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Medical technology

Stereotactic systems from the 3D printer

Stereotactic systems are special devices used in neurosurgical procedures. Until 
now, conventional production methods have meant that these devices are not 
only expensive to manufacture, but are also geometrically limited. However, in 
conjunction with inomed Medizintechnik GmbH, a research team from Fraun-
hofer IPA has now found a way of manufacturing stereotactic systems from 
plastic using a 3D printer – a cost-effective method that opens up new design 
potential.

Anyone suffering from Parkinson’s disease fitted with a brain pacemaker or who has 
had a biopsy taken for a suspected brain tumor may have undergone a stereotactic 
procedure in the operating room. This is where neurosurgeons clamp a patient’s head 
into a device which serves as a reference system. With the help of stereotactic systems 
surgeons can locate their instruments precisely at the right point for minimally invasive 
surgery.

Dimensional accuracy is therefore the most important requirement that a stereotactic 
system must fulfil. Given that stereotactic systems are reprocessed as reusable medical 
devices, they need to be cleaned, disinfected and sterilized after each procedure. During 
these processes, they are exposed to high pressures and temperatures in addition to 
elevated pH values. Current stereotactic systems generally contain elements made from  
titanium, aluminum and stainless steel. However, these metals have a major disadvantage: 
they interfere with imaging processes. In computerized tomography (CT) scanning, me-
tallic elements cause interfering artefacts in the image by absorbing X-rays or scattered 
radiation. This results in lens flare distorting the image.

Three additive manufacturing processes put to the test

Up to now, the individual components used in stereotactic systems have been manu-
factured using conventional machining processes, which are both costly and time 
consuming. Since the systems are not single-use products, but rather have to survive 
more than 100 operations, stereotactic systems are manufactured in small series. As 
a result, this drives up the manufacturing costs. A research team from the Center for 
Additive Manufacturing at the Fraunhofer Institute for Manufacturing Engineering and 
Automation IPA consequently teamed up with inomed Medizintechnik GmbH to find 
cost-effective ways of producing high-quality stereotactic systems made of plastic using 
3D printing processes.
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Together with Lea Braun, Thilo Krüger and Oliver Weihberger from inomed Medizin-
technik, Fraunhofer IPA’s Karin Chen and Patrick Springer put three potential additive 
manufacturing processes under the microscope. These were: Stereolithography (SLA), 
Selective Laser Sintering (SLS) and Fused Layer Modelling (FLM). The project partners 
used all three methods to test production of individual stereotactic system components. 
They then verified to what extent the test prints met surgical criteria.

Ultimately, the FLM process proved to be the best. Polyether ketones or polyetherimides 
are particularly suitable for use in this application. “These plastics do not interfere with  
imaging at all”, explains Karin Chen from the Center for Additive Manufacturing. “During 
testing, the plastic was visible as a transparent, light-gray surface and could be easily 
distinguished from the bone that we x-rayed”.

Product design and 3D printing processes are now being further developed 

With this, the first step on the way to producing high-quality yet cost-effective stereo-
tactic systems using 3D printers has been taken. However, there is still some way to  
go until serial production can begin. Over the next couple of years, the research team 
from the Center for Additive Production at Fraunhofer IPA will focus on developing the  
relevant manufacturing technology in conjunction with inomed Medizintechnik. In 
parallel, the product design of the stereotactic systems will be further developed so that 
these systems can be produced additively and are just as precise and robust as their 
metal predecessors. The result will be a brand-new generation of stereotactic systems 
with an innovative design. 

The German Federal Ministry of Education and Research is financing the “S2MedPrint” 
research project, which was launched on May 1, 2021, to the tune of approximately 
218,000 euros.
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With nearly 1 000 employees, the Fraunhofer Institute for Manufacturing Engineering and Automation IPA, Fraunhofer IPA, is one of the  
largest institutes in the Fraunhofer-Gesellschaft. The total budget amounts to more than € 74 million. The institute’s research focus is on organiza-
tional and technological aspects of production. We develop, test and implement not only components, devices and methods, but also entire  
machines and manufacturing plants. Our 15 departments are coordinated via six business units, which together conduct interdisciplinary work with 
the following industries: automotive, machinery and equipment industry, electronics and microsystems, energy, medical engineering and biotech-
nology as well as process industry. The research activities of Fraunhofer IPA aim at the economic production of sustainable and personalized products.

During testing, a Fused Layer Modelling (FLM) process was used to manufacture dovetail rails as 

used in stereotactic systems. Source: Fraunhofer IPA


