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MRI COMPATIBLE ROBOT WITH CALIBRATION PHANTOM AND PHANTOM

CROSS REFERENCE TO RELATED PATENT APPLICATION

This patent application relates to United States Provisional Patent

Application Serial No. 61/129,319 filed on June 18, 2008 entitled MEDICAL ROBOT

FOR USE IN A MRI which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

This invention relates to medical robots and in particular medical

robots for use in a magnetic resonance imaging device.

BACKGROUND OF THE INVENTION

Medical resonance imaging (MRI) devices are well known medical

tools and are used extensively for diagnostic purposes. More recently it has

become evident that it would be advantageous to provide a device that could be

used within a close-bore MRI to perform surgery by remote control. Some medical

robots have been developed however each has some significant limitations.

Specifically there have been suggested some medical robots that use motors that

are positioned 1 to 2 meters from the isocentre of the MRI (in fact outside the bore)

and are actuated through mechanical linkages. Others have suggested remote

manual actuation; zone control of MR-compatibility: no magnetic and electric

components at less than 100 cm from the isocenter; motor driver and controller at 7

m away with shielded cables; motor electronics and power supply shielded in

Farady cage; power to motor driver cut-off during scanning; and use of all-

pneumatics that leads to larger robots. None of these robots provides a solution

using ultrasonic motors that are positionable inside the bore near the isocentre of

the MRI.

It will be appreciated by those skilled in the art that there is a need for

reliable robots that can be used in an MRI. Further it would be advantageous to

provide a medical robot with a method of calibration that is easy to use. Further it

would be advantageous to provide a phantom that can mimic certain anatomical

features that can be used for calibrating the robot, training surgeons and other tasks



associated with the use of a robot in an MRI. It would be advantageous to provide a

device that wherein a portion of it may be visible on an MR image. It would also be

advantageous to provide a method of determining the best trajectory for a needle.

In addition it would be useful to provide a platform for use in an MRI that includes a

patient receiving portion and a medical robot is adapted to be attached thereto.

SUMMARY OF THE INVENTION

In one aspect of the invention there is a medical robot for use inside a

magnetic resonance imager having an axial plane defined by a vertical axis and a

sagittal plane defined by the lateral axis. The medical robot is connectable to a

medical instrument assembly. The medical robot includes a horizontal motion

assembly, a vertical motion assembly and a controller. The horizontal motion

assembly includes a motion joint, an ultrasonic motor operably connected to the

motion joint and an encoder operably connected to the ultrasonic motor. The

ultrasonic motor and the encoder are positioned proximate to the joint. The motor

has a cross section positioned in one of the axial and sagittal plane. The vertical

motion assembly is operably connected to the horizontal motion assembly. The

vertical motion assembly includes a motion joint, an ultrasonic motor operably

connected to the motion joint and an encoder operably connected to the ultrasonic

motor. The ultrasonic motor and the encoder are positioned proximate to the joint.

The medical instrument assembly is operably connectable to one of the moving joint

of the vertical motion assembly and the motion joint of the horizontal motion

assembly. The motor has a cross section positioned in one of the axial and sagittal

plane. The controller is operably connected to the horizontal motion joint and the

vertical motion joint. The controller is adapted to be powered off when the magnetic

resonance imager is being used to collect images.

In another aspect of the invention there is a phantom for use in

association with a magnetic resonance imager. The phantom includes a phantom

organ at risk made of a first predetermined material; a phantom treatable portion

made of a second predetermined material different from the first predetermined

material and differentiable from the first predetermined material in a magnetic

resonance image; and a phantom surrounding structure of a third predetermined



material and the third predetermined material is different from the first and second

predetermined material and differentiable from the first and second predetermined

material in a magnetic resonance image.

In a further aspect of the invention there is a calibration phantom for

use in association with a medical instrument. The calibration phantom includes a

housing that is attachable to a predetermined location on the medical instrument;

and at least one channel capable of being visible in a magnetic resonance image,

the channel being at a predetermined location to a point of interest in the medical

instrument.

In a further aspect of the invention a platform for use in association

with a medical robot includes a platform having a robot guide adapted to receive the

medical robot; and a patient receiving portion adapted to adjustably position a

patient thereon.

In another aspect of the invention there is provided a medical

instrument comprising a laser fiber having a surrounding channel filled with a

mixture of water and magnetic resonance imager visible fluid.

In another aspect of the invention there is provided a method to

determine the needle trajectory comprising the steps of: providing images of a

predetermined area; determining the location of an irregular zone on the images;

calculating a planned target volume from the location of the irregular zone;

calculating the treatment zone whereby the treatment zone covers the planned

target volume; determining the starting needle position within a predetermined

range; and calculating the needle trajectory from the starting needle position to the

planned target zone.

Further features of the invention will be described or will become

apparent in the course of the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described by way of example only, with

reference to the accompanying drawings, in which:

Fig. 1 is a perspective view of the medical robot of the present

invention having a medical instrument assembly positioned thereon;



Fig. 2 is a blown apart perspective view of the medical robot and

medical instrument assembly of figure 1;

Fig. 3 is a perspective view of the horizontal and vertical linear motion

portions of the medical robot;

Fig. 4 is a side view of the pan tilt and rotational portions of the

medical robot;

Fig. 5 is a perspective view of the pan tilt and rotational portions of the

medical robot;

Fig. 6 is a perspective view of the medical instrument assembly or

trocar that is attachable to the medical robot of the present invention;

Fig. 7 is a top view of the medical instrument assembly of figure 6;

Fig. 8 is a side view of the medical instrument assembly of figures 6

and 7;

Fig. 9 is a perspective view of the medical robot of the present

invention with the medical instrument assembly ready to be attached thereto;

Fig. 10 is a front view of the medical robot with the medical instrument

assembly attached thereto;

Fig. 11 is a side view of the medical robot with the medical instrument

assembly attached thereto;

Fig. 12 is a perspective view of the medical robot with the medical

instrument assembly attached thereto shown between a person's legs;

Fig. 13 is a perspective view of the medical robot with the medical

instrument assembly attached thereto shown position proximate to a person who is

positioned on their side;

Fig. 14 is a perspective view of an alternate embodiment of a medical

robot of the present invention having a medical instrument assembly positioned

thereon;

Fig. 15 is a partially blown apart perspective view of the medical robot

and medical instrument assembly of figure 14;

Fig. 16 is a perspective view of the horizontal and vertical linear

motion portions of the medical robot of the medical robot of figure 14;

Fig. 17 is a side view of the pan tilt and rotational portions of the



medical robot of the medical robot and medical instrument assembly of figure 14;

Fig. 18 is a perspective view of the pan tilt and rotational portions of

the medical robot of the medical robot of the medical robot and medical instrument

assembly of figure 14;

Fig. 19 is a perspective view of an alternate embodiment of the

medical instrument assembly or trocar that is attachable to the medical robot of the

present invention;

Fig. 20 is a top view of the medical instrument assembly of figure 19;

Fig. 2 1 is a side view of the medical instrument assembly of figure 19;

Fig. 22 is a perspective view of the medical robot of the medical robot

of the medical robot of figure 14 with the medical instrument assembly ready to be

attached thereto;

Fig. 23 is a front view of the medical robot with the medical instrument

assembly attached thereto of the medical robot of the medical robot and medical

instrument assembly of figure 14;

Fig. 24 is a side view of the medical robot with the medical instrument

assembly attached thereto of the medical robot of the medical robot and medical

instrument assembly of figure 14;

Fig. 25 is a perspective view of a platform that provides support for a

patient and having the medical robot of the present invention attached thereto;

Fig. 26 is a side view of the platform of figure 25 with the medical robot

of the present invention attached thereto;

Fig. 27 is a perspective view similar to that shown in figure 25 but

showing the lower portion of a person positioned thereon;

Fig. 28 is a schematic diagram of the control system of the medical

robot of the present invention;

Fig. 29 is a circuit diagram to transform the digital signal of the RCM

into an analog signal for the driver;

Fig. 30 is a circuit diagram of the motion control system;

Fig. 3 1 is a circuit diagram of another motion control system; and

Fig. 32 is a block diagram of the motion control of each joint in the

medical robot and medical instrument assembly;



Fig. 33 is a schematic diagram of the calibration phantom for use in

association with a medical instrument assembly with a) showing a front view, b)

showing a side view and c) showing a back view;

Fig. 34 is a perspective view of an embodiment of the calibration

phantom of figure 33;

Fig. 35 is a top view of the calibration phantom of figure 34;

Fig. 36 is a side view of the calibration phantom of figure 34;

Fig. 37 is a back view of the calibration phantom of figure 34;

Fig. 38 is a schematic diagram similar to that shown in figure 33 a) but

showing the imaginary lines in the calculations;

Fig. 39 is a magnetic resonance image of the calibration phantom of

figure 34;

Fig. 40 is a schematic diagram of a front view of an alternate

embodiment of the calibration phantom for use in association with a medical

instrument assembly;

Fig. 4 1 is a front view of a prostate phantom for use in a magnetic

resonance imager;

Fig. 42 is a perspective view of the prostate phantom of figure 4 1 ;

Fig. 43 is a magnetic resonance image of the prostate phantom of

figure 4 1;

Fig. 44 is a schematic diagram of treatment parameters needed to

describe optimal needle trajectory;

Fig. 45 is a schematic diagram of limits to needle trajectory;

Fig. 46 is an alternate schematic diagram of limits to needle trajectory

and showing two zones of interference;

Fig. 47 is a schematic showing the optimal needle trajectory and

position of the treatment zone;

Fig. 48 is a graph showing needle position optimization for different

weighting factors;

Fig. 49 is an enlarged cross sectional view of the laser applicator of an

embodiment of the medical instrument.



DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to performing medical procedures

remotely using a robot under the guidance of magnetic resonance imaging (MRI).

One function of the robot is to deliver one or more medical device to a location

within the body as selected based on magnetic resonance (MR) images of the body.

The MR images are also used to monitor the intervention and the therapy provided

in real-time. The robotic device is MRI compatible whilst inside the MRI scanner.

In one application, the robotic device is used for tissue ablation. In this

application, the objective is to destroy a particular region of tissue that may contain

a certain size and type of cancerous tumor through either heating or cooling. In the

present context, the robot will deliver a heating or cooling device to the MRI-

specified location. Heating or cooling will then destroy the tissue in the targeted

region. In this application, the temperature change in tissue is monitored as the

heating/cooling is being delivered. The temperature change is monitored to

determine that a sufficient temperature change is achieved to destroy the targeted

tissue, as well as to ensure that excess temperature change (and therefore

damage) does not occur in non-targeted (i.e. healthy) tissue. A method of

monitoring the temperature change is outlined in more detail below.

Referring to figure 1, the medical robot of the present invention is

shown generally at 10. The medical robot 10 has a medical instrument assembly or

trocar 12 attached thereto. The combined medical robot 10 and medical

instrument assembly 12 is a six degree of freedom robot which is used to

automatically locate (orientation and position) the tip of the trocar needle 14 at a

selected location near the patient before manually controlled penetration. By way of

example, when medical robot 10 is used for prostate surgery the tip of the trocar

needle 14 is located near the perineum before manually controlled penetration. It

will be appreciated that penetration may also be automatic. The combined medical

robot 10 and medical instrument 12 has three linear motion joints and three

rotational joints, described in more detail below. As shown by the arrows in figure 1,

the three linear joints effect horizontal translation 16, vertical translation 18 and

needle penetration or insertion 20 and the three rotational joints effect pan 22, tilt 24

and roll 26.



Medical robot 10 has two separate linear motion joints to implement

horizontal 16 and vertical translations 18, respectively. Figure 3 shows the structure

of the robot base 28 that includes joints to translate the motion horizontally and

vertically. The horizontal motion joint consists of a horizontal ultrasonic motor 30

(preferably USR30-E3N) with a horizontal encoder 32 a pair of spur gears 34, a

horizontal acme lead screw and nut 36, a pair of horizontal linear guides 36 and a

horizontal moving plate (shown in figure 2) 3 1. The lead screw 35 unit is equipped

with ceramic ball bearings. The actuators are ultrasonic motors that being retentive

can lock the joint into position so that no motor brakes are needed. As can been

seen the figures horizontal ultrasonic motor 30 and horizontal encoder 32 are

positioned proximate to the horizontal motion assembly including the spur gears 34,

the horizontal acme lead screw and nut 35 and the horizontal linear guides 36.

The vertical motion joint consists of a vertical ultrasonic motor 40

(preferably USR60-E3N) with a vertical encoder 4 1, a timing belt and a pair of

pulleys (not shown), a pair of vertical linear guides 37, a vertical acme lead screw

and nut 38, and a vertical moving plate 39. As can be seen in the figures the

vertical ultrasonic motor 40 and vertical encoder 4 1 are positioned proximate to

vertical motion assembly including the timing belt , pulleys, vertical linear guides 37,

and vertical acme lead screw and nut 38. All the parts in base 28 including the

horizontal motion joint and the vertical motion joint are made either of Aluminum or

plastic. They both have suitable magnetic susceptibility.

The medical robot 10 has three rotation joints: pan (rotation in

horizontal plane), tilt (elevation in vertical plane) and roll (rotation), as best seen in

figures 4 and 5. The pan joint unit consists of a pan shaft assembly 42, a pair of

spur gears 43, a timing belt 44 and pulleys 46, and a pan ultrasonic motor 48

(preferably USR60-E3N) with a pan encoder 50. The pan ultrasonic motor 48 and

pan encoder 50 are positioned proximate to the pan assembly including the pan

shaft assembly 42, a pair of spur gears, the timing belt 44 and pulleys 46. The tilt

and roll joints are composed of two tilt and roll ultrasonic motors 52 (preferably

USR60-E3N) with tilt and roll encoders 54 and a bevel gears differential mechanism

56. The transmission is from motors 52 to smaller driving bevel gears and then to

larger driven bevel gears. When the two driving bevel gears rotate at same speed



and same direction, the tilting movement is realized; and when they rotate at same

speed and reverse direction, the rolling movement is realized. Because the two

motors work together, a larger torque output is obtained.

The medical instrument assembly 12 used with the medical robot 10

may have a variety functions. In the configuration shown herein the medical

instrument assembly moves the end point so as to effect insertion or penetration.

Referring to figures 6, 7 and 8, the medical instrument assembly or trocar module 12

shown herein is for laser ablation. The main parts of the medical instrument

assembly 12 include a "needle" (or "trocar") tool; pushing and pulling mechanism 62;

tapping block 64, tapping cylinder 65, ultrasonic motor 66 (preferably USR60-E3N)

with encoder 68 (as seen in figure 11) , gears 70, guiding block 72 and guiding shaft

74. The pushing and pulling mechanism provide linear motion.

The medical instrument assembly 12 consists of a titanium sheath 75

and a water cooled power laser applicator 76 which protects or cools the laser

diffuser. The pushing and pulling mechanism 62, comprises a lead screw 82, a

pusher with nut 84, a holder 86 of the irrigated power laser applicator 76 and a

sheathe locker 78. The pushing and pulling mechanism 62 is adapted to push the

needle tools to the target and to retract the sheathe for exposing the laser diffuser

tip. It is also adapted to pull the "needle" tool back after the surgical operation is

done. Accordingly the pushing and pulling mechanism provides linear motion and is

the sixth degree of freedom for the medical robot 10. The lead screw 82 is

equipped with a pair of ceramic ball bearings. In order to get a high insertion velocity

of the needle tool, a tapping block 64 that is pneumatically driven is added. It will

be appreciated by those skilled in the art that the laser diffuser could be replaced

with a a laser diffuser with a retractable titanium sheath, a biopsy tool and a

brachytherapy tool.

Figures 10 and 11 show the medical instrument assembly 12 attached

to the medical robot 10 and figure 9 shows them just prior to attachment. The

combined device has six degrees of freedom wherein five degrees of freedom are in

the medical robot 10 and one degree of freedom is in the medical instrument

assembly 12. In the embodiment shown herein the medical instrument assembly 12

is a trocar device for laser ablation. However, the medical instrument as could also



be a device for use with obtaining biopsies or a device for brachytherapy. It will be

appreciated by those skilled in the art that the medical instrument assembly could

also be designed such that any or all of the pan tilt and roll functions were part of the

medical instrument assembly rather than the medical robot.

In order to allow the operator easily and quickly to substitute the

medical instrument assemblies 12 without having to make adjustments to the

medical robot 10, simple interfaces between the medical robot 10 and the medical

instrument assembly 12 are provided. A positioning block 90 with two pins is

attached under the shell 92 of each medical instrument assembly 12. The shell 92

of the medical instrument assembly 12 is plugged into the hollow of the support

block 94 that is coupled with a large hollow bevel gear 56 on the medical robot 10.

The positioning block 90 is positioned against the rear side of the support block 94

and then locked in place with a thumb screw 96. Thus the medical instrument

assembly 12 can be quickly mounted on the base unit or medical robot 10. Similarly

it can be quickly and easily removed by unlocking with the thumb screw 96 and

pulling the medical instrument assembly 12 out of the support block 94.

The combined medical robot 10 and medical instrument assembly 12

can be positioned between a person's legs when the person is lying on their back as

shown in figure 12 or positioned below a person's bottom when the person is

positioned on their side as shown in figure 13.

An alternate embodiment of the medical robot with an alternate

embodiment of a trocar is shown in figures 14 to 22.

The six degree of freedom medical robot 100 is used to automatically

locate (orientation and position) the medical instrument assembly or trocar 124. The

robot has three linear motion joints (horizontal, vertical and needle penetration) and

three rotational joints (pan, tilt and roll). Arrows on figure 14 show the horizontal

translation 102, vertical translation 104, needle penetration 106, pan 108, tilt 110

and roll 112. In addition the robot 100 may include a calibration phantom 114. The

actuators are ultrasonic motors that being retentive can lock the needle into position

so that no motor brakes are needed. Figure 14 provides a schematic overview and

figure 15 provides an exploded view of the robot 100.

As best seen in figure 15, robot 100 includes a horizontal translation



unit 116, a vertical translation unit 118, pan unit 120, tilt and roll unit 122, needle

penetration unit 124 and a calibration phantom 114.

The robot has two separate linear motion joints to implement

horizontal and vertical translations, respectively. Figure 16 shows the structure of

the robot base that translates horizontally and vertically. The horizontal motion unit

116 includes an ultrasonic motor 126 with an encoder 128 and a linear slide table

130. The vertical motion unit 118 consists of an ultrasonic motor 132 with an

encoder 134 and a linear slide table 136. The vertical motion unit 118 is attached to

the horizontal motion unit 116. Preferably ultrasonic motors 126 and 132 are

USR60-E3N motors. The parts in horizontal motion unit 116 and vertical motion unit

118 are made out of the MR compatible materials. The horizontal motion unit 116

is attached to a base 137. Base 137 is shaped to accommodate coils used in

association with an MR scanner. Specifically base 137 has an arcuate end to

accommodate an endorectal coil (not shown).

The robot has three rotation joints: pan 108 (rotation in horizontal

plane), tilt 110 (elevation in vertical plane) and roll 112 (rotation), shown in figures

17, 18 and 20. The pan unit 120 consists of an ultrasonic motor 138 (preferably

USR60-E3N) with encoder 140, a timing belt 142 and pulleys 144 and 146, a pan

shaft assembly 148 and a pair of gears 150. The tilt and roll unit 122 is composed of

two ultrasonic motors 152 (preferably USR30-E3N) with encoders 154, two worm

gear reducers 156 and a bevel gears differential mechanism 158. The transmission

is from motors 152 to worm gear reducer 156, then to smaller driving bevel gears

(not shown) and then to larger driven bevel gears 160. When the two driving bevel

gears rotate at same speed and same direction, the tilting movement is realized;

and when they rotate at same speed and reverse direction, the rolling movement is

realized. Because the two motors work together, a larger torque output is obtained.

The penetration unit or trocar module 124 for laser ablation is shown in

figures 19 to 2 1. The penetration unit 124 consists of the main parts: "needle" (or

"trocar") tool; pushing & pulling mechanism 164; ultrasonic motor 166 (preferably

USR60-E3N) with encoder 168, gears 170, guiding shafts 172, and a calibration

phantom 114.

The "needle" tool consists of a titanium (or nitilon) needle 174 and a



water cooled power laser applicator 176 which protects or cools the laser diffuser.

The pushing & pulling mechanism 164, which comprises a lead screw 178, an

insertion unit 180, the holder unit 182 for an irrigated power laser applicator, and a

needle locker 184, is adapted to push the needle with the laser applicator tools to

the target and the to retract the needle for exposing the laser diffuser tip. And it is

adapted to pull the "needle" tool back after the surgical operation is done.

Accordingly the pushing and pulling mechanism provides linear motion and is the

sixth degree of freedom for the medical robot 100. The lead screw 178 is equipped

with a pair of ceramic ball bearings. The penetration unit includes a cover 186.

Figure 22 provides an overview of the medical robot 100 with trocar

modularity such that the robot can be considered as divided into two units,

specifically a five primary DOFs base unit 188; and trocar module for laser ablation

124. Other trocar modules could also be used. For example trocars for biopsy and

brachytherapy could also be used.

In order to allow the operator easily and quickly to substitute the trocar

modules without having to make adjustments to the base unit, simple interfaces

between the base unit 188 and the trocar module 124 are provided. A positioning

block 190 with two pins is attached under the shell 192 of each trocar module 124

as shown in figure 22. By plugging the shell 192 of the trocar module 124 into the

hollow of the support block 194 that is coupled with a large hollow bevel gear 160 on

the base unit 188, and providing the positioning block 190 against the rear side of

the support block 194, then locking with a thumb screw 196 the trocar module 124

can be quickly mounted on the base unit. After unlocking with the thumb screw 196

and being pulled, the trocar module 124 can be easily removed from the base unit

188.

A platform that provides support for the patient and is adapted to have

the medical robot 100 attached thereto is shown generally at 300 in figure 25. The

platform 300 has a patient receiving portion which includes a base plate 302, a

haunch support 304,and a pair of leg support 306, and a robot guide 308 adapted to

receive the medical robot.

The haunch support 304 is hingeably attached to the base plate 302 at

one end thereof. The haunch support 304 is generally C shaped with two ends



which are attached to the pair of leg supports 306. The pair of leg supports are

hingeably attached to an adjustable mechanism assembly 310. The adjustable

mechanism 310 slides along guide slots 312 at each side thereof. Reversible

wrench 314 moved the adjustable mechanism assembly backwards and forwards

along the base plate 302. In use, the haunch support 304 and leg supports can be

adjusted so that the pelvis of the patient is positioned at the appropriate angle.

The medical robot 100 base 137 is shaped to fit over robot guide 308.

The robot guide 308 is generally a wedge shape. Knob 318 holds the robot 100 in

place.

The platform 300 is adapted to be used with a patient transport device

(not shown). A plurality of positioners 320 are provided on the underside of platform

300 and are adapted to engage the patient transport device.

It will be appreciated by those skilled in the art that the platform

described herein is by way of example only and it provides features that may be

adapted to other types of surgery. Specifically the platform provides a device for

adjustably positioning the patient and moveably secure a medical robot thereto.

The device is designed to be adjusted manually. The platform is made from MRI

compatible materials.

As discussed above, the major function of the robot is to deliver a

medical device to a specified location. Further it is important that the robot functions

well within the MRI. It was determined that the rotational speed of the robot could

impact the accuracy of the robot inside the MRI. According to Maxwell's Equations,

the faster the rotational movement, the greater the electromagnetic interaction

between the robot and the main magnetic field of the MRI scanner. Therefore, the

rotational robotic motion was reduced to reduce the robot-MRI electromagnetic

interaction. Medical robot 100 uses a gearing mechanism to reduce the rotational

robotic motion. However, other methods of achieving the same result are also

possible.

Another potential manifestation of the electromagnetic interaction

between the robot and the MRI environment is the production of eddy currents.

These are electrical currents which are generated in conducting structures by a

time-varying magnetic field. The presence of eddy currents can significantly



degrade the quality of MR images. Accordingly, it is preferred that the presence of

conducting surfaces and structures is minimized and ideally reduced to zero.

Currently based on equipment that is readily available the source of eddy currents

are the motors and to a lesser extent the encoders. However, it will be appreciated

that as ultrasonic motors and encoders are developed which reduce or eliminate

conducting these will be used. In the MRI environment, time-varying magnetic fields

are present due to both radiofrequency (RF) waves as well as time-varying linear

magnetic field gradients. To a good approximation, the RF and gradient processes

occur in orthogonal orientations. This implies that if it were possible to orient the

motors of the robot in a preferred orientation, the eddy currents caused by either the

gradients or the RF could be minimized. Specifically, if the motors lie in the axial

plane, the RF-induced eddy-currents could be minimized, while if the motors lie in

the sagittal plane, the gradient-induced eddy currents could be minimized. The x , y

and z planes of a MR imager is shown generally at 101 in figure 14. The axial plane

is defined by the vertical or y axis and the sagittal plane is defined by the lateral or Z

axis. As can be seen in figure 14 medical robot 100 has the cross sections of its

motors oriented in the axial and sagittal planes.

In the MRI environment, there are a number of possible sources of

electromagnetic interaction with the robot. One of the major potential sources is the

local coils that collect the data used to form the MR images. Typically, these local

coils are constructed in a manner that creates a close spatial conformation with the

anatomy that is being imaged. For example, when imaging the brain, a local coil

that resembles a helmet is typically used. A method that would minimize the

electromagnetic interaction with the robot and the local coils is to physically

separate the conducting structures of the robot from the local coils. In the present

invention, the robot motors are positioned a specified distance (or greater) from the

local coils. For example, in the case of the head coil, the robot motors could be

placed at the chest level. By way of example only in the embodiment herein the US

motors (USR60-E3N) should be placed around 30cm or more away from the front of

the robot, and preferably in an axial orientation. The smaller motor (USR60-E3N)

could be placed less than 30cm when they are placed in an axial orientation.

The MRI scanning operation generates EMI noise that affects the



encoder, and this noise causes inaccurate position feedback readings. In parallel,

the ultrasonic motor (U/S) operation generates EMI noise that affects the clarity of

MR images. It was determined that the processor (controller) generates the latter

effect, as well as facilitates the former.

After testing several methods to avoid these effects it has been

determined that a "power on/off' solution is the best solution. Specifically, it has

been determined that turning the controller power (3.3V) on and off, while

maintaining the U/S power (24V), and encoder power (12V) on, suffices in not

generating significant EMI, thus acceptable MR images and noiseless encoder

readings are produced. Table 1 shows the effect the different power sources have

on the MR images. Accordingly it is an unexpected result that the device with the

lowest power causes the distortion in the images.



* Power: DC 24V, 12V and 3.3V

* * Distance: the distance between the motors on the robot closest to MR

scanner isocenter and the scanner isocenter

*** Consider all motors within 50cm



In order to store the data of the robot current position when the

controller power is off, a backup battery is used in the controller to keep up the

current position data in the processor SRAM. A USB device that has A/D digital I/O

and some relays are included to switch the power on and off very rapidly.

The control system architecture of the MRI-P is master-slave

(decentralized architecture). This helps control accurately the motor position and

speed control.

In contrast in most reported prior art applications of MRI-based U/S

motor control, a centralized architecture is adopted. A decentralized architecture is

used herein, with one Rabbit processor RCM3410 controlling one motor (Figure 28).

The master controller receives user's commands, and sends the commands to salve

controller via RS485 bus and custom protocol.

Some time the user may want to stop the motion instantly. But in

normal motion control mode, the controller is busy on checking the position

feedback synchronously, and cannot receive commands. A separate RCM3410

board to communicate with the master controller was included to provide the user

with this capability. When the separate controller receives the stop command from

the RS485 bus, it sends a digital signal to the targeted joint controller to instantly

stop the motion.

The communication protocol provides communication between master

and slave controllers. There are two kinds of frame in the protocol: short frame and

long frame. Long frame is 13 bytes long: it transfers motion parameters from master

to slave such as desired speed and target position; it also transfers feedback of

current position from slave to master. Short frame is 6 bytes long; it transfers short

commands without parameters for fast communication. The main purpose of these

protocols is to speed up the process in order to increase the speed of robot

operation.

The speed of robot operation is a crucial issue in acceptance by the

medical community. The need to turn the controller on and off slows down the

operation. There is a need to optimize the process. Note that this only relevant in



regard to the trocar motor (linear motion) because the robot's other joints are

positioned prior to insertion, when the trocar is outside the body.

The motor on/off cycle is divided into the following periods:

- UP: time required to reset and initialize the controller after OFF;

- ON: time the motor is running (controller is ON);

- DOWN: time required to turn OFF the controller;

- SCAN: time required to scan, during which the controller is OFF.

The values considered at this time are: UP - .3s; ON - depends on the required

average velocity over the cycle; DOWN - .01s; SCAN - .3s. The maximum speed of

the linear motor is 15.885 mm/s. Thus, for example if ON is .39s (cycle=1s) the

average velocity over the cycle is 6.19mm/s.

The objective here is to minimize the UP and DOWN time by hardware

and software design. The ON and SCAN are set by the user. Ideally the total of UP

and DOWN should be minimal to boost up the speed.

Another method to increase the average velocity is to change a

mechanical part, for example lead of the screw for the penetration joint. The lead

may be increased by 2 or 4 times. This would increase the maximum speed 2 to 4

times. But it will also reduce the penetration force 2 to 4 times, which is not

desirable.

The driver USR60 E3N made by the motor manufacturer provides

accurate speed control. The driver gets the speed feedback form the encoder, and

adjusts the output current to the motor to control the motion speed. The speed

control accuracy is guaranteed by the manufacturer. The speed loop is closed on

the driver. The only issue is that the driver of USR60 requires an analog signal, but

the RCM only outputs digital signals. A circuit which transforms the PWM output of

the RCM into an analog signal to the driver is shown in Figure 29.

A sensor is used for homing procedure of each joint. During the

homing the sensor is providing a reference position. This signal is highly repeatable.

When a homing command is generated, the motor is moved in a pre-defined



direction, while checking the sensor signal. When the signal is detected, it implies

that the motor has touched the reference position, and the motor stops immediately.

Then it is driven to a predefined position, that is the 'home'.

For pan and tilt joints, they are driven by two interfaced controllers,

and only one controller can receive the signal from the sensor, this receiving

controller will provide the other controller a digital signal synchronously.

Preferably the control system herein is a closed loop position control

on the slave for each U/S. Figures 30 and 3 1 show the architecture of this motion

control system. The controller sets the speed and motion direction for the driver.

The minimum speed of this type of ultrasound motor is 15 rpm (for joint 1 is 30rpm

because it uses a different model of motor). It means that the motor will move at 15

rpm speed even when the speed is set to zero. This characteristic restricts the use

of regular control algorithms such as PID.

The U/S motor is designed to stop as closed to instantly and precisely

as possible. The motion sensor is 500 lines quadrature encoder. This implies that

the error ( 1 count) is 0.18 degree for each joint. The motion control block diagram

is shown in figure 32.

When a motion command is received, the controller will send the

motion direction and speed to the driver. Then the controller will check the motor

position continuously. When the motor is closed to the commanded position (within

300 counts), the controller decreases the speed. While it moves into the right

position, the controller stops the motor immediately.

In order to use the images generated by the MRI scanner to guide the

robot to a specified location, it is necessary to synchronize the coordinate systems

of the robot and the MR scanner. In our system, this is accomplished by acquiring

an MR image while the robot is at a specific, known location. The position of the

robot in the MR images is then identified. With the MR-derived and robot-known

positions determined, the robot and MRI coordinate systems can then be

synchronized. To employ this method, one major challenge that must be addressed

is how best to identify the robot position in the MR images. In the present invention,

three alternative methods for accomplishing this task are outlined below:



• A needle is advanced by the robot to some known position inside an

MR-visible object. The MR-visible object could be the human body, or

some external test object (e.g. gel phantom). When placed in the MR-

visible object, the needle will appear dark. In this manner, the position

of the needle tip can then be visualized on an MR image.

• A calibration phantom is used that can indirectly provide the position

of a needle tip on MR images. The calibration phantom consists of 4

water channels (see Fig. 33). The needle lies in the exact middle of all

four channels. The needle position is determined as follows: First, the

location of each water filled channel is determined on an MR image.

Second, the centre point of the four needles is calculated from these

locations (see Fig. 38). This procedure localizes the needle tip in two

planes. A similar procedure is performed in an orthogonal plane to

localize the needle position in the third dimension. Figure 39 is an MR

image of a prototype calibration phantom. In future robot designs, the

calibration phantom may be incorporated directly into the robot itself.

• The needle may be filled and/or surrounded by water (or contrast-

agent-doped water). In this manner, the needle can be visualized on

MR images.

More specifically, an embodiment of calibration phantom 114 including

a schematic representation of the front a) side b) and back c) is shown in figure 33.

The calibration phantom 114 is also shown in figures 34 to 37. The calibration

phantom 114 includes four water filled channels 200 and a filling port 202. The

needle holder 204 is in the centre of the four channels 200. The calibration

phantom includes a housing 201 that is attachable to a medical instrument. It will be

appreciated by those skilled in the art that the calibration phantom 114 is shown

attached to a specific trocar. However, it could be adapted to be used to locate any

type of medical instrument wherein the channels are at a predetermined location to



a point of interest in the particular medical instrument. In the example shown herein

the point of the interest is the needle tip 202.

The calibration phantom 114 includes water-filled tubes 200 oriented

in a manner such that a line drawn between the two will go through the needle tip

202 (see Fig. 38).

In calculating the location of the needle tip 202 it is assumed that there

is effectively no error in the "true" position of the water-filled tubes. On the MR

image, the position of the needle tip is calculated as follows:

1) The (x,y) position of a water-filled tube, together with the corresponding tube

on the opposite side will be measured. The mid-point along a line drawn

between these two tubes will correspond to the needle tip:

The uncertainty in position of all measured points ( Λ Λ >'Λ 1) w i e the

image resolution (δ ) . This uncertainty can be considered as the standard

deviation of a distribution about the true position of each point (the specific

form of the distribution does not matter for this derivation, though it could be

safely assumed to be Gaussian if necessary). It is assumed that the

uncertainty in position of one measurement is uncorrelated with any other

measurement (the validity of this assumption will be discussed later). Under

these assumptions, it follows trivially from basic statistics that the standard

deviation of xtip
λ and y tip

l is δ l4l .

2) Step # 1 is repeated for all remaining n / 2 pairs of tubes. The uncertainty in

the estimate of needle tip position from each of these measurement is

(VW; = L f ) is I Ϊ , as in step #1.

3) The average of all estimates of needle tip position is taken:



i

Since the standard deviation of each position (χtιp',y lψ
ι) is δ l and with the

assumption that all of the (χtψ',y ιφ
ι) are uncorrelated, the standard deviation

of (v v
'

v) istherefore:

This derivation is predicated on the assumption that all measurements

of position are uncorrelated. This is likely true for all situations except the

degenerate case where the water - filled tubes are aligned at 0 or 90 degrees. In

this case, the tube position and the imaging grid will be aligned with each other, and

the measurements will be correlated for either the x or y position. The solution to

this is simply to avoid placing the water filled tubes at the 0 or 90 degrees position.

Alternatively the calibration phantom 114 may include an annular ring

of water 206 and the needle tip 208 is calculated at the centre of the circle as shown

in figure 40.

Referring to figure 49 a laser applicator is shown generally at 600.

Laser applicator 600 may be used in association medical instrument 12 shown in

figure 1 and in detail in figure 6 to 8 or medical instrument 124 shown in figure 14 in

detail in figures 19 to 2 1. Laser applicator 600 includes a laser fiber 602 surrounded

by an inner catheter 604 and an outer catheter 606. Inner catheter 604 is in flow

communication with outer catheter 606. Outer catheter 606 has an outlet port 608

and inner catheter 604 has an inlet port 610. Catheters 604 and 606 has a mixture

of water and an MRI visible fluid circulating therethrough. Preferably the MRI visible

fluid is Gd (gadolinium) and the fluid includes between 10% and 1% Gd.

For some applications, it may be desirable for the robot and the MR

scanner to exchange information and/or data with each other. The present



invention proposes several methods of achieving this communication:

• Images and/or data may be transferred between the robot and MR

scanner via FTP.

• Images may be transferred between the robot and the MR scanner via

DICOM push/pull protocols

• Images and/or data may be transferred between the robot and MR

scanner through the MR scanner's built-in real-time protocol (RTP).

• Images and/or data may be transferred between the robot and MR

scanner through a BiT3 device.

One particular application where robot/MRI communication may be

essential is in real-time robotic visualization. In this application, MR data acquisition

and robotic usage occur simultaneously. However, in cases where the

electromagnetic coupling cannot be sufficiently suppressed, then the activation of

the MR scanner and the robot could be interleaved. In this scenario, robotic usage

and MR data acquisition are switched on and off in rapid succession to simulate

real-time functionality and the on/off states of the MR scanner and the robot are co¬

ordinated. This coordination could be achieved by sending signals back and forth

between the MR scanner and robot using one of the aforementioned data

communication mechanisms. An additional method of achieving such

communication could be via TTL signals.

Within an MRI imaging exam, a variety of different pulse sequences,

and pulse sequence parameters may be used to affect the visualization of the object

being imaged. The specific pulse sequence and parameters used for a particular

application are typically chosen to optimize the visualization of the object. This

optimization may include (but not limited to) maximizing signal-to-noise ratio (SNR),

maximizing contrast-to-noise ratio (CNR), and minimizing artifacts. For the robotic

application, a gradient echo pulse sequence with a short echo time (TE) was

determined to provide a good visualization of the needle. When the needle and/or

fibre was filled with Gadolinium contrast agent, a fast-spin-echo (FSE) pulse

sequence with a short echo time was determined to provide a good visualization.



For visualizing coagulation, three different pulse sequences are used: long-TE FSE,

T 1-weighted FSE, and short-TR gradient echo.

To monitor temperature in real-time with MRI, several methodologies

had to be developed. First, a technique for converting MRI data into temperature

elevation maps was implemented. This technique utilizes the phase of MRI images.

Secondly, a technique for accessing the data in real-time was developed. In the

current implementation, data was accessed via FTP. More generally, however,

other methods including those outlined above are possible.

An anatomically correct MR compatible phantom suitable for focal

interventions is useful in the design, development, testing and training of medical

robots for use in an MRI.

The phantom 400 shown herein in figures 4 1 to 43 is designed to be

anatomically correct, MR compatible and contain a part that would allow focal

ablation. Phantom 400 includes a treatable portion 402 which in the example herein

is approximately 5cc, an anatomically correct "prostate" 404 and a perineum like

structure 406 with "rectum" 408.

The treatable portion 402 varies according to focal intervention type. It

is made of different shelf gels with different properties. The gel may be dye green

and includes some intralipid fat and proteins that make it amendable to coagulation

using laser energy. Alternatively a different gel may be used that makes it

amendable to HIFU thermal energy. For example materials from ATS LAbratories

Inc. may be used

In the embodiment herein, the "prostate" 404 is made in a mold. The

mold is a simple mold and can be made to any prostate size. The "prostate" is

made from a gelatin that is commercially available in every supermarket with

Gadolinium added to the mixture. The "urethra" 410 of the prostate is made from a

Foley catheter.

The perineum like structure 406 is made in a cubical mold with an

open top. The "rectum" 408 is created by using a tube in place while filling the mold.

The material of the "perineum" is commercially available dental histomer. Once the

lower part of the perineum is created, the "prostate" is placed on top and the mold is

filled to encompass the prostate. By way of example Cavex CA37, Cavex CA37



Normal Set and CavexCA 37 Fast Set made by Haarlem CAVEX HOLLAND B.V

and which are alginate impression materials for dental use may be used to make the

perineum like structure 404.

It will be appreciated by those skilled in the art that the phantom herein

400 is a combination of standard materials but it allows for focal ablation of

predefined volume. The different materials used give a different MR signal that

ultimately makes for a close approximation of the human prostate with a tumour

inside. An MR image of the phantom herein is shown in figure 43.

Current practice in treating prostate cancer uses trans-perineal needle

insertions, such as brachytherapy, PDT, photothermal, etc., through a template that

fixes the needle insertion points to a grid of 5 mm spacing and orientation

perpendicular to the plate. While this works reasonably well for treating the whole

organ, in focal treatments, such an arrangement provides poor targeting resolution.

Further, the shape and position of the planned target volume (i.e. the tumour plus

some margin) may require multiple needle insertions even though the planned

target volume (PTV) may be small and only require a single needle for complete

coverage if restrictions on needle position and angle were relaxed. A manual

oblique angle needle insertion device, with sensors to indicate needle track and

position may be used for this type of surgery.

To be fully functional, a method is provided to optimize the needle

trajectory and its starting position, based on complete treatment of the tumour (or

PTV) and avoidance of other critical structure. The requirements of the method are

therefore:

• Complete treatment of the tumour

• Avoidance of treatment to any surrounding organs that may be at risk.

The limits of the method are therefore:

• Extent of trajectory angle as determined by the device.

• Extent of trajectory angle as determined by any internal bones, such as

the pubic arch.

The above criteria are shown in a 2D representation at 500 in Figure 44, and will be



discussed in detail below.

Trajectory optimization requires determining the x ' , the starting

coordinate of the needle and θ, the trajectory angle. For overlap of the treatment

zone, the orientation, θ, and centre of the treatment zone (x c , y c ) are required. The

figure shows several of the requirements noted above. First, the treatment zone 502

fully covers the PTV 504. Secondly, the treatment zone 502 has minimal overlap

with the organ at risk 506, but some overlap is still present. Thirdly, without the

pubic arch 508, the motion of the needle is limited by the width of the device (x0 to

x end ) . Both of these limits, and the depth of the target, restrict the trajectory angle, θ.

If the pubic arch 508 is present, then the trajectory angle is further restricted. Details

of resolving this are given below.

In Figure 44, the treatment zone 502 for a fiber is an ellipse, with the

fiber axis following along the long axis of the treatment zone. The PTV (or tumour)

504 is completely covered by the treatment zone of the light delivery fiber, which is

the desired outcome. The organ at risk (OAR) 506 is also partly covered by the

treatment zone, an undesirable effect. Optimization of the trajectory requires

maximal overall of the treatment zone with the PTV 504, and minimal overlap with

the OAR 506. To calculate the optimization, the photothermal dose delivered to the

patient, D p and the resulting tissue response is considered. As a first approximation,

the tissue response is considered as a simple threshold effect. In this case,

treatment response, defined as E k for voxel k , can be described as:

k jl; DP>D
nreshM

J

where D Threshoid is the minimum photothermal dose required to produce a

coagulative response. More sophisticated models that include the full thermal dose

can be used here, but our current observations indicate essentially a threshold

effect. In these equations it is assumed that the threshold dose is the same for all

tissue.

To optimize the treatment delivery, the effect should be maximized for

treatment of the PTV and minimized for any other tissues. In this case only a single



OAR is considered. This can be summarized by the optimization/minimization of the

following generalized cost function:

Here, the PTV and OAR have volumes of M and N voxels each. The first 2 terms

describe the overlap of the PTV and the treatment effect. As more of the PTV

receives a treatment above the threshold dose, the summation term increases, and

the difference with the total number of voxels approaches O. The third term

represents the overlap of the OAR with the treatment zone. As more of the OAR

receives a treatment above the threshold dose, this term increases in magnitude.

The effect of the dose delivered to each site, j , is weighted in the

above equation using the "importance factors", w,. In the instance of the OARs, the

magnitude is proportional to the clinical impact of damage. If clinical outcome is not

impacted, either by function or cosmetics, treatment of the OAR is "not important",

and has no effect on the optimization of the treatment plan, and the dose to the

OAR can be higher than the threshold dose. Conversely, if there is a clinical impact,

the clinician may need to weigh the importance of possibly undertreating the PTV

(Dp < DT) with possibly overtreating the OAR (Do > DT). The relative magnitudes of

the importance factors guide this balance.

Consider an example with 3 OAR's, the prostate, rectum and erectile

nerves. Treatment of the normal prostate has minimal clinical effect, and so the

weighting terms are set to Ofor the focal therapy. Treatment of the rectum would

lead to significant clinical morbidity, and so the weighting term is set high. Treatment

of the erectile nerves may depend on the patient. If it is crucial for the patient to

preserve erectile function, than the weighting can be set high. If this is less

important to the patient (possibly due to current conditions that limit his sexual

function), then the weightings can be lower.

Optimization of the treatment requires minimizing the cost function

using the centre (xc, yc) and orientation, θ, of the treatment zone as adjustable

parameters. However, these parameters will be limited by the physical limitations



placed on the needle insertion, i.e. trans-perineal needle insertion using a

mechanical device with size limits.

The brachytherapy device has a travel limit of 10 cm, which

consequently restricts the travel of the needle holder and hence the trajectory into

the prostate. Figure 45 shows the 2D limits to the needle trajectory based on the

physical limits of the device. The same considerations apply in the z-coordinate.

βmin, and θmax represent the minimum and maximum angle of insertion, while θ is the

optimal trajectory angle. These angles are defined not only by the travel limits of the

device, but also by the position of the PTV. In this instance the centre of the PTV is

taken as the target position, since this will be close to the centre of the treatment

zone. Based on this, the optimal trajectory is given by:

The limits to the trajectory orientation are:

If the pubic arch interferes with the optimal trajectory, a similar

approach to that given above can be used to define the limits. However, the limits

need to be redefined based on the limits posed by the pubic arch.

The pubic arch can be considered as 2 separate left and right zones of

interference as shown in figure 46. For each region, the appropriate extent of the

pubic arch along the x-coordinate needs to be found such that the needle trajectory

does not overlap with the pubic arch.

To find these limits, the centre (xpc) and limits (xpm, xpn) of the each

region must first be measured along the x coordinate. A line can be drawn from the

PTV centre of the mass to the outer limit of the pubic arch, (xpm, ypm) , and then

further extended to needle starting position. This line will determine of the outer

limits, X0 and xencι- The procedure is then repeated for the other side. The following



algorithm is used to find the limits:

xpc = mean(xp); % centre of pubic arch along x coordinate

[xpmjmxp] = max(xp); [xpn.inxp] = min(xp); % max and min

% starting conditions matching the device limits

x_0 = 0; x_end = 40;

if xpm > xpc

xp_t = xpm + 1; % provides some buffer in the trajectory

yp_t = ypm; % matching y coordinate

x_0 = (xp_t - xc)*yc/(yc - yp_t) + xc; % ratio of triangles

else

xp_t = xpn - 1;

yp_t = ypn;

x_end = (xp_t - xc)*yc/(yc - yp_t) + xc;

end

The algorithm is repeated for the other pubic region using the new limits for x ø and

Xend-

Initial tests of the optimization procedure were performed using

MatLAB, using (xc, yc) and θ as adjustable parameters. The MatLAB optimization

routines, however, were very insensitive to the orientation and hence were poor in

finding optimal solutions. A different approach was used based on the starting

needle position and the centre of the PTV. Since i) the mechanical device has a

limited resolution and H) the required resolution is approximately ± 1mm, the cost

function can be calculated for the complete range of initial starting positions. The

range of starting positions can be set by limits discussed above due to the pubic

arch or other anatomical features.

The iteration procedure then becomes.

• Calculate (xc, yc) for PTV, based on centre of mass



• For x ' = X0 tO Xend

o Calculate F for treatment zone calculated using x', (x c, yc)

o Keeping θ fixed, minimize F by varying (xc, yc)

o If F T< Fk-i return, else store (xc, yc) and continue

• Find x'with minimal F, and calculate trajectory based on x', and (xc, yc)

Another approach would use standard optimization routines and minimize the cost

function by simultaneously adjusting (xc, yc) and θ, with limits determined by the

pubic arch.

A 2D example of the needle trajectory optimization is shown in Figure

47. Here the planned target volume is not perpendicular to the needle template

plane (defined by the x-axis). An organ at risk lies adjacent to the PTV. The figure

on the right shows the cost-function value using different weighting values for the

OAR (wo m in Eqn. 2). When w0AR = 0 , as with the blue line in the Figure 4b, the

cost function only reaches 0 when the target zone completely overlaps the PTV.

This only occurs when the starting needle position is at 16-17 mm, with the needle

aimed at the centre of the PTV. Adding some weighting to the OAR increases the

cost function, and slightly changes the optimal needle trajectory. However, in this

case the cost function never completely goes to Osince some of the OAR falls

within the Treatment Zone.

The above example demonstrates the process in 2 dimensions.

Extension to 3 dimensions requires optimization of not just x'and θ, but instead (x' ,

y ' ) and (θ, φ)

A needle tracking optimization method has been developed that

includes maximizing total dose to the planned target volume while minimizing the

dose to any surrounding critical organs and to avoid any objects that are potentially

in the path of the needle. The current model uses a simple method of accounting for

the treatment response. More sophisticated models that incorporate the thermal

dose can also be applied. Further, avoidance of the critical structures can also

incorporate dose models that account for clinical morbidity due to the creation of hot



spots within the organ. For instance, in avoiding the rectum, the plan may lead to

little dose in the organ as a whole, but if the entire dose is at a single hot spot, then

it can lead to an adverse event.

It will be appreciated by those skilled in the art that the above

discussion may be generalized as a method to determine the needle trajectory

comprising the steps of: providing images of a predetermined area; determining the

location of an irregular zone on the images; calculating a planned target volume

from the location of the irregular zone; calculating the treatment zone whereby the

treatment zone covers the planned target volume; determining the starting needle

position within a predetermined range; and calculating the needle trajectory from the

starting needle position to the planned target zone. This can be enhanced by

including the steps of determining the location of at least one zone at risk on the

images; and determining the location of at least one avoidance zone from images

and wherein calculating the needle trajectory includes factors to avoid the avoidance

zones. In most instances the zone at risk is an organ, the irregular zone is a tumor

and each avoidance zone is a bone. Preferably the images are magnetic resonance

images. Further, the method may include the steps of determining from the images

a temperature evaluation image and determining from the temperature evaluation

image if an actual treatment zone equals the planned treatment zone.

Generally speaking, the systems described herein are directed to

medical robots and medical instrument assemblies. As required, embodiments of

the present invention are disclosed herein. However, the disclosed embodiments

are merely exemplary, and it should be understood that the invention may be

embodied in many various and alternative forms. The Figures are not to scale and

some features may be exaggerated or minimized to show details of particular

elements while related elements may have been eliminated to prevent obscuring

novel aspects. Therefore, specific structural and functional details disclosed herein

are not to be interpreted as limiting but merely as a basis for the claims and as a

representative basis for teaching one skilled in the art to variously employ the

present invention. For purposes of teaching and not limitation, the illustrated

embodiments are directed to medical robots and medical instrument assemblies.



As used herein, the terms "comprises" and "comprising" are to

construed as being inclusive and opened rather than exclusive. Specifically, when

used in this specification including the claims, the terms "comprises" and

"comprising" and variations thereof mean that the specified features, steps or

components are included. The terms are not to be interpreted to exclude the

presence of other features, steps or components.



WHAT IS CLAIMED AS THE INVENTION IS :

1. A medical robot for use inside a magnetic resonance imager

connectable to a medical instrument assembly comprising:

a horizontal motion assembly including a motion joint, an ultrasonic

motor operably connected to said motion joint and an encoder operably

connected to said ultrasonic motor, wherein said ultrasonic motor and said

encoder are positioned proximate to said motion joint;

a vertical motion assembly operably connected to the horizontal motion

assembly , the vertical motion assembly including a motion joint, an ultrasonic

motor operably connected to said motion joint and an encoder operably

connected to said ultrasonic motor, wherein said ultrasonic motor and said

encoder are positioned proximate to said joint and the medical instrument

assembly is operably connectable to one of the vertical motion assembly and

the horizontal motion assembly; and

a controller operably connected to the horizontal motion joint and the

vertical motion joint, the controller being adapted to be powered off when the

magnetic resonance imager is being used to collect images.

2. The medical robot as claimed in claim 1 further including a pan

assembly operably connected to one of the vertical motion assembly and the

horizontal motion assembly and the medical instrument assembly is operably

connectable to one of the pan assembly, the vertical motion assembly and the

horizontal motion assembly, the pan assembly including a pan joint, a pan

motor operably connected to the pan joint and a pan encoder operably

connected to the pan motor, the pan motor and pan encoder are positioned

proximate to the pan joint, and the pan assembly being operably connected to

the controller.

3 . The medical robot as claimed in claim 3 wherein the pan motion

assembly further includes a pan shaft assembly operably connected to the

pan ultrasonic motor, a timing belt and pulleys operably connected to the pan

shaft assembly and operably connectable to the medical instrument

assembly.



4. The medical robot as claimed in one of claim 2 and 3 further including

a tilt assembly operably connected to one of the pan assembly, the vertical

motion assembly and the horizontal motion assembly and the medical

instrument assembly is operably connectable to one of the the tilt assembly,

the pan assembly, the vertical motion assembly and the horizontal motion

assembly, the tilt assembly including a tilt joint, a tilt motor operably

connected to the tilt joint and a tilt encoder operably connected to the tilt

motor, the tilt motor and the tilt encoder are positioned proximate to the tilt

joint and the tilt assembly being operably connected to the controller.

5 . The medical robot as claimed in one of claims 4 further including a roll

assembly operably connected to one of the tilt assembly, the pan assembly,

the vertical motion assembly and the horizontal motion assembly and the

medical instrument assembly is operably connectable to one of the roll

assembly, the tilt assembly, the pan assembly, the vertical motion assembly

and the horizontal motion assembly, the roll assembly including a roll joint and

a roll motor operably connected to the roll joint and a roll encoder operably

connected to the roll motor, the roll motor and the roll encoder are positioned

proximate to the roll joint, and and the roll assembly being operably connected

to the controller.

6. The medical robot as claimed in claim 5 wherein the tilt assembly and

the roll assembly are a combined tilt and roll assembly.

7. The medical robot as claimed in claim 6 wherein the combined tilt and

roll assembly further includes a bevel gear differential mechanism operably

connected to the tilt ultrasonic motor and the roll ultrasonic motor and the

bevel gear differential mechanism is operably connectable to the medical

instrument assembly.

8. The medical robot as claimed in any one of claims 1 to 7 wherein the

horizontal motion assembly further includes a lead screw operably connected

to the ultrasonic motor, a pair of spur gears operably connected between the



lead screw and a horizontal plate.

9. The medical robot as claimed in any one of claims 1 to 8 wherein the

vertical motion assembly further includes a lead screw operably connected to

the ultrasonic motor and a timing belt and pair of pulleys operably connected

between the vertical lead screw and a vertical plate.

10. The medical robot as claimed in any one of claims claim 1 to 9 wherein

the medical instrument assembly is a trocar and the trocar is operably

connected to the controller.

11. The medical robot as claimed in any one of claims 1 to 10 wherein the

medical instrument assembly includes a pushing and pulling mechanism

operably connected to an ultrasonic motor positioned proximate thereto

whereby the pushing and pulling mechanism provides linear motion.

12. The medical robot as claimed in claim 11 wherein the pushing and

pulling mechanism includes a lead screw operably connected to the ultrasonic

motor, a holder operably connected to the lead screw and the holder being

adapted to hold a laser applicator and a locker operably connected to the lead

screw.

13. The medical robot as claimed in claim 11 wherein the medical

instrument assembly further includes laser diffuser with a retractable titanium

sheath.

14 . The medical robot as claimed in any one of claims 11, 12 and 13

wherein the medical instrument assembly further includes a pneumatically

driven tapping block operably connected to the pushing and pulling

mechanism.

15. The medical robot as claimed in any one of claims 1 to 14 further

including a control system operably connected to the controller and remote

from and isolated from the controller.



16. The medical robot as claimed in any one of claims 1 to 15 wherein the

medical instrument is removable and sterilizeable.

17. The medical robot as claim in any one of the claims 1 to 16 wherein the

magnetic resonance imager has an axial plane defined by a vertical axis and

a sagittal plane defined by the lateral axis wherein each motor has a cross

section positioned in one of the axial and sagittal plane.

18 . The medical robot as claimed in any one of claims 1 to 17 wherein

each of the plurality of motors is positioned a predetermined distance from a

local coil used in the magnetic resonance imager whereby the positioning

thereof reduces electromagnetic interaction with the magnetic resonance

imager.

19. The medical robot as claimed in any one of claims 1 to 18 further

including gears operably connected to at least one of the motors whereby the

gears are adapted to slow down the motor.

20. The medical robot as claimed in claim 19 further including a plurality of

gears attached to a plurality of the motors whereby the gears are adapted to

slow down the motor attached thereto.

2 1 . The medical robot as claimed in any one of claims 1 to 20 whereby the

controller is rapidly turned on and off interleaved between the turning on the

magnetic imager, imaging and turning off of the magnetic resonance imager,

thereby interleaving the images with movement.

22. The medical robot as claimed in claim 2 1 whereby the imaging includes

imaging sequences whereby the imaging sequence is one of a gradient echo pulse

sequence with a short echo time and a fast-spin-echo pulse sequence with a

short echo time.



23. The medical robot as claimed in claim 20 whereby the imaging includes

imaging sequence whereby the imaging sequence includes three different

pulse sequences including long-TE FSE, T 1-weighted FSE, and short-TR

gradient echo.

24. The medical robot as claimed in any one of claims 1 to 24 further

including a calibration phantom attached to the medical instrument assembly.

25. The medical robot as claimed in claim 24 wherein the calibration

phantom includes a housing that is attachable to a predetermined location on

the medical instrument, at least one channel formed in the housing capable of

being visible in a magnetic resonance image, the channel being at a

predetermined location to a point of interest in the medical instrument.

26. The medical robot as claimed in claim 25 wherein the at least one

channel is a plurality of channels.

27. The medical robot as claimed in claim 26 wherein there are four

channels.

28. The medical robot as claimed in claim 25 wherein the at least one

channel is an annular ring.

29. The medical robot as claimed in any one of claims 25, 26, 27 and 28

wherein each channel is filled with a mixture of water and magnetic resonance

imager visible fluid.

30. The medical robot as claimed in any one of claims 1 to 29 wherein the

medical instrument includes a laser fiber having a surrounding channel filled

with a mixture of water and magnetic resonance imager visible fluid.

3 1. The medical robot as claimed in any one of claims 1 to 30 further

including a platform having a robot guide adapted to receive the medical robot



and a patient receiving portion adapted to adjustably position a patient

thereon.

32. The medical robot as claimed in claim 3 1 wherein platform includes a

base and the patient receiving portion includes a haunch support hingeably

attached to the base and a leg support hingeably attached to the haunch

support.

33. The medical robot as claimed in any one of claims 30 and 3 1 wherein

the patient receiving portion further includes an adjustable mechanism

assembly operably connected to the leg supports whereby movement of the

adjustable mechanism repositions the haunch support relative to the leg

support.

34. The medical robot as claimed in claim 33 further including a pair of

guides one on each side of the base and the adjustable mechanism assembly

engages the guides and is moveable along the guides.

35. The medical robot as claimed in claim 34 wherein the robot is

moveable along the robot guide.

36. A phantom for use in association with a magnetic resonance imager

comprising:

a phantom organ at risk made of a first predetermined material;

a phantom treatable portion made of a second predetermined material

different from the first predetermined material and differentiable from the first

predetermined material in a magnetic resonance image; and

a phantom surrounding structure of a third predetermined material

wherein the third predetermined material is different from the first and second

predetermined material and differentiable from the first and second

predetermined material in a magnetic resonance image.

37. The phantom as claimed in claim 36 wherein the phantom organ is a

phantom prostate, the phantom treatable portion is a phantom tumour and the



phantom surrounding material is a perenium.

38. The phantom as claimed in any one of claims 36 and 37 further

including a channel in the phantom surrounding structure.

39. The phantom as claimed in claim 38 wherein the channel corresponds

to a rectum.

40. The phantom as claimed in any one of claims 36 to 39 further including

a phantom urethra whereby the phantom urethra is made of a fourth

predetermined material that is differentiable in a magnetic resonance image.

4 1. A calibration phantom for use in association with a medical instrument

comprising:

a housing that is attachable to a predetermined location on the

medical instrument; and

at least one channel capable of being visible in a magnetic resonance

image, the channel being at a predetermined location to a point of interest in

the medical instrument.

42. The calibration phantom as claimed in claim 4 1 wherein the at least

one channel is a plurality of channels.

43. The calibration phantom as claimed in claim 42 wherein there are four

channels.

44. The calibration phantom as claimed in claim 42 wherein the at least

one channel is an annular ring.

45. The calibration phantom as claimed in any one of claims 4 1 to 44

wherein each channel is filled with a mixture of water and magnetic resonance

imager visible fluid.

46. A platform for use in association with a medical robot comprising



a platform having a robot guide adapted to receive the medical robot;

and a patient receiving portion adapted to adjustably position a patient

thereon.

47. The platform as claimed in claim 46 wherein platform includes a base

and the patient receiving portion includes a haunch support hingeably

attached to the base and a leg support hingeably attached to the haunch

support.

48. The platform as claimed in any one of claims 46 and 47 wherein the

patient receiving portion further includes an adjustable mechanism assembly

operably connected to the leg supports whereby movement of the adjustable

mechanism repositions the haunch support relative to the leg support.

49. The platform as claimed in claim 48 further including a pair of guides

one on each side of the base and the adjustable mechanism assembly

engages the guides and is moveable along the guides.

50. The platform as claimed in any one of claims 46 to 49 wherein the

robot is moveable along the robot guide.

5 1 . The medical instrument comprising a laser fiber having a surrounding

channel filled with a mixture of water and magnetic resonance imager visible

fluid.

52. A method to determine the needle trajectory comprising the steps of:

providing images of a predetermined area;

determining the location of an irregular zone on the images;

calculating a planned target volume from the location of the irregular

zone;

calculating the treatment zone whereby the treatment zone covers the

planned target volume;

determining the starting needle position within a predetermined range;

and



calculating the needle trajectory from the starting needle position to the

planned target zone.

53. The method as claimed in claim 52 further including the step of

determining the location of at least one zone at risk on the images.

54. The method as claimed in claim 53 wherein the zone at risk is an organ

and the irregular zone is a tumor.

55. The method as claimed in any one of claims 52 to 54 further including

the step of determining the location of at least one avoidance zone from

images and wherein calculating the needle trajectory includes factors to avoid

the avoidance zones.

56. The method as claimed in claim 55 wherein each avoidance zone is a

bone.

57. The method as claimed in any one of claims 52 to 56 wherein the

images are magnetic resonance images.

58. The method as claimed in any one of claims 52 to 57 further including

the step of determining from the images a temperature evaluation image.

59. The method as claimed in claim 58 further including the step of

determining from the temperature evaluation image if an actual treatment

zone equals the planned treatment zone.

60. The method as claimed in any one of claims 52 to 59 further including

the steps of controlling a medical robot including ultrasonic motors, encoders

and a controller, attachable to a medical instrument assembly, the medical

robot is for use in a magnetic resonance imager in association with a body,

whereby of controlling the method comprising the steps of:

moving the ultrasonic motors in the medical robot to position the

medical robot outside the body;



turning off the controller;

turning on the magnetic resonance imager and imaging;

turning off the magnetic resonance imager;

moving the ultrasonic motors thereby moving the medical instrument

assembly in the medical robot and whereby a portion of the medical

instrument assembly is inside the body;

turning off the controller; and

turning on the magnetic resonance imager.

6 1 . The method as claimed in claim 60 wherein the combined medical

robot and instrument assembly is a six degree of freedom medical robot and

the ultrasonic motors are adapted to be positionable within the isocentre of

the medical resonance imager.

62. The method as claimed in claim 6 1 wherein the magnetic resonance

imager has an axial plane defined by a longitudinal axis and a sagittal plane

defined by the vertical axis and wherein each motor has a cross section

positioned in one of the axial and sagittal plane.

63. A method of controlling a medical robot including ultrasonic motors,

encoders and a controller, attachable to a medical instrument assembly, the

medical robot is for use in a magnetic resonance imager in association with a

body, the method comprising the steps of:

moving the ultrasonic motors in the medical robot to position the

medical robot outside the body;

turning off the controller;

turning on the magnetic resonance imager and imaging;

turning off the magnetic resonance imager;

moving the ultrasonic motors thereby moving the medical instrument

assembly in the medical robot and whereby a portion of the medical

instrument assembly is inside the body;

turning off the controller; and

turning on the magnetic resonance imager.



64. The method as claimed in claim 63 wherein the combined medical

robot and instrument assembly is a six degree of freedom medical robot and

the ultrasonic motors are adapted to be positionable within the isocentre of

the medical resonance imager.

65. The medical robot as claimed in any one of claims 63 and 64 whereby

the imaging includes images sequences whereby the imaging sequence

includes one of a gradient echo pulse sequence with a short echo time and a

fast-spin-echo pulse sequence with a short echo time.

66. The medical robot as claimed in any one of claims 63 and 64 whereby

the imaging includes imaging sequences whereby the imaging sequences

includes three different pulse sequences including long-TE FSE, T 1-weighted

FSE, and short-TR gradient echo.

























































A CLASSIFICATION OF SUBJECT MATTER
IPC A61B 19/00 (2006 01) , A61B 5/055 (2006 01) , B25J 19/00 (2006 01) , B25J 9/00 (2006 01)

According to International Patent Classification (IPC) or to both national classification and IPC

B FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC (2009 0 1) A61 B 19/00
ECLA A61 B 19/00 M , A61 B 19/00B4, A61 B6/04, A61 G 13/1 2

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

EPOQUE (Derwent, EPODOC, IEEE) (Keywords, robot, arm, manipulator, tool, instrument, MRI, piezo, ultra-sonic, phantom,
platform, bed, chair, support, prostate, marker, fiducial, channel, needle , trajectory, laser, fiber)

C DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

X W O 2008 059263 A2 (LAMPERTH, M et al 22 May 2008 (22-5-2008) 1 , 8 , 9 , 15-29
Y *Abstract, Fig 7 , 8 ,Page 3 , lines 3 - 6 * 2-7, 10-13, 30-35
A 60, 63

Y US 2007 0088340 A 1 (BROCK, D et al ) 19 April 2007 ( 19-04-2007) 2 , 3
A *Fιg 8E, 8F* 46, 50

EP 1 8 15 950 A 1 (RUIZ MORALES, E ) 08 August 2007 (08-08-2007) 2-7
*Fιg 23*

US 2007 0089557 A 1 (SOLOMON, T et al ) 26 April 2007 (26-04-2007) 10-13
Fig 5A, Par 0051 **

X US 6 3 18 146 B 1 (MADSEN, E et al ) 20 November 2001 (20-1 1-2001 ) 36-40
Y *Abstract, CoI 11, lines 45 - 67, Fig 24 - 26* 24-29

X W O 2007 106558 A2 (WHITCOMB, L et al ) 20 September 2007 4 1

(20-09-2007)
*Abstract, Fig 3 , 5A, Page 25, lines 8 - 18*

[X] Further documents are listed in the continuation of Box C [X ] See patent family annex

* Special categories of cited documents later document published after the international filing date or priority
date and not m conflict with the application but cited"to understand

A document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance

document of particular relevance the claimed invention cannot be
E earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive

filing date step when the document is taken alone

L document which may throw doubts on priority claim(s) or which is document of particular relevance the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents such combination

being obvious to a person skilled m the art
O document referring to an oral disclosure use exhibition or other means

document member of the same patent family
P document published prior to the international filing date but later than

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

12 November 2009 (12-1 1-2009) 30 November 2009 (30-1 1-2009)

Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, Cl 14 - 1st Floor, Box PCT Vincent Pelleπn (819) 953-3558
50 Victoria Street
Gatmeau, Quebec KlA 0C9
Facsimile No 001-819-953-2476

Form PCT/ISA/210 (second sheet ) (July 2009) Page 3 of 16



Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

1. [X] ClaimNos 52 - 66

because they relate to subject matter not required to be searched by this Authority, namely

Claims 52 - 62 are directed to a purely mental act which the International Search Authority is not required to search
Claims 63 - 66 are directed to a method for treatment of the human or animal body by surgery or therapy which the
International Search Authority is not required to search

2 [ ] Claim Nos

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically

Claim Nos

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6 4(a)

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows

Continued in Supplemental Box 1.

1 [X ] As all required additional search fees were timely paid by the applicant, this international search report covers all

searchable claims

2 [ ] As all searchable claims could be searched without effort justifying additional fees, this Authority did not mvite

payment of additional fees

3 [ ] As only some of the required additional search fees were timely paid by the applicant, this international search report

covers only those claims for which fees were paid, specifically claim Nos

4 [ ] No required additional search fees were timely paid by the applicant Consequently, this international search report is

restricted to the invention first mentioned in the claims, it is covered by claim Nos

Remark on Protest [ ] The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid withm the time limit specified in the invitation

[ ] No protest accompanied the payment of additional search fees

Form PCT/ISA/2 10 (continuation of first sheet (2)) (July 2009) Page 2 of 16



C (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

X US 2003 0 18 1807 A 1 (MURPHY, K et al ) 25 September 2003 4 1
(25-09-2003)
*Abstract, Fig 1, Par 0025*

X US 4 923 459 (NAMBU, K ) 8 May 1990 (08-05-1 990) 4 1 - 43
Y *Abstract, Fig 1 - 6 , CoI 5 , lines 5 1 - 65* 25 - 29, 44, 45

Y JP 09 266892 (MASUMIZU, A et al ) 14 October 1997 ( 14-1 0-1 997) 44
*Abstract, Fig 5 , Par 0002, 0009*

Y US 4 922 9 15 (ARNOLD, B et al ) 8 May 1990 (08-05-1 990) 45
*Abstract, Fig 2 , 3 , CoI 4 , lines 7 -45*

X W O 2005 046753 A2 (GOWDA A et al ) 26 May 2005 (26-05-2005) 5 1
Y *Abstract, Fig 1, Par 0043* 30

X W O 99 37220 A 1 (BOSIO, L et al ) 29 July 1999 (29-07-1 999) 46 - 48, 50
Y *Abstract, Fig 2*

X US 4 501 4 14 (MASON, E et al ) 26 February 1985 (26-02-1 985) 46 - 48, 50
Y *Abstract, Fig 1, 2* 49

Y US 2007 00391 0 1 A 1 (LUGINBUHL, C et al ) 22 February 2007 3 1 - 35, 49
(22-02-2007)
*Fιg 24, 25*

A W O 2008 042423 A2 (BARBAGLI, F et al ) 10 April 2008 ( 10-04-2008) 1 -35, 46
*Abstract, Fig 1, 2*

A EP 1 839 599 A 1 (HOUSER, K et al ) 03 October 2007 (03-1 0-2007) 8
*Abstract, Fig 3 , Par 0046*

A W O 2008 031 077 A2 (MOLL, F et al ) 13 March 2008 ( 13-03-2008) 13
*Abstract, Fig 16 , Page 22, line 6 - page 23, line 2*

A US 2007 0262774 A 1 (SCHILLING, H ) 15 November 2007 ( 15-1 1-2007) 36 - 40
*Abstract, Fig 1, Par 0003, 001 1, 001 5 , 0031 - 0034*

A WO2004 029881 A2 (ALFANO, B et al ) 8 April 2004 (08-04-2004) 36 - 40
*Abstract, Page 14 , lines 6 - 19 , page 15 , lines 11 - 15 , claim 20*

A US 6 675 035 B 1 (GRABLE, R et al ) 6 January 2004 (06-01 -2004)
*Abstract, Fig 1, 8* 36 - 40

A JP 10 57336 (KARASHIMA, H ) 03 March 1996 (03-03-1 966)
*Abstract, Fig 1, Par 001 3 , 001 7* 36 - 40

A US 2003 0055436 A 1 (DAUM, W et al ) 20 March 2003 (20-03-2003) 36 - 40
*Fιg 1, PaR 001 8 , 0022*

A US 5 3 12 755 (MADSEN, E et al ) 17 May 1994 ( 17-05-1 994) 36 - 40
*Abstract, Fig 9 - 14*

A US 2001 0041 838 (HOLUPKA, E et al ) 15 November 2001 ( 15-1 1-2001 ) 36 - 40
*Abstract, Fig 4A, 4B*

Form PCT/ISA/21 0 (continuation of second sheet) (July 2009) Page 4 of 16



C (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

A EP 0 9 19 203 A2 (YANOF, J et al) 02 June 1999 (02-06-1 999) 4 1
*Abstract, Fig 2 , 4*

A US 4 888 555 (VAUGHAN, J et al ) 19 December 1989 ( 19-1 2-1 989) 4 1 -45
*Abstract, Fig 1*

A US 5 071 602 (NAMBU, M et al ) 10 December 199 ( 10-1 2-1 991 ) 44 - 45
*Abstract, CoI 10 , line 29 - col 11, line 36*

A FR 2 576 5 10 (D'ABOVILLE, M ) 3 1 August 1986 (31 -08-1 986) 46 - 50
*Fιg 1 - 4*

A US 2003 006531 0 A 1 (WANG, Y et al ) 3 April 2003 (03-04-2003) 46
*Fιg 1*

A W O 2004 080529 A2 (BATTEN, B et al) 23 September 2004 (23-09- 46
2004)
*Abstract, Fig 1 - 4C*

A 46, 47
US 2005 021 1905 (STARK, I ) 29 September 2005 (29-09-2005)
*Abstract, Fig 1, 9 ,14*

46, 47
A W O 2007 106877 A2 (COPPENS, D et al ) 20 September 2007 (20-09-

2007)
*Abstract, Fig 8*

A 7 , 46 - 50
W O 95 16396 A 1 (WANG Y et al ) 22 June 1995 (22-06-1 995)
*Abstract, Fig 1, 2 , 10 , 11, 17 - 27

A 46, 50
W O 00 49960 A 1 (SARACIONE, J ) 3 1 August 2000 (31 -08-2000)
*Abstract, Fig 3*

A
EP 1 103 229 A2 (EHNHOLM, G et al ) 30 May 2001 (30-05-2001 )
*Whole document*

A
W O 2004 0 19799 A2 (BURDETTE, E et al ) 11 March 2004 ( 1 1-03-2004)
*Whole document*

A
W O 2006 089426 A 1 (DOWNEY, D et al ) 3 1 August 2006 (31 -01 8-2006)
*Whole document*

A
EP 0 922 438 A 1 (YANOF J et al) 16 June 1999 ( 16-06-1 999)
*Whole document*

A
W O 2005 0921 97 A 1 (FENSTER, A et al ) 06 October 2005 (06-1 0-2005)
*Whole document*

A
WO2007 06501 3 A2 (STOIANAVICI, D et al ) 07 June 2007 (07-06-2007)
*Whole document*

Form PCT/ISA/21 0 (continuation of second sheet) (July 2009) Page 5 of 16



Information on patent family members PCT/CA2009/000846

Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date

W O 2008059263A2 22-05-2008 EP 2101671A2 23-09-2009
GB 0622724D0 27-12-2006
W O 2008059263A3 12-03-2009

US 2007088340A1 19-04-2007 A R 033502A1 26-12-2003
AT 332108T 15-07-2006
A U 1969301 A 06-06-2001
A U 4708 100A 21-1 1-2000
A U 20022440 16A1 03-10-2002
A U 200225 1958A1 04-09-2002
BR 0015498A 23-07-2002
CA 2390237A1 17-05-2001
DE 60029234D1 17-08-2006
DE 60029234T2 31-05-2007
EP 1176921A2 06-02-2002
EP 1224918A2 24-07-2002
EP 1224918A3 18-12-2002
EP 1224919A2 24-07-2002
EP 1224919A3 18-12-2002
EP 1224919B1 05-07-2006
EP 1303228A2 23-04-2003
FR 2822054A1 20-09-2002
JP 2002543865T 24-12-2002
KR 20010051646A 25-06-2001
TW 515201 B 21-12-2002
US 6197017B1 06-03-2001
US 64321 12B2 13-08-2002
US 6554844B2 29-04-2003
US 6628729B1 30-09-2003
US 6692485B1 17-02-2004
US 6810281 B2 26-10-2004
US 6843793B2 18-01-2005
US 6860878B2 01-03-2005
US 6949106B2 27-09-2005
US 7090683B2 15-08-2006
US 7169141 B2 30-01-2007
US 721 4230 B2 08-05-2007
US 72971 42B2 20-1 1-2007
US 7371210B2 13-05-2008
US 7604642B2 20-10-2009
US 7608083B2 27-10-2009
US 2001018591A1 30-08-2001
US 2001031983A1 18-10-2001
US 20020381 16A1 28-03-2002
US 2002087048A1 04-07-2002
US 2002087049A1 04-07-2002
US 2002087148A1 04-07-2002
US 2002087166A1 04-07-2002
US 2002087169A1 04-07-2002
US 2002095175A1 18-07-2002
US 2002120188A1 29-08-2002
US 2002120252A1 29-08-2002
US 2002128633A1 12-09-2002
US 2002128661A1 12-09-2002
US 2002128662A1 12-09-2002
US 2002133173A1 19-09-2002
US 2002138082A1 26-09-2002
US 2002143319A1 03-10-2002
US 2003045888A1 06-03-2003
US 2003050649A1 13-03-2003
US 2003055409A1 20-03-2003
US 2003135204A1 17-07-2003
US 2004193146A1 30-09-2004
US 2005215983A1 29-09-2005
US 2005216033A1 29-09-2005

Form PCT/ISA/21 0 (patent family annex ) (July 2009) 6 of 16



Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date

US 2005228440A1 13-10-2005
US 2007060879A1 15-03-2007
US 2007233045A1 04-10-2007
US 2007233052A1 04-10-2007
US 2007239105A1 11-10-2007
US 2007239106A1 11-10-2007
US 2007239120A1 11-10-2007
US 2007239170A1 11-10-2007
US 2007250073A1 25-10-2007
US 2007250074A1 25-10-2007
US 2007255291A1 01-1 1-2007
US 20072601 15A1 08-1 1-2007
US 2008033453A1 07-02-2008
US 20081 19824A1 22-05-2008
US 20081 19871A1 22-05-2008
US 20081 19872A1 22-05-2008
US 2008125793A1 29-05-2008
US 2008125794A1 29-05-2008
US 2008132913A1 05-06-2008
US 2008177282A1 24-07-2008
US 2008177283A1 24-07-2008
US 2008177284A1 24-07-2008
US 2008177285A1 24-07-2008
US 2008300592A1 04-12-2008
US 2009105639A1 23-04-2009
US 2009182226A1 16-07-2009
WO 0067640A2 16-1 1-2000
WO 0067640A3 19-04-2001
WO 0135642A1 17-05-2001
WO 02051329A1 04-07-2002
WO 02065933A2 29-08-2002
WO 02065933A3 11-12-2003
WO 02074 178A2 26-09-2002
WO 02074 178A3 05-12-2002

EP 1815950A1 08-08-2007 CA 2635136A1 09-08-2007
CN 101443162A 27-05-2009
EP 1979136A1 15-10-2008
JP 2009525098T 09-07-2009
KR 200801 002 12A 14-1 1-2008
MX 20080 10058A 12-1 1-2008
US 2009024142A1 22-01-2009
WO 2007088208A1 09-08-2007

US 2007089557A1 26-04-2007 CN 101027010A 29-08-2007
EP 1793761A2 13-06-2007
JP 20085 14357T 08-05-2008
US 7594912B2 29-09-2009
US 2006074406A1 06-04-2006
US 2008021440A1 24-01-2008
WO 2006039092A2 13-04-2006
WO 2006039092A3 20-07-2006
WO 2007120350A2 25-10-2007
WO 2007120350A3 18-09-2008

US 6318146B1 20-1 1-2001 US 6635486B2 21-10-2003
US 2002012999A1 31-01-2002

WO 2007106558A2 20-09-2007 CA 2646363A1 20-09-2007
EP 2001367A2 17-12-2008
WO 2007106558A3 05-06-2008

Form PCT/ISA/210 (extra sheet) (July 2009) Page 7 of 16



Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date

US 2003181807A1 25-09-2003 CA 2419102A1 25-09-2003
CA 2420635A1 25-09-2003
CA 2423735A1 25-09-2003
CA 2455439A1 24-09-2004
EP 1649829A1 26-04-2006
EP 1691721A2 23-08-2006
EP 1691721A4 21-01-2009
US 2003181810A1 25-09-2003
US 2003204248A1 30-10-2003
US 2004153138A1 05-08-2004
US 2005049672A1 03-03-2005
US 2005234334A1 20-10-2005
US 2006079748A1 13-04-2006
WO 2005055806A2 23-06-2005
WO 2005055806A3 28-07-2005

US 4923459A 08-05-1990 DE 3831278A1 23-03-1989
DE 3831278C2 20-08-1992
JP 1072736A 17-03-1989

US 49229 15A 08-05-1990 None

JP 9266892A 14-10-1997 None

WO 2005046753A2 26-05-2005 CA 2548226A1 26-05-2005
EP 1689464A2 16-08-2006
EP 1689464A4 15-04-2009
US 7270656B2 18-09-2007
US 2006217693A1 28-09-2006
US 2007219544A1 20-09-2007
WO 2005046753A3 16-08-2007

WO 9937220A1 29-07-1999 IT 1304530B1 19-03-2001
IT 1304531 B 1 19-03-2001
IT PI980008A1 23-07-1999
IT PI980008D0 23-01-1998
IT PI980009A1 23-07-1999
IT PI980009D0 23-01-1998

US 4501414A 26-02-1985 None

US 2007039101A1 22-02-2007 None

WO 2008042423A2 10-04-2008 EP 2068716A2 17-06-2009
US 20081 19727A1 22-05-2008
WO 2008042423A3 24-07-2008

EP 1839599A1 03-10-2007 AU 200720 1266A1 18-10-2007
CA 2582990A1 29-09-2007
CN 101045015A 03-10-2007
J P 2007260405A 11-10-2007
US 2007239028A1 11-10-2007

Form PCT/ISA/210 (extra sheet) (July 2009) Page 8 of 16



Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date

WO 200803 1077A2 13-03-2008 C N 101495023A 29-07-2009

EP 2043501A2 08-04-2009

EP 2046227A2 15-04-2009

U S 2008027464A1 31-01-2008

U S 2008058836A1 06-03-2008

U S 2008082109A1 03-04-2008

W O 20080 14425A2 31-01-2008

W O 20080 14425A3 08-05-2008

W O 20080 17080A2 07-02-2008

W O 2008017080A3 02-10-2008

W O 20080 17080A9 22-05-2008

W O 200803 1077A3 02-05-2008

W O 200803 1077A9 12-09-2008

U S 2007262774A1 15-1 1-2007 AT 410702T 15-10-2008
DE502005005641 D 1 20-1 1-2008
EP 1783508A1 09-05-2007
EP 1783508B1 08-10-2008

WO 200402988 1A2 08-04-2004 AU 200327470 1A1 19-04-2004
IT RM20020477D0 25-09-2002
US 2006166353A1 27-07-2006
WO 2004029881 A3 10-09-2004

US 6675035B1 06-01-2004 None

JP 1057336A 03-03-1989 None

US 2003055436A1 20-03-2003 US 6989015B2 24-01-2006
US 2004064148A1 01-04-2004
US 2006122630A1 08-06-2006

US 5312755A 17-05-1994 CA 131 1520C 15-12-1992

US 2001041838A1 15-1 1-2001 AT 349945T 15-01-2007
AU 1596999A 15-06-1999
AU 4318499A 13-12-1999
AU 2003263003A1 19-03-2004
AU 2003263003A8 19-03-2004
AU 2003298033A1 30-06-2004
CA 231 1319A1 03-06-1999
CA 231 1319C 05-07-2005
CA 2333583A1 02-12-1999
CA 2333583C 08-1 1-2005
CN 1612713A 04-05-2005
DE 69934685D1 15-02-2007
EP 1033934A1 13-09-2000
EP 1033934A4 02-01-2002
EP 1079730A1 07-03-2001
EP 1079730A4 23-04-2003
EP 1079730B1 03-01-2007
EP 1460938A1 29-09-2004
EP 1460938A4 26-07-2006
EP 154259 1A2 22-06-2005
EP 156972 1A1 07-09-2005
US 5810007A 22-09-1998
US 6129670A 10-10-2000
US 6208883B1 27-03-2001

Form PCT/ISA/21 0 (extra sheet) (July 2009) 9 of 16



Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date

US 6256529B1 03-07-2001
US 6512942B1 28-01-2003
US 7171255B2 30-01-2007
US 7201715B2 10-04-2007
US 7438685B2 21-10-2008
US 20031 12922A1 19-06-2003
US 2003135102A1 17-07-2003
US 20031351 15A1 17-07-2003
US 2003229282A1 11-12-2003
US 2005182316A1 18-08-2005
WO 9926534A1 03-06-1999
WO 9960921A1 02-12-1999
WO 03039370A1 15-05-2003
WO 20040 19799A2 11-03-2004
WO 2004019799A3 28-10-2004
WO 20040 19799A9 17-06-2004
WO 2004052460A1 24-06-2004
WO 2004052460B1 12-08-2004

EP 0919203A2 02-06-1999 DE 69822273D1 15-04-2004
DE 69822273T2 03-02-2005
EP 0919203A3 29-1 1-2000
EP 0919203B1 10-03-2004
JP 4340345B2 07-10-2009
JP 11276502A 12-10-1999
US 605261 1A 18-04-2000

US 4888555A 19-12-1989 None

US 5071602A 10-12-1991 CA 1324074C 09-1 1-1993
DE 3828900A1 09-03-1989
GB 2209401 A 10-05-1989
GB 2209401 B 16-10-1991
GB 8820227D0 28-09-1988
JP 1056043A 02-03-1989

FR 25765 10A1 01-08-1986 FR 2576510B3 26-06-1987
FR 2580488A2 24-10-1986
FR 2580488B2 09-10-1987

US 2003065310A1 03-04-2003 AT 187622T 15-01-2000
AT 323446T 15-05-2006
AT 432656T 15-06-2009
AU 2131897A 02-09-1997
AU 361 3300A 21-09-2000
AU 4207300A 23-10-2000
AU 4808493A 03-03-1994
AU 7601094A 03-07-1995
CA 2246713A1 21-08-1997
CA 22467 13C 15-08-2006
CA 2330674A1 08-09-2000
CA 2334458A1 12-10-2000
CA 2334458C 08-07-2008
CA 2547686A1 21-08-1997
CN 1216454A 12-05-1999
DE 60042301 D 1 16-07-2009
DE 69327325D1 20-01-2000
DE 69327325T2 27-07-2000
DE 69327325T3 20-07-2006
DE 69735708D1 24-05-2006
DE 69735708T2 28-09-2006
EP 0653922A1 24-05-1995
EP 0653922A4 25-10-1995
EP 0653922B1 15-12-1999
EP 0653922B2 09-1 1-2005

Form PCT/ISA/210 (extra sheet) (July 2009) Page 10 of 16



Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

EP 0883376A1 16-12-1998
EP 0883376A4 23-08-2000
EP 0883376B1 19-04-2006
EP 1076507A1 21-02-2001
EP 1076507A4 08-04-2009
EP 1083830A1 21-03-2001
EP 1083830A4 25-08-2004
EP 1083830B1 03-06-2009
EP 2016908A2 21-01-2009
EP 2016908A3 25-1 1-2009
ES 2142351T3 16-04-2000
ES 2264158T3 16-12-2006
GR 3032960T3 31-07-2000
IL 125822A 06-07-2003
IL 125822D0 11-04-1999
JP 3217791 B2 15-10-2001
JP 3298013B2 02-07-2002
JP 4169142B2 22-10-2008
JP 4176126B2 05-1 1-2008
JP 7509637T 26-10-1995
JP 2000505328T 09-05-2000
JP 2002537884T 12-1 1-2002
JP 2002540835T 03-12-2002
JP 2007125404A 24-05-2007
KR 199900871 0 1A 15-12-1999
RU 2233626C2 10-08-2004
US 5515478A 07-05-1996
US 5524 180A 04-06-1996
US 5553 198A 03-09-1996
US 5657429A 12-08-1997
US 575474 1A 19-05-1998
US 5762458A 09-06-1998
US 581 5640A 29-09-1998
US 584 1950A 24-1 1-1998
US 5855583A 05-01-1999
us 5878 193A 02-03-1999
us 5907664A 25-05-1999
us 5971976A 26-10-1999
us 6001 108A 14-12-1999
us 6007550A 28-12-1999
us 6063095A 16-05-2000
us 6102850A 15-08-2000
us 6132441A 17-10-2000
us 6244809B1 12-06-2001
us 6436107B1 20-08-2002
us 6699177B1 02-03-2004
us 6804581 B2 12-10-2004
us 6905460B2 14-06-2005
us 6905491 B 1 14-06-2005
us 6994703B2 07-02-2006
us 7025064B2 11-04-2006
us 7025761 B2 11-04-2006
us 7027892B2 11-04-2006
us 7074179B2 11-07-2006
us 7083571 B2 01-08-2006
us 7 118582B1 10-10-2006
us 7390325B2 24-06-2008
us 7507199B2 24-03-2009
us 20021 11713A1 15-08-2002
us 2003060809A1 27-03-2003
us 200306531 1A1 03-04-2003
us 2003078474A1 24-04-2003
us 2003083648A1 01-05-2003
us 2003083650A1 01-05-2003
us 2003083651A1 01-05-2003

Form PCT/ISA/21 0 (extra sheet) (July 2009) Page 11 of 16



Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date

US 20031 008 17A1 29-05-2003
US 20031 257 16A1 03-07-2003
US 2003139733A1 24-07-2003
US 2003139753A1 24-07-2003
US 2004186345A1 23-09-2004
US 2005228365A1 13-10-2005
US 2005234433A1 20-10-2005
US 20061 4288 1A1 29-06-2006
US 2006167441A1 27-07-2006
US 2008103524A1 01-05-2008
US 20082 15065A1 04-09-2008
US 2008221 731A1 11-09-2008
US 2008228 196A1 18-09-2008
US 20083 12668A1 18-12-2008
WO 0051486A1 08-09-2000
WO 0059384A1 12-10-2000
WO 0059384A9 15-1 1-2001
WO 94031 13A1 17-02-1994
WO 9516396A1 22-06-1995
WO 9729690A1 21-08-1997

WO 2004080529A2 23-09-2004 CA 2517667A1 23-09-2004
EP 1601290A2 07-12-2005
EP 1601290A4 06-05-2009
JP 20065231 16T 12-10-2006
US 6824516B2 30-1 1-2004
US 20031 7 1678A1 11-09-2003
WO 2004080529A3 09-12-2004
WO 2004080529B1 08-12-2005

US 200521 1905A1 29-09-2005 CA 2461964A1 19-09-2005
CA 2483953A1 19-09-2005
CA 2501426A1 19-09-2005
US 7399973B2 15-07-2008
US 7456407B2 25-1 1-2008
US 20052695 14A1 08-12-2005
US 20091 13632A1 07-05-2009

WO 2007106877A2 20-09-2007 GB 0816514D0 15-10-2008
GB 2449808A 03-12-2008
US 20072 14570A1 20-09-2007
WO 2007106877A3 31-01-2008

WO 9516396A1 22-06-1995 AT 187622T 15-01-2000
AT 323446T 15-05-2006
AT 432656T 15-06-2009
AU 2131897A 02-09-1997
AU 361 3300A 21-09-2000
AU 4207300A 23-10-2000
AU 4808493A 03-03-1994
AU 7601094A 03-07-1995
CA 22467 13A1 21-08-1997
CA 22467 13C 15-08-2006
CA 2330674A1 08-09-2000
CA 2334458A1 12-10-2000
CA 2334458C 08-07-2008
CA 2547686A1 21-08-1997
CN 1216454A 12-05-1999
DE 60042301 D 1 16-07-2009
DE 69327325D1 20-01-2000
DE 69327325T2 27-07-2000
DE 69327325T3 20-07-2006
DE 69735708D1 24-05-2006
DE 69735708T2 28-09-2006

Form PCT/ISA/210 (extra sheet) (July 2009) Page 12 of 16



Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date

EP 0653922A1 24-05-1995
EP 0653922A4 25-10-1995
EP 0653922B1 15-12-1999
EP 0653922B2 09-1 1-2005
EP 0883376A1 16-12-1998
EP 0883376A4 23-08-2000
EP 0883376B1 19-04-2006
EP 1076507A1 21-02-2001
EP 1076507A4 08-04-2009
EP 1083830A1 21-03-2001
EP 1083830A4 25-08-2004
EP 1083830B1 03-06-2009
EP 2016908A2 21-01-2009
EP 2016908A3 25-1 1-2009
ES 2142351T3 16-04-2000
ES 2264158T3 16-12-2006
GR 3032960T3 31-07-2000
IL 125822A 06-07-2003
IL 125822D0 11-04-1999
JP 3217791 B2 15-10-2001
JP 3298013B2 02-07-2002
JP 4169142B2 22-10-2008
JP 4176126B2 05-1 1-2008
JP 7509637T 26-10-1995
JP 2000505328T 09-05-2000
JP 2002537884T 12-1 1-2002
JP 2002540835T 03-12-2002
JP 2007125404A 24-05-2007
KR 199900871 0 1A 15-12-1999
RU 2233626C2 10-08-2004
US 5515478A 07-05-1996
US 5524 180A 04-06-1996
US 5553 198A 03-09-1996
US 5657429A 12-08-1997
US 5754741 A 19-05-1998
US 5762458A 09-06-1998
US 581 5640A 29-09-1998
US 584 1950A 24-1 1-1998
US 5855583A 05-01-1999
us 5878 193A 02-03-1999
us 5907664A 25-05-1999
us 5971976A 26-10-1999
us 6001 108A 14-12-1999
us 6007550A 28-12-1999
us 6063095A 16-05-2000
us 6102850A 15-08-2000
us 6132441A 17-10-2000
us 6244809B1 12-06-2001
us 6436107B1 20-08-2002
us 6699177B1 02-03-2004
us 6804581 B2 12-10-2004
us 6905460B2 14-06-2005
us 6905491 B 1 14-06-2005
us 6994703B2 07-02-2006
us 7025064B2 11-04-2006
us 7025761 B2 11-04-2006
us 7027892B2 11-04-2006
us 7074179B2 11-07-2006
us 7083571 B2 01-08-2006
us 7 118582B1 10-10-2006
us 7390325B2 24-06-2008
us 7507199B2 24-03-2009
us 20021 11713A1 15-08-2002
us 2003060809A1 27-03-2003
us 20030653 10A1 03-04-2003

Form PCT/ISA/21 0 (extra sheet) (July 2009) Page 13 of 16



Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US 200306531 1A1 03-04-2003
US 2003078474A1 24-04-2003
US 2003083648A1 01-05-2003
US 2003083650A1 01-05-2003
US 2003083651A1 01-05-2003
US 20031 008 17A1 29-05-2003
US 20031 257 16A1 03-07-2003
US 2003139733A1 24-07-2003
US 2003139753A1 24-07-2003
US 2004186345A1 23-09-2004
US 2005228365A1 13-10-2005
US 2005234433A1 20-10-2005
US 20061 4288 1A1 29-06-2006
US 2006167441A1 27-07-2006
US 2008103524A1 01-05-2008
us 20082 15065A1 04-09-2008
us 2008221 731A1 11-09-2008
us 2008228 196A1 18-09-2008
us 20083 12668A1 18-12-2008
WO 0051486A1 08-09-2000
WO 0059384A1 12-10-2000
WO 0059384A9 15-1 1-2001
WO 94031 13A1 17-02-1994
WO 9729690A1 21-08-1997

WO 0049960A1 31-08-2000 AU 3377600A 14-09-2000
AU 3377700A 14-09-2000
US 6258103B1 10-07-2001
US 671 6220 B2 06-04-2004
US 2003125753A1 03-07-2003
WO 0049959A1 31-08-2000

EP 1103229A2 30-05-2001 DE 60018247D1 31-03-2005
DE 60018247T2 13-10-2005
EP 1103229A3 11-07-2001
EP 1103229 B1 23-02-2005
JP 20020 17753A 22-01-2002
US 6671538B1 30-12-2003

WO 20040 19799A2 11-03-2004 AT 349945T 15-01-2007
AU 1596999A 15-06-1999
AU 4318499A 13-12-1999
AU 2003263003A1 19-03-2004
AU 2003263003A8 19-03-2004
AU 2003298033A1 30-06-2004
CA 231 1319A1 03-06-1999
CA 231 1319C 05-07-2005
CA 2333583A1 02-12-1999
CA 2333583C 08-1 1-2005
CN 1612713A 04-05-2005
DE 69934685D1 15-02-2007
EP 1033934A1 13-09-2000
EP 1033934A4 02-01-2002
EP 1079730A1 07-03-2001
EP 1079730A4 23-04-2003
EP 1079730B1 03-01-2007
EP 1460938A1 29-09-2004
EP 1460938A4 26-07-2006
EP 154259 1A2 22-06-2005
EP 156972 1A1 07-09-2005
US 5810007A 22-09-1998
US 6129670A 10-10-2000
US 6208883B1 27-03-2001
US 6256529B1 03-07-2001
US 6512942B1 28-01-2003
US 7171255B2 30-01-2007
US 7201715B2 10-04-2007
US 7438685B2 21-10-2008
US 2001041838A1 15-1 1-2001

Form PCT/ISA/210 (extra sheet) (July 2009) Page 14 of 16



Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date

US 7201715B2 10-04- 2007
US 7438685B2 21-10- 2008
US 2001041838A1 15-1 1 -2001
US 20031 12922A1 19-06- 2003
US 2003135102A1 17-07- 2003
US 20031351 15A1 17-07- 2003
US 2003229282A1 11-12- 2003
US 2005182316A1 18-08- 2005
WO 9926534A1 03-06- 1999
WO 996092 1A1 02-12- 1999
WO 03039370A1 15-05- 2003
WO 20040 19799A3 28-10- 2004
WO 20040 19799A9 17-06- 2004
WO 2004052460A1 24-06- 2004
WO 2004052460B1 12-08- 2004

WO 2006089426A1 31-08-2006 CA 2600981A1 31-08-2006
EP 1858418A1 28-1 1-2007
US 20090937 15A1 09-04-2009

EP 0922438A1 16-06-1999 DE 69826421 D 1 28-10-2004
DE 6982642 1T2 29-09-2005
EP 0922438B1 22-09-2004
JP 4156107B2 24-09-2008
JP 11313837A 16-1 1-1999
US 6064904A 16-05-2000

WO 2005092 197A1 06-10-2005 CA 2559053A1 06-10-2005
EP 1725171A1 29-1 1-2006
EP 1725171A4 06-05-2009
US 2009198094A1 06-08-2009
WO 2005092 197A8 26-10-2006

WO 20070650 13A2 07-06-2007 EP 1962684A2 03-09-2008
WO 20070650 13A3 19-02-2009

Form PCT/ISA/210 (extra sheet) (July 2009) Page 15 of 16



n erna iona app ica ion o
INTERNATIONAL SEARCH REPORT PCT/CA2009/000846

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.

Continuation of Box III

Observations where unity of invention is lacking

The a prion evaluation of the claims had identified 4 groups of inventions for which the applicant paid the additional fees

The a posteriori examination of the claims revealed 7 groups of distinguishable inventions, the additional inventions were
considered to be searcheable without effort justifying additional fees, the Authority did not invite to payment of further
additional fees

The claims are directed to a plurality of inventive concepts as follows

Group A - Claims 1 - 35 are directed to a medical robot comprising an horizontal and a vertical motion assembly,
each motion assembly having an ultrasonic motor and an encoder
Group B - Claims 36-40 are directed to a phantom comprising three materials each having a stinctive magnetic
resonance appearance
Group C - Claims 4 1 - 45 are directed to a phantom attachable to a medical instrument and having a channel
visible in a magnetic resonance image
Group D - Claims 46 - 50 are directed to a platform comprising a robot guide and a patient receiving portion
Group E - Claim 5 1 is directed to a medical instrument comprising a laser fiber surrounded by a magnetic
resonance imager visible fluid
Group F - Claims 52 - 62 are directed to a method to determine a needle trajectory
Group G - Claims 63 - 66 are directed to a method of introducing a medical instrument assembly into a body

The claims must be limited to one inventive concept as set out in Rule 13 of the PCT
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