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Evolution cervical spine fixation

➢ Open approach, lateral mass & pedicle screws (anatomic landmarks, c-arm)

➢ Open approach, pedicle screws (navigated, surface matching)

➢ Combined open approach & percutaneous pedicle screws (navigated, intraop CT)

➢ Percutanous/mini-open pedicle screws (navigated, intraop CT)
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Imaging and navigation



Cervical pedicle screws are almost 4x stronger
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Cervical pedicle screws
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Risks with pedicle trajectories
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Cervical pedicle screw planning





67 patients w/cervical injury

Safe & effective

Minimal injury to the paraspinal muscles
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Navigation with 3D imaging (cone-beam CT)



Methods: 
30 patients with degen. spondylolisthesis, 15 with CBCT & nav
(NV), 15 with free-hand & flouro (FH).

Results: 
Mean screw placement time, length of surgery, and length of stay
were significantly reduced in the NV group compared to the FH 
group (p<0.05). The total radiation dose was significantly higher in 
the NV group (p<0.0001). 

Vadala et al., Neurospine, 2024

Mobile robotic imaging in spine surgery
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Objective: Several studies have advocated for the higher accuracy of transpedicular screw 
placement under cone-beam computed tomography (CBCT) compared to conventional 
2-dimensional (2D) f uoroscopy. T e superiority of navigation systems in perioperative and 
postoperative outcomes remains a topic of debate. T is study aimed to compare operative 
time, screw placement time and accuracy, total radiation dose, perioperative and postopera-
tive outcomes in patients who underwent transpedicular screw f xation for degenerative lum-
bar spondylolisthesis (DLS) using intraoperative CBCT navigation versus 2D f uoroscopy.
Methods: A retrospective analysis was conducted on patients af ected by single-level DLS 
who underwent posterior lumbar instrumentation with transpedicular screw f xation using 
surgical CBCT navigation (NV group) or 2D f uoroscopy-assisted freehand technique (FH 
group). Demographics, screw placement time and accuracy, operative time, total radiation 
dose, intraoperative blood loss, screw revision rate, complications, and length of stay (LOS) 
were assessed .
Results: T e study included a total of 30 patients (NV group: n = 15; FH group: n = 15). 
T e mean screw placement time, operative time, and LOS were signif cantly reduced in the 
NV group compared to the FH group (p < 0.05). T e total radiation dose was signif cantly 
higher in the NV group (p < 0.0001). No signif cant dif erence was found in terms of blood 
loss and postoperative complications.
Conclusion: T is study suggests that intraoperative CBCT-navigated single-level lumbar trans-
pedicular screw f xation is superior in terms of mean screw placement time, operative time, 
and LOS compared to 2D f uoroscopy, despite a higher intraoperative radiation exposure.

Keywords: Fusion , Navigation , Pedicle screw, Minimally invasive spine surgery, Robotic 
spine surgery, Spondylolisthesis

INTRODUCTION

Recent studies have demonstrated a remarkable surge in the 

prevalence of lumbar fusion surgery (LFS) worldwide in the 

last 2 decades, as a result of the implementation of innovative 

surgical implants and advanced technologies in the field of 

spine surgery. According to recent estimates, the volume of 

elective LSFs in the United States increased by 62.3% from 2004 
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Methods: 
210 patients operated in 3D-Navigation Hybrid OR (1171 screws)

Results: 
1035 (88.4%) spinal screws inserted at an accuracy rate of 98.7%, 
MIS was performed in 139 cases (66.2%) and wound infection
occurred in 4 cases (1,9%). Overall, no revisions were needed.

Haida et al., J Orthop Surg Res, 2024

Mobile robotic imaging in spine surgery
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Prone position on carbon table with carbon Mayfield, reference frame on spinous process, 3D-scan (CBCT)

MIS cervical pedicle screw placement - Technique



Mini-open approach in patient with AS

Navigated drill guide, k-wire placement

2 surgeons: navigator-operator concept
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Navigated tap

Cannulated pedicle screws

Mini-open rod placement
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Intraop image controll



3 months postop
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Prone position in Mayfield (carbon), reference frame on spinous process, 3D-scan, navigated incisions and approach

MIS pedicle screw placement
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• Navigated drill guide

• K-wire placement

MIS screw placement
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Risk of vascular injury

• Risk of „pushing“ the vertebra with your 
instrument -> rotation

• Injury to vertebral artery 

• Careful drilling with haptic feedback
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• Cannulated pedicle 
screw placement

MIS screw placement
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MIS pedicle screw placement - Technique
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Intraoperative imaging controll of screw placement

Image quality: CBCT (intraop) vs CT (postop)
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Initial experience: 
Navigated pedicle screw placement

• Comparative pre-post study as part of an internal quality 
assurance (QA) project

• Patients operated with posterior screw/rod constructs for 
unstable cervical spine injuries before (pre-group) and 
after (post-group) introduction of navigated minimal-
invasive approach
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Initial experience: Results
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Initial experience: Results
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Initial experience: Results
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Initial experience

• Stable constructs with fewer screws

• Less invasive than anterior approach (hoarsness, swallowing)?

• Accurate screw placement with navigation and intraoperative CT 

• Reduced blodd loss, pain & length of stay

• Feasable alternative

• Cannulated, cervicle pedicle screws with tabs/towers not on the market yet (Norway)
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Thank you for 
your attention!
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