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Medical Robotlcs for Life Support
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Maximize Quality of Therapy based on pre-
operative planning and intra-operative real-
time control of therapy for safe and accurate
surgical intervention

Registration

Determination of relation mathematical relation between
Coordinate System for Computer Model and Coordinate
System (X;) where patient is actually located.

Need to determine the
corresponding three
dimensional coordinates for
each pixel (or voxel) in a
patient’s computational
anatomical model.




Coordinate Transformation

*Transformation from one three dimensional coordinate
system the point A 2, to the other is expressed by
combination of rotation and translation as follows:

mP=RP,+q
i Transformation matrix can be expressed as 4 X 4 matrix.

Rotation N Translation

Three dimensional position and orientation
measurement in image guided intervention

1 Mechanical
B Multi-joint mechanical arm with encoders to measured the
rotation angles.
1 Optical
B Measure the position of a point light source or a light reflective
marker by two spatially separated cameras. Three dimensional
position of the light source/marker can be obtained through
triangulation.
1 Electromagnetic
B Electro-magnetic field generated by a set of small coils are
monitored by a set of receivers.
B A set of small coils are used to monitored by electro-magnetic
field generated by a set of generator.

B The intensity of the electro-magnetic field has information on the
distance between the emitter and receiver.




Optical Tracking System (POLARIS Optical Tracking System,
Northern Digital Inc.)

e ERXT

Assume three dimensional cof;;;onents of the
position of a set of points as P,,, P, P, ..., P,
in coordinate system A and those of corresponding

points in coordinate system B as Py,, Py, Py, ...
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Obtain the optimal transformation matrix
T, _p as follows:
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Registration

i Landmark-Based Registration

Technological Elements of CAS




Surgical Robotics and CAS systems

(Japanese Society of Computer Aided Surgery, Guideline Working Group 2005)

Manipulator Type
Surgical Robot System




Surgical Robotics and CAS systems

(Japanese Society of Computer Aided Surgery, Guideline Working Group 2005)

Master-slave surgical manipulator

Provide “easy to operate” environment for surgeons in
confined small space in body.
Suitable for reconstruction procedures
Several types of master-slave system
Function other than grasping and cutting are important in
Minimally Invasive Surgery (MIS).
Limitation in sensing capability
m “Haptic Interface” has meanings other than simple “force
feedback”.

B Surgeons collect information for decision making in surgery
through haptic interface, e.g. pulsation, stiffness, temperature,
and so on.

B Biomedical instrumentation should be incorporated in the
device.




Introduction — necessity of surgery assisting robot

i Difficult operative procedure
B Mismatch between coordinate systems of surgeon, laparoscope, monitor
H Limited degrees of freedom (4DOF)

= Asymmetric motion around the incision hole

1 Necessity of surgery assisting robot
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Prototype — forceps manipulato

Similar
Triangle
Ball

Screws
Pivoting
Point :

Abdomen

Mechanism of RCM

Pivoting Point

Bending forceps with 2 DOF

1 Interference-free wire-driven joint mechanism[Nishizawa et al,2004]

1 tools:general digestive surgery, soft tissue gripper, needle
driver, electric cautery[suzuki et al, 2004]

Bending Forceps with 2 DOFs

i %—_— Various Instruments

_ WorkingRange
[ pERXE
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Motion of forceps

Laser coagulator [Suzuki et al, 2004] (18)

1 Bending joint
1 Semiconductor laser chip (980[nm], 20[W])
1 Charge coupled device (CCD) camera for observation

Bending motion
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Experimental results (hemostasis)
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Augmentation of Human Skill

1 Power Assist
i1 Removal of Hand tremor
% Motion Scaling

Fracture Reeducation Assistance
Computerized Robotics System

(2,21)
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Setup of Robot

L o
s

Power Assist Operation
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Surgical Robotics and CAS systems
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Real-time update naviga

Laser Guidance System for Orthopedic
Surgery
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Computer Navigation Systems
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Surgical Robotics and CAS systems
(Japanese Society of Computer Surgery, G line Working Group 2005)

Robot~Manipulator
Manipulator Type NCE! (surgical CAD/CAM)
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Osteoporotic compression fracture in vertebra

Bone cement injection into vertebral body

~

bone cement

needle

vertebral
body

g EEXT

1 Vertebral compression bone fracture is one of serious case in
osteoporosis patient.

1 PVP is effective technique for the case.

Bone Cement

Needle

Pedicle

Vertebral Body
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;':‘ ; a1
1 Rough Positioning Part (4 dof)
1 Robotic Part (5 dof)

g EEXT

Mechanism

I This mechanism is used for the reduction of the robot’s
thickness.
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“Rigid and Compact Size

The robot can be inserted the space between a
fluoroscope and a patient.

i The robot can generate required puncture force (> 50 N).

X-ray Lucent

i The part around the neele, made of plastic
(PEEK), is X-ray lucent.

1 A surgeon can be monitoring the puncture
process by a fluoroscope.
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Safety Mechanis

he needle comes off the robot by unexpected force.
he black disk with the needle is grasped by four springs.

Needle grasping part

T
T
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Surgical Robotics and CAS systems

(Japanese Society of C er Aided Surgery, Guideline

=

ing Group 2005)
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Integration of Robotics and Biomedical Measurements for
Computer Aided Surgery

2 Intra-operative imaging devices such as CT and MRI
B Three dimensional anatomical information of a patient is used
for surgical navigation and surgical device positioning.
B Further improvement of temporal and spatial resolution is
required for improved precision and accuracy of therapy.

m Fusion with other functional and pathological information with
medical image data is expected to improve precision of therapy.

2 QOther types of information obtained intraoperatively

® Biomedical instrumentation device such as electro-physiological
recording system and a spectrophotometric measurement
device) should be registered to the medical image data with
three dimensional position data .

Integration of Robotics and Biomedical Measurements for
Computer Aided Surge

1 Surgical Robotics should be controlled based on the obtained
biomedical information registered to the patient coordinates.
B Precise positioning of surgical device is required to realize
minimally invasive target therapy.
1 Examples
B MR Compatible Surgical Manipulator
B High Intensity Focused Ultrasound with real time US images
B Ultrasound Image Guided Radiofrequency Ablation
® CT Guided Brachytherrpy
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Control of Ultrasound
Generator

Motor Driven
Stage controller

[D AN

Obtairfing US Images

Reconstruction of 3D Volume

Mechanical control of US probe
rotation

Man-Machine Interfece
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Multiple target points are displayed in obtained ultrasound image.

Position of the focal point is identified on three cross sectional

views.
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Experiment on Porcine Liver Ablation
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5-ALA and Pp9

in Neurosurgery
1 5-ALA

B Accumulates on tumors, to
be metabolized to become
Pp9 which is a fluorescent
substance

® Emits red fluorescence by
receiving blue excitation
light
1 Neurosurgery
B Inducing fluorescence and

detecting it could lead to
precise removal of tumors

H Malignant tumor has vagug

border with normal tissue

T Ty

brain surface
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Image Guided Precision LASER Surgery System

2.8 1 micro-Laser

Combination of manual resection of main body of tumor tissue

e O O tissue,
€ m (114a12116a22)

Laser ablation of a porcine brain tissue with intra-operative 5-ALA induced
fluorescence measurement (Noguchi MICCAI 2006)

Dura matter was placed to block
fluorescence.
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Safety of Surgical Robotics

Industrial Robots Surgical(Medical) Robots

No humans in their working = Potentially invasive

Space 2 Coexist with patient and
medical staffs

Engineers use Medical doctor use
Test permitted No test on patient permitted
Easy to define the task = Task dependent on patient

2 Human (surgeon) factor
involved

== Difficult risk assessment
1 Cleanness required in 1 Sterilization and cleaning
certain applications after each operation

BT

Safety of Surgical Robotics

1 Minimize the interference with humans while keeping the
required performance

1 Require training of users

1 Follow medical device safety standard

1 Quality assurance of software

1 Fail safe system against possible human errors

Manipulator

31



Surgical Robotics

I Compact and OR compatible System

i Safety Assurance

I Introduction of advanced therapeutic
modalities, e.g. Drug delivery system (DDS),
gene therapy, Photodynamic therapy (PDT)
and so on.

Electroporation Electrodes and its application

Electrode
Rabbit carotid artery
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In vivo experiments (Edge effect & Min electric field density)
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Surgical Robotics

Key technology for realization of minimally invasive therapy
Provide “easy to operate” environment for surgeons
Intra-operative monitoring and modeling of living body
together with pre-operative medical imaging are important
for safe and accurate intervention.

System integration is important in consideration of clinical
demands.

B Advanced robotics with poor peripheral surgical devices and
systems is useless.

Integration with advanced therapeutic modalities

Safety issues should be investigated for providing necessary
safety standards
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