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Abstract— This study presents a system designed to assist the surgeon during interventional procedures performed by 
Magnetic Resonance Imaging (MRI). In order to reach the target during guidance in a double obliquity trajectory, this 
system provides accurate information about both the entry point and the orientation of the needle. 

I. INTRODUCTION 

 
hanks to its high contrast to soft tissues and to the absence of ionizing radiations, Magnetic Resonance Imaging 
is a well adapted modality for interventional practice. MRI is more and more often used to guide instruments 

during interstitial procedures and to peroperatively monitor a treatment. The use of MRI in performing minimally 
invasive procedures is probably one of the most promising futures for this imaging modality. Although many 
research teams work on this field, lots of problems still subsist and have approximate surgical procedures as 
outcome. The success of an interventional gesture depends on the accuracy of the needle tip reaching the target site. 
Tracking requires fast and accurate measures of the instrument position for guiding needle insertion procedures.  

Nowadays several methods have already been proposed, each has provided his own trade-off between 3D-
coordinate update, easiness of implementation, constraints related to the nature of the trajectories (orthogonal or 
oblique, simple or double obliquity, rectilinear or curve)… Choice is made according to the kind of procedure.  

For example, vascular interventions require sophisticated techniques with active MR device tracking [1] [2]. 
However, biopsies impose only moderate requirements on update rate. Furthermore needles are relatively stiff and 
short, enabling the use of passive detection and/or optical localisation. Passive tracking is relatively slow and 
artefact sensitive because image segmentation is required [3]. For external localization, stereovision systems have 
been particularly used. Luminous markers (led, reflective balls…) fixed on the instrument are detected [4].  

Two commercial solutions have recently appeared on the market: a robotic system for closed MR scanner 
“Innomotion system” (Innomedic - Germany) [5;6], and a 3D locator system namely “endoscout” (Robin Medical 
Nesher, Israël). 

In this study we present a system designed to guide interventional procedures performed by MRI. In order to 
reach the target during guidance in a double obliquity trajectory, this system provides accurate information about 
both the entry point on the patient’s skin and the orientation of the needle. 

II. MATERIALS AND METHODS  

A. MRI  
The study was carried-out on an AIRIS MATE scanner (Hitachi® Medical Co., Chiba, Japan). This 0.2 Tesla open 

MR Imaging system, with a panoramic Open Gantry design and permanent magnet, is highly suited for 
interventional MRI procedures. Its horizontal open-bore configuration (vertical magnetic field) allows simultaneous 
imaging and patient access. 
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B. Roadmap planning 
The needle positioning system is designed to be interfaced with a house-made software written in Borland 

C++Builder® and implemented on standard PC. This software has been developed by our laboratory 
(http://www.u703.fr/) for general or specific medical image processing to Computer Aided Diagnosis (CAD) or 
Surgery (CAS) applications.  

 The needle insertion point and the target site are defined on MR images inside the homogeneous area of the main 
magnetic field (Fig 1). These two points defined the linear trajectory (double-obliquity). Their 3D coordinates in the 
MRI’s coordinate system are computed using DICOM header. Three-dimensional imaging is used for target 
visualization, insertion planning and validation of the roadmap. 

  
(a)  (b)  (c)  
Fig. 1: Anatomical images are used to define the roadmap. 
(a) Axial plane 
(b) Sagittal plane 
(c) 3D-view of the roadmap 

 

C. Indication of the needle insertion point  
In order to highlight the needle insertion point on the patient’s skin, the pen of the A3-size pen plotter (MP303-04 

Graphtec®, Yokohama, Japan) was substituted by a laser pointing device (Fig. 2). The pointer displacement was 
controlled by a host microcomputer, located outside the magnet room. 

  
(a) (b) 

Fig. 2.  
(a) Pen plotter hung on the wall in front of the MRI scanner (3 
meters).  
(b) Enlargement of the red laser pointer which substituted the colour 
pen. 

D. Calibration of the stereovision system  
We have installed a stereovision system including 4 monochromic CCD video cameras (512 X 512 pixels), sensitive 
to infra-red radiation. The cameras are calibrated using a calibration frame with a plan composed of gadolinium 
sphere. MR images of the external calibration frame (Fig 3) provide 3D coordinates (MRI’s coordinate system) 
which were paired with 2D-coordinates of each camera (camera’s coordinate system) [7] [8] . The plan can be 
installed in 4 positions what provides 64 reference points. These points permitted to solve, using the singular value 
decomposition method (SVD), the system:   
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Equation(1) : 
Where M is the homogenous matrix of each camera  
(x, y, z) coordinates of a sphere in MR coordinate system and (u,v) 
the coordinates of its projection on the camera image.  
Homogenous matrix was computed for each camera [9]. The MRI’s coordinate system was used as common 
coordinate system.  

Target point 
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(a) (b) (c) 

Fig. 3:  
(a) The calibration frame used is composed of 64 spheres (diameter 5 
mm) visible on MR images, from which the 3D coordinates are 
computed. 
(b) MR coronal slice  
(c) MR axial slice 

 

E. Needle orientation  
Considering the needle tip on the insertion point (Fig. 4), the needle orientation was ensured by a stereovision 

system which detects the infrared LED set on the distal extremity. Using the epipolar constraint, at least two video 
cameras are used to compute 3D coordinates. The LED position is calculated in the MRI’s coordinate system from 
the images obtained by the cameras. The pair of cameras given the lower epipolar error is dynamically chosen. 

Fig. 4 Abdominal phantom and needle  
 
A feedback is provided via a simple and intuitive computer interface (Fig. 5) displayed in the magnet room. So 

the surgeon was informed continuously of the needle position and of the overall targeting errors. 
 

 

(a) 

 

(b) 

Fig.5 :  
(a) 3D View of the interface displayed inside the magnet room 
(b) Computer interface displayed in the scanner room using a 
projector  
The green cross corresponds to the planned trajectory. (roadmap) 
The red cross corresponds to the real needle trajectory. 
 

III.  RESULTS 
To evaluate our system (Fig 6.), tests were carried out. First, the accuracy of the laser pointing device and of the 

stereovision system were evaluated. Then, the accuracy of the needle-insertion procedure was estimated. 
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Fig. 6: Schematic summary, CCD video cameras and pen plotter 
disposition in the scanner room. 

 

A. Measurement of entry point error  
The mean error of the laser pointer displacement at 3 meters is less than 1 mm on both axes (Fig.7). Using the pen 

plotter calibration, the maximum uncertainty of the red spot (difference between desired and obtained 3D 
coordinate) is about 2 mm. With regards to the size of the laser spot (about 3 mm diameter) this error is negligible. 
Time to enlighten the entry point by the laser spot on patient’s skin is less than 1 second. 
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Fig. 7: 15 measures corresponding to 15 pointer displacements. 
Mean error on X Axis :  0.63 mm (± 0.81 range : [0;2.5]) 
Mean error on Y Axis : 0.27 mm (± 0.41 range : [0;1]) 

B. Evaluation of system calibration 
48 paired coordinates of the calibration frame were used to calculate the homogeneous matrix of each camera. 

Remaining points are backprojected on the video camera’s image. Table 1 compared real and backprojected 
positions. 

 
Combining the 2D information resulting from each camera, the stereovision system is able to measure the 3D 

positions of LEDs with an accuracy of about 0.2 mm at a rate of 24.192 MHz. The mean error between 3D 
coordinates ordered to the pen plotter and 3D coordinates observed by video cameras was computed. The obtained 
accuracy of the performances is about 3 mm (n=15 mean=3.5 mm and standard deviation =1.5 mm). 

Computer 

TABLE I 
ERRORS OF CAMERA CALIBRATION 

 Distance (pixel) between point 
detected and backprojected� 

Mean Error 1.05 
Max Error 1.36 
Min Error 0.96 
Standard deviation 0.10 

Pixel size is about 0.65 mm  
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C. In situ evaluation of needle insertion 
The final error (depth of 10 cm under the skin) of the insertion needle procedure was evaluated using a multi-

modality interventional 3D abdominal phantom (http://www.cirsinc.com) (Fig.8). Procedure accuracy was about 6 
mm. 

 

Fig. 8: An axial image of the abdominal phantom after needle-
insertion procedure. 
White arrows design the needle path (hyposignal) 
Black arrow designs the target volume. 

IV. DISCUSSION 
To search for the entry point, physicians usually produces an artefact (eg, with a finger) on the patient’s skin 

during nearly real-time image acquisition. However, the size of this artefact generally gives a great uncertainty of 
localization, which can induce major errors in trajectory planning. In fact, the trajectory of a needle can no longer be 
modified when it is inserted at a depth higher than approximately 2 cm. MR fluoroscopic imaging can provide 
images (Frame rates greater than 10/sec) in the plane which contain the linear trajectory. In that way, next 
development will consist to track in real time the position of the needle tip, and to measure deviation between real 
trajectory and planned trajectory.  

Under these conditions, the position of the needle insertion point and the direction of the needle must be given 
with a precision better than that which we wished at the level of the target point. Most application (i.e. biopsy, 
drainage, optical fibre guide, etc.) the targeting precision must be better than 5 mm. Our proposed method of laser 
pointing allows an accurate determination of the entry point (2 mm accuracy). However, the success of in-vivo 
procedures could be compromised by geometric distortions of the images, if the needle entry point is outside the B0 
homogeneity area where larger geometrics distortions may occur. In such case, three-dimensional coordinate 
correction has to be applied [10]. 

V. CONCLUSION 
We have developed an original method to enlighten cutaneous points of interest with accuracy compatible with 

the surgical procedures. Laser indication system indicates to the physician the entry point on the skin. This 
technique permits to avoid the use of markers and provides a visual indication of the entry point with accuracy. In 
this way, it provides a quite practical solution to a common problem in interventional MRI procedures. Foreseen 
applications are at least double: on the first hand, the developed system can be adapted to any medical imaging 
modality and, on the other hand, this system can be used to guide rigid surgical tools during surgeries or complex 
therapeutic treatments such as Laser induced interstitial thermotherapy. 
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