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Abstract. Mechanical support system is needed for minimally invasive surgery,
since it enables precise manipulation of surgical instruments beyond human
ability in a small operation space. Furthermore, a robot available for intra-
operative MRI guided neurosurgical procedures could allow less invasive and
more accurate image guided surgery. By combination of precise positioning to
the target by intra-operative MRI guided surgery and dexterity by the multi
function micromanipulator, safe and smooth operation is expected to be per-
formed. In this approach, we have developed MR-compatible micro-forceps
manipulator of the multi-function micromanipulator system for neurosurgery.
By a new cam mechanism for two degrees of bending freedom, we achieved
these excellent characteristics for the micro forceps. 1) Simple mechanism suit-
able for a micromanipulator, 2) Precise positioning, 3) Suitable mechanism for
MR compatible manipulator. By evaluation experiments, we confirmed precise
positioning of the manipulator and MR compatibility of the manipulator.

1 Introduction

Minimally invasive surgery is currently a hot topic because it can reduce a patient’s
post-operative discomfort and length of rehabilitation period, thus improving the
patient’s Quality of Life. Minimally invasive surgery has many advantages to the
patient; on the contrary, it reduces the surgeon’s dexterity. Precise manipulation of
surgical forceps is indispensable for safe surgery, however, in minimally invasive
neurosurgery, the precise manipulation of forceps through a small burr hole is par-
ticularly difficult. This difficulty is caused by, for example, hand trebling and insuffi-
cient degrees of freedom (D.O.F.) of the forceps. This has restricted the number of
applicable clinical cases.

To achieve precise manipulation and enhance the surgeon’s dexterity, mechanical
operation support is useful. In this approach, various kinds of such surgical support
systems have been developed [1][2]. In the neurosurgery, also, a mulch function mi-
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cromanipulator system has been reported [3]. We have also developed a multi-
function micromanipulator system (Fig.1) [4]. It consists of two micro grasping for-
ceps manipulators ([B3.2mm), a rigid neuro-endoscope ([4mm), a suction tube
(I'Bmm), and an irrigation tube ([J1.4mm). The components are inserted into a rigid
tube (JJ10mm). The micromanipulator is inserted into the burr hole with an insertion
manipulator [5] that can determine the direction and position of the manipulator by
reference to pre-operative images such as CT and Magnetic Resonance Imaging
(MRI). The micro grasping forceps manipulator system has two degrees of bending
freedom by a wire and a ball joint mechanism. However, the problem of the manipu-
lator was stick-slip caused by wire mechanism and friction.

MRI techniques, including MRI angiography and functional MRI, are attractive for
the development of interventional MRI therapies and operations [6][7][8]. A robot
available for these neurosurgical procedures could allow less invasive and more accu-
rate image guided surgery. From this background, we have developed MR-compatible
stereo-tactic insertion manipulator [9].

From these backgrounds, by combination of precise positioning to the target by in-
tra-operative MRI guided surgery and dexterity by the multi-function micromanipu-
lator, safe, certain and smooth operation is expected to be performed.

Therefore, the goal of this research is achieve a micro grasping forceps manipula-
tor of the multi-function micromanipulator. And the system has these characteristics;
1) two degrees of bending freedom, 2) precise positioning, and 3) MR-compatibility.

Micro forceps manipulator

Endoscope

@ O CO) Perfusion tube

Suction tube

Fig. 1. Multi-function micromanipulator system for neurosurgery

2 Micro-grasping Forceps Manipulator

2.1 Requirements

Requirements of the micro grasping forceps are as follows;

1) MR-compatibility

2) Size; 3mm in diameter. As shows in Figure 1, the micro grasping forceps is in-
serted into a 10mm rigid tube. The size must be small.

3) Moving degrees of freedom (D.O.F.): It must have at least five D.O.F. Two de-
grees of bending, rotation around the axis, back and forth movement and grasp-

ing.
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4) Precision positioning; Because the target is small tissue, the precise positioning is
required.
Furthermore, because the manipulator requires small size with multi degrees of
freedom, its mechanism must be simple.

2.2 MR Compatibility

MR-compatible material is the material that does not effect MR images and is not
effected from strong magnetic field [10]. We validated MR-compatibility of materials
and selected adequate material for the manipulator. [ Bmm shaft was inserted into the
beaker of 107mm in diameter and measured the range of artifact caused by the shaft.

Figure 2 shows the MR image and the range of artifact. We used MRI with 0.5T
static magnetic field (MRH-500 Hitachi Medical corp., Japan) and the protocols of
the image were T1 enhanced image, spin echo, 256x256mm FOV, Imm image reso-
lution, TR/TE 1500/35 and 2.0mm slice thickness. The image was taken in coronal
plane. The range of the artifact caused by a stainless steel was almost same with a
circle of 60mm in diameter. Aluminum and titan effected about the range of the circle
of 15mm in diameter. Therefore, we used mainly titan and aluminum for the micro
grasping forceps and used stainless steel for the part set far from the target.

Direction of a magnetic field Area of artifact

Stainless Titan Aluminum
(SUS304)

Fig. 2. MR image of the water with shafts of 3mm in diameter

2.3 New Cam Mechanism for a Micro-grasping Forceps Manipulator

To realize these requirements such as small size and precision positioning, we pro-
posed a new cam mechanism for two degrees of bending freedom (Fig.3). A torsion
spring is attached to a grasping forceps part and a cylinder cut aslant (named a cam
cylinder) is set around the spring. The base of the grasping forceps part is push to an
outer cylinder around the cam cylinder. Then by pushing the base of the grasping
forceps part by the cam cylinder, the forceps manipulator is bend and by rotating the
cam cylinder, bending direction can be changed. Rotation of the forceps is determined
by the rotating the spring. Back and forth movement is achieved by a rack and pinion
and grasping is by a wire. As we mentioned in chpt.2.2 we mainly used Aluminum
and Titan for the manipulator. For the spring, we used Be-Cu. Ultrasonic motors drive
all mechanisms.
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Figure 4 shows a tip of the micro forceps manipulator. The diameter of the forceps
was 3.2 mm. Figure 5 shows overview of the multi-function micromanipulator sys-
tem.

Catn cylinder (2. L)
Torsion Spring

Grasping forceps part

Bending
%2

Wire for grasping

- : —
Fatation of grasping ‘ ? - T
forceps part Outer cylinder $3. 3mm)

Cam cylinder rotates spring rotates

Fig. 3. Mechanism of the micro grasping forceps

Fig. 4. Micro grasping forceps manipulator Fig. 5. Overview of the multi-function
micromanipulator system

3 Experiment

3.1 Positioning Accuracy

We evaluated the positioning accuracy of the bending when we put the command to
move 1.0 degree. We set the high-definition digital micro scope (VH-6300, Keyence
co. ltd., Japan) to observe the bending angle and measured the bending angle using
the microscopic image (image resolution 0.015[mm/pixel]).

Figure 6 shows the relationship between the pushing distance of the cam cylinder
and the measured bending angle. Average of the bending angle was 0.98 degree and
standard deviation of the error was 0.68 degree. In bending movement, we achieved
precise positioning without stick-slip movement. However, when the bending angle
was more than 30 degree, the error was big, because the spring was extended rather
than bending.
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Fig. 6. Positioning accuracy of the bending

3.2 Evaluation of MR Image

We performed an evaluation of the MR image distortion. We put a sphere of 63mm in
diameter into water and put the forceps on the surface of the sphere. We used a same
MRI devices with the MR-compatible material evaluation (0.5T static magnetic field,
MRH-500 Hitachi Medical corp.) The protocols of the image were T2 enhanced im-
age, spin echo, 256x256mm FOV, Imm image resolution, TR/TE 2500/100 and
2.0mm slice thickness. The image was taken in sagittal plane. For contrast, the non
MR-compatible forceps manipulator was evaluated.

Micro grasping forceps manipulator

Sphere ([1 63mm)

Fig. 7. MR Image of a sphere with the micro forceps manipulator. Left: Image with non MR-
compatible forceps. Right: Image with MR-compatible forceps

Figure 7 shows MR Images of the [(63mm sphere with the non MR-compatible and
MR-compatible micro forceps manipulator. We measured the radius of the sphere
from both images. In non MR-compatible forceps, maximum error of the radius was
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5.3 mm. On the contrary, maximum error of the MR-compatible forceps was 1.5mm.
From this result, the micro grasping forceps manipulator has enough MR compatibil-
ity to be used for intra-operative MRI guide surgery.

4 Discussion

Because the cam mechanism we have developed is simple and it has certain transmis-

sion of the positioning compare to wire mechanism, the manipulator has excellent

characteristics as the micro forceps manipulator.

1) It consists of only simple parts. Therefore manufacturing and assembling is easily
completed even if small parts are required.

2) Compare to the wire mechanism, precise positioning is possible.

3) Itis also suitable for MR compatible manipulator.

In the experiment, we confirmed the precise positioning of 0.68 mm error.

In the image distortion evaluation, we confirmed little image distortion (maximum
1.5mm) caused by the manipulator. Because image resolution was 1.0 mm, the dis-
tortion was small enough to the positioning.

For MR-compatible materials, we used Be-Cu spring. The spring constant was
12.6gf/mm and it was not enough strength for the mechanism. We have to reselect the
MR-compatible spring for more precise positioning and high torque occurrence.

Kan [3] achieved neurosurgery assist robotic system (HUMAN). In this system,
however, forceps manipulator has only one degree of bending freedom. For dexterous
operation, it is preferable to have the same degrees of freedom with the human wrist
for the movement of the forceps. From this point of view, we have developed the
forceps with two degrees of bending freedom and our system provide sufficient dex-
terity.

5 Conclusion

We have developed MR-compatible forceps manipulator for the multi-function mi-
cromanipulator system. For the bending mechanism we proposed new simple cam
mechanism. By this forceps manipulator, we achieved precise bending positioning
(0.68 degree) and MR compatibility (Maximum 1.5mm image distortion).

For future work, we combine the forceps and the MR-compatible insertion ma-
nipulator [9], and image distortion evaluation and positioning accuracy evaluation is
performed.
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