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INTRODUCTION:  
Robotic surgery, or robot-assisted surgery, allows doctors 
to perform many types of complex procedures with more 
precision, flexibility and control than is possible with 
conventional techniques. Robotic surgery is usually 
associated with minimally invasive surgery — procedures 
performed through tiny incisions. It is also sometimes 
used in certain traditional open surgical procedures.[1] 

 
 

Robotic  Surgery(Figure 1)[1] 

 
The technique has been rapidly adopted by hospitals in 
the United States and Europe for use in the treatment of 
a wide range of conditions. 
The most widely used clinical robotic surgical system 
includes a camera arm and mechanical arms with surgical 

instruments attached to them. The surgeon controls the 
arms while seated at a computer console near the 
operating table. The console gives the surgeon a high-
definition, magnified, 3-D view of the surgical site. The 
surgeon leads other team members who assist during the 
operation.[2] 

Origins of Robotic Surgery: 
The first documented use of a robot-assisted surgical 
procedure occurred in 1985 when the PUMA 560 robotic 
surgical arm was used in a delicate neurosurgical biopsy, 
a non-laparoscopic surgery. The robotic system allowed 
for a successful robotic surgery and the potential for 
greater precision when used in minimally invasive 
surgeries, such as laparoscopies which typically utilize 
flexible fiber optic cameras. The 1985 robotic surgery 
lead to the first laparoscopic procedure involving a 
robotic system, a cholecystectomy, in 1987. The following 
year the same PUMA system was used to perform a 
robotic surgery transurethral resection. In 1990 the 
AESOP system produced by Computer Motion became 
the first system approved by the Food and Drug 
Administration (FDA) for its endoscopic surgical 
procedure.[3] 
 

In 2000, the da Vinci Surgery System broke new ground 
by becoming the first robotic surgery system approved by 
the FDA for general laparoscopic surgery.  

ABSTRACT 
The recent introduction of surgical robotics into the operating room offers a significant break through in the way 
surgery is conducted. It combines technological and clinical breakthroughs in developing new robotic systems and 
surgical techniques to improve the quality and outcome of surgery. These breakthroughs are based on more than 
a decade of innovation in the field of robotics in both academia and industry. The scope of this review covers the 
fundamental concepts and approaches utilized in surgical robotics. A detailed review of seven FDA approved and 
commercially available systems is presented in terms of the clinical procedure conducted by each robot along with 
the associated problems and needs, as well as the system architecture. The capabilities and merits of surgical 
robots are then contrasted with the related field of computer assisted surgery. The revolutionary process involved 
with the introduction of surgical robotics system into the operating room is still in its infancy. The review article 
finishes with a discussion of the main difficulties facing robotic surgery and a prediction of future progress. 
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The da Vinci system has been approved by the FDA for 
use in both adult and pediatric robotic surgery 
procedures in the following areas:[4] 
 Urological surgeries 
 General laparoscopic surgeries 
 General non-cardiovascular thoracosopic surgeries 
 Thoracoscopically-assisted cardiotomy procedures 
The da Vinci is intended to assist in the control of several 
endoscopic instruments, including rigid endoscopes, 
blunt and sharp dissectors, scissors, scalpels, and forceps. 
The system is cleared by the FDA to manipulate tissue by 
grasping, cutting, dissecting and suturing.[5] 

 
 

DA_VINCI SURGICAL SYSTEM(Figure 2)[5] 

 
The da Vinci system consists of three components: the 
vision system, the patient-side cart, and the surgeon 
console. 
 The vision system includes the endoscope, the 
cameras, and other equipment to produce a 3D image of 
the operating field. 
 The patient-side cart has three robotic arms and an 
optional fourth arm. One arm holds the endoscope, while 
the other arms hold interchangeable surgical 
instruments. The da Vinci system uses EndoWrist surgical 
instruments, which mimic the movements of the human 
hand and wrist.[6] 
 The Surgeon Console In use, a surgeon sits at a 
console ("Surgeon's Console") several feet away from the 
operating table and manipulates the robot's surgical 
instruments. The robot has three hands attached to a 
free-standing cart. One arm holds a camera (endoscope) 
that has been passed into the patient through small 
openings. The surgeon operates the other two hands by 
inserting fingers into rings.[7] 

The history of robotics in surgery: 
PROBOT- a robot developed at Imperial College London 
was designed specifically to aid in the resection of 
prostatic tissue. The system is image guided, model 
based, with simulation and online video monitoring. The 
development and trial of the system have not only 
demonstrated the successful robotic imaging and 

resection of the prostate, but have also shown that soft 
tissue robotic surgery in general, can be successful.[8] 

 

 
 

Figure 3: 
 

In 1988, the PROBOT, developed at Imperial College 
London, was used to perform prostatic surgery.(Figure 
3)[8] 

THE ROBODOC- a robotic system, previously marketed by 
Integrated Surgical Systems (ISS), made medical history in 
1992 as the first robot assisting in a human Total Hip 
Arthroplasty (THA). Since then, it has been used in over 
24,000 surgical procedures around the world. 
Designed to machine the femur with greater precision in 
hip replacement surgeries,[9] The ROBODOC® Surgical 
System has been cleared by the U.S. Food and Drug 
Administration (FDA) for Total Hip Arthroplasty 
proceudres; making it the only active robotic system 
cleared by the FDA for orthopaedic surgery. 
 

 
 

Figure 4: 
 

The ROBODOC from Integrated Surgical Systems was 
introduced in 1992 to mill out precise fittings in the 
femur for hip replacement.(Figure 4)[9] 

The ORTHODOC® Preoperative Planning Workstation 
(ORTHODOC)- The ORTHODOC converts the CT scan of 
the patient's joint into a 3-dimensional bone image, 
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which can be manipulated by the surgeon to view bone 
and joint characteristics. This enables the surgeon to use 
the ORTHODOC tool in a simulated surgery using CT 
scanned images of the patient’s anatomy.[10] 

A prosthetic image is selected from the ORTHODOC’s 
extensive digital library. The surgeon is able to 
manipulate the three-dimensional model against the CT 
bone image, allowing for optimal prosthetic selection and 
accurate alignment. 

This virtual surgery creates a precise preoperative plan 
customized for each patient. 

In the case of a primary Total Hip Arthroplasty (THA) 
procedure, the surgeon plans the femoral cavity 
preparation on the ORTHODOC. The surgeon can 
determine the specific brand, size, type (anatomical or 
straight stem) of the femoral stem prosthesis and can 
precisely define the optimal fit and alignment of the 
femoral stem.[11] This precision is used in determining 
optimal anteversion,leg length, etc. 

Orthopilot- The Orthopilot system is used to provide 
doctors with a way to accurately execute large joint 
replacement/corrective surgeries.  The procedures vary 
depending on the type of surgery; however the general 
methodology of the surgery is as follows:   

The surgeon fixes sensors to the part of the patient being 
operated on, and then moves the patient in specific 
natural motions so that the camera receives the data and 
uses it to form a model on the screen.[12]  The 
representations on the monitor allow the surgeon to 
perform the surgery with greater accuracy, as the 
Orthopilot system will be able judge when the joint is 
properly aligned.  

 
 

Orthopilot(Figure 5)[12] 
 

Acrobot Precision Surgical Systems- Improving the 
speed, accuracy and reproducibility of joint replacement, 
ensuring maximum benefit for the surgeon and the 
patient Acrobot provides precision surgical systems for 
computer-assisted 3D planning, surgical navigation and 
surgeon-controlled robotic surgery.[13] 

The overall goal of Acrobot’s technologies is to provide: 
•Speed 
•Accuracy 
•Reproducibility 
In order to enhance clinical outcomes, augment (but not 
replacing) surgeon skills, facilitate bone conservation and 
increase productivity. 
When joint replacement components are implanted 
accurately and successfully, the patient’s post-operative 
recovery time can be reduced and discomfort and 
complications can be minimised, which should then lead 
to improved quality of life for the patient.[14] 
MAKO Surgical Corp- it is a medical device company 
based out of Fort Lauderdale, Florida that markets its 
advanced robotic solution and implants for minimally 
invasive orthopedic knee procedures. 
MAKO's Tactile Guidance System ™ includes an 
interactive robotic arm platform that utilizes tactile-
resistance and patient-specific visualization to prepare 
the knee joint for the insertion and alignment of 
resurfacing implants through a keyhole incision.[15] 
MAKO has an intellectual property portfolio of more than 
two hundred licensed or owned patent applications 
relating to the areas of computer assisted surgery, 
haptics, robotics, and implants. 
CAE Endoscopy VR Surgical Simulator- Most accurate 
physiology, better haptics, most advanced bronchoscopy 
content. 
Leading and up-and-coming medical brands use haptics 
to great advantage. Their products are winning awards, 
receiving acclaim, and delighting customers with 
extraordinary user experiences.[16] 

 
 

Figure 6: 
 

The EndoscopyVR simulator is a surgical platform that 
supplies a realistic training environment for both 
gastrointestinal and bronchoscopy procedures.(Figure 
6)[16] 
The Endoscopy VR simulator is a surgical platform that 
supplies a realistic training environment for both 
gastrointestinal and bronchoscopy procedures. A 

http://wsm.ezsitedesigner.com/#_edn2
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modular approach to learning allows students to practice 
skills and gain confidence in a safe environment prior to 
advancing to more difficult procedures. The Endoscopy 
VR simulator offers superior force feedback sensation, 
physiological and anatomically correct simulation, 
extensive didactic aids, thorough metrics reports, vital 
signs and ability to administer drugs.[17] 

Why the Procedure is Performed: 
Robotic surgery is similar to laparoscopic surgery. It can 
be performed through smaller cuts than open surgery. 
The small, precise movements that are possible with this 
type of surgery give it some advantages over standard 
endoscopic techniques. 

The surgeon can make small, precise movements using 
this method. [18] This can allow the surgeon to do a 
procedure through a small cut that once could be done 
only with open surgery. 

Once the robotic arm is placed in the abdomen, it is 
easier for the surgeon to use the surgical tools than with 
laparoscopic surgery through an endoscope. 
The surgeon can also see the area where the surgery is 
performed more easily. This method lets the surgeon 
move in a more comfortable way, as well. 
Robotic surgery can take longer to perform.[19] This is due 
to the amount of time needed to set up the robot. Also, 
many hospitals may not have access to this method. 
Robotic surgery may be used for a number of different 
procedures, including: 

 Coronary artery bypass 
 Cutting away cancer tissue from sensitive parts of the 
body such as blood vessels, nerves, or important body 
organs 
 Gallbladder removal 
 Hip replacement 
 Hysterectomy 
 Kidney removal 
 Kidney transplant 
 Mitral valve repair 
 Pyeloplasty (surgery to correct ureteropelvic junction 
obstruction) 
 Pyloroplasty 
 Radical prostatectomy 
 Tubal ligation[20] 

Benefits: 
The goal of using robots in medicine is to provide 
improved diagnostic abilities, a less invasive and more 
comfortable experience for the patient, and the ability to 
do smaller and more precise interventions.  
Robots are currently used not just for prostate surgery, 
but for hysterectomies, the removal of fibroids, joint 

replacements, open-heart surgery and kidney surgeries. 
They can be used along with MRIs to provide organ 
biopsies.[21] Since the physician can see images of the 
patient and control the robot through a computer, 
he/she does not need to be in the room, or even at the 
same location as the patient. 

This means that a specialist can operate on a patient who 
is very far away without either of them having to travel. It 
can also provide a better work environment for the 
physician by reducing strain and fatigue.[22] Surgeries that 
last for hours can cause even the best surgeons to 
experience hand fatigue and tremors, whereas robots are 
much steadier and smoother. 

Applications for Robotic Surgery: 
Because robotic surgery is at the cutting edge of precision 
and miniaturization in the realm of surgery, the possible 
applications are as extensive as the uses of minimally 
invasive surgery. Robotic surgery has already become a 
successful option in neurological, urological, 
gynecological, cardiothoracic, and numerous general 
surgical procedures. Intuitive Surgical, makers of the da 
Vinci robotic surgery system, have released upgrades in 
the number of operating arms, eliminating the need for 
one surgical assistant, which may expand its clinical 
applications.[23] 

Robotic surgery procedures performed in Europe, 
particularly those done by German surgeons, have 
advanced the field of robotic medicine greatly. Smith & 
Nephews, in conjunction with URS Orthopedic Systems, 
have created software to be used with robotic surgical 
systems such as da Vinci, and is exploring its orthopedic 
applications in hospital clinical tests throughout 
Germany.[24-26] 

Considerations: 
Along with improved patient care, another aim of making 
medical robotics mainstream is to cut down on medical 
costs. However, this is not always the case. Some robotic 
surgery systems cost more than $1 million to purchase 
and $100,000 a year or more to maintain. 

This means that hospitals must evaluate the cost of the 
machine vs. the cost of traditional care. If robotic surgery 
cuts down on the trauma and healing time, there is 
money saved in terms of the number of days the patient 
stays in the hospital.[27,28] There is also a reduction in the 
amount of personnel needed in the operating room 
during surgery. 

In contrast, extensive training time is required for 
physicians to learn to program and operate the machines. 
Another concern is that there are very few manufacturers 

http://www.nlm.nih.gov/medlineplus/ency/article/003338.htm
http://www.nlm.nih.gov/medlineplus/ency/article/007371.htm
http://www.nlm.nih.gov/medlineplus/ency/article/002975.htm
http://www.nlm.nih.gov/medlineplus/ency/article/002915.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003001.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003005.htm
http://www.nlm.nih.gov/medlineplus/ency/article/007411.htm
http://www.nlm.nih.gov/medlineplus/ency/article/001267.htm
http://www.nlm.nih.gov/medlineplus/ency/article/001267.htm
http://www.nlm.nih.gov/medlineplus/ency/article/001267.htm
http://www.nlm.nih.gov/medlineplus/ency/article/002922.htm
http://www.nlm.nih.gov/medlineplus/ency/article/007300.htm
http://www.nlm.nih.gov/medlineplus/ency/article/002913.htm
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of medical robotics. With very little competition, the few 
manufacturers that exist can set their own prices.[29] 

Advantages: 
Surgeons who use the robotic system find that for many 
procedures it enhances precision, flexibility and control 
during the operation and allows them to better see the 
site, compared with traditional techniques. Using robotic 
surgery, surgeons can perform delicate and complex 
procedures that may have been difficult or impossible 
with other methods. 

Often, robotic surgery makes minimally invasive surgery 
possible. The benefits of minimally invasive surgery 
include:[30,31,32] 
 Fewer complications, such as surgical site infection 
 Less pain and blood loss 
 Quicker recovery 
 Smaller, less noticeable scars 

Risks: 
Robotic surgery involves risk, some of which may be 
similar to those of conventional open surgery, such as a 
small risk of infection and other complications.[31] 

The Future of Robotic Surgery: 
The future of robotic surgery is nearly as promising as the 
human will to invent better ways of accomplishing 
delicate medical procedures. It is reasonable to assume 
that the current advantages of robotic surgery systems 
will be expanded upon in the next generation of medical 
robotics. Removing human contact during surgery may be 
taken to the next level with robotic surgery systems 
capable of functioning at greater distances between 
surgeons control console and the patient side table 
robotics. This would allow robotic surgery to be 
conducted with patients in a nearby “clean room,” 
reducing or eliminating intraoperative infection.[33] It is 
possible for next generation medical robotics and robotic 
surgery to conduct surgical prep work remotely as well. 

Advancements in making robotic surgery systems more 
capable of replicating the tactile feel and sensation a 
surgeon experiences during more invasive traditional 
procedures would give the surgeon the best of both 
worlds. The surgeon would gain the precision and 
advantages of minimally invasive procedures without 
losing the sensory information helpful in making 
judgment calls during robotic surgery.[34] 

Robot Assisted Gastric Surgery: 
Intracorporeal techniques for digestive restoration seem 
to be the preferred solution for RAS, suitable in every 
type of patient, the technical precision of suturing is 
comparable to that of open surgery. Several Eastern 

authors have reported a technical shift from 
extracorporeal to intracorporeal anastomoses[35,36]. 
Probably, increased experience and confidence with RP 
has enabled surgeons to perform high-precision 
intracorporeal sutures and digestive anastomoses, 
especially after total gastrectomy. 

Technical advantages of RAG (routine reproduction of D2-
lymphadenectomy, possibility of enlarged resections and 
complex reconstructions) could get an important role for 
RAG, even in therapeutic strategy of AGC, integrating 
minimally invasive resection with neoadjuvant and 
adjuvant therapies.[37] 

Laparoscopic Cholecystectomy: 
A review by the noted Cochrane Group involving five 
studies and 453 patients showed no differences in any 
outcome measure when comparing robotic surgery to 
conventional laparoscopic surgery.[38] 

Colorectal Surgery: 
 A review of 17 studies, one of which was randomized and 
controlled, showed no difference in the rates of 
complications and cancer outcomes. Robotic procedures 
took longer an cost more than conventional laparoscopic 
colon surgery.[39] Despite the results, the authors felt that 
“Robotic colorectal surgery is a promising field and may 
provide a powerful additional tool…” 

Gynecologic Surgery: 
 A review of 22 non-randomized studies found that 
robotic surgery resulted in less blood loss [statistically 
significant but not clinically significant differences] and 
shorter hospital stays but no differences in overall 
complication rates when compared to conventional 
laparoscopic or open surgery.[40,41] The authors 
commented that the methods used in the papers 
reviewed were poor and better studies are needed 
before concluding that robotic surgery offered any true 
advantages. 

Robotic Prostate Surgery: 
Robotic prostate cancer surgery using the da Vinci system 
offers several advantages over the traditional 
laparoscopic surgical method of treating prostate cancer 
when objectively compared in the following areas:[42] 
 Clinically Superior Results 
 Reduced Risk of Complications 
 Quicker Recovery Period 
 Minimize Scarring 

Miniature Robotics: 
As scientists seek to improve the versatility and utility of 
robotics in surgery, some are attempting to miniaturize 
the robots. For example, the University of Nebraska 

http://en.wikipedia.org/wiki/University_of_Nebraska_Medical_Center
http://en.wikipedia.org/wiki/University_of_Nebraska_Medical_Center
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Medical Center has led a multi-campus effort to provide 
collaborative research on mini-robotics among surgeons, 
engineers and computer scientists.[43] 

Warning: 
Medical robotics is still a very new idea, and there is 
much more work to be done. It is still very expensive, 
which can make it prohibitive for many hospitals and 
health-care centers. 

There are also still issues with latency. This refers to the 
time lapse between the moments when the physician 
moves the controls and when the robot responds.[44] Also, 
there is still a chance for human error if the physician 
incorrectly programs the robot prior to surgery. 
Computer programs cannot change course during 
surgery, whereas a human surgeon can make needed 
adjustments. 

As surgeons become more familiar with using robots for 
surgery, and as more companies provide medical robots, 
there will come a day when robots are used in almost 
every hospital. However, this is still far off in the 
future.[45] 

Is robotic surgery right for patients? 
Robotic surgery isn't an option for everyone. Patients 
may talk with doctor about the benefits and risks of 
robotic surgery and how it compares with other 
techniques, such as other types of minimally invasive 
surgery and conventional open surgery. 

Across the United States, the extent to which robotic 
surgery is used varies widely. Its use depends on a variety 
of factors.[46-48] These may include physician training, 
equipment availability and cultural factors, such as what 
people are most comfortable doing and what other 
surgeons in the area do. One study of U.S. hospitals 
showed that some institutions have a culture that prefers 
traditional open surgery, while others prefer minimally 
invasive surgery. 

CONCLUSION: 
Robot-assisted surgery is growing interest in surgical 
community, and it has been able to achieve satisfactory 
results in terms of perioperative outcomes and 
oncological adequacy, even in high technical complexity 
surgical procedures. 

The technical advantages of robotic platform could have 
an important role to enlarge indications, feasibility, 
reproducibility and diffusion of complex minimally 
invasive surgery. 

However, more studies will be necessary to evaluate 
oncological long-term results, and to define the better 
indications for advanced robot-assisted surgery. 
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