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INTRODUCTION 

Robots are man-made devices that brought about a 

revolution in various fields of science and commerce. It 

came into existence to ease the human burden and its 

prominence is seen in everyday life. The designing of the 
robot is quite an exhaustive process. Once the design is 

perfected, they become as exceptional creative gadget by 

humankind and its evolution in medical care is 

astounding. Robots hasten the process of human thought 

into action, hence the meticulousness brought up the 

innovation of robotics into medical care. The comfort 

design of robots has intensified a surgeon’s haptic 

capabilities, ingenuity, and perception. This advancement 

of technology has resulted in quicker health responses 

and improved quality of life of patients. 

Current modern robotic surgical technology has 

progressed with the miniature portable robotic system, 

live stream video-assisted monitoring, and robot-assisted 

surgery. With the incorporation of this cutting-edge 

technology, robotics has paved the way for different uses 
of health care of patients. In this paper, we review and 

summarize such application of robotics in various 

disciplines of medical care and further future directions 

are discussed. 

ROBOTICS: A HISTORICAL TIMELINE IN 

MEDICAL CARE 

Robotics was not yet a part of science fiction until 1917 

when Joseph Capek wrote a story ‘Opilec’ depicting 

automats.1 Later in 1921, his brother Kard Capek wrote 

‘Rossum’s Universal Robots’.2 The word robot has its 
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root from the Czech word robota, meaning serf or 

laborer. The features of first robot used in live surgical 

applications were inbuilt pre-programmed data and 

computer-generated algorithm functioning without real-

time operator units. 

It was in the year 1985; an industrial robotic arm has 

been developed to perform a stereotactic brain biopsy 

which received US FDA approval in 1999.3 In 1992, 

ROBODOC (CUREXO Technology Corporation, 

California, USA) was introduced to be used in hip 

replacements but it is not yet approved by US FDA due 

to its concerns regarding complication rates.4 Other 

similar devices which have been used for knee and 

temporal bone surgery are ACROBOT (The Acrobot 

Company Ltd, London, UK) and RX-30 robot 

(StaubliUnimation Inc, Faverges, France) but these 

devices have neither completed clinical testing nor have 

obtained FDA approval.5,6 

Scott Fisher and Joe Rosen foresaw the virtual insertion 

of the surgeon in telepresence surgery with the 

manipulation of remote robotic arms. By the beginning of 

the 20th century there was betterment in the tele-robotic 

field and the idea of integrating this technology in the 

budding field of laparoscopic surgery was attained.7 

Subsequently, it had been familiarized in the Defense 

Advanced Research Projects Agency (DRAPA) with the 

objective of letting a surgeon to treat a wounded soldier 

on the battlefield from a remote safe area. Later on, 
automated endoscopic system for optimal positioning 

(AESOP) was designed to replace a surgical assistant, 

which got US FDA approval in 1994.8 

In 1999, Zeus surgical system (Computer Motion, Goleta, 

CA, USA) was introduced but it is no longer 

commercially available. Its operative procedural enabled 

a surgeon to sit in a console wearing polarized goggles to 

view the operative field in 3D. The Intuitive Surgical, 

Inc., USA developed da Vinci surgical system (DVS) in 

1997 which consisted of a remote surgical console and 

three arms. It was employed initially to perform 

laparoscopic surgeries with the key of minimally invasive 
technique. As of today, there are several add-on features 

to the DVS, the fourth arm with features to function by 

switching between the other three arms9. 

DVS got approval for laparoscopic surgeries in 1997 

based on the telesurgical principle. Nevertheless, US 

FDA approved DVS for extensive general, cardiac, 

gynecologic and Urologic procedures in the year 2000. 

Clinical study reports state that DVS being a superior 

user-friendly interface has unique abilities with respect to 

equal or improved surgical outcomes like lower blood 

loss in procedures, lesser hospital stay, and a favorable 
learning curve.10 Researchers show that miniature 

implantable robots that are manipulated from outside 

with much less force and trauma to the tissues, helps in 

delicate handling of the surgical fields.11 In the near 

future, robotic devices with remote telemonitoring, 

smaller instrumental dimensions and streamlined 

platforms for multipurpose usage may be expected.12 

ROBOTICS IN CARDIOLOGY 

Robotics has been introduced in the field of cardiology in 

the early 1980s, with the idea to overcome the clinical 
challenges associated with conventional procedures in 

cardiology. Robotics use in the field of cardiology started 

with the AESOP which is a simple, voice-activated, 

camera positioning robot. The first robotic system used 

was the Zeus robotic microsurgical system. However, 

only nonclinical trials had been done, using isolated 

porcine heart, calves for coronary artery bypass in early 

stages. After its US FDA (2000) clinical trials, its 

application has found to be limited pertaining to left 

internal thoracic artery - left anterior descending 

anastomosis.13 

The robotic science has evolved to the sophisticated and 

successful DVS which can perform surgeries for 

coronary artery disease (CAD-single or multivessel), 

mitral valve repair, atrial septal defect, congenital heart 

disease.14 DVS shows promising results on arrested or 

beating heart surgery.15 Generally, we found that DVS 

has narrow application in the pediatric population (<30 

kg). This may be due to its large instrumental dimension 

needed for entry port sites.16 Robotics not only has its 

role in cardio-surgeries but acts as an upheaval for 

cardiologists to intervene in their clinical scenarios using 

Cor Path 200 robot system. It has a remote interventional 
cockpit and bedside disposable cassette for conducting 

percutaneous coronary intervention.17 

The benefits of robotics in cardiology surgery in terms of 

clinical outcomes have been found to be as lesser tissue 

trauma, reduction in blood loss, hastened healing rate, 

shorter hospital stay, improved quality of life with few or 

no complications, and 100% success rate on scheduled 

frequent follow-ups. In the actual procedural point of 

view, robotics enables the surgeon with a better field of 

visualization, with high magnification, tremor free, 

precise micro-instrumentation, and ambidexterity. 

Cardiologists and technicians are in a great threat for 
orthopedic and radiation-related occupational hazards, 

often leading to missed work days. The hybrid 

revascularization procedures are an eye-catching 

innovation. Upon our review, we found the requisites for 

an additional degree of freedom inside the chest cavity, 

support for beating heart, attainability to different target 

vessels and vibrotactile sensation while grasping and 

suturing. 

ROBOTICS IN OPHTHALMOLOGY 

Since the invention of stereo-taxical micro-manipulator 

(SMOS) by Guerroued and Vidal in 1989 many robotic 
platforms in the field of robotic-assisted ocular surgery 

sprouted especially for vitreoretinal surgeries. Potential 

robotic applications in ophthalmology are in retinal 
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surgery, retinal vein cannulation, implant surgery and 

drug delivery. Ophthalmic robots are classified into 

assistive hand-held instruments like micron, co-

manipulation platforms and telemanipulation systems.18 

Any surgical procedure performed for the human eye 

needs precision and has to be quick. The influence of 

human error can further complicate the procedure. Hand 

tremors and lack of necessary skills can add to the 

existing critical scenario of an ophthalmic surgical 

procedure. Robotic systems have eliminated all the above 

demerits and have paved way to superior operability over 

manual procedure. It also provides the surgeon with a 

magnified view of the surgical site. Ida et al conducted a 

study with the procedure of microcannulation on pig’s 

eye by using the microsurgical robot and this has 

successfully substantiated the superiority of robotics.19 

Robotics aids in intraocular measurements and assists in 

reducing human errors. This enables the surgeons to 

execute surgical procedures like vitrectomy and retinal 

surgery. Steady hand robots, smart sensing tools like 

microforce sensor and optical coherence tomography has 

developed for assisting in intraocular measurements.20-22 

Taking into account of the fragile nature of the eye, 

adjustment of scaling of motion is a major hurdle in 

robotic-assisted surgery. In the near future, the robotics 

may provide the surgeon with a suitable tool to bio-print 

living cells into the retinal pigment epithelium and 

choriocapillaris and hence replace the damaged cells. 

ROBOTICS IN OTORHINOLARYNGOLOGY 

Otorhinolaryngology is a field which is unexplored. As of 

2000, DVS is the only US FDA approved and actively 

marketed system for transoral robotic surgery (TORS) for 

head and neck injury.23 Weinstein and O’Malley 

developed TORS and feasibility of this technique was 

estimated using DVS. Clinical applications of robotics in 

Otorhinolaryngology include head and neck tumor 

resection, thyroidectomy, parathyroidectomy, skull base 

surgeries and laryngeal surgeries. The first robotic TORS 

were for excision of the vallecular cyst as reported by 

Mcleod and Melder in 2005.24 A study conducted on 
comparing robotic and conventional open thyroidectomy 

for papillary thyroid carcinoma stipulated robotic 

thyroidectomy via the bilateral axillo breast approach 

which is safe and acceptable. However, betterment in 

resolving the central node dissection issues is required.25  

In a study by Ye et al to assess the patient outcomes with 

video-assisted and robotic-assisted thoracoscopic surgery 

(VATS and RATS) for Masaoka stage 1 thymoma was 

done. The results stated no significant difference between 

both groups with respect to the duration of surgery and 

blood loss. Even though the hospitalization cost was high 
in RATS it had less postoperative pleural drainage and 

short hospital stay. The analysis of the study report of 

short-term follow up showed promising results but long-

term follow up is necessary to evaluate the survival and 

disease-free rate.26 

Nevertheless, the major challenges faced by the surgeons 

are the ergonomics of the robot arms which are not 

coaxial within the laryngoscope. The whole set up 
process is lengthy. The absence of suction devices, 

instrument crowding and high cost associated with the 

installation were prominent concerns. Future prototypes 

have been expected to incorporate instrument 

miniaturization, the design of robot arms that function in 

the coaxial plane of the laryngoscope, integration of 

suction powered instruments into the robot’s arms, and 

enhanced tooltip dexterity. 

ROBOTICS IN HEPATOLOGY 

Usage of robotics in liver surgery has so far been limited 

in over few past decades. But with the increasing 

experience pathologies dealt by robotics, surgeons have 
gradually reduced the intricacy of surgery, from initial 

classifying and removing cysts to liver resection and have 

evolved to major hepatectomies.27 The applications of 

robotics in Hepatology are liver resection for carcinomas, 

hepatobiliary surgeries, and biliary reconstructions. The 

liver carcinomas generally include focal nodular 

hyperplasia, adenoma, lithiasis, cholangitis, and 

hepatocellular carcinoma. DVS is one such robotic 

system that has applications for image-guided liver 

surgery, which has improved surgeon’s orientation during 

the procedure and increased accuracy in tumor 

resection.28 

In a study with 45 years data, DVS for hepatobiliary 

surgeries improved ease of use for both liver resections 

and biliary reconstructions with the benefit of minimally 

invasive surgeries.29 The benefits associated with robotics 

in hepatologic procedures are a shorter learning curve, the 

power to overcome unfavorable ergonomics, less 

intraoperative complications and conversion rates. 

However, long-term oncological outcomes are unreliable. 

Comparative studies for assessing the significance of 

conventional procedures are expected. In addition, cost-

effectiveness analysis of robotic procedures should be 

evaluated further to assess its feasibility. 

ROBOTICS IN ORTHOPEDICS 

A first of its kind robotic-assisted surgery was done with 

the help of Arthrobotatat 1980’s at the UBC Hospital in 

Vancouver.30 Commercially five orthopedic robots are 

available namely: ROBODOC, ACROBOT/Sculptor, 

Mako Robotic Arm Interactive (RIO) (Mako Surgical 

Corporation, Florida), MazorSpineAssist (Mazor 

Robotics, Israel) and PraximiBlock (Apex Robotic 

Technology, France) for hip replacement, knee surgery, 

spine surgery, foot ankle prosthesis, lower limb 

prosthesis and for other minor procedures. ROBODOC 

was probably the first commercially available robotic 

system developed jointly as a collaboration technology 
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between the University of California and International 

Business Machines Corporation. Studies conducted with 

ROBODOC conclude that there is an enhanced technical 

outcome (implant to fit cavity), better functional outcome 

(hip scores and time to walk) and decreased intra-

operative risk.  

The most recent commercial offering is iBlock 

(previously Praxiteles) and is theoretically similar to 

Mazor Spine Assist, intended primarily in total and 

unicompartmental knee surgeries. On the basis of cadaver 

studies, it has proven its worth to be both time efficient 

and accurate, but comparative studies need to be done in 

future. In general, we found that the evidence to use 

robotics in orthopedics remains diffident which may be 

because of the lack of comparative studies, expensive 

nature, and less availability of alternative techniques.31 

ROBOTICS IN NEUROLOGY 

Neurosurgical robotics consolidates the quality of 

neuronavigation, high-resolution imaging and robotic 

technologies for the advancement of treatment in the 

brain. Robotic neurosurgery was first done using 

programmable universal machine for assembly by Kwoh 

et al for holding and manipulating biopsy cannulae.32 

Intra-operative imaging was later coupled with robots to 

achieve accuracy and precision during surgical 

dissection. Neurosurgery robots like Minerva with image 

guidance were later developed by University of 

Lausanne, Switzerland, which allowed the surgeon to 

monitor the operation by making accurate adjustments.33 

It also decreased the total procedure time of the surgery. 

Frameless Neuromate robots can be used to locate the 

biopsy needle on preoperative magnetic resonance 

imaging (MRI) instantaneously and it improves the 

diagnostic yield of biopsies of brainstem lesions in an 

accurate, safe and efficient manner. Robotic based 

radiosurgery for skull meningiomas can be done using 

cyber-knife technology.34 Telecontrolled microscopic 

micromini-pulators called Neurobots were developed 

further to remove tumors of patients with recurrent 

atypical meningiomas.35 All of these had limited 

microsurgical applications along with diminished quality. 

As the earlier robots were mechanical guided further 

research resulted in the incorporation of various features 

for doing specific tasks with more precision and 

accuracy. Robot-assisted microsurgery system equipped 

with adjusted tremor filters and motion scalars to enhance 

dexterity were developed by US National Aeronautics 

and Space Administration. Neuro-arm prototype which is 

designed for deployment within an MRI magnet bore 

helps in performing a full range of neurological 

procedures but data is insufficient to prove this. More 

simulative neurosurgical tools should be developed in the 

future for surgical planning. 

ROBOTICS IN GYNECOLOGY 

We found the applications of robotics in gynecology from 

early 2000’s. The DVS was first used to perform robot-

assisted hysterectomy followed by sacrocolpopexy in 

2004.36 Gynecologic oncology used robot-assisted 
devices in mainly hysterectomies, lymphadenectomies 

and in staging as well as debulking of ovarian cancer. It is 

also applied in endometrial cancer, endometriosis, 

endometrial hyperplasia, cervical intraepithelial 

neoplasia, tubal re-anastomosis and pelvic organ prolapse 

repair. Robotic-assisted hysterectomy procedures have 

grown exponentially in removing all types of tumors.37 

Seamon et al compared robotics with laparotomy for 

staging endometrial cancer in obese patients and 

complication rates were found to be less with robotic 

surgery. Post-operative complications were found to be 

relatively rare in modified radical hysterectomy 
techniques.38 Currently another project that is under 

development by Strasbourg, France is single access 

transluminal robotic assistance for surgeons (STRAS) 

which is a telerobotic system to perform lapro endoscopic 

single-site surgery. STRAS is in its building phase to 

implement a high-resolution camera, an intuitive haptic 

interface and a visual tracking system.39 Some of the 

concerns regarding robotic surgeries found were the high 

cost of the procedure, lengthy operative time, vaginal cuff 

dehiscence and dissemination of undiagnosed sarcoma. 

Studies may be required to be performed in a simulated 
model to get more learning experience. The areas to be 

dealt in future are decreased field of vision, inability to 

apply force and improved haptic feedback. 

ROBOTICS IN UROLOGY 

The first urological robot was the PROBOT in 1989, used 

for transurethral resection of the prostate. In urology, 

there are vast afflictions for robotics includes 

prostatectomy, cystectomy, nephrectomy, pyeloplasty, 

urolithiasis, management of urinary fistula, 

ureteroneocystostomy and ureteroureterostomy.40 The 

DVS is the most commonly used robotics for all these 

procedures. 

The first robotic-assisted surgery done in pediatrics is 

robotic-assisted pyeloplasty (RAP).41 Robot-assisted 

radical prostatectomy (RARP) was used by Menon et al, 

Vattikuti Institute Prostatectomy (VIP) technique by them 

achieved equivalent oncological outcomes compared to 

conventional nerve sparing modalities.42 However, the 

use of RARP remains controversial because there are no 

randomized studies comparing radical, laparoscopic and 

robotic procedures. With its enriching qualities that 

facilitate intracorporeal reconstruction and suturing, RAP 

has been performed for uteropelvic junction obstruction 
in adults. A prospective randomised controlled trials of 

robotic versus open radical cystectomy for bladder cancer 

by Nix et al concluded that robot-assisted radical 

cystectomy has longer operative time, less intraoperative 
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bleeding, quicker time to bowel movement with less use 

of analgesic and favorable postoperative outcomes.43  

Robotic ureteroneocystostomy, ureteroureterostomy, 

ureteral stump excision and ureterosciatic hernia repair 

are some of the ureteral pathologies which are repairable 
by robotics as per Hemal et al.44 Even though long-term 

follow up data are required for stating the superiority of 

robotic-assisted procedures, short-term and intermediate 

data for efficacy stands along favorably to accepted 

standards. The lack of laparoscopic skills makes easier 

learning platforms like robotics crucial for surgeons. 

ROBOTICS IN DENTISTRY 

The use of robotics in dentistry is caving in with all the 

necessary technologies. For example, image-based 

simulation of implant surgery, followed by surgical 

guides and creating digital impressions of preparations 

using an intraoral scanner, after which a milling device 
produces the restoration. Dental training robot, realistic 

human like robots, simroid, endo-micro robots, nano-

robots, surgical robots, sensor-equipped implant setup are 

the known robots in the field of dentistry. The dental 

training robots are used for dental therapy training.45 To 

allow dental students for a real time experience, the 

realistic robot Sowa Hanako was developed. Using 

nanotechnology and computer assisted procedures task 

the dental nanorobots used to wipe out caries causing 

bacteria or to repair tooth blemishes where decay has set 

in.46 

ROBOTICS: EVOLVING IN REHABILITATION 

CARE 

The field of robotic rehabilitation is under rapid growth. 

It includes artificial limbs to robots supporting 

rehabilitation therapy for providing individualized 

assistance in the hospital and residential setup. Robotic 

assisted devices are having diverse applications in 

reinstating patients with stroke, Spinal cord injury, 

cerebral palsy, Parkinson’s disease and multiple sclerosis 

mainly on gait recovery. Types of robots available are 

Lego (Lego Mindstorm EV3) robot, robot-assisted gait 

training devices like Lokomat, robot-assisted arm training 
devices; social robots like personal assistive robot and 

humanoid robots have applications in assistive 

technology. Robot driven exoskeletons and end effectors 

are also of immense usage.47,48 Traditional rehabilitation 

techniques are time-consuming, costly and labor 

intensive. In future efficient robotic counselors can be 

developed. 

Robotic assisted treadmill exercise by Lokomat promotes 

cardiopulmonary fitness and help to evaluate the aerobic 

capacity in the early poststroke stages of patients. This 

orthosis system is a motor driven body weight support 

system with real time feedback control for precise body 

weight unloading.49 The first robot based services were 

reported in 2010 known as WikiTherapist which was 

developed by Eindhoven University of Technology 

followed by NAO developed by Aldebaran robotics for 

the Autism community.50 Combination of robotics and 

telecommunication technology has enabled therapists to 

concentrate more on intervention.  

CONCLUSION 

There is a dire need for the refinement of user interface 

information and multidisciplinary integration in robotics. 

Cost of acquisition, installation, and maintenance of 

robotic systems, the moral and legal aspects of their 

usage and liability upon their employment in medical 

care should be surveyed and considered for in the near 

future. An efficient and proactive surgical team must be 

present in hospital setup as we believe that a qualified 

and technically sound team can decrease the turnover 

time by facilitating proper flow of each procedure. In 

turn, this would be beneficial in reducing intra-operative 

matters. 

As per our review of the literature, the simulated practice 

of robot-assisted surgery and understanding of robotics in 

non-surgical care will have an added benefit to the 

performance of a physician in a clinical scenario. In the 

future prospect of robotics in medical care, we 

recommend that studies on genetic predisposition of a 

patient to a therapy should be systematically addressed to 

its robotic applications in human. Evidence from diverse 

random controlled trials in a physician-patient scenario is 

required to assess and evaluate the robotic-assisted 

surgical procedures over conventional surgical 

procedures. An online live-streaming transatlantic robot-

assisted surgery may further be developed to remove 

current geographical constraints across the globe. 

Robotics in medical care with its certain set of challenges 

is a rapidly emerging field. It is clearly evident that no 

system is free from errors but need a constant evolution 

phase to progress; we find the robots are indeed a fine 

craftsmanship by and for the humankind. 
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