
The SPIRITS Interreg project aims at developing an innovative robotic

device for interventional radiology and image guided surgery1,2.
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METHODS

Imaging devices are more and more used for guidance during interventions

in surgery and radiology. Due to the added visual feedback, image-guided

surgery can offer a better pathology management and reduce the risk for the

patient in general3. This technique improves the accuracy, but usually the

access to the patient is often very difficult (Fig. 1) and also exposure to X-

rays constitutes a risk for physicians and staff.

This project aims to develop a multimodal versatile robotic device that can

be placed directly on the patient (Fig. 2). Furthermore, a smart needle

manipulation device for additional feedback for the surgeon using an

interactive system with efficient force feedback is developed.

The aim of this study is the development of a metallic 3D-printed auxetic

needle drive for a robot1 dedicated to interventional radiology and image

guided surgery with a minimal impact on the imaging technology used for

guidance.

Fig. 1: Radiologist during imaging-guided procedure
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All 3D-printed metallic structures could be mapped without any significant

side effects such as heating, movement or intense, disturbing image

artefacts (compare Fig. 5 & 6). It was found that NiTi structures lead to

slightly larger artefacts than Ti, but no perturbations were observed that

would suggest that any ferromagnetic Ni is present. Furthermore, the signal

inside both structures is significantly reduced by the induced eddy currents.

The observed artefacts are primarily expressed radially in the direction of

the main magnetic field B0.

Only the Trufi sequence created artefacts that exceeded the auxetic

structure by more than a few mm. GRE and TSE sequences were

unproblematic. The warming of the structures was checked manually after

the experiments and showed no warming in any sample.

RESULTS

The robot is powered by pneumatic actuators with an auxetic structure to

improve the pressure to translation performance. An auxetic structure has a

negative Poisson’s ratio and can therefore transform applied stresses in

strains in different spatial directions (Fig 3.). This “non volume conserving”

effect is used to have an increased efficiency in the proposed actuator

designs that transform the radial pressure in an additional axial extension.

The auxetic structure is made from a NiTi shape memory alloy (SMA) and

due to the bow-tie structure a potential source for artifacts in MRI imaging.

The structure was designed very delicate (s=0.5mm, Fig. 4) with no sharp

edges. Loops can act as counter spool with induced eddy currents, creating

artefacts and reducing contrast. Furthermore, the presence of Ni as a

ferromagnetic material is a potential risk factor that has to be investigated.

As a reference, an identical, additively manufactured structure from pure Ti

was used. All experiments are carried out using a 3T MRI with different

sequences (Trufi, GRE, TSE) with the fast Trufi sequence as reference due

to being the most susceptible sequence to artefacts.

As expected, the Trufi sequence showed the biggest artefacts of all

sequences in the direction of B0. The observed difference between the Ti

reference and the NiTi sample was significant. The reason for the

increased disturbances around the NiTi actuators could be the material

difference but also the slightly thicker realization of the struts.

The induced counter fields also led to a shadow inside the structure which

would make observations within the auxetic structure complicated.

However, this is not relevant since the region of interest is in axial direction,

outside of the auxetic structure.

Overall, the observed effects can be considered unproblematic. The

additively manufactured, filigree NiTi structures can definitely be applied in

the project, as well as for other potential applications with regions of

interest outside the actuator volume.

Fig. 2: Additively manufactured prototype

Fig. 3: The auxetic concept (negative Poisson’s ratio) Fig. 4: CAD rendering of an auxetic structure

Fig. 6: Comparison of the NiTi sample to the Ti reference in a 3T GRE and TSE sequence with radial and axial B0. 

No significant artefacts that exceeded the sample by more than a few mm were observed in any direction. 

Fig. 5: Comparison of the the NiTi sample to the Ti reference in a 3T Trufi sequence with radial and axial B0. The 

artefacts are expressed stronger in direction of B0 and correlate with the size of the structures (larger rings at the ends of 

the structure). 
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