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Cervical spine

Current Clinical Benefits

Pedicle screws

Verma et al. O-arm navigation versus C-arm: a review of screw placement over 3 years at a major trauma center. Br J Neurosurg. 2016.
Summers et al. Odontoid screw placement using isocentric 3-dimensional C-arm fluoroscopy. J Spinal Disord Tch 2008.
Beerekamp et al. Effects of intraoperative fluoroscopic 3D-imaging on peri-operative imaging strategy in calcaneal fracture surgery. Arch Orthop Trauma Surg. 2017
Houten et al. Clinical assessment of percutaneous lumbar pedicle screw placement using the O-arm multidimensional surgical imaging system. Neurosurgery 2012. 
Khanna et al. Effect of intraoperative navigation on operative time in 1-level lumbar fusion surgery. J Clin Neurosci 2016,  

Clinical Benefits

• Improved accuracy 

• Reduced surgical 
revision probability 

• Decrease operative 
times



Current Clinical Challenges

Current field of 
view: ~17-20cm

Extended lateral
field-of-view 

imaging

Optimized metal artifact 
reduction imaging 

trajectories

3D-printed surgical guides

High-risk commonly 
performed procedures

Metal Artifacts

Laminectomy Pedicle screw fixation 



3D-Printed Surgical Guides

• Compliments surgical experience 

• Individualised to each vertebra 

• Reduce intraoperative imaging dose

<1%
Perforation rate



Pedicle screw 
trajectory plan 

(cylinders)

3D-Printed Surgical Guides

DICOM CBCT Images

Cervical spineThoracic spine

(1) Pre-operative Imaging

3DSlicer

(2) Vertebral Segmentation
T7

A. Kanawati et al. Generating patient-matched 3D-printed pedicle screw and laminectomy drill guides for Cone Beam CT images: studies in ovine and porcine cadavers. Medical Physics 2022

T2
T3T4T5T7T8T9T10T11T12
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C7 (3) Vertebral Models
(4) Drill Guide Development
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3D-Printed Surgical Guides

(5) 3D-print



3D-Printed Surgical Guides

Pre-operative CBCT scan

Midline
Right

Left

Post-operative CBCT scan

Midline
Left

Right

32 screws
Mean axial angle difference 

(planned v measured)
Mean sagittal angle difference

(planned v measured)
3.9º±1.9º 1.8º±0.8º

A. Kanawati et al. Generating patient-matched 3D-printed pedicle screw and laminectomy drill guides for Cone Beam CT images: studies in ovine and porcine cadavers. Medical Physics 2022



3D-Printed Surgical Guides

(A) C3 (B) C4 (C) C5 (D) C6 (E) C7

Post-operative CBCT scan

5 levels (10 cuts)
Average thickness of 

remaining laminar

1.6±0.2mm

A. Kanawati et al. Generating patient-matched 3D-printed pedicle screw and laminectomy drill guides for Cone Beam CT images: studies in ovine and porcine cadavers. Medical Physics 2022
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Metal Artifact Reduction 
Metal Artifact Reduction 

Cervical spine
Problem:

Metal artifacts

Solution:
Non-circular image 

acquisition



Metal Artifact Reduction 

Y. Ma et al. Non-circular orbits on a clinical robotic C-arm for reducing metal artifacts in orthopedic interventions. American Association of Physicists in Medicine Annual Meeting 2021
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Extending the field of view
Extended field of view imaging

Problem:
Limited field of view

Solution:
Multi-turn reverse helical imaging



Extending the field of view

Table start positionTable end position

C-arm gantry rotation

T. Reynolds et al. Extended intraoperative longitudinal 3-Dimensional cone beam computed tomography imaging with a continuous multi-turn reverse helical scan. Investigative Radiology 2022



Extending the field of view
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T. Reynolds et al. Extended intraoperative longitudinal 3-Dimensional cone beam computed tomography imaging with a continuous multi-turn reverse helical scan. Investigative Radiology 2022



Extending the field of view

106 cm

CT

Pre-operative imaging:

80 cm

CBCT: Multi-turn reverse helical 

Intraoperative imaging:

3D-3D registration 
immediately prior to 

procedure 
T. Reynolds et al. Extended intraoperative longitudinal 3-Dimensional cone beam computed tomography imaging with a continuous multi-turn reverse helical scan. Investigative Radiology 2022



CT CBCT: Multi-turn reverse helical 

126 cm 80 cm

Extending the field of view

Post-operative imaging: Intraoperative imaging:

T. Reynolds et al. Extended intraoperative longitudinal 3-Dimensional cone beam computed tomography imaging with a continuous multi-turn reverse helical scan. Investigative Radiology 2022

Bring CT like coverage into the operating room 
for surgical verification  

Mean axial angle difference 
(CT v multi-turn reverse helical)

Mean sagittal angle difference
(CT v multi-turn reverse helical)

3.3º±2.6º 1.9º±1.5º



Future directions

Operating roomEmergency room Out patient

T. Reynolds et al. Continuous dual-isocenter imaging: simultaneously extending the longitudinal and lateral intraoperative 3D CBCT field-of-view for assessing musculoskeletal trauma. 
American Association of Physicists in Medicine Annual Meeting 2022 – Thursday 7/14/22 @ 1:10pm

• Extended FOV coverage 
(eliminate transfer CT)

• Weight bearing imaging

• Extended FOV coverage 
(eliminate transfer CT)

• Metal artifact reduction 
imaging

• Weight bearing imaging
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3D-printed surgical guides Metal artifact reduction Extended field of view imaging
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