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What it’s about...

Developing novel surgical and robotic technologies to drastically reduce the invasiveness and improve the outcome of hearing implant
surgery.

Context and project goals

Hearing impairment or loss is among the most common reasons for disability. Worldwide, 27% of men and 24% of women above the
age of 45 suffer from hearing loss of 26dB and more. Meaning that the person concerned can only hear sounds with a volume higher
than 26dB, where whispering, quiet talking and loud radio music have sound pressures of 30dB, 50dB and 80dB respectively. In absolute
numbers 80 to 100 million humans in the EU are suffering from hearing impairment.

While steady and extensive research is carried out to further improve and extend cochlea implant technology, the traditional surgical
approach, foremost its invasiveness has not changed over the last three decades. In other surgical domains, the advancement of minimally
invasive procedures advanced with the introduction and availability of suitable endoscopic and instrument and ultimately computer
technology. Additionally, free-hand image guided surgery (IGS) and surgical robotics have been around since more than one decade
increasing the surgeon’s spatial orientation and thus reduction of uncertainty during surgical and interventional procedures. IGS is
currently established as standard of care in Neuro-, head and orthopedic surgeries. While the propagation of such technologies into the
aforementioned surgical disciplines is saturated, other clinical disciplines (i.e. abdominal) and interventions on a smaller geometric scale,
so called as microsurgical procedures — have yet to be investigated.

Thus, in this project we will systematically explore and investigate approaches for micro-scale surgical image-guidance by utilizing the
latest advancements of modern implants, imaging technology, as well as signal processing and computational power. The complex task
of cochlear implantation is a prime example of a multi-scale system where research together with dedicated efforts in system integration
can make a significant improvement in treatment options. Additionally, this scenario focuses on a relevant medical problem with an
everincreasing importance due to the rise of the developed world. Unlike in the well-explored ‘'macro-surgical’ application scenarios, the
utilization of IGS in microsurgery requires extensive research far beyond existing knowledge. Thus, the project consortium intends to
investigate a number of recent and promising research approaches that suggest feasibility and suitability for the mentioned application
scenario, such as:

o Tracking of surgical instruments using nanometer scale tracking technology;

o Computer based planning of the implantation procedure using anatomical, physiological, and functional information derived from
high resolution (80 um) medical image data;

o Sub-millimeter accurate, reproducible and minimally-invasive patient-to-image registration;

o Numerical modeling of the drilling process for precise drill pose estimation;

o Utilization of Neuromonitoring to allow for safe and functional image guidance;

o Development of suitable clinical models and benchmarks in which efficacy and safety of image-guided cochlear implantation are
demonstrated.

To enable such a project, a consortium of experts in nano-meter scale tracking, surgical robotics, medical image analysis, biomechanics,
numerical bioengineering and clinical medicine has been created.





