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Pre-Historic Surgery 

 Brain surgery: the oldest practiced 
medical art 

 Trephination or grind holes in the 
skull by using stone instruments 

 This procedure was aimed at 
relieving demon spirits, treating 
skull fractures, or removing bone 
splinters 

 Ample evidence of brain surgery 
dating back to the Neolithic period 
(Late Stone Age – 10,000 B.C.) 

 Unearthed remains of successful brain 
operations were found in France at one 
of Europe's noted archeological digs 

 Evidence of brain surgery was not 
limited to Europe  

 Pre-Incan civilization used brain 
surgery as an extensive practice as 
early as 2,000 B.C. 

 Here too was used for mental 
illnesses, headaches, organic 
diseases, osteomylitis, as well as 
head injuries 

Drilled skull, Iron age.  
The perimeter of the hole in the skull 
is rounded off by in-growth of new 

bony tissue, indicating that the 
patient survived the operation. 



Egypt, India, Greece, and Roman Empire 

 Brain surgery evidences have 
been found in Ancient Egypt 
papyrus writings (3,000 B.C.)  

 

 Indian physician Sushruta (600 
B.C.) is known as "Father of 
Surgery" because of his 
“Susrutha Samhita”: the oldest 
known surgical text that describes 
the examination, diagnosis and 
treatment of numerous ailments 

 

 Hippocrates (460–377 B.C.), the 
father of modern medical ethics, 
left many texts on brain surgery, 
and, despite Greek tradition, was 
against opening the body 

 

 Ancient Rome in the 1st century 
A.D. had its brain surgeon star: 
Aulus Cornelius Celsus 

Suturing 

Roman Catheters 



Surgery in the Middle Age 

 During the Middle Ages in Europe 
there was a marked regression in 
surgical knowledge, and 
postoperative infection was common. 
Surgical practice soon fell into the 
hands of the unskilled and 
uneducated: the barber-surgeon, 
who performed the usual functions of 
a barber as well as surgical 
operations. 

 Meanwhile, Asia was the home to 
many talented brain surgeons: 
Galenus of Pergamon, born in 
Turkey, the physicians of Byzance, 
such as Oribasius (4th century), and 
Paul of Aegina. An Islamic school 
of brain surgery also flourished from 
800 to 1200 A.D. 
 



A rational critical essay about the poor 
scientific knowledge of Luigi XIV 

period; the satire is focused on the 
man won by illusions. 

Moliere paints medical doctor of that 
period as selfish, conceited, 
hypocritical, greedy, and 

formalist. 

The Imaginary Invalid (1673) is a three-
act comedy written by Molière 

Declined yet Arrogant (XVI to XIX Centuries) 

“Surgery has made immense 
progress and seems to have reached 

the highest possible degree of 
perfection”  

(Boyer, 1818 – rather 
shortsighted) 

 “Painless surgery is a chimera 
that is no longer permitted to 
pursue”, (Velpeau, 1838 – 

very skeptical) 



Main Barriers to the Birth of Modern Surgery 

Antisepsis (destruction or inhibition of the 
growth of microorganisms) was not fully 

understood until the discovery of 
bacteria. This was the main reason for the 
very low rate of survival during surgery 

Amputations 
were common in 

the 1800s 
especially in the 

case of 
compound 

fractures and had 
a 40-45% of 

mortality rate 

Until 19th century surgery was a sort of “craft” and at the same time a very big 
challenge: suitable anatomical and physiological knowledge as well as enabling 

technologies like antibiotics, pain therapy, and imaging were still missing. 

Anesthesia 
(1846) made the 
problem worse: 
more complicated 

and lengthy 
surgical 

operations, 
increasing the 
likelihood of 

infection  

Source: nmhm.washingtondc.museum/news/bs101.html 

From: ‘Dances with Wolves’, 1990 



 Another deadly form of infection was puerperal fever, a streptococcus 
infection of the uterus that struck women who had just given birth. 

 Louis Pasteur (France, 1822-1895) discovered the connection between 
bacteria and disease. Before his studies, physicians – surgeons in 
particular – had no concern for cleanliness. They wore unwashed 
street clothes or filthy operating gowns, used unclean instruments, and 
did not wash their hands before examining or operating on patients, 
even after examining an infected corpse. Many doctors took pride in 
the accumulation of blood and pus on their medical garments.  
 

Pasteur Breakthrough  

“If I had the honor of being one 
of them [physician or surgeon], 
being deeply aware as I am of 

the danger represented by all the 
germs and microbes that 

pervade all things, particularly in 
hospitals, I would not only use 
perfectly clean instruments but 
also, after thoroughly cleaning 

my hands, I would only use 
shredded linen, bandages and 
sponges previously exposed to 
air brought to a temperature of 
150°C. I would only use water 
that has been brought up to 

120°C” (Louis Pasteur, 1878). 



Source: nmhm.washingtondc.museum/news/bs101.html 

 Modern methods of preventing 
infection: infection internally 

fought . 

 Thereafter attention to 
cleanliness gradually declined 
(sterilization against bacteria).  

 1928 Sir Alexander Fleming (U.K.)   discovered enzyme lysozyme and 

the antibiotic substance penicillin from the fungus Penicillium notatum 
[Nobel Prize in Physiology or Medicine, 1945]  

In 1999 Time magazine named Fleming one of the 100 
Most Import People of the 20th Century, stating: “The 

active ingredient in that mould, which Fleming named 
penicillin, turned out to be an infection-fighting agent of 

enormous potency. When it was finally recognized for what it 
was, the most efficacious life-saving drug in the world, 

penicillin would alter forever the treatment of bacterial 
infections”.  

Fleming Steps Forward 



Antiseptics 

Anesthetics 

Antibiotics 

Analgesics 

Anticoagulants 
Modern 
surgery 

Convergence to Modern Surgery 
Where we were: painless & infectiousless surgery 

“Surgery has made immense 
progress and seems to have 
reached the highest possible 

degree of perfection”  
(Boyer, 1818 – rather 

shortsighted) 

 “Painless surgery is a 
chimera that is no longer 

permitted to pursue”, 
(Velpeau, 1838 – very 

skeptical) 

What they were still missing: tools 
for diagnosis and approaches for 

scarless surgery 



The Birth of Laparoscopic Surgery 

 1987: Mouret in Lyon published the 
first laparoscopic cholecystectomy using 
video–technique. 

 1985: Erich Mühe 1st laparoscopic 
cholecystectomy 

 1954: Harold H. Hopkins invented optical fibers and 
the cylindrical lens 
 

 1966: Kurt Semm introduced an automatic 
insufflation device capable of monitoring intraabdominal 
pressures  
 

 1976: De Kok performed the first laparoscopic 
appendicectomy 

Rod lenses 



The Birth of Laparoscopic Surgery 

“Someday in the future, people will look back at 
a regular surgical incision as something archaic 
and barbaric”, (Dr. Paul A. Wetter  – on the 

open-minded side ...). 

 “When the first laparoscopic cholecystectomy 

was performed, how many of surgeries believed 
that there was any future in this new approach? 

Although the first publications were greeted 
with more criticisms than compliments – A 
futureless technique, circus surgery, the 

mediatized show of a tight-rope dancer totally 
careless of the risks for the patients-”, 
(Jacques Perissat – on inveterate 

skepticals). 



Just 10 years later in the US (for 
skepticals!) 

Available from: URL:  
http://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm197339.htm 

85% of total  
cholecystectomies 
were performed 
laparoscopically 

95% of total Nissen 
fundoplications were 
performed 
laparoscopically 

http://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm197339.htm
http://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm197339.htm
http://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm197339.htm
http://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm197339.htm
http://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm197339.htm
http://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm197339.htm
http://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm197339.htm


Antiseptics 

Anesthetics 

Antibiotics 

Analgesics 

Anticoagulants 
Modern 
surgery 

Endoscopic 
instruments 

Minimally invasive 
Surgery 

Minimally Invasive Surgery 

Quest for 
diagnosis 

techniques 
not relying 

on open 
procedures 



The Role of Imaging in the Evolution of 
Surgery 

 1895: Röntgen (accidentally) 
discovered an image cast from 
his cathode X-ray generator 

 

 1947: Ultrasonic energy was 
first applied to the human body 
for medical purposes by George 
Ludwig at the Naval Medical 
Research Institute, Bethesda 
(MD) 

 

 1975: Robert S. Ledley patent 
#3,922,552 was granted for a 
"diagnostic X-ray systems" also 
known as whole body CT-Scans 

  

 1977: first image of in vivo 
human anatomy using MRI, a 
cross section through a finger 



Convergence to Computer Assisted 
Surgery 

Antiseptics 

Anesthetics 

Antibiotics 

Analgesics 

Anticoagulants Modern 
surgery 

Endoscopic 
instruments 

Minimally invasive 
surgery 

Medical 
imaging 

Computer-assisted 
surgery 



Image 
Acquisition 

Multimodal  
3D Visualization 

Planning in Virtual 
Environment 

Multimodal Data Integration 

Augmented reality 
systems and new 

surgical tools 

From Traditional to Computer-Assisted 
Surgery 

Traditional “Mental” Registration 

Image 
Acquisition 

3D “Mental Reconstruction”  
for diagnosis and planning 



Imaging Monitoring  

Planning  

Preoperative 
diagnosis 

Anesthesiology   

Surgical tools 

Operating Room: an already Advanced 
Working Environment  

To add a Robot is only 
meaningful provided that: 
- It can be smoothly 
integrated with the 
existing tools 
- It brings clear and cost-
effective benefit 

Robotic-assisted-dedicated 
Operating Room 



Patient 

Surgeon 

Processing Unit 

Main Processing Unit 

Preoperative data 

Virtual model 

Surgical Tools 

                  Traditional Tools 

Medical Imaging 

Sensorized Traditional Tools 

Mechatronic Tools 

Robotic Tools 

Intelligent tools 

Computer Assisted Surgery: Functional Scheme 

HMI and CU 

Haptic Interface 

Control Unit 

Visual Interface 

Localization System 

Imaging/Sensor Data 

Intraoperative data 
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ROBOTICS 
SURGERY 

LAPAROSCOPIC 
SURGERY 

+ Accuracy 

+ Predictability  

+ Repeatability 

The Evolution of Surgery 

= Quality 

TRADITIONAL 
TECHNIQUES 



History of Robotics Surgery 

 1985: Erich Mühe 
1st laparoscopic cholecystectomy 

 1985: Kwoh, Young et al. 
1st robot in neurosurgery (Puma 560) 

 1987: 1st video-laparoscopic cholecystectomy 

 1989: Benabid, Lavallée, Cinquin et al. 
1st patient in neurosurgery (Neuromate) 

 

Neuromate® has been used in thousands of electrode 
implantation procedures for Deep Brain Stimulation, and 

Stereotactic Electroencephalography, as well as stereotactic 
applications in neuro-endoscopy, radiosurgery, biopsy, and 

Transcranial Magnetic Stimulation. 

NEUROMATE (currently by 
Renishaw company)  

IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, 1988 



Scientific and Technological 
Milestones in Robotics Surgery  

Y. S. Kwoh, CT Research, 
Department of Radiology, 
Memorial  Medical  Center, 
Long Beach, CA, USA 
 



Scientific and Technological Milestones 
in Robotics Surgery  

Philippe Cinquin, 
Grenoble, France 

Stephane Lavallè, 
Grenoble, France 

Jocelyne Troccaz, 
Grenoble, France 



 1985: Erich Mühe 
1st laparoscopic cholecystectomy 

 1985: Kwoh, Young et al. 
1st robot in neurosurgery (Puma 560) 

 1987: 1st video-laparoscopic 
cholecystectomy 

 1989: Benabid, Lavallée, Cinquin et al. 
1st patient in neurosurgery (Neuromate) 

 1991: Davies et al. 
1st patient for prostate surgery (Puma 
560) 

 

History of Robotic Surgery 



Surgeon Assistant Robot for Prostatectomy 
(SARP) 

 Developed at Imperial College, London, UK, in 1991 (B. Davies) 

 Derived from a six-axis PUMA robot, modified by adding a prismatic 
axis for moving a resectoscope 

 Designed to conduct transurethral resection of the prostate (TURP) 

 1988: 
Preliminary 
experiment 
with PUMA 

 1991: 
motorized 
frame SARP, in 
use on a live 
patient 

Professor Brian Davies 
Imperial College, 

London, UK 



History of Robotic Surgery 

 1985: Erich Mühe 
1st laparoscopic cholecystectomy 

 1985: Kwoh, Young et al. 
1st robot in neurosurgery (Puma 560) 

 1987: 1st video-laparoscopic 
cholecystectomy 

 1989: Benabid, Lavallée, Cinquin et al. 
1st patient in neurosurgery (Neuromate) 

 1991: Davies et al. 
1st patient for TURP (Puma 560) 

 1992: Taylor et al. Integrated 
surgical systems 1st hip surgery with 
ROBODOC 



‘There were two surgeons at the 
University of California at Davis, Bill 
Bargar and Howard Paul, who were 

doing research on custom hip 
implants… 

they asked themselves: ‘Gee, here we are 
designing orthopaedic implants for custom 
use to a precision of a tenth of a mm or 
better, five one thousandths of an inch, 

but this hole is very crude, and is 
nowhere, and only maybe 25% of the 

implant is even in contact with bone, and 
we can’t really control where it is, and 

there are large gaps, and so, if we expect 
the bone to grow into the implant, this is 
a very hit-or-miss, uncontrolled process.” 
And so they began to wonder if you 
could use a robot to machine the 

cavity for the hip implant. 
 
 

The birth of RoboDoc 

Howard Paul (center) and 
Peter Kazanzides (right)  

William L. 
Bargar, M.D. 



The birth of RoboDoc and of ISS Inc. 
…They went to a number of robot manufacturers and the only one 
they could get interested was IBM. Essentially, the project bounced 
around a bit in IBM Research until eventually it got to the right 
place, which was my Automation Technology Department.  After 
about a year, I decided that I wanted to take an internal sabbatical 
inside IBM to develop a complete system.  I hired two post-docs: 
Peter Kazanzides, who worked on Robodoc, and Yong-Yil Kim, who 
worked on surgical navigation for craniofacial osteotomies.  Peter 
and I developed the prototype Robodoc system, along with a couple 
people from UC Davis and IBM Palo Alto.  I led the development 
effort.  Subsequently, the surgeons started Integrated Surgical 
Systems (ISS) to make a clinical product.  Peter joined ISS and I 
stayed at IBM Research to start the Computer-Assisted Surgery 
group, which I led until I moved to JHU in 1995.  ISS did the actual 
testing on dogs and developed the human version. 

Russell Taylor 

Peter Kazanzides 



Manual broach method 
20% contact surface 
1-4 mm gap size 

ROBODOC method 
96% contact surface 
0.05 mm gap size 

Bone implant comparison 

ORTHODOC Pre-surgical planning station 

http://www.robodoc.com 

The ROBODOC Integrated Surgical 
Systems, Inc. 

http://www.robodoc.com/


ROBODOC Premieres 

2 May 1990. 1st Dog surgery with 
Hap Paul in the foreground and 

Brent Mittelstadt in the 
background. 

1 November 1992. 1st Human 
surgery performed by Dr. Bill 

Bargar  (Peter Kazanzides 
also attending).  Courtesy of Peter Kazanzides and Russell Taylor 



ROBODOC: from riches… 

• (1997) The combined experience of the 

United States Food and Drug Administration 

multicenter trial and the German 

postmarket use of ROBODOC on over than 

one thousand patients lead to this 

expression: “The ROBODOC system is 

thought to be safe and effective in 

producing radiographically superior implant 

fit and positioning while eliminating femoral 

fractures” 

From Technical Wonder to 
Malpractice Liability  

 
In 1998, a patient, after receiving 
an artificial hip, said: "It fits real 
well, but I can't walk any more" 

ISS ceased 
operations in 
mid-2005 
because of 
lawsuits and 
lack of funding 

ROBODOC: … to rags … 



ROBODOC: …and back to riches? 

CUREXO TECHNOLOGY CORPORATION LAUNCHES ITS 
ROBODOC® SURGICAL SYSTEM AT UPCOMING 
ORTHOPAEDIC CONFERENCE IN LAS VEGAS, SACRAMENTO, 
Calif. [February 23, 2009]  

Curexo Technology Corporation develops, 
manufactures, and markets an image-directed 
surgical robotic system for orthopaedic surgery. 
The ROBODOC® Surgical System is the 
only active robotic system cleared by the 
FDA for orthopedic surgery. To date the 
system has been used in over 24,000 
combined TKA and THA surgical 
procedures worldwide. ROBODOC® and 
ORTHODOC®, are registered trademarks of 
Curexo Technology Corporation.  



 1985: Erich Mühe 
1st laparoscopic cholecystectomy 

 1985: Kwoh, Young et al. 
1st robot in neurosurgery (Puma 560) 

 1987: 1st video-laparoscopic cholecystectomy 

 1989: Benabid, Lavallée, Cinquin et al. 
1st patient in neurosurgery (Neuromate) 

 1991: Davies et al. 
1st patient for TURP (Puma 560) 

 1992: Integrated surgical systems 
1st hip surgery with ROBODOC 

 1995: Intuitive Surgical Inc. was founded 

 1998: Intuitive Surgical Inc. 
1st totally endoscopic coronary artery bypass grafting using the 
da Vinci ROBOTIC SYSTEM 

 
 

History of Robotics Surgery 



A success story in surgical robotics: the 
“daVinci” system 

Intuitive “Endowrist” 



Da Vinci Robot and Intuitive Surgical at-a-glance 

1840+ systems installed 
in 1450+ hospitals 

 
1700+ employees 

DaVinci 
Worldwide 

Installations 
(2010) 

SOURCE: www.intuitivesurgical.com 



The “Secrets” of the DaVinci Robot Success: 
Accuracy, Dexterity, Intuitiveness 

 Outstanding 
mechanical design 

 Excellent optics (2D 
and 3D vision) 

 Smart and friendly 
interfaces 



The Image-Guided CyberKnife System by AccuRay 
(Sunnyvale, CA, USA) for Computer-Assisted 

Radiotherapy  

6MV linear 
accelerator 
for X-ray 
tumor 
ablation 

The main reasons for 
success:  
 Accuracy 
Tracking system for 
motion compensation  

J.R. Adler, M.J. Murphy, S.D. Chang, S.L. 
Hankock: Image guided robotic radiosurgery, 
Neurosurgery 44(6), 1299–1306 (1999) 



CyberKnife: Clinical Use  

 20,000+ patients worldwide  

 Treatments last 30 to 90 
minutes, depending on the 
tumor’s complexity and shape. 
Patients require no anesthesia. 

  

Total CyberKnife System Treatments by Tumor Location 

Source: www.accuray.com 

2011 AccuRay Data 
 642 systems installed 
 1000+ employees 
 330+ patents 
 2011 revenue: 219 M$ 

 



The CyberKnife Robot 

 6-dof KUKA 
Robot 

 Robotic targeting precision 
<0.2mm 

 Payload: 150 kg 

 Max. reach: 
2700/2900/3100 mm 

 Weight: 1285 kg 

Overall precision of 
treatment 

• <0.95mm for cranial and 
spinal lesions 

• 1.5mm for moving targets 
with respiratory tracking 

 



The Synchrony Tracking System 

Optical Tracker 

LEDs 

Implanted fiducials 

Tumoral mass 

Correspondence model of LEDs and 
fiducial positions is created intra-operatively. 
LED position is then tracked in real-time 

1.5mm ACCURACY for 
moving targets with 
respiratory tracking 



Fujie Laboratory, 
Waseda University, 
Tokyo, Japan 

Heart Motion Compensation for Endoscopic 
Procedures  



Achievements of Robotics Surgery 

 Game-changing applications 

 Technically advanced and dependable systems 

 Widely accepted and used in clinical practice by 
surgeons, by patients and by hospital administrations: 
220.000+ surgical interventions worldwide just since 
the beginning of 2012 

 Real IMPACT on health, and on economy (real 
products, real jobs) 

 



Robotics Surgery: Lessons 
Learned 

–Real application domains 
and procedures that benefit 

–Cost/benefit clearly proved 

–Time of intervention kept 
short 

–Time and complexity for 
set-up to be minimized 

 

 



Surgeon’s Opinion 
   External surgical master-slave manipulators (robots) are here to stay and 

robotic assistance will become the preferred approach, but only for advanced 
certain operations 

 
  Operations which involve intra-corporeal anastomosis of small vessels and 

ducts (3mm) & operations where the operative space is restricted benefit from 
Robotic Assisted Surgery 

 In these operations robotic assistance increases ‘effectiveness’ = reduces the 
level of difficulty and thus increases the number of surgeons who can perform 
these operations well and with safety (not just the very gifted master surgeons)  

  Cost efficacy will increase with competition and increased multi-disciplinary 
usage in high volume centres 

 Internal mini-robots are predicted to replace flexible endoscopy as we know it  

Professor Sir Alfred 
Cuschieri, MD 

Director of the Institute of 
Medical Science and 

technology in Dundee and St 
Andrew's Universities 

Pioneer of endoscopic surgery 
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 Consolidating the success story of 
Robotics Surgery by addressing 
the still many open research 
issues and technical/clinical/ 
industrial limitations 

 Simplifying the complexity and 
reducing the cost of procedures 

 Exploring new avenues and 
paradigms (one more ‘game 
change’ in surgery with robots?) 

What’s next? 



From Minimally 
Invasive to 

Visible Scareless 
procedures 

Fetal surgery 

Capsular 
endoscopy and 

therapy 

Needle steering 

Early diagnosis by 
DNA chips 

Ultimately… 
Fantastic Voyage 

Some examples 

http://gizmodo.com/assets/images/gizmodo/2008/06/43643wer.jpg


The operating room 
of the year 2030 will 
be a totally different 

environment than 
today 

MASS Screening and EARLY 
diagnosis will have a major 

impact on the type and 
invasiveness of required 

surgical procedures 

Why a Change of Paradigm is 
INEVITABLE 

The combination of micro/nano technologies, chemistry, 
physics and robotics/microrobotics will be key technologies 
enabling future high quality (accurate and repeatable), early 

and minimal invasive surgery 

Professor Sir 
Alfred Cuschieri, 

MD 
Director of the Institute of 

Medical Science and 
technology in Dundee and 
St Andrew's Universities. 

Pioneer of endoscopic 
surgery 



Prevention: the challenge of 
modern medicine 

S
y

m
p

to
m

s
 

 time 

Clinical symptoms 

Therapy Follow-up 

Diagnosis 

Predisposition 

Gene Chip Biosensor PET-CT 
Molecular Diagnostics Molecular Imaging 

Focused screening 

Treat ASYMPTOMATIC pathologies! 

Courtesy by 
Philips 



Robotic Needle Steering: Trying 
to Catch a Rather Elusive Target  

An elegant approach: 

 Simple mechanical design (1D, no 
compartimentalization, no on-board electronics) 
 

 Targeting only achieved by tip-tissue 
interaction and control strategies for insertion 
 
 Minimally invasive, low cost solution 
 

Main challenges: 

 Accurate targeting (e.g. for controlled 
obstacle avoidance) 

 

 Tissue compliance leading to target 
displacement: quest for insertion path update 
(to prevent/minimize damage) 



Micro-active Endoscopes and Needle Steering 

Hydro-pressure active catheter 

Prof. Allison Okamura Prof.Tim Salcudean P. Pierre Dupont 

Prof. Jaydev Desai Prof. Rajni Patel 

Prof. Koji 
Ikuta 

Prof. Moshe Shoham Prof. Mamoru Mitsuishi  



Endoluminal Therapy and Surgery 

Endoluminal procedures consist of bringing a 
set of advanced therapeutic and surgical tools 
to the area of interest by navigating in the 
lumens of the human body, such as the 
gastrointestinal tract, the urinary apparatus, 
the circulatory system, etc. 

PillCam for 
GI tract 
endoscopy Clip for 

endoscopic 
surgery 

Instrumentation 
for endoscopic 

surgery and 
NOTES (Natural 

Orifices 
Transgastric 

Endoscopic 
Surgery) 

http://www.ovesco.com/
http://gizmodo.com/assets/images/gizmodo/2008/06/43643wer.jpg


ORAL ACCESS  

RECTAL ACCESS  

Endoluminal endoscopy and therapy in the 
gastrointestinal tract: different possible accesses 

Colon 

Stomach 

ABDOMINAL 
AND UMBILICAL 
ACCESS  

Gastrointestinal Tract 
(from esophagus to 

rectum) : Ø = 10 to 30 mm 

Small diameter 
Physiological curvature 
Collapsed tissues   

Miniaturization 
Dedicated/Conformable shape 
Active mechanism needed for 
locomotion  



Passive wireless capsules for 
gastrointestinal endoscopy 

Low sensitivity for detecting colonic lesions (64% 
for lesions 6 mm or bigger, compared with the use of 

standard colonoscopy) 

Benefits:  
 Small system dimension 
 Low invasiveness procedure 
 Access to small bowel  
 

Limitations: 
 Passive locomotion (no 
controlled halts: capsule 
movement by peristalsis)  
 Some false negative results  

May 2000: Given Imaging (now 
PillCam) capsule for endoscopy 



Overcoming the Limitations of Passive 
Endoscopic Capsules 

P. Dario and 
A. Menciassi 

Scientific 
American, 

August 2010 



ACTIVE WIRELESS Capsule for Endoscopy 

Telemetry 

Locomotion 

Processing 

Diagnostic
tools 

Therapeutic 
tools 

Energy 

Vision  

The engineering design challenge: all 
components MUST fit in a swallowable size 

(Ø ~12 mm x L~ 32 mm) 



VISION 

LOCOMOTION 

PROCESSING 

ENERGY 

TELEMETRY  

15mm 

32mm 

Swallowable Endoscopic 
Capsule 

Oesophageal Tract:  
Ø = 10 to 15 mm 

 Inside or 
from outside  



Active Endoscopic Capsules 

Locomotion in the 
Stomach: 
The capsule swims in a 
liquid environment 

Locomotion in the Colon: 
The capsule moves by legs 

 Examples of locomotion strategies optimized for two 
targeted districts: stomach and colon 

 

 

 



Ingestion of liquid in context with the examination allows to obtain organ 
distension, thus making possible a low power 3D locomotion in the stomach 

Wireless Capsule for PAINLESS GASTROSCOPY 

D=11 mm, L=29 

mm (scalable 

down) 



Active Endoscopic Capsules 

Locomotion in the 
Stomach: 
The capsule swims in a 
liquid environment 

Locomotion in the Colon: 
The capsule moves by 
legs 

 Examples of locomotion strategies optimized for two 
targeted districts: stomach and colon 

 

 

 



2004 

2005 

2006 

2007 

2008 

Developing a 
Legged Locomotion 

System 

With support by 
KIST-IMC (Korea) 



Legged Endoscopic Capsules for 
Tubular Organs 

Features: 12 legs (6 in the front and 6 in 
the rear part) 
Dimensions: Φ11 mm; L30 mm 
Average speed: 5 cm/minute 
Pulling force: 3.8 N  0.66 N per leg 

 
1. A. Moglia,  et al. THE LANCET, Vol 370 July 14, 2007, pp. 114-116 
2. P. Valdastri, R. J. Webster III, C. Quaglia, M. Quirini, A. Menciassi, P. Dario, “A 

New Mechanism for Meso-Scale Legged Locomotion in Compliant Tubular 
Environments”, IEEE Transactions on Robotics, 2009, Vol. 25, No. 5, pp. 
1047-1057. 

3. C. Quaglia, E. Buselli, R. J. Webster III, P. Valdastri, A. Menciassi, P. Dario, “An 
Endoscopic Capsule Robot: A Meso-Scale Engineering Case Study”, Journal of 
Micromechanics and Microengineering, 2009, Vol. 19, No. 10, 105007. 

4. E. Buselli, P. Valdastri, M. Quirini, A. Menciassi, P. Dario, “Superelastic leg design 
optimization for an endoscopic capsule with active locomotion”, Smart 
Materials and Structures, Vol. 18, No. 1, January 2009. 



Optimization of capsule legs design and 
fabrication in terms of degrees of freedom, 

number and friction enhancement areas 

The body 
• 25 mm in length  
• 12 mm in diameter 
• Aluminium  
• Fabricated by CNC 
micromachining 

Main 
components 
of the 12-leg 

capsule 

The motor 
• 2 DC brushless motor 
(Namiki Precision Jewel) 
• 4 mm in diameter  
•17.4 mm in length 
• Max output torque:10.6 mN 

The nut 
• Transmits the motion to the 
leg holder. 
• Fabricated by CNC 
micromachining and Electrical 
Discharge Machine  

The legs 
• 10 mm in length 
• 0.5 mm in thickness 
• Shape Memory Alloy  
• Fabricated by Wire Electrical 
Discharge Machining  

The leg holder 
• Transmits the motion to the legs  
• Fabricated by Electrical 
Discharge Machine  

The bushings 
• Reduces the friction 
between the elements 
• Fabricated by turning 
lathe machine 

The gear 
• Transmits and reduces 
the motor motion 
• Bronze: increases 
resistance and reduces 
friction 



The MAJOR problem for active, legged 
endoscopic capsules 

POWER! 

A legged 
capsule 

incorporating 
state-of-art 

batteries 
could only 

walk for less 
than 30 

minutes along 
the GI tract 



A possible solution to overcome the energy problem in 
active capsular endoscopy: robot-assisted wireless 

magnetic guidance 

Endoluminal magnetic locomotion can be extremely 
precise when the external magnet (s) is/are moved 

by means of high precision robot(s) 

Robotic unit 

Patient’s abdomen 

magnet 

Localization module 

Capsule 

PC- robot 
communication 

PC 

Localization 
algorithm 

Position 
feedback 

Robot control 

Localization 
data 

Magnetic 
interaction 



VISION 

LOCOMOTION 
(embedded 

micromagnets) 

PROCESSING ENERGY 
(Buffer 
battery) 

TELEMETRY  

1
2

 m
m

 

26 mm 

29mm 

1
1

 m
m

 

Wireless Magnetic Guidance 

Oesophageal Tract:  
Ø = 10 to 15 mm 

ENERGY 
(EXTERNAL 
MAGNETS 

MOVED BY A 
ROBOT) 



Screening Capsule: low-rate image capsule 
without telemetry with remote diagnostic 
purpose to be proposed as a pharmaceutical 
device 

Diagnostic Capsule: high-rate image 
(20fps) real time capsule with 
diagnostic capabilities (NBI) and active 
magnetic locomotion 

Therapeutic Capsule: high-rate image real time 
capsule with the integration of therapeutic 
tools  

Swallowable, active endoscopic capsules with 
additional therapeutic and diagnostic capabilities  



VISION 

LOCOMOTION 

PROCESSING 

TELEMETRY  

1
2

 m
m

 

26 mm 

29mm 

1
1

 m
m

 

Swallowable, active endoscopic capsules 
with additional therapeutic and diagnostic 

capabilities 
 Oesophageal Tract:  

Ø = 10 to 15 mm 

THERAPEUTIC/
DIAGNOSTIC 

TOOLS ENERGY 
(EXTERNAL 
MAGNETS 

MOVED BY A 
ROBOT) 



bistable mechanism 
activation by external 

magnetic field 
effective adhesion to 

bowel wall 

I) Adhesion II) Sampling 
III) Storage 

Capsule for wireless biopsy 

-Capable of 10 biopsies 
- 11mm x 25 mm 



Wireless 
Endoscopic Capsule 

Releasing a 
Superelastic Clip 



ASSEMBLING A SURGICAL ROBOT 
INSIDE THE BODY BY CAPSULE-LIKE 

MODULES 

From Single Capsules to a Molteplicity of Capsules: 
Modular and Reconfigurable Surgical Instruments 

‘CEBOT’ concept and 
prototypes, Professor 
Toshio Fukuda, 
Nagoya, Japan 

EU ARES Project, 
P. Dario (SSSA), 
Brad Nelson 
(ETH), Jean-
Pierre Merlet 
(INRIA) and Josep 
Samitier (UB-
CBEN) 

Kanako Arada 
Waseda University, Scuola Superiore 

S.Anna and University of Tokyo 



- Small dimension  
- Anatomical constraints 
- Safety issues 
 

- Totally scarless 
-  Reduce post-interventional 
complications    

OESOPHAGEAL  ACCESS  

TRANSVAGINAL ACCESS  

- Fulcrum effect 
- Instruments collision 
-Triangulation  limitation 
 

- Single scarless  incision 

Abdomen by 
NOTES/Single Port Access 
access: Ø = 15 to 32 mm 

NOTES (Trans-
Oesophageal 

or Trans-
Vaginal 

SINGLE PORT 
ACCESS  (Trans-

Umbilical) 

UMBILICAL 
ACCESS  

Different Accesses 



Umbilical incision 3 weeks after 
single-port nephrectomy (kidney 
removal) leaves little to no scarring 

N.O.T.E.S and Single Port Laparoscopy: 

 no visible scars! 

Abdominal incision 1 year after 
open surgery 

Laparoscopic scar after 15 days 

Laparoscopic surgery 

Open surgery 



SPIDER Surgical System 
(TransEnterix, NC, USA) 

DDE System 
(Boston Scientific, Boston, 

USA) 

Anubis 
(Karl Storz, Tuttlingen, 

Germany) 

EndoSamurai 
(Olympus, Tokyo, Japan) 

Single Port (Incision) Laparoscopy and 
NOTES require new surgical instruments 

and robots 

Research SILS robot: Intuitive Surgical 
prototype for single port surgery 



User Console 

Bimanual Controller 

Autostereoscopic 
Display 

Additional  
Displays 

Patient Support System 

ARAKNES robotic unit  
for esophageal access 

ARAKNES robotic unit  
for umbilical access 

The ARAKNES (Array of Robots Augmenting the 
KiNematics of Endoluminal Surgery) robotic 
platform for Single Port and NOTES Surgery 

www.araknes.org ARAKNES EU-Project 2008-2012 

C:/Users/Paolo Dario/Desktop/Tokyo GCoE Mitsuishi February 2009/AraknesAssemblyAnimation_HD_H264.mov


ARAKNES 
robotic unit  

for 
esophageal 

access 

ARAKNES robotic 
unit  

for transabdominal 
access 

Bimanual ARAKNES Robot 
for Abdominal Procedures 

Umbilical Access Port 

ARAKNES robotic 
unit  

for intra-gastric 
assistance 

ARAKNES Hybrid Configuration  
  

Double access approach (the 
“HYBRID” APPROACH), 
from the oesophagus and 
through the abdomen 



Shoulder 
Elbow 

Wrist 

Single port 

For each arm: 
 
- 2 DOFs actuated by 
external motors 
- 4 DOFs actuated by on-
board motors 
- 1 DOF Gripper actuated 
by an external motor 

Arm maximum 
diameter:   

18 mm 

Tip force: 5 N  

Joint rotational 
speed: 

360-540 
deg/s 

Total lenght: 130 mm  

Ext. motors 

Int. motors 

The ARAKNES Internal Bimanual Manipulator 
SPRINT robot - Single-Port lapaRoscopy bImaNual roboT 



SPRINT Robot: Mechanisms 



System Delivery Through the Introducer 

The SPRINT introducer enables simple changes of 
tools and the insertion of additional sensors 
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Characterization by Surgeons 

G. Petroni, M. Niccolini, A. Menciassi, P. Dario, A. Cuschieri, A 
novel intracorporeal assembling robotic system for single-port 
laparoscopic surgery, Surgical Endoscopy, 2012 

SURGEON Background 1 2 3 4 5 6 

AGE 46 49 37 51 70 47 

SPECIALIZATION Gener
al 

Surge
ry 

Urol
ogy 

Gener
al 

Surger
y 

Gener
al 

Surge
ry 

Laparosc
opic 

Surgery 

Gynecol
ogy 

# OF YEARS OF 
EXPERIENCE 

21 20 12 25 >30 20 

EXPERIENCE WITH 
ROBOTIC ASSISTED 
LAPAROSCOPY 

YES YES YES YES YES YES 

EXPERIENCE IN SINGLE 
PORT LAPAROSCOPY 

YES NO YES YES YES YES 

Peg Transfer Task  

Suturing Task 
 



SPRINT Robot: In-Vivo Tests 

G. Petroni, M. Niccolini, S. Caccavaro, C. Quaglia, A. Menciassi, S. Schostek, G. Basili, O. Goletti, M. Schurr, P. Dario, A 
novel robotic system for single-port laparoscopic surgery: preliminary experience, Surgical Endoscopy, 2012 [Submitted]  



New Approaches to the Design of 
Mechanisms for Surgical Instrumentation 

 Novel mechanisms needed in the miniature domain 
(from 20 to 1 mm and smaller) for: 

– dexterous locomotion inside the body 

– precise manipulation inside the body 

– device release inside the body 

– non-contact kinematics 

  Current approach, despite being promising, suffers from 
limitations 

 Bio-inspired design may offer useful hints 

ICRA 2006, Orlando, USA – Paolo Dario: 
PLENARY LECTURE “Biorobotics Science and 
Engineering” 



Bioinspired design of a PAINLESS colonoscopy system. From 
scientific investigation to engineering modelling and design, 

to industrial and clinical application   

A. Menciassi, P. Dario: “Bio-inspired solutions for locomotion in the gastrointestinal tract: background 

and perspectives”, Philos. Transact. Roy. Soc. A Math. Phys. Eng. 361(1811), (Oct. 2003), pp. 2287-2298. 
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The biomimetic approach 



From Biorobotics Science to 
BioRobotics Engineering 

Target: A soft robotic arm that can squeeze through a 
standard 12mm diameter Trocar-port, reconfigure itself 
and stiffen by hydrostatic actuation to perform 
compliant force control tasks while facing unexpected 
situations 

STIFF-FLOP Project (2011-2015) 



http://www.stiff-flop.eu/index.php/home 



Distal joint Omni-directional 
bending 

Stiffening system 

Actuation 

The STIFF-FLOP Arm: architecture 

 - CURRENT DIMENSIONS -  

- Silicone Unit: 0030 EcoFlex 
- Sheath: PET 
- Stiffening chamber membrane: Latex 
- Granular matter: Coarse Coffee 

- MATERIALS -  

- FABRICATION 
PROCESS -  

3 phases silicone 
curing in aluminium 
mould 

- OVERALL 
STRUCTURE - 

3 chambers for fluidic 
Actuation, Stiffening,  
etc 

89 



Challenges for vascular therapy: 
Reaching the target (Vascular 
system diameter: 8 to 5 mm) 

Bringing therapeutic actions to the 
target 

VASCULAR SURGERY 

NOTES (Natural Orifice 
Translumenal Surgery) SURGERY 

Reaching the target (esophagus 
diameter about 14 mm) 

Bringing actions to the target 

NOTES (Natural Orifice 
Translumenal Surgery) SURGERY 

Reaching the target (esophagus 
diameter from 10 to 15 mm) 
Bringing actions to the target 

ABDOMINAL SURGERY 

The Quest for Miniaturization 

Challenges for neuro endoscopy: 
Reaching the target (spinal cord 

diameter: 4 to 1.5 mm) 
Bringing actions to the target 

NEURO ENDOSCOPY 



ARAKNES Research Platform: an 
Overview 



Clinical Platform (umbilical access) 

ARAKNES Research Platform  

Patient Value = _____________ 
Efficacy 

Invasiveness 2 

Intuitive Surgical’s heuristic  
expression of patient value 

GOAL for the ARAKNES Research Platform: 
Robotic Surgery through a single 12-15 mm trocar 

 
Merging miniaturized robot design with industrial robotic control by 

means of a trans-abdominal magnetic link  
 

SPRINT test main results anonimo_2.docx


ARAKNES Research Platform 
 Anchoring frame (3 DoFs, 

length 186 diameter 14) 

 Docking/Undocking  
mechanism 

 Modular robotic units  

 4+EE Dofs 
Manipulator (length 
80 diameter 12) 

 2 DoFs Retractor 
(length 48 diameter 
12) 

 2 DoFs Stereoscopic 
Camera (length 60 
diameter 12) 

 Magnetic levitation camera 
MLC (4 DoFs) 

ANCHORING 
FRAME DOCKING/UN- 

DOCKING 
MECHANISM 

MODULAR ROBOTIC UNITS  

MLC 



Challenges for vascular therapy: 
Reaching the target (Vascular 
system diameter: 8 to 5 mm) 

Bringing therapeutic actions to the 
target 

VASCULAR SURGERY 

NOTES (Natural Orifice 
Translumenal Surgery) SURGERY 

Reaching the target (esophagus 
diameter about 14 mm) 

Bringing actions to the target 

ABDOMINAL SURGERY 

The Quest for Miniaturization: 
Integrating Robotics 

Challenges for neuro endoscopy: 
Reaching the target (spinal cord 

diameter: 4 to 1.5 mm) 
Bringing actions to the target 

NEURO ENDOSCOPY 

Challenges for vascular therapy: 
Reaching the target (Vascular 
system diameter: 8 to 5 mm) 

Bringing therapeutic actions to the 
target 



The problem: finding and destroying the vulnerable 
plaque in blood vessels 

 Cardiovascular disease is the leading cause of 
death in industrialized countries (1.9 million deaths 
in the European Union). Within this group coronary 
heart disease (CHD) is a major cause of death 
mainly due to atherosclerotic plaque rupture, 
accounts for the largest part 

 More than 50% of plaque ruptures occur 
without significantly observable stenosis. 
Identification of relevant anatomical structure and 
definitive therapy for atherosclerotic lesion is still 
far from being achieved 

First ten causes of death worldwide in million 

of decease (The Lancet, 1997) 

U

S 
E

M 

B 



Magnetic Navigation System for a 
Micro-Robot in Human Blood Vessels 

The magnetic gradients 
of a custom Magnetic 
Navigation System are 
used to generate the 
rectilinear and 
translational motions 
of micro-robots in 
human blood vessels 

J.O. Park 
Chonnam University, 

Korea 

The results contribute to the 
effective and therapeutic 
manipulation of microrobots in 
human blood vessels 

The external electromagnetic system 

S. M. Jeon et al, IEEE Transactions on Magnetics, vol. 47, no. 10, October 2011 



A TWO-FOLD goal: 
 to develop and validate innovative diagnostic procedures for mapping 
the vulnerable plaque in arteries with diameters from 10 mm down to 1 
mm 
 to develop a set of innovative solutions for the treatment of artery 
plaque, both vulnerable plaque and high-grade stenoses or chronic total 
occlusions  

  

Four S&T OBJECTIVES: 
 Robotic guidance for diagnostic and therapeutic micro-systems 
 Vulnerable plaque mapping 
 Plaque therapy 
 Plaque debris removal and post-intervention medication  

A Computer Assisted Robotic Platform for Soft-Tail 
Wired - Wireless Therapy of the Vascular Obstructions 



The Micro-VAST Platform 
Navigation module: 

External robots 
holding a permanent 

magnet and a 
diagnostic US probe. 

Therapeutic 
module:  

Focused US 
thrombolysis 
enhanced by 
microbubbles 

released by means of 
a magnetic internal 

mechanism 

Debris collection module: Binding 
of magnetic particles to thrombus for 

collection and retrieval of debris. 



Navigation Module: Set-up 

EPM: External Permanent Magnet - HMI: Human Machine Interface 

Navigation module: 
External robot holding a 
permanent magnet and a 

diagnostic US probe. 

HMI 

Robotic 
arm 
+  

US probe  
Master PC  Slave 

PC  

Robotic 
arm 
+  

EPM 

US IMAGE 

IMAGE 
PROCESSING 

DISTANCE IPM 
POSITION  

AND US IMAGE 
CENTER OF MASS 

ROBOT & EPM 
MOVEMENT  

IPM 

MAGNETIC 
LINK 

IPM 
MOVEMENT 

FOR 
REACHING 

THE CENTER 
OF THE US 

IMAGE 



Navigation module: Robotic guidance 

US-based 
tracking of 

the 
endoluminal 

device 

In-vitro 3D tracking algorithm validation – 3D model based on the combination of the US-
based tracking algorithm and the pre-operative path registration. 



 
 However, clinical application is still limited mainly because of lack of 

information on involved phenomena, optimized parameters and safety for 
healthy tissues. 

 

 US can transmit high levels of energy through the body and its 
effectiveness in attacking thrombi has been demonstrated in several 
works *. 

 Cavitation is credited to play a 
major role in the dissolution 
process; addiction of micro-
bubbles can augment treatment 
efficacy.  

High Intensity Focused Ultrasound 
(US) Thrombolysis (dissolution of a 

blood clot): 

* R. Medel et al., "Sonothrombolysis: an emerging modality for the management of stroke" , 
Neurosurgery,65(5),2009. 

 

Therapy Module: Set-up 
Therapeutic module:  

Focused US 
thrombolysis enhanced 

by microbubbles 
released by means of a 

magnetic internal 
mechanism 



Clots can be dissolved at high power (65W) in approximately 
2 minutes.  

 

Freq. 1MHz - Power 65W - Pulse Length 450μs - Duty Cycle 1:10 - Flow rate 2ml/min 

Therapy module - High Intensity Focused 
Ultrasound Thrombolysis: Results 



Debris collection: Set-up & Validation 

Debris collection 
module: Binding of 
magnetic particles 
to thrombus for 
collection and 

retrieval of debris. 

  Magnetic  particles binding to 

antibody 

 Electrostatic & clot antigen binding to 
magnetic particles (MPs) 

Control Clot Magnetotactic Clot 

Qualitative assessment of obtained 
magnetotactic clot. 

  Preparation technique  



Debris Collection: Set-up & Results 

Magnetotactic clot dragging 

 

 

 

 

Magnetotactic Clot Dragged in a fluidic channel. 

Results: Magnetotactic clot dragged inside a fluidic channel by 
means of External Permanent Magnet  

 

 

Khorami  Llewellyn et.al “Magnetic Dragging of Vascular Obstructions by Means of 
Electrostatic and Antibody Binding”, ICRA 2012 



Next Grand Challenges for 
Robotics Surgery 

Transforming (more) dreams 
into reality 



We had Many 
Dreams …  

… Now Some of 
Them are Reality!  

1985 

1991 

1992 

1988 (1st IROS!) 



Medical Robotics may be a real “Dream Job” 
Catherine Mohr at Intuitive Surgical 







Training simulator 

A “Financial” Perspective … 
SEPTEMBER 28, 2012  

37bn $ 
saved thanks 

to surgical 
simulation 
training  



What’s Next for Robotics 
Research in Surgery? 

Working hard on strengthening and 
increasing our knowledge and 

capabilities by addressing and solving 
many open issues, such as: 

energy-efficient actuators 
(variable impedance, 

smart materials) 

multi‐robot 

systems 
(integration) 

novel design 
principles and 
mechanisms 

haptics (enhanced 
usability?) 

MRI-compatible robots 
(cost-effective?) 

adaptive planning 
for dynamic 

environments 
safe human-

robot interaction New simulators 

multi-modal imaging 
integration 

distal actuation 
non-rigid 

registration 



Next Grand Challenges for 
Robotics Surgery 

Transforming (more) dreams 
into reality 

Dreaming new dreams 



… from wired 
to wireless 

… from external (e.g. magnetic) 
powering to harnessing internal 

actuation and environmental energy 
…  

… up to the 
hyper-integration of 
micro-/meso-/nano-

components 



S. Martel, CANADA 

Is it the time to 
revisit science 

fiction?  

Isaac Asimov, Fantastic 
Voyage, Bantam Books, 
Inc., 1966. 



… Current research may not be 
lagging too behind  

 Functions of different modules: 

 
pilot→ navigation 

surgeon→ operation 

nurse→ assistance tasks 

Cinematography 

Reality 

S. Martel (2009), Ecole Polytechnique de Montreal, Canada 

 Tasks: 
1. Locomotion 

2. Cooperation and Manipulation 

3. Therapy 

 Tasks: 
1. Locomotion 

2. Cooperation and Manipulation 

3. Therapy 

 1966 science fiction 
movie (Dir. R. Fleischer) 



S. Martel (2009), Ecole Polytechnique de Montreal, 
Canada 

 Tasks: 
1. Locomotion 

2. Cooperation and Manipulation 

3. Therapy 

Cinematography Reality 

… Current research may not be 
lagging too behind  



Cinematography 

 Tasks: 
1. Locomotion 

2. Cooperation and Manipulation 

3. Therapy 

Reality (targeted drug delivery ) 

… Current research may not be 
lagging too behind  



Science Fiction Becoming Reality  

SCIENCE fiction REALITY @ SSSSA 



Outline 

• The onset of modern surgery 
• The onset of robotic surgery 
• Current Scientific and 
Technological Challenges 
• Conclusions 

E. Hopper, Morning sun, 1952 



Concluding Remarks 
 Robotics technologies just begin to show their tremendous potential 

in Surgery 

 Robots have a place in the modern operating room, because of their 
established ability – in a growing number of different fields – to exploit 
the increasing power of planning, imaging and diagnostics 
techniques to improve surgical outcomes  

 The advantages of robotics (accuracy, repeatability, motion control, 
image-based planning, “intelligence”, learning and cognition, etc.) has 
effective potential for filling the gap between academic research 
and real clinical applications 

 An extraordinary opportunity to explore and implement new and even 
visionary ideas (just as happened 25 years ago, when the robots 
now in clinical use were conceived and preliminarily tested)  

 The grand challenges for robotics: the performance of  therapeutic 
technologies should match the progress of current diagnostic 
technologies, and including as many functions/capabilities (mechanical, 
optical, chemical, powering, electronic …) into a miniaturized shell 

 



A small tribute 
To those (robotics researchers, 
surgeons, entrepreneurs) who 
envisioned Robotics Surgery 
and brought it to reality, thus 
benefiting the health and quality of 
life of a huge and increasing number 
of patients (and creating new 
opportunities and jobs) 

The only thing more 
dangerous than trying too 
hard and failing… is not 
trying hard enough and 

succeeding! 
- Michelangelo -  
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