
▪ Decompressive lumbar laminectomy is a procedure to treat spinal 
stenosis by drilling out portions of the lamina (left) [1]

▪ Limited visualization of critical structures risks incidental durotomy
▪ 1.6% – 16% incidence rate during lumbar surgery [2]

▪ Virtual reality (VR) offers low-risk training environments for surgeons
▪ Prior success of VR with haptic device for mastoid drilling (right)
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Technical Developments Results and Discussion

Challenges Faced
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▪ Stereoscopic view of spine with 
Phantom Omni haptic stylus, VIVE 
PRO headset, and OpenGL shading of 
red/yellow/green

▪ Pipeline to upload segmented CT 
scans from 3D Slicer into AMBF

▪ Parallel recording of drilling 
(kinematics, force, time) using ROSPY

Next Steps

Background Motivation
Need: VR drilling simulator for training surgeons on laminectomy

Left: Lamina removal in laminectomy [3] Right: VOXEL-MAN TempoSurg VR [4]

Practice Phase Evaluation Phase
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Participant

▪ User studies required careful planning of schedules and logistics 
▪ Simulation lagged for extended drills due to asynchronous recording
▪ Haptic device required recalibration after every session

▪ Submit color-guidance technical approach and user study results to 
IEEE Transactions on Medical Robotics and Bionics

▪ Finish C++ plugin for synchronized data extraction into HDF5 files

Headset

Phantom Omni

Monitor

▪ Prior work: AMBF-based simulator with 
multi-sensory feedback [5]

▪ Visual feedback increased cognitive 
load due to positioning of warnings

Goal: Improve visual feedback with anatomical color overlay
▪ Color-guidance with OpenGL to display 

distance from sensitive anatomies 
▪ Conducted user study to evaluate its 

differential impact during laminectomy 

Color thresholding based on 
signed-distance fields [5] that 
calculate distance from spinal 
cord and surrounding bone 

Yellow outlines 2 mm 
cautionary boundary

Red indicates sensitive 
structures to avoid

Eleven clinical 
participants (9
resident surgeons, 
2 medical students) 
recruited from the 
JHMI Department 
of Orthopaedic 
Surgery.

Each session included 12 simulated laminectomies (10 measured, 2 
practice; 6 with color-guidance, 6 with only text warnings).

▪ Quantitative measurements: number of unintended breaches 
(i.e., user drilled a red voxel), drilling time, force feedback

▪ Qualitative measurements: prior surgical drilling experience, 
color/no-color preferences, NASA-TLX assessment

Study Design

Proposed a C++ plugin for synchronous data collection of removed 
voxels from AMBF. Currently being implemented and unit tested.

Created GUI to “replay” 
collected data. Users can see 
time-lapse of drilling procedure, 
plots of removed voxels by color, 
and total drilling time.  

Surgeons had a significantly higher completion percentage under 
color-guidance while on average making less unintended breaches.

NASA-TLX results 
indicated that color-
guidance significantly 
reduced cognitive 
load.


