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Clinical Challenge

Pedicle screw placement is an advanced posterior 
fixation technique that can provide patients with great 
biomechanical benefits. However, the morphology of the 
vertebrae is complex and it is very difficult to insert screws 
without penetrating the cortex. Thus, new techniques for 
improving the accuracy of pedicle screw placement and 
safety are required. Herein, we propose a novel surgical 
robot system for percutaneous pedicle insertion based on 
three‑dimensional  (3D) fluoroscopy and present the first 
case of robot‑assisted minimally invasive fixation of thoracic 
vertebrae.

A 28‑year‑old male fell from a height of 4 m; he experienced 
progressive pain of the lower back and could not stand 
or walk. There was no relevant prior medical history. 
On neurological examination, there was no paresthesia 
of the lower extremities, and all muscles had full motor 
strength  (V/V). X‑ray and computed tomography  (CT) 
images demonstrated an L1 vertebral burst fracture without 
compression of the related vertebral canal. Magnetic 
resonance imaging demonstrated a high signal change in 
the L1 vertebra.

After approval by the ethics committee (JST‑20150504) and 
obtaining informed consent from the patient, robot‑assisted 
percutaneous pedicle screw fixation was performed on 
August 6, 2015. The patient was placed in prone position 
under general anesthesia, a patient tracker was placed on 
the T10 spinal process, and a set of images were obtained 
by intraoperative C‑arm scan. Based on these images, 
the TiRobot system  (co‑designed by Beijing Jishuitan 
Hospital and TINAVI Medical Technologies Co., Ltd.) was 
autoregistered, and surgeons used the TiRobot planning 
system to plan the trajectories of six pedicle screws. The 
robot arm of the TiRobot system was covered with sterilized 

plastic and docked along the side of the operating table; 
the trajectories were then confirmed before movement of 
the robot arm was initiated. The robot arm with a guidance 
tube on its end was automatically moved to the entry point 
of each trajectory and held still. After checking the position 
with the optical tracking system, a 2 cm skin incision was 
made through the guidance tube, and the guidance wire for 
the screw was placed through the tube using a drill. The 
position of each guidance wire was verified by fluoroscopy. 
A total of six pedicle screws (J&J Depuy Viper) were placed 
into the vertebrae through guidance wires; screws 6.0 mm 
in diameter and 50 mm in length were used for T12 and L2, 
and screws 5.0 mm in diameter and 35 mm in length were 
used for L1. There were no intraoperative complications.

Postoperatively, the patient maintained full strength of the 
extremities. CT images taken 4 days postoperatively showed 
no perforations or loosening of the screws [Figure 1]. The 
merging of postoperative CT images and trajectory planning 
images demonstrated that the deviation between the planned 
and actual trajectories was 0.70 ± 0.82 mm in the sagittal 
plane and 1.27 ± 1.08 mm in the axial plane.

Spine surgeons always have two types of limitations: visual 
and manipulative. Insufficient vision and force control can 
cause severe problems during spine surgery. Various methods 
have been introduced to improve the accuracy and safety of 
pedicle screw placement.[1] The TiRobot system is a novel 
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surgical robot system for pedicle screw insertion. It can be used 
for surgical planning based on intraoperative 3D fluoroscopy 
images, and the serial‑structured mechanical arm then guides 
the surgeon to the exact planned trajectories for the screws.[2]

The main aspect that caused deviation of screws in the 
present study was system error. System error is generated 
during the image reconstruction, image auto‑registration, 
and optical tracking process. C‑arm fluoroscopy was 
used to capture the image data, which can result in image 
distortion caused by electromagnetic fields generated from 
the C‑arm machine itself;[3] this kind of system error remains 
unresolved, as fluoroscopic imaging devices are still being 
used. The intraoperative image auto‑registration process also 
results in registration error, which is limited by the physical 
principle of reflection; the image auto‑registration error in 
the present case was 0.11 mm. The optical tracking system 
also contributes to system error; the optical tracking camera 
used in the TiRobot system has a system error of about 
0.30 mm (supported by the NDI Company).

A lot of time and money is required to train a spine surgeon, 
as the success of the surgical procedures relies on the 
surgeon’s experience.[4] The TiRobot system has shown its 
ability to improve the accuracy and safety of pedicle screw 
insertion and was sufficient for clinical use. This system will 
be helpful in shortening the learning curve for spinal surgery.
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Figure 1: Postoperative computed tomography images demonstrated 
that there were no perforations or loosening of the screws.


