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Fetus Pediatric adolescence presenile Elderly

Medical Robotics for Life Support

Fetus surgery

•Minimally Invasive 
Surgical Robotics

•Medical Imaging for 
Surgical Assistance

Congenital
disease

Cancer
Cardiovascular 
disease

•Surgical Robot

•Computer Aided 
Intervention

Care

Independen
ce

Support

•Welfare robotics

•Minimally invasive  
orthopedic surgery

•Secure life support

Birth as healthy children

•Micro-instrument

•Regenerative Medicine
Stroke

•Rehabilitation Robot

Accident

Dohi T & Sakuma I, 2000

Diagnosis, Diagnosis, 
Observation of targetObservation of target

Computer Aided Surgery: 
New Hands and Eyes for Surgeon

Observation of target Observation of target 
lesion:lesion:

New “Eyes”New “Eyes”
Information 
Integration

InterventionIntervention

New HandsNew Hands
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Example・・・Tumor Resection

Pre-operative Image Diagnosis
（ＭＲＩ）

S i l I i

2D → 3D
3D Visualization of Diagnostic Images

Registration of pre-operative image to 
Surgical Intervention

Where is the target lesion?

Large incision

→ invasive

Precise and accurate delivery of 
interventional tools to the target lesion

the patient coordinates system

Less incision, damage

→ Minimally     
Invasive!

Computer Aided Intervention with multimodal visualizationComputer Aided Intervention with multimodal visualization

Target Target 
thth

Precision Guided SurgeryPrecision Guided Surgery

ManipulationManipulation

Design

therapy on therapy on 
small lesionsmall lesion

Avoid excessive Avoid excessive 
damage with vistual damage with vistual 
wallwall

SensingSensing

Safe and reliable minimally invasive surgerySafe and reliable minimally invasive surgery

TherapyTherapy
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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

I n f o r m a t i o n g u i d e d
P r e c i s i o n s u r g e r y

Registration

Determination of relation mathematical relation between 
Coordinate System for Computer Model and Coordinate 
System （ΣＩ） where patient is actually locatedSystem （ΣＩ） 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.

ΣＩ ΣＰ
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Coordinate Transformation

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

PB= R PA + q
Transformation matrix can be expressed as 4 X 4 matrix.
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Three dimensional position and orientation 
measurement in image guided intervention
Mechanical

Multi-joint mechanical arm with encoders to measured the 
rotation angles.

Optical
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.

Electromagnetic
Electro-magnetic field generated by a set of small coils are 
monitored by a set of receivers.
A set of small coils are used to monitored by electro-magneticA set of small coils are used to monitored by electro magnetic 
field generated by a set of generator.
The intensity of the electro-magnetic field has information on the 
distance between the emitter and  receiver.
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Optical Tracking System（POLARIS Optical Tracking System, 
Northern Digital Inc.）

Assume three dimensional components of the 
position of a set of points as PA1，PA2，PA3，… ，Pan 
in coordinate system A and those of corresponding 

i i di B P P Ppoints in coordinate system B as PB1，PB2，PB3，… ,
PBn
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Obtain the optimal transformation matrixObtain the optimal transformation matrix 
TA→B  as follows:
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Registration

Landmark-Based Registration

Surface Based Registration

Technological Elements of CAS

Intra-operative Modeling, Simulation,  
Biomedical monitoringIntra-operative decision making

New therapeutic 
technologies Bio-Imaging

Man-Machine Interface
and System Integration

Robotics Intra-operative 
Image Guidance
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Surgical Robotics and CAS systems  
(Japanese Society of Computer Aided Surgery, Guideline Working Group 2005)

Manipulator Type
Reproduce Surgeon’s motion

NC型（surgical CAD/CAM)
Programmed Operation

Automatic Tracking
Robot／Manipulator

p g g p

da Vinci (Intuitive Surgical)

Navigation System
Image Based Image Free

Active Pointer
Present Navigation Data） Robot 

Navigation

Robodoc

Precise Laser 
Ablation system with 
intra-operative 5-
ALA Induced Robot

Master-Slave Manipulator Needle Insertion Manipulator

VectorVision (Brainlab AG) MRI Needle Guide (AIST) Needle Insertion Robot  for 
Spine

Laser Guidance System

Manipulator Type
Surgical Robot System
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Surgical Robotics and CAS systems  
(Japanese Society of Computer Aided Surgery, Guideline Working Group 2005)

Manipulator Type
Reproduce Surgeon’s motion

NC型（surgical CAD/CAM)
Programmed Operation

Automatic Tracking
Robot／Manipulator

p g g p

da Vinci (Intuitive Surgical)

Navigation System
Image Based Image Free

Active Pointer
Present Navigation Data） Robot 

Navigation

Robodoc

Precise Laser 
Ablation system with 
intra-operative 5-
ALA Induced Robot

Master-Slave Manipulator Needle Insertion Manipulator

VectorVision (Brainlab AG) MRI Needle Guide (AIST) Needle Insertion Robot  for 
Spine

Laser Guidance System

Master-slave surgical manipulator
Provide “easy to operate” environment for surgeons in 
confined small space in body.
Suitable for reconstruction procedures
S fSeveral types of master-slave system
Function other than grasping and cutting are important in 
Minimally Invasive Surgery (MIS).
Limitation in sensing capability

“Haptic Interface” has meanings other than simple “force 
feedback”.
Surgeons collect information for decision making in surgerySurgeons collect information for decision making in surgery 
through haptic interface, e.g. pulsation, stiffness, temperature, 
and so on.
Biomedical instrumentation should be incorporated in the 
device.
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Introduction – necessity of surgery assisting robot
Difficult operative procedure

Mismatch between coordinate systems of surgeon, laparoscope, monitor
Limited degrees of freedom (4DOF)
Asymmetric motion around the incision holeAsymmetric motion around the incision hole

Necessity of surgery assisting robot

Motion of the forceps
Mismatching coordinate systems

System configuration – whole view
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Prototype – forceps manipulator

Pivoting
Point

Abdomen

Ball
Screws

Similar
Triangle

Mechanism of RCM

Pivoting Point

Bending forceps with 2 DOF
Interference-free wire-driven joint mechanism[Nishizawa et al,2004]

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

B di F ith 2 DOF

460[mm]

φ10[mm]

680[g]
Bending Forceps with 2 DOFs

180[deg]
300[deg]

Working Range

Various Instruments
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Motion of forceps

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

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

Lighting

Laser Forceps

g g

Bending motion
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Experimental results（hemostasis）

Wide view
(Before irradiation)

Wide view
(During irradiation ）

Integrated Endosopic view
(Before irradiation)

Integrated Endosopic view
(During irradiation ）

Homostais of blood vessel (1mm – 2mm in diameter) in mesenterium 
can be achieved.

Bipolar Electric Cautery forceps

Platinum & Ceramics Stainless Steel & PEEK
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Multi-DOFs UAS    (Hasuo T , CARS2006 ) (6)

Bending UAS
Small transducer 
Bending-grasping manipulator

Abdominal Wall

g g p g p
Multi-degrees of freedom UAS Inserting Hole

Small transducer

New
Conventional

(Harmonic 
Scalpel®)

F 55 kH 55 5 kHφ12[mm] Frequency 55 kHz 55.5 kHz

Amplitude of
Vibration (max.)

80 um p-p 100 um p-p

Length 57 mm

Diameter 12 mm

Weight 9 gNakamura, et al. 2005. Articulating ultrasonically activated
scalpel for laparoscopic surgery

57[mm]

φ12[mm]

① All Axes

② ③

②

①
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Augmentation of Human Skill

Power Assist
Removal of Hand tremor
M ti S liMotion Scaling

Fracture Reeducation Assistance
Computerized Robotics System

(2,21)
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Setup of Robot 

Power Assist Operation
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Surgical Robotics and CAS systems  
(Japanese Society of Computer Aided Surgery, Guideline Working Group 2005)

Manipulator Type
Reproduce Surgeon’s motion

NC型（surgical CAD/CAM)
Programmed Operation

Automatic Tracking
Robot／Manipulator

p g g p

da Vinci (Intuitive Surgical)

Navigation System
Image Based Image Free

Active Pointer
Present Navigation Data） Robot 

Navigation

Robodoc

Precise Laser 
Ablation system with 
intra-operative 5-
ALA Induced Robot

Master-Slave Manipulator Needle Insertion Manipulator

VectorVision (Brainlab AG) MRI Needle Guide (AIST) Needle Insertion Robot  for 
Spine

Laser Guidance System

PRS Navigation System

（Cutesy: Prof. H.Iseki TWMU）
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Real-time update navigation

（Cutesy: Prof. H.Iseki TWMU）

Laser Guidance System for Orthopedic 
Surgery
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Computer Navigation Systems

Unwanted tool shake ?

Looking closely at the Looking closely at the 
displaydisplay

(13,25,26)
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Entry point guide Direction guide

Guidance of position and orientation

Planned entry point Planned inserting direction
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Surgical Robotics and CAS systems  
(Japanese Society of Computer Aided Surgery, Guideline Working Group 2005)

Manipulator Type
Reproduce Surgeon’s motion

NC型（surgical CAD/CAM)
Programmed Operation

Automatic Tracking
Robot／Manipulator

Reproduce Surgeon s motion Programmed Operation

da Vinci (Intuitive Surgical)

Navigation System
Image Based Image Free

Active Pointer
Present Navigation Data） Robot 

Navigation

Robodoc

Precise Laser 
Ablation system with 
intra-operative 5-
ALA Induced Robot

Master-Slave Manipulator Needle Insertion Manipulator

VectorVision (Brainlab AG) MRI Needle Guide (AIST) Needle Insertion Robot  for 
Spine

Laser Guidance System
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Percutaneous vertebroplasty

Osteoporotic compression fracture in vertebra
Bone cement injection into vertebral body

needle

bone cement skin

P

R L
L

vertebral 
body

R L

A
vertebr
a

pedicle

Percutaneous Vertebroplasty(PVP)

Vertebral compression bone fracture is one of serious case in 
osteoporosis patient.
PVP is effective technique for the casePVP is effective technique for the case.

P

Needle

Bone Cement

Vertebral Body

R L

A

Pedicle

Fractured!
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Mechanism of the Robot

Rough Positioning Part (4 dof)
Robotic Part (5 dof)
6 axis force/torque sensor.

(11)

Mechanism

Translation Motion Rotation Motion

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.
The robot can generate required puncture force ( > 50 N).g q p ( )

X-ray Lucent

The part around the neele, made of plastic 
(PEEK), is X-ray lucent.
A surgeon can be monitoring the puncture 
process by a fluoroscope.
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Safety Mechanism
The needle comes off the robot by unexpected force.
The black disk with the needle is grasped by four springs. 

Needle grasping part

Highlight Movie
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Surgical Robotics and CAS systems  
(Japanese Society of Computer Aided Surgery, Guideline Working Group 2005)

Manipulator Type
Reproduce Surgeon’s motion

NC型（surgical CAD/CAM)
Programmed Operation

Automatic Tracking
Robot／Manipulator

p g g p

da Vinci (Intuitive Surgical)

Navigation System
Image Based Image Free

Active Pointer
Present Navigation Data） Robot 

Navigation

Robodoc

Precise Laser 
Ablation system with 
intra-operative 5-
ALA Induced Robot

Master-Slave Manipulator Needle Insertion Manipulator

VectorVision (Brainlab AG) MRI Needle Guide (AIST) Needle Insertion Robot  for 
Spine

Laser Guidance System
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Intra-operative imaging devices such as CT and MRI 
Three dimensional anatomical information of a patient is used 
for surgical navigation and surgical device positioning.

Integration of Robotics and Biomedical Measurements for 
Computer Aided Surgery

Further improvement of temporal and spatial resolution is 
required for improved precision and accuracy of therapy.
Fusion with other functional and pathological information with 
medical image data is expected to improve precision of therapy.

Other 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 .

Surgical Robotics should be controlled based on the obtained 
biomedical information registered to the patient coordinates.

Precise positioning of surgical device is required to realize 

Integration of Robotics and Biomedical Measurements for 
Computer Aided Surgery

minimally invasive target therapy.
Examples

MR Compatible Surgical Manipulator
High Intensity Focused Ultrasound with real time US images
Ultrasound Image Guided Radiofrequency Ablation
CT Guided Brachytherrpyy py
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Control of UltrasoundControl of Ultrasound
Generator

Obtaining US Images
Motor Driven 
Stage controller

Reconstruction of 3D Volume

Mechanical control of US probe 
rotation

Man-Machine Interfece

(24)

Navigation of HIFU Probe

Ａ

Foal point

Ｂ

ＣMultiple 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

 

120W HIFU for 15 seconds
Before After

5-ALA and Pp9 
in Neurosurgery
5-ALA

Accumulates on tumors, to 
be metabolized to become 

9 i i f

  

5-ALA

Pp9 which is a fluorescent 
substance
Emits red fluorescence by 
receiving blue excitation 
light

Neurosurgery 
I d i fl d

PpIX

Inducing fluorescence and 
detecting it could lead to 
precise removal of tumors
Malignant tumor has vague 
border with normal tissue
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Image Guided Precision LASER  Surgery System 

real time segmentationreal time segmentation

lll
5-ALA

2.8μmicro-Laser

log
5-ALA

2.8μmicro-Laser

log

2.8μmicro-Laser

log

Combination of manual resection of main body of tumor tissue 
and and laser ablation of the boundary tissue,

(1,4,12,16,22)

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

1mm
Dura matter was placed to block 
fluorescence.
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Safety of Surgical Robotics

Industrial Robots
No humans in their working 

space

Surgical(Medical) Robots
Potentially invasive
Coexist with patient andp

Engineers use
Test permitted
Easy to define the task

Coexist with patient and 
medical staffs
Medical doctor use
No test on patient permitted
Task dependent on patient
Human (surgeon) factor 

Cleanness required in 
certain applications

involved
Difficult risk assessment

Sterilization and cleaning 
after each operation

Safety of Surgical Robotics

Minimize the interference with humans while keeping the 
required performance
Require training of users
Follow medical device safety standard
Quality assurance of software 
Fail safe system against possible human errors

Manipulator

interference

Interference region 

→ possible hazardManipulator

interference

Interference region 

→ possible hazard

V1 V2

patient

area

V1 V2

patient

area
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Surgical Robotics

Compact and OR compatible System
Safety Assurance
Introduction of advanced therapeutic 
modalities, e.g. Drug delivery system (DDS), 
gene therapy, Photodynamic therapy (PDT) 
and so on.

 

Electroporation Electrodes and its application

2 cm

Rabbit carotid artery
Electrode

(23)



33

In vivo experiments (Edge effect & Min electric field density)

The measured transfer area 
in the in vivo experiment 
was compared with 
simulation result

ElectrodeArtery Artery

simulation result

ElectrodeArtery Artery

5.52 mm

0.8 mm

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 p g g g y
together with pre-operative medical imaging are important 
for safe and accurate intervention.
System integration is important in consideration of clinical 
demands. 

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

Integration with advanced therapeutic modalities
Safety issues should be investigated for providing necessary 
safety standards
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