgery[7].

As a universal surgical robot, TINAVI robot has achieved good surgical results in clinical surgery[8-13]. TINAVI robot-
assisted one-stage anterior posterior surgery for severe thoracolumbar fracture dislocation may be safe and effective[10].
It can accurately insert pedicle screws, reducing operation time and tissue damage. This was, to the best of our
knowledge, the first case of TINAVI robot-assisted single lateral position anteroposterior surgery for thoracolumbar
fracture-dislocation. The patients and their families were informed that the case data would be submitted for publication
and consented.

CASE PRESENTATION

Chief complaints
A 16-year-old girl suffered back pain from falling from a height 6 d ago.

History of present illness
The patient had no prior history with regard to the lesion.

History of past illness
The patient had no specific history of past illness.

Personal and family history
The patient had no known personal or family medical history.

Physical examination
Localized back tenderness, kyphosis and restricted mobility. ASIA B of spinal cord injury. There was an open fracture of
left ankle joint. The patient was bedridden and the rest of the examination could not be coordinated.

Laboratory examinations
All ordered laboratory tests (complete blood count, basic metabolic panel, lipid panel, liver panel, coagulation tests,
urinalysis, and stool analysis) were normal.

Imaging examinations

Anteroposterior, lateral, and computed tomography (CT) views revealed a classic kyphosis with a fracture dislocation of
L1 (AO Type C, Load-sharing classification = 8). The kyphotic deformity's corresponding Cobb angle was approximately
26°. The spinal cord injury was discovered using magnetic resonance imaging (Figure 1). Besides, there were open
fracture of left ankle joint, and fracture of right ankle joint.
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Figure 1 A 16-year-old female with thoracolumbar fracture dislocation of L1 (AO Type C, Load-sharing classification, leukemic stem cell =
8), ASIA B of spinal cord injury. A and B: The pre-operative anteroposterior and lateral radiographs showed thoracolumbar kyphosis with a 26° Cobb’s angle;
C: Pre-operative computed tomography scan reconstructions showed L1 fracture dislocation; D: Pre-operative sagittal T2-weighted magnetic resonance image
revealed the spinal cord injury.

FINAL DIAGNOSIS

The patient was diagnosed with L1 fracture combined with spinal cord injury, accompanied by bilateral ankle fractures.

TREATMENT

In the first step, we would treat thoracolumbar fracture dislocation with TINAVI robot-assisted lateral position combined
with anteroposterior surgery, and in the second step, we would complete the operation on bilateral ankle fracture
(Figure 2).

The surgical technique for the treatment of thoracolumbar fracture dislocation was described as follows:

Patient positioning
General anesthesia was administered. The patient was positioned in the right lateral position on a carbon fiber surgical
bed with hip and knee flexion. The posterior axillary line was marked as a reference point for subsequent steps.

C-arm fluoroscopy

A C-arm fluoroscopy machine was used to assist in precise positioning during the procedure. The fluoroscopy line was
set perpendicular to the posterior axillary line and passed through the injured vertebra. The intersection point of the was
marked, creating an anterior incision marker line approximately 8 cm.

Tracker placement and 3D scanning

A tracker was attached to the left iliac crest to enable accurate tracking of the patient's movements during the procedure.
A 3D C-arm scan was performed to obtain a detailed image of the target vertebra. The 3D image was transferred to the
robot workstation for automatic registration and further planning.

Planning and adjustment

Using the 3D image, the surgeon planned the placement of percutaneous pedicle screws in the T12 and L2 vertebrae. The
plan included determining the screw entry point, direction, and specification. The position of the robot arm was adjusted
according to the planned trajectory.

Guiding cannula and implantation

After the robot arm was correctly positioned, a guide cannula was inserted along the robot arm guide. The surgeon
marked the position for implantation on the skin and made a longitudinal incision. The guiding cannula was used to fully
expand the soft tissue, ensuring contact with the bony surface. The guiding pin of an electric drill was implanted along
the direction of the guiding cannula to create a pathway for the pedicle screws. The guiding cannula was then removed,
and the same procedure was repeated to implant the remaining guiding pins. C-arm fluoroscopy was used to verify the
proper position of the guide pins.
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Figure 2 TINAVI orthopedic robotic system. 3D: Three dimensional.

Accessing the injured vertebra

The surgeon reached the injured vertebra directly by separating the physiologic space between the abdominal vascular
sheath and the anterior border of the psoas major muscle. This approach allowed direct access to the surgical site while
minimizing disruption to surrounding structures.

Spinal canal decompression and artificial vertebral body implantation

The operation was completed within the dilated channel using the oblique lateral interbody fusion channel and light
source system. The transverse artery in the vertebral body was cauterized using a bipolar device. The periosteum was
peeled off to fully expose the pedicle and intervertebral foramen. Special care was taken to protect the spinal nerve
passing through the foramen. A corpectomy was performed on the L1 vertebra and adjacent intervertebral disc to achieve
punctate bleeding and decompress the spinal cord. The bone mass in the spinal canal was carefully scraped off, relieving
dural compression. The upper and lower vertebral bodies were stretched to achieve reduction. An artificial vertebral
body was created using autogenous bone, and an vertebral screw rod system was installed. A drainage tube was
routinely implanted to assist with fluid drainage during the initial postoperative period. To ensure stability and consol-
idation, image-guided transpedicular screws were inserted in the T12 and L2 vertebrae. The operation lasted 270 min and
resulted in a blood loss of 400 mL. We used antibiotics for 24 h to prevent infection and removed the drainage tube when
the drainage volume was less than 50 mL. During the operation, there were no complications (Figure 3).

OUTCOME AND FOLLOW-UP

After 5 mo of observation, the Cobb angle was 5.6°. There was no obvious loss of Cobb angle, no signs of nonunion, and
neural function improved from ASIA B to ASIA D (Figure 4).

DISCUSSION

Thoracolumbar fracture-dislocation is frequently associated with nerve injury[1], which can be treated with either
anterior or posterior surgery[14]. However, according to the load-sharing classification, posterior internal fixation may
fail in cases of thoracolumbar burst fractures greater than 7 points[15]. Furthermore, posterior ligament reduction can
reduce severe thoracolumbar fractures satisfactorily, but the sign of unstable healing accounted for 59.6%[16]. Moreover,
the anterior operation was unable to stabilize the spine's posterior column[17]. As a result, either an anterior or posterior
approach alone would be ineffective for treating severe thoracolumbar fracture dislocation.

It is a reliable method to perform anterior and posterior surgery simultaneously for severe thoracolumbar fracture and
dislocation, which can achieve full decompression and better nerve recovery[2]. The preoperative Cobb angle for
thoracolumbar kyphosis was 26°, and the postoperative Cobb angle was 5°. After 5 mo of observation, the Cobb angle
was 5.6°. There was no obvious loss of Cobb angle, no signs of nonunion, and neural function improved from ASIA B to
ASIA D.
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Figure 3 TINAVI robot-assisted one-stage anteroposterior surgery in lateral position. A: Design the best virtual screw trajectory on 3D image; B: The
electric drill is implanted with the guiding pin along the direction of the guiding cannula; C: C-arm fluoroscopy to determine the position of the guiding pin; D: The
postoperative anteroposterior and lateral radiographs showed thoracolumbar kyphosis with a 5°Cobb’s angle; E: Postoperative wound.

S £ e

DOI: 10.12998/wjcc.v11.i22.5358 Copyright ©The Author(s) 2023.

Figure 4 The anteroposterior and lateral radiographs of 5-mo follow-up showed no loss of corrected Cobb’s angle. A: The pre-operative
lateral radiographs showed thoracolumbar kyphosis with a 26° Cobb’s angle; B: The anteroposterior radiographs of 5-mo follow-up; C: The lateral radiographs of 5-
mo follow-up showed thoracolumbar kyphosis with a 5.6° Cobb’s angle.

Traditional surgery without robot assistance takes longer time. Besides, the operator must master the technology of
lateral pedicle screw insertion, which has more technical requirements for the surgeon. As a result, we attempt to perform
anterior and posterior surgery for severe thoracolumbar fracture dislocation using the TINAVI robot and pedicle screw
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implantation. There is no report that we are aware of that describes the treatment of severe thoracolumbar fracture
dislocation with one-stage lateral anterior posterior combined surgery using the TINAVI robot.

Pedicle screw implantation accuracy was 85.8%-96.2% for "perfect" and 93.4%-96.7 for "clinically acceptable"[18,19].
Based on 3D images, the TINAVI robot system can significantly improve surgical accuracy and safety in pedicle screw
fixation. The electric drill is not only easy to implant with the guiding pin along the direction of the guiding cannula
under the accurate positioning guidance of the TINAVI robot, but it also does not require frequent fluoroscopy. Tissue
trauma and operation time are significantly reduced. The screws at the rostral can be planned to tilt up and the screws at
the distal can be planned to tilt down as much as possible, which may enable in the placement of the front screw.

At the end of 2016, the TINAVI robot developed in China was certified by the National Food and Drug Administration.
Subsequently, it began to be officially applied in clinical practice and gradually expanded to the field of spinal surgery.
Han et al[10] compared the safety and efficacy of robot assisted thoracolumbar surgery with the conventional fluo-
roscopy-assisted group thoracolumbar surgery through a prospective randomized controlled study, in which the rate of
excellent screw placement position in the robotic group was 98.7%, higher than the 93.5% in the conventional group; In
terms of deviations in screw planning positions and actual positions, the mean deviations of the screws in the robotic
group were (1.5 + 0.8) mm. Fan et al[20] previously conducted a randomized controlled study of robot assisted vs conven-
tional fluoroscopy-assisted placement of cervical screws and showed that both the excellent and acceptable rates of screw
placement were higher in the robotic group (87.6% vs 60.8% and 98.9% vs 91.2%); The deviation between the actual
position of the screw and the planned position was 0.83 mm, lower than the deviation of the conventional group. In
addition, Le ef al[21] conducted a retrospective study on robot assisted and conventional fluoroscopy-assisted placement
of lumbar cortical bone screws, and the results showed that the excellent and acceptable rates of screw positions in the
robot group were higher than those in the acceptable group (87.2% vs 66.9% and 95.3% vs 86.9%).

This case report has some limitations. The number of cases is small, the follow-up time is short, and the results still
need to be verified by larger samples and longer follow-up studies. In addition, the current cost of using TINAVI robot is
still relatively high, and further research is needed to quantify the clinical benefits of its use.

CONCLUSION

To summarize, the TINAVI robot-assisted one-stage anterior and posterior surgery in right lateral position for severe
thoracolumbar fracture and dislocation is both safe and effective. It can insert pedicle screws precisely, reduce surgical
time, and reduce tissue damage, and is expected to gradually become widely used in orthopedic clinical surgery in the
future.
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