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Skull bone surgery robot improves outcomes and relieves surgeons  

The removal of skull bone requires surgeons to work at the limits of human capabilities, as it has to 
be done very precise, under conditions of limited view. I have designed and realized a new surgical 
robot, to perform sub-millimeter bone removal tasks in the skull, based on CT-scans. My robot 
holds the promise to help surgeons with surgical procedures so these can be performed more 
accurate and faster than can be done by hand now. This could improve the quality of the outcome 
for patients, and relieve surgeons from strenuous operations. 

My research started after a visit of surgeons from the Radboud UMC Nijmegen to Eindhoven 
University of Technology. They were looking for a solution to improve surgical bone removal tasks in 
the region around the ear. To learn the surgeon's problems, I visited some twenty surgical 
procedures where bone had to be removed, to gain access to remove tumors and to implant hearing 
aids. I was very impressed with the skills of surgeons; their extreme concentration and precision for 
several hours, while having tension in their bodies, sitting in uncomfortable postures. This 
concentration is of utmost importance, since surgeons are steering a razor-sharp cutter to remove 
bone within millimeters of critical structures, such as the nerves responsible for facial expressions 
and taste, major blood vessels, and the hearing and balance organ. While doing so, a surgeon is 
looking through a microscope with limited view, since the operating area is covered with blood, 
water and bone dust. 
As a result, bone removal procedures around the ear require surgeons to work at the limits of human 
capabilities, and are radical for patients.  

As a possible solution, I developed an assisting robot that uses existing patient-specific CT-scans. 
Using these data, a robot can directly and accurately ‘dig’ the predetermined cavity, while avoiding 
critical structures. Such a robot, that satisfies requirements for skull bone removal with sub-
millimeter precision, did not exist so far.  

I started with a clean sheet and performed a concept study to generate multiple robotic concepts. 
From over 20 concepts, a serial kinematic design with seven degrees of freedom was chosen. After 
detailed designing and the realization and verification of subsystems, a new surgical robot called 
RoBoSculpt was designed. Moreover, we built one prototype and I performed preliminary 
experiments. 

This dissertation describes my mechanical design of RoBoSculpt, my analyses and preliminary 
experimental data. Focus is put on the structural design and the mechanisms inside the robot. Design 
principles used for design of precision machinery with high stiffness, low mass and low backlash are 
used throughout the design to ensure accuracy and safety. The next step will be the continuation of 
the development of RoBoSculpt, to bring it from technology to application. 

All stakeholders in healthcare - being patients, surgeons, hospitals and insurance companies - can 
potentially benefit from RoBoSculpt's assistance. It has the potential to reduce the number of 
complications and revision surgeries, and to reduce invasiveness of procedures with shorter recovery 
times. Shorter surgery times may result in lower costs and more procedures in the same time, 
potentially reducing waiting lists. Moreover, it can enable better ergonomic postures for surgeons, 



 

and extend their active professional careers. Last but not least, it has the potential to increase quality 
of life for future patients by reducing risks of complications. 
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