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PURPOSE 

The performances offered by Magnetics Resonance Imaging (MRI) are widely recognized and used by practitioners. Mainly 

used for diagnostic issues, MRI becomes more and more an interventional tool in image-assisted classic or robotic surgery. 

However, constraints imposed by the MRI strong magnetic field and strong magnetic gradients in terms of material and 

architecture are often obstacles to MRI guided robotics. Designers have to deal with the few choices offered to them to 

build a robot which will be able to respond to severe specifications, in terms of space limitations, magnetic field sensitivity 

and image impact. Piezoelectric micro-motors are good candidates to fulfil these requirements in several fields of 

applications. 

MRI-guided surgery requires non-magnetic equipment. Medical robots, motorized manipulators and instruments must be 

based on non-magnetic motors. For example, MRI-guided needle placement for biopsy could take advantage of a 

motorization offering simultaneously high precision, linear motion, miniaturization and MRI compatibility. Current works 

are often based on pneumatic or hydraulic actuators or mechanical transmission, which are not suitable for miniaturized 

actuation, because they require mechanical interfaces, big external robots or expensive open-MRI scanner. Electrostrictive 

polymer actuators have also been investigated. Some piezoelectric motors have already been tested but, according to the 

author’s knowledge, seldom in the field of image acquisition. Thus it constitutes a limitation of the state of the Art. 

Medical implants and medical portable equipments create needs for MRI-compliant, low-power-consuming miniature 

actuators. For example subcutaneous drug delivery devices may require electric valves. Even if MRI-compatibility is not part 

of the functions of the device, the impossibility for the patient to go through MRI testing can be deeply damageable. 

Another trend pointed out by some papers involves micro-robots assembled inside the body which are able to perform 

intervention without any external opening, nor via natural orifices (NOTES). 

The purpose of this current work is to present a new piezoelectric micro-motor which can overcome MRI compatibilities 

constraints and be used directly into the MRI scanner, even during image acquisition. 

METHODS 

The MRI-compliant micro linear piezo motors presented here are called Stepping Piezo Actuators (SPA). Based on the Stick-

Slip effect and Impact forces, they are long-stroke and high-precision linear motors. The SPA is composed of only four 

elements (Figure 1), including an Amplified Piezo Actuator (APA™), a rod, a mass and a clamp. The working principle of the 

stepping mode is simple and based on a saw-tooth signal. Indeed, a slow expansion of the actuator moves the mass keeping 

the rod stuck in the clamp due to friction force, whereas a fast contraction makes the rod slipping, because of the inertia of 

the mass. In addition to the stepping mode, a deformation mode allows to use the actuator’s deformation to reach every 

position between two steps. The combination of these two working modes allows to reach a high resolution (<1nm) on a 

millimetric stroke (4mm). They offer a rather high actuation force (0,2N) and a strong blocking at rest (0.8N), which means 

that they maintain the load in position without power supply, thus giving safety feedback. 

 
Figure 1:SPA30uXS motor 

RESULTS 

The SPA has been designed in order to fit the severe constraints of the three MRI compatibility rules. The first one consists 

in non magnetic composition, giving safety properties to the motor because of non attraction. To solve this problem, 

materials and volume have to be chosen carefully. The second one regards the absence of artefact on the captured images. 

This point is the most important for diagnostic issues because it characterizes the capacity of the motor not to disturb MR 

images, even when the motor is in motion. The investigation has enabled to identify the design limitations, especially 
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according to material and wire configuration. This issue is discussed using images from experiments and statistical approach 

of SNR impact, on phantom and laboratory rat brain images. Measured SNR on MR Images with and without motor are 

presented on Figure 2, showing that there is not impact of presence or not of the motor within the scanner, even when it 

moves. 
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Figure 2 SNR measurement on phantom and rat images 

The third and final issue concerns the motor’s performances. They must not be altered by the operating MRI-scanner. This 

issue is less easy to observe because of the difficulty to find an adapted sensor, able to measure the motor’s motion within 

the MRI-scanner. 

Therefore, a specific test bench as been developed and measurements have been done using MR images. Specially designed 

Cine-Flash Method images have been used in order to have a position feedback with a recurrence of 350 ms. Moreover, the 

resolution has been set down to 20µm in the direction of the SPA motion. The captured images have shown that the 

motion’s variation is below the step size repeatability of the motor. The dispositive presented on Figure 3 was used to 

perform tests. It showed the insensitivity of the motor compared to magnetic field. 

CONCLUSION 

The possibility to use a small actuator into the field of view of an MRI scanner offers new possibilities to practitioners and 

analysts. The current trends to use MRI-guided surgery and the needs in terms of low-consuming micro actuator for 

embedded or implanted apparatus make obvious the relevance of such motor. Future investigations are expected into 

interventional imaging, such as real time observation of small animal ischemia or needle placement. For that, registration 

problems will have to be solved. 
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Figure 3: Experimental dispositive for MRI compatibility tests 

 


