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Abstract
The objective is to review the history, development, and current 
applications of robotics in surgery. Surgical robotics is a new 
technology that holds significant promise. Robotic surgery is often 
heralded as the new revolution, and it is one of the most talked 
about subjects in surgery today. Up to this point in time, however, 
the drive to develop and obtain robotic devices has been largely 
driven by the market. There is no doubt that they will become an 
important tool in the surgical armamentarium, but the extent of 
their use is still evolving. A review of the literature was undertaken 
using Medline. Articles describing the history and development of 
surgical robots were identified as were articles reporting data on 
applications. Several centers are currently using surgical robots 
and publishing data. Most of these early studies report that robotic 
surgery is feasible. There is, however, a paucity of data regarding 
costs and benefits of robotics versus conventional techniques. This 
paper is giving the information about Robotic surgery and it is 
still in its infancy. Its current practical uses are mostly confined 
to smaller surgical procedures.
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I. Introduction
Robotic surgery is a new and exciting emerging technology that is 
taking the surgical profession by storm. Up to this point, however, 
the race to acquire and incorporate this emerging technology has 
primarily been driven by the market. In addition, surgical robots 
have become the entry fee for centers wanting to be known for 
excellence in minimally invasive surgery despite the current lack 
of practical applications. Therefore, robotic devices seem to have 
more of a marketing role than a practical role. Whether or not 
robotic devices will grow into a more practical role remains to 
be seen. Our goal in writing this review is to provide an objective 
evaluation of this technology and to touch on some of the subjects 
that manufacturers of robots do not readily disclose. In this article 
we discuss the development and evolution of robotic surgery, 
review current robotic systems, review the current data, discuss 
the current role of robotics in surgery, and finally we discuss 
the possible roles of robotic surgery in the future. It is our hope 
that by the end of this article the reader will be able to make a 
more informed decision about robotic surgery before “chasing 
the market.”

A. Robotics
Robotics is the branch of technology that deals with the design, 
construction, operation, structural disposition, manufacture and 
application robots .Robotics is related to the sciences of electronics, 
engineering, mechanics and software.

B. Etymology
The word robotics was derived from the word ‘robot’, which was 
introduced to the public by Czech writer Karle Capek in his play 
R.U.R.(Possums’ Universal Robots), which premiered in 1921. 
According to the Oxford English Dictionary, the word robotics 
was first used in print by Isaac - Asimov, in his science fiction 
short story “Liar!” published in May 1941 in Astounding Science 
Fiction. Asimov was unaware that he was coining the term; since 
the science and technology of electrical devices is electronics, he 
assumed robotics already referred to the science and technology of 
robots. However, in some of Asimov’s other works, he states that 
the first use of the word robotics was in his short story Runaround 
(Astounding Science Fiction, March 1942). 

C. History
The word robot was introduced to the public by the Czech writer 
Karel Capek in his play R.U.R.(Rossum’s Universal Robots), 
published in 1920. The play begins in a factory that makes artificial 
people called robots creatures who can be mistaken for humans 
- though they are closer to the modern ideas of androids. Karel 
Capek himself did not coin the word. He wrote a short letter in 
reference to an etymology in the Oxford English Dictionary in 
which he named his brother Josef Capek as its actual originator.
In 1927 the Maschinenmensch (“machine-human”) gynoid 
humanoid robot (also called “Parody”, “Futura”, “Robotrix”, or 
the “Maria impersonator”) was the first and perhaps the most 
memorable depiction of a robot ever to appear on film was played 
by German actress Brigitte Helm   in Fritz Lang’s film Metropolis 
in 1942 the science fiction writer Isaac Asimov formulated his 
Three Laws of Robotics and in the process of doing so, coined 
the word “robotics”. 
In 1948 Norbert Wiener formulated the principles of cybernetics, 
the basis of practical robotics.
Fully autonomous robots only appeared in the second half of 
the 20th century. The first digitally operated and programmable 
robot, the Unimate, was installed in 1961 to lift hot pieces of 
metal from a die casting machine and stack them. Commercial and 
industrial robots are widespread today and used to perform jobs 
more cheaply, or more accurately and reliably, than humans. They 
are also employed in jobs which are too dirty, dangerous, or dull to 
be suitable for humans. Robots are widely used in manufacturing, 
assembly, packing and packaging, transport, earth and space 
exploration, surgery, weaponry, laboratory research, safety, and 
the mass production of Consumer and industrial goods.
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Fig. 1: TOPIO, a humanoid robot played ping pong at Tokyo 
International Robot Exhibition

Fig. 2: The shadow robot hand system

D. Power Sources -Power Supply And Energy Storage
At present; mostly (lead-acid) batteries are used, but potential 
power sources could be:
pneumatic (compressed gases) 
hydraulics (compressed liquids) 
flywheel energy storage 
organic garbage (through anaerobic digestion) 
Faeces (human, animal); may be interesting in a military context 
as Faeces of small combat groups may be reused for the energy 
requirements of the robot assistant 
Still unproven energy sources: for example nuclear fusion, as yet 
not used in nuclear reactors whereas nuclear fission is proven 
(although there are not many robots using it as a power source 
apart from the Chinese rover tests).
Radioactive source (such as with the proposed Ford car of the 
‘50s); to those proposed in movies such as Red Planet.

E.  Actuation
Actuators are like the “muscles” of a robot, the parts which convert 
stored energy into movement. By far the most popular actuators 
are electric motors that spin a wheel or gear, and linear actuators 
that control industrial robots in factories. But there are some recent 
advances in alternative types of actuators, powered by electricity, 
chemicals, or compressed air.

1. Electric Motors
The vast majority of robots use electric motors, often brushed and 
brushless DC motors in portable robots or AC motors in industrial 
robots and CNC machines.

2. Linear Actuators
Various types of linear actuators move in and out instead of by 
spinning, particularly when very large forces are needed such as 
with industrial robotics. They are typically powered by compressed 
air (pneumatic actuator) or oil (hydraulic actuator).

3. Series Elastic Actuators
A spring can be designed as part of the motor actuator, to allow 
improved force control. It has been used in various robots, 
particularly walking humanoid robots.

4. Air Muscles
Pneumatic artificial muscles, also known as air muscles, are special 
tubes that contract (typically up to 40%) when air is forced inside 
it. They have been used for some robot applications. 

5. Muscle Wire
Muscle wire, also known as Shape Memory Alloy, Nitinol or 
Flexinol Wire, is a material that contracts slightly (typically under 
5%) when electricity runs through it. They have been used for some 
small robot applications. A robotic leg powered by Air Muscles.

Fig. 3: A robotic leg powered by Air Muscles

6. Electro active Polymers
EAPs or EPAMs are a new plastic material that can contract 
substantially (up to 400%) from electricity, and have been used 
in facial muscles and arms of humanoid robots, and to allow new 
robots to float, fly, swim or walk.

F. Sensing Touch
Current robotic and prosthetic hands receive far less tactile 
information than the human hand. Recent research has developed 
a tactile sensor array that mimics the mechanical properties and 
touch receptors of human fingertips. The sensor array is constructed 
as a rigid core surrounded by conductive fluid contained by an 
elastomeric skin. Electrodes are mounted on the surface of the rigid 
core and are connected to an impedance-measuring device within 
the core. When the artificial skin touches an object the fluid path 
around the electrodes is deformed, producing impedance changes 
that map the forces received from the object. The researchers 
expect that an important function of such artificial fingertips will 
be adjusting robotic grip on held objects. Scientists from several 
European countries  and Israel  developed a prosthetic hand in 
2009, called Smart Hand, which functions like a real one—allowing 
patients to write with it, type on a keyboard, play piano and perform 
other fine movements. The prosthesis has sensors which enable 
the patient to sense real feeling in its fingertips.
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1. Vision
Computer vision is the science and technology of machines that 
see. As a scientific discipline, computer vision is concerned with 
the theory behind artificial systems that extract information from 
images. The image data can take many forms, such as video 
sequences and views from cameras. In most practical computer 
vision applications, the computers are pre-programmed to solve a 
particular task, but methods based on learning are now becoming 
increasingly common. Computer vision systems rely on image 
sensors which detect electromagnetic radiation which is typically 
in the form of either visible light or infra-red light. Sophisticated 
image sensors even require quantum mechanics to provide a 
complete understanding of the image formation process. There 
is a subfield within computer vision where artificial systems are 
designed to mimic the processing and behavior of biological 
systems, at different levels of complexity. Also, some of the 
learning-based methods developed within computer vision have 
their background in biology.

G.  Locomotion Rolling Robots
For simplicity most mobile robots have four wheels or a number 
of continuous tracks. Some researchers have tried to create more 
complex wheeled robots with only one or two wheels. These can 
have certain advantages such as greater efficiency and reduced 
parts, as well as allowing a robot to navigate in confined places 
that a four wheeled robot would not be able to.

1. Two-Wheeled Balancing Robots
Balancing robots generally use a gyroscope to detect how much 
a robot is falling and then drive the wheels proportionally in the 
opposite direction, to counter-balance the fall at hundreds of times 
per second, based on the dynamics of an inverted pendulum. 

Fig. 4: Two wheeled balanced robo

Many different balancing robots have been designed. While the 
Segway is not commonly thought of as a robot, it can be thought 
of as a component of a robot, such as NASA’s Robonaut that has 
been mounted on a Segway.

2. One-Wheeled Balancing Robots
A one-wheeled balancing robot is an extension of a two-wheeled 
balancing robot so that it can move in any 2D direction using 
a round ball as its only wheel. Several one-wheeled balancing 
robots have been designed recently, such as Carnegie Mellon 
University’s “Ballbot” that is the approximate height and width 
of a person, and Tohoku Gakuin University’s “BallIP”. Because 
of the long, thin shape and ability to maneuver in tight spaces, 
they have the potential to function better than other robots in 
environments with people.

3. Spherical Orb Robots
Several attempts have been made in robots that are completely 
inside a spherical ball, either by spinning a weight inside the ball, 
or by rotating the outer shells of the sphere. These have also been 
referred to as an orb bot or a ball bot

4. Six-Wheeled Robots
Using six wheels instead of four wheels can give better traction 
or grip in outdoor terrain such as on rocky dirt or grass.

5. Tracked Robots
Tank tracks provide even more traction than a six-wheeled robot. 
Tracked wheels behave as if they were made of hundreds of wheels, 
therefore are very common for outdoor and military robots, where 
the robot must drive on very rough terrain. However, they are 
difficult to use indoors such as on carpets and smooth floors. 
Examples include NASA’s Urban Robot “Urbie”.

6. Other Methods Of Locomotion-

(i). Flying
A modern passenger airliner is essentially a flying robot, with two 
humans to manage it. The autopilot can control the plane for each 
stage of the journey, including takeoff, normal flight, and even 
landing. Other flying robots are uninhabited, and are known as 
Unmanned Aerial Vehicles (UAVs).

Fig. 5:

They can be smaller and lighter without a human pilot onboard, 
and fly into dangerous territory for military surveillance missions. 
Some can even fire on targets under command. UAVs are also 
being developed which can fire on targets automatically, without 
the need for a command from a human. Other flying robots include 
cruise missiles, the Entomopter, and the Epson micro helicopter 
robot. Robots such as the Air Penguin, Air Ray, and Air Jelly 
have lighter-than-air bodies, propelled by paddles, and guided 
by sonar.

(ii). Snaking
Several snake robots have been successfully developed. Mimicking 
the way real snakes move, these robots can navigate very confined 
spaces, meaning they may one day be used to search for people 
trapped in collapsed buildings. The Japanese ACM-R5 snake robot 
can even navigate both on land and in water. 

Fig. 6:
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(iii). Skating
A small number of skating robots have been developed, one of 
which is a multi-mode walking and skating device. It has four legs, 
with unpowered wheels, which can either step or roll. Another 
robot, Plen can use a miniature skateboard or roller-skates, and 
skate across a desktop. 

(iv). Swimming (Like A Fish)
It is calculated that when swimming some fish can achieve a 
propulsive efficiency greater than 90%. Furthermore, they can 
accelerate and maneuver far better than any man-made boat 
or submarine, and produce less noise and water disturbance. 
Therefore, many researchers studying underwater robots would 
like to copy this type of locomotion. 

(v). Speech Recognition
Interpreting the continuous flow of sounds coming from a human, 
in real time, is a difficult task for a computer, mostly because of 
the great variability of speech. The same word, spoken by the same 
person may sound different depending on local acoustics, volume, 
the previous word, whether or not the speaker has a cold, etc. It 
becomes even harder when the speaker has a different accent.

(vi). Gestures
One can imagine, in the future, explaining to a robot chef how to 
make a pastry, or asking directions from a robot police officer. In 
both of these cases, making hand gestures would aid the verbal 
descriptions. In the first case, the robot would be recognizing 
gestures made by the human, and perhaps repeating them for 
confirmation.

(vii). Facial Expression
Facial expressions can provide rapid feedback on the progress 
of a dialog between two humans, and soon it may be able to 
do the same for humans and robots. Robotic faces have been 
constructed by Hanson Robotics using their elastic polymer called 
Frubber, allowing a great amount of facial expressions due to the 
elasticity of the rubber facial coating and imbedded subsurface 
motors (servos) to produce the facial expressions.

Fig. 7:

(viii). Education And Training
Robots recently became a popular tool in raising interests in 
computing for middle and high school students. First year computer 
science courses at several universities were developed which 
involves the programming of a robot instead of the traditional 
software engineering based coursework.

Fig. 8: The SCORBOT-ER 4u - educational robot

University offer Bachelor’s, Master’s and Doctoral degrees in the 
field of robotics. Select private Career Colleges and vocational 
schools offer robotics training to train individuals towards being 
job ready and employable in the emerging robotics industry.

II. Robotic Surgery
1. Robotic surgery, computer –assisted surgery, and robot-
assisted surgery are terms for various technological developments 
that currently are developed to support a range of surgical 
procedures.
2. Robot-assisted surgery was developed to overcome limitations 
of minimally invasive surgery. 
3. Instead of directly moving the instruments the surgeon uses 
a computer console to manipulate the instruments attached to 
multiple robot arms. 
4. The computer translates the surgeon’s movements, which are 
then carried out on the patient by the robot. 
5. Other features of the robotic system include, for example, an 
integrated tremor filter and the ability for scaling of movements 
(changing of the ratio between the extents of movements at the 
master console to the internal movements of the instruments 
attached to the robot).
6. The console is located in the same operating room as the 
patient, but physically separated from the operative workspace, 
or in another place. 
7. Since the surgeon does not need to be in the immediate location 
of the patient while the operation is being performed, it can be 
possible for specialists to perform remote surgery on patients. 
Robots can also perform surgery without a human surgeon.

A. History of Robotic Surgery
In 1985 a robot, the PUMA 560, was used to place a needle 
for a brain biopsy using CT guidance. In 1988, the PROBOT, 
developed at Imperial College London, was used to perform 
prostatic surgery. 
The ROBODOC from Integrated Surgical Systems was introduced 
in 1992 to mill out precise fittings in the femur for hip replacement. 
Further development of robotic systems was carried out by 
Intuitive Surgical with the introduction of the da Vinci Surgical 
System and Computer Motion with the AESOP and the ZEUS 
robotic surgical system. 
The da Vinci Surgical System comprises three components: 
a surgeon’s console, a patient-side robotic cart with 4 arms 
manipulated by the surgeon (one to control the camera and three to 
manipulate instruments), and a high-definition 3D vision system. 
Articulating surgical instruments are mounted on the robotic arms 
which are introduced into the body through cannulas. 
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Fig. 9:

Fig. 10: Da Vinci robotic Surgery System

The original telesurgery robotic system that the da Vinci was based 
on was developed at SRI International in Menlo Park with grant 
support from DARPA and NASA. Although the telesurgical robot 
was originally intended to facilitate remotely performed surgery 
in battlefield and other remote environments, it turned out to be 
more useful for minimally invasive on-site surgery. 
The da Vinci senses the surgeon’s hand movements and translates 
them electronically into scaled-down micro-movements to 
manipulate the tiny proprietary instruments. It also DETECTS 
AND FILTERS OUT ANY TREMORS IN the surgeon’s hand 
movements, so that they are not duplicated robotically. 
The camera used in the system provides a true stereoscopic picture 
transmitted to a surgeon’s console. The da Vinci System is FDA  
cleared for a variety of surgical procedures including surgery for 
prostate cancer, hysterectomy and mitral valve repair, and is used 
in more than 800 hospitals in the Americans and Europe. 
The da Vinci System was used in 48,000 procedures in 2006 and 
sells for about $1.2 million. The new da Vinci HD SI released 
in April, 2009 currently sells for $1.75 million. The first robotic 
surgery took place at The Ohio State University Medical Center 
in Columbus, Ohio under the direction of Dr. Robert E. Michler, 
Professor and Chief, Cardiothoracic Surgery.

B.  Timeline
In 1997 a reconnection of the fallopian tubes operation was 
performed successfully in Cleveland using ZEUS.  
In May 1998, Dr. Friedrich-Wilhelm Mohr using the da Vinci 
Surgical System performed the first robotically assisted heart 
bypass at the Leipzig Heart Center in Germany. On 2 September 
1999, Dr. Randall Wolf and Dr. Robert Michler performed the 
first robotically assisted heart bypass in the USA at The Ohio 
State University. 
In October 1999 the world’s first surgical robotics beating heart 
coronary artery bypass graft (CABG) was performed in Canada 
by Dr. Douglas Boyd and Dr. Reiza Rayman using the ZEUS 
surgical robot. 
On November 22, 1999 - the first closed-chest beating heart cardiac 
hybrid revascularization procedure is performed at the London 
Health Sciences Centre (London, Ontario). In the first step of a 
two step procedure Dr. Douglas Boyd used Zeus to perform an 

endoscopic, single-vessel heart bypass surgery on a 55 year-old 
male patient’s left anterior descending artery. 
In the next step of the procedure William Kostuk, MD, Professor 
of Cardiology of the University of Western Ontario, completed 
an angioplasty revascularization on the patient’s second occluded 
coronary vessel. This multi-step procedure marked one of the first 
integrative approaches to treating coronary disease. 
On September 7 2001, Dr. Jacques Marescaux and Dr. Michel 
Gagner, while in New York, used the Zeus robotic system to 
remotely perform a cheolecystectomy on a 68-year-old female 
patient who was in Strasbourg, France. 
In May 2006 the first AL doctor-conducted unassisted robotic 
surgery on a 34 year old male to correct heart arythmia. The results 
were rated as better than an above-average human surgeon. The 
machine had a database of 10,000 similar operations, and so, in 
the words of its designers, was “more than qualified to operate on 
any patient.” The designers believe that robots can replace half 
of all surgeons within 15 years. 
In February 2008, Dr. Mohan S. Gundeti of the University of 
Chicago comer Children’s Hospital performed the first robotic 
pediatric neurogenic bladder reconstruction. The operation was 
performed on a 10-year-old girl.
In January 2009, the first all-robotic-assisted kidney transplant 
was performed at Saint Barnabas medical Center in Livingston, 
New Jersey by Dr. Stuart Geffner. The same team performed 
eight more fully robotic-assisted kidney transplants over the next 
six months. 
In September 2010, the Eindhoven University of Technology 
announced the development of the Sofie surgical system, the first 
surgical robot to employ force feedback. 

III.  Types of Surgeries

A.  General Surgery
In early 2000 the field of general surgical interventions with the 
daVinci device was explored by surgeons at Ohio State University. 
Reports were published in esophageal and pancreatic surgery 
for the first time in the world and further data was subsequently 
published by Horgan and his group at the University of Illinois 
and then later at the same institution by others.

Fig. 11: Endo Wrist & Surgeon Hands

In 2007, the University of Illinois at Chicago medical team, led 
by Prof.Pier Cristoforo Gulianotti, reported a pancreatectomy 
and also the Midwests fully robotic Whipple surgery. In April 
2008, the same team of surgeons performed the world’s first fully 
minimally invasive liver resection for  living donor transplantation,  
removing 60% of the patient’s liver, yet allowing him to leave the 
hospital just a couple of days after the procedure, in very good 
condition. Furthermore the patient can also leave with less pain 
than a usual surgery due to the four puncture holes and not a scar 
by a surgeon. 
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Fig. 12: Operating Room Layout Using da Vinci Surgical 
System

B.  Cardiothoracic Surgery
Robot-assisted MIDCAB and Endoscopic coronary artery bypass 
(TECAB) operations are being performed with the da Vinci system. 
Mitral valve repairs and replacements have been performed. East 
Carolina University, Greenville (Dr W. Randolph chit wood), 
Saint Joseph’s Hospital, Atlanta (Dr Douglas A. Murphy), and 
Good Samaritan Hospital, Cincinnati (Dr J. Michael smith) have 
popularized this procedure and proved its durability with multiple 
publications. Since the first robotic cardiac procedure performed 
in the USA in 1999, The Ohio State University, Columbus (Dr.  
Robert E. Michler, Dr. Juan Crestanello, Dr.Paul Vesco) has 
performed  CABG,mitral valve, esophagectomy, lung  resection, 
tumor resections, among other robotic assisted procedures and 
serves as a training site for other surgeons.  In 2002, surgeons at 
the Clevelang Clinic in Florida (Dr. Douglas Boyd and Kenneth 
Stahl) reported and published their preliminary experience with 
minimally invasive “hybrid” procedures. These procedures 
combined robotic revascularization and coronary stenting and 
further expanded the role of robots in coronary bypass to patients 
with disease in multiple vessels.
Ongoing research on the outcomes of robotic assisted CABG and 
hybrid CABG is being done by Dr. Robert Poston.

C.  Cardiology And Electrophysiology
The Stereo taxis Magnetic Navigation System (MNS) has been 
developed to increase precision and safety in ablation procedures 
for arrhythmias and  arterial fibrillation while reducing radiation 
exposure for the patient and physician, and the system utilizes 
two magnets to remotely steerable catheters.

 
Fig. 13:

The system allows for automated 3-D mapping of the heart and 
vasculature, and MNS has also been used interventional cardiology 
for guiding stents and leads in PCI and CTO procedures, proven 

to reduce contrast usage and access tortuous anatomy unreachable 
by manual navigation. Dr. Andrea Natale has referred to the new 
Stereo taxis procedures with the magnetic irrigated catheters as 
“revolutionary.
The Hansen Medical Senseri robotic catheter system uses a 
remotely operated system of pulleys to navigate a steerable 
sheath for catheter guidance. It allows precise and more forceful 
positioning of catheters used for 3-D mapping of the heart and 
vasculature. 
The system provides doctors with estimated force feedback 
information and feasible manipulation within the left atrium of 
the heart. 
The Sensei has been associated with mixed acute success rates 
compared to manual, commensurate with higher procedural 
complications, longer procedure times but lower fluoroscopy 
dosage to the patient. 
At present, three types of heart surgery are being performed on a 
routine basis using robotic surgery systems. These three surgery 
types are:
Atrial septal defect repair — the repair of a hole between the two 
upper chambers of the heart, 
Mitral valve repair — the repair of the valve that prevents blood 
from regurgitating back into the upper heart chambers during 
contractions of the heart, 
Coronary artery bypass — rerouting of blood supply by bypassing 
blocked arteries that provide blood to the heart. 
As surgical experience and robotic technology develop, it is 
expected that the applications of robots in cardiovascular surgery 
will expand.

D.  Gastrointestinal Surgery
Multiple types of procedures have been performed with either the 
‘Zeus’ or da Vinci robot systems, including bariatric surgery. 
Surgeons at various universities initially published case series 
demonstrating different techniques and the feasibility of GI 
surgery using the robotic devices. 

Fig. 14:

Specific procedures have been more fully evaluated, specifically 
esophageal fundoplication for the treatment of gastro esophageal 
reflux and Heller myotomy for the treatment of achalasia. 
Other gastrointestinal procedures including colon resection, 
pancreatectomy, esophagectomy and robotic approaches to pelvic 
disease have also been reported.

E.  Gynecology
Robotic surgery in gynecology is one of the fastest growing 
fields of robotic surgery. This includes the use of the da Vinci 
surgical system in benign gynecology and gynecologic oncology. 
Robotic surgery can be used to treat fibroids, abnormal periods, 
endometriosis, ovarian tumors, and pelvic prolapsed and female 
cancers. Using the robotic system, gynecologists can perform 
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hysterectomies, myomectomies, and lymph node biopsies. The 
need for large abdominal incisions is virtually eliminated. Robot 
assisted hysterectomies and cancer staging are being performed 
using da Vinci robotic system. The University of Tennessee, 
Memphis (Dr. Todd Tillmanns, Dr. Saurabh Kumar), Northwestern 
University (Dr. Patrick Lowe), Aurora Health Center (Dr. Scott 
Kamelle), West Virginia University (Dr. Jay Bringman) and The 
University of Tennessee, Chattanooga (Dr. Donald Chamberlain) 
have extensively studied the use of robotic surgery and found it 
to improve morbidity and mortality of patients with gynecologic 
cancers. They have also for the first time reported robotic surgery 
learning curves for current and new users as a method to assess 
acquisition of their skills using the device. Dr.’s Joseph Prezzato 
and Burton Brodsky have utilized this equipment for gynecological 
procedures in Southeastern Michigan.

F.  Neurosurgery    
Several systems for stereotactic intervention are currently on 
the market. MD Robotics’ NeuroArm is the world’s first MRI-
compatible surgical robot. Neurosurgery performed via a robotic 
interface will serve to improve the standard of a neurosurgeon’s 
skills, thus making a good surgeon a better surgeon. In fact, 
computer and robotic instrumentation will become allies to the 
neurosurgeon through the use of these technologies in training, 
diagnostic, and surgical events. The eventual integration of 
robotic technology into mainstream clinical neurosurgery offers 
the promise of a future of safer, more accurate, and less invasive 
surgery that will result in improved patient outcome.

G.  Orthopedics
The ROBOTIC system was released in 1992 by Integrated 
Surgical Systems, Inc. which merged into CUREXO Technology 
Corporation. Also, The Acrobot Company Ltd. sells the “Acrobot 
Sculptor”, a robot that constrains a bone cutting tool to a pre-
defined volume. Another example is the CASPAR robot produced 
by U.R.S.-Ortho GmbH & Co. KG, which is used for total hip 
replacement, total knee replacement and anterior cruciate ligament   
reconstruction. 

Fig. 15:

H. Pediatrics
Surgical robotics has been used in many types of pediatric 
surgical procedures including:  tracheoesophageal fistula repair, 
cholecystectomy, nissen fundoplication, morgagni’s hernia repair, 
congenital diaphragmatic hernia repair, and others. On January 
17, 2002, surgeons at Children’s Hospital of Michigan Detroit in 
performed the nation’s first advanced computer-assisted robot-
enhanced surgical procedure at a children’s hospital.

The Center for Robotic Surgery at Children’s Hospital Boston 
provides a high level of expertise in pediatric robotic surgery. 
Specially-trained surgeons use a high-tech robot to perform 
complex and delicate operations through very small surgical 
openings. The results are less pain, faster recoveries, shorter 
hospital stays, smaller scars, and happier patients and families.
In 2001, Children’s Hospital Boston was the first pediatric hospital 
to acquire a surgical robot. Today, surgeons use the technology for 
many procedures and perform more pediatric robotic operations 
than any other hospital in the world. Children’s Hospital physicians 
have developed a number of new applications to expand the use of 
the robot, and train surgeons from around the world on its use. 

I. Radio Surgery
The Cyber knife Robotic Radio surgery System uses image guidance 
and computer controlled robotics to treat tumors throughout the 
body by delivering multiple beams of high-energy radiation to 
the tumor from virtually any direction.

G. Urology
Removing the prostate gland for cancer, repair obstructed kidneys, 
repair bladder abnormalities and remove diseased kidneys. New 
minimally invasive robotic devices using steerable flexible needles 
are currently being developed for use in prostate brachytherapy.  
A few leading urologists in the field of robotic urological surgery 
are Drs. David Samadi, Ashutosh Tewari, Mani Menno, Peter 
Schlegel, Mehmood Akhtar, In 2000, the first robot-assisted 
laparoscopic radical prostatectomy was performed. Surgeons at 
the University of Illinois at Chicago college of Medicine   were 
the first to offer robotic kidney transplantation to morbidly obese 
patients- having BMIs (body mass indexes over 50- and since 
2009, have done 13 procedures (100 percent patient and graft 
survival with no complications). They report fewer complications 
among this high-risk population (wound infections go from 15 
percent in open surgery to 0 percent, pulmonary complications 
decrease to 0 percent from 9 percent, length of hospitalization is 
reduced from 8.5 days to 5 days).  Most Illinois transplant centers 
do not take anyone for renal transplant with a BMI of over 40- and 
so those patients have no other access to kidney transplantation and 
experience high mortality rates while on dialysis, which becomes 
their only other available therapy. In March 2011, the President 
of Slovenia Danilo Turk underwent robot-assisted prostate cancer 
treatment at the Urology Institute in Innsbruck.   

H. Vascular Surgery
In September 2010, the first robotic operations at the femoral 
vasculature were performed at the University medical Center 
Ljubljana (UMC Ljubljana), Slovenia. The research was led by 
Borut Gersak, the head of the Department of Cardiovascular 
Surgery at the centre. Gersak explained that the robot used was 
the first true robot in the history of robotic surgery, meaning the 
user interface was not resembling surgical instruments and the 
robot was not simply imitating the movement of human hands 
but was guided by pressing buttons, just like one would play a 
video game. The robot was imported to Slovenia from the United 
States. 

IV. Benefits of Robotic Surgery 
1. Conventional laparoscopic surgery has a steep learning curve for 
physicians because it has two-dimensional imaging and involves 
mastering counter-intuitive hand movements. Robotic surgery, 
however, solves some of these challenges because it uses three-
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dimensional imaging and instruments that move just like the 
surgeon’s wrist. 
2. The robotic system eliminates normal hand tremors and allows 
the surgeon to sit, instead of stand, during the procedure, which 
helps guard against fatigue. 
3. Dr. Magrina said that for endometrial and cervical cancer 
surgery, studies show that the operating time for robotic surgery 
is similar to that of laparotomy and equal to or shorter than the 
operating time for laparoscopy (both of which are less invasive 
than conventional surgical procedures). 
4. When compared with laparotomy, studies have shown that 
robotic surgery reduces blood loss and shortens patient hospital 
stays and recovery times. Early data on survival and recurrence 
is not different from conventional surgery, but long-term data 
are unavailable. 
5.”What we really need to know is if this holds up long term,” 
Dr. Advincula said. “In cancer surgery, studies show that you can 
obtain a better surgical dissection, particularly for lymph nodes, 
but we don’t know the five-year survival rates. For myomectomies, 
we need to know what the long-term impact is on fertility.” 

V.  Drawbacks to The Robotic System 
1. The biggest downside to a robotic system is cost. The system 
costs hospitals about $1.6 million and requires an annual $100,000 
maintenance contract, according to Dr. Advincula. In addition, 
surgeons must undergo company-sponsored training. Dr. Magrina 
said surgeons need a proctor for their first several surgeries, and 
he recommends that physicians perform animal surgeries before 
operating on patients. 
2. Another drawback to the robotic system is the lack of consensus 
about physician training. The FDA requires one- to two-day training 
to certify that a surgeon can use the system, but certification doesn’t 
mean he or she is ready to operate on patients, Dr. Advincula said. 
There is no standardized process for privileging or credentialing 
on the system. Dr. Magrina recommends that each hospital create a 
privileging or credentialing system to determine the requirements 
prior to performing robotic surgeries. 

VI Conclusion
Although still in its infancy, robotic surgery is a cutting-edge 
development in surgery that will have far-reaching implications. 
While improving precision and dexterity, this emerging technology 
allows surgeons to perform operations that were traditionally not 
amenable to minimal access techniques. As a result, the benefits 
of minimal access surgery may be applicable to a wider range of 
procedures. Safety has been well established, and many series of 
cases have reported favorable outcomes. However, randomized, 
controlled trials comparing robotic-assisted procedures with 
laparoscopic or open techniques are generally lacking.

Fig. 16:

Telerobotic surgery stands out as a way of delivering surgical care 
to patients who have no direct access to a surgeon; however, costs 

are prohibitive to the spread of such technology to underserved 
areas that need it most. Even in the United States, surgical robots 
are mainly available in large academic centers. The issues of cost, 
technical drawbacks, and clinical effectiveness need to be resolved 
before robotic procedures can become mainstream, everyday 
surgical procedures. New technologies, such as virtual reality, 
haptics, and telementoring, can powerfully ally with surgical 
robots to create a new medium for acquisition and assessment 
of surgical skills through simulation of all operations that can be 
done via the robot. Performance of robotic procedures requires 
specialized training. However, the majority of residency programs 
in the United States do not provide formal training in robotic 
surgery skills. Students, residents, and residency programs should 
strive to keep up with this new development in surgical technology 
that is likely to reshape the way we practice surgery.
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